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: wind speed [m/s]
: Weibull scale parameter [m/s]
. Weibull shape parameter

: Roughness length [m]

: Height of roughness element [m]
. Cross—section facing wind [m?]

. Average horizontal area [m®]

. Constant (= 0.014)

: Gravitational acceleration [m/s?]

: Friction velocity [m/s]

. Electric power production [W]

: Power curve

. Probability density function

LV, /A

: incomplete gamma function of the 1/k times

. Electric power production per one hour [W/s]

. Area swept of rotor [m?]
. Total efficiency of WTG at given wind speed
: Wind speed at height z, h [m/s]

. Wind gradient exponent

: Measurement data of number ¢
. Predicted data of number 1

: The number of data
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Summary

Two applications, the WAsP and the WindPRO, for a wind farm design
have been used to evaluate the performance of the prediction in the
northeastern part of Jeju island. Four sites were selected for this study,
which were Hangwon and Jochun located in a coastal area, and Hoechun
and Soosan located in a mountainous area. The wind data acquisition
period was for 1 year for all sites. Using the wind data from Jochun,
Hoechun and Soosan, the two applications estimated wind resource of
Hangwon. On the other hand, based on the wind data from Hangwon,
wind resources of the other sites were also estimated. As a result, it
was found that Hangwon site had the highest value of mean wind speed
in the four sites. At 30m height over ground level, mean wind speed of
the four sites ranged from 5.1m/s to 6.6m/s, which means good for wind
energy development. In the case of prediction for Hangwon using wind
data of Soosan, relative error for mean wind speed and annual energy
production (AEP) was within 15 percent, which was overestimated. In
the case of prediction for Hangwon using wind data of Hoechun and
Jochun, relative error for those was within —14 percent and —21
percent, respectively, which meant underestimation. When the AEP
predicted using the two applications was compared with real AEP of
number 8 wind turbine of Hangwon wind farm, relative error was about
+10~30 percent. Nevertheless, the two applications, the WAsP and the
WindPRO would be enough to use for estimation of wind resource at a
candidate site, because comparatively small relative errors occurred in
this investigation. To evaluate wind energy more accurately, it 1is
necessary to obtain lots of wind data and electric power production data

from real wind turbines.
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Table 2—1 Roughness class

RoughnessRoughness| Relative
Surface condition
class length |energy %
Water areas. 0 0.0002 100
Mixed Water and land area or very
0.5 0.0024 73
smooth land.
Open farmland with no crossing hedges
and with scattered buildings. Only 1 0.03 52
smooth hills.
Farmland with some buildings and
crossing hedges of 8m height and about 1.5 0.055 45
1250m apart.
Farmland with some buildings and
crossing hedges of 8m height and about 2 0.1 39
800m apart.
Farmland with closed appearance and
dense vegetation — crossing hedges of )0 0.2 31
8m height and about 250m apart.
Villages, small towns, very closed
farmland with many or heigh hedges,
3 0.4 24
Forrest, many abrupt orographic changes,
etc.
Large towns, cities with extended
3.5 0.8 18
build—up areas.
Large cities with build—up areas and high
4 1.6 13

buildings.




AA7] Aol Zz9 B84 ojus AFHANARE FEEZ0] 00] HE AR
9 olg watd, AR &agt dolske] WAE ek Lettau® HEA2
1;]_% /51(2_2)9]_ 71211:]_[15][16].

(2-2)

AN, ko AR 229 %o [m]
S vl ek WA [m?

DB 7B AREA [m]

9 A@-2F ol4dd Al WY 25 Z7) & BAW A7 S LS
A% Zoh AR AL Aol k. 1 ok ARV eat i 21
a7 FAHIA ] Wie] %o AsaiA Hu Sob Aol A¥Hu A
GG w7 wolth BSo] oeF FE AEOR s| ALY Q49 F
A3 2 AW AbolelA AR7) dolzk A ZAEM o ZHE ol A
7] Hol& Aol treret AEwe] fEZe] naEe] AEr. A 9 4
(2-2)= Z2F (Porosity) & 002 dto] AR7] A= =3g0] gl= A

I bR webd Awdow 9 Aeld AME Z@e F9ow AR @

)

A}golt}, Fig.9% 'European wind atlas'olA] AA3E X8 T Edu A
7] dol, 1813 AAY] T5& YWER L St

;QL_"
e
2
<
g
4
1o
X,
oX
i
!
)
o
o)
ftlo
1
>
e
ftlo
2
)
oo
1o
>



* 2
Zozb(—L) (2-3)

o] 4% gL W AW ALY] Polt 0.0002m7t A he AHE
vebdeh, et wE AWl ARs) dolz 0omrt FolAH o sww st
e FEEING Aol

2.2 A9+x8 29 (Orographic flow model) 1913

t
FHAT 24 AolA olg TR AZVIE A F3 U 238 goz

A AFETE w2 AHRE 53 AgE B7FESAL UTh Fig. 2-1&



Fig. 2—1 Perspective plot of Askervein hill
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Fig. 2—2 Experimental data with relative speed—up
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Table 3—1 Specifications of sensors

Raw Sensor

Data Output

Sensor Resolution
Output Range
Anemometer OHz to 125Hz 1m/s to 96m/s 0.271%
Wind Direction | O V to excitation i .
360° rotation 0.271%
vane Voltage
Temperature | .
0 to 2.5V —407T to 52.5TC 0.271%
Sensor
93.7microamps/ 4
Pyranometer _, | 0 to 3000 W/m 0.271%
1000 watts m
Pressure Sensor 0 to 10.55kPa 15 to 115kPa 0.271%
8 @

Fig. 3—1 Site map
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4 Digital map on elevations and roughness lengths of the sites

Fig. 3—
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Table 3—2 Collected wind data

Height of Anemometers
15| 20 | 22.5| 30 | 37.5 | 40 | 45 | 50 Period
m m m m m m m m
2005.11.1
Hangwon | O | — ONaO "2 A | —
~ 2007.4.30
2005.11.1
Hoechun | O | - — O - - — —
~ 2006.10.31
2005.11.1
Soosun -1 O r O 1 Q=1 O
~ 2006.10.31
2006.5.1
Jochun - QO - @ - - - -
~ 2007.4.30
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3.2.1 34
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Fig. 3—5 Wind characteristics of Hangwon site (2005.11 ~ 2006.10)
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Fig. 3—6 Wind characteristics of Hangwon site (2006.5 ~ 2007.4)
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Fig. 3—7 Wind characteristics of Hoechun site (2005.11 ~ 2006.10)
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3.2.3 T4t
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Fig. 3—8 Wind characteristics of Soosan site (2005.11 ~ 2006.10)
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3.2.4

Fig. 3—
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Fig. 3—9 Wind characteristics of Jochun site (2006.5 ~ 2007.4)
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-

A g
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Fig. 3—10 Measurement data and predicted wind profiles at Hangwon site

(2005.11 ~ 2006.10)
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7} 7373 Aol
METEOS vlgh 232 15m, 22.5m, 30me AZdo]E e upgo=z 3
A Aves A ¢ £ doer 37.5m, 45me ASdolE gl
0.3m/s z}o]7F yEba St} 37.5m, 45me AFUolE = Xz 13
Al g E A ok gto® whx] WAsP¥ WindPRO &% I} B
st Zoltt. 1 €19 vig 2% 9o} T S Hola glow o FH
$%0o] METEOR Y ok A3 7lH 1 5=
zh 22 393 Eavit vkg 239 35 ke
RMSE (Root mean square error)?S ARgsle] A

(3-3)2 Al 4 AoE AA Holy e 2 Fadva & 5 gk

feloz of

o
BE 7

o

kel

(3—-3)
A7IM, C A el S ol
v, iR oSdolH
no o HolE A
Table 3—3 Comparison of wind speed at Hangwon site
(2005.11~2006.10)
Height over ground level RMSE
15m | 22.5m | 30m | 37.50m | 45m Total 30m
(m/s) | (m/s) | (m/s) | (m/s) | (m/s) data over
Measurement
5.92 6.22 6.35 6.33 6.39
Data
METEO 5.44 6.29 6.48 6.63 6.75 0.307 0.281
ATLAS 5.72 6.11 6.42 6.65 6.84 0.269 0.321
WAsP—
] 5.92 6.27 6.55 6.73 6.89 0.301 0.387
interface
WASsP 6.06 6.42 6.69 6.88 7.03 0.421 0.525
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Fig. 3—11 Measurement data and predicted wind profiles at Hangwon site

(2006.5 ~ 2007.4)
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Table 3—4 Comparison of wind speed at Hangwon site

(2006.5 ~ 2007.4)

Height over ground level RMSE
15m | 22.5m| 30m | 37.5m| 45bm Total 30m
(m/s) | (m/s) | (m/s) | (m/s) | (m/s) data over
Measurement
5.73 6.04 6.16 6.16 6.23
Data
METEO 5.86 6.10 6.28 6.44 6.56 0.211 0.259
ATLAS 5.52 5.91 6.21 6.44 6.62 0.242 0.279
WAsP—
] 8 3 6.08 6.36 6.54 6.70 0.285 0.368
interface
WASsP 5.83 6.19 6.46 6.65 6.8 0.371 0.467
100
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Fig. 3—12 Wind profiles predicted from the wind data at Hoechun site
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Fig. 3—13 Wind profiles predicted from the wind data at Soosan site
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Fig. 3—14 Wind profiles predicted from the wind data at Jochun site
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3.3.2 ¢}olE& ylebw| e} (Weibull parameter) H] I

WAsPolL} WindPROY: Spol& X @42 olgste]l AN +49
uhgHlol AEE Wind Statistics® 43t dlaAg ) F2 d5eta 9

Frol HEAF A FAAT kS DIAD FF oSl

A=dolEl9 golE mAHFE V]For 7 TraAI AL REI oF
el A exts Falgih Table 3-5& 3 ASHOEHE o] &3 FAX A9
stol & w7 o5 glolth, AAAHORE kvt oF 13~15% 2AE Holu
Ao AFL FFT AFS st St

Table 3=60l WEld FAF ASHOIHE o] &5 AR o] & mjds
A5 el eak= A ASHOlHE o] &3k ARt AA vEhGL ith Agke
A Ao mEo] AR 16% FA7S 1 9o kgk AA 21~24% FHuF
OE Ao A5 HolHE 53t gt Blaste] 7hE & o et

A ASHelEE o] &ste]l FAA glo]E wiZfEFE] o552 Table 3-7
of YeRidth A#E —5~-9% FHAaF7teta Jom kit ASFkelA At
¥kt A dAska Sl
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Table 3—5 Comparison of Weibull parameters predicted from the

wind data at Hoechun site

A—Parameter Wind Speed k—Parameter
(m/s) (m/s)

Hangwon

Measurement 7.33 6.57 1.618
Data

ATLAS 7.25 6.44 1.852
(Relative Error) -1% 2% 14%
WAsP—interface 7.26 6.44 1.865
(Relative Error) -1% —2% 15%
WASsP 7.2 6.43 1.83
(Relative Error) —2% —2% 13%

Table 3—6 Comparison of Weibull parameters predicted from the

wind data at Soosun site

A—Parameter Wind Speed k—Parameter
(m/s) (m/s)

Hangwon

Measurement w3 6.57 1.618
Data

ATLAS 8.50 7.53 1o
(Relative Error) 16% 15% 22%
WAsP—interface 8.47 7.50 2.002
(Relative Error) 16% 14% 24 %
WASsP 8.50 7.50 1.960
(Relative Error) 16% 14% 21%
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Table 3—7 Comparison of Weibull parameters predicted from the

wind data at Jochun site

A—Parameter Wind Speed k—Parameter
(m/s) (m/s)

Hangwon

Measurement 7.00 6.30 1.650
Data

ATLAS 6.67 5.97 1.635
(Relative Error) —5% 153 -1%
WAsP—interface 6.65 5.95 1.646
(Relative Error) —5% —6% 0%
WASP 6.4 5.76 1.62
(Relative Error) 9% -9% —2%
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= 3l 94t sk B Eold FES TR o] FES olgoto] WHFES
T3 th T3 Measurement Data$t METEOQ] 2 &9 SAXHolA I

HhgHolH & o] &3 dyfoli vE EEd ZTRIH @ 4 FRAFHAA =

A greolgt & 5 Sl

Table 3—8°fA] Adn]o]&&°] Z¢, P AFHoHE ©]&3t Measurement
Data® 29.6%, METEO+ 30.1% 121 3] AZdolElE o] &3 ATLASE
25.8%, WAsP—interface: 26.1%, WAsP2 26.3%= Ho|i Qt}. B9 <
b er 9 Mdpljo] 852 METEO tH] —12%~—-14%2 Adexs 7HA 1
ol ASAATL FF ot Fig. 3-129] vheh Z2upela} o] sagrbsti 9l

A ASdolHE BAA ] vt T2 a3 glolE v/
o] e vHuFs W o4& A dddor WE A5 2t IAAR Fig.
T %ol 45melA e BHEFS = # Aol vE FAY
I oH| ekt whebs] AP 9 AdH|o] 858 o SA I M HlHE o] &
gt o =2} v]%stAl METEO HiH] 14%~15% 3§ %= YER i gt} Table 3—9
34.2%, WAsP—interface 34.2%, WAsSP 34.6%
E O A9 uietuolHE AHESE dSZARRG = Axtsta lom A
Ao 7 HfF kst vt
3ol AF, HPolE F37|7ke]l AolstEE 7]Fo] H+E Measurement
Data®t METEO®] #kol €18 + A5 3 =0t Table 3-109 3¢ A=do]
B & o] &3t dn]ol4-52 Measurement Data 27.2%, METEO: 27.9% 12
1 =Hd AFdHoHE o]&d AH|o|&E o5 > ATLAS 23.1%,
WAsP—interface 23.1%, WAsP 22.1%°]9 A7Pd%2 Measurement
Data 1,573.9MWh, METEO 1612.4MWh, ATLAS 1,334.5MWh,
WAsP—interface 1,339MWh, WAsP 1,276MWh Ho]i it} At ex7t 3
A AFHolE e A5 R =AW -20% HeE Fzd FEolgk & 4 9l
t}.
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Table 3—8 Prediction for Hangwon site using the wind data at

Hoechun site

] Wind
AEP Wind
AEP Power C.F
—10% Speed ]
(MWh) (MWD (m/s) density (%)
O wmd
Measurement
1708.7 1538 6.5 469 29.6
Data
METEO 1739.1 1565 6.8 419 30.1
ATLAS 1490.3 1341 6.3 317 25.8
(Relative Error) —-14% —14% —7% —24% —-14%
WAsP—interface 1508.9 1358 6.4 320 26.1
(Relative Error) -13% —13% —6% —24% -13%
WASsP 1523 1371 6.32 326 26.3
(Relative Error) —12% -12% —7% —22% -12%

Table 3—9 Prediction for Hangwon site using the

Soosan site

wind data at

] Wind
AEP Wind
AEP Power Ch
—10% Speed .
(MWh) OTBR (/) density (%)
m/s
(W/m?*)
Measurement
1708.7 1538 6.5 469 29.6
Data
METEO 1739.1 1565 6.8 419 30.1
ATLAS 1976.9 1779 i 4 474 34.2
(Relative Error) 14% 14% 9% 13% 14%
WAsP—interface 1979.4 1781 7.4 469 34.2
(Relative Error) 14% 14% 9% 12% 14%
WASsP 2001 1801 7.4 483 34.6
(Relative Error) 15% 15% 9% 15% 15%
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Table 3—10 Prediction for

Jochun site

Hangwon site using the wind data at

) Wind
AEP Wind
AEP Power C.F
—10% Speed )
(MWh) (MWD (m/s) density (%)
m/s <
(W/m?*)
Measurement
1573.9 1417 6.2 313 27.2
Data
METEO 1612.4 1451 6.6 367 27.9
ATLAS 1334.5 1201 5.9 294 23.1
(Relative Error) -17% —-17% -11% —20% —17%
WAsP—interface 1339 1205 5.9 291 23.1
(Relative Error) -17% —17% -11% -21% —-17%
WASP 1276 1148 5.7 275 22.1
(Relative Error) —-21% —-21% —-14% —-25% -21%

B vpehololE FHAHE FAFHBADA e
v 7E whgke] A skar vk Fig 3—-16014 JeElgRo] dAdgoz =]
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Nom 457|2HE HE
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Fig. 3—16 Hangwon wind farm

ZRIHE T3 A5 AL AFT AA AEARFS vlwaE] 5] 98k
20073 12¢€ 1¥+E 20089 11€30¢7H4 & d &
< @3lom 1 5 VESTASAF V-477]F9] 837|9 9579 Anj7lsEe] %4
7 96% %t 100%°1 =2 WAsPZ WindPRO®A 5% Azbiddaks) vlw st
of Agtsttt. 857let 95719 €W ARy HB[VbsE Table 3-11,

Table 3—128} 2T} 7FEAIZFS 9357]7} okgk wou} dAzbwrAzke 8357]7)

ok MulZbE Y WA

1,604,942kWho]l™ 9% 77} 1,385,961kWh® 8377} 218,981kWh o] A

g Akttt ol# sk WA zlol= ZHEA gl WA =T EE Qs

54 3719 Yo "WolA= ddS & 5 = 8, 9577 oF 9@ 3
E

L E A Y EHE FREARY B
e

- 45 -



Table 3—11 Electric power production of No.8 wind turbine at

Hangwon wind farm

Year Month Production (kWh) Availability (%)
2007 12 233,546 97
1 218,344 100
2 251,864 100
3 187,946 100
4 118,952 91
5 104,874 95
2008 6 89,938 92
7 29,225 95
8 90,418 98
9 67,546 100
10 71,027 90
11 141,262 100
Total 1,604,942 96

Table 3—12 Electric power production of No.9 wind turbine at

Hangwon wind farm

Year Month Production (kWh) Availability (%)
2007 12 209,001 99
1 181,042 100
2 199,617 100
3 154,701 100
4 103,324 100
5 93,443 100
2008 6 108,463 100
7 24,168 100
8 79,210 100
9 59,656 100
10 63,159 100
11 110,177 100
Total 1,385,961 100
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FTEHATR] A Al TFEA gtk aE = ¢ Aot} o]EF 0w o
A AA A A F FEFE aEetal FEAVIIE F FFelA S-St vkl
UXE WS ¢ Qes F= T3 4 A dd2 AXE= Aol o)A ol
g 4 Qlth Table. 3—132 Az A vl Al 7 &A7A A<kstr] 918t
of 7t RE W 203 F5 A FJAFEHTAGA ] 16718 FEHEAE 7F
W2 A3t Alo]Eo] YA AT WindPROS 7k RELS WAsPolA Ag3st=
&3 mEel N.O. Jensen wake model(1984)S Agslgon dREae 7
£ FUTh 2 ALl EgE S 7|t wef ARE FAFES WHE] vt
Aol o0 Dada ) wpebelolE 9 A7F WA =4 )7ko] dAEHA] ¢S W
o] ARA T vlwst wket AyE H AT

Table 3—13 Comparison of AEP
Used data for Used Modules Relative
. o AEP (MWh)
prediction for prediction Error (%)
Real Data(NO.8)
at Hangwon 1,604.9
Wind Farm
Hoechun Data ATLAS 1,309.8 —18%
WAsP—interface 1,371.6 —15%
WASsP 1,313.0 —18%
Soosan Data ATLAS 1,783.8 11%
WAsP—interface 1,759.9 10%
WASsP 1,786.0 11%
Jochun Data ATLAS 1,187.8 —26%
WAsP—interface 1,233.3 —23%
WASsP 1,116.0 -30%
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Fig. 3—17 Wind profiles predicted from the wind data at Hoechun site
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Fig. 3—18 Wind profiles predicted from the wind data at Soosan site
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Fig. 3—19 Wind profiles predicted from the wind data at Jochun site
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