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This work proposed the implementation of battery energy storage system
(BESS) management for voltage regulation in the active distribution network (ADN) with
high penetration of renewable energy sources to enhance the stability of the power
system. The main objective is to reduce the total voltage deviation (VD) at all buses
and minimize the deviation of the state of charge (SoC) from the nominal level to
ensure that the BESS can continue to operate. To achieve this, the L-index is
introduced to identify weak buses and install the main BESS. Subsequently, the BESS
is operated using adaptive droop control to manage its operation efficiently. Moreover,
a SoC restoration technique is proposed to maintain the BESS at nominal charge levels
while regulating voltage. Particle swarm optimization (PSO) and fuzzy multi objective
optimization (FMOO) are used to obtain optimal parameters for controlling the BESS.
The proposed method is tested on the IEEE 33-bus system and IEEE 69-bus system,
divided into four cases as follows: base case, modified |IEEE 33-bus and IEEE 69-bus
with PV and wind power penetration, modified IEEE 33-bus and IEEE 69-bus with PV
and wind power penetration and BESS, and modified IEEE 33-bus and IEEE 69-bus with
PV and wind power penetration and BESS considering SoC restoration.

The simulation results clearly demonstrate the effectiveness and robustness of
the proposed approach. In all tested scenarios, voltage profiles improved when

compared to only renewable energy. At the same time, the final state of charge (SoC)

of each battery remained within its initial value, confirming that the method achieves

both voltage control and SoC management successfully
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