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Optimization Algorithm for Economic Load Dispatch Problem
Using Balance and Swap Method
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Abstract In the absence of a deterministic algorithm for economic load dispatch optimization problem
(ELDOP), existing algorithms proposed as solutions are inevitably non-deterministic heuristic algorithms. This
paper, therefore, proposes a balance-and-swap algorithm to solve an ELDOP. Firstly, it balances the initial value
to ¥P,=P, by subsequently reducing power generation for each adult-step and baby-step and selects the
minimum cost-generating method. Subsequently, it selects afresh the minimum cost-generating method after an
optimization of the previously selected value with adult-step baby-step swap and giant-step swap methods.
Finally, we perform the P,+p3,(8=0.1,0.01,0.001.0.0001) swap. When applied to the 3 most prevalently used
economic load dispatch problem data, the proposed algorithm has obtained improved results for two and a result
identical to the existing one for the rest. This algorithm thus could be applied to ELDOP for it has proven to
consistently yield identical results and to be applicable to all types of data.
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FAZ A3 A (economic load dispatch, ELD)]
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Fig. 1. Power cost function
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Fig. 2. Deviation of 1 day demand trend
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Table 1. Case study data

Fuel Cost Function of 13 Generators

G P P P b - . 7
1 0 630 [ 000028 [ 810 550 300 0.035
2 0 360 | 0.000%6 | 810 309 200 0.042
3 0 360 | 0.000%6 | 810 307 150 0.042
4 60 180 | 000324 | 774 240 150 0.063
5 60 180 | 000324 | 774 240 150 0.063
6 60 180 | 000324 | 774 240 150 0.063
7 60 180 | 000324 | 774 240 150 0.063
8 60 180 | 000324 | 774 240 150 0.063
9 60 180 | 000324 | 774 240 150 0.063
10 40 120 | 000284 | 860 126 100 0.084
1 40 120 | 000284 | 860 126 100 0.084
12 5 120 | 000284 | 860 126 100 0.084
13 5 120 | 000284 | 860 126 100 0.084

Sum: 50 2,90 P, =1,800 MW and P, = 2,520 MW

Fuel Cost Function of 40 Generators

G P P p b - - 7

1 36 114 000690 673 100 0.04
2 36 114 | 000690 6.73 100 0.084
3 60 120 | 002028 707 0.084
4 0 190 | 000942 818 150 0063
5 47 97 | 001140 535 120 0077
6 63 140 | 001142 805 100 0.084
7 110 300 | 000357 803 200 0042
8 136 300 | 000492 699 200 0042
9 135 300 | 000573 660 200 0042
10 130 300 | 000605 | 1290 200 0042
11 A 3B | 000515 | 1290 200 0042
12 A 3B | 000569 | 1280 200 0042
13 125 500 | 000421 | 1250 300 0035
14 125 500 | 000752 83 300 0035
15 125 500 | 000708 915 300 0035
16 125 500 | 000708 915 300 0035
17 220 500 | 000313 797 300 0035
18 220 500 | 000313 7% 300 0035
19 242 50 | 000313 797 300 0035
20 242 50 | 000313 797 300 0035
21 24 50 | 000298 663 300 0035
22 24 50 | 000298 663 300 0035
23 24 50 | 000284 6.66 300 0035
24 24 50 | 000284 6.66 300 0035
25 24 50 | 000277 710 300 0035
26 24 50 | 000277 710 300 0035
27 10 150 | 052124 333 120 0077
28 10 150 | 052124 333 120 0077
29 10 150 | 052124 333 120 0077
30 47 97 | 001140 535 120 0077
31 60 190 | 0.00160 643 150 0063
32 60 190 | 0.00160 643 150 0063
33 60 190 | 0.00160 643 150 0063
A 0 200 | 0.00010 8% 200 0042
35 0 200 | 0.00010 862 200 0042
36 0 200 | 0.00010 862 200 0042
37 5 110 | 001610 533 0 0.098
33 5 110 | 001610 583 0 0.098
39 5 110 | 001610 583 80 0.098
40 242 550 | 000313 791 300 0035

Sum: 4817 | 1272 P, =10,500 MW
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Optimization Algorithm for Economic Load Dispatch Problem Using Balance and

Swap Method

E 2. AlEAlel AIXE 48 Za}
Table 2. Results for optimization of test cases

Case with 13 Generators and Load Demand of 1,800 MW

Method Min Cost Mean Cost Max Cost St Dev
Improved Genetic Algorithm (IGA) 18063530 (?) 18,096.40 1829347 4579
Particle Swarm Optimization (PSO)” 18030720 (?) - - -
Evolutionary Programming (EP) i 17994.070 (?) - - -
Hybrid Evolutionary Programming with SQP (HEP-SQP)” 1791030 (?) - - -
Modified Particle Swarm Optmzanon (MPSO)™ 17973.340 (?) - - -
Artificial Immune System s 1797290 (?) 17976.14 17,989.84 53
Hybrid Particle Swarm with SQP (HPS-SQP)® 17969930 (?) - - -
Pattern Search (PS) H 17969.170 (?) - - -
Cultural 1S (C19)" 1796468 (?) 17974.28 17,989.23 481
Fuzzy CIS (FCIS)™ 17964.37 (?) 1797450 17989.81 319
Harmony Search (HS)"” 17.960.3661 (17,960.3708) - - -
Chaotic Differential Evolution and Quadratic Programming (DEC- sQp) 17,938.9521 (?) 17943.1339 17,944.8105 1973%
Case with 13 Generators and Load Demand of 2,520 MW
Method Min Cost Mean Cost Max Cost St Dev
Cultural Immune System (CIS)[1] 2417113 (?) 24,190.34 24,280.44 3168
Fuzzy CIS (FCIS)[1] 24,171.09 (?) 24187.72 2431858 3312
Artificial Immune System (IS)[1] 2417057 (?) 2419372 24,220.03 3H52
Distributed Tabu Search Algorithm (DTSA)[10] 24,169.950 (?) - - -
Self-Adaptive Differential Evolution (SDE)[11] 24,164.05 (?) 24,168.28 24,200.05 -
Case with 40 Generators and Load Demand of 10,500 MW
Method Min Cost Mean Cost Max Cost St Dev
Genetic Algorithm (GA)™ 11973225 (123966653) - - -
Erxedded Evolutionary Programmiing-PSO (CEP-PSO) il 123670.000 (?) 12414560 12490000 -
Particle Swarm Optimization PbO) 122930450 (?) - - -
Evolutionary Programming &P 122,624.350 (?) - - -
Hybrid Evolutionary Programming with SQP (HEP sqQp)” 122379630 (?) - - -
Modified Particle Swarm Optimization (MPSO)" 122,252,265 (?) - - -
Hybrid Particle Swarm with SQP (HPS-SQP)”! 122,094.670 (?) - - -
Chaotic Differential Evolution and Quadratic Programming (DEC-SQP)’) 121,741.9793 (121,532.104) 122,295.12 122,839.29 386.18
New Particle Swarm %ﬂmmtmn Solution to Nonconvex (NPSO-LRS)™ 121,664.430 (?) 122,209.31 122,981.59 -
Improved PSO (IPSO) 121,495.7041 (121,504.702) 121,699.301 122,168.116 155619
Artificial Immune System s 121,489.110 (?) 121,737.73 122,163.56 106.88
SA-CLONAL™ 12148612 (?) 121,507.03 121,591.70 -
Fuzzy CIS (Fus)[” 12146710 (?) 12166267 121,88339 13304
Genetic Algorithm (GA)™ 121432177 (121,532.104) - - -
Cultural Immune System s 121,423630 (?) 12,1797 12214793 144.81
Case with 13 & 40 Generators
13 Gen 13 Gen 40 Gen
R P,=1,800 P,= 2,520 P,=10,500
GA
Genetic Algorithm (GA) - - (123.966.653)
Genetic Algorithm (GA)™ - - (121,532.104)
Improved Genetic Algorithm (IGA)™ 18,063.580 (?) - -
PSO
Particle Swarm Optimization PO 18030.720 (?) - 122,930.450 (?)
Modified Particle Swarm Optimization (I\]PbO) 5 17.973.340 (?) - -
Modified Particle Swarm Optimization (MPSO) 1 - - 122,252,265 (?)
Hybrid Particle Swarm with SQP (HPS-SQP)” 17.969.930 (?) - 122,094,670 (?)
New Particle Swarm Optimization Solution to Nonconvex: (NPSO-LRS)™” - - 121664430 (?)
Improved PSO (IPSO)! - - (121,504.702)
IS
Artificial Immune System (AIS)" 1797290 () 2417057 (?) 12148911 (?)
Cultural Immune System (CIS)" 1796468 (2) 1713 (2) 12142368 (2)
Fuzzy Cultural Immune System (FCIs)” 17964.37 (7) 24,171.09 (7) 121,446.71 (?)
EP
Evolutionary Programming (EP)" 17,994.070 (?) - 122,624.350 (?)
Hybrid Evolutionary Programming with SQP (HEP-SQP)™ 17,991.030 (?) - 122,379.630 (?)
Chaotic Differential Evolution and Quadratic Programmm§ (DEC-SQP)” 179389621 (?) - (121,532.104)
Embedded Evolutionary Programming-PSO (CEP-PSO)™ - - 123,670.000 (?)
Self-Adaptive Differential Evolution (SDE)!" - 24,164.05 (?) -
Extra
Pattern Search (PS)™ 17.969.170 (?) - -
Harmony Search (HS)™ (17,960.371) - -
Distributed Tabu Search Algorithm (DTSA) ol - 24169950 (?) -
SA-CLONAL™ - - 121,486.12 (?)
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40 Gen 1<a<5555 1< 6 <269
(P, =10,500) a=1,2,--,10,20,--,50 8 =260,250,--,10
£=98,-,1
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¥ 5. ¥m2E Zo bjw
Table 5. Comparison of algorithm results

- 13 Gen 13 Gen 40 Gen
e (P, =1,800) (P, =2,520) (P, =10,500)
Known Optimal value| ($ 17,960.371) | $ 24,164.05 (?) | ($ 121,504.702)
AIS $ 17972900 (2) | $ 24170570 (?) | $ 121489110 (?)
(+12529 $/h) (+6520 $/h) (-155% $/h)
IS IS $ 17964680 (2) | $ 24171130 () | $ 121423680 (?)
. . (+4309 $/h) (+7.080 $/h) (-81.02 $/h)
pors | S 17984370 (2) | S 24170090 (7) | $ 121446710 (?)
(+3999 $/h) (+7.040 $/h) (-57.99% $/h)
BSA $ 17,567.943 $ 24,164.051 $ 121,491,013
(-392.428 $/h) 0.000 $/h) (-13.689 $'h)
V. ZE
e Aokl A 71 BAH vjg o R
AEe A 5 ol AAFEY A4 alE ek
ARA - g G| FE AT 71E dagSES
Fe2E WHES A8l Tl A A3t 2L 9
£ T4 Hagks ddsts e ALsdsdE &
T A4 g e gt
o], B =EoAds SRR 7leE A89 1y
ow g oo vgorw YT A%E AL F e
et e 2G4 EE ARbsT
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