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Abstract

In response to the national policy for the reduction of CO, gas emissions and the dissemination of
renewable energy resource facilities, the disseminated capacity of wind turbines is steadily
expanding in Korea. However, to facilitate more realistic national dissemination planning, a more
scientific basis for domestic wind potential and actual installation capability must be established.
In this regard, a number of previous studies have provided details on the key parameters
associated with wind energy potential. Among the major key points regarding wind energy
potential is the array power density (APD) of wind turbines. However, this may be determined
under certain ambiguous conditions associated with technical uncertainties. In general, an APD
value of 5 MW/km’ is applied in Korea and a number of previous studies have reported results
based on the application of APDs of 3 to 5 MW/km”. Given the diverse range of factors that can
potentially influence the accuracy of the APD determinations for wind turbines, it is necessary to
establish a more detailed and scientific basis for the determination of APD. In this study we seek
to provide such a basis. To the best of our knowledge, this is the first study to assess the scientific
basis of APD based on an examination of representative wind turbines, with respect to several
technical specifications relating to wind speed, wind direction and IEC class conditions. We aim
to scientifically analyze the effects of the performance characteristics of wind turbines on the
APD, which is also the most important factor for an assessment of wind energy potential, and will
contribute to establish an accurate technical basis for determination of APDs. On the basis of the
findings in this study, we quantitatively identified the effective parameters for the determination
of APD, which can be applied to facilitate an accurate determination of wind energy potential.
Furthermore, these parameters have potential application as key variables in renewable energy
data platforms and provide a technical reference for wind energy potential work area.

Keywords: ©|©]E] Z21&(Data platform), $7F<=4(Wake loss), AH| 23U T (Array
power density), &2 ZZHZH(Wind energy potential), TF2] & -&(Park efficiency)
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Fig. 1 Power performance curves of the representative wind turbines with 3.45, 4.0, 5.5 and 8.0 MW
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Table 1 Basic specifications of the representative wind turbines

Rated capaci . Rotor diameter Hub height Specific power
(M“I;) ty IEC wind class (m) (m) gh P (Wi nlljz)

I 113 344

3.45 II 122 100 295
1 133 248

I 122 342

4.0 11 133 100 288
111 143 249

I 144 338

5.5 II 158 120 281
I 168 248

I 175 333

8.0 I 193 150 273
I 203 247
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(a) Standard windfarm layout (3D) (b) 10x10 Standard windfarm layout by representative
wind turbine

Fig. 2 Test configuration for standardized windfarm layout
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Fig. 4 Wake loss calculation results for the standardized windfarm with representative 4.0 MW wind turbines
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Table 3 Calculated suitable array power density of each representative wind turbines on wale loss 20%

Rate(dNi;;/))acny IEC wind class Rotor (clllllz;lmeter Turbine array spacing Arra}(ll\i(\);/ /ekrniize)ensny
I 113 8.0D 422
3.45 I 122 7.5D 4.20
I 133 7.0D 3.98
I 122 8.5D 3.76
4.0 I 133 7.5D 4.07
11 143 7.0D 3.53
I 144 9.0D 3.27
5.5 I 158 7.0D 4.50
I 168 7.0D 3.98
I 175 8.0D 4.08
8.0 I 193 7.5D 3.87
I 203 7.0D 3.96

Table 4 Calculated suitable array power density of each representative wind turbines on wale loss 15%

Rate(dNi;;;)acny IEC wind class Rotor ((Ii::)‘meter Turbine array spacing Arra)(ll\l/)l(;);lv /ekrn(lizjnsuy
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3.45 I 122 9.0D 2.86
I 133 8.5D 2.73
I 122 10.0D 2.69
4.0 11 133 9.0D 2.79
111 143 9.0D 241
I 144 10.0D 2.65
5.5 11 158 9.0D 2.72
111 168 9.0D 241
I 175 9.5D 2.92
8.0 11 193 9.0D 2.65
I 203 8.5D 2.72
4. 4E

9 Al 2 e nIA= 87 ol vk vierA Q] SV ERtehA] ek el B FEEd T

(10 turbines X 10 turbines)2] BiXE dated, eI A7 4518, [EC 554, H5l 71e] o4 Az, A
Bt 34 2 B 5O AFAR] §ige] wisle] ofgt S5 &4 0] Gkt olof ZRlet -85k] thgslel e AdH]
S U siAdA 0 2 B4 Sedrt. of =] Wl theh thelRt 4 0] Avt- eyt 4] thRe] 9] 99]l
Sl m/sec ~ 8 m/sec®] HLILFF3F0°, 22.5° © 45° 2] HeloA, 7 £AES 15 ~ 25% H=o] 9]
24 FE Ao 2 APgRtchH, 71 3ot Adu] 45 U= 3.0 ~ 6.0 MW/km? 0] AdH] -85 F5 e
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ClO|E] S34EL SHYAZ0 AEel= S| Ay S Lol st 24 _ FHz 2|

27 e A 0w 74 =itk 7 &HE0] 10 turbines X 10 turbinesQ! 5= F-22d T2 9] =7} 107]12]
o3 ElHlo] &Jsf 37 ol £3F-FHEHIof A o2 FAE| o] IA 2t &

7)
o] g2 d=eh, 71 S vk 2 vehd 4= Hiell fle SREAE 15 ~ 25%919] S 9 20%

241 o) APgsle] 73 n] §3F A B4 F 5 OV B Wb, $5 SU8S 20%24 AFTT
Table 30149} Zo] FAENI] §aFat ) SFol wfe} 234 ol e, 4.0 MW/kn'] 0] §3F Al
UL B 8 A A W7 FLLEFS

= A7 ARE AT MOTIE) &} h=oll v #7147 FA(KETEP) o] A< Wot =38gt - A
LTHNo. 20213020020010, 5382 =172 et vl Al A 2 No. 20223030010090, 100

m X 100 mZAAE = AFFEAE 24 22 % gloly S ).

=
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