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Research on energy storage system planning of DC grid with large-scale wind power integration
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(1. China Electric Power Research Institute, Nanjing 210003, China; 2. State Key Laboratory of Advanced
Electromagnetic Engineering and Technology (School of Electrical and Electronic Engineering,

Huazhong University of Science and Technology), Wuhan 430074, China)

Abstract: With the rapid growth of wind power scale, the problem of wind power consumption is becoming increasingly
prominent, and the combination of DC grid and energy storage technology can provide certain technical support for
large-scale wind power consumption. In order to minimize the sum of typical daily energy storage investment, thermal
power unit operation cost and wind abandonment penalty cost, this paper proposes a DC power grid energy storage
capacity planning model. The model considers the coordinated operation of thermal power units, battery energy storage
units and pumped storage units. It is a non-convex nonlinear model, which can not be solved directly by the solver. In this
paper, by means of piecewise linearization, large M method and cone relaxation, the model is transformed into an
equivalent second-order cone programming model. Finally, the simulation results of the multi terminal DC system with
wind power integration show that the energy storage can improve the wind power consumption capacity of the system and
reduce the operating cost of the system, verifying the effectiveness of the proposed model.
This work is supported by Science and Technology Project of State Grid Corporation of China (No. NYN17201600314).
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Table 1 Operation coefficients of coal-fired power units

ol g Bl Bwl/ Mol Myl BRI RD
MW MW  h h  (MWh (MW/h)
1 190 270 15 8 450 450
2 1 90 270 15 8 450 450
3 1 90 270 15 8 450 450
4 6 700 210 10 5 350 350
5 6 700 210 10 5 350 350
6 6 700 210 10 5 350 350
7 7 500 150 8 4 250 250
8 7 500 150 8 4 250 250
9 7 500 150 8 4 250 250

*2 NBHARESY

Table 2 Coefficients of coal-fired power units

B R a; b, ¢
1 1 0.13 135 0
2 1 0.13 135 0
3 1 0.13 135 0
4 6 0.221 153 0
5 6 0.221 153 0
6 6 0.221 153 0
7 7 0.383 170 0
8 7 0.383 170 0
9 7 0.383 170 0
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Fig. 3 Topology of DC system

ARG & LA SER 3 P,
RGBSR 4 iR,
S BT IR ] Sier SO et B 4L B 5

IOt



T B HERRI ) 25 K TR R FL 1 N ) B FEL Y i RE I - 91 -

&3 MENEASH
Table 3 Coefficients of pumping unit
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Table 5 Comparison of different algorithm planning results
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Table 4 Coefficients of branch
T ORGSR BRI R/ MW
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4 2 3 0.498 0 3000
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Fig. 4 Typical daily curves of loads
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Fig. 5 Typical daily curves of wind power
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Table 6 Solution time comparison
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Table 7 Optimization results of different scenarios
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Fig. 8 Optimized results of different energy storage costs
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