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Multi-objective optimal allocation of energy storage reserve capacity considering
line flexibility carrying capacity
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Abstract: To address the problem of insufficient system reserve capacity caused by high wind farm penetration, a
multi-objective optimal allocation method for energy storage reserve capacity considering line flexibility carrying
capacity is proposed. First, the concept of line flexibility carrying capacity is introduced, and a multi-objective optimal
model for energy storage reserve capacity allocation is constructed. Second, for solving the constructed multi-objective
optimization model, an improved normalized normal constraint is proposed, which avoids the inclusion of locally
dominated solutions in the Pareto solution set. Finally, case studies on the modified IEEE39-bus system show that the

proposed method can not only effectively alleviate the reserve shortage problem caused by high wind power penetration,

but also reserve sufficient transmission margin.
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Table 1 Parameters of conventional units

ML A& PS™/MW  PS™/MW  R/MWh R /MWh
1 30 300 150 100 100
2 31 300 150 100 100
3 32 130 20 40 40
4 33 130 20 40 40
5 34 162 25 55 55
6 35 80 20 30 30
7 36 85 25 30 30
8 37 55 10 20 20
9 38 55 10 20 20
10 39 55 10 20 20
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Fig. 5 Predicted power value of wind farms and loads
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Table 2 Relevant parameters of energy storage
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Table 3 Pareto solution set of the optimal allocation model
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m
F\/3ETG Fo/3ETG F\/3ETT Fo/3ET0 T

0.1 690 970 30252
0.2 676 590 30252
0.3 662210 30252
0.4 648 520 30336
0.5 642 520 31357
0.6 639930 32793
0.7 637 640 34265
0.8 635950 35811
0.9 634710 37411
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654 510 30252 0.5000
654 510 30252 0.5000
654 510 30252 0.5000
647 140 30336 0.6802
642270 31357 0.7319
639 920 32793 0.6940
637 640 34265 0.6457
635950 35811 0.5804
634710 37411 0.5000
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Fig. 7 Flexibility carrying capacity of some lines
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Table 5 Results of optimal allocation of energy storage under

different flexibility carrying capacity of some lines
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