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Abstract:

This paper presents an innovative approach for enhancing the performance of renewable-based
microgrids (MGs) by focusing on two key aspects: optimal operation of energy storage systems and
reduction of load unbalance. First, a detailed model of the energy storage system is developed, and its
optimal sizing is performed using a stepwise optimization algorithm considering stability indicators,
state of charge (SoC), and battery lifetime, and battery lifetime. Several scenarios with different SoC
ranges are defined to evaluate their effect on power fluctuation. A novel quantitative index, referred to
as the Smoothness Index (SI), is proposed and used to assess the performance of the system in each
scenario. In the second step, an adaptive decision-making algorithm is proposed to utilize single-phase
electric vehicles (EVs) for load balancing and neutral current reduction. The proposed algorithm
adaptively assigns EVs to the underloaded phases in the MG. Simulation results show that operating
the battery within the SoC range of 20% to 80% provides a suitable trade-off between power
smoothing and battery durability. Moreover, the intelligent deployment of single-phase EVs leads to a
48% reduction in neutral current and a 12% increase in the Sl index. The findings indicate that
combining optimized storage utilization with smart EV allocation can significantly improve power
quality and operational stability in MGs.
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Figure (1): Schematic of energy storage sizing
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Figure (2): connection of wind turbine and storage to MG
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Figure (3): Wind speed values applied to the wind turbine
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Figure (4): Wind turbine power generation values
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Figure (5): Battery storage charge and discharge power values
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Figure (6): Total power values of wind turbine and battery storage
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Figure (7): Wind turbine output power values and battery charging and discharging
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Figure (8): Battery State of Charge (SoC) values
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