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Large-scale energy storage aggregation method for economic dispatch deviation suppression
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Abstract: Energy storage aggregation is an essential mean for effectively managing the participation of large-scale
storage in power system dispatch. However, existing energy storage aggregation methods primarily focus on numerical
aggregation of energy storage physical parameters, resulting in high computational complexity. Moreover, after
aggregation, discrepancies often arise between the aggregated and actual dispatch outcomes, making these methods
difficult to apply directly in practical power system dispatching decision. To address these issues, this paper proposes a
large-scale energy storage aggregation method for suppressing economic dispatch deviation. The core idea is to minimize
the overall operating cost difference between dispatch schemes before and after storage aggregation. By optimizing the
aggregation parameters, a virtual storage model is constructed such that its participation does not interfere with the
optimal dispatch of other resources. A bi-level optimization model is established to aggregate large-scale storage units into
a virtual storage system. Based on the KKT conditions, the model is then transformed into a single-level model to
determine the virtual storage parameters. To ensure adaptability of the virtual storage parameters in system dispatch, a
multi-scenario aggregation approach is further developed to accommodate evolving system conditions. Finally, case
studies on the PJMS, IEEE118, and a provincial 661-node system demonstrate the effectiveness and adaptability of the
proposed method.
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Fig. 1 Virtual energy storage parameter decision framework for

minimizing economic dispatch deviation
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Fig. 2 Virtual energy storage parameter decision process

considering multiple scenarios
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Table 1 Energy storage parameters of distribution system
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Table 2 Comparison of total operating costs of MO—M2

methods under PIM5-node system
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Fig. 3 Economic scheduling of various resources using M0 and

M2 methods in four scenarios at PIM5-node system



- 182 -

W) R Gy B

F MO Al M2 FIIZ4T A 25 ot b, BB AT %n, M2
THE R 1—4 7F 24: 00 WA B T i 22,
Y5t 4 76 05: 00—10: 00 HFL T A w2z . Kk
HE— X LG UE R G L bR D) Fas AT R
X3 4H T PIMS WAL N M1 M2 77k
HRESR G IR MRS E, H, M1 J7idsR1G M
Bl Be 78 I L B K IIHEN T0MW, & & A
4558.8 MWh, H M2 J7i£R1G -GS BUEMERER
BRINE AN 160 MW, %58 N 6000 MWh.
#F 3 PIMS TR AZG THEREFSH
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Table 4 IEEE118-node system parameters after

energy storage aggregation
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Fig. 6 Energy storage scheduling of M0 and M1 methods

in partial scenarios of IEEE118-node system
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Table 5 Deviation optimization results and calculation time of

M1 method in multiple scenarios
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Table 6 Statistical table of probability of exceeding limits

in different scenarios
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Table 7 Robustness test of historical data using Gaussian

noise perturbation
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Table 8 Solution time of the proposed method under
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