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Short-term Hydro Scheduling by Genetic Algorithms
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Abstract - This paper presents short-term hydro scheduling method for hydrothermal coordination by genetic
algorithms. Hydro scheduling problem has many constraints with fixed final reservoir volume. In this paper, the difficult
water balance constraints caused by hydraulic coupling satisfied throughout dynamic decoding method. Adaptive
penalizing method was also proposed to handle the infeasible solutions that violate various constraints. In this paper, we
proposed GA to solve hydrothermal scheduling with appropriate decoding method and dynamic penalty method. The
effectiveness of the proposed method is demonstrated in the case study.
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Table 1 The predicted 24-hour load

AZE | B8 MW AIZH 28 [MW]] A1 | 281 IMW]
1 1,370 9 2,240 17 2,130
2 1,390 10 2,320 18 2,140
3 1,360 11 2,230 19 2,240
4 1,290 12 2,310 20 2,280
5 1,290 13 2,230 21 2,240
6 1,410 14 2,200 22 2,210
7 1,650 15 2,130 23 1,850
8 2,000 16 2,070 24 1,590
FE A4 WFE =RolAE 2 Y5 BHPe U@
APHoln FEAA B woly) Yo, BY WS
duAFAdo] BA A HA gon ot ol Ao AL
et o] ek Ha) wyvte ey sy gie) 2

wgoME 2eisA Wt
8 wds AASE 29 20 depd A goof 7
LAY A ADE W 14 @ 3AAE 2 A7 o 20l

A 37 = 3 AlZH, § 30l A] | 4742 = 4 A7ke] A8 9
th 8 AL £FH FML E. 20] el AFE o)g
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sty 2] (6)7 o] mYsdet 74 el =t 3
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Table 2 Hydro power generation coefficients

22 77-1 . G Ca Cs Cs Cs Cs
1 -0.0042 1 -0.42 | 0.030 | 0.90 10.0 -50
2 -0.0040| -0.30 | 0.015 | 1.14 9.5 -70
3 -0.0016 | -0.30 | 0.014 | 055 55 -40
4 -0.0030| -0.31 | 0027 | 1.44 14.0 -90

E 37 99 A9 492
Table 3 Natural inflows

Al 4 Al 4 Al 9
MU 21314) 700123471 234
1/10] 8 81i28] 9({10] 8} 1] 0|17]| 9] 7] 2] 0
2/ 9] 8|82/{24]10[11] 9| 1]0]|18]| 8|/ 6] 2| 0
3[ 819416/ 11]12] 9] 1{0119] 7] 7] 1|0
41719121 0(12110] 812|020 6} 8 1|0
5/ 618131 0[13[1118]4]0]21|7{9]2{0
6| 71 71410(14]12] 9| 3] 0/22] 8| 9] 20
7/181613[0(15]11]9|3]0}{23}9]8 10
8/ 917]1210(16]10|1 8} 2| 0241 8/ 0| 0
E 459 9as A 235
Table 4 Hydro plant constraints
%1-;‘(1_/;\_ Vmin Vmax Vim' Vend Qmin Qmax Pmln Psax
1 80 | 150 | 100 | 120 5 15 0 500
2 60 | 120 | 80 70 6 15 0 500
3 100 |1 240 | 170 | 170 10 30 0 500
4 70 | 160 | 120 | 140 13 25 0 500
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Table 5 Results(effects of decoding and penalizing methods)

Aew |54 92954 02948 029 (44 gav
AsgF PR CIEEECCIEEE ECIEE L
1 938180.1 925863.1 934806.1 929347.3
2 927210.0 927209.1 931849.8 929155.4
3 930026.1 928560.0 934232.5 930701.6
4 9377204 928181.3 931679.9 929878.6
5 929300.1 926634.4 934480.6 930960.8
6 942170.1 927807.8 929852.3 931061.4
7 9427545 926574.3 930348.9 930254.3
8 934989.6 928649.7 932873.0 9282294
9 943173.8 9276276 934463.3 929314.0
10 935484.8 927781.8 936247.7 9317874
Hax ¥& 927210.0 925863.1 929852.3 9282254
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methods)
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Table 6 Results(effects of crossover methods)

A8y o 3w | 1F Z | ¢F o | 1 a2
A &34 4 d3g | ¥y d=24d | 3 f%:'_%‘ AR fqadg
1 938180.1 927805.4 934806.1 931876.8
2 927210.0 938050.3 9318498 9316183
3 930026.1 935150.6 9342325 932997.3
4 9377204 9427876 931679.9 933920.6
5 929300.1 928514.1 934480.6 935190.1
6 942170.1 9323989 929852.3 932194.3
7 942754.5 931567.2 9303489 934212.0
8 934989.6 933512.1 932873.0 9353134
9 943173.8 944321.1 934463.3 934259.8
10 935484.8 937678.7 936247.7 935404.5
Hau g 927210.0 927805.4 929852.3 931618.3
90
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Table 7 Results(effects of elitism)

dejEs |1 5 10 1 5 10
AE3lE EA) | (B2) | (BH) | BH) | HH) | (H3H)

950193.1{938180.1]927207.6|935987.5|934806.1|934902.4
946656.8/927210.0|933919.5|936260.2|931849.8}933007.8
960259.8|930026.1|928726.6|939142.9(934232.5/932970.9
946808 9(937720.4]936104.2|935425.8{931679.9|931704.8
949739.7]929300.1(933993.8|937586.4| 934480.6|930927.9
945854.0{942170.1928672.0{936601.7|929852.3/930934.1
948687.91942754.5{936911.11935100.3|930348.9|1931223.3
935360.2{934989.6}931529.8}938779.8|932873.0|934438.4
942605.0(943173.8927640.8{936163.2|934463.3|931120.9
940655.5{936484.8| 927791 .2{940221.5/936247.7|933411.1
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Table 8 Comparison of methods and results

s B =F FuEd [10]
Ha 24 vg 925,863 926,707
vzg 4 v=dg A3 gad
Hdy Fof Wy 17 ¥HdE 1A Hd
;G =2 100 100
dE & 5 10
A AA roulette wheel :;;C;isdtg
el Ak} %5 o5
AU linear sigma truncation
A5 A 1,000 31,000
A A ZE 16 2 1A17 12%

1093



BRBFIREE 48A% 9Wt 19095 9A

80

_ — W Y E =1(% N )7.390)

=

o oo & B
2

s

T T T M
200 400 600 800 1000

() Wl 2 EEVAE e

a9g 8 7t 99 &l WA= EEFY 93
Fig. 8 Number of feasible solutions(effects of elitism)

50

—_——— U EUE =1(E ) =
wereens W9 eUE =58 8) e

40 4 Pt
----- WaAE =10(8 ¥ ) e

9

=z ——
1 04 Lemmeal
¥ L
«omo LT
3 e O
P w0 e
0
L 10
ES
0 = T T T T
0 200 400 600 800 1000
Generation
g 9 g3 7bs 49 A F(dEEHEFY 9F)
Fig. 9 Average number of feasible solutions(effects of
elitism)
2500 800

M | 700

2000
1 eoo
z
1500 n gt AN 1 5003

p 1{ 4005
1000 |l b
e - 1 300
—— &2 <

500 i

—— A28 1 100

o b 0
13 5 7 9 11 13 15 17 19 21 23
AT 2

a9 10 HH 78 2AE9

Fig. 10 Optimal hydro scheduling

FS ol &3t F3Y =2
3 A& HAzate Pyl A
st #8 2A2d FAe g A% A HF
g wiAdEg HA3 A, & A

30 O Lo oy u

UL
A3 gueel @ Ee 4go AT of2ls B
e}, siazoz HRsr] 9 Be 1Ee Baw &1

1094

o A daFES HF AL Aol Aoe @¥E 7HA
o o, EAd d@ Aol AL glemz, I
(off-line) shHo] 7bsdt 8 2AEH Al wl$ HEE
HH3g =72 & F gl
g 2A2% ZAE B2 AY 2oz A st
of 3= g RVt A o, At 24 AT ¥
HAHE g ofHth B =feMe 3 2AFY &4
g dag s 54 #AdE Fo WS At
A gdungFe A% FY 2AEY 4 AL A P
=3}
o oy AR A%e £3¥ 8§z $AE s
sAME 3ty dA7IEe] VS AAAY A HE W s
W vEel fd gueFol 2a e YEAE AU @
42 & ge 5E AYY Sl B A7 AL Ay
ofef @ Zoln}, EF Fd YuFoE T F£Y 2AFY
o

o
o elgAde] W HF HHE AT7Hoejo & Aot

o Jo 2 0 18

|

do g

[11 P. B. Luh, D. Zhang, R. N. Tomastik "An Algorithm
for Solving the Dual Problem of Hydrothermal
Scheduling”, IEEE Trans. on Power Systems, Vol. 13,
No. 2, pp. 593-600, 1998.

{21 M. S. Salam, K. M. Nor, A. R. Hamdan, "Hydrothermal
Scheduling Based Lagrangian Relaxation Approach to
Hydrothermal Coordination”, IEEE Trans. on Power
Systems, Vol. 13, No. 1, pp. 226-235, 1998.

f3 X. Guan, E. Ni, R. Li P. B. Luh, "An
Optimization-Based Algorithm for Scheduling
Hydrothermal Power  Systems with  Cascaded
Reservoirs and Discrete Hydro Constraints”, IEFEE
Trans. on Power Systems, Vol. 12, No. 4, pp.
1775-1780, 1997.

[4] S. Chang, C. Chen, 1. Fong, P. B. Luh, "Hydroelectric
Generation Scheduling with an Effective Differential
Dynamic Programming”, [EEE Trans. on Power
Systems, Vol. 5, No. 3, pp. 737-743, 1990.

[5] O. Nilsson, D. Sjelvgren, "Mixed-Integer Programming
Applied to Short-Term Planning of a Hydro-Thermal
System”, IEEE Trans. on Power Systems, Vol. 11, No.
1, pp. 281-286, 1996.

[6] X. Bai, S. M. Shahidehpour, "Hydro-Thermal
Scheduling by Tabu Search and Decomposition
Method”, IEEE Trans. on Power Systems, Vol. 11, No.
2, pp. 968-974, 1996.

[7} David B. Fogel, Evolutionary Computation, IEEE Press,
1995,

[8] D. E. Goldberg, Genetic Algorithms in Search,

Optimization & Machine Learning, Addison Wesley, 1989.

[9] M. Gen, R. Cheng, Genetic Algorithms and Engineering
Design, John Wiley & Sons, 1997.

[10] S. O. Orero, M. R. Irving, "A Genetic Algorithm
Modelling Framework and Solution Technique for
Short Term Optimal Hydrothermal Scheduling”, IEEE
Trans. on Power Systems, Vol. 13, No. 2, pp.
501-518, 1998.




1. 715 A9

Pii s AT ol iR £8 w2 8 [MW] Z—] =} P 7
PS5 AT t°ﬂ*ﬂ WA 3y ddae 3 [MW]

Trans. KIEE. Vol. 48A, No. 9, SEP. 1999

5

FPS) i A2 o4 i 38 2a4e) 2aug (4]

T: 2A ATD +

Ry 8 waze 24 3@ of & B (F #& %)

Rs: % 2aze 24 3% 19624 19 1694, 19874 Agdh o A

Py AR
Tl MY F A [MW]

Vi AFzE el A jeisA 8 wdAe A5 [ton]
VA 8 wdse) 27 Zi—r%* [ton]

P, N33

713%a &9, 19999 8¢ HAbd Awty
Y AR 2. 1987d~ =
AdTE AHATFG HYS T,

el © (0551) 280-1337

E-mail : yhlee@keri.re.kr

toll 2] F %3 [MW]

g7 8 (" B
1471‘5}515‘— 2 A48 A6x Iz
: (051) 510-3188
E—mail : ghhwang@powerlab.eed.pusan.ac.kr

1~}
CrouCp i 1WA 59 202 20 29 ¥4 A% 2EETXRB
C s AT ol A A B 249 J15 68 (4] A eeA AR Az A=
VPR VPR a5 wasel A4 A - 818 [ton] Tel : (051) 510-3188
Q" ;nin oA e wAse RS A - 58 [ton] E-mail : kjmun@hyowon.pusan.ac.kr
oAl she A wd 2Y A ee ] .
FETLPET e S s v ad ste “EE W 7R
PR PR jwal 43 A4 2d 29 488 A7 =eA A48A A6z F=
(MW] Tel @ (051) 510-2370
E-mail @ parkih@hyowon.pusan.ac.kr
MAD2FE 088 7| £ A EZo M3t Ay 1095



