[ Downloaded from jeps.dezful.iau.ir on 2025-10-25 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 4 — Winter 2025
P-ISSN: 2322-2468, E-ISSN: 2981-0272, https://jeps.dezful.iau.ir/

Research Article

Multi-Objective Energy Management Optimization in Smart
Distribution Networks Using a Hybrid Fuzzy-Genetic Algorithm
in the Presence of Renewable Energy Sources, Electric Vehicles,

and Energy Storage Systems

Hadi Tavalaei?, Ph.D. Student, Mahmoud Samiei Moghaddam?*, Assistant Professor, Mojtaba Vahedi?,
Assistant Professor, Nasrin Salehi4, Associated Professor ,Mohamad Hoseini Abardeh®, Assistant
Professor

'Department of Electrical Engineering, Shahrood Branch., Islamic Azad University, Shahrood, Iran.
Tavalaei@iau.ir
2 Department of Electrical Engineering, Damghan Branch, Islamic Azad University, Damghan, Iran.
samiei352@iau.ac.ir
3Department of Electrical Engineering, Shahrood Branch, Islamic Azad University, Shahrood, Iran.
Vahrdi.mojtaba@iau.ac.ir
4 Department of Basic Sciences, Shahrood Branch, Islamic Azad University, Shahrood, Iran.
salehi@iau.ac.ir
SDepartment of Electrical Engineering Shahrood Branch, Islamic Azad University, Shahrood, Iran.
hoseini.abardeh@iau.ac.ir

Abstract:

In this paper, a novel framework for energy management in smart distribution networks is presented,
which employs a hybrid fuzzy-genetic algorithm to solve a multi-objective optimization model. The
proposed model is designed to reduce energy losses, improve voltage profiles, minimize operational
costs, and mitigate environmental pollution, while effectively addressing the dynamic characteristics of
load demand and uncertainties associated with renewable energy sources. The model incorporates the
interaction among distributed generation resources, energy storage systems, and electric vehicles within
a 24-hour scheduling framework. For optimization, a hybrid algorithm is utilized: fuzzy logic first
identifies priority search regions, followed by the genetic algorithm extracting the optimal solution.
Simulation results on standard 33-bus test systems demonstrate significant reductions in energy losses,
enhanced voltage quality, and improved system efficiency compared to conventional methods. The
proposed approach provides a flexible, efficient, and scalable solution, demonstrating high capability in
addressing the complexities of future-oriented distribution networks.
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Figure (1): Flowchart of the proposed framework for optimizing distribution network performance, considering demand
response, renewable energy resources, batteries, electric vehicles, OLTC, and voltage regulators using a fuzzy-genetic
algorithm.
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Figure (2): Analytical diagrams of the optimal operation results for the 33-bus distribution network under the proposed
model, including the fuzzy-genetic algorithm and smart control devices
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