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Economic Dispatch Algorithm as Combinatorial Optimization Problems
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Abstract — This paper presents a novel approach to economic dispatch (ED) with nonconvex fuel cost function as
combinatorial optimization problems (COP) while most of the conventional researches have been developed as function
optimization problems (FOP). One nonconvex fuel cost function can be divided into several convex fuel cost functions,
and each convex function can be regarded as a generation type (G-type). In that case, ED with nonconvex fuel cost
function can be considered as COP finding the best case among all feasible combinations of G-types. In this paper, a
genetic algorithm is applied to solve the COP, and the A-P function method is used to calculate ED for the fitness
function of GA. The A-P function method is reviewed briefly and the GA procedure for COP is explained in detail. This
paper deals with two kinds of ED problems, namely ED with multiple fuel units (EDMF) and ED with prohibited
operating zones (EDPOZ). The proposed method is tested for all the ED problems, and the test results show an
improvement in sohition cost compared to the results obtained from conventional algorithms.
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Fig. 2 Encoding ilustrations in a 3-generator system
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Table 1 Comparison of conventional methods and GA-COP for EDMF (Demand = 2400 MW)
HM AHNN IEP MPSO AIS A-Life GA-COP
S U
F GEN F GEN F GEN F GEN F GEN F GEN F GEN
1 1 193.2 1 189.1 1 190.9 1 189.7 1 189.68 1 189.74 1 189.74
1 2 1 204.1 1 202.0 1 202.3 1 202.3 1| 202.40 1| 20234 1| 202.34
3 1 259.1 1 254.0 1 253.9 1 253.9 1 253.81 3 | 25390 1 | 253.90
4 3 234.3 3 233.0 3 2339 3 233.0 3 | 233.02 3 | 233.05 3 | 233.05
5 1 249.0 1 241.7 1 243.8 1 241.8 1 241.94 1| 241.83 1 | 241.83
2 6 1 195.5 1 233.0 3 235.0 3 233.0 3 | 233.06 3| 233.05 3 | 233.05
7 1 260.1 1 254.1 1 253.2 1 253.3 1 253.37 1 | 253.27 1 | 253.27
8 3 234.3 3 232.9 3 232.8 3 233.0 3| 232.85 3 | 233.05 3 | 233.05
3 9 1 325.3 1 320.0 1 317.2 1 320.4 1| 32045 1 | 320.38 1 | 320.38
10 1 246.3 1 240.3 1 237.0 1 239.4 1 | 239.40 1 239.40 1 | 239.40
TP 2401.2 2400 2400 2400 2400 2400 2400
TC 4885 4817 481.779 481.723 481.723 481.72 481.723

# S ! Subsystem, U : Unit, F @ Operating fuel (G-type), TP : Total power [MW], TC : Total generation cost [$]
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Table 2 Comparison of conventional methods and GA-COP for EDMF {(Demand = 2500 MW)
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2 GA-COPS| EDMF ZZH| 1 (Demand = 2500 MW)
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sl u HM AHNN IEP MPSO AIS GA-COP
F GEN F GEN F GEN F GEN F GEN F GEN
1 2 206.6 2 206.0 2 203.1 2 206.5 1 205.88 2 206.52
) 2 1 206.5 1 206.3 1 2072 1 206.5 1 206.33 1 206.46
3 1 2659 1 265.7 1 266.9 1 265.7 3 266.48 1 265.74
4 3 236.0 3 235.7 3 2346 3 236.0 3 235.79 3 235.95
5 1 2582 1 2579 1 2599 1 258.0 1 256.87 1 258.02
2 6 3 236.0 3 2359 3 236.8 3 236.0 3 236.65 3 235.95
7 1 269.0 1 269.6 1 2708 1 268.9 1 269.20 1 268.86
8 3 236.0 3 2359 3 2344 3 2359 3 23551 3 235.95
3 9 1 3316 1 3314 1 3314 1 3315 1 332.23 1 331.49
10 1 2552 1 255.4 1 254.9 1 255.1 1 255.02 1 255,06
TP 2501.1 2500 2500 2500 2500 2500
TC 526.7 526.23 526.304 526.239 526.24 526.239
E: 3 3 JlEgnl GA-COPYl EDMF Z [ (Demand = 2600 MW)
Table 3 Comparison of conventional methods and GA-COP for EDMF (Demand = 2600 MW)
s| v HM AHNN IEP MPSO AIS GA-COP ‘{
¥ GEN F GEN F GEN ¥ GEN ¥ GEN F GEN
1 2 2164 2 215.8 2 2130 2 216.5 2 216.01 2 216.54
) 2 1 2109 1 210.7 1 211.3 1 2109 1 21077 1 21091
3 1 2785 1 279.1 1 283.1 1 2785 3 278.73 1 27854
4 3 239.1 3 2391 3 239.2 3 239.1 3 239.47 3 239.1
5 1 2754 1 276.3 1 279.3 1 2755 1 275.25 1 275.52
2 6 3 239.1 3 239.1 3 2395 3 239.1 3 238.55 3 239.10
7 1 285.6 1 286.0 1 283.1 1 2807 1 286.55 1 285.72
8 3 2391 3 239.1 3 239.2 3 239.1 3 239.27 3 239.10
3 9 1 3433 1 342.8 1 3405 1 3435 1 34307 1 343.49
10 1 271.9 1 271.9 1 271.9 1 272.0 1 272.32 1 271.99
TP 2600 2600 2600 2600 2600 2600
TC 574.03 574,37 574.473 574.381 574,381 574.381
3 4 7| E¢H 1 GA-COPS| EDMF Zzte| @ (Demand = 2700 MW)
Table 4 Comparison of conventional methods and GA-COP for EDMF {Demand = 2700 MW)
S U HM AHNN IEP MPSO IGA_MU AIS GA-COP
F | GEN F GEN F | GEN F GEN F GEN F GEN F GEN
1 2 2184 2 2257 2 2195 2 2183 2 | 21812 2 | 21838 2 | 21825
1 2 1 2118 i 215.2 1 211.4 1 211.7 1 211.68 1 211.66 1 211.66
3 1 281.0 1 291.8 1 279.7 1 280.7 1 280.86 3 | 28054 1 280.72
4 3 2397 3 242.3 3 2403 3 2396 3 | 23965 3| 23969 3] 23963
) 1 279.0 1 293.7 1 276.5 1 2785 1 278.63 1 278.30 1 278.50
2 6 3 2397 3 2423 3 2399 3 2396 31 23961 3 | 23965 31 23963
7 1 289.0 1 302.8 1 289.0 1 288.6 1 28857 1 288.57 1 288.58
8 3 239.7 3 242.3 3 2413 3 2396 31 23971 3| 23984 3| 23963 |
3 9 3 429.2 1 355.1 3 4251 3 4285 3] 42845 3| 42842 3| 42852
10 1 2152 1 288.8 1 2772 1 274.9 1 2747 1 27495 1 274.87
TP 2702.2 2700 2700 2700 2700 2700 2700
TC 625.18 626.24 623.851 623.809 623.8093 623.809 623.8092
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Fig. 4 Convergence Characteristics of 100-generator system for Crossover rate (population 1000, mutation rate 0.3 and p, 50)
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Fig. 5 Convergence Characteristics of 100-generator system for Population (crossover rate 1.0, mutation
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Fig. 6 Convergence Characteristics of 100—-generator system for Mutation rate (crossover rate 1.0, population 1000 and p, 50)
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X 8 EDPOZe| Z 1t vim
k4 7 157| AAHEHe] R2EFX 7Y Table 8 Comparison to results of EDPOZ
Table 7 Prohibited operating zone for 15-generator system -0
Uni Zone 1 Zone 2 Zone 3 Unit Ela=X E‘\(/E\Eéf}; ?ﬁ{?vf]) GE;\CN?P
mt [MW] [MW] [MW] [MW]
2 [185, 225] (305, 335] (420, 450] 1 450 450 450 450
5 [180, 200] | [260, 335] [390, 420] 2 450 450 450 450
3 130 130 130 130
6 [230, 255] [365, 395] [430, 455] 1 130 130 130 130
12 [30, 55] [65, 75] - 5 335 335 335 335
6 455 455 455 455
Aotd WL A-§ ¥rEH(A-4 iterative method) [3], 7 465 465 465 465
fast computation evolutionary programming (FCEP) (4], 3 60 60 60 60
mixed integer quadratic programming (MIQP) [26]<} 2)&} 9 25 25 25 25
TR A9 HuIAY. F RAA B 4 glxo] A-onkE 10 20 20 20 20
Hel v&w A3t RE Wyo] 5% wdHy dgy 11 20 20 20 20
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- 1008 BF HHs)e) v)§<l 3254497 MWL Usten &A 14 15 15 15 15
7Fe7E(G-Type)d 282 [14113411111211 15 15 15 15 15
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($/h] 32549.8 32544.97 32544 .97 3254497
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