


1 Round 1 Round
Best Energy Output: 12077.04 W/h  Best Efficiency Output: 12077.04 W/h
Efficiency: 100 % Efficiency: 100 %

Number of turbines: 5 Number of turbines: 5






1 Round 1 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



2 Round 2 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



3 Round 3 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



4 Round 4 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



5 Round 5 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



6 Round 6 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



7 Round 7 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



8 Round 8 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



9 Round 9 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



10 Round 10 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



11 Round 11 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



12 Round 12 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



13 Round 13 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



14 Round 14 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



15 Round 15 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



16 Round 16 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



17 Round 17 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



18 Round 18 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



19 Round 19 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



20 Round 20 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



21 Round 21 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



22 Round 22 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



23 Round 23 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



24 Round 24 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



25 Round 25 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



26 Round 26 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



27 Round 27 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



28 Round 28 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



29 Round 29 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5



30 Round 30 Round
Best Energy Output: 44595.92 W/h  Best Efficiency Output: 44595.92 W/h
Efficiency: 89.73 % Efficiency: 89.73 %

Number of turbines: 5 Number of turbines: 5






1 Round 1 Round
Best Energy Output: 45381.49 W/h  Best Efficiency Output: 45381.49 W/h
Efficiency: 93.94 % Efficiency: 93.94 %

Number of turbines: 20 Number of turbines: 20



2 Round
Best Energy Output: 44908.02 W/h
Efficiency: 92.96 %

=/

Number of turbines: 20

2 Round
Best Efficiency Output: 44908.02 W/h
Efficiency: 92.96 %

=/

Number of turbines: 20



3 Round 3 Round
Best Energy Output: 45841.68 W/h  Best Efficiency Output: 45841.68 W/h
Efficiency: 94.89 % Efficiency: 94.89 %

=/ =/

Number of turbines: 20 Number of turbines: 20






1 Round
Best Efficiency Output: 47569.8 W/h

1 Round

Best Energy Output: 47569.8 W/h

Efficiency: 98.47 %

Efficiency: 98.47 %

Number of turbines: 20

Number of turbines: 20



2 Round
Best Efficiency Output: 47569.8 W/h

2 Round

Best Energy Output: 47569.8 W/h

Efficiency: 98.47 %

Efficiency: 98.47 %

Number of turbines: 20

Number of turbines: 20



3 Round
Best Efficiency Output: 47664.24 W/h

3 Round

Best Energy Output: 47664.24 W/h

Efficiency: 98.67 %

Efficiency: 98.67 %

Number of turbines: 20

Number of turbines: 20






1 Round 1 Round
Best Energy Output: 47069.24 W/h  Best Efficiency Output: 47069.24 W/h
Efficiency: 97.44 % Efficiency: 97.44 %

Number of turbines: 20 Number of turbines: 20



Energy in kW

16000 18000 20000

14000

Energy Yield per Generation

1 13 27 41 55 69 83 97 113 131 149 167 185

Generation
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Amount of Individuals
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Amount of Individuals in:
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e Selection
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20000

14000

60 100

Percentage

20

Crossover Points

Energy/Efficiency/Fitness Deviati
600 1000

Parkfitness per Generation

1 7 14 22 30 38 46 54 62 70 78 86 94 103 113 123 133 143 153 163 173 183 193

Generation
Selection
— e © J-C 30 9 C 929 C €€ { NI P-C 99 € 9
_ 1 ]
) AANA MARARA MA - AAA LAARAL
B T T T T
0 50 100 150 200
Generation
Crossover
— &5 IW
— - - - - ----- -3 - - - - - - - - - - - - - - - - - - -~ - - ___ - - - - - - - - -}
B 2 T T T T
0 50 100 150 200
Generation
Standard Deviation
0.04957 0.1139®.08260.09725 0.11414 0.133341.13854
:% ° . S oh Q”‘. a&‘ '.. ° 8K, '.~v~ %
& .l. ... °® ;td Nﬂ“ Y ® 10® :"v o 4':'.. 162 ‘ w.
” v“'\.’l,o‘ [00,9° |o'g ™ L. )
o ¢2° %e o ool &F o .
T T N < T
0 50 100 150 200

Generation



Minimal Fitness Values Maximal Fitness Values

Change

Parkfitness in %
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Fitnessvalue

Standard Deviation of Population

16000 18000 20000

14000

Standard Deviation Fitness

800 1000 1200
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Fitness

1 36 77 124 177
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Generation

Efficiency in %

Standard Deviation of Population

Efficiency

1 36 77 124 177
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Energy in kW

Standard Deviation of Population
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Total Wake Effect in %

1 Best Energy Windfarm
Energy Output 19719.67 kW
Efficiency: 92.6 %

0
0 0
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100 0 0
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0 100

minimal Distance 150
mean Distance 686.6




Total Wake Effect in %

1 Best Energy Windfarm
Energy Output 19719.67 kW
Efficiency: 92.6 %

0
0 0
[ J
100 0 0
[ J
0 100

minimal Distance 150
mean Distance 686.6




Total Wake Effect in %

2 Best Energy Windfarm
Energy Output 21161.49 kW
Efficiency: 99.37 %

o

minimal Distance 150
mean Distance 637.95




Total Wake Effect in %

% 2a %

1 Best Energy Windfarm
Energy Output 21161.49 kW
Efficiency: 99.37 %

minimal Distance 150
mean Distance 627.61
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Fitnessvalue

Standard Deviation of Population
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Change
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Park Efficiency in %

Park Efficiency per Generation

1 13 27 41 55 69 83 97 113 131 149 167 185
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Energy in kW
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Energy Yield per Generation

1 13 27 41 55 69 83 97 113 131 149 167 185
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B Starting Location

+ Randomly generated Location
Suitable Location

e Relocated due to Turbine Collision




Original — Best Energy: 1
Energy Output 20011.7 kW
Efficiency: 93.97
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minimal Distance 212.13
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Random Search — Best Energy: 1
Energy Output 20754.85 kW
Efficiency: 97.46

Total Wake Effect in %

minimal Distance 238.16
mean Distance 697.38






B Starting Location

+ Randomly generated Location
Suitable Location

e Relocated due to Turbine Collision




B Starting Location

+ Randomly generated Location
Suitable Location

e Relocated due to Turbine Collision
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B Starting Location

+ Randomly generated Location
Suitable Location

e Relocated due to Turbine Collision




Original — Best Energy: 1
Energy Output 21161.31 kW
Efficiency: 99.37

Total Wake Effect in %

minimal Distance 150
mean Distance 686.57



Random Search — Best Energy: 1
Energy Output 21295.03 kW
Efficiency: 100

‘,:::o

Total Wake Effect in %

minimal Distance 127.37
mean Distance 737.72



Original — Best Energy: 2
Energy Output 20011.7 kW
Efficiency: 93.97

0 0 0
X
=
S o] |o ol |o
=
I
¢ 0
©
=
<
S
°®
10( 0
°® °®
100 | 10(

minimal Distance 212.13
mean Distance 707.05



Random Search — Best Energy: 2
Energy Output 19708.32 kW
Efficiency: 92.55

D
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Total Wake Effect in %
o

minimal Distance 90.14
mean Distance 697.12



Original — Best Energy: 1
Energy Output 20011.7 kW
Efficiency: 93.97
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Random Search — Best Energy: 1
Energy Output 20213.18 kW
Efficiency: 94.92

59

Total Wake Effect in %

150 100

minimal Distance 190.06
mean Distance 718.91



Original — Best Energy: 2
Energy Output 12077.04 kW
Efficiency: 100

Total Wake Effect in %

minimal Distance 175
mean Distance 729.47



Random Search — Best Energy: 2
Energy Output 12077.04 kW
Efficiency: 100

D

Total Wake Effect in %

D

minimal Distance 190.01
mean Distance 733.19



Original — Best Energy: 1
Energy Output 12077.04 kW
Efficiency: 100

Total Wake Effect in %

minimal Distance 175
mean Distance 729.47



Random Search — Best Energy: 1
Energy Output 12077.04 kW
Efficiency: 100

Total Wake Effect in %

minimal Distance 265.61
mean Distance 751.82
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1 Round 1 Round
Best Energy Output: 14283.95 W/h  Best Efficiency Output: 13859.14 W/h
Efficiency: 100 % Efficiency: 100 %

Number of turbines: 12 Number of turbines: 12
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1 Round 1 Round
Best Energy Output: 14466.17 W/h  Best Efficiency Output: 13476.59 W/h
Efficiency: 97.36 % Efficiency: 100 %

Number of turbines: 12 Number of turbines: 12
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1 Round 1 Round
Best Energy Output: 14123.59 W/h  Best Efficiency Output: 13814.09 W/h
Efficiency: 99.92 % Efficiency: 100 %

Number of turbines: 12 Number of turbines: 12
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