The Study of the Wind Resource and Energy Yield Assessment
for the Wind Park Development

Hyoin Byun, Jiyune Ryu, Doohoon Kim

This study explains the procedure that shoutd be taken to develop a successful wind park project. It provides a guideline for
the activities and studies to be done as a step by step solution. This study follows a chronological flow throughout the whole development
process. This paper covers technical consideration, assessment of wind energy resource, wind park siting and energy yield calculation.
This presented knowledge has been mostly gained by the experience from Youngduk wind park project. The further comparison study will
be performed between the theoretical prediction and the actual yield of the Youngduk wind park.
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Table 2. Mast #3:Sensor characteristics

Table 1. Description of on-site met-mast

S nelm] 2057 1000 | 1614
ARIXY) 237350 324079 236720
[T coord.] 35334 237489 325122
Z5#0(m) 15/ 20/30 20/30/40 | 20/30/3%/40
- 200076 20001011 | 20021224
| ~0037M | ~200322 |~
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Fig. 1 On-site Met—a.
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1) AAE3F 4+ (Wind shear exponent)
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1 Data Logger NRG Symponie

2 NRG#40 Anemometer 0.765 0.35 m/s 40m
3 NRG#40 Anemometer 0.765 0.35 m/s 39m
4 NRG#40 Anemometer 0.765 0.35 m/s 30m
5 NRG#40 Anemometer 0.765 035 m/s 20m
6 NRG#200P Direction Vane 0.351 0 degree - 40m
7 NRG#200P Direction Vane 0.351 0 degree 30m
8 Li=Co ri#L200SA Pyronometer 132 0 ) W/ 3m
9 NRG#110S Temp. Probe 0.138 -86.38 T , 3m
10 NRG#BP-20 Barometer 04255 650 mb 3m
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Power-Law : V(z) =V, (2/z.)* ; V, = V(z,) o2 thA] LERd 4= gl
Logarithmic-Law : V(z) = u*/k - In(z/z)

4) =& JEYU L $4(Weibull distribution)
AN Ve 2| Z"ﬂ}ﬂgl 34 A2 & FALARE 9 £ad 28 HEE Yeye 54 FEUE 3 V=3
olgtch, 2 IHAolA u' S upES4 b von Karman AP &Ryol Bzko Uehls JAASL(C) o FTLHEE HAke]
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H~i

(=0.41), zp= AH AH7I io}om £ vehle SdAS(R) B A 8EE Weibull
Bug A gaio] chgat o] Akt
2) $H7E(Turbulence intensity)
slgge] BAAY FRE AR Hsh B ALT % 5 =2 ()  exp (L))
71 23 4 glons BAuloto] ul¢: Fasic 2A512
IEColAE 15m/sol4e] dR7bE B4l wkeh Fejdz)ol 5) 2344 7+ AHEHL4 (Correlation)
Type Class® 2331 it 2424 70 F2AL9) AT ok vl a3 A
A9l ojng zZhet}, dubdo R Feurgo] 84 2 29
Turbulence Intensity : 7/ = B L e FeA AL FUH AN FA ] 2T
e Ao $2jsl| kot
3) F71YUE(Air density) E3k AR o] AZE ARE 1~34 F2to] Aoln,
FYAYL oA Y E(Power density) F71E 4 9lo FEuAdAE 2067 7HsE RolnE S £ AR
o, IR LT PW/nrls $40) ARED 27)2E) 1)) A7\ 22 715 NS WA Aok @ & 714 9l
sk AEMoR Aojuc) wahd diiA| o] FEAY 24 29] 714 &4 5ol 109 ol A7 AZAEES oA
& QeirE F7IUEY Akto] dest, F7IUEE 7187 (Extrapolation)dto] dl&RhomM AZ717ke) w4l ofgt
719to 2 vehd 4= 9l S SEaka, AA) FRY dZo] whgeii] ofeft &

e Z77k 348 4 (Long—term correlation)o]2tal it
Air Density + p = 707 Lkg/r] 2 Aol ZAA 7 4Tee) Aele) HER 5o
i i

o}7]A, P = Air pressure(Pa or N/nf)

o , LY 6-90i-9)
R = Specific gas constant for air R ,= “—O";’
T = Air temperature in degrees Kelvin
ghok, AR o] 7Y AR GivkH, s uol 7|20 A7\A X, 5 L 2 x, vy Btk
Chert o] AAbEr, o, oy - 22t x, yo EEHAL
o= (22 )exp T Lkgime] 222 SHOILIX| KBS
AEFHATATA Yol A AZH A ASERS} AS
o7 X, Py = Standard sea level atmospheric pressure 718 YE 242 Table 3 U Fig, 29 &},
(101,325Pa) obx olghet vie} o), AR GelA ASH SR Ho]
¢ = Cravitational constant(9.8m/s?) Bl o] AFEA S BAstglon] AlZ7)7to] 7 71 Mast#lS
z = Site elevation above sea level 71202 Mast#22h= 0,933, Mast#3¥h= 09828 - 2
. AHHAE Jefjo], BE 5U3 SAFA ] A& A
weba], o = (233305 )oxp * T (g o 4 glrk.
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Table 3. Survey of measured wind data A A7 EEEAL $3to] Table 49+ Zo] 7144 H)
olE1E 4310, mast#l A& H|o|E|2t ARTAE Fo3itt.
Measurement Height{m] 30 40 40 U AR 9 Fig, 39 E4u3 A A AY Alw
Data Intervallmin] 60 10 10 N
. Ak 28] o}, ALFALALA| ouix] Ak AN
Mean Wind Speed Vayelm/s] 6.1 89 | 57 o e o
1 =]
Height Coefficient(Wind shear facton) 013 | 015 | 008 A7 FEEA it TS wiAsralTt.
Weibull shape parameter k 198 1.98 211
Weibull scale parameter A 69 78 6.5
Max, 10min average at meastred heightim/s] 20 | 289 | 346 I aiTle] ofjx gl XA
Max. 10min average at Hub heighticalculatedim/sl | 355 | 320 | 376 3' oEMT 0"—' * v IEJ“
Max gust3sec. average) at Hub heightim/s] 497 | 448 | 526 T L0 -
N
Turbulence Iniensity at Measured height Tis[%] | 16.9 13 | 168 31 o —lxl"E]_ 01].;'-
Temperaiure rangelC] -15%C to 30°C
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Fig. 2 Monthly mean wind speed for highest sensor, 21 [5‘
Table 4. List of Long-term wind measurement station “"""‘muu%:;.“;."o.}s Tenram
FEHAWSH2T7) 412 10.0 13 year
Ol M(KMA#278) 811 138 13 year
TEHKMAH138) 39 70 i 13 year
Table 5. Correlation coefficient for long-term data & Mast#1
HEHKMAHZS) - - -
AHAWSH2TT) 0.340 - -
QI MKMARZ78) 0.440 0738 -
Mastit1 0.448 0.649 0402
oy N A
089 Ké{ /"} ‘ /\/ 4 w W\\t.
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1 g m -Uiseang
Fig 3. Standardized long-term data & mast#1, time response. Fig. 4 Wind atlas methodology of WAsP.
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Fig 5. Weibull distribution & Wind rose at Mast#1.
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Fig. 6 Wind energy resource map of Youngduk windpark.

Table 6. Uncertainties for Youngduk windpark project

Anemometer calibration 2.0%
Anemometer characteristics 05%
Mounting error 1.0%
Data recording 0.1%
Terrain description 1.0%
Flow modeling 50%
Long—term correlation 5.0%

Total Uncertainty 75%

Table 7. Deviation of energy due to wind uncertainties

T

7.06 | 00% 795 ~ 1.95 0.0%

653 | 75% R 131%

U] Ak Akl glolA, St A, XA R,
sjA may d A\ FERA Sola DA B3
(Uncertainty)2t 47 9 o] 8-8of| gl AT vesielet,

Table 6 ¥ 73 720] 2L AS 2 2y 4 SofA]
by 7HsS BERE 75%RA AZ7] 37)0] o3 olEu
Hub Height 80mollA19] 34 7.06m/s0] B85 wHdshd,
o R YAl = 13.1%9) BHEE FLAIL B2, W
7] AH Y EESE BERE(ER7E o2 oA At
o] Htyate| & BT 14.02%7F HAYRITE

HAx| o] X8 2 A(Terrain 9 roughness)it 8471 uf
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Fig. 7 Probability of exceeding different gross and net energy
yield for 14% uncertainty of energy calculation.
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Nomenclature

Ve » wind speed, m/s

a : wind shear exponent

o standard deviation of wind speed
p: air density

C : weibull scale parameter

& weibull shape parameter

R : correlation coefficient

Abbreviation

WTGS : wind turbine generator system

IEC : international electrotechnical commission
HH : hub height[m]

TI ; turbulence intensity

AEP : annual energy production]MWh/year]
AWS : automatic weather station

KMA : korea meteorological administration

Mast : wind measuring mast
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