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Summary

The selection of a site where strong wind blows is important to increase
effectively the electricity of wind power in proportion to the cube of the wind
speed. It is advisable to establish the wind turbine in the coastal area with
strong wind speed rather than in the inland. And the development of offshore
wind energy is expected to solve the noise problem that is one of the
important weaknesses in the wind turbine.

In this paper, the potential of wind power around JeJu coastal area is
examined by using the wind data that Korea Meteorological Administration
has surveyed for 10 years in 14 observation points. Wind speed data is
revised to wind speed in 80 meters assuming installation height of the wind
turbine, and wind power density and annual wind energy are also calculated.
And annual electricity generation and percent of energy efficiency in all the
observation points are estimated by using the information about 3,000KW
wind turbine.

A numerical analysis on the external force, that affects a offshore wind
turbine tower, is performed. The maximum wind speed is assumed to be
55m/s to calculate the extreme external force. During the procedure of the
calculation, the wind force is computed according to the Korea Building Code
2009(Architectural Institute of Korea, 2009). And the significant wave height
and period are estimated by using the SMB method. The data results of the
SMB method are applied to the Morison’s equation to compute the wave
force. The trust force of the blade of the wind turbine is made available from
the blade design process, which is based on BEMT(Blade Element Momentum
Theory). For the analysis the diameters of the wind turbine tower are
assumed to be 3m, 4.5m and 6m. The results of this numerical analysis show
that the wave force, which acts on the wind turbine tower, is increased by

the diameter of the tower as well as by the wind speed.
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Table 1. The rate of survey

Observation | Height The Rate of Survey ( % )
Points (m) | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | Average
Jeju 20 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Gujwa 25 | 994 | 995 | 989 | 99.7 | 99.6 | 994 | 99.7 | 997 | 9.8 | 999 | 996
Udo 39 | 992|992 | 936 | 994 | 987 | 965 | 988 | 996 | 99.7 | 99.7 | 985

Seongsan | 18 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100

Namwon 19 98.6 | 986 | 98.7 | 99.7 | 99.8 | 996 | 99.7 | 988 | 100 | 99.7 | 99.3

Jigwido 22 972 | 984 | 982 | 974 | 971 97.7
Seogwipo | 50 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100
Jungmun 63 99.3 | 99.8 | 999 | 99.7 | 99.9 | 995 | 996 | 999 | 99.7

Gapado 13 975 | 97.8 | 996 | 981 | 97.3 | 99.7 | 99.6 | 882 97.2

Marado 36 90.8 | 99.2 | 981 | 998 | 995 | 99.7 | 994 | 99.8 | 989 | 984

Moseulpo 12 99.1 | 99.1 | 995 | 998 | 999 | 995 | 995 | 993 | 999 | 99.9 | 995

Gosan 71 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100

Hallim 22 98.0 | 980 | 99.3 | 99.5 | 99.8 | 99.2 | 99.0 | 99.2 | 100 | 100 99.2

Chujado 13 99.1 | 99.1 | 995 | 998 | 99.6 | 99.1 | 943 | 993 | 999 | 99.8 | 989
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Table 2. The average wind speed in each month (m/s)

Observation
Peint Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Average
oints

Jeju 421 | 376 | 372 | 3.28 | 282 | 2778 | 2.80 | 2.81 | 2.94 | 297 | 3.38 | 405 | 3.30
Gujwa | 535|490 | 454 | 397 | 342 | 295 | 3.06 | 3.07 | 3.78 | 3.98 | 450 | 5.06 | 4.03
Udo 727 7221 638 | 533 | 473 | 448 | 414 | 468 | 538 | 550 | 6.37 | 7.16 | 552
Seongsan| 3.59 | 3.74 | 3.71 | 3.39 | 298 | 263 | 2.83 | 290 | 3.21 | 3.02 | 3.11 | 3.23 | 3.19
Namwon | 347 | 3.32 | 310 | 268 | 2.37 | 220 | 2.35 | 259 | 3.01 | 3.06 | 3.35 | 3.33 | 2.89
Jigwido | 7.73 | 6.86 | 6.40 | 567 | 466 | 395 | 392 | 422 | 544 | 534 | 597 | 6.86 | 5.37
Seogwipo| 2.83 | 2.86 | 3.08 | 297 | 2.69 | 267 | 272 | 294 | 333 | 2.88 | 265 | 270 | 2.86
Jungmun | 2.82 | 258 | 240 | 210 | 1.86 | 1.63 | 1.58 | 1.69 | 1.69 | 1.84 | 2.16 | 2.62 | 2.08
Gapado | 6.85 | 586 | 593 | 490 | 4.77 | 457 | 3.75 | 430 | 599 | 490 | 628 | 6.29 | 564
Marado | 854 | 861 | 7.81 | 6.85 | 6.20 | 591 | 530 | 579 | 743 | 7.09 | 7.71 | 899 | 7.15
Moseulpo | 5.29 | 523 | 521 | 439 | 3.85 | 3.39 | 331 | 365 | 354 | 3.94 | 451 | 508 | 428
Gosan | 105 | 976 | 9.10 | 7.25 | 591 | 492 | 550 | 532 | 554 | 661 | 842 | 103 | 7.39
Hallim | 443 | 3.76 | 400 | 352 | 294 | 2.82 | 3.44 | 319 | 355 | 325 | 3.71 | 424 | 3.60
Chujado | 6.16 | 557 | 512 | 442 | 3.87 | 3.38 | 355 | 3.79 | 392 | 415 | 461 | 564 | 451
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Table 3. Determination in the index in any
regions(Architectural Institute of Korea, 2009)
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Table 5. The results of energy density and annual electricity generation

Revised Wind Wind Power WinDS3000
Observation| Height {Xverage Seale Shape speed (m/s) Density (W/m’)
Points (m) [Wind Speed Factor Factor .
(m/s) M | om | som | Height | tom | som | el Fleetridty
Generation (Wo)
Jeju 20 3.3 4.11 2.34 3.07 3.78 50.54 41.05 76.62 1635.85
Gujwa 25 4.03 494 2.04 3.68 4.53 93.43 70.99 132.47 2988.18
Udo 39 552 6.63 2.15 4.82 5.93 230.68 153.34 286.14 5627.32
Seongsan 18 3.19 4.21 2.24 3.01 3.71 41.66 34.92 65.17 1433.12
Namwon 19 2.89 3.73 2.13 2.71 3.34 35.64 294 54.86 1176.49
Jigwido 22 5.37 6.39 1.57 4.96 6.11 538.96 425.39 793.83 6492.51
Seogwipo 50 2.86 3.71 2.33 244 3.0 30.65 18.91 35.29 675.25
Jungmun 63 2.08 2.86 1.79 1.73 2.13 16.66 9.59 17.89 318.22
Gapado 13 5.64 7.01 1.95 5.49 6.76 223.81 206.87 386.0 7630.84
Marado 36 715 8.31 1.93 6.29 775 475.68 323.93 604.45 9394.02
Moseulpo 13 4.28 512 2.02 4.17 5.13 111.8 103.36 192.86 4034.6
Gosan 71 7.39 7.31 2.08 6.08 7.48 646.75 359.27 670.34 8173.58
Hallim 22 3.6 447 1.98 3.33 4.1 68.57 54.14 101.02 2301.97
Chujado 13 451 5.88 1.77 4.39 5.41 142.17 131.41 245.2 4939.96
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Table 7. The wind speed of each position and height and observation period

Positi Observation | Average Wind Observation Period Percentage of
e Height(m) Speed(m/s) Start End Observation(%)
60 8.17
Udo 40 7.56 2007.11.01 2008.08.06 100
20 6.71
60 7.04
Moseulpo 40 6.34 2010.01.12 2011.01.20 100
30 5.96

Met Maste} #Zo] @77t #=dolE= AWSS] A7|3F HolE9f Wlulste] =

=]
=
4 o DV FEHEE N FHoE HAT 4
Q7F Ut} o7 E #A7IZF FE5ERAS & 4133 (linear regression)
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(b) Udo (c) Moseulpo

Fig. 6 The wind rose diagram of each position
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(b) Udo (c) Moseulpo

Fig. 7 The index calculated of each position and direction

Zt7ke] Met Mastst 7bd 233 Qe 4713 FHuoHE $%, RExe
AWS7} AeE gl om Fig. 8o 2001d 1956 2011d 99744¢] AWS 29 3
o453 Zhzhe] Met Mastol| Al 2
AWS &% Met Mast®] F<o] HX = FitolA] H
& A

Fig. 9&= Zzte] 1A= A(NE o]&ste] BAH 10d9% 7|3 4l HHFF

e

%5 Ho|H, Table. 89 F7I3F &4 HAFo] AAH7] A 80m =l Hi 35,
HA & FJdFE5 & HeEhdo. 5 #FA - = 0.28m/s7F 57 A TH
BEY AE2AHo A= 0.36m/s7F #HASE 23S BTl o]+ Fig. 9ol A
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Fig. 8 The monthly average wind speed for calculating long term correlation
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Fig. 9 The monthly revised average wind speed from long term correlation

el & = ko], FEeAE= 2002d =8 Al HitFEo] =4 ALEHASH,

b2 BE ¥ 20029 =0k 20068 o) AT BA FEo] i SHAl At E 9L

(a) Udo

71-73mis
73-76mis
16-18mis
7.8-8.1mis
81-83mis

(b) Moseulpo

Fig. 10 The wind resource map and the wind turbine of each position
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Table 8. The result of long term correlation

Position Raw wind speed (m/s) Observed wind speed (m/s)
Udo 8.39 8.67
Moseulpo 7.62 7.26

oA ALtE F71F FHUHE FEGAAEA T2 WindPROZ 21

of A&s AXAVILHZFS HIFEAT 7= wTMAR felA AwT

WinDS3000F =5 23 7]7F A& ek, Abdd gy} Azte]l$& 18l FEdA

7] 3B Folo HHFEE AAtastrI 9, WindPROZ = 151 el A A4

ALE o] gste] AXEd o, 7 X nigA| e} FH U7 E Fig. 109 o
o]

R AT AR ol M =

it
=
o

41.1%°] =2 ol & Eo] A=HA o, FHEITH ol v 9 ANtd REFE
45 9,072.5MWh/y o] A7 Fa 345%2] ol &&o] AEAT. o] g
Table. 5ol A A4t % 5627.32MWh/y ¢t 25X 4034.6MWh/y ¢ H| i s}o] H]
A=A ALEE A Fig. 10014 & vbA 2] -Fo Bole §A| FolA Zgt

Fo] AaEglon, ot wigre] RolowA AW nE} EolH7] wlFolu.

w

El

Table 9. The coordination and depth water of each wind turbine

Coordination | v er of | Annual Electricity | Capacity | A Wind
Position (GRS90, TM) ater o nnuav ectricity apacity verage Win
Depth(m) | ProductionMMWh/y) | Factor(%) Speed(m/s)
East(m) | North(m)
Udo 197616 50727 5.1 10,815.2 41.1 8.5
Moseulpo | 134497 18038 14.7 9,072.5 34.5 7.52
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Fig. 11 Blade geometry for analysis of a horizontal axis wind turbine
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