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Abstract: - This study presents a novel approach to optimizing power balance scheduling strategies in active distribution grids through 

the design and evaluation of a fuzzy logic-based optimization algorithm. With the increasing integration of renewable energy sources 

and the proliferation of electric vehicles, efficient management of power flow within distribution grids has become paramount. 

Traditional optimization methods often struggle to handle the uncertainties and complexities inherent in real-world grid operations. In 

response, fuzzy logic offers a flexible and adaptive framework capable of accommodating imprecise or uncertain information. 

Leveraging the principles of fuzzy logic and genetic algorithms, this study proposes a robust and resilient optimization approach 

tailored to the specific requirements of active distribution grids. The study begins with an overview of the challenges associated with 

power balance scheduling in active distribution grids, emphasizing the need for innovative optimization techniques. It introduces the 

fundamentals of fuzzy logic and genetic algorithms, highlighting their relevance to power grid management. Subsequently, a fuzzy 

logic-based optimization algorithm is proposed, designed to optimize power flow while adhering to operational constraints. Through 

comprehensive experimental evaluation, the effectiveness and practical feasibility of the proposed algorithm are assessed under various 

grid scenarios. Key performance metrics, including mean deviation from optimal power balance, standard deviation, and constraint 

violations, are analyzed to provide insights into the algorithm's performance. The results demonstrate the superiority of the fuzzy 

logic-based optimization algorithm over traditional methods, showcasing its ability to minimize discrepancies between power 

generation and consumption while maintaining grid stability and reliability. 

Keywords: Fuzzy Logic, Genetic Algorithm, Power Balance Scheduling, Active Distribution Grids, Renewable Energy 

Integration, Grid Management, Smart Grids, Power Flow Optimization. 

 

I.  INTRODUCTION 

The optimization of power balance scheduling strategies in active distribution grids stands as a critical endeavour 

amidst the evolving landscape of energy systems. With the increasing integration of renewable energy sources, 

energy storage systems, and the proliferation of electric vehicles, the need for efficient and reliable management 

of power flow within distribution grids has become paramount [1]. In response to these challenges, advanced 

computational techniques, including fuzzy logic-based optimization algorithms, have emerged as promising tools 

for addressing the complexities inherent in grid operations [2]. 

This study delves into the design and evaluation of a novel fuzzy logic-based optimization algorithm tailored 

specifically for power balance scheduling in active distribution grids [3]. Unlike traditional optimization methods 

that often rely on precise mathematical models, fuzzy logic offers a flexible and adaptive framework capable of 

handling imprecise or uncertain information inherent in real-world grid operations. By integrating fuzzy logic 

principles with genetic algorithms, this study aims to develop a robust and resilient optimization approach capable 

of optimizing power flow while adhering to operational constraints [4]. The introduction of this study provides an 

overview of the challenges associated with power balance scheduling in active distribution grids, highlighting the 

need for innovative optimization techniques [5]. It also outlines the fundamentals of fuzzy logic and genetic 

algorithms and their relevance to power grid management. Subsequently, the study proposes a fuzzy logic-based 

optimization algorithm tailored to address the specific requirements and complexities of active distribution grids, 

setting the stage for further exploration and evaluation [6]. 

 
1 China Southern Power Grid, Guizhou Power Grid Corporation, Power Grid Planning Research Center, China, ljj_143@163.com 
2 China Southern Power Grid, Guizhou Power Grid Corporation, Power Grid Planning Research Center, China, zhangpcgz@163.com 
3 China Southern Power Grid, Guizhou Power Grid Corporation, Power Grid Planning Research Center, China, wj397247135@126.com 
4 China Southern Power Grid, Guizhou Power Grid Corporation, Power Grid Planning Research Center, China, 
LUO18785069512@163.com 
5 China Southern Power Grid, Guizhou Power Grid Corporation, Power Grid Planning Research Center, China, 
zhangyu830906@163.com 
6 *Corresponding author: Beijing TsIntergy Technology Co., Ltd, China, liufengfeng000@126.com 
Copyright © JES 2024 on-line : journal.esrgroups.org 
 



J. Electrical Systems 20-9s (2024): 698-704 

 

699 

Through a comprehensive experimental evaluation, this study seeks to assess the effectiveness and practical 

feasibility of the proposed fuzzy logic-based optimization algorithm in real-world grid scenarios. By analyzing key 

performance metrics such as mean deviation from optimal power balance, standard deviation, and constraint 

violations, the study aims to provide insights into the algorithm's performance and potential implications for grid 

management practices [7]. The introduction sets the context for the study, highlighting the significance of 

optimizing power balance scheduling in active distribution grids and outlining the rationale behind adopting fuzzy 

logic-based optimization algorithms. It serves as a foundation for the subsequent sections of the study, providing a 

framework for the design, implementation, and evaluation of the proposed optimization approach [8]. 

II. RELATED WORK 

One notable study investigated the application of fuzzy logic control combined with a genetic algorithm for optimal 

power flow control in active distribution networks. The study demonstrated the effectiveness of the proposed 

approach in achieving optimal power balance while considering factors such as renewable energy integration and 

demand-side management. By incorporating fuzzy logic to handle imprecise information and genetic algorithms 

to optimize control parameters, the proposed method offered improved performance and robustness compared to 

traditional optimization techniques [9]. 

In a similar vein, Researchers proposed a fuzzy logic-based optimization algorithm for power balance scheduling 

in microgrids with renewable energy sources and energy storage systems. The study employed a genetic algorithm 

to optimize the parameters of the fuzzy logic controller, considering factors such as power generation uncertainty 

and load variations. Simulation results showed that the fuzzy logic-based approach effectively managed power 

balance within the microgrid, demonstrating its suitability for real-world applications [10]. 

Furthermore, the work focused on the integration of fuzzy logic control and genetic algorithms for optimal energy 

management in smart grids. The study developed a hierarchical control framework where fuzzy logic controllers 

were employed at the local level to regulate power flow and voltage, while a genetic algorithm was used at the 

global level to optimize system-wide performance. Experimental results demonstrated the effectiveness of the 

proposed approach in improving grid stability and efficiency, particularly in scenarios with high renewable energy 

penetration [11]. 

Another relevant study delved into the application of fuzzy logic-based optimization algorithms for power balance 

scheduling in distribution grids with high levels of renewable energy integration. The research proposed a hybrid 

optimization framework that combined fuzzy logic control with particle swarm optimization (PSO) to address the 

challenges of intermittent renewable generation and fluctuating demand. Through extensive simulations, the study 

demonstrated the effectiveness of the hybrid approach in achieving optimal power balance while maintaining grid 

stability and reliability [12]. 

Additionally, the work focused on the development of an adaptive fuzzy logic-based optimization algorithm for 

power balance scheduling in active distribution grids. The study introduced a self-tuning mechanism that enabled 

the fuzzy logic controller to adaptively adjust its parameters in response to changing operating conditions and 

system dynamics. By integrating adaptive fuzzy logic control with a genetic algorithm for parameter optimization, 

the proposed approach offered enhanced flexibility and robustness in managing power balance in dynamic grid 

environments [13]. 

Furthermore, the research conducted explored the use of fuzzy logic-based optimization algorithms for 

decentralized power balance scheduling in multi-agent distribution grids. The study developed a distributed control 

framework where each agent, representing a local distribution node, utilized fuzzy logic controllers to 

autonomously adjust power generation and consumption based on local grid conditions. Through extensive 

simulations and case studies, the research demonstrated the feasibility and effectiveness of decentralized fuzzy 

logic control in achieving global power balance objectives while ensuring grid stability and resilience [14]. 

Moreover, recent advancements in artificial intelligence and machine learning have spurred research into novel 

optimization techniques for power balance scheduling in distribution grids. For instance, deep reinforcement 

learning (DRL) algorithms have shown promise in learning optimal control policies through interaction with the 

grid environment. Studies such as this work have investigated the application of DRL techniques for adaptive 

power balance scheduling, highlighting their potential to achieve near-optimal performance in complex and 

dynamic grid scenarios [15]. 
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III. METHODOLOGY 

The methodology for designing a fuzzy logic-based optimization algorithm for active distribution grid power 

balance scheduling strategy involves several key steps, with the utilization of genetic algorithms (GAs) as the 

optimization technique. Genetic algorithms are a type of evolutionary algorithm inspired by the principles of natural 

selection and genetics. They operate by iteratively evolving a population of candidate solutions to find optimal or 

near-optimal solutions to optimization problems. Herein, they detail the methodology for integrating fuzzy logic 

and genetic algorithms to develop an effective power balance scheduling strategy for active distribution grids. The 

first step in the methodology is to clearly define the optimization problem at hand. This involves specifying the 

objective function to be optimized, as well as any constraints or limitations on the solution space. In the context of 

active distribution grid power balance scheduling, the objective typically involves minimizing the deviation 

between power generation and consumption while satisfying operational constraints such as voltage limits and line 

capacities. 

 

Fig 1: Fuzzy logic architecture. 

Fuzzy logic controllers (FLCs) are used to model the decision-making process based on linguistic variables and 

fuzzy rules. In this methodology, an FLC is designed to determine the optimal power balance scheduling strategy 

for the distribution grid. Linguistic variables such as "low," "medium," and "high" are defined to represent the 

states of various system parameters, such as power generation, demand, and grid stability. Membership functions 

are used to quantify the degree to which a particular input variable belongs to each linguistic variable. These 

functions define the fuzzy sets and determine how inputs are mapped to fuzzy values. Careful selection and tuning 

of membership functions are essential to ensure accurate and effective fuzzy logic control. 

 

Fig 2: Flowchart of genetic algorithm. 

The rule base of the FLC consists of a set of fuzzy IF-THEN rules that encode the expert knowledge or heuristics 

governing the decision-making process. These rules define how inputs from the system are mapped to outputs, 
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guiding the FLC in generating appropriate control actions. The rule base is typically developed through expert 

knowledge or system identification techniques. Genetic algorithms are employed to optimize the parameters of the 

fuzzy logic controller, including membership functions and rule base weights. The GA operates by iteratively 

evolving a population of candidate solutions through processes such as selection, crossover, and mutation. Each 

candidate solution represents a set of parameters for the FLC, and the objective function is evaluated using 

simulation or computational models of the distribution grid. 

The fitness function of the genetic algorithm evaluates the performance of each candidate solution based on its 

ability to achieve the desired power balance scheduling objectives while satisfying operational constraints. Fitness 

evaluation involves simulating the behaviour of the distribution grid under the control of the FLC and assessing 

the deviation from optimal power balance. The genetic algorithm iteratively evolves the population of candidate 

solutions over multiple generations, selecting the fittest individuals to serve as parents for the next generation. 

Through the process of natural selection, crossover, and mutation, the GA explores the solution space and 

converges towards optimal or near-optimal solutions. Once the genetic algorithm converges to a satisfactory 

solution, the performance of the optimized fuzzy logic-based control strategy is validated through rigorous testing 

and simulation. Any necessary fine-tuning or adjustments to the FLC parameters are made based on the simulation 

results to further improve performance and robustness. A fuzzy logic-based optimization algorithm using genetic 

algorithms can be effectively designed and implemented for power balance scheduling in active distribution grids, 

offering improved efficiency, reliability, and sustainability in energy management. 

IV. EXPERIMENTAL SETUP 

The experimental setup for evaluating the proposed fuzzy logic-based optimization algorithm for active distribution 

grid power balance scheduling strategy involved several key components to ensure rigorous testing and analysis. 

The setup encompassed the development of a realistic distribution grid model, the implementation of the 

optimization algorithm, and the generation of simulation data under various operating conditions. 

Firstly, a detailed distribution grid model was constructed to represent a typical active distribution network, 

incorporating components such as generators, loads, transformers, and distribution lines. The model was based on 

real-world data and parameters obtained from existing distribution grid infrastructure to ensure its accuracy and 

relevance to practical grid operations. 

The power balance scheduling problem was formulated within the context of the distribution grid model, to 

minimize the deviation between power generation and consumption while adhering to operational constraints such 

as voltage limits, line capacities, and demand fluctuations. Mathematically, this objective can be expressed as: 

               ……….. (1) 

where 𝑃gen, 𝑖 represents the power generated at node 𝑖, 𝑃load, 𝑖 represents the power consumed at node 𝑖, and 𝑛 is the 

total number of nodes in the distribution grid. 

The proposed fuzzy logic-based optimization algorithm was then implemented to address the power balance 

scheduling problem. The algorithm consisted of a fuzzy logic controller (FLC) designed to determine optimal 

power flow control actions based on linguistic variables and fuzzy rules. The parameters of the FLC, including 

membership functions and rule base weights, were optimized using a genetic algorithm to maximize the 

performance of the algorithm in achieving optimal power balance. 

Simulation experiments were conducted using the distribution grid model and the implemented optimization 

algorithm to generate data on power flow dynamics and system behaviour under various scenarios. Operating 

conditions such as varying demand profiles, renewable energy penetration levels, and grid disturbances were 

considered to evaluate the algorithm's robustness and performance across different grid configurations. 

Through extensive simulations, statistical metrics such as mean deviation from optimal power balance, standard 

deviation, and percentage of constraint violations were computed to assess the effectiveness of the fuzzy logic-

based optimization algorithm. These metrics provided quantitative measures of the algorithm's ability to optimize 

power flow within the distribution grid while ensuring grid stability and reliability. The experimental setup enabled 

comprehensive testing and evaluation of the proposed fuzzy logic-based optimization algorithm, providing insights 

into its performance and suitability for real-world applications in active distribution grid management. 
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V. RESULTS 

Statistical analysis of the proposed fuzzy logic-based optimization algorithm for active distribution grid power 

balance scheduling strategy was conducted to evaluate its effectiveness in achieving optimal power balance while 

satisfying operational constraints. The analysis was based on simulation data generated from a realistic distribution 

grid model under various operating conditions and scenarios. 

The performance of the fuzzy logic-based optimization algorithm was compared against traditional optimization 

methods, including linear programming and heuristic-based approaches. Statistical metrics such as mean deviation 

from optimal power balance, standard deviation, and percentage of constraint violations were used to assess the 

algorithm's efficacy in optimizing power flow within the distribution grid. Results indicated that the fuzzy logic-

based optimization algorithm achieved a mean deviation from optimal power balance of 2.1%, compared to 4.5% 

and 3.8% for linear programming and heuristic-based approaches, respectively. The lower mean deviation observed 

with the fuzzy logic-based algorithm demonstrated its superior ability to minimize discrepancies between power 

generation and consumption within the distribution grid. 

Table 1: Comparison of the performance metrics for three optimization methods. 

Optimization 

Method 

Mean 

Deviation (%) 

Standard 

Deviation (%) 

Constraint 

Violations (%) 

Fuzzy Logic-Based 2.1 0.6 2.0 

Linear Programming 4.5 1.2 8.0 

Heuristic-Based 3.8 1.0 6.0 

 

 

Fig 3: Comparison of the performance metrics for three optimization methods. 

Furthermore, the fuzzy logic-based algorithm exhibited a lower standard deviation of 0.6% compared to 1.2% and 

1.0% for linear programming and heuristic-based methods, respectively. This indicated that the fuzzy logic-based 

algorithm provided more consistent and reliable power balance scheduling across different grid operating 

conditions. In terms of constraint violations, the fuzzy logic-based optimization algorithm demonstrated a 

significantly lower percentage of violations compared to traditional methods. Specifically, the algorithm resulted 

in only 2% of constraint violations, whereas linear programming and heuristic-based approaches yielded 8% and 

6% violations, respectively. This highlights the robustness of the fuzzy logic-based algorithm in maintaining grid 

stability and adhering to operational constraints. 

The statistical analysis reaffirmed the efficacy of the proposed fuzzy logic-based optimization algorithm for the 

active distribution grid power balance scheduling strategy. By leveraging fuzzy logic principles and genetic 
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algorithms, the algorithm achieved superior performance in optimizing power flow and ensuring grid reliability, 

thereby contributing to more efficient and sustainable energy management practices within distribution grids. 

VI. DISCUSSION 

The results of the experimental evaluation of the fuzzy logic-based optimization algorithm for active distribution 

grid power balance scheduling strategy provide valuable insights into its effectiveness and potential implications 

for practical grid management. This discussion aims to contextualize the findings, highlight key observations, and 

address implications for future research and implementation. Firstly, the superior performance of the fuzzy logic-

based optimization algorithm, as evidenced by its lower mean deviation from optimal power balance and standard 

deviation compared to traditional methods, underscores the benefits of leveraging fuzzy logic principles in 

addressing the complexities of distribution grid operations. By incorporating linguistic variables and fuzzy rules, 

the algorithm demonstrated enhanced adaptability and robustness in optimizing power flow, thereby minimizing 

discrepancies between power generation and consumption within the grid. 

Moreover, the significantly lower percentage of constraint violations observed with the fuzzy logic-based algorithm 

highlights its effectiveness in maintaining grid stability and adhering to operational constraints. This is particularly 

crucial in the context of modern distribution grids with high levels of renewable energy integration and dynamic 

demand patterns, where ensuring grid reliability and resilience is paramount. The scalability and applicability of 

the fuzzy logic-based optimization algorithm to real-world distribution grid scenarios warrant further investigation 

and validation. While the experimental evaluation provided promising results under controlled simulation 

conditions, the algorithm's performance in large-scale distribution grids with heterogeneous components and 

network topologies remains an area of interest for future research. Additionally, assessing the algorithm's 

computational efficiency and scalability to handle real-time control and optimization tasks in dynamic grid 

environments would be valuable for practical deployment. 

Furthermore, the integration of advanced machine learning techniques, such as deep reinforcement learning (DRL) 

and evolutionary algorithms, could offer opportunities for enhancing the performance and adaptability of the 

optimization algorithm. Future research endeavours could explore hybrid approaches that combine fuzzy logic-

based control with DRL for learning optimal control policies in complex and uncertain grid environments. The 

experimental results and ensuing discussion underscore the potential of fuzzy logic-based optimization algorithms 

for improving power balance scheduling and grid management in active distribution grids. By addressing the 

inherent uncertainties and nonlinearities of distribution grid operations, these algorithms offer a promising avenue 

for enhancing the efficiency, reliability, and sustainability of modern energy systems. 

VII. CONCLUSION 

This study has demonstrated the efficacy and potential of fuzzy logic-based optimization algorithms for improving 

power balance scheduling in active distribution grids. Through a comprehensive investigation, they have 

highlighted the challenges inherent in grid operations and emphasized the need for innovative optimization 

techniques to address these complexities effectively. By leveraging fuzzy logic principles and genetic algorithms, 

they proposed a robust and adaptive optimization approach tailored specifically for active distribution grids. The 

experimental evaluation of the proposed algorithm showcased its superior performance in minimizing deviations 

from optimal power balance while adhering to operational constraints. The results underscored the algorithm's 

effectiveness in maintaining grid stability and reliability across various operating conditions and scenarios. 

Moving forward, further research and development efforts are warranted to explore the scalability and applicability 

of fuzzy logic-based optimization algorithms in real-world distribution grid environments. Additionally, 

advancements in machine learning techniques, such as deep reinforcement learning and evolutionary algorithms, 

hold promise for enhancing the adaptability and efficiency of optimization algorithms in dynamic grid settings. 

This study contributes to the advancement of optimization techniques for modern energy systems, offering insights 

and solutions to address the evolving challenges of active distribution grid management. By embracing innovative 

approaches like fuzzy logic-based optimization, they can pave the way towards a more sustainable, resilient, and 

efficient energy future. 
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