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ABSTRACT: To mitigate the impact of wind power
fluctuations on the grid, deploying energy storage on the wind
farm side is effective. However, with diverse and costly storage
technologies, finding an economically viable solution is
challenging for offshore wind grid parity. To address this, a
hybrid electro-hydrogen energy storage planning method
considering multi-time-scale wind power fluctuations is
proposed. First, variational mode decomposition (VMD) is
combined with a fluctuation spectrum to decompose and
allocate different time-scale fluctuations for storage. A modal
allocation matrix maps fluctuations in the time-frequency
domain to storage capacities. Second, a life cycle cost model is
developed, considering the differences in lifespan and costs of
electro-hydrogen storage between offshore and onshore
locations. Additionally, overall conversion efficiency and
cost-reduction benefits to transmission equipment are included.
Finally, an improved normalized normal constraint (INNC)
method optimizes the planning model by expanding the Pareto

frontier. Simulation results validate the method’s effectiveness.
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Fig. 2 Spectral analysis results of the fluctuation of
offshore wind power
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Table 1 Comparison of decomposition effects
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Table 2 Single objective and compromise optimal solution
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Fig. A1 8760h power curve of offshore wind farm



