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Abstract: The inherent randomness of wind power makes
it difficult to predict the amount of wind that will be stored
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in a turbine over a long span of time. The prediction error optimization

increases if the prediction time is extended, resulting in a large

deviation between the power output after the application of the

control strategy used to deal with wind power changes and the
actual demand. In order to effectively cope with the dynamic
randomness of wind power, this paper applies a hybrid energy
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storage system composed of energy storage units with different BB T IR SR RE RS, S —Fh BT 20 E 5=

response capabilities and capacities. It proposes a hybrid
energy storage hierarchical model predictive control (MPC)
optimization strategy based on multi-time hierarchy and MPC, to
achieve precise control of wind power and storage. Based on the
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periodic prediction of wind power, a layered dynamic response KR | KU AR RS, TR Ak /N bl

optimization model of energy storage is constructed. The wind

power is transferred over a long time scale by an upper layer by

using an energy storage unit with high power and slow response.

The lower layer uses an energy storage unit with low power and
fast response to smoothen the wind power fluctuations over a
short time scale, and the results of the upper layer optimization
are taken as the state variables of the lower layer optimization.
Through the layered model predictive control, the predictive

information of the wind power cycle at different time levels is

updated continuously, and the optimal control of energy storage

among layers can also be effectively coordinated. For the wind- AR P
storage-combined power generation system in the micro-grid,

the optimal parameters are obtained by changing the rolling 0 gl

i

time domain and step size of the layered MPC. The simulation

results confirm that the strategy can dynamically respond to

wind power changes and effectively reduce the peak-to-valley
characteristics and volatility of the output.
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Fig. 1 Structure of wind-storage combined power generation system
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Fig. 2 Structure of two time-scale energy storage optimization
model based on MPC
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Table 2 Parameters of upper-layer predicted step lengths
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Fig.3 Wind power optimized by upper-layer energy storage of
different predicted step lengths
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Fig. 4 Amplitude-frequency characteristic optimized by upper-
layer energy storage of different predicted step lengths
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Table 3 Evaluation indicators of upper-layer energy storage
optimization of different step lengths
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Table 4 Parameters of upper-layer scrolling time domain
experiment
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Fig. 5 Wind power optimized by upper-layer energy storage of
different time domains
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Fig. 6 Amplitude-frequency characteristic optimized by upper-
layer energy storage of different time domains
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Table 5 Evaluation indicators of upper-layer energy storage of
different time domains
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Table 6 Parameters of lower-layer scrolling time domain experiment
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Fig. 7 Wind power optimized by lower-layer energy storage of
different time domains
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Table 7 Evaluation indicators of lower-layer energy storage of
different time domains
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