ANNEX V. Wake factor calculations

Determination of the wind speed decrement (6Vostandard) Of @ VESTAS wind turbine

Initial
di\r/\e!i(:rlidon Frequency Overlap combinations Ove;(ljapp svgiggd S(;p(axr (it)io ovg/:)lap A&\ﬁ;‘)ﬁp Vo av:rs;a"d
turbines (Uo)
N 5.16% No overlaps 0 4.06 1414.21 0% 0 0.000 0.000
NNE 4.94% 17-11, 7-1, 6-2, 18-3 4 4.36 2776.69 10% 865.9 0.010 0.002
NE 6.90% 1,2.3,4,7.8, 10ié'1’ 12,13,14, 15, 14 5.49 424.26 25% 2164.75 | 0.294 0.229
- 2 6.73 139.28 5% 432.95 | 0.130 | 0.014
E 6.03% 2-12, 3-13, 4-14, 5-15 8 5.74 2000.00 100% 8659 0.213 0.095
ESE 5.35% No overlaps 0 4.34 130.00 0% 0 0.000 0.000
SE 5.43% 10, 11, 12, 13, 14, 15, 16, 17, 18 9 3.89 848.53 100% 8659 0.440 0.220
SSE 4.71% 4-16, 8-18, 3-15, 7-17, 2-14 5 3.84 984.89 0% 0 0.000 0.000
S 4.82% No overlaps 0 4.05 1414.21 0% 0 0.000 0.000
SSW 5.95% 17-11, 7-1, 6-2, 18-3 4 4.32 2776.69 10% 865.9 0.010 0.002
S 5.78% 1.2,3,4,7,8, 10’12 1,12,13, 14,15, 14 4.92 424.26 25% 2164.75 | 0.264 | 0.205
L 2 4.72 139.28 5% 432.95 | 0.091 | 0.010
w 5.57% 2-12, 3-13, 4-14, 5-15 5.96 2000.00 80% 6927.2 | 0.177 0.079
WNW 9.10% No overlaps 7.60 130.00 0% 0 0.000 0.000
NW 11.17% 1,2,3,4,5,6,7,8,9,10, 11 11 7.63 848.53 100% 8659 0.862 0.527
NNW 8.05% 4-16, 8-18, 3-15, 7-17, 2-14 5 5.96 984.89 0% 0 0.000 0.000
0.156 0.110




ANNEX V. Wake factor calculations

Determination of the wind speed decrement (6Vostandard) Of @ SIEMENS wind turbine

0.177

Initial

; Overlapp . . 0

.W'n.d Frequency Overlap combinations ed wind Separatio % A"Ve;'ap Vo Vostand
direction . speed n (Xo1) overlap (m?) ard
turbines
(Uo)

N 5.16% No overlaps 0 4.06 1414.210 0.00% 0| 0.000| 0.000
NNE 4.94% 17-11. 7-1 6-2. 18-3 4 4.36 2776.689 10.00% 1130 | 0.012 [ 0.003
NE 6.90% 1.2,3,4,7.8, 10’1;1' 12,13,14, 15, 14 5.49 424.264 25.00% 2825 | 0.324| 0.252
EEN oo 5 6.73 139.284 5.00% 565 | 0.135| 0.015
E 6.03% 212 3-13. 4-14. 5-15 8 5.74 2000.000 | 100.00% | 11300 [ 0.259 | 0.115
ESE 5 350 N e 0 4.34 130.000 0.00% 0| 0.000| 0.000
SE 5 43% 1011, 12, 13, 14, 15, 16, 17, 18 9 3.89 848.528 | 100.00% | 11300 | 0507 | 0.253
SSE 4.71% 416, 8-18, 3-15, 7-17, 2-14 5 3.84 984.886 0.00% 0| 0.000| 0.000
S 4.89% N GRS 0 4.05 1414.210 0.00% o| 0.000| 0.000
SSW 5 95% 17-11. 7-1. 6-2. 18-3 4 4.32 2776.689 10.00% 1130 | 0.012 [ 0.003
SW 5 78% 1,2,3,4,7.8, 10’1é1' 12,13, 14,15, 14 4.92 424.264 25.00% 2825 | 0.290 | 0.226
N oo 5 4.7 139.284 5.00% 565 | 0.095 | 0.011
w 5 57% 212 3-13. 4-14. 5-15 5.96 2000.000 80.00% 9040 | 0.215| 0.096
WNW 9.10% No overlaps 760 130.000 0.00% 0| 0.000| 0.000
NW 11.17% 123456789 10 11 11 763 848.528 | 100.00% | 11300 | 0.994 | 0.607
NNW 8.05% 416, 8-18, 3-15, 7-17, 2-14 5 596 984.886 0.00% o| 0.000| 0.000
0.126




ANNEX V. Wake factor calculations

Gross energy production (Eg), and energy production considering wake factor losses for the VESTAS wind turbines

Average wind Average Ene_rgy
';'s r";’)'lrr‘lg UTM X UTM Y W‘?:T?/“S')' C | weibull K f\?gehe ((jvﬁttr?glﬂ at ggrﬁ ph?Sg cc()):st%g(rai(rjlg Gp:(r)jjuecrliec:g ’
speed (with speed wake factor (MWh)
decrement) decrement) losses (MWh)

1 859949 4557066 6.32 1.658 5.61 5.50 6,292.79 6,629.525
2 860049 4557366 6.28 1.658 5.58 5.47 6,304.57 6,542.963
3 860449 4557766 6.25 1.659 5.55 5.44 6,237.75 6,476.162
4 860849 4558166 6.23 1.659 5.53 5.42 6,194.50 6,432.872
5 861249 4558566 6.18 1.659 5.48 5.37 6,086.45 6,324.669
6 860649 4559166 6.07 1.661 5.39 5.28 5,845.10 6,082.880
7 860349 4558866 6.12 1.66 5.43 5.32 5,954.93 6,192.941
8 859849 4558366 6.18 1.66 5.49 5.38 6,084.47 6,322.746
9 859449 4557966 6.22 1.658 5.52 5.41 6,174.85 6,413.127
10 859049 4557566 6.25 1.658 5.55 5.44 6,239.70 6,478.042
11 858649 4557166 6.28 1.657 5.58 5.47 6,306.50 6,544.825
12 857749 4557466 6.21 1.657 5.52 5.41 6,15521 6,393.398
13 858149 4557866 6.19 1.658 5.5 5.39 6,110.04 6,348.224
14 858549 4558266 6.16 1.665 5.47 5.36 6,031.31 6,269.809
15 858949 4558666 6.09 1.664 5.4 5.29 5,882.12 6,120.197
16 859449 4559166 6.01 1.663 5.34 5.23 571182 5,949.281
17 859749 4559466 5.97 1.663 5.48 5.37 5,625.86 5.862.975
18 861049 4559566 6.03 1.662 5.35 5.24 5,756.91 5994473
Gross energy production (Ec) (MWh/year) 108,994.90 113,379.11




ANNEX V. Wake factor calculations

Gross energy production (Eg), and energy production considering wake factor losses for the SIEMENS wind turbines

Gross energy production (Eg) (MWh/year)

Average wind Average Ene_rgy
';'S r"t‘;mg UTM X UTM Y W?ir?/il)l € | weibull K f\?gehe ?vﬁttr?glﬂ at _ggms pheigﬂ C(;)r?st?c;g?i?"lg Gp:(rjjjuecrl?c:g !
speed (with speed wake factor (MWh)
decrement) decrement) losses (MWh)

1 859949 4557066 6.32 1.658 5.61 5.50 7,696.57 6,629.525
2 860049 4557366 6.28 1.658 5.58 5.47 7,72565 6,542.963
3 860449 4557766 6.25 1.659 5.55 5.44 7,648.66 6,476.162
4 860849 4558166 6.23 1.659 5.53 5.42 7,598.55 6,432.872
5 861249 4558566 6.18 1.659 5.48 5.37 7,47320 6,324.669
6 860649 4559166 6.07 1.661 5.39 5.28 719319 6,082.880
7 860349 4558866 6.12 1.66 5.43 5.32 7,320.71 6,192.941
8 859849 4558366 6.18 1.66 5.49 5.38 4rl21 6,322.746
9 859449 4557966 6.22 1.658 5.52 5.41 7,575.39 6,413.127
10 859049 4557566 6.25 1.658 5.55 5.44 7,650.54 6,478.042
11 858649 4557166 6.28 1.657 5.58 5.47 7,727.50 6,544.825
12 857749 4557466 6.21 1.657 5.52 5.41 7,552.24 6,393.398
13 858149 4557866 6.19 1.658 5.5 5.39 7,500.20 6,348.224
14 858549 4558266 6.16 1.665 5.47 5.36 7,411.35 6,269.809
15 858949 4558666 6.09 1.664 5.4 5.29 7,23741 6,120.197
16 859449 4559166 6.01 1.663 5.34 5.23 7,03843 5,949.281
17 859749 4559466 5.97 1.663 5.48 5.37 6,937.98 5,862.975
18 861049 4559566 6.03 1.662 5.35 5.24 7,090.72 5994473
133,849.56 139,664.450




ANNEX V. Wake factor calculations




