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A Parallel Adaptive Evolutionary Algorithm for Thermal Unit Commitment

T % CMAEE - -XER-ZAET e %8 g®
(Hyung-Su Kim - Duck-hwan Cho - Kyeong-Jun Mun - Hwa-Seok Lee + June-Ho Park ‘- Gi-Hyun Hwang)

Abstract - This paper is presented by the application of parallel adaptive evolutionary algorithm(PAEA) to search an
optimal solution of a thermal unit commitment problem. The adaptive evolutionary algorithm(AEA) takes the merits of
both a genetic algorithm(GA) and an evolution strategy(ES) in an adaptive manner to use the global search capability of
GA and the local search capability of ES. To reduce the execution time of AEA, the developed algorithm is implemented
on an parallel computer which is composed of 16 processors. To handle the constraints efficiently and to apply to
parallel adaptive evolutionary algorithm(PAEA), the states of thermal unit are represented by means of real-valued
strings that display continuous terms of on/off state of generating units and are involved in their minimum up and
down time constraints. And the violation of other constraints are handled by repairing operator. The procedure is applied
to the 10 ~ 100 thermal unit systems, and the results show capabilities of the PAEA.

Key Words : Parallel Adaptive Evolutionary Algorithm, Unit Commitment, Genetic Algorithm, Evolution Strategy,
Parallel Computer
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Fig. 1 Flowchart of adaptive evolutionary algorithm
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Table 2 Power demand

Az 1|1 2]3|4|5([6|7[8]8]|10]11]12

3H700 |750 850 (950 |1000]1100]|1150]1200{1300{1400}1450|1500

=]
B
A 13114 15] 1617 18[19}20| 21} 22|23 24
+-8}{1400]1300| 1200|1050 1000] 1100]1200|1400{1300{1100{900 {800

x 3 7ISHX|AE Ao ASHEH YHI| Tjafrfe]
Table 3 Generator parameters for unit commitment
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s} ehy 1 2 31415161 7]819]10
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Table 4 Total generation cost and computation time in
population sizes

T2l 2= aae0oh | SEdiaeon
A8 A z_}- A &) A Z_}
g | ¥E f@%lﬁk) e (%ag&lzk)
10 563583 1:41 563316 3:22
20 1123037 6:53 1122774 17:19
40 2242508 1813 2242806 31:31
3349024 58:44 3351686 1h43min
4463728 1h56min 4462379 3h22min
100 5583193 3h4min 5584463 5h28min
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Table 6 Simulation results in each case

H =2
A ] =T Best Worst |Difference| Time |At4
10 563583 565838 0.40 1:41 200
20 1123037 | 1124542 0.21 6:53 400

40 2242508 | 2245447 0.25 18:13 500
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Table 9 Execution time comparison

Wy GA EP
£l £4) (genetic (evolutionary PAEA
S algorithm) programming)
10 341 1:40 1:41
20 12:13 5:40 6:53
40 44'57 19:36 1813
60 1h37min 37:47 58:44
80 2h47min 59:44 1h56min
100 4h22min 1h42min 3h4min
sl AE HP Apollo. 720 HPClG(.) Parsytec CC/16
a7 Workstation Workstation (CPU 100Mhz)
(CPU 100Mhz) | (CPU 500Mhz)
z 10 &™) 10thel 2|S ¥ AX|ME)

Table 10 On/off states of the 10-generator system

7t
60 3349024 | 3361548 0.45 58:44 1000 Un) 1
80 4463728 | 4478186 0.32 1h56min | 1500 1
100 5583193 | 5596814 0.19 3hdmin | 2000 % o
4
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Table 7 comparison with total costs of conventional and the ?
proposed methods g
i 10
A 7] LR GA EP PAEA
10 565825 565825 564551 563583 =z 11 10cH 2] YWETjof st AlZHE RElpe wXat
20 1130660 1126243 1125494 1123037 Table 11 Power demand, power generation for the 10
40 2058503 | 2251911 | 2249003 | 2242508 generators
60 3304066 | 3376625 | 3371611 | 3349024 b ® Jumit| i nit| Uit Unit | Unit| Uit Unit | Uit Urie| ® 52
80 4526022 | 4504933 | 4498479 | 4463728 Aola] D123 4567890 inm
100 5657277 | 5627437 | 5623885 | 5583193 L | 700} 455 | 245 700
2 [ 750 455 | 295 750
i . 3 | 850455370 25 850
kg 8 LRYHE J|z2Z 519 e mel e /HWMAEL H| 4 95010 455 | 455 40 950
o {%] 5 11000] 455 | 390 130} 25 1000
Table 8 Comparisons with improvement rate of conventional 6 |11003 455 | 360 | 130 | 130 } 25 1100
_ 7 11150} 455 | 410 [ 130 130 | 25 1150
and the proposed method standardized on LR 8 112000 455 | 455 | 130 | 130 | 30 1200
b G A erat 9y 9 [1300] 455 | 455|130 130] 85 [ 20 | 25 1300
ur A 7] A EP (Best 71 %) 10 [1400] 455 [ 455 [ 130 [ 130 [162] 33 [ 25 | 10 1400
10 0.00 0.22 0.39 11 [1450]455|455[130)130]162| 73 | 25| 10 | 10 1450
20 039 045 067 13 Tis00] 00 [ 02 [ 130|130 165 38 T 22 ho T T 1o
gg g'gi 8'2 (l)gg 14 11300 455 [455 {130 130 85 [ 20 [ 25 1300
: : : 15 |1200]] 455 [ 455 [ 130 [ 130 | 30 1200
80 046 0.60 1.38 16 [1050] 455 [ 310 [ 130 [ 130 | 25 1050
100 0.52 0.59 131 17 [1000]] 455 | 260 | 130 | 130 | 25 1000
18 |1100] 455 | 360 | 130 {130 | 25 1100
B 9v B =8dA A Wy 71EY Wy A3 19 [1200] 455 | 455 | 130 130 | 30 1200
AZ+e B@atgch zH e uiste] Aoks whHo] A 20 [1400f 455 [ 455 | 130 | 130 { 162 | 38 10 | 10 1 10 | 1400
omE= u = Aae 21 [1300] 455 [ 455 | 130 | 130 | 100 | 20 10 1300
é‘.,ui] THE 14 <24H 500Mhz-j CPUE& A&-% EP 27 11100l 55 | 255 1301 20 [ 20 1100
H3-E 100Mhz2 84t vlnd 7o dsjyE 25~5 23 | 900 455 | 420 25 900
W ool e FPEAL 1Y & 5 Iduh 24 | 800 455 | 345 800
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Table 12 On/off states of the 100 generator system
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