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Dynamic Economic Load Dispatch Problem Applying Valve-Point
Balance and Swap Optimization Method
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Abstract This paper proposes a balance-swap method for the dynamic economic load dispatch problem. Based on
the premise that all generators shall be operated at valve-points, the proposed algorithm initially sets the maximum

generation power at P<P"". As for generator 4 with ,,.¢, which is the maximum operating cost
PP)-FP,) . . .
“=—F=p) produced when the generation power of each generator is reduced to the valve-point v, the

algorithm reduces i’s generation power down to Pm, the valve-point operating cost. When XP,— P, >0, it reduces

the generation power of a generator with .. of ¢ =F(P)—F(P —1) to P<P —1 so as to restore the
equilibrium XP, = P,. The algorithm subsequently optimizes by employing an adult-step method in which power in
the range of min{mx (P, —pmim), (P — E)}>a2 10 is reduced by 10; a baby step method in which power
in the range of 10>a>1 is reduced by 1; and a swap method for |, [F(P )*F(P*a] F(P +a)— F(

)] i#j of P, =P, tca, in which power is swapped to F, =F —a, P, =P +a. It finally executes minute swap
process for a«=0.1,0.01, 0.001, 0.0001. When applied to various experlmental cases of the dynamic economic load
dispatch problems, the proposed algorithm has proved to maximize economic benefits by significantly reducing the

optimal operating cost of the extant Heuristic algorithm.
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Table 1. Case Study Data

Data for the 10-Unit System

G, | P (MWh) | PP=(MWA| a | b © e | f
1 150 470 0.00043|21.60] 95820 | 450 |0.041
2 135 460 0.00063|21.051,313.60| 600 |0.036
3 73 340 0.00039|20.81| 604.97 | 320 |0.028
4 60 300 0.00070|23.90| 471.60| 260 |0.052
5 73 243 0.00079|21.62| 480.29 | 280 |0.063
6 57 160 0.00056|17.87| 601.75| 310 |0.048
7 20 130 0.00211{16.51| 502.70| 300 | 0.086
8 47 120 0.00480[23.23| 639.40| 340 | 0.082
9 20 80 0.10908|19.58| 456560 | 270 | 0.098

10 55 5% 0.00951|22.54| 692.40| 330 | 0.094

Sum: 690 2,358

Load Demand for 24 Hours

Hour | Load (MW) | Hour | Load (MW) || Hour | Load (MW)
1 1,036 9 1924 17 1,480
2 1,110 10 2,072 18 1,628
3 1258 11 2,146 19 1776
4 1,406 12 2,220 20 2,072
5 1,480 13 2,072 21 1,924
6 1,628 14 1,924 22 1,628
7 1,702 15 1,776 23 1,332
8 1,776 16 1,964 24 1,134
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2400
2200

2000

1800
1600 -
1400 +
1200
1000

1 2 3 45 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24
Azt

a8 1,
Fig. 1.
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Table 2. Optimization Results for the Test Cases

Method Cost($) Iteration
Sequential Quadratic Programrmn]g (SQP™| 1,051,163.000 | 50,000
Evolutionary Programming (EP, 1,048638000 | 50,000
Hybrid EP and SQP (EP- SQP)“‘ 1,031,746.000 | 30,000
MDE" 1,031,612.000 -
HDE” 1,031,077.000 -
PSO-SQPY 1,030.773.000 | 30,000
AIS-SQP™ 1,020900000 | -
MHEP-SQP* 1,028924.000 | 30,000
DGPSO?! 1,028835.000 | 30,000
PSO-SQP(C)™ 1,027.334000 | 30,000
IDE™ 1,026.269.000 -
SO 1023807000 | -
EpPSO™ 1,023,772.460 | 20,000
CMAES™ 1023740000 | -
EPSO-GM? 1,023691.106 | 20,000
Cs-DEM 1023432000 | -
AP 1,021,980000 | -
ABC™ 1021576000 | -
DE' 1,019,786.000 -
CDE™ 1,019,123.000 -
HHS™ 1,019,091.000 -
1CA™) 1,018,467.494| 600
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Table 3. Valve—points for 10 Generators

w7 | P Us Uy U3 Yy =P
G 470 456 330 303 2271 150
G 460 - 397 310 222 135
& 340 - - 297 186 73
Gy 300 - 241 181 120 60
Gs 243 - 223 173 123 73
(5 160 - - - 122 57
Gy 130 - 130 93 57 20
Gy 120 - - - & 47
€ 80 - - - 52 20
Gy 55 - - - - 55

ZF 7)o WiE A3 et W) ¢
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Table 4. The Results of VPBSO Algorithm

Pulin Pulax Hours
: ' 011 02H 03H O4H 05H 06H O7H 08H 09H 10H 11H 12H
G| 150 | 40 | 150000 | 150000 | 150000 | 303248 | 370872 | 3M872 | 456497 | 456497 | 456497 | 456497 | AB6A9T | 456497
G | 135 | 40 | 3052 | 2226 | 058 | 309533 | 00533 | 396799 | 396799 | 396800 | 396799 | 306799 | 306800 | 396800
G | B | 30 | B0 | 18088 | 21427 | 26179 | 28856 | 294423 | 201798 | 31599 | 203235 | 2073 | 3m062 | 32745
G| 60 | 300 | 60000 | 60000 | 60000 | 60000 | 60000 | 60000 | 60000 | 60000 | 180880 | 300000 | 300000 | 300000
G | B | 23 | o0 | 12286 | 7000 | 7300 | 73000 | 1286 | 1286 | 17278 | 22500 | 2250 | 22600 | 22600
G| BT | 160 | 1SS | 12480 | 12450 | 12450 | 12450 | 12450 | 122450 | 122450 | 122450 | 122450 | 122480 | 160.000
G| 2 | 130 | 12050 | 12050 | 12050 | 12050 | 120500 | 12050 | 129500 | 120501 | 129500 | 120500 | 120501 | 129591
G | @ | 120 | @0 | 47000 | 47000 | 47000 | 47000 | 47000 | 47000 | 47000 | 47000 | 85312 | 120000 | 120000
G | 2 | & | 2000 | 20000 | 2000 | 2000 | 2000 | 2000 | 20000 | 2000 | 20000 | 20000 | 20000 | 52067
Go | % | % | 500 | 00 | 000 | 500 | 500 | 5000 | 5000 | 5000 | 5000 | 55000 | 5000 | 56000
XP =P, 1086 | 110 1258 1406 1480 1628 1,702 176 | 1ea | 20m | 2146 | 220
ZF(P) 8252655 | 0772 | 32803860 | 36,160.124 | 37813599 | 40909504 | 42560272 | AA266.657 | 7669410 | 51,377,064 | 53788277 | 55214151
TP A [—3 l l l [+1 l -1 l [ l l l
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13H 14H 15H 16H 1 18H 19H 20H 211 2H 20 | om
G 46497 | 46497 | 456497 082 | 456497 | 46497 | 456497 | 379872 | 150000 | 150000
G 36799 | 306799 | 306800 306799 | 396800 | 396799 | 396799 | 306799 | 306799 | 22267
G 7B | 2325 | 3599 2944 | 3599 | 237 | 2BLH | 04423 | 178428 | 304692
Gy 300000 | 180830 | 60000 60000 | 60000 | 300000 | 180830 | 60000 | 60000 | 60.000
G M50 | 2259 | 11278 12286 | 172733 | 222500 | 2259 | 122866 | 172733 | 73000
G 12450 | 12450 | 122450 12450 | 12450 | 122450 | 122450 | 122450 | 122450 | 122480
G 12050 | 12050 | 129501 120500 | 129591 | 120500 | 12959 | 120500 | 120500 | 129501
G 8312 | 4700 | 47000 7000 | 47000 | 85312 | 47000 | 47000 | 47000 | 47.000
G 20000 | 20000 | 20000 20000 | 20000 | 20000 | 20000 | 20000 | 20000 | 20000
G 5000 | 500 | 500 H00 | 00 | 000 | 00 | 5000 | 5000 | 5000
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Table 7. Optimization Results for the 40 Generators

Case with 40 Generators and Load Demand of 10,500 MW

Method Min Cost Mean Cost Max Cost St Dev
Genetic Algorithm (GA)"! 11973225 123966663) | - - -
Embedded Evolutionary Programming-PSO (CEP-PSO)™ 123670000 (?) 12414560 124,900.00 -
Particle Swarm Optimization (PSO)” 122930450 (?) - - -
Evolutionary Programming (EP)"*! 122624350 (?) - - -
Hybrid Evolutionary Programming with SQP (HEP-SQP™ 122,379630 (?) - - -
Modified Particle Swarm Optimization (MPSO)* 12252265 (?) - - -
Hybrid Particle Swarm with SQP (HPS-SQ) 2 122,04.670 (?) - - -
Chaotic Differential Evolution and Quadratic Programming (DEC-SQP)” 1217419793 (121532.104) | 122295.12 12283929 3618
New Particle Swarm Optimization Solution to Nonconvex (NPSO-LRS)™ 121,664.430 (?) 122,200.31 122,981.59 -

Improved PSO (IPSO)™

121,4957041 (121,504.702) | 121,699.301 122,163116 155619

Artificial Immune System (5)™ 121,489,110 (2) 12173773 12,163.56 10688
SA-CLONAL™ 12148612 (2) 12150703 12159170
Fuzzy CIS (FCIS)™ 121446710 (?) 12166267 | 12186339 | 13804
Genetic Algorithm (GA)™ 121432177 (121532.104) | - -
Cultural Immune System (CI9)™ 121423680 (2) 12171797 12,1478 14481
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