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Application of differential evolution algorithm in optimal
operation of hydropower station

XIAO Gang, TIAN Jiao, LUO Jun-gang, XIE Jian-cang

(Institute of Water Resources and Hydro-electric Engineering , Xi’an University of Technology ,Xi’an,Shaanzi 710048 ,China)

Abstract; [Objective] In view of the disadvantages of the traditional optimization algorithm, differenti-
al evolution algorithm was used in the optimal operation problem of hydropower station to establish a new
optimization model. [Method] We established an optimal operation model of hydropower station based on
differential evolution algorithm,and worked out the specific steps of that problem. In order to validate the
efficiency of the algorithm,differential evolution algorithm was used in specific calculation of optimal oper-
ation,and finally the calculation results of DE and GA were contrasted. [Result] Example calculations
show that this algorithm has fast convergence,small number of tuning parameters,high calculation accura-
cy»good stability,simple and is easy to be implemented with strong global search capability. [Conclusion])
Differential evolution algorithm has a strong suitability in the optimal operation field of hydropower sta-
tion,and it will be a new method to solve the problem of hydropower station optimal operation.

Key words: hydropower station reservoir;optimal operation;differential evolution algorithm
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Table 1 Calculation results of the optimal operation of a hydropower station based on DE (Gen=100)
Ay NFRES R R e Eaug/ iﬁﬁ%ﬁ i 1 /keW <£§E§&>
Month (m? S D the beginning at the end (m® S D Abandon water Output 0,[ Monthly power
Reservoir inflow of the month of the month Power discharge discharge power station generation

5 290 685. 00 695. 00 251.597 0 0 15.717 2 1.147 4

6 319 695. 00 685. 00 357.403 0 0 22.189 5 1.619 8

7 553 685. 00 695. 00 487.302 9 27.294 0 30. 000 0 2.190 0

8 364 695. 00 695. 00 364.000 0 0 24,016 9 1.753 2

9 411 695. 00 704.00 365.372 6 0 25.547 6 1.865 0

10 338 704.00 704.00 338.000 0 0 24.916 6 1.818 9

11 208 704.00 704. 00 208.000 0 0 15.450 0 1.127 8

12 139 704,00 704,00 139. 000 0 0 10.376 7 0.757 5

1 117 704.00 704.00 117.000 0 0 8.748 5 0.638 6

2 105 704.00 704.00 105. 000 0 0 7.859 2 0.573 7

3 103 704.00 703.76 104.341 9 0 7.800 0 0.569 4

4 150 703.76 685. 00 232.688 5 0 15.625 1 1. 140 6

41t Sum 3 069. 706 27.294 0 208.247 3 15.201 9
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2 BETE/REENE—KBHmKERLAENITELR(Gen=100)
Table 2 Calculation results of the optimal operation of a hydropower station based on GA (Gen=100)
=, A KAz /m A AR AKAL/m T, Fr K/ 5 kit
Hhy (/\E_F'{ﬁ%/) Water level at Water level (ZE‘?‘.&%%/) (m? s 1) Hé‘(yf'j-" ji/l}W (X10° kW « h)
Month R mees the beginning at the end mee s Abandon water utput o Monthly power
eservoir inflow Power discharge . ) power station .
of the month of the month discharge generation
5 290 685. 00 695. 00 251.597 0 0 15.717 2 1.147 4
6 319 695. 00 687.11 350.152 9 0 21.994 8 1.605 6
7 553 687.11 695. 00 481.971 6 39.875 5 30. 000 0 2.190 0
8 364 695. 00 695. 00 364.000 0 0 24.016 9 1.753 2
9 411 695. 00 704.00 365.372 6 0 25.547 6 1.865 0
10 338 704.00 704. 00 338.000 0 24.916 6 1.818 9
11 208 704.00 703.10 213.114 7 0 15.742 5 1.149 2
12 139 703.10 704.00 133.885 3 0 9.947 7 0.726 2
1 117 704.00 703. 44 120. 220 6 0 8.958 4 0.654 0
2 105 703. 44 700. 10 122.227 3 0 8.918 8 0.651 1
3 103 700. 10 694. 94 128.403 5 0 8.9117 0. 650 6
4 150 694. 94 685. 00 188.179 1 0 11.816 8 0.862 6
41t Sum 3057.124 6 39.875 5 206. 489 0 15.073 8
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Fig. 2 Comparison of optimization process of DE and GA
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Table 3 Comparison of annual power generation of hydropower station in many

times of optimization by DE and GA X 10 kW « h
Tk EIER B2 RER WK 5K FH
Algorithm First Second Third Fourth Fifth Average
GA 15.021 4 15.084 7 14.901 5 15.073 7 14.982 1 14.998 7
DE 15.202 1 15.201 9 15.202 0 15.202 1 15.202 1 15.202 1
3 4 HIVEFT o Bl B X s 4 1 A0 530 15 1 O BT R R RN 223K
A "

Tl 2 1 Bk 2 — PRI B0 R BE O S A4 Ty
% 5 AL AL L AR L HONUEAT 42 )R L g
SR AT S R PR G A T EL o R TR Al O A
AT Re o 2R AR B33 L P K Rl K A 14 1R
[ 2 e s S B 3 BT L B i B TR L N O
i 3RO AR SR A R B . R
TRl A1 S 1 A 7K v il 7P A 9 B2 v o 4 SR

(3 RFE = SUR N L [V-9 NI RSB iy RPN A D
S VR RS RO BB Bk A BT S BOR A 4
B A BT 2 B G A T A R R i

(&% k]

(1] Wpales. o 5, B SCR. /K 3K B DR A6 I8 BE LD 7 vk i 4 3
[J]. K B IR A2, 2000,18(3) 1 19-22.
Chang J X, Huang Q. Wang Y M. A discussion on methods of

single reservoir optimal operation [ J]. Hydroelectric Energy,



234

P A e MR K 0 AR

5 40 &

(2]

(3]

[4]

(5]

(6]

(7]

(8]

2000,18(3):19-22. (in Chinese)

Toesc, E OB AR S A K B O AR U EE P g R LT, K
Bl 3k % ,1997.,18(3) 1 275-280.

Ma G W,Wang L. Application of genetic algorithm to optimal
operation of hydropower station [ ]J]. Advances in Water Sci-
ence,1997,18(3) :275-280. (in Chinese)

PR ARG, U7 R T A SR k3 a4k R A Ak A
BE [T, ARtk A K B 24 BE 241 2004, 25(3) - 20-22.

Luo Y X,Zhou M X, Wang W L. Single reservoir optimal oper-
ation based on Genetic Algorithms and Simulated Annealing
[J]. Journal of North China of Water Conservancy and Hydro-
electric Power,2004,25(3) ;20-22. (in Chinese)

R A B AR B T SR AR T R R Y K F K
VEAR AL I8 1 R 5 [0, 75 % B8 T K % 2 41, 2009, 25 (3) : 256-
262.

Ma Y X,Xie J] C,Luo J G. Study on optimum operation based
on organizational evolutionary particle swarm algorithm for hy-
dropower station reservoir [ ]J]. Journal of Xi’an University of
Technology,2009,25(3) :256-262. (in Chinese)

e WL T, BT L AL WO SR LE KRR R Ak 9 B b i i
A DI KB} 2 3k & , 2005, 16(3) : 397-400.

Xu G,Ma G W,Liang W H,et al. Application of antcolony al-
gorithm to reservoir optimal operation [ J]. Advances in Water
Science,2005,16(3) :397-400. (in Chinese)

Kumar D N, Reddy M ]J. Multipurpose reservoir operation u-
sing particle swarm optimization [ J]. Journal of Water Re-
sources Planning and Management,2007,133(3):192-201.

TR H AR B TN R T ) A 2 A R R K PR AL
PR L) Ky R 2441, 2009, 28 (4) 4348,

Ma Y X,Xie ] C,Luo J G. Study on optimal operation of reser-
voir based on directional self-learning genetic algorithm []J].
Journal of hydroelectric engineering, 2009, 28 (4): 43-48. (in
Chinese)

Stron R.Price K. Minimizing the real functions of the ICEC 96
contest by differential evolution [C]//IEEE Conference on Ev-

olutionary Computation, Nagoya,1996.:842-844.,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Storn R, Price K. Differential evolution-a simple and efficient
heuristic for global optimization over continuous spaces [ J].
Journal of Global Optimization,1997,11(4) :341-359.
TR IR BT M R BRI SRR (U], R
TR H AR, 2008,3009) :1793-1797.
Su H J,Yang Y P,Wang Y J. Research on differential evolu-
tion algorithm; A survey [ J]. Systems Engineering and Elec-
tronics,2008,30(9) :1793-1797. (in Chinese)
BONIRE OER G ST HE N O R R ok
THEERAL [T]. AR 542 . 2010,31(8) :188-191.
Li J.,Zhou M J,Zhu W J,et al. Optimal control of urban water
supply scheduling by self-adaptive differential evolution algo-
rithm [J]. Chinese Journal of Scientific Instrument, 2010, 31
(8):188-191. (in Chinese)
X K kAR — Bl SR i H g 2 U AR 43 I ) R A e B A
A (1], A E R AL TR . 2008, 28(5) : 100-105.
Liu Z F,Zhang ] H. An Improved Differential Evolution Algo-
rithm for economic dispatch of power systems [ J]. Proceed-
ings of the CSEE,2008,28(5) :100-105. (in Chinese)
ERSLE O W.E DL E S ET g 13t
SEHL TR BN L2009, 45(28) : 13-16.
Wang P C,Qian X, Wang Y.,et al. Overview of differential e-
volution algorithm [ J]. Computer Engineering and Applica-
tions,2009,45(28) :13-16. (in Chinese)
N AR 3 AL SR TR A ) e A A TR BE R B B Y S
H [T, KILR22 B Bl . 2003,20(2) :13-15.
Wang X A, Li C J. Research and application of genetic algo-
rithm to cascade hydroelectric stations’ short-term optimiza-
tion scheduling [J]. Journal of Yangtze River Scientific Re-
search Institute,2003,20(2) ;:13-15. (in Chinese)
sk MR R B R A5 SO R TR O AL S VA TE K L 3 R
AL 98 B2 ob i BRI SE (0. KR 2412, 2009, 40 (4) : 435-441.
Zhang J,Cheng C T, Liao S L,et al. Application of improved
particle swarm optimization algorithm to operation of hydro-
power station group [ J]. Journal of Hydraulic Engineering.,

2009,40(4) :435-441. (in Chinese)



