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Dynamic production power planning to meet hourly load demand is one of the
important issues in production management and operation of power systems. In
this article, the problem of optimal load dispatch considering transmission
network losses, considerations and practical limitations of thermal power plants
such as increasing and decreasing ramp rates, prohibited production areas,
steam valve effect with the combination of renewable resources including wind
farms and solar units has been raised.

Renewable energy sources have reduced environmental pollution due to the
non-use of fossil fuels, but these sources have uncertainty and random nature in
production. On the other hand, wind and solar sources are considered to be part
of fast start-up sources and thermal sources are considered to be part of slow
start-up thermal sources. Considering the mentioned cases together complicates
the problem of optimal load distribution, in this article, a new method based on
the sine-cosine algorithm is used to determine the contribution of different
production sources in the load supply.

To solve this problem, which has non-convex cost functions, a new method
based on the sine-cosine algorithm has been used. In order to evaluation the
effectiveness of the proposed method, simulation results and numerical studies
on a sample system including 6 thermal units, 5 wind units and 13 solar units
have been implemented and compared with other metaheuristic algorithms. The
results of numerical studies show the superiority of the proposed method over
other methods while having the appropriate speed and accuracy.
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Unit Direct cost coefficient Rated Power, Area of PV 2array

Csj ($/kWh) P (MW) Apyj (M?)
1 0.22 20 18032.61
2 0.22 20 18032.61
3 0.22 20 18032.61
4 0.23 25 22540.76
5 0.23 25 22540.76
6 0.23 25 22540.76
7 0.24 25 22540.76
8 0.24 30 27048.91
9 0.25 30 27048.91
10 0.25 30 27048.91
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1:00 0 30 13:00 1013.5 37
2:00 0 29 14:00 848.2 37
3:00 0 28 15:00 726.7 37
4:00 5.4 28 16:00 654 38
5:00 0 28 17:00 392.9 38
6:00 101 28 18:00 215.1 37
7:00 253.7 29 19:00 38.5 35
8:00 541.2 31 20:00 0 34
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Time Time

t @) V) Vi) Vi) Vs(0) t @) V() Vi) Va(t)  Vs(t)
1 5.788  8.284 6.367 6.946 9.112 13 7.035 10.202  7.739 8.442 11.222
2 5.358 8.149 5.894 643 8.964 14 6.414 8.966 7.055 7.697 9.863
3 5.829 9.446 6.412 6.995 10.391 15 6.165 8.213 6.782  7.398  9.034
4 7.193  9.134 7.912 8.632 10.047 16 7.591 8.127 8.35 9.109 8.94

5 7.989 8.284 8.788 9.587 9.112 17 7.063 9.836 7.769 8.476 10.82
6 7.559 7.19 8.315 9.071  7.909 18 7.25 6.826 7.975 8.7 7.509
7 7.25 6.826 7.975 8.7 7.509 19 7.559 7.19 8.315 9.071 7.909
8 7.063 9.836 7.769 8476 10.82 20 7.989 8.284 8.788 9.587 9.112
9 7.591 8.127 8.35 9.109 8.94 21 7.193 9.134 7912 8.632 10.047
10 6.165 8.213 6.782  7.398 9.034 22 5.829 9.446 6.412  6.995 10.391
11 6.414  8.966 7.055 7.697 9.863 23 5.358 8.149 5.894 643 8.964
12 7.035 10.202 7.739 8.442 11.222 24 5.788 8.284 6.367 6.946 9.112
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Time,| =l <k ©x0y95 sy oy (MW)
‘ Usy ... Usas Ps; P, Ps3 Ps4 Py P
10 | ort11t1111111 0 20.68705 | 20.68705 | 20.68705 | 24.82446 24.82446
11 | 1001001111111 | 2257332 0 0 28.21665 0 0
12 | 1010100111111 | 23.67587 0 29.59484 0 35.51381 0
13 | 1011101110111 | 21.41323 0 2676653 | 26.76653 | 32.11984 0
14 0111011111111 0 22.40096 22.40096 22.40096 0 26.88116
15 1111111111111 15.35372 19.19215 19.19215 19.19215 23.03058 23.03058
VO e Sl b o b el 10 VY BV (gasd o5 gloasly ppms ¥ Jsor
Time, ot oy ol (MW) n=>r ?ﬁ%
Py Psg Psq Ps10 Ps11 P12 Pg13 (MW)
10

28.96187 | 28.96187 | 33.09928 | 33.09928 | 33.09928 | 33.09928 | 33.09928 | 335.1302 345.0

11
39.50331 | 39.50331 | 45.14664 | 45.14664 | 45.14664 | 45.14664 | 45.14664 | 355.5298 360.3

12

0 41.43277 | 47.35174 | 47.35174 | 47.35174 | 47.35174 | 47.35174 366.976 370.5
13 37.47315 | 37.47315 | 42.82645 0 42.82645 | 42.82645 | 42.82645 353.3182 357.0
14 31.36135 | 31.36135 | 35.84154 | 35.84154 | 35.84154 | 35.84154 | 35.84154 336.0145 375.3
15 26.86901 | 26.86901 | 30.70744 | 30.70744 | 30.70744 | 30.70744 | 30.70744 326.2665 378.9
el VA (b o jb el 1o (g0l sloasly ppes A Jgo
Tlr?e, Wind Generation (MW) Py = Z P
Py Pyrz Py3 Pyy Pys (MW)

1 15.57893 27.82928 17.675 20.22149 33.74208 115.0468

2 14.31375 26.95257 15.92898 17.93023 32.61759 107.7431

3 15.71254 36.38793 17.85677 20.45767 44.68591 135.1008

4 21.44488 3391174 25.47269 30.20215 41.52638 152.5578

5 25.94522 27.82928 31.31867 37.54988 33.74208 156.3851

6 23.4084 21.42953 28.03405 33.42762 25.45444 131.754

7 21.73884 19.65672 25.85871 30.68481 23.12955 121.0686

8 20.79077 39.66708 24.61628 29.11832 48.84893 163.0414

9 23.58863 26.81202 28.2668 33.71899 32.43801 144.8245

16 23.58863 26.81202 28.2668 33.71899 32.43801 144.8245

17 20.79077 39.66708 24.61628 29.11832 48.84893 163.0414

18 21.73884 19.65672 25.85871 30.68481 23.12955 121.0686

19 23.4084 21.42953 28.03405 33.42762 25.45444 131.754

20 25.94522 27.82928 31.31867 37.54988 33.74208 156.3851

21 21.44488 3391174 25.47269 30.20215 41.52638 152.5578

22 15.71254 36.38793 17.85677 20.45767 44.68591 135.1008

23 14.31375 26.95257 15.92898 17.93023 32.61759 107.7431

24 15.57893 27.82928 17.675 20.22149 33.74208 115.0468
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Time Pry Pr; Pr3 Pry Prs Pre Pg Py Pross
Int(filr)val (MW) MW)  (MW) (MW) MW)  (MW)  (MW) MW) (MW

)
7.001

1 161.5056 117.5374 145.7692 126.3069 175.836 120 0 115.0468 9
2 161.471 117.055 143.3756 125.5456 173.7046 119.9999 0 107.7431 6'%95
6.666

3 156.0651 112.0026 143.2382 123.5421 169.7176 120 0 135.1008 4
6.043

4 142.1707 110.3891 133.3105 120.0056 157.6095 120 0 152.5578 3
5 141.2525 110.0205 134.4971 120.0352 158.9216 119.9762 0 156.3851 6'(:{88
6.838

6 158.915 116.6252 143.2183 126.5651 172.7609 120 0 131.754 5
7.304

7 168.9543 124.2151 149.9298 132.5777 179.5592 120 0 121.0686 7
7.219

8 167.1428 121.7019 149.91 130.042 178.3818 120 0 163.0414 3
9 192.8335 160.0337 170.046 147.4266 199.7267 119.9994 0 144.8245 8.?390
6.659

10 156.2084 110.6834 142.1685 122.3703 170.099 120 335.1302 0 9
7.019

11 163.823 118.1541 145.4821 129.4118 175.619 120 355.5298 0 7
12 169.5252 123.7988 149.964 132.235 179.8184 119.998 366.976 0 7%15
13 161 116.9511 146.2772 126.9479 172.3764 120 353.3182 0 6'%71
14 183.7162 136.4785 149.9777 140.2096 192.6708 120 336.0145 0 8'(‘)‘67
8.281

15 182.6738 139.605 170.0466 140.3231 192.367 120 326.2665 0 9
10.34

16 252.5151 189.605 203.3999 150 200 120 0 144.8245 45
9.728

17 240.0659 173.6061 184.0149 150 200 120 0 163.0414 3
10.01

18 240.0174 187.6411 193.2913 150 200 120 0 121.0686 84
9.379

19 209.9791 173.068 183.5788 150 200 119.9993 0 131.7540 3
20 182.3961 137.1227 170.0305 140.9148 193.4563 119.9976 0 156.3851 8'3103
7.382

21 168.9713 125.4891 1499511 132.0885 181.3243 120 0 152.5578 1
22 164.2908 117.3058 146.6031 129.3917 178.4417 120 0 135.1008 7'1933
7.295

23 168.9692 123.9666 149.9032 132.3215 179.392 120 0 107.7431 6
7.024

24 161.5941 118.0615 147.4726 129.0989 175.753 119.9978 0 115.0468 3
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Time

e N Fr Fre Fs Fy Frus

o MW Gy (Kg/h) ($/h) ($/h) ($/h) ($/h)
1 955 962.0019 616.0225 10494.6000 0.0 638.6609 16086.52
2 942 948.8948 608.6717 10423.3700 0.0 600.1143 15917.63
3 953 959.6664 586.4196 10231.1200 0.0 762.1555 15708.51
4 930 936.0432 533.1008 9770.7230 0.0 840.6337 14897.87
5 935 941.0882 534.0334 9788.1200 0.0 841.3672 14923.49
6 963 969.8385 603.7935 10393.7500 0.0 701.7505 15950.43
7 989 996.3047 655.7263 10825.7900 0.0 644.1115 16742.41
8 1023 1030.2199 644.6328 10728.0000 0.0 908.9116 16820.22
9 1126 1134.8904 832.3858 12210.9500 0.0 781.7788 19685.70
10 1150 1156.6598 582.5629 10194.1700 87837.21 0.0 102715.60
11 1201 1208.0198 623.8257 10558.8700 95202.98 0.0 110777.80
12 1235 1242.3154 656.0681 10825.2300 97307.82 0.0 113408.30
13 1190 1196.8708 612.1158 10450.9600 92398.08 0.0 107770.90
14 1251 1259.0673 725.7158 11398.5200 88663.02 0.0 105896.80
15 1263 1271.282 761.1045 11653.8100 84867.67 0.0 102641.30
16 1250 1260.3445 1087.3860 13643.2700 0.0000 781.7788 23168.41
17 1221 1230.7283 987.3038 13065.6500 0.0000 908.9116 21913.18
18 1202 1212.0184 1031.8780 13364.0100 0.0000 644.1115 22305.15
19 1159 1168.3792 918.8956 12747.9400 0.0000 701.7505 20838.27
20 1092 1100.3031 759.0616 11642.3900 0.0000 841.3672 18587.15
21 1023 1030.3821 658.9552 10859.0400 0.0000 840.6337 16998.14
22 984 991.1339 628.2721 10602.6800 0.0000 762.1555 16416.59
23 975 982.2956 654.8575 10816.9000 0.0000 600.1143 16682.53
24 960 967.0247 622.5969 10556.8100 0.0000 638.6609 16201.59
Total 26154.4057 26155.7729 16925.3859 257229.0002 546276.78 13438.968

h =8.04071 $/kg
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SCA | 963054.4900 | 963056.9000 | 963059.3000 1.7

iged s S 5l soletin by 21,5 (om0 Sl
bl anlio .ol &l ool Cawd 4y (go3e s g oolarul
dogby) 50 b GugionS (gt piye8l (g5ludnnd
S S o g 280 a3 5 goleniay by 55 sbsS
2 edel Caws 4 mls il iy, ple «
Gcadgaze b (Sl glaasls 5l USice lo gl
P9, 45 w3 (oo LS 50k g a5 slaasly g es
LHb oLl &% alivo J> sl p ‘5¢.~JL;.A Sl oals &l

S Az -0
&éﬁjﬁ)ob)b%@jgm‘dmalp
)o ‘_,_’Ja..m wu) LSL“"‘)“'".’.YT 9 LS)“})‘.“’)Q‘. LgLasd.;.g.)'.as
@ azgi b ool 5 ol (Sl sbasly el
Olg o5 wll K58 5 o)y oy slcusgass
)d s)l.f wAL) Ls‘f oolao! 0)9,4 ).:J.)dqdau é:l.un Lgd..\..‘y
o g Hb ol e ey 4 el jo
Sl ol ey g a5 b Coalad pae B al aid S

D9 B,k ailie (el

&= yo

[1] R. Singh, P.N. Narang, and H. Garg. "A novel TVAC-PSO based mutation strategies algorithm for generation
scheduling of pumped storage hydrothermal system incorporating solar units." Energy 142. (2018): 822-837.

[2] R. Jabr, A. Coonick, and B.J. Cory. "A homogeneous linear programming algorithm for the security
constrained economic dispatch problem." IEEE Transactions on Power Systems 15. no. 3 (2000): 930-936.

[3] A. Victoire, and A.E. Jeyakumar. "Hybrid PSO-SQP for economic dispatch with valve-point effect." Electric

Power Systems Research 71. no. 1 (2004): 51-59.

\f‘\")LeH‘V?o)Lo.;L‘Ho?cWJLA

ek 50 S5k Joe aloe


https://ieeexplore.ieee.org/author/37300017100
https://ieeexplore.ieee.org/author/37323580900
https://ieeexplore.ieee.org/author/37299356300
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://www.sciencedirect.com/journal/electric-power-systems-research
https://www.sciencedirect.com/journal/electric-power-systems-research
https://www.sciencedirect.com/journal/electric-power-systems-research/vol/71/issue/1

JERTSUUA SN IW w.‘;;“)}ill 3l ookl b (g y95 ¢ g0l “53)|)> slaxly oy 0‘93 & ydal Yv.

[4] J. Kim. and K.K. Kim. "Dynamic programming for scalable just-in-time economic dispatch with non-convex
constraints and anytime participation.” International Journal of Electrical Power & Energy Systems 123. no. 5
(2020): 1-13.

[5] A.A. Haghrah, M. Nekoui, M.N. Heris, and B. Mohammadi-ivatloo. "An improved real-coded genetic
algorithm with random walk based mutation for solving combined heat and power economic dispatch.” Journal
of Ambient Intelligence and Humanized Computing 12 (2020): 8561-8584.

[6] M. Gholamghasemi, E. Akbari, M.B. Asadpoor, and M. Ghasemi. "A new solution to the non-convex
economic load dispatch problems using phasor particle swarm optimization." Applied Soft Computing Journal 79
(2019). 111-124.

[7] C. Panigrahi, R. Chakrabarti, and M. Basu. "Simulated Annealing Technique for Dynamic Economic
Dispatch." Electric Power Components and Systems 34. no. 5 (2017): 577-586.

[8] S. Pothiya, 1. Ngamroo, and W. Kongprawechnon. "Ant colony optimization for economic dispatch problem
with non-smooth cost functions.” International Journal of Electrical Power & Energy Systems 32. no. 5 (2010):
478-487.

[9] D. Zou, S. Li, X. Kong, and H. Ouyang. "Solving the dynamic economic dispatch by a memory-based global
differential evolution and a repair technique of constraint handling.” Energy 147 (2018): 59-80.

[10] S. Momen, J. Nikoukar, and M. Gandomkar. "Multi-objective optimization of energy consumption in
microgrids considering CHPs and renewables using improved shuffled frog leaping algorithm.” Journal of
Electrical Engineering & Technology. (2022): 1-17.

[11] A. Abid, T.N. Malik, F. Abid, and I.A. Sajjad. "Dynamic economic dispatch incorporating photovoltaic and
wind generation using hybrid FPA with SQP." IETE Journal of Research 66, no. 2 (2020): 204-213.

[12] J. Nikoukar. "Unit commitment considering the emergency demand response programs and
interruptible/curtailable loads." Turkish Journal of Electrical Engineering and Computer Sciences 26. no. 2
(2018): 1069-1080.

[13] M. El-hameed, and A. El-Fergany. "Water cycle algorithm-based economic dispatcher for sequential and
simultaneous objectives including practical constraints.” Applied Soft Computing Journal 58. (2017): 145-154.

[14] V.B. Vommi, and R. Vemula. "A very optimistic method of minimization for unconstrained methods".
Information Science. (2018): 255-274.

[15] S. Padhi, B.P. Panigrahi, and D. Dash. "Assessment of Dynamic Economic and Emission Dispatch Problem
using WOA in networked grids with photovoltaic power injection.” Transactions of the Indian National Academy
of Engineering 5, no. 4 (2020): 675-696.

[16] Z. Ullah, S. Wang, J. Radosavljevic, and J. Lai. " A solution to the optimal power flow problem considering
WT and PV generation." IEEE Access. 7 (2019): 46763-46772.

[17] S.A. Mousavi Maleki, H. Hizam, and C. Gomes. "Estimation of hourly daily and monthly global solar
radiation on inclined surfaces: Models Re-visited." Energies 10. no. 1 (2017): 1-28.

[18] S. Tan, X. Wang, and C. Jiang. "Optimal scheduling of hydro-pv-wind hybrid system considering CHP and
BESS coordination." Applied Sciences 9. no. 5 (2019): 1-18.

[19] Y. Yin, T. Liu, and C. He. "Day-ahead stochastic coordinated scheduling for thermal-hydro-wind-
photovoltaic systems." Energy 187 (2019): 1-12.

[20] M. Basu. "Dynamic economic dispatch incorporating renewable energy sources and pumped hydro energy
storage."” Soft Computing 24 (2019): 4829-4840.

[21] S.Pan, J.Jian, and L. Yang. "A hybrid MILP and IPM approach for dynamic economic dispatch with valve-
point effect." Electric Power Energy System 97 (2018): 290-298.

[22] S. Pan, J. Jian, and L. Yang. "A full mixed-integer linear programming formulation for economic dispatch
with valve-point effects, transmission loss and prohibited operating zones." Electric Power Systems Research 180
(2020): 1045-1056.

[23] C. Shilaja, and K. Ravi. "Optimization of emission/economic dispatch using Euclidean affine flower
pollination algorithm (eFPA) and binary FPA (BFPA) in solar photo voltaic generation." Renewable Energy 107
(2017): 550-566.

VFY Sl V8 o Lo cp g0 gy Jloo e 0 sk Jow alxe


https://www.tandfonline.com/author/Panigrahi%2C+C+K
https://www.tandfonline.com/author/Chakrabarti%2C+R+N
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems
https://link.springer.com/article/10.1007/s42835-022-01289-8#article-info

YV oS g Ll

[24] S.A. Mirjalilia. "SCA: A Sine cosine algorithm for solving optimization problems." Knowledge-Based
Systems 96 (2016): 120-133.

[25] Z.L. Gaing. "Particle swarm optimization to solving the economic dispatch considering the generator
constraints.” IEEE Transactions on Power Systems 18. no. 3 (2003): 1187-1195.

VFY Sl V8 o Lo cp g0 gy Jloo e 0 sk Jow alxe



