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Optimization of Economic Load Dispatch Problem for Quadratic
Fuel Cost Function with Prohibited Operating Zones
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Abstract This paper proposes a deterministic optimization algorithm to solve economic load dispatch problem with
quadratic convex fuel cost function. The proposed algorithm primarily partitions a generator with prohibited zones
into multiple generators so as to place them afield the prohibited zone. It then sets initial values to P« P and
reduces power generation costs of those incurring the maximum unit power cost. It finally employs a swap
optimization  process of PP~ 3, PP+ 3 where | J{F(P)— F(P,—3)}> W {F(P;+5)— F(P)},i=j,
$=1.0,0.1,0.01,0.001 . When applied to 3 different 15-generator cases, the proposed algorithm has consistently
yielded optimized results compared to those of heuristic algorithms.
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Optimization of Economic Load Dispatch Problem for Quadratic Fuel Cost Function with Prohibited Operating Zones
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With valve-point loading

F(B)|  F(R)=aB® +bE +e+|e +sin(f;x(B™ ~P))

Without valve-point loading
F(P,)=aP? +bP, +c

Without valve-point loading,
3 with Prohibited Operating Zones

F(B)=aP? +bP +c
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Fig. 1. Power Cost Function
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Table 1. Case Study Data

13 Generator with prohibited operating zones™
G [Pl pme| g b B Prohibited Operating
Zones
GO1 | 150 | 455 {0.000299{ 10.07 | 671.03 - - -
GO2 | 150 | 455 |0.000183| 10.22 | 574.54 [[185,225][[305,335]| [420,450]
GO3| 20 | 130 |0.001126| 880 |374.59 - - -
GO4 | 20 | 130 |0.001126 880 |374.59 - - -
GO | 150 | 470 [0.000205] 10.40 | 461.37 [[180,200][260,335]| [390,420]
G06 | 135 | 460 10.000301| 10.10 | 630.14 [[230,255][[365,396]| [430,455]
GO7| 135 | 465 0.000364| 9.87 | 54820 - - -
GO8| 60 | 300 |0.000338| 11.21 | 227.09 - - -
GO9| 25 | 162 |0.000807| 11.21 | 173.72 - - -
GI10| 25 | 160 |0.001203| 10.72 | 175.95 - - -
GI11| 20 | &) [0.003536]10.21 | 186.86 - - -
GI2| 20 | 80 [0.008513| 990 |230.27 | [3055] | [65,75] -
G13| 25 | & [0.000371] 1312 | 22528 - - -
Gl4| 15 | 55 |0.001929] 12.12 | 309.03 - - -
GI5] 15 | 55 10.004447| 12.41 | 323.79 - - -

21

13 Generator with prohibited operating zones

G |pmnlpm| o b R Prohibited Operating
' ' Zones
GO | 150 | 455 [0.000299] 10.1 | 671 - - -
GO2 | 150 | 456 [0.000183| 10.2 | 574 ([185,225][305,335]| [420,450]
GO3| 20 | 130 |0.001126| 88 | 374 - - -
GO4| 20 | 130 |0.001126| 88 | 374 - - -
G05 | 150 | 470 {0.000205| 104 | 461 |[180,200](305,335]| [390,420]
G06 | 135 | 460 {0.000301| 10.1 | 630 |[230,255]([365,3%]([430,455]
GO7 | 135 | 465 |0.000364| 9.8 | 548 - - -
GO | 60 | 300 |0.000338| 11.2 | 227 - - -
GO9 | 25 | 162 |0.000807| 11.2 | 173 - - -
GIO | 25 | 160 |0.001203| 10.7 | 175 - - -
Gl1| 20 | 8 |0.0035%6| 10.2 | 186 - - -
GI2| 20 | 80 |0.00%613| 99 | 230 | [3040] | [5565] -
GI3| 25 | & |0.000371| 131 | 225 - - -
Gl4| 15 | 55 |0.001929( 12.1 | 309 - - -
GIS| 15 | 55 [0.004447]| 124 | 323 - - -
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¥ 5. M Moo chst Lm2lE Zot
Table 5. Results of the Algorithms for Benchmark Data

P, = 2,650 MW

¢ |pin| pune [Lar0da-Teration™ Prc?,.;ﬁfﬂggm Lamda-Logic” | 1CA-PSO™ SFBSO

P F(P) P F(P) P FP) P FP) P F(P)

Prohibited Zones

GO1 |10 | 455 455.0|15314.7805)  4565.0]  5314.7805| 455.000| 5,314.7805 455.00| 5,314.7805] 455.0000]  5,314.780) -
G021 150 | 4% 455.0[5,2625256|  4%6.0|  5,262.5256| 455.000| 5,262.5256) 420.00| 4,899.2212| 455.0000  5,262.526| [185225][ 3635 43040
G031 20 | 130 130.0]1,537.6194]  130.0] 1,537.6194| 130.000] 1,537.6194] 130.00{1,537.6194] 130.0000|  1,537.619 -
G041 20 | 130 130.0{1,537.6194] 1300 1,537.6194] 130.000] 1,537.6194| 130.00|1,537.6194| 130.0000|  1,537.619 -
G05 (150 | 470 |295.3*|3550.3664 260.0| 3,179.22801260.000 3,179.2280| 260.00|3,179.2280| 239.9999|  3,179.227| [180200],[230)33}[304%]
G06| 135 | 460 460.015,330.8316|  460.0| 5339.8316| 460.000| 5,339.8316) 430.00|5,028.7949| 460.0000,  5,339.832| [230ZH] [3H,30] 43045
GO7| 135 | 465 465.0[52164569| 466.0] 5,2164569| 465.000] 52164559 465.00|5,216.4559] 465.0000]  5,216.456 -
GOS8 | 60 | 300 600 9009068  600| 9009068 60000| 9009068 60.00| 9009068 60.0000[ 900907 -
GO9| 25 | 162 D0 44144 B0 4447440 25000 45447441 2500 45447441 25.0000 454474 -
GI0| 25 | 160 200] 3908312 200, 3908312 20.000] 390.8312 6260 817363 25.0000 444702 -
Gll1| 20 | & 434 6367284 600 8123696 70.000] 919.1314] 80.001,026.6104 65.0002 865.663] -
GI21 20 | & 563 8061145  75.0 1,0037806] 65.000]  897.0624f 77.40|1,020.5571] 64.9999 897.061)  [30,55], [65,75]
GI3| 25 | & 250 5635119  250] 95535119 25000 5635119 2500, 5635119 25.0000 563512 -
Gl4| 15| D 150] 49126400 150, 4912640 15000 491.2640) 15.00] 491.2640| 15.0000 491.264 -
GI5| 15| 150] 5109406f 150,  5109406] 15000, 5109406/ 15.00] 5109406 15.0000 510941 -

Total 2650.00[32502.9706| 2650.00| 32606.1394| 2650.00| 32506.1830| 2650.00[32532.7207|  2650.00| 32506.5832

* ¢ Unit loading in prohibited zone

P, = 2,630 MW
101 Lamda- - 17
G |pM | P a; b, ¢ CCpSO b Logic SFES0 Prohibited Zones
P AP P AP P AP

GO1| 150 | 455 | 0000299  10.07| 671.03] 455.0000[5,314.7805| 455.00000| 5,314.7806 455.0000| ©5314.780 -
GO2[ 150 | 455 | 0.000183 1022 57454 330.00004,434.5652 330.00000 4,484.5652| 4565.0000] 5,262.526)[185,225],[305,335],[420,450]
GO3| 20 | 130 | 0.001126 880 37459 130.0000[1,537.6194| 130.00000 1,537.6194| 130.0000| 1,537.619, -
G04| 20 | 130 | 0.001126 880| 374.59| 130.0000|1,537.6194| 130.00000| 1,537.6194| 130.0000| 1,537.619 -
G05| 150 | 470 | 0.000205|  10.40| 461.37| 170.0000|2,2352945| 170.00000 2,235.2945 259.9999| 3,179.227|[180,200],[260,335],[390,420]
GO6[ 135 | 460 | 0.000301 1010|  630.14| 460.0000[5:339.8316| 46000000 5330.8316| 460.0000| 5:339.832) [230:255]. (366,305 [430,455]
GO7| 135 | 465 | 0.000364 987| 51820 430.0000[4.850.6036| 430.00000] 48506036 4650000 5216456 -
GO8| 60 | 300 | 0000338  1L21| 227.09) 71.7526/1,0331768| 60.00000[ 900.9068| 60.0000|  900.907 -
GO9| 25 | 162 | 0000807|  1121| 17372 589090| 836.8004| 56.8747| 8139045| 250000 454474 -
GI0f 25 | 160 | 0.001203 1072 17595 160.0000(1,921.9468|  160.00000] 1921.9468| 250000  444.702 -

GII| 20 | 80 |0003586| 1021] 18636 S0.0000[L0266104] 80.00000] LO266104| 50.1601| 708017 -
G2l 20 | & |000s13] 99| 23027 80.0000[L0575632)  80.00000| 10575532 59.8400| 842427 [30,551,[65,75)
GI3l 5 | & |o0000371| 1312] 2528 250000] 5635119 2500000 5535119 2500000 563512 :
G| 15 | 5 |0001929| 1212] 30003 150000] 491.2640| 1500000] 491.2640| 150000 491.264 -
Gl5| 15 | 5 |0004dd7]  1241] 3237 150000] 5109406 2807365 675688 1500000 510941 -

Total 2,660.6616| RALIRB| 2,659.9491| 327507006 2,630.0000| 32943080

P 30,6616 209491 0.0000

Total Cost ($/h) 2701000 327139510 D2oATR)

P,=2,630MW

. - pSO™ ICA-PSO™ SFBSO L
G | B b q b, ¢ IS ) > 0 > P Prohibited Zones

GO1| 150 | 455 [0.000299] 101 671] 440.4990| 5178.0577| 4%6.0000] 53284005 455.0000{ 5328400 -
GO2| 150 | 455 |0.000183| 102 574 1795947| 24117685| 4199900 4890.1777| 435.0000] 5252.886| [185225],[305,335],420,450]

Go| 20 | 130 |o001126| 88| 374 210524 5607602) 130.0000] 1537.0204| 130.0000| 1537.029
G| 20 | 130 |o001126| 88| 374 871376| 11493606 130.0000] 1537.0204| 130.0000| 1537.029 -
GOB| 150 | 470 [0.000205| 104| 461| 3607675 42306634| 260.0000] 31788580 2715881| 3300637  [180,2001[260,3351,[390,420]
GOB| 135 | 460 [0.000301| 101| 630 395.8330| 46750751 4209900| 50285613 4600000 5339692 [230:2561.1365,395).[430455]
GO7| 135 | 466 [0000364] 98| 548 4320085 43496171 4660000 51837059 4660000 5183706 e
Gos| 60 | 300 [0000333| 112 227 1689198 21285462 60.0000] 9002168 60.0000| 900217 -
G| 25 | 162 (0000807 112 173 1620000 20085720 250000] 4535044| 250000 453504 -
GIO| 25 | 160 [0.001203| 107| 175 1384343 1679.3014| 767000 LOO27671| 2500000 443252 -
GII| 20 | 80 [00035%6| 102 186 526294 7327526 80.0000] LO2A9%04| 434120 635561 -
Gl2| 20 | 8 |000s513| 99| 230 668875 9168511 SATI0|  7TRTE06| A9 791176 (30,401,556
GI3| 5 | & |o000371| 131| 225 627471 10484477 250000 EB27319| 250000  5E2732 :
G| 15 | 5 [0001929| 121| 309 475574| S888074| 150000 4909340 150000 490934 -
Gl5| 15 | 5 |0004dd7| 12.4] 323 276065 6687007 150000 5100006] 150000  510.001 -

Total 2,643.6747] 331352975 2,641.4500| 32,407.6180] 2,630.0000] 32,266.7563

7. 136747 11.4500) 0.0000

Total Cost ($/h) 32,508 1200 32,393.2300 32,266.7563
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