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Table 2-9 Individual turbine energy yield results for the Karkaralinsk site

Annual Gross Predicted
Gross Energy wind Annual Net
Energy Output incl. Wake speed at Energy Output
Easting  Northing Elevation Output wake losses Losses hubheight incl all losses

[m] [m] [mASL] [GWh] [GWh] [%] [m/s] [GWh]
T1 538663 5470507 844 3.512 3.413 2.8% 5.96 3.195
T2 538265 5470776 845 3.532 3.399 3.8% 5.97 3.182
T3 537868 5471045 859 3.700 3.556 3.9% 6.17 3.329
T4 537470 5471314 859 3.713 3.577 3.7% 6.18 3.349
T5 537072 5471583 863 3.641 3.542 2.7% 6.08 3.316
T6 538733 5471039 859 3.704 3.357 9.4% 6.15 3.143
T7 538335 5471308 856 3.695 3.333 9.8% 6.15 3.120
T8 537938 5471577 846 3.499 3.143 10.2% 5.93 2.942
T9 537540 5471846 870 3.822 3.498 8.5% 6.31 3.275
T10 537142 5472115 871 3.803 3.661 3.7% 6.29 3.427
T11 539201 5471303 828 3.398 3.074 9.6% 5.80 2.878
T12 538803 5471572 828 3.394 2.976 12.3% 5.80 2.786
T13 538405 5471840 830 3.391 2.945 13.2% 5.79 2.757
T14 538007 5472109 830 3.395 2974 12.4% 5.80 2.784
T15 537610 5472378 836 3.364 3.038 9.7% 5.74 2.844
T16 539270 5471835 819 3.375 2.950 12.6% 5.78 2.762
T17 538873 5472104 819 3.376 2912 13.7% 5.78 2.726
T18 538475 5472373 820 3.384 2.925 13.5% 5.79 2.738
T19 538077 5472641 822 3.368 2.954 12.3% 5.76 2.766
T20 537680 5472910 819 3.367 3.184 5.4% 5.78 2.981
T21 539738 5472098 813 3.351 3.021 9.8% 5.75 2.828
T22 539340 5472367 812 3.359 2.949 12.2% 5.76 2.761
T23 538943 5472636 810 3.333 2.899 13.0% 5.73 2714
T24 538545 5472905 814 3.368 2.962 12.0% 5.76 2.773
T25 538147 5473173 820 3.450 3.135 9.1% 5.86 2.935
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2.6 KORDAI ENERGY PREDICTION

2.6.1 Wind farm layout

As discussed in Section 2.1.3, the Kordai layout is the only layout to not be designed as a
5 x 5 grid of turbines, due to the landscape of the Kordai wind farm site. The Kordai wind
farm site consisted of a plateau divided by a road and bordered by steep river channels.
This restricted the wind farm layout to 25 tubines arranged in four rows with varying
numbers of turbines in each row. The inter-turbine spacing remained at six rotor
diameters. The coordinates of the Kordai layout are presented in Table 2-11, and a
diagram of the layout is presented below in Figure 2-5.
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Figure 2-5 Map of the Kordai turbine layout and surrounding area

2.6.2 Summary of Energy Yield Results

Table 2-10 below presents a summary of the energy calculations performed on the
Kordai wind farm for the proposed layout.
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Table 2-10 Summary of the energy yield results for the Kordai wind farm

Kordai Wind Farm
WTG Type Vestas V82
No. of WTGs 25
Hub-height (mMAGL) 80

Overall Wind Farm Losses (%) 12.2

Gross Energy Output (MWhly) 95,862

Gross Energy Output incl. Wake
Losses (MWhly) 90,310

Net Energy Output (MWh/y) 84,125
Net Capacity Factor (%) 23.28%

Site average wind speed (m/s) 6.06

2.6.3 Layout Energy Yield (Per WTG)

Wind farm energy predictions for individual turbines at the Kordai site are shown in the
table below.
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Table 2-11 Individual turbine energy yield results for the Kordai site

Annual Annual

Gross Net
Energy Predicted Energy
Gross Output wind Output
Energy incl wake Wake speed at incl all
Turbine Easting Northing Elevation Output losses Losses hubheight losses
Number [m] [m] [mASL] [GWh] [GWh] [%] [m/s] [GWh]
T1 492602 4794833 1,120 3.959 3.846 2.8% 6.20 3.601
T2 492870 4794420 1,101 4.027 3.924 2.6% 6.33 3.674
T3 492323 4794359 1,099 3.808 3.629 4.7% 6.04 3.397
T4 492591 4793946 1,075 3.848 3.756 2.4% 6.11 3.516
T5 491777 4794297 1,101 3.760 3.502 6.9% 5.96 3.279
T6 492044 4793885 1,061 3.535 3.287 7.0% 5.75 3.077
T7 491498 4793823 1,097 3.876 3.569 7.9% 6.08 3.341
T8 491766 4793411 1,057 3.855 3.676 4.7% 6.10 3.441
T9 490951 4793762 1,094 3.956 3.686 6.8% 6.19 3.451
T10 491219 4793349 1,081 4.057 3.818 5.9% 6.36 3.574
T11 492103 4796101 1,086 3.751 3.687 1.7% 5.94 3.452
T12 492371 4795688 1,094 3.702 3.609 2.5% 5.88 3.379
T13 491824 4795627 1,080 3.650 3.490 4.4% 5.83 3.267
T14 492092 4795214 1,118 3.922 3.785 3.5% 6.16 3.543
T15 491278 4795565 1,081 3.892 3.678 5.5% 6.14 3.443
T16 491545 4795152 1,098 3.854 3.587 6.9% 6.06 3.358
T17 490999 4795091 1,081 3.734 3.410 8.7% 5.94 3.192
T18 491267 4794678 1,098 3.836 3.576 6.8% 6.05 3.348
T19 490452 4795029 1,080 3.993 3.720 6.8% 6.25 3.483
T20 490720 4794617 1,081 3.803 3.467 8.8% 6.02 3.246
T21 490173 4794555 1,068 3.802 3.461 9.0% 6.02 3.240
T22 490441 4794142 1,073 3.841 3.583 6.7% 6.05 3.354
T23 489627 4794494 1,057 3.923 3.669 6.5% 6.20 3.435
T24 489895 4794081 1,043 3.656 3.346 8.5% 5.85 3.133
T25 489348 4794019 1,018 3.822 3.549 7.2% 6.03 3.323
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2.7 ZHUZHUMDYK ENERGY PREDICTION

2.7.1 Wind farm layout

As discussed in Section 2.1.3, the Zhuzhumdyk layout has been designed as a 5 x 5 grid
of turbines, with spacing between each turbine of six rotor diameters. The coordinates of
the Zhuzhumdyk layout are presented in Table 2-13, and a diagram of the layout is
presented below in Figure 2-6.

Figure 2-6 Map of the Zhuzhumdyk turbine layout and surrounding area

2.7.2 Summary of Energy Yield Results

Table 2-12 below presents a summary of the energy calculations performed on the
Zhuzhumdyk wind farm for the proposed layout.

Table 2-12 Summary of the energy yield results for the Zhuzhumdyk wind farm

Zhuzhumdyk Wind Farm
WTG Type Vestas V82
' No. of WTGs 25
Hub-height (MAGL) 80
Overall Wind Farm Losses (%) 13.6
Gross Energy Output (MWhly) 146,656
Gross Energy Output incl. Wake Losses (MWh/y) 136,037
Net Energy Output (MWhly) 126,720
Net Capacity Factor (%) 35.07%

Site average wind speed (m/s) 7.61
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2.7.3 Layout Energy Yield (Per WTG)

Wind farm energy predictions for individual turbines at the Zhuzhumdyk site are shown in
the table below.

Table 2-13 Individual turbine energy yield results for the Zhuzhumdyk site

Annual Annual Gross Predicted Annual Net
Gross Energy wind Energy

Energy Output incl. Wake speed at Output incl

Easting  Northing Elevation Output wake losses Losses  hubheight all losses
[m] [m] [mASL] [GWh] [GWh] [%] [m/s] [GWh]
T1 515539 4770630 300 5.668 5.569 1.7% 7.36 5.214
T2 515879 4770291 320 5.905 5.755 2.5% 7.65 5.388
T3 516219 4769953 320 5.868 5.693 3.0% 7.66 5.330
T4 516559 4769614 333 5911 5.738 2.9% 7.67 5.372
T5 516899 4769275 343 5.954 5.816 2.3% 7.70 5.445
T6 515371 4770121 326 5.943 5.533 6.9% 7.69 5.180
T7 515711 4769782 324 5.892 5.449 7.5% 7.67 5.101
T8 516051 4769443 326 5.866 5418 7.6% 7.64 5.072
T9 516391 4769104 335 5.898 5.483 7.1% 7.65 5.133
T10 516731 4768766 350 5.963 5.747 3.6% 7.70 5.380
T11 514862 4769950 321 5.891 5.512 6.4% 7.64 5.160
T12 515202 4769611 335 6.028 5.483 9.1% 7.79 5.133
T13 515542 4769272 320 5.843 5.261 10.0% 7.60 4.925
T14 515882 4768933 327 5.836 5.266 9.8% 7.58 4.930
T15 516222 4768595 338 5.870 5.392 8.2% 7.60 5.048
T16 514693 4769440 322 5.838 5.274 9.7% 7.58 4937
T17 515033 4769101 320 5.851 5.206 11.0% 7.58 4.874
T18 515373 4768763 320 5.812 5.170 11.0% 7.55 4.840
T19 515713 4768424 329 5.830 5.247 10.0% 7.56 4912
T20 516054 4768085 341 5.858 5.539 5.5% 7.57 5.186
T21 514185 4769269 316 5.811 5.404 7.0% 7.54 5.059
T22 514525 4768931 315 5.801 5.222 10.0% 7.53 4.889
T23 514865 4768592 316 5.829 5.225 10.4% 7.56 4.892
T24 515205 4768253 323 5.819 5.234 10.0% 7.55 4.900
T25 515545 4767914 333 5.871 5.401 8.0% 7.60 5.056
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2.8 FORT SHEVCHENKO ENERGY PREDICTION

28.1 Wind farm layout

As discussed in Section 2.1.3, the Fort Shevchenko layout has been designed as a 5x 5
grid of turbines, with spacing between each turbine of six rotor diameters. The
coordinates of the Fort Shevchenko layout are presented in Table 2-15, and a diagram of
the layout is presented below in Figure 2-7.

Figure 2-7 Map of the Fort Shevchenko turbine layout and surrounding area

2.8.2 Summary of Energy Yield Results

Table 2-14 below presents a summary of the energy calculations performed on the Fort
Shevchenko wind farm for the proposed layout.
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Table 2-14 Summary of the energy yield results for the Fort Shevchenko wind farm

Fort Shevchenko Wind Farm

WTG Type Vestas V82
No. of WTGs 25
Hub-height (mMAGL) 80
Overall Wind Farm Losses (%) 13.3
Gross Energy Output (MWh/y) 173,038
E(ES:ZSE(rll\/eI\D\EIJK/;))UtpUt incl. Wake 161,002
Net Energy Output (MWhly) 149,976
Net Capacity Factor (%) 41.5%
Site average wind speed (m/s) 8.43

2.8.3 Layout Energy Yield (Per WTG)

Wind farm energy predictions for individual turbines at the Fort Shevchenko site are
shown in the table below.

Table 2-15 Individual turbine energy yield results for the Fort Shevchenko site

Annual Annual Gross

Gross Energy Predicted Annual Net

Energy Output incl. Wake wind speed Energy Output

Easting  Northing Elevation Output wake losses Losses at hubheight incl all losses
[m] [m] [mASL] [GWh] [GWh] [%] [m/s] [GWh]

T1 444726 4921007 64 6.928 6.545 5.5% 8.45 6.127
T2 444977 4921415 66 6.935 6.427 7.3% 8.45 6.017
T3 445229 4921824 70 6.960 6.427 7.7% 8.47 6.017
T4 445481 4922233 69 6.947 6.453 7.1% 8.45 6.041
T5 445733 4922641 68 6.957 6.603 5.1% 8.46 6.182
T6 445260 4920959 64 6.912 6.311 8.7% 8.43 5.908
T7 445512 4921368 67 6.919 6.250 9.7% 8.43 5.851
T8 445764 4921776 69 6.937 6.286 9.4% 8.45 5.885
T9 446016 4922185 69 6.947 6.397 7.9% 8.45 5.989
T10 446267 4922594 66 6.940 6.639 4.3% 8.44 6.215
T11 445543 4920503 62 6.895 6.404 7.1% 8.41 5.995
T12 445795 4920912 64 6.900 6.241 9.6% 8.42 5.843
T13 446046 4921320 67 6.908 6.228 9.9% 8.42 5.831
T14 446298 4921729 69 6.928 6.300 9.1% 8.44 5.898
T15 446550 4922138 69 6.946 6.484 6.7% 8.45 6.070
T16 446077 4920455 62 6.884 6.330 8.1% 8.40 5.926
T17 446329 4920864 65 6.892 6.285 8.8% 8.41 5.884
T18 446581 4921273 67 6.905 6.316 8.5% 8.42 5.913
T19 446833 4921681 69 6.935 6.444 7.1% 8.45 6.033
T20 447085 4922090 69 6.966 6.710 3.7% 8.48 6.282
T21 446360 4919999 61 6.879 6.599 4.1% 8.40 6.178
T22 446612 4920408 63 6.882 6.522 5.2% 8.40 6.106
T23 446864 4920816 65 6.891 6.522 5.4% 8.41 6.106
T24 447115 4921225 67 6.906 6.567 4.9% 8.42 6.148
T25 447367 4921634 69 6.939 6.712 3.3% 8.45 6.284
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29 ERMENTAU

29.1 Wind farm layout

As discussed in Section 2.1.3, the Ermentau layout has been designed as a 5 x 5 grid of
turbines, with spacing between each turbine of six rotor diameters. The coordinates of the
Ermentau layout are presented in Table 2-17, and a diagram of the layout is presented
below in Figure 2-8.

Figure 2-8 Map of the Ermentau turbine layout and surrounding area

2.9.2 Summary of Energy Yield Results

Table 2-16 below presents a summary of the energy calculations performed on the
Ermentau wind farm for the proposed layout.
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Table 2-16 Summary of the energy yield results for the Ermentau wind farm

Ermentau Wind Farm
WTG Type Vestas V82

No. of WTGs 25
Hub-height (MAGL) 80

Overall Wind Farm Losses (%) 13.6

Gross Energy Output (MWhly) 157,107
Gross Energy Output incl. Wake Losses (MWhly) 145,669

Net Energy Output (MWhly) 135,693

Net Capacity Factor (%) 37.6%

Site average wind speed (m/s) 8.09

2.9.3 Layout Energy Yield (Per WTG)

Wind farm energy predictions for individual turbines at the Ermentau site are shown in the
table below.

Table 2-17 Individual turbine energy yield results for the Ermentau site

Annual  Annual Gross Predicted

Gross Energy wind Annual Net

Energy Output incl. Wake speed at Energy Output

Easting  Northing Elevation Output wake losses Losses  hubheight incl all losses
[m] [m] [mASL] [GWh] [GWh] [%] [m/s] [GWh]

T1 366391 5716567 411 6.229 6.106 2.0% 8.03 5.716
T2 366060 5716915 401 6.196 6.000 3.2% 7.99 5.617
T3 365730 5717263 398 6.211 5.983 3.7% 8.00 5.601
T4 365400 5717611 395 6.223 5.994 3.7% 8.00 5.612
T5 365069 5717960 390 6.193 6.012 2.9% 7.96 5.628
T6 366574 5717071 408 6.225 5.791 7.0% 8.03 5.422
T7 366243 5717419 403 6.205 5.696 8.2% 7.99 5.333
T8 365913 5717768 400 6.216 5.698 8.3% 8.01 5.334
T9 365583 5718116 400 6.280 5.810 7.5% 8.06 5.439
T10 365252 5718464 388 6.191 5.891 4.8% 7.97 5.515
T11 367087 5717227 417 6.308 5.938 5.9% 8.15 5.559
T12 366757 5717576 414 6.329 5.740 9.3% 8.16 5.374
T13 366426 5717924 411 6.307 5.665 10.2% 8.11 5.304
T14 366096 5718272 404 6.266 5.641 10.0% 8.06 5.281
T15 365766 5718620 400 6.295 5.781 8.2% 8.09 5412
T16 367270 5717732 416 6.312 5.751 8.9% 8.15 5.384
T17 366940 5718080 417 6.380 5.710 10.5% 8.21 5.346
T18 366610 5718428 417 6.447 5.782 10.3% 8.28 5413
T19 366279 5718777 407 6.306 5.699 9.6% 8.10 5.335
T20 365949 5719125 401 6.313 5.921 6.2% 8.12 5.543
T21 367784 5717888 420 6.349 5.973 5.9% 8.18 5.592
T22 367453 5718236 410 6.263 5.685 9.2% 8.08 5.322
T23 367123 5718585 410 6.301 5.687 9.8% 8.11 5.324
T24 366793 5718933 411 6.356 5.776 9.1% 8.18 5.407
T25 366462 5719281 409 6.406 5.939 7.3% 8.22 5.560
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2.10

SUMMARY OF ENERGY YIELD RESULTS

Table 2-18 below presents a summary of the energy calculations performed on the UNDP

wind farm for the two proposed layouts.

Table 2-18 Summary of the energy yield results for the UNDP wind farms

. . Zhumzhu- Fort
Arkalyk Atryau Astana Ermentau Karkarlinsk Kordai mdyk Shevchenko

WTG Type Vestas V82
No. of WTGs 25
Hub-height
(MAGL) 80
Overall Wind
Farm Losses (%) 14.8 14.8 15.1 13.6 15.3 12.2 13.6 13.3
gmss Energy 143,601 | 168,436 | 136,260 | 157,107 | 87,294 | 95862 | 146,656 | 173,038

utput (MWhly)
Gross Energy
O IANTIMWVELCE 131,297 154,047 124,128 145,669 79,377 90,310 136,037 161,002
Losses (MWhly)
Net Energy
Output (MWhiy) 122,305 143,497 115,627 135,693 73,941 84,125 126,720 149,976
’;‘jétgf"f(’;‘;"y 33.9% | 39.71% | 32.00% | 37.6% | 20.46% | 23.28% | 35.07% | 41.5%
Site average wind
speed (m/s) 7.52 7.88 7.25 8.09 5.91 6.06 7.61 8.43
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APPENDIX A
Wind Turbine Power and Thrust Curves
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Vestas V82 @ 1.225
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 28 1.11
5 144 1.01
6 309 0.93
7 511 0.84
8 758 0.77
9 1017 0.70
10 1285 0.64
11 1504 0.58
12 1637 0.51
13 1650 0.44
14 1650 0.38
15 1650 0.33
16 1650 0.30
17 1650 0.27
18 1650 0.25
19 1650 0.23
20 1650 0.22
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Vestas V82 @ 1.231 - Atyrau
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 28.7 1.11
5 145.3 1.01
6 310.9 0.93
7 513.6 0.84
8 761.2 0.77
9 1020.7 0.70
10 1288.4 0.64
11 1506.2 0.58
12 1637.2 0.51
13 1650.0 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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Vestas V82 @ 1.197 - Astana
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 24.5 1.11
5 139.6 1.01
6 301.4 0.93
7 500.2 0.84
8 742.9 0.77
9 999.2 0.70
10 1264.5 0.64
11 1485.6 0.58
12 1624.8 0.51
13 1648.7 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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Vestas V82 @ 1.218 - Arkalyk
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 27.1 1.11
5 142.9 1.01
6 307.1 0.93
7 508.2 0.84
8 754.2 0.77
9 1012.5 0.70
10 1279.8 0.64
11 1499.3 0.58
12 1633.9 0.51
13 1649.7 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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Vestas V82 @ 1.135 - Karkalinsk
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 16.4 1.11
5 129.5 1.01
6 284.3 0.93
7 475.7 0.84
8 708.6 0.77
9 958.8 0.70
10 1218.1 0.64
11 1443.8 0.58
12 1597.1 0.51
13 1645.8 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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Vestas V82 @ 1.082 - Kordai
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 9.2 1.11
5 120.5 1.01
6 268.9 0.93
7 453.7 0.84
8 677.9 0.77
9 922.5 0.70
10 1176.4 0.64
11 1406.4 0.58
12 1572.3 0.51
13 1643.2 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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Vestas V82 @ 1.171 - Zhuzhumdyk
Wind Speed (m/s)

Power Output (kW)

Thrust Coefficient

4 211 1.11
5 135.4 1.01
6 294.4 0.93
7 490.1 0.84
8 728.8 0.77
9 982.5 0.70
10 1245.4 0.64
11 1468.4 0.58
12 1613.4 0.51
13 1647.5 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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Vestas V82 @ 1.212 — Fort Shevchenko
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 26.4 1.11
5 142.0 1.01
6 305.6 0.93
7 506.1 0.84
8 751.1 0.77
9 1008.9 0.70
10 1275.7 0.64
11 1495.6 0.58
12 1631.5 0.51
13 1649.4 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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Vestas V82 @ 1.197 — Ermentau
Wind Speed (m/s) Power Output (kW) Thrust Coefficient

4 24.5 1.11
5 139.6 1.01
6 301.5 0.93
7 500.2 0.84
8 743.0 0.77
9 999.2 0.70
10 1264.6 0.64
11 1485.7 0.58
12 1624.8 0.51
13 1648.7 0.44
14 1650.0 0.38
15 1650.0 0.33
16 1650.0 0.30
17 1650.0 0.27
18 1650.0 0.25
19 825.0 0.23
20 0.0 0.22
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