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Summary

Using MERRA (Modern Era Retrospective analysis for Research and
Application) reanalysis data, wind resource assessment has been performed when
there is no wind data measured on met mast. However there are not many
studies about reliability of MERRA reanalysis data in South Korea. The
investigation was carried out for evaluating how much MERRA reanalysis data
is reliable for wind resource assessment. The evaluation result was compared
with that obtained using wind data measured on met mast. The real annual
energy production (AEP) was obtained from Hankyung wind farm with 21 MW
capacity of wind turbines, which was used as a reference wind farm. The
measurement period was all from January 13, 2010 to January 12, 2011. The
collecting points for MERRA reanalysis data and met mast data were 24 km and
14.1 km away from Hankyung wind farm, respectively. The wind farm design
software, WindPRO, was used for AEP prediction.

The results show that using MERRA reanalysis data caused -16.25 % error
for AEP, and 1740 % error for Capacity Factor. On the other hand, the
prediction using met mast data resulted in -7.19 % error for AEP, and -842 %
for Capacity Factor. Based on this result, it is not recommended to use MERRA
reanalysis data whose collecting point is as far away as this investigation for
wind resource assessment. However it could bring more accurate AEP prediction

to use MERRA reanalysis data from collecting point closer to a given site.
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Table 2 Wind turbine specification of Hankyung

o A [ &4 o <A
An &5 6MW 15MW

Al A A NEG Micon VESTAS
7l T NM72C(1.5MW) VI0(3.0MW)
R 471 57]
2HAA 72m 90m

& B o] 60m 80m
Aol 4 27 0] 1] %] A o]

Table 3 Location of wind turbines in Hankyung, UTM-WGS&84

37 East North ks
1 236,521 3,692,965 NM72C
2 236,249 3,692,737 NM72C
3 236,285 3,692,072 NM72C
4 235,349 3,691,899 NM72C
5 236,852 3,692,940 Va0
6 236,741 3,693,161 Va0
7 236,257 3,692,430 Vo0
8 236,527 3,692,001 Vo0
9 235,993 3,692,242 Va0
7)ol 3342 Fig. 69

| YEbd T 194 NM72C 7158 A 5%

i, 294 VI07IEe] Als

Rl
<3

Wlnd speed [m/s]

N3-

24

10 " s
Wind speed [m/s]

(a) NEG Micron NM72C(1.5MW)

(b) Vestas V90(3.0MW)

Fig. 6 Power curves of wind turbines studied
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Table 4 Met mast coordinates

UTM(north)-WGS84 Zone
East North
242 593 3,679,299




VEASE = A w0l 60meld T53 TS SAL A ASTlE A

st AL, AREE AlS7)E Fig. 82 7t AlS71AI4 HEE ol & Table 59F #Zth

<

(a) SEANRG #40) (b) & 8A (NRG#200P)
1 \k\w /
(¢) €=Z(NRG#110S) (@ = ANRG BP-20) (e) #=A(NRG RH-5)
Fig. 8 Wind measuring instruments
Table 5 Wind sensor information
No. Height(m) A&7 &5 Description
1 60 =E5A NRG #40 Anem.(m/s)
2 59 =E5A NRG #40 Anem.(m/s)
3 50 =54 NRG #40 Anem.(m/s)
4 40 =54 NRG #40 Anem.(m/s)
5 30 =5 NRG #40 Anem.(m/s)
7 60 TIA NRG #200P Wind Vane
8 40 TEA NRG #200P Wind Vane
9 2= A NRG #110S(C)
10 A BP-20 Barom.(mb)
11 HFA RII-5 Humidity(%RIT)




2) AZ=A A ugd 2pm A

2010. 1. 13 ~ 2011. 1. 12 (1) #=AHe] vt A5 g 24 43 37
Zol olu], dolH 3]F&2 100%°]th. Mean Wind Speed(m/s): Roughness
Class/Length®® & Table 6 ¥} #Zo] Yelvbi 21tk Roughness Class =7} atd
A Mean Wind Speedv #r4dh=t] o] 50m 7|Fo2+ FHd 7.9 m/solA H

A 21 m/sE 7FA3o

Table 6 Met mast mean wind speed

Height Roughness Class/Length
0 1 2 3 4
) 0.00m 0.03m 0.10m 0.40m 1.50m
10.0 6.3 4.6 4.0 3.1 2.1
25.0 7.9 55 4.9 4.1 3.1
50.0 7.4 6.3 57 5.0 4.0
100.0 8.1 7.4 6.8 6.0 5.1
200.0 8.8 9.0 8.2 7.3 6.3

Wind Energy(kWh/m”/year) ®1 A Roughness Class/Length® & Table 73 %
of EAHATE Fol 50 ZlFolAE Hh 4224 kWh/m’/yeard] A Roughness
Class 4914 H24 711 k€Wh/m”/year® 7Fa g},

Roughness Class 1, Height 50mell 4 2] Mean Wind Speed(m/s)2} Wind
Energy (kWh/m®/year)= Fig. 99} -t}

Table 7 Met mast wind power density

Height Roughness Class/Length
) 0 1 2 3 4
(M) 0.00m 0.03m 0.10m 0.40m 1.50m
10.0 2,740 1,179 776 374 110
25.0 3,496 1,854 1,352 808 364
50.0 4,224 2,566 1,975 1,297 711
100.0 5,488 3,960 3,036 2,055 1,257
200.0 7,497 7,222 5,529 3,817 2,416
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Fig. 9 Met mast mean wind speed & directional energy at Roughness 1, Height 50m
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3. MERRA Asld x5 &3

1) MERRA Ajs4 =5 &g

B oo g0 Al-g® MERRA Aafj4 AzE FEFHEX oA LHxqzog oF
24Km Eolzl oA, 7|4 AZFerYd e sd3d 7|70 2010. 1. 13 ~ 2011. 1.

12 &<te] HolHE &8sttt

oF 50km

TFig. 14 Location of MERRA reanalysis data

MERRA A&l AF55 w5 NASAoA Algsls nigata = J1F9ds B3 #
8 7)dAEE e R AE|AeA AweT vk ARelth olu Xt A
el 915 1/2°, A5 3/2°00 sdste Al o] AFHAAFE A4 2m T 7270
o] AR E AFdh AFE oo A= Fig. 149 7o) 4 o] A ™A A7rE AF
stedl dAFHAA 7E 2AE A3 ARE ARE-ETh olwl, MERRA A4
2k o] UTM#F3EE Table 8% 21 2 Aol= A4 50m AF=E ARl

Table 8 MERRA reanalysis data coordinates

UTM(north)-WGS84 Zone
East North
221,480 3,710,743
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2) MERRA A& A7 &4
5 717t 9 MERRA A&)d #a5s #43 Az 23 Zth Mean Wind
Speed(m/s)+= Roughness Class/Length® % Table 92 YERAT) 50] 50m 7ol A=

o 7.1 m/s°]iL Roughness Class 4914 &4 3.8 m/s 3= Btk

Table 9 MERRA mean wind speed

Height Roughness Class/Length
0 1 2 3 4
(M) 0.00m 0.03m 0.10m 0.40m 1.50m
10.0 6.0 44 3.8 3.0 2.0
25.0 6.6 5.2 4.7 3.9 3.0
50.0 7.1 6.0 55 47 3.8
100.0 7.7 7.1 6.5 5.7 4.8
200.0 8.4 8.6 79 7.0 6.0
Table 10 MERRA wind poewr density
Height Roughness Class/Length
, 0 1 2 3 4
(M) 0.00m 0.03m 0.10m 0.40m 1.50m
10.0 2,168 930 611 296 87
25.0 2,776 1,473 1,073 637 289
50.0 3,363 2,068 1,580 1,040 570
100.0 4,363 3,196 2,448 1,662 1,017
200.0 5,939 5,813 4,451 3,079 1,956

Wind Energy(kWh/m’/year) I4] Roughness Class/Lengthl® Table 107} 7ro] &
LAt Mean Wind Speed2} +AFSFAl  Roughness Classell w2} 50mell A ) 3,363
kWh/m’/year 14 22 570 kWh/m”/year#t S ®oli glth,

Roughness Class 1, Height 50molA1¢] Mean Wind Speed(m/s)¢} Wind
Energy(kWh/m”/year)= Fig. 159} #Z3 Hub Height 50melA] n}a&k #}3 24
A3 Fig. 16~19°] YeErIT
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Energy [MWh/m?/year]
Roughness class: 1; Height: 50 m

Mean wind speed [m/s]

Roughness class: 1; Height: 50 m

| — Frequency & V\ﬁndspeedl

Fig. 15 MERRA mean wind speed & directional energy at roughness 1: Height 50m

Weibull Distribution
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Fig. 16 MERRA weibull distribution at hub height of 50m

Energy Rose (kWh/nm?/year)
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Fig. 17 MERRA energy rose at hub height of 50m
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Mean w ind speed (m/s)

Fig. 18 MERRA mean wind speed at hub height of 50m

Frequency (%)

0-5mss
— 5-10m/s
— 10-15m/s

15-20m/s
— 20-40m/s

ZAA AN vl 10m/s o]Ako] oF 222%o]a Ut FHEAY AF

=

of
A

o] 4m/s M HFSl A= 356%0|th 9lo]E R
o] k& Zb7b 8.10m/s 2.2620| 1l HEE

7
Sa BEe oy Wrsh we vigte] WAH A F Iz 7 AAZE

-

(Met-Mast) AF5E #24¢ Ao} v)szek 4eS Kol gt
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MERRA Data®} 71356 Data®l ¢lol& &% A&

Table 11 Weibull parameters of MERRA and met mast

+ Table 113} Zt}

C Wind Speed Frequency
Sector (m/s) (m/s) (%)
0 9.31 9.07 8.29 8.08 2.837 2.770 14.1 222
1 7.70 6.61 6.91 5.89 3.255 2.807 8.1 5.6
2 6.48 356 5.75 3.19 2.600 1.620 6.5 1.6
3 7.04 744 6.25 6.59 2.528 2.012 6.9 10.3
4 6.37 758 5.65 6.72 1.855 2.192 8.2 15.2
5 7.29 6.44 6.46 5.73 2.026 1.796 9.1 8.6
6 747 6.64 6.61 591 2.091 1.787 8.5 5.1
7 8.12 7.00 7.20 6.21 2421 1.891 8.1 4.3
8 6.48 5.9 5.75 5.38 1.867 1.472 41 3.0
9 7.60 6.97 6.74 6.22 2.069 1.688 4.2 34
10 9.45 8.74 8.37 7.81 2.074 1.671 74 54
11 9.90 9.84 8.85 8.76 3.023 2.750 14.8 15.3
ALL 8.10 7.98 7.18 7.07 2.262 2.076 100.0 100.0
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=|
g
Z
2
=
K3
N
s
T
El
Mo
o

1 2w Ak o]

oA G FE R #H(Ideal) =, Hit 5% 2 (AP Average Power Intercepted,

APl = WPD x A + Awr
o714,
WPD : Z# ¥ %(Wind Power Density, MW/m?)
A=rD’+4, m” : FHAAY] A @A
D @ 3 474 (m)
Awr @ FEE7] @912« WA (Unit Area Occupied by a Wind Turbine, Tan)

A0 AR AERD} $48 B, Avre ARV} FPg P,

API7} AR B tha3t o] Azt X AAFF(AEP:Annual Energy Production,
TWh/yr)S 3t}

AEP = APl - FLH - CF - n. - nw
o] 71 A,
FLH(Full Load Hour) : 8760hr(A7t % A|7F=244131/4 x 3659/)
CF : An]o] & E(Capacity Factor, %)
Na - A1 7Hg & (Availability)

Ny - B ¥ 2 & (Array Efficiency)
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o) g5 FHYUAY9 X534 (Power Curve, P MWh)3} vtz =9 F

ZW9 %= (Wind, Speed Frequency, )& th&3 #o] AXtwch

o] 7] A,
WTC(Wind Turbine Capacity)t #5947 459

Viedt Vo Z2H2F A15-54:(Cun In Wind Speed) 3} F9-84:(Cut Out Wind Speed)”

2) @AFY WA B

oA oIz B BAFY wxvle AAl AFE 2IHSCADA)

Data® FHE39th Met-Mast vl X8 HE77H 5438 717F 59H(2010.1.13
~ 2011. 1. 12, 1d) sAFHAEX 9 & AHAZFAEP)S 48520 MWh, ©]& %

b

(CF)2 2648% <Fwoltt. o5 Z7|d= #-73sto] B Fig. 203 2o

10,000 s162
3080 30.43 .
8,000 v
23.02 23.
£ =01 7 Y H B (MWh)
E 6,000 == == L 20
5 ~O0I8E(%) =
:K-,j oo
- =)
14,000
Bl
- 10
2,000 -
0 - : : : | . ; ; . -0
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

Fig. 20 Annual energy production for each turbine
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A 435.7],

73 6371614 o] &E(CF)ol 30%°]°¢
S 737N HARD 2241%F vERTE oo F&ste] %
B2 2648%= <A Fig. 2014 g1 ¥ = AlFA4
20139) Fi ol %E 24.07%HTF 241% 3 FTE TG AL
A, sHd2etA]) " & Table 129} Table 1304 &<l

Table 12 AEP of Hankyung I (¥+$): kWh, %)

37MA =201 ~

No. 1 No. 2 No. 3 No. 4
14 74,863 557,438 577,752 590,574
24 264,656 395,479 431,070 451,800
3¢ 503,347 563,650 549,492 599,870
44 334,073 358,237 311,542 354,912
54 232,805 236,131 243,963 220,492
64 110,082 72,084 115,329 120,668
74 268,083 31,954 248 551 259,794
34 103,299 175,242 196,481 195,912
9¢ 117,251 166,562 185,883 166,877
10€ 337,645 198,639 266,043 382,099
114¥ 320,954 292,335 317,009 236,296
124 358,164 0 604,446 419,220
< % 3,025,222 3,047,751 4,047 561 3,998,514
3 A 23.02 23.19 30.80 30.43
Table 13 AEP of Hankyung I, ¥¢: kWh, %
No. 5 No. 6 No. 7 No. 8 No. 9
1¥ 1,011,714 1,171,552 853,975 1,063,677 1,221,035
24 731,102 836,268 104,545 780,792 622,927
34 1,093,670 1,101,175 497,622 1,056,153 1,087,236
44 652,511 704,206 660,471 651,352 442,670
54 475,352 470,768 407,787 456,664 50,510
6¢ 257,366 235,982 207,036 245,230 241,046
74 483,160 398,150 463,380 512,818 552,626
34 346,754 306,176 326,518 391,406 159,220
94 373,622 479,016 436,370 458,498 70,462
10€ 578,452 807,182 525,618 523,082 0
11¢ 296,234 641,730 553,968 518,904 461,364
124 791,502 1,157,902 852,972 693,332 847,820
s Al 7,091,439 8,310,107 5,890,262 7,351,908 5,757,416
C.F 26.98 31.62 22.41 27.98 21.91
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Fig. 22 Monthly down time at Hankyung I
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g 1 R 4 I oA S 4 SRR AP 2 AH] AR
Table 149} Table 15014 A8 & % Ut}
Table 14 Down and repair time at Hankyung I, ©$ : h
e No. 1 No. 2 No. 3 No. 4
Tl oway | oma [ wa | my | wd | am | wd | 23
1€ 643 586 176 115 92 26 133 63
298 302 136 194 53 142 9 140 19
3¢ 179 64 159 28 139 9 103 0
44 229 42 200 6 256 29 216 40
54 308 64 288 52 250 0 325 71
6¢ 415 26 532 127 387 6 410 0
78 282 22 639 406 271 16 312 33
8¢ 472 313 217 49 184 0 297 141
9¢ 476 246 330 118 235 19 336 104
10¥ 227 34 501 338 238 66 216 52
11¢¥ 296 53 375 35 252 6 408 175
12¢ 377 251 744 629 122 0 308 180
Al 4,206 1,837 4,405 2,006 2,568 186 3,204 878
Table 15 Down and repair time at Hankyung I, ¥ : h
No. 5 No. 6 No. 7 No. 8 No. 9
T
1 Iy A S R O e S O O T ) O R S B A i B 5
1¢ 60 15 48 0 253 215 66 20 39 0
24 108 25 88 0 550 474 89 0 185 101
3¢ 73 0 76 3 381 308 ) 0 70 0
44 126 19 107 0 103 0 106 0 325 213
549 204 19 176 0 186 0 179 0 627 461
64 269 0 267 0 281 0 265 0 270 0
74 208 0 170 0 165 0 181 0 160 0
3¢ 155 19 208 67 141 0 115 0 394 279
9¢ 196 59 143 0 148 0 142 0 610 482
108 269 178 99 0 216 122 231 132 744 650
114 416 265 145 0 233 35 228 77 302 156
12¢ 297 215 94 9 240 139 293 201 242 154
Al 2,381 814 1,621 79 2,897 | 1,343 | 1,980 | 430 | 3,968 | 2,496

1) A2 A17F : Cut-in Speed ©]3}, AW GA; WA A], 1442 AI7HS BF EE 51
7] g Ve Ak ahx] e Az
2) AAAX AZF 1 AR A 7F S AH] Trouble® 18] WHd7] o] A E Azt
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3) A HHFHAEP) B4

S~ 957 AFARS M zEtzol A Ayt
SCADAU o] el we &4 dH=E A8k Toolo]l ho] AR Al7H
ol 2 AFHct oo 74 55 7]l A $H
d £ 283l BASA
Y [T9A(EAE 157]1~374 457])% 20131 SCADA Server A=

3 7] 7H2010.1 ~2011.1, 1) &<t Server Data’} £24 %o SCADA #A&Z &

AUAGES AEde W F4FH [EANMR0) = Azt

3550 MWholl sidsla z71d, il &4 22 Table 1691 WER 1

oh

Table 16 Electric production loss at Hankyung I, ¥¢: kWh

< No. 1 No. 2 No. 3 No. 4 A

1€ 569,913 91,256 37,171 59,176 757516
2¢ 163,362 68,285 630 17,869 250,146
3¢ 67,238 33,695 14,064 0 114,996
4 32,670 27471 21,115 22,461 103,716
54 24,744 29,913 250 39,763 94,671

6% 5,949 50,489 2,396 0 58,833

T 1,265 212,878 4,074 21,093 239,309
3¢ 101,888 12,889 0 28,587 143,364
9¢ 95,415 77,993 15,233 63,308 251,948
10¢ 17,708 175,487 54,756 20,533 268,484
11¢¥ 23,154 58,042 2,214 104,302 187,711
12¢ 253576 614,766 0 210,996 1,079,337
SHA 1,356,881 1,453,162 151,901 588,087 3,550,032
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Fig. 29 Electric production loss and repair time with Month at No. 1 Turbine
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Fig. 30 Electric production loss and repair time with Month at No. 2 Turbine
BAED MRANVO)S 44, % 717 24 waRe 2od ARe A5
Aeen At F H4EdEe 6710 MWhE 9, 7]d2 geste] Table
172} Fig. 312 ety 74 9&7]7F Az &4 o] 2700MWh=E 7Hd &
grow StAH657]7F 62MWh=z 71 wEoktt
S A gFo] Jhg W2 27 EVI(eHAHTE V], 7495 7)) A A A7)
£ -k Abole] IAZF Fig. 329 Fig. 333 o] FAFSE Helg Holx )
S8 AT & Sk
Table 17 Electric production loss at Hankyung II, ©%:kWh
4 No. 5 No. 6 No. 7 No. 8 No. 9 Al
14 43,634 0 274,112 39,505 0 357,251
2% 63,120 0 690,462 0 216,382 969,963
3¢ 0 8,462 557,052 0 0 565,014
44 26,185 0 0 0 236,374 262,559
5¥ 24,509 0 0 0 396,804 421,313
6% 0 0 0 0 0 0
7T 0 0 0 0 0 0
3¢ 10,423 40,667 0 0 211,317 262,407
9¥ 95,893 0 0 0 373,947 469,840
10¢ 189,115 0 219,238 210,284 763,000 1,381,636
11¥ 297 910 0 48,940 75,049 179,098 600,997
124 327,112 13,157 321,814 433,080 323,879 1,419,042
A 1,077,901 62,286 2,111,617 757917 2,700,800 6,710,521
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Fig. 32 Electric production loss and repair time with Month at No. 7 Turbine
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Fig. 33 Electric production loss and repair time with Month at No. 9 Turbine
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Fig. 34 Corrected AEP for each turbine at Hankyung
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Fig. 35 Corrected monthly energy production for each turbine at Hankyung
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Fig. 36 Corrected CF for each turbine at Hankyung
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BARE Az WHZFAEP) A 1 dAe A NGAZ F3sle] Table 187
Table 19 YeFATE

Table 18 Corrected AEP at Hankyung I, kWh, %

No. 1 No. 2 No. 3 No. 4
14 644,776 648,694 614,923 649,750
24 428,018 463,764 431,700 469,669
34 570,585 597,345 563,556 600,297
4¥ 366,743 385,708 332,657 377,373
54 257,549 266,044 244,213 259,962
64 116,031 122,573 117,725 120,961
74 269,348 244,832 252,625 280,887
8¢ 205,187 188,131 196,855 224,499
94 212,666 244,555 201,116 230,185
10¥ 355,353 373,066 320,139 402,632
11¢ 344,108 350,377 319,223 340,598
12¢ 611,740 614,766 604,732 630,216
T3 4,382,104 4,499,855 4,199,464 4,587,029
CF 33.35% 34.25% 31.96% 34.91%

Table 19 Corrected AEP at Hankyung II, kWh, %

No. 5 No. 6 No. 7 No. 8 No. 9
14 1,055,348 1,171,552 1,128,087 1,103,182 1,221,035
2¢ 794,222 836,268 795,007 780,792 839,309
34 1,093,670 1,109,637 1,054,674 1,056,153 1,087,236
4€ 678,696 704,206 660,471 651,352 679,044
59 499,861 470,768 407,787 456,664 447314
64 257,366 235,982 207,036 245,230 241,046
74 83,160 398,150 463,380 512,818 552,626
8¢ 357,177 346,843 326,518 391,406 370,537
94 469,515 479,016 436,370 458,498 444 409
10¢ 767,567 807,182 744,856 733,366 763,000
1€ 594,144 641,730 602,908 593,953 640,962
124 1,118,614 1,171,059 1,174,786 1,126,412 1,171,699
T3 8,169,340 8,372,392 8,001,879 8,109,825 8,458,216
CF 31.09% 31.86% 30.45% 30.86% 32.18%
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Fig. 37 AEP for each turbine before and after the correction at Hankyung
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Table 20 AEP & CF for each turbine before and after the correction at Hankyung

)

el 7] e AEP(kWhl):J_xg = T CF(%0) T
No. 1 3,025,222 4,382,104 23.02 33.35
No. 2 3,047,751 4,499,855 23.19 34.25
No. 3 4,047,561 4,199,464 30.80 31.96
No. 4 3,998,514 4,587,029 30.43 34.91
No. o 7,091,439 8,169,340 26.98 31.09
No. 6 8,310,107 8,372,392 31.62 31.86
No. 7 5,890,262 8,001,879 2241 30.45
No. 8 7,351,908 8,109,825 27.98 30.86
No. 9 5,757,416 8,498,216 2191 32.18
T 48,520,180 58,780,104 26.48 32.32

< AEP+ 48520MWhell A 58780MWhE CEF& 26.48%°l Al 32.32%% ‘&<l
Atk LA Agto]l AAYd #4157, 4257, §ATZT], FHIZV7E B
g A5 gt WA oL, Ao R AR Alzte] Askd @4 627]9]
45+ AEP7F 8310MWhell Al 8372MWh, CF7F 31.62%°l 4 31.86%= 1 HA
grol i At o= SR TIzE F FA A o] T9A e s S AW 9

AH =S BV ditelt.
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2. 718 A=

WindPRO(Ver. 2.9)2 &8 O-2.-2)oA wWFAQ 7| &ASEHZRE 4T

Hkx] o] AEPE oSaldtt. #8944 F AEP+ 54551.5 MWhol il Al f-4 3+=

Bl (Mat-Mast) A2& °]&3 48 & LHAF

AN

Htx] AEP <%

a
Table 21| YeRTE 374 194|157 ~45.7])= 3B £o]7} 60m, 374 297

(5371795 7))x 3B Eo|7} 80mil, 7| AZE Y9 AHEE MERRA AR ¢ &

W57l 50m ARE AHE] 2 WAL HAnipolE WABL A

Table 21 Overall result from WindPRO calculation using met mast data

g},

Gross(no loss) Park Mean
Con\qi‘lgggti on szl\s/[evr&hf/’é]rk Free WTGs Efficiency [%/OF] Speed
[MWh/y] [%] [m/s]
Park 54,551.5 60,016.1 90.9 29.6 7.2
10,000 35
31.80 31.90
31.40 30.90 o
8.60 8.30 28.60 - 30
8,000 {2}
== AEP(MWh) 7 - 25
= -=-CF(%)
g 6,000 20 E
& w0
;: 4,000 - - 15 5
- 10
2,000
-5
0 - -0

No.1l No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9

Fig. 39 Production and CF of each wind turbine using met mast data
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Table 22914+ 2t F8 w379 AEP, CF, Efficiency, Mean wind Speed&
Rl e R S RS B s P ) &ol M 5T AL 9549%9
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Table 22 The result of windPRO calculation using met mast data for each turbine

TEEH7 AEP(MWh) | Efficiency(%) CF(%) Mean Speed(m/s)
No. 1 4,126.7 93.31 314 7.05
No. 2 4,186.4 93.96 31.8 7.08
No. 3 3,559.8 80.04 27.1 7.08
No. 4 4,188.7 93.28 319 7.12
No. 5 7,523.0 90.43 28.6 7.31
No. 6 8,116.6 95.49 30.9 7.39
No. 7 7,451.7 87.97 28.3 7.38
No. 8 7,524.0 89.81 28.6 7.34
No. 9 7,874.8 92.29 299 7.41
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Table 23 Met mast AEP & CF comparison

MM of S & A A (R A) o & HAH%)
[A] [B] [C=(A-B)/B]
AEP(MWh) CF(%) AEP(MWh) CF(%) AEP CF
54,551.5 29.6 58,780.1 32.32 -7.19 -8.42
10,000 3.06 0
- -10
8,000
M. M AEP(MWh) = L 20
6,000 m A K| AEP(MWh) .
s 0| S HXH%) g
“% 4,382 4,500 r-30 ;‘ﬂﬂ':
%’d 4,000 - =
- -40
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o | -60
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Fig. 40 Met mast AEP Comparison for each turbine
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Fig. 41 Met mast CF Comparison for Each turbine
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Table 24 Overall result from WindPRO calculation using MERRA reanalysis data

Gross(no loss) Park Mean
Con%il;lgtion R[ef/[e\r}\tlhf/’a]rk Free WTGs Efficiency [(:“,/F] Speed
Y [MWh/y] [%] o [m/s]

Park 49,225.4 55,176.1 89.2 26.7 7.0

Table 25 The result of windPRO calculation using MERRA reanalysis data for each turbine

ZHEAw 7] | AEP(MWh) | Efficiency (%) CF(%) Mean Speed(m/s)
No. 1 3,652.0 89.58 27.8 6.84
No. 2 3,710.2 89.86 28.2 6.88
No. 3 3,446.1 83.85 26.2 6.87
No. 4 3,874.6 92.88 29.5 6.92
No. 5 6,594.0 86.88 25.1 7.08
No. 6 7,195.1 92.46 274 7.16
No. 7 6,740.4 86.59 25.6 7.16
No. 8 6,762.8 88.11 25.7 7.11
No. 9 7,250.2 92.26 276 7.19
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Fig. 42 Production and CF of each wind turbine using MERRA reanalysis data
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Table 26 MERRA AEP & CF Comparison

MERRA o] &4 & A A A 2R A) of| % 1 AH(%)

[A] [B] [C=(A-B)/B]
AEP(MWh) CF(%) AEP(MWHh) CF(%) AEP CF
49,2254 26.7 58,780.1 32.32 -16.25 -17.40
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Fig. 44 MERRA CF Comparison for Each turbine
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