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Abstract

In order to examine how the wind turbine power performance changes under
the situation of complex terrain, the power performance testing was conducted
on the A wind farm, Jeju Island, Korea. Topography of the A wind farm was
assessed according to the International Standard, IEC 61400-12-1, which led to
the fact that the A wind farm needs site calibration for power performance
testing. Without site calibration, however, power performance measurement
was conducted in accordance with the procedure provided by IEC 61400-12-1
and IEC 61400-12-2. The power curve was drawn using wind data from an 80
m-height met mast in compliance with IEC 61400-12-1, and it was also
estimated using nacelle wind data from the wind turbine SCADA data in
accordance with IEC 61400-12-2. Finally, measurement uncertainties were
estimated for comparing uncertainty estimates from the two International
Standards. As a result, the derived nacelle transfer function, NTF, did not
meet the regulation for its validation. The comparison of Annual Energy
Productions, AEPs, estimated by the met mast wind data and NTF showed
that AEP-measured presented the difference between 1.2% and 2.4% and the
difference of AEP-extrapolated ranged from 0.4% to 2.4%. That is, the derived
NTF could not be wused for another wind turbine power performance
measurement since the difference should be within 1% regulated by IEC
61400-12-2. This result was caused by the difference of the two power curves
estimated using the met mast wind data and the NTF, which came from not
performing site calibration in this investigation. In addition, the magnitude of
measurement uncertainty by IEC 61400-12-2 was two times that by IEC
61400-12-1.
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Fig 5 The wind turbine tested (WTG15, 2000 kW)

Table 1. Specification of the wind turbine tested (WTGL5, 2000 kW)

LI W &

IEC Class IECITA
AAEE 2000 kW
28474 87Tm(E7 4] 422 m)
B} 9] 3% ] 80 m
THES 35m/s~25m/s
BAZTE 12m/s
SHES 425m/s

Ast/F o 690V / 60 Hz
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Fig. 6. The 80 m-height met mast for this study

Table 2. Specification of the 80 m-height met mast

3 & W & H] 31
NEAE 2 Triangular lattice tower A A A]
758 H ol 80 m

T 2771 Section

= o 3,200 kg

F57 3EA
A 3EA
A 2] Al A =557 2EA
ol 71474 2EA
454l 1EA

14
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transformer), PT(Power transducer)E ©]

ol 7 AA =

Atk ofel that FAFE 82 Table 33} 2t

Table 3. The measurement sensor list and its specifications

gotel =4

159

st SCADA A=

[EC 61400-12-2 Ed.1.0 A& 7|0l -3+3k

¥ 5 7] (Current

g olgs

Install Sensor
Type Model name | Specification | Remark
Posi. | (Install height) LA p
Wind speed Cup Thies first Class0.9A/3.0B
(80m) anemometer | class advanced Accuracy:1%
Wind speed Cup Thies first Class0.9A/3.0B
(78.5m) anemometer | class advanced Accuracy:1%
Wind speed Cup Thies first Class0.9A/3.0B
(40m) anemometer | class advanced Accuracy:1%
Wind Direction Wind Thies wind vane No north gap
ind vane
Met (785m) first class Accuracy:0.25%
mast Wind Direction Wind Thies wind vane No north gap
ind vane
(40m) first class Accuracy0.25%
Air temperature . ROTRONIC Accuracy:+0.1K
Hygro clip2 . .
(78.5m) hygromer -50C ~100C
Air Humidity . Accuracy:+0.8%6
H lip2 PT100 ClassA
(785m) vere A e 0%~ 100%
Air pressure ) Accuracy:+0.196
Pi tal P-GE6/11
(785m) 0 S / 600hpa~1100hpa
C t
drren Closing Type - Class 1% SCADA
transducer
3 ph
WFITId Power transducer P .ase - Class 1% SCADA
tuhire 4 wires
Nacell Accuracy: 05
. acelie Cup wind transmitter v05ms SCADA
wind speed anemometer or +3%
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wi-oll Database AZRF Ho]E W ol ~& 2353

AAl FANT T Varow SS7HA S dlolg 7 %A &%7] vl IEC
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® ==X (Power curve) 24

o e bl B28 2 BEshE F49 Feghe A2 wet 2gskanh

e

1
E nz]v j Wl Pn,i,j
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V.

; 1s the normalized and averaged wind speed in bin i

Pl» 1s the normalized and averaged power output in bin i1

TIPHO R Yir F7HE HF o] dAT dES 239 wk AEsHYT
(4] 3) IEC61400-12-2 Ed1.09] w& #dg] & FHEXT(CDF) 2H&4 [5]
4 V(J/UE

F ( V) is the Rayleigh cumulative probability distribution function for wind speed
V

ave

F(V)=1—exp

is the annual average wind speed at hub height

V' is the wind speed
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N P_.+P.
-1
AEP:NhE[F(V)—F(Vgl)](%)
i=1
AFEP is the annual energy production
N, is the number of hours in one year = 8760
N is the number of bins
V. is the normalized and averaged wind speed in bin i
Pl» 1s the normalized and averaged power output in bin i
Al 4= (Power coefficient, C,) 274
oA 249 29 wg

A dhgre] bl &

(4 5) IEC61400-12-2 EdL.0°l w& EHAF(C,) =24 [5]

P

Ori=7——
§P0A ‘/;3

Cp, is the power coefficient in bin i
is the normalized and averaged wind speed in bin 1

V;
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IEC 61400-12-1 Ed.1.0 IEC 61400-12-2 Ed.1.0

Site assessment

NTF calculation

NTF validation

Power curve ‘ ' Power curve

(Met mast wind speed) (NTF wind speed)
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Fig. 9. Research methodology for this study
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Table 4. The wake effect of neighboring wind turbines on the wind turbine tested

L. h Wake Wake sector(®)
(m) | (m) effect(%) | Start | End

neighboring WTG — testing WTG

Remark

No. Object L./D.

1 WTG1 4835 | 80 5.56 74.40 219.27 269.51

2 WTG2 269.2 | 80 3.09 99.94 182.49 249.38

3 WTG3 4364 | 80 5.02 79.60 151.21 204.06

4 WTG4 6079 | 80 6.99 62.70 129.97 174.96

5 WTGS 9983 | 80 | 1148 39.98 156.53 192.78

6 WTG6 9404 | 80 | 10.81 42.41 172.47 209.60

7 WTG7 12145 | 80 | 13.96 32.68 191.69 225.37

8 WTGSE 12168 | 80 | 13.99 32.61 178.42 212.08

9 WTGY 12491 | 80 | 14.36 31.71 165.76 199.10

10 WTG10 | 12623 | 80 14.51 31.36 153.63 186.85

11 WTGII | 1053.0 | 80 12.10 37.89 131.39 166.90

12 WTGI12 7955 | 80 9.14 49.71 11513 154.97

13 WTGI13 541.8 | 80 6.23 63.55 101.39 148.92

14 WTGI14 2682 | 80 3.08 100.06 99.52 166.55
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Table 5. The wake effect of neighboring wind turbines on the met mast

No. Object (Ir;‘) (r}rll) L./D, ef‘f)Z;:lz;) VSVtZl: SeCtgri;) Remark
neighboring WT — Met mast
o | U oo | 80 | 261 | 10874 | 14638 | 21867
WIG
1 | WTGL | 62371 | 80 | 717 | 6140 | 20342 | 24788
o | WTG2 | 47566 | 80 | 547 | 7523 | 17536 | 22601
3 | WTG3 | 66305 | 80 | 762 | 5837 | 15770 | 20092
4 | WTG4 | 81253 | 80 | 934 | 4875 | 14078 | 180.25
5 | WTGS | 122382 | 80 | 1407 | 3241 | 15932 | 19291
6 | WTG6 | 116559 | 80 | 1340 | 3412 | 17229 | 20647
7 | WTG7 | 142216 | 80 | 1635 | 2755 | 18856 | 22047
8 | WTGS | 143934 | 80 | 1654 | 27.19 | 17736 | 20915
9 | WTGY9 | 147634 | 80 | 1697 | 2643 | 16668 | 19821
10 | WTGIO | 148508 | 80 | 17.07 | 2626 | 15637 | 187.84
11| WTGIL | 124902 | 80 | 1436 | 3172 | 13822 | 17157
12 | WTGI2 | 96374 | 80 | 1108 | 4140 | 12667 | 16344
13 | WTGI3 | 69138 | 80 | 795 | 5632 | 12003 | 162.42
14 | WTGI4 | 45022 | 80 | 517 | 7803 | 12958 | 18162
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Table 7. The result of site terrain assessment for the maximum terrain slope and variation

Maximum slope Maximum terrain
. (%) variation from plane(m)
Distance Sector
measure allow measure allow
ment limit ment limit
<2L 360° 8.1 3 19.54 56
>2L and < 4L Measurement sector 4.97 5 12.71 11.2
Outside measurement
>2L and < 4L 9.76 10 - -
sector
>4, and < 8L Measurement sector 291 10 5 18.2

Fig. 13& A@% A997t 23 574D 235 op7lsh= 2Ll 270° ]
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Fig. 13. Terrain variation within 2L at 270° direction
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Table 8. Power curve comparison for NTF validation

500.00

0.00

0.00 2.00

4.00 6.00

8.00

10.00

12.00

Wind speed(m/s)

14.00

16.00 18.00

Bin Hub height | Vireei Viree Power output | Power output | deviation | allow
No. wind speed | (MM) | (NTF) | (Met Mast) (NTPF) limit
m/s m/s m/s kW kW kW kW
3 3.5 3.54 3.65 38.98 30.92 8.06 10
4 4 4.00 412 78.34 69.23 9.11 10
5 4.5 4.53 4.60 118.25 121.44 3.19 10
6 5 5.00 5.10 169.30 181.26 11.96 10
7 55 5.49 5.52 228.31 245.61 17.30 10
8 6 5.98 5.99 300.30 321.79 21.49 10
9 6.5 6.47 6.54 379.11 405.93 26.82 10
10 7 6.98 6.91 516.28 511.38 4.90 10
11 7.5 747 7.60 623.79 691.70 67.91 10
12 8 8.03 8.09 859.98 820.82 39.16 10
13 85 8.50 8.71 1062.89 1022.31 40.57 10
14 9 9.01 9.27 1277.03 1214.39 62.64 10
15 9.5 9.50 9.53 1417.29 1338.60 78.69 10
16 10 10.01 9.99 1543.81 1533.00 10.81 10
17 10.5 10.50 10.41 1665.48 1679.19 13.71 10
18 11 10.97 10.91 1812.67 1791.29 21.38 10
19 115 11.46 11.30 1867.53 1903.19 35.66 10
20 12 12.01 11.70 1930.03 1942.35 12.32 10
21 125 12.47 12.16 1945.43 1981.78 36.35 10
22 13 12.91 12.62 1981.75 2004.00 22.25 10
23 135 13.37 13.35 1985.50 2001.50 16.00 10
Power curve compare

2500.00
2000.00 s

g 1500.00

%; —e-Power curve(MM)

e ——Power curve(NTF)

'E 1000.00 —e-Power cureve(manufacture)

Fig. 17. Power curve comparison for NTF wvalidation
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Fig. 21. Comparison of various averaged power curves

35



7 FETHEEHAETE 719wt EE5E AT S Vi), HAEE Viaceled),

S Table 93 o] -3}t

N
o,
B\
o
oL
o~
oftl
1B
R
=
A\
o
)
o
)
=
o
e

Table 9. Table of measured power curve (Database A)

Wind Turbine + cor. Nacelle speed, For IEC MT 12-2 (Measured Power Curve)

Reference air density:1.225kg/m® Catflzfory Cabegory Comblped
Bin H.Ub Vacel Power No.of Standard Combineds Standard
No height | Vigeo lei Viree output data uncertainty tandard uncertainty
: wind ! (NTF) TI Cp uncertainty
(nacelle - s B sets Si - Uei
Ref.) i m/s KW (Viazile) kW KW kW
0 2.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
1 2.5 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
2 3.0 343 3.07 0.00 0.08 10.57 0.00 4 2.9 11.55 11.91
3 35 3.59 3.53 3.65 0.13 30.92 0.18 37 1.9 11.66 11.82
4 4.0 4.15 3.94 412 0.12 69.23 0.27 70 2.5 23.13 23.26
5 4.5 4.60 4.46 4.60 0.12 121.44 0.34 114 1.9 29.16 29.23
6 5.0 5.11 4.97 5.10 0.12 181.26 0.38 91 2.5 33.19 33.28
7 5.5 553 5.44 552 0.12 245.61 0.40 64 3.3 42.93 43.06
8 6.0 5.96 5.93 5.99 0.12 321.79 0.41 56 4.8 49.12 49.36
9 6.5 6.60 6.44 6.54 0.09 405.93 0.40 27 8.9 53.51 54.25
10 7.0 6.85 6.91 6.91 0.10 511.38 0.43 27 8.8 93.63 94.04
11 75 7.61 7.44 7.60 0.10 691.70 0.43 19 22.1 139.89 141.63
12 8.0 8.10 7.90 8.09 0.09 820.82 0.43 14 14.0 102.06 103.01
13 8.5 8.65 8.45 8.71 0.12 1022.31 0.43 16 21.6 136.49 138.18
14 9.0 9.36 8.93 9.27 0.11 1214.39 0.42 36 15.4 132.07 132.97
15 9.5 9.53 9.40 9.53 0.13 1338.60 0.43 50 11.8 179.63 180.02
16 10.0 10.00 9.95 9.99 0.13 1533.00 0.42 70 8.8 161.41 161.65
17 10.5 10.38 1038 | 10.41 0.13 1679.19 0.41 74 9.0 135.17 13547
18 11.0 10.95 1085 | 1091 0.13 1791.29 0.38 78 8.7 90.39 90.81
19 11.5 11.32 1135 | 11.30 0.13 1903.19 0.36 53 7.6 118.80 119.04
20 12.0 11.72 1134 | 11.70 0.13 1942.35 0.33 43 7.7 43.73 44.41
21 12.5 12.18 12.37 12.16 0.12 1981.78 0.30 27 7.7 41.24 41.95
22 13.0 12.53 1277 | 12.62 0.13 2004.00 0.27 10 8.3 28.53 29.71
23 135 13.12 1316 | 13.35 0.11 2001.50 0.23 4 16.9 17.19 24.10
24 14.0 14.28 1371 0.00 0.13 2007.33 0.00 6 11.3 15.57 19.27
25 14.5 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
26 15.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
27 15.5 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
28 16.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
29 16.5 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
30 17.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
31 175 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
32 18.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
33 185 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
34 19.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
35 19.5 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
36 20.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
37 20.5 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
38 21.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
39 215 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
40 22.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
41 225 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
42 23.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
43 235 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
44 24.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
45 24.5 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
46 25.0 0.00 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
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Table 10. Table of extrapolated power curve (Database A)

Wind Turbine + cor. Nacelle speed, For IEC MT 12-2 (Extrapolated Power Curve)

. . 9 Category Combined
Reference air density:1.225kg/m' A Category B .
Bin No. hggﬁt Vices Vnacelle Vireo Power No.of Standgrd Coerlnnlal:reddst Standgrd
(nacelle wind A (NTF) o Cp it WSSy uncertainty WSy
Ref.) speed m/s m/s sl Si u Uei
ey m/s KW (Vieatle) kW KW kW
0 2.0 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
1 25 0.00 0.00 0.00 0.00 0.00 0 0.0 0.00 0.00
2 3.0 3.43 3.11 0.00 10.57 0.00 4 2.9 11.55 11.91
3 3.5 3.59 3.57 3.65 30.92 0.18 37 1.9 11.66 11.82
4 4.0 4.15 3.99 412 69.23 0.27 70 2.5 23.13 23.26
5 45 4.60 452 4.60 121.44 0.34 114 1.9 29.16 29.23
6 5.0 5.11 5.03 5.10 181.26 0.38 91 2.5 33.19 33.28
7 55 5.53 5.50 552 245.61 0.40 64 3.3 42.93 43.06
8 6.0 5.96 6.00 5.99 321.79 0.41 56 4.8 49.12 49.36
9 6.5 6.60 6.51 6.54 405.93 0.40 27 8.9 53.51 54.25
10 7.0 6.85 7.00 6.91 511.38 0.43 27 8.8 93.63 94.04
11 7.5 7.61 7.52 7.60 691.70 0.43 19 22.1 139.89 141.63
12 8.0 8.10 8.01 8.09 820.82 0.43 14 14.0 102.06 103.01
13 8.5 8.65 8.54 871 1022.31 0.43 16 21.6 136.49 138.18
14 9.0 9.36 9.03 9.27 1214.39 0.42 36 154 132.07 132.97
15 9.5 9.53 9.48 9.53 1338.60 0.43 50 11.8 179.63 180.02
16 10.0 10.00 10.02 9.99 1533.00 0.42 70 8.8 161.41 161.65
17 10.5 10.38 10.48 10.41 1679.19 0.41 74 9.0 135.17 135.47
18 11.0 10.95 10.98 10.91 1791.29 0.38 78 8.7 90.39 90.81
19 115 11.32 11.50 11.30 1903.19 0.36 53 7.6 118.80 119.04
20 12.0 11.72 11.97 11.70 1942.35 0.33 43 7.7 43.73 4441
21 125 12.18 12.51 12.16 1981.78 0.30 27 7.7 41.24 41.95
22 13.0 12.53 12.93 12.62 2004.00 0.27 10 8.3 28.53 29.71
23 13.5 13.12 13.37 13.35 2001.50 0.23 4 16.9 17.19 24.10
24 14.0 14.28 13.93 14.00 2001.50 0.20 6 11.3 15.55 19.25
25 14.5 14.50 14.50 14.50 2001.50 0.18 2 0.0 15.55 15.55
26 15.0 15.00 15.00 15.00 2001.50 0.16 0 0.0 15.55 15.55
27 15.5 15.50 15.50 15.50 2001.50 0.15 0 0.0 15.55 15.55
28 16.0 16.00 16.00 16.00 2001.50 0.13 0 0.0 15.55 15.55
29 16.5 16.50 16.50 16.50 2001.50 0.12 0 0.0 15.55 15.55
30 17.0 17.00 17.00 17.00 0.00 0.00 0 0.0 0.00 0.00
31 17.5 17.50 17.50 17.50 0.00 0.00 0 0.0 0.00 0.00
32 18.0 18.00 18.00 18.00 0.00 0.00 0 0.0 0.00 0.00
33 185 18.50 18.50 18.50 0.00 0.00 0 0.0 0.00 0.00
34 19.0 19.00 19.00 19.00 0.00 0.00 0 0.0 0.00 0.00
35 19.5 19.50 19.50 19.50 0.00 0.00 0 0.0 0.00 0.00
36 20.0 20.00 20.00 20.00 0.00 0.00 0 0.0 0.00 0.00
37 20.5 20.50 20.50 20.50 0.00 0.00 0 0.0 0.00 0.00
38 21.0 21.00 21.00 21.00 0.00 0.00 0 0.0 0.00 0.00
39 215 21.50 21.50 21.50 0.00 0.00 0 0.0 0.00 0.00
40 22.0 22.00 22.00 22.00 0.00 0.00 0 0.0 0.00 0.00
41 22.5 22.50 22.50 22.50 0.00 0.00 0 0.0 0.00 0.00
42 23.0 23.00 23.00 23.00 0.00 0.00 0 0.0 0.00 0.00
43 23.5 23.50 23.50 23.50 0.00 0.00 0 0.0 0.00 0.00
44 24.0 24.00 24.00 24.00 0.00 0.00 0 0.0 0.00 0.00
45 24.5 24.50 24.50 24.50 0.00 0.00 0 0.0 0.00 0.00
46 25.0 25.00 25.00 25.00 0.00 0.00 0 0.0 0.00 0.00
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Nacelle Power Curve(Measured, Database A)
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Fig. 22. Measured power curve(Database A)
Nacelle Power Curve(Extrapolated, Database A)
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Fig. 23. Extrapolated power curve(Database A)
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Fig. 24. Comparison of measured power curves (Database A)
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Fig. 25. Comparison of extrapolated power curves (Database A)
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Table 11. AEP comparison with methods provided by IEC 61400-12-2 and IEC 61400-12-1

Compare IEC 61400-12-2 with IEC 61400-12-1

(bin processing :

ref. nacelle ws, Met mast wind speed)

AEP-Extrapolated (kWh)

Annual ) .
. NTF Met mast | difference NTF Met mast difference
wind speed
(kWh) (kWh) (%) (kWh) (kWh) (%)

(m/s)
4 1440 81933 | 1 476 174.09 2.4% 1 443 601.36 | 1 478 882.32 2.4%
5 2 793 27759 | 2 857 968.17 2.3% 2 858 151.86 | 2 921 720.63 2.2%
6 4 152 831.42 | 4 238 774.94 2.0% 4 511 751.63 | 4 593 335.98 1.8%
7 5 162 607.02 | 5 255 703.92 1.8% 6 168 751.46 | 6 252 798.41 1.3%
8 5 722 944.17 | 5 813 938.74 1.6% 7 681 51862 | 7 758 912.63 1.0%
9 5 905 447.23 | 5 989 988.74 1.4% 8 976 897.94 | 9 044 374.60 0.7%
10 5 827 915.86 | 5 904 551.42 1.3% 10 020 465.65 | 10 077 858.02 0.6%
11 5 593 739.42 | 5 662 434.56 1.2% 10 800 796.78 | 10 849 176.87 0.4%
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Fig. 30. Measured AEP comparison with methods provided by IEC 61400-12-1 and IEC 61400-12-2
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Table 12. List of uncertainty categories A and B for Nacelle Power Curve

Measured Uncertainty
No. Uncertainty component Sensitivity
parameter category
1 Current transformers B
) 2 Voltage transformers B
Electric .
3 Power transducer or power measurement device B Cpi=1
power
4 Data acquisition system B
5 Variability of electric power A
6 Nacelle anemometer calibration due to wind speed B
7 Nacelle anemometer calibration due to wind direction B Cyi
8 Operational characteristics B _
9 Mounting effects B ‘ P—P_,
10 Flow distortion due to terrain B Vit Via
NTF
(ref.) Anemometer calibration B
(ref.) Operation characteristics B
(ref.) Mounting effects B
Site (ref.) Data acquisition system B
calibyati (WT posi.) Anemometer calibration B
bration (WT posi.) Operation characteristics B
(WT posi.) Mounting effects B
Wind (WT posi.) Data acquisition system B
speed Statistical variation B
Anemometer calibration A
11 Operation characteristics B
Mounting effects B Cysi=1
Free Site calibration B !
stream Data acquisition system B
wind Nacelle anemometer calibration due to wind speed B
speed Nacelle anemometer calibration due to wind direction B
Operational characteristics B
Mounting effects B
Data acquisition system B
Transfer | Type A uncertainty in transfer function regression A
function or bin average as appropriate
method Seasonal variation on site calibration results B
Seasonal variation(changing climatic conditions) on NTF B
12 Data acquisition system B
13 Temperature sensor B c
T
Air 14 Radiation shielding B _
temperature 15 Mounting effects B CyixV;
. 3% Ty i
16 Data acquisition system B > Lo,
17 | Pressure sensor B Cp:
Air - B
18 Mounting effects B C %V
pressure — 5
19 Data acquisition system B 3 Bpaa,
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Table 13. Estimate for uncertainty components from NTF measurement
Measured ) Uncertainty | Uncertainty
No. Uncertainty component K
parameter component estimate
1 Current transformers u(Py) 0.43 %
Electric 2 Voltage transformers u(Ps) 0.29 %
power 3 Power measurement device u(Ps) 11.55 kW
4 Variability of electric power u(Py) ;%
5 Nacelle anemometer calibration due to wind speed u(Vy) 0.05m/s
6 Nacelle anemometer calibration due to wind direction u(Vy) 1%
7 Operational characteristics u(Vs) 0.35 %
8 Mounting effects u(Vy) 0.65 %
9 Flow distortion due to terrain u(Vs) 15%
NTF u(Ve) ()
(ref.) Anemometer calibration u(sSCy)
(ref.) Operation characteristics u(SCy)
(ref.) Mounting effects u(SCs)
(ref.) Data acquisition system u(SCy)
Site calibration | (WT posi.) Anemometer calibration u(SCs) v A g
(WT posi.) Operation characteristics u(SCe)
(WT posi.) Mounting effects u(SCr)
_ (WT posi.) Data acquisition system u(SCyg)
Wind Statistical variation u(SCy)
speed Anemometer calibration u(FSy) 0.05 m/s
Operation characteristics w(FSy) 0.35 %
10 Mounting effects w(FSs) 0.65 %
Site calibration u(FSy) sy
Free stream Data acquisition system u(FSs) 0.15m/s
) Nacelle anemometer calibration due to wind speed u(FSe) 0.75m/s
wind speed  ["Ngcelle anemometer calibration due to wind
N . u(FSy) alEass
direction(Sonic type)
Operational characteristics u(FSg) 1.155 %
Mounting effects w(FSy) 1%
Data acquisition system u(FSip) 0.015m/s
Transfer Type A uncertainty in transfer function W(TF) SNTF,
function regression or bin average as appropriate N,
method Seasonal variation on site calibration results u(M) H|AE-
o Seasorel variation(chenging dlintic corditios) n NIF | u(NTF) R
11 Data acquisition system u(Vo) 0.015m/s
12 Temperature sensor u(Ty) 025 T
Ai
s 13 | Radiation shielding u(Ty) 2
temperatu - o
14 Mounting effects u(Ty) 033 T
re
15 Data acquisition system u(Ty) 0.075 C
A 16 Pressure sensor u(By) 1.5 hpa
r 17 Mounting effects u(By) 0.12 hpa
pressure —
18 Data acquisition system u(By) 2 hpa
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Table 15. Combined standard uncertainty for wind turbine active power(Database A)

Measured power curve(Database A)

Reference air density : 1.225 kg/m? Category A | Category B
Combined
Bin Wind Measured Power Number of Combined Combined uit:enr?;rr?ty
No. speed wind speed output Cp Data sets stanriia.rd Star:iia!rd U, ;
p (mid) a‘? P (10min avg) unce5 élnty unceuélnty @il
i i i i

(-1 [ [m/s]| [m/s] | (kW] | [-] [-] [ K] [ k0] [ K]
2 3.0 0.00 0.00 0.00 2 0.0 0.00 0.00
3 3.5 3.65 30.92 0.18 37 1.9 11.80 11.96
4 4.0 4.12 69.23 0.27 70 2.5 23.13 23.26
5 4.5 4.60 121.44 0.34 114 1.9 29.16 29.23
6 5.0 5.10 181.26 0.38 91 2.5 33.19 33.28
7 5.5 5.52 245.61 0.40 64 3.3 42.93 43.06
8 6.0 5.99 321.79 0.41 56 4.8 49.12 49.36
9 6.5 6.54 405.93 0.40 27 8.9 53.51 54.25
10 7.0 6.91 511.38 0.43 27 8.8 93.63 94.04
11 7.5 7.60 691.70 0.43 19 22.1 139.89 141.63
12 8.0 8.09 820.82 0.43 14 14.0 102.06 103.01
13 8.5 8.71 1022.31 0.43 16 21.6 136.49 138.18
14 9.0 9.27 1214.39 0.42 36 15.4 132.07 132.97
15 9.5 9.53 1338.60 0.43 50 11.8 179.63 180.02
16 10.0 9.99 1533.00 0.42 70 8.8 161.41 161.65
17 10.5 10.41 1679.19 0.41 74 9.0 135.17 135.47
18 11.0 10.91 1791.29 0.38 78 8.7 90.39 90.81
19 11.5 11.30 1903.19 0.36 53 7.6 118.80 119.04
20 12.0 11.70 1942.35 0.33 43 7.7 43.73 44.41
21 12.5 12.16 1981.78 0.30 27 7.7 41.24 41.95
22 13.0 12.62 2004.00 0.27 10 8.3 28.53 29.71
23 13.5 13.35 2001.50 0.23 4 16.9 17.19 24.10
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Table 16. The estimates of uncertainty in AEP
Estimated annual energy production (Database A)
Reference air density : 1.225 kg/m?
Cut-out wind speed : 25 m/s
(extrapolation by constant power from last bin)
Hub height annual AEP-measured Uncertainty in AEP | Uncertainty in AEP | AEP-extrapolated
average wind speed | (measured power | (XIFG= 5%, | Q= k%% | (extrapolated power
(Rayleigh) curve) k2) k2) aurve)
[m/s] [kWh] [kWh] [%] [kWh]
4 1 440 819.33 458 809.64 31.84% 1 443 601.36
5 2 793 277.59 746 827.01 26.74% 2 858 151.86
6 4 152 831.42 949 929.07 22.87% 4 511 751.63 incomplete
7 5 162 607.02 1 046 456.55 20.27% 6 168 751.46 incomplete
8 5 722 944.17 1 060 694.51 18.53% 7 681 518.62 incomplete
9 5 905 447.23 1 024 432.89 17.35% 8 976 897.94 incomplete
10 5 827 915.86 962 089.22 16.51% 10 020 465.65 incomplete
11 5 593 739.42 889 177.72 15.90% 10 800 796.78 incomplete
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