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€,=0.7.C,=0.8. nop=50, N=200, 73 3|1+ £ 45 1 faf
41200, 1400 F1 1600 MW B} ALLL 1 HLLE B
(P, 557 MW) FITEFE RSAR(C, 57 $/h ) FF55 k(211
FEHY QPSO FISCHR[22 I i GABC FIL R ZE X L o
4.1.1 TXHL 6 PRGN E

T BT K G, B E nod =6 , FI A IRMO
SRR AL 25 R 1, 1200 MW 45 T, QPSO .GABC
S IRMO B 45 25 5 43 5] Ry 29555.72.,29147.00 F
29109.64 270, ML Z T, IRMO Lt QPSO 45 3 il A U
/> 44539 FE7T, It GABC B3k 37.36 37T, 1400 Al
1600 MW ffifaf T IRMO T 1545 5 7E 3 Rk b [ AL
ARy, UL IRMO 7E 3 Fh g 0 T 35 ) 45 21 3
SR RGN TR A, LT AR AE 3 AL TP R AR,
XAE R T RGP 78 AR 2205 25T K, 3
IRMO HA7 RAF () TR RE T N3RS B2, ek b JRy i e
AR BN 4 R B A, DT by SIS ABE AR SR e B Sk e o 3 4
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Table 1 ~ Optimization results of dispatch model without wind power by different algorithms under different loads
_ 1200 MW 1400 MW 1600 MW
QPSO GABC IRMO QPSO GABC IRMO QPSO GABC IRMO
1 107.73 98.65 98.54 108.60 99.09 98.54 109.94 110.00 98.68
2 99.92 99.89 98.54 99.63 98.76 98.54 99.34 100.00 98.63
3 582.54 592.14 591.24 588.73 591.46 591.24 578.78 599.93 592.89
4 259.03 259.32 261.68 416.16 419.24 424.15 509.34 477.11 424.18
5 110.42 110.00 110.00 146.86 151.45 147.53 259.72 272.96 345.62
6 40.36 40.00 40.00 40.01 40.00 40.00 42.88 40.00 40.00
P 1200.00 1200.00 1200.00 1400.00 1400.00 1400.00 1600.00 1600.00 1600.00
C 29555.72  29147.00  29109.64 33686.80  33187.00 33132.84 37841.88  37502.00 37444.82
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Table 2 Optimization results of dispatch model containing wind power by different algorithms under different loads

s 1200 MW 1400 MW 1600 MW
QPSO GABC  IRMO QPSO  GABC  IRMO QPSO  GABC  IRMO

1 103.56 97.05 106.36 94.39 102.34 99.36 95.27 110.00 65.03
2 99.09  100.00 20.09 96.53  100.00 95.48 97.95  100.00 98.56
3 567.66 59277 59347 59424 59997 596.55 568.87 59993 59071
4 21164 11008 11177 31946 26750  266.65 45213 47701 477.08
5 13805 11000 149.37 177.16 11000 150.66 26623 27296 18644
6 40.25 40.12 69.59 43.95 70.19 41.42 49.52 40.00 40.88
7 8.32 90.00 90.00 15.80 90.00 90.00 1091 89.96 81.34
8 3142 59.97 59.35 58.47 60.00 59.88 59.12 60.00 59.96
P 120000 120000 120000  1400.00  1400.00  1400.00  1600.00  1600.00  1600.00
c 2951340 2771000 2693629 33529.63 31741.00 30355.16 3760171  36127.00 34964.78
HI% 2 WAL, 1600 MW i T, QPSO GABC 513k 45 HF IRMOMEHAZRFAE

A IRMO fir 75 &5 2R 43 5l 2 37601.71 . 36127.00 Al
34964.78 =0, M HLZ T, IRMO o QPSO 4% 5 a4 Uik
/b 2636.93 £ JC, b GABC 5 Bk /0 1162.22 6,
1200 A1 1400 MW i fif N IRMO Frf345 S 1E 3 o ik
R R e, TSGR IRMO 9 AR MERE . 45 ffar
T 6 HLALFN 2 JE R LI ) BRI S 2R G B fer AH A Tl A2
I3 2o ST A A 5 3

Ry BIE T AR AT ) A B DA K I B TRMO (1) 4 16
£, BLL 10 LA R G S VE BB AR b 2 e (2) |
K)FIE(6), 5 B M A FHL R, SR H=24 h, B}
[ FETRE A 1 he JF XU 37 g HE TR 100 MW, 3 50
B XIIHL, HLAEHE Fn 5 R B0 SR 13 ], 45 B B &R
Gt fef OAE P, XTI w,, W3R 3, A S
BORE WL 4,

®3 BRERRERGERUE

Table 3 Forecast wind power and load demand in each period

W w, /MW P/MW | BB w, /MW PY/MW O BB w, /MW PO/MW | B w, /MW P /MW
1 55 1036 7 55 1702 13 65 2072 19 60 1776
2 50 1110 8 48 1776 14 72 1924 20 70 1972
3 65 1258 9 32 1924 15 90 1776 21 75 1924
4 48 1406 10 20 2022 16 100 1554 22 90 1628
5 38 1480 11 40 2106 17 85 1480 23 80 1332
6 48 1628 12 50 2150 18 68 1628 24 75 1184

F4 HERSURER 7,24 h RYMHEL Ay 2476730 26T, 44 HLARHA )

Table 4 Algorithm parameters DU 3 BT o L R L4 i A2 ) 524

28 N nop nod w% w% L% L% Wo MBS UESE I T OUPERE R I U IR 45 3 1) S5 P i
wix 200 so 10 20 30 5 5 A4 R FIARBUR RURCR RO 57 B A1
SR 25 B 3 7 9 FE MR 0 Sk o 0K

421 JEAL 10 B L L% H AL LSRR, 3 AR AR SR, AR

W% EICRE ARSI, M IRMO X DED #RI5R
fitko 1530 24 h B 1 MBA AR 5 B

PO BOHE R A AR O SCHR Pareto i b Y 28 5% Be {0 45
R EERNER 6 R,
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Table 5 Unit output, net loss and cost in each period of power system without wind power
B B HROLAL S /MW el A
Hle 1 Hld2  HL3 B4 Hlds  Hlde M7 P8 M9 HLA 10 MW $
1 150.00  135.00 85.35 61.03 17296 147.13 129.54 85.35 45.90 43.48 19.76 61559
2 150.00 135.00 16291 65.02 222.00 148.64 129.63 85.33  20.00 14.00 22.54 65164
3 150.00 135.00 184.83 115.00 238.65 159.68 125.03 115.00 20.03 43.40 28.61 72384
4 157.35 135.47 265.00 165.00 243.00 131.30 129.88 120.00 50.00 44.83 35.89 80798
5 150.00 135.00 297.48 183.15 239.65 160.00 110.95 120.00 79.95 43.48 39.69 84654
6 150.00 177.23 340.00 23296 24297 160.00 12998 119.97 79.49 43.81 48.42 94739
7 150.00 210.92 33598 282.00 243.00 160.00 123.82 120.00 79.98 49.51 53.25 100350
8 201.98 22228 33991 300.00 236.82 160.00 129.98 120.00 80.00 43.57 58.59 106700
9 264.54 302.00 340.00 300.00 243.00 160.00 129.98 120.00 80.00 55.00 70.59 123180
10 293.68 381.43 340.00 298.47 243.00 160.00 129.99 120.00 79.95 55.00 79.63 136000
11 306.07 459.96 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 88.09 148310
12 376.27 438.11 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 92.48 155390
13 331.59 396.82 339.99 299.97 243.00 160.00 130.00 120.00 80.00 55.00 84.46 143050
14 252.00 317.00 339.05 300.00 243.00 160.00 129.56 119.98 79.90 54.10 70.63 123160
15 196.44 237.00 323.45 29998 23293 159.98 129.96 120.00 79.93 54.90 58.65 107540
16 150.00 157.00 297.38 250.03 242.80 127.97 129.63 120.00 79.69 43.44 43.99 89424
17 150.00 157.00 220.95 24133 222.62 160.00 129.58 120.00 74.53 43.41 39.48 85121
18 150.00 20091 297.54 291.00 229.45 13998 129.92 120.00 70.05 47.72 48.60 95392
19 214.65 247.00 297.17 300.00 24294 160.00 129.64 119.99 79.98 43.46 58.84 108170
20 294.00 32491 340.00 300.00 243.00 160.00 129.94 120.00 80.00 55.00 74.90 129260
21 259.09 308.14 339.97 300.00 24292 159.89 130.00 119.97 79.99 54.64 70.60 123030
22 180.00 229.00 284.86 293.22 222.61 12246 129.61 120.00 52.06 43.38 49.24 97251
23 150.00 149.00 206.75 244.00 173.10 123.42 129.79 91.63  52.06 44.32 32.14 77266
24 150.00 135.00 153.69 194.07 17272 122.41 129.65 85.27  23.06 43.43 25.31 68847
A1 49777 57262 68123 59162 5522.1 36229 3086.1 2742.5 1606.6 1128.9 1294.4 2476739
| 25 Wy 5 R s ) 25 s 2 £6 BEXRUWMIUERRENL
25007 Iﬁ%g :;}J}Jéﬁlo +%§m1ﬁ%}$ﬂéﬂg Table 6  Comparison of 24 h optimization results by each
2000} algorithm
Z 1500l ik WS 24 b BRAS

Jg 1000} & IRMO 11.6 2476739

sool IMOEA/D-CH ™ — 2480200

0 MAMODE™ 505.0 2492451

B IBFA™ 5.2 2481733

3 Jpr e it RCGA/NSGA-II' 1080.0 2516800

Fig. 3 Power balance constraint verification
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Table 7 Unit output, net loss and cost in each period of power system containing wind power

B B B AT RMLALH /MW W A

MLl L2 M43 L4 Mdls Hldle Wil Hldls L9 Hlgiio MW $
1 150.00 135.00 13653  60.00 172.81  61.24 12949 12000 20.00 1389  17.97 59049
2 150.00 13500 8078  68.76 222.00 111.00 120.08 120.00 30.19  43.00 20.83 62872

150.00 13500 15738 117.96 22256 122.81 129.64 119.99 20.01 4346 2583 68606
4 150.00 136.19 236.79 167.00 22241 160.00 129.83 9555 4991 4351 3320 7799
5 150.00 135.00 29255 180.79 222.59 154.57 12859 119.98 52.08 4342  37.61 81807
6 150.00 17549 321.68 22997 24291 159.99 129.88 120.00 52.10 4345 4548 91652
7 150.00 195.34 29854 276.13 233.04 159.99 129.92 120.00 80.00 5352  49.54 96326
8 154.83 22228 33991 300.00 24295 14091 12997 120.00 80.00 5231 5523 102210
9 22978 302.00 340.00 300.00 243.00 160.00 130.00 120.00 80.00 5500  67.84 118830
10 28778 364.00 339.95 300.00 243.00 160.00 129.99 12000 80.00 5492 7770 133460
11 32443 39736  340.00 300.00 243.00 160.00 130.00 120.00 80.00 5499  83.87 142070
12 36242 39676 340.00 300.00 243.00 160.00 130.00 120.00 80.00  55.00  87.28 147370
13 29528 37582  340.00 299.99 243.00 160.00 130.00 119.98 6636 5495 7840 135030
14 21600 296.00 32870 300.00 24296 160.00 129.60 120.00  80.00 4342 6472 115250
15 21600 21601 296.14 250.00 230.17 159.95 12829 12000 78.69 4343 5273 101370
16 21600 137.00 217.00 24120 203.19 133.34 129.58 11999 52.07 4341 3880 86027
17 15000 135.00 18521 241.16 222.61 160.00 12949 11095 52.05 4343 3493 79287
18 150.00 156.57 26500 283.37 22329 15278 129.61 120.00 79.99 4342 4408 89973
19 188.09 221.80 279.93 300.00 243.00 160.00 12991 12000 80.00  47.63 5438 102450
20 24174 30096 340.00 299.97 243.00 160.00 12990 120.00 80.00 5500  68.68 120260
21 21773 27884  340.00 300.00 243.00 160.00 129.97 12000 80.00  43.77 6434 114600
22 150.00 200.03 284.00 250.03 235.69 12251 12529 117.98 5240 4344 4342 90023
23 150.00 13500 205.00 201.00 222.64 9171 12474  88.04 23.00 3939 2852 73060
24 150.00 13502 162.77 159.42 22248 5701 12959 8532 2000  10.00  22.63 65251
A1t 4750.10 531750 6467.90 5726.80 5528.30 3387.80 3093.40 2777.80 1448.90 1067.80 1198.00 2354827
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Fig. 4 Power balance constraint verification
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Table 8 Comparison of optimization results by each algorithm
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Table 9 Results comparison between the two models
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POWER SYSTEM OPTIMAL DISPATCH CONSIDERING
WIND FARMS BASED ON IMPROVED RADIAL
MOVEMENT OPTIMIZATION

Zhang Rongchang, Han Li, Liu Wentao, Shi Liping
(School of Electrical and Power Engineering , China University of Mining and Technology , Xuzhou 221008, China)

Abstract: To cope with the impact of wind power on the stable operation of power system, a universal economic dispatch
model considering wind power uncertainty is established, which takes into account the overestimation cost and
underestimation cost of wind power, valve point effect, spinning reserve constraint and network loss. To solve this model,
an improved radial movement optimization (IRMO) is proposed. In order to deal with the problem that the basic radial
movement optimization is easy to fall into local optimal solution, on the one hand, combined with the idea of population
variation in genetic algorithm, the algorithm randomly mutates some particles in the iterative process to improve the
population diversity, so that the algorithm can jump out of the local optimal solution. On the other hand, the concave
parabola nonlinear decreasing strategy of inertia weight is utilized to further enhance the search accuracy in the middle and
final stage of the optimization and make it easier to find the global optimal solution. Finally, to verify the rationality of the
model and the superiority of IRMO, example analysis and algorithm comparison of power system containing wind farm are
performed.

Keywords: wind power; dynamic economic dispatch; radial moving optimization; genetic algorithm; inertia weight;

decreasing strategy



