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Abstract: To address the coexistence of short-term power fluctuations and cross-seasonal
energy mismatches in low-carbon communities with high photovoltaic penetration, this study
proposes a hierarchical optimal scheduling method for an electric-hydrogen hybrid energy
storage system. This method progressively implements seasonal hydrogen-storage targets,
linking annual target generation, monthly risk buffering, and intraday rolling execution within a
closed-loop scheduling framework. At the annual level, a Markov decision process is
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formulated to generate seasonal hydrogen-storage targets while accounting for the impacts of
hydrogen inventory, battery state of charge, and accumulated degradation on future operating
costs. At the monthly level, a two-stage stochastic programming model incorporating
photovoltaic and load disturbances is developed to translate annual hydrogen targets into
weekly plans with security margins. At the intraday level, model predictive control is adopted
for rolling optimization, while fast/slow net-load decomposition and a nonlinear battery-
degradation cost are incorporated to guide batteries in compensating for short-term
fluctuations and in hydrogen storage during monthly and seasonal energy shifting. Case
studies based on 8760 h source-load data from a low-carbon community show that, under the
given device capacities, the electric-hydrogen hybrid storage model reduces the annual
operating cost and power shortage by 44.07% and 97.87%, respectively, compared with a
benchmark without hydrogen storage. Compared with an annual-intraday two-level structure,
the proposed three-level model reduces the root-mean-square error in hydrogen-inventory
tracking over a typical week from 36.31 to 27.37 MWh. Incorporating the nonlinear
degradation cost reduces the proportion of discharging periods exceeding the single-period
high-discharge penalty threshold from 50.92% to 1.50%, lowers the annual battery throughput
from 1626.44 to 432.90 MWh, and decreases equivalent full cycles from 271.07 to 72.15.
Across eight external-disturbance scenarios, the monthly stochastic layer reduces the
average power shortage by 9.5% and increases the average actual minimum hydrogen
inventory by 12.9 MWh while only increasing the average cost by 0.13%. The results
demonstrate that the proposed method effectively coordinates long-duration hydrogen
shifting, short-term battery regulation, and uncertainty-risk buffering in low-carbon-community
energy systems.
Keywords: low-carbon community; electric-hydrogen hybrid energy storage; cross-seasonal
hydrogen storage; hierarchical optimal scheduling; Markov decision process;
battery degradation cost
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Fig. 1 Schematic diagram of the electric-hydrogen
hybrid storage system in a low-carbon community
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Table 8 Extended benchmark comparison for verifying the necessity of the monthly stochastic layer under the

baseline forecast scenario
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Table A1 Comparative model settings
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Table A2 Main system parameters
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Table A3 Definitions of external disturbance scenarios
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Table A4 Operating performance comparison with and without hydrogen storage
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Table A5 Quantitative summary of key results
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Table A6 Nomenclature
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