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Table 1- Standard deviation and wind speed average over ten years period at 10 m height

olo Falb 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Month Parameter
a6l v 3289 3.027 3374 2894 2874 2.62 3.475 2817 3.16 2.668
Jan c 2.96 2.966 3.601 2.847 2.288 1.924 2.412 2.399 2.368 2.546
4598 17 3.354 2.268 3.14 3.166 4.315 3.479 3.122 3.073 3.759 2.979
Feb c 3.039 2460 2788 2540 3386 2382 2159 2146 2416 2661
ool v 3.188 2.279 3.636 3.358 4.640 3.091 3.366 3.737 4.027 3.373
Mar c 2501 2439 3.099 3.835 2999 2343 2200 2531 2.895 2.649
Joysl v 4187 3799 3575 4245 3950 3325 3570 3.887 3.741 3.454
Apr c 3.213 3.959 2.848 2.986 2.811 1.942 2.182 2.638 2.422 2.607
= 17 3.890 4.091 3353 3.700 4414 3329 3801 4254 4341 4.257
May c 2.695 2.723 2.502 2.282 2.718 2.008 2.320 2.441 2.607 2.959
P9 v 4554 4620 3591 4450 3.983 3925 4237 3966 4354 4.720
Jun c 3.023 3.347 2.506 2.672 2.654 2.271 2.465 2.421 2.847 3.050
<Y 1 3.470 4212 4132 4.402 3.458 4.003 3.595 3.438 4,011 3.821
July c 2705 2707 2535 3.039 235 2383 2326 2332 2522 2.653
CangS] v 4055 3587 3458 4362 3422 3934 3164 3583 3.797 3.527
Aug c 3.154 2810 2274 2561 2.087 2457 1.887 2358 2400 2.408
ol 17 3254 3287 3158 3504 3.600 3320 2795 3.233 2795 3.345
Sep c 2.696 2.643 2400 2398 2275 2.089 1919 2104 1919 2501
gy v 2.591 3.216 4.176 2.737 2.769 3.071 3.067 3.664 3.196 2.708
Oct c 2.333 2.271 2.934 1.954 1.837 2.227 2.005 2.292 1.973 2.206
oly 1 3.116 2.291 2.241 3.066 2.495 2.491 2.408 2.666 2.795 2.791
Nov c 2471 1.961 1.873 2.322 2.097 1.871 1.612 2.318 2.599 2.700
rolsd v 2.741 2.487 2.531 3.313 2.813 2.527 2.491 2.325 2.507 2.660
Dec G 2.727 2.615 2.838 2.823 2.111 2.186 2.041 2.784 2.207 2.867
7
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Fig. 7. Daily variation in wind speed of different seasons of the year at 10 m height
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Table 2- Parameters of Weibull distribution function

ole Al 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Month Parameter
a5l k 1121  1.022 1012 1.017 1.280 1.397 1.468 1.190 1367 1.052
Jan c 3432 3055 3262 2915 3115 3.876 2.847 3.992 3457 2724
45 k 1113 1136 1137 1270 1.301 1508 1.492 1476 1615 1.130
Feb c 3492 2900 3291 3415 4677 3.859 3458 3399 4198 3.117
ol k 1.301  1.160 1189 1.201 1.606 1351 1586 1526 1.431 1.452
Mar c 3456 2949 3860 3574 5179 3375 3752 3.150 4.436 3.125
sl k 1333 1304 1279 1456 1446 1.792 1706 1523 1603 1.356
Apr c 4560 4.098 3.861 4.692 4357 3738 4.003 4316 4.175 3.773
- k 1.489 1556 1455 1.690 1.692 1.731 1.709 1.828 1739  1.484
May c 4307 4553 3903 4.146 4947 3736 4263 4787 4874 4712
93 k 1560 1419 1477 1739 1554 1.811 1.800 1.708 1585 1.436
Jun c 5.069 5.084 3.973 4995 4432 4415 4765 4.448 4854 5.269
<Y k 1.310 1553 1.699 1.495 1516 1.775 1.604 1524 1654 1.486
July c 3767 4687 4.632 4877 3.838 4496 4.013 3.818 4487 4.231
CawsS] k 1.313 1.303 1576 1.782 1.710 1.667 1.652 1575 1645 1513
Aug c 4404 3890 3.853 4903 3.838 4404 3555 3992 4247 3913
prolipes k 1.226 1.267 1346 1509 1.645 1653 1504 1593 1504 1.371
Sep c 3481 3543 3445 3886 4.026 3.715 3.099 3.606 3.099 3.661
15| k 1.120 1459 1467 1.441 1561 1.417 1586 1.664 1688  1.249
Oct c 2.704 3553 4616 3.018 3.082 3379 3420 4.101 3581 2910
Selsi k 1.286 1.184 1215 1.352 1.208 1.364 1546 1.164 1.082 1.036
Nov c 3370 2429 2392 3347 2660 2724 2678 2814 2.883 2.833
Joolio k 1.005 1.001 1.000 1.190 1.366 1.170 1.241 1332 1.148 1.009
Dec c 2747 2424 2376 3518 3.077 2671 2672 2532 2635 2.558
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Fig. 8. Wind power density at 10 m height and wind power prediction using the Rayleigh and Weibull functions
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Fig. 9. Monthly wind power density of Dehloran station at 10, 40, 60 and 80 m heights
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Table 3- Maximum probability wind speed (Vr,p), maximum energy wind speed (V) and energy pattern factor (Ke)
values in different months

sl plg 1 gmlaw Gl GV el e gl ol s adly Rl
Dec Nov Oct Sep Aug Jul Jun  May  Apr Mar Feb Jan  Parameter
3.61 3.63 313 3.17 3.52 3.76 411 406 3.78 354 325 3 Vi
3.45 339 398 4.48 5.05 5.14 5.7 483 484 461 441 3091 Ve
5.18 392 299 2.75 2.59 2.58 2.4 0.6 1.04 318 314 4.5 Ke
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Fig. 10. The frequency distribution of wind speed at different seasons of the year in 10 m height
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Fig. 4. Comparison of wind speeds frequency in different seasons at 10 m height
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Fig. 11. Wind rose and wind direction at the Dehloran station
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Introduction

Geographical location and climatic conditions are the important factors affecting the wind energy potential of
each region. Iran is a vast country with different climates and the exploitation of its wind energy needs to study
and research on the meteorological data. In the study area during the warm season and the hottest hours of the
day, coinciding with peak electricity consumption in the region and the country, wind blowing continuously
carried out. The surpassed consumption over production of electricity in summer and vice versa in winter is
considered as one of the country's problems. The aim of this study was to investigate the parameters of the wind
energy and the feasibility of wind potential (in study area) in the warm season in particular and other seasons to
supply the needed electrical power of area, avoid of unwanted blackouts, development of wind energy as an
important renewable energy, attraction of investors, and policymakers to build wind farms in the study area.

Materials and Methods

This study was conducted in the Dehloran city, located in the southern part of Ilam province. The region has
a temperate winter and very hot and dry summer. The important criteria for construction of wind power plants
and using of its energy are wind power density and the annual wind speed average. For this reason and analysis,
and statistical analyzes, wind data includes three-hour direction and speed were obtained from the
meteorological organization and during 2004 to 2013. The average of annual, monthly and daily wind speed and
their standard deviation were calculated. Based on the commercial turbines in the country, and the rotor blades
are at altitudes up to about 80 meters, the wind speed at altitudes of 40, 60 and 80 meters was calculated. To
evaluate the potential of wind speed the Rayleigh and Weibull distribution functions were used and their
parameters were calculated. The wind energy potential using the available data and the Weibull and Rayleigh
functions were calculated.

Results and Discussion

Based on the results of the ten-year data, average of wind speed had relatively slight variation, with the
highest and the lowest value of 3.6 and 3.25 m/s in 2007 and 2010, respectively. The annual average was about 6
m/s in height of 50 meters that seems appropriate. The highest and the lowest monthly average values were 4.62
m/s and 2.24 m s’ in June 2005 and November 2006, respectively. Generally, the warm months had significantly
higher wind speed than that of cold months. The Weibull distribution function parameters, k and ¢ were
calculated. Minimum and maximum amount of k were 1 and 1.828, in December 2006 and May 2011,
respectively. The minimum and maximum amount of ¢ was 2.37 and 5.69 in November 2004 and June 2013,
respectively. The highest value of wind power density was 312 w m? in June. The lowest power density was
observed in November. Therefore, we can say that the wind energy potential of the region has coincident with
peak electricity consumption in the warm months. The most frequent and the least frequent wind direction were
the southeast and northeast, respectively.
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Conclusions

Daily evaluation of wind speed during different months, seasons and years showed a significant change
during the day that represented the high value of the wind speed in noon and afternoon. The highest value of
monthly wind energy density was for the warm season. The lowest and highest power density was in November
and June, respectively. Therefore, we can say that the peak of wind energy potential of the region has a
coincident with the country's peak power consumption in warm months. With considering that the study area has
a warm climate and high consumption of energy in the hot days of a year and the probability of unwanted
blackout of electricity in warm months, and the long hours of the wind blowing in the mentioned times,
construction of wind farm in these areas can be reasonable.
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