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Abstract

Offshore wind farms have been constructed mainly around European
countries since they are eco—friendly and have less complaints from
neighbors. Although there are some offshore met masts and offshore
wind turbines around Jeju Island, South Korea, there have not been
research results on offshore wind resources around Jeju Island on the
basis of the wind data from an offshore met mast. In this thesis,
offshore wind resource assessment off the coast of Daejeong region,
Jeju Island, was performed using the wind data measured by
anemometers on a 111.5 m tall offshore met mast, which is 1.5 km
away from the coast of Daejeong region. The appropriate wind turbine
design class was estimated in accordance with the regulations of
International Electrotechnical Commission (IEC) 61400—1 ed. 3.

One—year wind data was analyzed to clarify offshore wind
characteristics at the position of the offshore met mast, and then the
Measure—Correlate—Predict (MCP) method was applied to estimate
long—term  wind conditions, for which 30—year Modern—Era
Retrospective analysis for Research and Applications, Version
2(MERRA—-2) reanalysis data was used. In addition, wind turbine classes
suitable for the site were determined by considering onsite extreme
wind speed and effective turbulence intensity derived from ambient
turbulence and the wake behind wind turbines. The AEP and the CF
were also estimated using power curves from Hyosung 5 MW wind
turbines and Siemens 4 MW wind turbines.

As a result, it is estimated that the average wind speed and the wind
power density at 100.5m height were 7.96 m/s and 581W/m?

respectively. In other words, Daejeong offshore site is the wind class of
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four meaning abundant offshore wind resource based on National
Renewable Energy Laboratory (NREL) wind classification. The extreme
wind speed with a return period of 50 years was 40.6m/s at 100.5m,
which means wind turbine design class II for the Daejeong offshore site.
The turbulence intensities of A, B and C were estimated for 3 rotor
diameter (3D), 4D and 5D of Hyosung 5 MW wind turbines, while those
of B and Cs were predicted for 3D and the others of Siemens 4 MW
wind turbines. For the Hyosung 5MW wind turbine, net AEP and net CF
were 17,023 MWh and 38.45%, respectively, while for the 4MW
Siemens wind turbine, those were 14,143 MWh and 40.54%,
respectively. These CF values are met the requirements for offshore

wind farms designated by the regulations of Jeju local government.

- Vil -



1. a7

o
ol
o
=
30,
o
=
X
X
1o
r,
=
0%
2
£
B
—
>
=2
£
By
=
ofy
flo
\)
(@)
—
(@)
[-‘V
—
(@)
X
+
s
=

= natural disaster

* resources - energy - * infectious disease

food shortage * environmental refugee
« unfair distribution * slumism

* economy refugee * etc.

* efc.

Energy Environment

* global warming - forest destruction
+ ozone depletion e+ marine pollution

* acid rain * soil depleting

+ etc.

Fig. 1 The trilemma : economy, energy, environment [1]

gigknl= gE= AT A 3020 AR & LSt oyA AAYES

gt THAUAE THoR AgAUIA s Fxskar



A A5 T A IA Hd BlFS Fig. 298 #Zo] 201749 7.6%°1A
2030 20%% g AFS Exsglon, I F FHLS Fig. 33 2o
20179 1.2 GW oA 20309 17.7 GW7HA] o %

Qo [3].

g REERs AT

15

10

20074 2020:4 20304

Fig. 2 Proportion of renewable energy to total power [3]

CEHYY @35 @43 @02 @WViE @7FE

2073

- W 2030431 apeint|
“‘“":"” wHa vl 2% G S
PN B I

Fig. 3 ‘Renewable energy 3020" goals for provision of facilities [3]



K

=2 6 m/s ©]

T <

Aol 13

A5

N

Ho

ﬂo

T

=K
o7
1o

I
B

A Eof W=

°] 6 m/s o]} ®E =
AFA & Fig. 48} 7o)

Eay
=

o] 7 m/s °]4<

gel A

8 m/s?

ok
ol

ol

2=
=

ZHA AL e, tg Ao

t [5].

Fig. 4 Renewable energy resource map system(RES) of JEJU island [5]



A] & o A
A AL

o

5

0]
pal

of o

PN
g

S
faus

_‘|

sl

¢}

=13
=

2.35 GW 7}

3

18

0]
i

-

7Fs
2030 7k4] TS

By
=

, A

fex

&

el
o

%

oF
3r
™
X
Gl
Hr

FoglolE 2 e WA

ha

= Aa) A s

=

A4 dolH

’

o] ohd

Ho

2]l A

AAE

A]

™
T
Ho

.AO

\

d AR A

tol AA S € vlolH Z5H



U Af, 2719 T (101 i 7IdFe =R 49 vkek volHE
ggsto] Ul FAF Slicke] FHALS FAsIAoH, Sl SAE TN
A Hx HolHE olgste] AV|Zt F5e oAS5el. Edh, elolE EE
(Weilbull  distribution), €=41¢] (Wind shear), wF7% (Turbulence
intensity) &9 HtEEzdS £48kon, AU APAFEF (Annual energy
production, AEP), A#H]o]8%& (Capacity factor, CF)E& X33t ZFg o %2
g s ottt FA7E & [11]12 QuikSCAT 914 #S5AEE o] &35t
FREE ARbe] FEAY BrtE ekglow, HHA (Power law) WHE ARE-s)

1

o2RE 10 mold Z4¥ F£E 80 m 0|9

2

0_u
W~
=
2
o
-Q
—
X
@
o
fru
X,
X,
ol
9, o
ol
I
ol
o%t

(extrapolate) 3ttt} =3k 5%
FTHAUAE =S |stE FAsIglen, A7ARE EYE 7 Aol FE 2
AR A=ks AlRbsEA T

Aeafieke] 578 A Aol 1dzte] F5 ARE At Aafiqhe] FH oAU E
s SE AT E AFeglon, Aacls VR HEo HEHoRE deE
FTHAUA LT sk AT

FHE FAZAASS 83 1 km AT T FTEHALAEE
U X779 (Korea Institute of Energy Research, KIER) 94 5 38F3lth
[13]. B FoM = ST HAGEA Y N7 A gl st A5 A

o, gouA7lEd el olEHer HdA Jhsd T Adulgel s

ol
Hl
=2

lr

=
|



T3 AEE 5 (1612 FHAAEA Bk oyl AA Ad oA gAY
AE| e E 7|Hto s AbS|A] - SR A g dish ATE FAe s FHUA
Ao th3t slol =akelS A A BT

31912 A%, Ucar and Balo [17]%& E7]e] fxg o4 A ] 74 #54
oA SHE vt dlolHZHE 4714 B9 FHENEY AU A g ES
A3 FAFEE AA e 2, Keyhani 5 [18]18 3A17F it or =349 %
717F F3 dlolElE AFEste] olke] Hid gkl tidt FAA FE AR sl &

Alstalor, glolE X RS V|Nvto g F9 U E A

Schwartz 5 [19]2 TEX] &G HA|~H (Geographic Information System,
GIS) 9] dolgHuo| AR T4, site2FEE olAAT F& 1#ste] v=
A Ao s FEALS Frbsklth Eek GIS HolEHolAs F7H 0w
dulo|Exo] HA &&o] 7tsdtr, F= TAEA IR A FA A
9 AdB@ el el F kel Abgo] #F&stthe Ale WEl

Gorsevski & [20] GIS—based®] Tz7|+% 7} (multi—criteria evaluation)

A

g o]g% FUAWAY Bl s



™ o
o o M T o
R E ) L
— eyl T o5 Hlo MW ]
T oy E o aﬂ,mw@ = o W 4 B
T o z X T W ~+ x A o iy = o He
X e T N Mo — = W= = oo T E g %! ol
] il L
o AW R X° ) Lﬂu o4 e %o g = B X W ﬂm B )
s wEwLE DriiEEEIIC A
il An T ny o A~ ~ ° N ™ %o Bow R E ol o H
= B _ [ N S PN = T o o
)AO ]ﬂ a W o ‘Ll‘._ — ~N O_E o JX!O
L1ow w e BN O w%z_zfaﬁwev
JE ~ A T it o= x o T T A 0o ME o o o = )
T o om T B uF 1%_Mﬁo1xo%m4%%k%,
3 e} oK .z:l E#E o > < Eo L x° 0 ™
= Ed w0 ~ 2 ~, < 3 WwoF P
oF Woﬂ ) = o 70 e Lﬁ_ ,ZA = 7n XO ! - ) w oo Bo X o
0 e _— = T —
it JXI N\ ~ * o A i = X © Ko = & o el oK o ) 3
oL 5 o & U - N X g ° T = !
= W AR i B LT oo = )
m ° 5 F o ° X T T 5 F & e w BT 9
. v w = TR o~ el w9 A m o T o
L = R e kw2 G I ST ]
T o TR : g N o el s oy 9 o w o W = o oor M
AE}AﬂLtéw_a SR A T
B B oS~ MoT X = T E — A o < et oo wo T R T g
o= ™ T o N Q= op — i, ® i = X Ho S o
=~ N © 2 = A S G - O PECE S X < =
,ﬂmﬂoﬂf%rmlaﬂﬂmVﬂ@ ﬂ2§ﬂ3ﬁﬂ7a.
T I %%M%la&@ﬂl,iydﬂ I
) < N X 0 <7 - < ™ o <° o = Ho X q sl
~ P B o OE — él -~ my < B P L~ N o %0 o
oo 2 @ 5 [ @ohﬂ_aws1@% <=
: fJ;Eguﬁi;i;;omfoo;ijf
[~ — [~
ﬂwmﬂ% JmaAl,lﬂ_ﬂ%.ozﬂﬁﬂmumxgl%oa
moX I CA S I M O = T ® ¥
& wmox A4 X X o W or ajo /3] (e S GG = ™ © T B ~ _
X ros B bowm T OF T % P o K L
orow o K S o Xo B ool ¥ a8 % <oul N
Tom R s o o o m EY S N R T [ N w2 m He
%MJz@aﬁlﬂﬂ}ﬁltuATH%Aé%gazfﬂ1
b o W i~ o RN oW o =V [0 Mo o <] Do
Ho%o To% Ho = 1 Jo < = B = mj W r 2 %0 J) BiE
xo ) = % © = o W o 5 W = T o5 X T 1
omasmw%g%@% o T =7 2
T _ —
p Zo o = Llf W_ = K mh_ % %0 KO f/o
R » T B
= T W 3 H =2 3
Nﬂ

o ALg

=

2

Iz g

bl 713k

°©

AFE-

=
=

—‘H}—\j; [ﬂ] O] Ei

S

A

AWS =l

T

R

IV ol A



dulo]&&

o)
=

A



1. HIAE Alo|E

AFEE st G- slitke] f1x1eta 9lem, 1950m %ol9 sepiks T4
o Apo] migl sikdolt. FFEFS HAFoIH AFE A Al dA F
ek wtEA S AL Qlth Fig 5= AlFE A9 A 2 i &Y
#Fx dlo]E <9l MERRA (Modern—era retrospectice and applications)
o] f1AE yEhdo 2 A7elA s FEAY BrkE 9 J1dE ASAA

AFEEAA L AAZA g5 aidel x50 o, iy Ao =iy

1.5 km FAZFo = $A 3k it
aYa A7 SEA 5 fe oiE el VIAEo RS "FE%oR of

23 km Age]l MERRA-2 Ho]E]7} &85t}

Prevailing
wind

Daejeong
Offshore
met mast

flo

2

Merra-2
For MCP
analysis

Daejeong

GI:I

Fig. 5 Location of wind measurement site
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Fig. 62 & A= S8 Ax9 oid sy 73S yehdu, sty xEe
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Fig. 6 View of met mast off the coast of Daejoeng
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Fig. 7 Schematic of the offshore met
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mast



Table 1 Component of offshore met mast

Item # Component

1 Lighting catcher

2 111.5m : anemometer

3 106.5m : anemometer / wind vane

4 103.5m : Temperature / humidity / barometer

5 100.5m : anemometer / wind vane

6 92.5m : anemometer / wind vane

7 82.5m : anemometer / wind vane

8 72.5m : anemometer / wind vane

9 62.5m @ anemometer

10 32.5m ! anemometer

11 12.5m : Jacket

Table 2 The specification of sensors
Description
Items
Anemometer Wind vane
Model Thies First class Thies First class
Measurement range 0 ~ 75 m/s 0~ 360°
Accuracy 0.2 m/s 1.5°
Stating threshold 0.3 m/s 0.2 m/s

Operation temperature -50TC ~ +80T —-50C ~ +80T
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Table 3% ¥ A& 93 &8 did s 714 dvolg e #4xdS
EbTE 100.5 m, 72.5 m, 32.5 m Al 7] ¥o]2 & dHolgrt A H e,
100.5 m, 72.5 m F°l¢8 F&F dHolE7} &&¥Urt. 20169 7€ 14HFH
2016 6€ 30¥7kA 1d7Ee] 102 B+t dHole7F &&= %lom, Holy 3]+
&5 100 %Rt

Table 3 The description of sites and measurement conditions

Items Description
Location 33.19 "N, 126.28 " E
Time sampling 10 minutes

1 July 2015 — 30 June 2016
Measurement period
(1 year)

Measurement height
100.5 m, 72.5 m, 32.5 m
of analyzed wind speed

Measurement height
100.5 m, 72.5 m
of analyzed wind direction

Number of data 52,704

Data recovery rate 100 %
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1.+ &
1) FFE5 4 glo]lE FxE

QFol & 3 (Weibull distribution) = &84 &x] AAE $3t ov] A

P71E 8 BAA FY oA D BT BES AN AR FH 25 2

X7 Wol ARgEY, F Y gl o k= AP VA, o= FHEA
%= (scale parameter)ZA ©@¢+= m/soly, F52 A71E& AR kA= A

A< (shape parameter) A @7} = F-=
u X 30 PAS AAst flolE R xe gE UEES (Probability
density function, PDF) 2} F+&F3¥ (Cumulative distribution function, CDF)

2 UEd 5 glon, gewt o] mdd 4 r} [22, 23],

k
CDF = 1—exp[—(%) } 2)

elolE WLES EEoH7] P vheFe WRlo] ANt glo]E kel thit A
AbElE v Ay, gbolE S HE Treby] sl At wvhal Bad A

5% (Maximum likelihood method, MLM)E& £ AFE Yl Ar&staAch
[24]. Fig. 7¢ll 7} o] ¥ glojy ®x 4 AE Yehf9l o, Table 4¢l
o]l ¥ HyF &y ofolE B X velug B4 AyE yeRfdoh

a
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BaSE A Ay, 100.56m =olellA 7.61 m/selo™, 72.5 m9} 32.5 m
7.29 m/s, 6.88 m/so|qtt. F4 Fol7l ==FE 13THY vt
ol g s F&Ho] ol s g 4 gt

sfol & X A, stolE FEpulE ¢ > 100.5 melA 7HE Ehow
oldEE ¢ ghe drobgn Whdel k g A w3 4TS B
th. Fig. 8°l4 100.5 m *¥°]9 32.5 m ¥0]9 ¢lo]E EIES H|ws

Kl
o, 32.5 m Folo Hl&] 100.5 m FololA 1ELHY HIEY) ¢ Fo1, AHES

N

12

- 325mfe:7.73mfs, k: 1.88]

10 = - e FREm e B2 mfs, ko 1.91]

1005m [c - 855 m/s, k- 1.89]

Frequency [%]
//
L7

| M

0 2 a 6 8 10 12 14 16 18 20 2 24
Wind speed [m/s]

Fig. 8 Weibull distribution at Daejeong offshore site

Table 4 Measured mean wind speed and weilbull parameters

Mean wind ¢ of weibull k of weibull
Height [m]
speed [m/s] parameteer parameteer
100.5m 7.61 m/s 8.55 1.89
72.5m 7.39 m/s 8.29 1.91
32.5m 6.88 m/s 7.73 1.88
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Fig. 10 Monthly wind speed variation at Daejeong offshore site
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Fig. 11& oid i 7189 FF (Wind frequency) ¥ oyx] =
(Energy density) el thdt vlgbdv] (Wind rose) & YERHTE wlggv]= 74
He 7o R 12 E BAHH

1dzre] mpgh "oy 24 Ade FFFo] HAZolAN, HEoA vigh Wl
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1 5)
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(a) Wind rose (b) Energy rose

Fig. 11 Wind rose and energy rose
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Fig. 12 Turbulence intensity for the normal turbulence model(NTM) [27]
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Fig. 132 o7 a7 714 & dolH=z7Y dRAdes #4388 d34E yed
o F%0] 15m/sY W, Mean value= 100.5mell4] 0.08¢]9, Representative
value (90% quantile) = 100.5melA 0.12% YEFFT. Mean valued W4H7
T 100.5meflA FHEH Class ColstzZ Yelst [27].
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Fig. 13 Turbulence intensity analysis at Daejeong offshore site
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4. 9=+

TES AxW] AR wet FolEE v 545 7M1 glon Aud
2 As wpEATge] SR ] FHo] dopxltt g=4o] (Wind shear)
Folo] W F&2 WHIE yehdl= FHXol™ Vertical wind profile®] 2kl
CAEHols B Ax FEtE we] o& FelEu, 1 F HHAe] o
215 ol gsto] dntH o w ARgETE [27].

rlr

L
=
Ey)

dlo

2 (E) @)

71A, vitt voE AE e Fo] it heelA 55 JEhie, o WA
A4 (Power law exponent) | t}.

g sdEE 829 o 2 0.095°1™, Table 5°14 EFH WindPRO
S/Well Al AAlstE A8 W 542 Open seael 3ldstt [28

Fig. 142 F3H/opte] mE d=40] 24435 yehdth ot o g2
0.138% F7+9 @ 91 0.053 Bt e @to] #2 2S¢ & glon, o 9
oA AFe A o] Fdn s &= Aolo 2 4 F& B 47
oot [25].

Fig. 15+ Al Wgle] w& =40 44345 el A=dE i34
A4 A ASHY o Fo] 0.086°0%F TUE AHES E oEL 0.108, /I
< 0.104¢] vj3] Ao she As & F QUrh o] AEFY dFoE o
FHRTG AEH Y vdo]l AA wEA YAEA k7] wiEelrt [25].

_2’]_



160

140

120

(=Y
2
(=]

Height [h]

—— All (@ =0.095)
——Day (a =0.053)

L | ——Night («=0.138)

i

60 ///
) i
n / 7
0 _-—-—-"""-/_._-—-'""'__//

0 1 2 3 1 5 6 7 8
Wind speed [m/s]
Fig. 14 Variation of the wind shear exponent at day & night
160 | |
Spring («=0.108) ,
10 N summer (a=0.108) T
Autumn (o = 0.104) |
120 {
—— Winter (o = 0.086) l |

_ 100

: J

£ =0

@ / /

[ 1]

X
) / /

. /

4

o

Wind Speed [m/s]

8

10

12

Fig. 15 Variation of the wind shear exponent at season

_22_




Table 5 Terrain surface characteristics [28]

Description

Roughness

class

Roughness

Length [m]

Wind shear

Open sea

0

0.0001-0.003

0.08

Open terrain with a smooth
surface, like concrete runway,

mowed grass

0.5

0.0024

0.11

Open agricultural area without
fences and hedgerows and
very scattered buildings.

Only softly rounded hills

0.03

0.15

Agricultural land with some
houses and 8 —m—tall sheltering
hedgerouws with a distance of

approx. 1,250m

1.5

0.055

0.17

Agricultural land with some
houses and 8—m—tall sheltering
hedgerouws with a distance of

approx. 500m

0.1

0.19

Agricultural land with some
houses and 8—m—tall sheltering
hedgerouws with a distance of

approx. 250m

2.5

0.2

0.21

Village, small towns,
agricultural land with many or
tall sheltering hedgerows,
forests, and very rough and

uneven terrain

0.4

0.25

Larger cities with tall buildings

3.5

0.8

0.31

Very large cities with tall

buildings and skyscrapers

1.6

0.39
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FY ouA BmE 7] Aol WAy el 103.5m  Eolel A5l

iz =LAt HAE ol &8t 4 (5)E ol&ste] itk [27].
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Fig. 16 Month—to—month variation in air density
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V. 2712t F8Ad A=

1. A571°4a5%0 3 As)y dolg

A717 FH ALY o5 (Measure—correlate—predict, MCP) 2 $J8iAd+= #7]
Jo]E & AF&-3 SR o|So] Festtt. A7 FEAd d5S

o] dubd oz 8y HolEE AE7|AASAH] (Automatic weather

2
|\
o,
i,
in)

station, AWS) % AsfAdo]E (Reanalysis wind data) 5°] It}
s 717 HAESA = Eluet 71 el 1988 AMEE&dT TdRdgo

=

155 E4dste] 298 A AFexE BAE As7)daS54nE FrH R
]
=~

&S T2 #S5eH [29].
JolH = A4 dHolH s 2ZHHO 7 SHARE FTAIIR
g (Numerical weather prediction, NWP) S A}g3to] AajA st ool o]t}

gz el AA HolEEE= NASAYA A #Fst= MERRA (Modern—era

N
i)
%
i)

retrospectice and applications) A3l4 dHleolg, ECMWF (European centre
for medium—range weather forecasts)olA A|&3+= ERA-Interim
(ECMWF reanalysis -interim) Al&l4] dlolg Fo] glt}k [30], [31].

Table 6% EMD AtellAl Al g3tz MCPE F33t7] $lgk Fx dojge #
AE glsts =5 vepdth [32]. dREF o2 MCPE F338t7] faies 4
= dloly ¥ = "oy e A#AT R ko] 0.7 o]o]ojof sttt

Table 6 Quality of reference data for MCP application [32]

Correlation coefficient Quality of reference data
0.5-0.6 Very pool
0.6—-0.7 Poor
0.7-0.8 Moderate
0.8—0.9 Good
0.9-1.0 Very good
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37 EAZA7E Jebdoh o] W, ERA-T HlolE+= 20084 20179
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Fig. 17 Comparison of concurrent wind speed data at ERA-I and

offshore met—mast
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Fig. 182 g a4 717405 dole ¢l Qe MERRA—-2 A4 dlolg 119
A8 37 EdaE YeRdth o] w, MERRA-2 dlo]El& 1988d0)A 2017
dol 3097k dlolEl7E AREE AT S AASTE 0.69, AFATE 0.64%0TH
To, AAAS R # 0.802% Table 6 o 9atd Ags Aoz sered,
2 AT s A7 FEHAY o5S flste] MERRA-2 A& dlolel& &

25 ,
y = 0.6879x + 1.8033
RZ =0.64 (R = 0.8) , gl

Nearest MERRA-2 [m/s]

25

Offshore met-mast [m/s]

Fig. 18 Comparison of concurrent wind speed data at MERRA-2 and

offshore met—mast
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2. MCP ®WH¥ & o] &3t A7|7F F8 A4 F7}

IEC 61400-1°] m=m Fed Ade g8 Ak 1 ~ 3479 53 24}
o2 £AT F FHHMS A sjo Atk [27]. AW NFwE F

1 ~ 34z w7129 Hhe doleE of 2089 $9L A ¥

W uhe 24 vkl gtk [33]. 012 Adatr] g8l J1akse] A H ol
= AR AT /17 vk doleE BEsto] MCP #4& FHsiof wk

[23]. olwf 7} WA sfof & A2 =74 dlolE et AV S5 HolE 3t

MCPE A& uw, AUWNFA S F Linear regression WY ¥ matrix W 59|

AFE-E T Linear regression S 7|43 FxdolE e #AES HFgow
xdst] AYRAGAT U A3 A S ol &ste] F5 U FFS o554
st} [34]. Matrix W2 7149 ZFxdolg 9 &8k we} Matrix bin

2 uro] Fxuolg e FF B F59 FEE dAsto] AVIRF SF HolHE
oS3ttt [35].

2 Ao+ Linear regression WH-S AFE3to] windPRO S/WE MCP
REas AHEsith. MCPE 33 5, MCP A#Ql 30dzte] oS54 A7)zt

golHZHH FTYWUE (Wind power density) S 2 (6) S o] &3slo] AAtshsdch
[18].
S 1 5 k43
P= / 5 PV F(v)dv 5 PC F(—k ) (6)

0
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Table 7 Linear regression WS &3] =% MCP A3
30W7te dSd A7z FEALS B THES T A

+ 581 w/m?elqlth. o] A3 NRELOA #lA8k= 3385+ (wind class) 4
of sigstn FHEAY] $43 Al|EYS
Table 8% &3l 7]& 10, 50 me] FHFFE A8t 2ol ofd Uy &
g ERIS AXSH7] 98k slH FolE Y|+l ®E ¢ 100, 120 m Folg] ey

WE W E5E vehic [36].

Table 7 Result of regression MCP data

. Mean Scale Wind power NREL
Height . Shape ) )
[m] wind speed factor, c fact K density wind
m actor,
[m/s] [m/s] [W/m’] class
100.5 7.96 8.99 2.0340 581 4
Table 8 Wind classification of NREL [36]
Wind

10m 50m 80m 100m 120m
class

Density Speed Density Speed Density Speed Density Speed Density Speed
(W/m’) (m/s) (W/m') (m/s) (W/m') (m/s) (W/m) (m/s) (W/m’) (m/s)

1 <100 <4.4 <200 <5.6 <240 <59 <260 <6.1 <290 <6.3

100 4.4 200 5.6 240 5.9 260 6.1 290 6.3

2 /150 /5.1 /300 /6.4 /380 /6.9 /420 /7.1 /450 /7.3
3 150 5.1 300 6.4 380 6.9 420 7.1 450 7.3
/200 /5.6 /400 /7.0 /490 /7.5 /560 /7.8 /600 /8.0
A 200 5.6 400 7.0 490 7.5 560 7.8 600 8.0
/250 /6.0 /500 /7.5 /620 /81 /670 /8.3 /740 /8.6
5 250 6.0 500 7.5 620 8.1 670 8.3 740 8.6
/300 /6.4 /600 /8.0 /740 /8.6 /820 /8.9 /880 /9.1
6 300 6.4 600 8.0 740 8.6 820 8.9 880 9.1

/400 /7.0 /800 /8.8 /970 /9.4 /1060 /9.7 /1160 /10.0

7 >400 >7.0 >800 >8.8 >970 >9.4 >1060 >9.74 >1160 >10.0
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Fig. 19 MCP regression 30yr annual average wind speed [m/s]
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V. 288 S92 A8 L AEP 3

1. TYEY S92 4F

ju7

i

IEC 61400—1 ed. 3°lA A vigt S0 gk FHEN YA
A7) 91 71Ee AAEa Sivk [27]. FEER SHAE AAE] S8
FeEEI} GRAES mHsok &, 1 Ao webA Table 99 o] ¥d

g0t 259 5 vk

4
iz

Table 9 Basic parameters for wind turbine classes [27]

Wind turbine class I I I S

Viet 50 42.5 37.5

Values
A, Tret 0.16

specified
B, Iret 0.14 by the

designer
C, Iref 012

Z313E 4 (Extreme Wind Speeds, EWS)& Zggwlo] 7144 R3S o}
AN71e T3 4% FHE AAo T3 FES A FATES A

Abstz] flete] =3etE BETFQ Gumbel $E ARSI [23, 26, 37,

g, 9 HdEEe AR FeRn st [39].
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1
PI‘Ob(EWS, T) =1- (m) (12)

webd 41007 4128 Agstel 9 4 ot ARNGES V(D o
3 2,

ln( I EPY ” +b (13)

Fig. 20& o=%" 304979 A7)zF dolele d¥ Hy F£0ziHE
Gumbel ¥ =2 Al A3yE RAFEt. 5089 A7 UFE5S 40.6m/s=
Table 9°l wel o 317 F8 Alo]EL F3kF&o tist THEW FdAs

7 A8FE & 5 vk
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Fig. 20 Estimation of extreme wind speeds with Gumbel distribution
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7V Wb ETE GRAEE w8on, HoldFE dRAET HetA= s Fl
& 4 9tk 15 m/sellA e GRAE FHoad dERS T FYER EF 0.09
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Table 10 Turbulence intensity by the distance for Hyosung 5MW wind

turbine (Hub height: 100.5 m, Rotor diameter: 139 m)

Distance
Parameters
3D 4D 5D 6D 7D 8D
Average ambient TI
0.09
at 15m/s
Representative
) 0.12
ambient TI at 15m/s
Average effective TI
0.16 0.14 0.12 0.11 0.11 0.10
at 15m/s
Representative
effective TI 0.17 0.15 0.14 0.14 0.13 0.13
at 15m/s
Proposed wind
A B C C C C

turbine class

Table 11 Turbulence intensity by the distance for Siemens 4MW wind

turbine (Hub height: 100.5 m, Rotor diameter: 130 m)

Distance
Parameters
3D 4D 5D 6D 7D 8D
Average ambient TI
0.09
at 15m/s
Representative
. 0.12
ambient TI at 15m/s
Average effective TI
0.14 0.12 0.11 0.11 0.10 0.10
at 15m/s
Representative
effective TI 0.16 0.14 0.14 0.13 0.13 0.13
at 15m/s
Proposed wind
B C C C C C

turbine class
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2. AAA BT L A¥lo| 88 3

B9 A 1 dolE e FHENY Azt Ao §ES

A16)¥ 4 (A7) =& olgstod 742k =383t [27].

J

AP (17)

CF(%) = Rated power X 8760 100

%
e~ 19 4 MW ELENE gaow Faddd. 54 FHENT Aus
1

FHEH O AM S A5 Table
curve ¢} Thrust curveZ Fig. 2337 249 Jepdct

Table 12 Specification of Hyosung and Siemens wind turbines

Manufacture Hyosung Siemens
Model HS 139 SWT-4.0—-130
Rated power 5 MW 4 MW
Hub height 100 m 89.5 m
Rotor diameter 139 m 130 m
Cut—in wind speed 3.4 m/s 5.0 m/s
Rated wind speed 11.0 m/s 12.0 m/s
Cut—out wind speed 25.0 m/s 25.0 m/s
Gear box type spur/planetary planetary/helical
Generator type synchronous permanent Squirrel Cage Induction
Generator
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Fig. 22 Thrust curve of Hyosung 5 MW wind turbine
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Fig. 23 Power curve of Siemens 4 MW wind turbine
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T3 EAES FRAY, A JsE, 14714 W
% AEPY 15 %= 7}g3ste] =i}t [41]

[e3]
2%
%% 40.54 %Rk ol A= AFE xdE[44]9 & FHTAG

ARl Aol g&E 30% o= WHske Ay Wi sldA o] @l

Table 13 Estimation of AEP and C.F.

M Turbi Rated Rotor Gross Net Gross Net
facfli”ir lcllaslge power  diameter AEP AEP C.F. C.F.
(kW) (m) (MWh) (MWh) (%) (%)
Hyosung ITA 5,000 139 20,027 17,023 45.24 38.45
Siemens IA 4,000 130 16,639 14,143 47.69 40.54
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Fig. 25 Topographic characteristics of Daejeong

dF2d o] A Windmodellerold k—e T k—w SST model & YEF
Y 4 glom - SST wWirxdo]l X3 Hrlo| Agsivtar d#HA ot

[44], [46]. Windmodeller?] AlEdo]Ad ZAE Table 140 et
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Table 14 Parameters used for WindModeller simulation

Properties Parameter
Radius 10,000 m
Height 1,000 m
Horizontal resolution 40 m
Meshing
Vertical resolution 30 m
First layer thickness 7 m
Total mesh elements 3,338,698
Wind direction 90 deg.
Wind speed 7.9 m/s
Conditions
Wake model Actuator disc model

Turbulence model

k—w SST
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Turbine no.10

Fig. 27 Side view on wind speed variation from hill to no. 10 wind turbine
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Fig. 28 Turbulence intensity variation of 100m height at 90 degrees
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Fig. 29 Side view on turbulence intensity variation from hill to no. 10

wind turbine
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