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In the development of a new energy system that heavily relies on renewable sources, the Microgrid (MG) has
emerged as a feasible and sustainable solution for promoting the widespread adoption of renewable energy in
grid-connected consumption (Rodriguez et al., 2024). However, the isolated MG's capacity and ability to
withstand disturbances are limited (Cao et al., 2022). To tackle this issue, the Multi-Microgrid (MMG) system
has been introduced (Masrur et a., 2024). The fluctuating, decentralized, and intermittent nature of loads and new
energy outputs within each MG can significantly impact power system operations (Dong et al., 2023). Energy
storage (ES) technology can effectively address the spatial and temporal imbalances between stochastic power
generation and power demand in MGs (Das et al., 2018). However, challenges persist in terms of the complexity
of customizing energy storage capacity, the limited efficiency of energy storage utilization, and the absence of a
defined profit model for investing in energy storage facilities when independently investing in energy storage for
microgrids (Zhang et al., 2021). The emergence of the “sharing economy” model provides a new solution to
manage energy storage in MMG (Bian et a., 2024). By implementing a centralized energy storage sharing
system, each microgrid is furnished with distributed energy storage (DES) of a specific capacity. This setup not
only enhances the economic efficiency of the MMG system through inter-network power assistance but also
provides backup capacity for microgrids during emergencies, thereby enhancing the reliability of MMG
operations.

This paper presents an economical and reliable energy storage and sharing model for MMG systems. The
proposed framework involves a shared energy storage (SES) system that operates under the principle of
centralized sharing and decentralized reuse, as depicted in Figure 1. In this system, the SES is managed and
utilized by MMGs with the aim of minimizing overall investment and operational costs. The SES operator
coordinates the charging and discharging requirements of the MGs, coordinates investment plans for energy
storage facilities, and manages charging and discharging schedules. The centralized energy storage facility offers
charging and discharging services to each participating MG through the distribution grid, while distributed energy
storage units engage in energy storage sharing through inter-grid power assistance. Additionally, the distributed
energy storage units support the backup needs of their respective MGs for isolated operation during emergencies,
thereby enhancing the operational reliability of each MG.

Furthermore, a two-layer alocation model is created for the MMG system with an aim of multi-objective
optimization. The planning layer model is designed to optimize the system’s annua economy and reliability, and
then provides the configuration scheme to the operation layer model. The operation layer model, on the other
hand, is focused on minimizing the daily operating cost of the system to achieve optimal operation. Meanwhile,
the operation layer communicates the system’s operating costs, carbon emissions, and critical load support
coefficients for each typical day to the planning layer, which are used as the foundation for calculating the
planning objectives. It then evaluates the profit contribution of each MG to the SES system using the Shapley
value method, which helps in deciding how to alocate the initial investment cost of the SES system among
different users.
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Figure 1. Framework of energy sharing and storage for multi-microgrid systems

The proposed economical and reliable energy sharing and  storage model for multi-microgrid systems have
the potentia to enhance the utilization of energy storage and effectively balance the economic and reliability
aspects of the energy storage allocation scheme. Future studies could explore integrating distributed network
technologies like blockchain with shared energy storage to optimize the operation of multi-microgrid systems.
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