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Optimal economic dispatch of wind farm clusters based on multi-objective atomic orbital search
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Abstract: The increasing awareness of environmental protection and the rising penetration rate of wind power have led
the power sector to put forward higher requirements for the economic dispatch of wind power-containing systems. To
reduce pollutant emission and promote wind power consumption while minimizing generation costs, this paper establishes
a wind-fire multi-stochastic variable economic dispatch model considering environmental and economic indices, in which
the objective function takes into account the costs of thermal and wind power generation, and of wind abandonment
penalties, and pollutant gas emission. This paper adopts the multi-objective atomic orbital search algorithm (MOAOS) for
model analysis. This adds archiving, grid and leader selection mechanisms on the basis of the traditional atomic orbital
search algorithm (AOS), and has strong multi-objective optimization execution capability. The simulation results validate
the feasibility of the proposed model and the effectiveness of the multi-objective stochastic painting optimization
algorithm in solving such problems by combining the modified IEEE30-bus algorithm with simulation analysis.
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Fig. 1 Schematic diagram of the behavior of electrons in atoms
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Fig. 3 Flowchart of wind farm cluster optimal economic dispatch solution based on MOAOS
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Table 1 Economic dispatch results under different operational objectives

BT HBR 7S SR HTRH/TT S5 U EBFEMW > G, - B, - B, )/MW WA R4
MOPSO 642 373.97 4.8142 223.8525 227x107" 0.537
NSGA 643 522.30 4.5661 229.2995 429x10™ 0.450
MOALO 642 469.37 4.7556 222.3902 1.47x1072 0.624
R AT MODA 642 387.52 4.7866 223.9547 —5.68x 1(1— 0.579
- MOGWO 642 370.58 4.8205 223.4350 1.59x10 0.533
MOSPO 642 365.29 48114 224.1944 2.07x10™ 0.540
MOAVOA 642 424.61 47518 225.7623 1.90x107" 0.600
MOAOS 642 498.77 4.7003 225.9436 2.44x107 0.659
T 642 551.55 4.7508 224.8540 — —
MOPSO 657 797.48 8.5135 170.5107 3.50x107 0.584
NSGA 671 868.04 8.3693 168.5883 1.66x107 0.546
MOALO 658 141.33 8.4333 170.6643 -1.62x107 0.595
MODA 653 927.25 8.4559 172.1234 -5.32x10™ 0.504
BRI MOGWO 655 285.09 8.3606 171.4423 -1.81x107 0.603
RYGHNFE
MOSPO 655 124.36 8.5679 171.3866 543x107 0.514
MOAVOA 658 070.69 8.5396 170.3081 —6.80x10™ 0.591
MOAOS 662 838.77 8.5201 168.9041 6.55x10™ 0.659
T 659 131.63 8.4700 170.4910 — —
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Fig. 4 System unit output under different operating objectives
R 2 REAENERITFSER
Table 2 Scoring results by taking different weights
i X dy = 0.425, d» = 0.425, d=0.45,d>=0.45, dy=0.475, d, = 0.475, d=05,d,=0.5,
T 1 Rk FHE
d;=0.15 d;=0.1 d;=0.05 d;=0
MOPSO 0.551 0.537 0.523 0.509 0.530
FpEk NSGA 0.425 0.450 0.475 0.500 0.463
. MOALO 0.645 0.624 0.603 0.583 0.614
LA
. MODA 0.590 0.579 0.568 0.557 0.574
s G
bk MOGWO 0.550 0.533 0.515 0.498 0.524
¢ . MOSPO 0.551 0.540 0.529 0.518 0.534
HEK MOAVOA 0.595 0.600 0.605 0.609 0.602
MOAOS 0.650 0.659 0.669 0.679 0.664
. N d,=0.425,d,=0.15, d,=0.45,d,=045, d,=0.475,d,=0.475, d=0.5,d,=0.5,
15 2 A7 FHME
d3 =0.425 d3 =0.1 d3 =0.05 d3 =0
MOPSO 0.567 0.584 0.602 0.620 0.593
NSGA 0.569 0.546 0.523 0.500 0.534
N MOALO 0.598 0.595 0.592 0.589 0.594
EIERL MODA 0.506 0.504 0.502 0.500 0.503
BRATIFR ) ) ’ ’ i
. MOGWO 0.625 0.603 0.581 0.558 0.592
Fubiife MOSPO 0.485 0.514 0.542 0.571 0.528
MOAVOA 0.566 0.591 0.616 0.641 0.604
MOAOS 0.636 0.659 0.683 0.707 0.671
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FANREA GRS A Ry s 545 R . i
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3.2 RERIBITIRTS
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BATIRE TR RGN 5L 5 Fis.

M 3 T EE R R R, AR U
TR, RIS S B XU LS R AR ) R HE R
KD 40 634.52 TG, 15 RDIHERGE D 0.0812t, K
N 44.4867 MW. TEEREMMEN T, KHEBER
FRn I b XU AR R LA 3/ 34 123.34 I,
AR > 113 ¢, WIS I 24.41 MW, HE 5
RGP RN, 7T R G K A AN
HRHER, ESEMARRMMA. It HME RS
N, R A 75 PR L & R G4
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(RIATLEEL 5 B i A R ELBR 1), L% I %00 T 633 J Y- f
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Table 3 Economic dispatch results under different operating states
BATIRES Bk SR ELZR /TG S5 JeHE U EAFEMW XZG, - B, - R )MW PN TS5
MOPSO 4204 479.05 3.7236 112.9865 710107 0.669
NSGA 4208 894.85 3.6468 113.9003 12710 0.487
MOALO 4204717.08 3.6982 112.0064 ~1.70x10°™" 0.772
- MODA 420431218 3.7695 115.0071 1.42x 10-1?2 0.450
MOGWO 4204 48631 3.7109 1126592 ~1.63x10 0.726
(1 =07,k =0.7) MOSPO 4205 426.76 3.7284 113.1513 1.56x107 0.553
MOAVOA 420455239 3.6901 113.6202 3.41x10°" 0.764
MOAOS 4204 800.96 3.6773 112.3758 227x10" 0.828
A 4205208.70 3.7056 113.2133 — —
MOPSO 3061 340.38 8.1968 296.1753 S5.11x1072 0.549
NSGA 3062307.17 6.8343 317.5440 S5.11x107° 0.450
MOALO 3 061 440.85 7.8694 296.5641 ~1.64x1072 0.609
P —— MODA 3061 370.23 8.0226 296.9198 2.84x 10_12 0.590
MOGWO 3061 383.23 7.9710 296.0368 -8.52x10 0.605
=07 k=12 MOSPO 3 061 389.70 7.9754 297.2693 ~233x1072 0.594
MOAVOA 3061 427.44 7.8301 297.6758 23.06x10™ 0.623
MOAOS 3061514.63 7.5442 302.0321 —4.66x107" 0.657
A 3061 521.70 7.7805 300.0271 — —
MOPSO 416421677 3.6306 156.9251 221x1072 0379
NSGA 4166 388.98 3.5910 157.7320 739%10°° 0.583
MOALO 4165224.78 3.6255 157.1326 3.12x10°7" 0376
S — MODA 4157018.68 3.6503 160.1777 7.05><lO: 0.450
MOGWO 4168 856.19 3.6341 159.6147 ~6.86x10 0.132
i =12,k=07) MOSPO 4163 566.74 3.6397 156.5172 ~5.68x107* 0341
MOAVOA 4168 621.87 3.6169 159.4929 ~1.84x1072 0273
MOAOS 4162 699.41 3.6072 154.0077 ~8.04x10° 0.661
PHIME 4164 574.18 3.6244 157.7000 — —
MOPSO 3027247.27 6.8997 320.5691 22.04x107 0.564
NSGA 3028 081.04 5.9512 338.1176 22.79%10™" 0.450
MOALO 3027 338.69 6.6406 322.2365 ~1.02x10™ 0.620
S —— MODA 3027269.31 6.9872 321.6461 2250 10_112Z 0.508
MOGWO 3027 297.73 6.7669 322.0803 ~1.81x10 0.587
k=12k=12 MOSPO 302720224 6.9605 320.3541 23.01x1072 0.562
MOAVOA 3027 356.39 6.6100 323.7172 ~1.30x10™ 0.616
MOAOS 302739423 63914 326.7881 ~2.55x107" 0.674
A 3027 398.36 6.6509 324.4386 — —
5ol 900 e ' ' ' '
450| I KHELATS 800
400 =§EEWE5 700

H MW

350

10 15 20
W EEI 7] /h
(a) R HLIB B i

H /MW

600
500
400
300
200
100

10 15 20 25
I EE R ) /h
(b) fIRR LIS 1% B A7



RS, 5

BT 2 H bR R T PUER R FIER IR R R DA - 85 -

500
450
400
350
300
250
200
150
100

50

H /MW

0 5 10 15 20 25
W FEIS A)/h
(c) R HLIBIE 5 1 A

900

— iR
—o— g IR

B y
mﬁi"

0 5 10 15 20 25
WA ) /h
(d) FE RGBS E AT

Bl 5 REZITRETHRGHNAEL HER

Fig. 5 System unit output under different operating conditions
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