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Table 2 Pareto optimal operation schemes obtained by MMODE for with 70% typical inflow
E/( kW «h) Wo/ w’ E/( kW *h) W,/ w E/( _kWe<h) W,/
1 1009. 09 -4.13 11 1014. 58 -17.37 21 1017. 46 -31.95
2 1009. 13 -4.14 12 1015.13 -18.76 22 1017. 60 -33.57
3 1009. 82 -5.80 13 1015. 66 -20.09 23 1017.74 -35.20
4 1010. 47 -7.35 14 1016. 12 -21.44 24 1017.94 —-36.98
5 1011. 10 -8.87 15 1016. 61 -22.83 25 1018. 16 —-38.89
[§ 1011. 74 -10.43 16 1016.76 -24.28 26 1018. 36 -40. 80
7 1012. 28 -11.76 17 1016. 89 -25.75 27 1018. 58 -42.81
8 1012. 85 -13.16 18 1017. 04 -27.27 28 1018.76 -45.09
9 1013. 45 -14.65 19 1017.17 -28.85 29 1018. 85 -47.64
10 1014.02 -16. 10 20 1017.32 -30. 34 30 1018. 94 —-50.22
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Fig. 3 Outputs of Three Gorges hydropower station of typical Fig. 4 Outflows of Three Gorges hydropower station of typi—
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Multi-objective optimization model for ecological operation in Three
Gorges cascade hydropower stations and its algorithms*

LU Youdin' ZHOU Jianzhong' WANG Hao'> ZHANG Yong-chuan'
(1. Huazhong University of Science and Technology Wuhan 430074 China;

2. China Institute of Water Resource and Hydropower Research Beijing 100038 China)

Abstract: A multi-ebjective optimization model for ecological operation in Three Gorges cascade hydropower stations
is proposed. The model considers the restrictive relationship between power generation and ecological restoration in
Three Gorges and balances the needs of competing interests of power generation and ecology. The objective functions
are designed to maximize power generation while minimizing ecological water requirements for which a multi-ebjective
differential evolution ( DE) algorithm is proposed. The evolutionary operators in the DE algorithm are modified ac—
cording to the inherent nature of multi-objective optimization problems. A local chaotic search strategy is designed to
perform multi-objective optimization thus solving the problem of premature convergence in the DE algorithm. A non-
penalty-based constraint handling algorithm is proposed to handle complicated problems in multi-objective optimization
for ecological operation. The model is applied to the optimized ecological operation in Three Gorges cascade hydropow—
er stations. The result demonstrates the effectiveness and practicality of the proposed model in engineering applica—

tions.

Key words: ecology operation; multi-objective; differential evolution algorithm; chaotic sequence; constraints han—

dle; Three Gorges cascade hydropower stations
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