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Analysis of Wind Energy Resource & Case study for Wind Park Siting
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Abstract
project.
follow a chronological

. This study explains the procedure that should be taken to develop a successful wind park
It Provide guideline for activities and studies to be done step by step solution. This study
flow through the development process.

They cover Technical consideration,

Assessment of Wind Energy Resource, Wind park siting and Energy yield calculation.
It's build on the experience gained by the Youngduk Wind Park project and give the play a role in the

development of wind energy projects.
1s to be successfully completed.

Nomenclature
Ve - Wind speed, m/s
o : wind shear exponent
o : standard deviation of wind speed
: air density
: weibull scale parameter
: weibull shape parameter
: correlation coefficient

b I I N

Subscrip
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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94 w3 7]%’5_73, g, HFHo
= 7MssA "o

A A 91, 73“]
71 MAEA L o
, %a"a‘@‘t}x\% 7N
g £ A

o§ H5¢ mE ¥
49 ASE 9

o{n o rlr B2

ammu HHo A
A% 2/3 Hi A
A AZNUol Z

OlE‘ﬂl %*01{1 %—'
ol ¥t

78:11 oF 5}4

A5 ZHAY dF

1) FUELFHIAA F1$d T4
E-mail : hibyun@unison.co.kr
Tel : (41)620-3463 Fax : (041)552-7416
2) FHETAEAL 75T L
E-mail : jyryu@unison.co.kr
Tel : {041)620-3460 Fax :
3) RUETAB|A
E-mai! : kimdh@unison.co.kr
Tel : (41)620-3456 Fax : (041)552-7416

(041)552-7416

-21 -



ForAA sed gutdog 3doly S E e
ZAS FHLAGA 7)ol il 9589 AHEE
HAn gaa geid JAD?. =@ F471%e Ha
F4AEE TEY 7 ASE 1d ol4o] Hojol #iry,

FEFALAgAdE F 3719 FHAD ASVG
dAse} $Eden, ANA R AFY T an
AZ719 74L& olde} B,

Table 1. Description of On-site Met-mast

A %7) Mast #1 Mast #2 Mast #3
&4 5 [m] 205.7 100.0 161.4
HAAXK/Y) 237350 238720 237489
{TM coord.] 324079 325334 325122
ZAE°lm] 15/29/30 20/30/40 20/30/39/40
wo | g |y | e
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Fig 1. On—site Met-mast

Table 2. Mast #3:Sensor Characteristics
No] Description Sensor Type | Scale | Offset | Units |Height
Data Logger |[NRG Symponie 3m

Li-Co r#L.200S A [Pyronometer 132 0 |Wim| 3m
NRG#110S | Temp. Probe 0.138 |-86.38! T 3m
NRG#BP-20 |Barometer 0.4255] 650 | mb 3m
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2.2.1 5¥Xre &4

1) dHWe FLEF (Wind shear Exponent)

WAASE dF AAF dFolnd F&
FXIEs 2a43 = AFYEes ¥4€ 4
o, N AFyEe] Midt.

Power-Law : W(2)=V,(2/2,)* : V,=Wz,)

Logarithmic-Law : (2)=«"/k- In(z/z,)

AojA v AUIE 2049 F&, Fa 2 F3
ARE guigich. 2aANA & vhREE, ke
von Karman 44(=0.41), z, & JAA A7) Fololc},

1
2 NRG#40 Anemometer 0765 | 035 | m/s | 40m
3 NRG#40 Anemometer 0.765| 035 | m/s | 3%m
4 NRG#40 Anemometer 0.765 | 035 | m/s | 30m
5 NRG#40 A 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
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2) 3 HF 2= (Turbulence Intensity)
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Turbulence Intensity: TI= £V

3) F71Y=(Air Deisity)
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Air Density : p= 7%_‘ [ kg/m®]

o 7)4}, P= Air Pressure(Pa or N/m')

R=Specific gas constant for air
T=Air temperature in degrees Kelvin
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P = i 4
D=(7"f)exp KT kg/m®]
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pressure(101,325Pa)
g=Gravitational constant(9.8u)
z=Site elevation ?b)we sea level
et p= (-ﬁ%‘ﬁ)exp o (Y [kg/m®]
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atmospheric

Y% g4 (Weibull distribution)
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Table 3. Survey of Measured Wind Data

Item Mast#1 | Mast#2 | mast#3
M Height [m] 30 40 40
|Data Interval {min} 60 10 10
{Mean Wind Speed V... [m/s] 61 | 69 | 51
Height Coefficient(Wind shear factor) 013 | 015 | 0.08
'Weibull shape parameter k 1.98 198 | 2.11
Weibull scale parameter A 69 78 6.5
Max. 10min average at measured height [m/s]| 32.0 | 289 | 346
Max. 10min average at Hub height(calculated) [m/s] | 35.5 320 37.6
Max gust(3sec. average) at Hub height [m/s} 497 44.8 52.6
Turbulence Intensity at Measured height lis [%} 169 11.3 16.8
Temperature range [ C) -15TC 130T

~3a

Fig 2. Monthly mean wind speed for highest sensor
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Table 4. List of Long—term wind measurement station
A& Heaxin] | MFolin) | A3V
o 9 (ARSH277) 41.2 10.0 13 year
9} A (KMA#278) 81.1 13.8 13 year
X 8H(KMA#138) 3.9 7.0 13 year
Table5. Correlation coefficient for long-term data & Mast#1
E] EE] 214
3 8} (KMA#138) - - -
S (AWSH277) 0.340 - -
<] A (KMA#278) 0.440 0.738 -
Mast#1 0.448 0.649 0.402
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Fig 3. Standardized long-term data & mast#1, time response
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Fig4. Wind Atlas methodology of WAsP
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Fig 6. Wind energy resource map of Youngduk windpark
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Table 6. Uncertainties for Youngduk windpark project

Source Uncertainty
Anemometer calibration 2.0
Anemometer characteristics 0.5%
Mount ing error 1.0%
Data recording 0.1%
Terrain description 1.0
Flow modeling 5.0%
Long-term correlation 5.0%
Total Uncertainty 7.5%
Table 7. Deviation of energy due to wind uncertainties
HaEL | F5UR | A-Factor | CFactor EE R
7.06 0.0% 7.9 1.95 0.0%
6.53 7.5% 7.34 1.95 13.1%
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A A w4y AT BREE 7.5%24, A 371
of o3 &g Hub Height 80molAiel F& 7.06m/s¢)
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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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