
International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 04 April-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              1 

 

AI-Based Intelligent Energy Optimization in Smart Microgrids using Generative 

Adversarial Networks 

 

K Naresh1, B LikhithaPriya2 

1Assistant Professor, Department of MCA, Annamacharya Institute of Technology and Sciences, Tirupati, Andhra 

Pradesh, India. 
2Postgraduate, Department of MCA, Annamacharya Institute of Technology and Sciences, Tirupati, Andhra 

Pradesh, India. 

 

Abstract 

Energy management in smart microgrids has become more dynamic and 

sophisticated due to the growing integration of renewable energy sources. 

Conventional optimization methods frequently fall short in managing 

uncertain energy generation and varying demand. This research introduces 

Generative Adversarial Networks (GANs), an artificial intelligence-based 

method for optimizing energy consumption in smart microgrids. The 

suggested system makes use of a generator and discriminator model to 

identify trends in energy usage and generate outputs with optimal energy 

distribution. 

To facilitate real-time engagement, prediction, and monitoring of energy 

data, a web-based platform is created. Preprocessed datasets that reflect 

actual microgrid circumstances are used to train the model. According to 

experimental findings, the suggested approach increases decision-making 

skills, reduces waste, and improves energy efficiency. This method 

promotes upcoming developments in intelligent energy management and 

can be used to actual smart grid systems. 

To enable real-time involvement, a web-based application is also created, 

which enables users to enter parameters, track forecasts, and evaluate 

system performance. Real and simulated data, as well as preprocessed 

datasets reflecting different microgrid situations, are used to train the model. According to experimental findings, 

the suggested strategy improves decision-making skills, decreases waste, and increases energy efficiency. The 

method shows great promise for real-world application in smart grids and upcoming intelligent energy management 

systems. 
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I. Introduction 

Because they allow for decentralized and effective 

power distribution, smart microgrids are essential to 

contemporary energy systems. Energy flow 

management has grown more difficult as the use of 

renewable energy sources like solar and wind has 

increased. Due to these sources' strong environmental 

dependence, power generation fluctuates and there is 

an imbalance in demand. 

Conventional energy optimization methods rely on 

pre-established guidelines or simple machine learning 

algorithms. Nevertheless, these techniques frequently 

fall short when dealing with intricate and dynamic 

energy patterns. Because of this, microgrid systems 

still experience energy losses, inefficiencies, and 

volatility. 

One potential answer to these problems is artificial 

intelligence. AI algorithms can make accurate 

predictions and adjust to changing conditions by 

learning from past data. The capacity of Generative 

Adversarial Networks to model complex distributions 

and produce realistic outputs has drawn interest 

among many AI techniques. 

Artificial intelligence has become a potent instrument 

for dealing with these issues. AI algorithms are 

capable of learning from past data, seeing trends, and 

forecasting in ambiguous situations. Because of their 

capacity to model intricate data distributions and 

produce realistic results, Generative Adversarial 

Networks have drawn a lot of interest among the 

various AI techniques. GANs are appropriate for 

energy optimization problems since they are 

especially helpful in situations when data 

unpredictability is significant. 

This article proposes a GAN-based solution for smart 

microgrid energy consumption optimization. The 

model creates better energy distribution techniques by 

learning from past energy data. Additionally, a web-

based application is created to give users an interactive 

platform to enter data, view outcomes, and track 

system performance in real time. 

In this work, a GAN-based system is proposed to 

optimize energy consumption in smart microgrids. 

The model creates better distribution techniques by 

learning from data on energy usage. A web-based 

application is also developed to offer real-time 

prediction capabilities, visualization, and user 

interaction. 

II. Objective 

This project's main objective is to create an intelligent 

energy optimization system for smart microgrids 

using cutting-edge AI methods, specifically 

Generative Adversarial Networks (GANs). Efficient 

energy management has become a crucial task due to 

the growing complexity of power systems and the 

increasing integration of renewable energy sources.  

Creating a GAN-based model that can efficiently learn 

and model intricate energy consumption patterns and 

generation trends is one of the system's main goals. 

The system will be able to predict future demand, 

produce realistic energy scenarios, and spot anomalies 

or inefficiencies in energy use by training on previous 

energy data. 

Another key goal of this project is to improve the 

efficiency of energy delivery. By optimizing the 

distribution of available energy resources among 

various microgrid nodes, the suggested system will 

provide steady and dependable power delivery. 

Additionally, it will facilitate dynamic load 

management, which enhances grid performance and 

resilience by redistributing electricity in response to 

shifting demand conditions. 

The project comprises the creation of an intuitive web-

based interface in addition to the analytical and 

optimization capabilities. With the use of this 

interface, users, operators, or stakeholders will be able 

to track energy usage in real time, see trends via 

dashboards and graphs, and get predicted insights 

produced by the GAN model. Additionally, the 

interface will have forecasting capabilities that will 

allow users to predict future energy requirements and 

make well-informed choices. 
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By combining intelligent forecasting, effective energy 

use, and automated decision assistance, the suggested 

method seeks to greatly improve microgrid 

performance. The project enables more intelligent 

energy management, lowers operating costs, and 

promotes sustainable energy practices in 

contemporary power systems by fusing cutting-edge 

AI models with useful visualization tools. 

III. Methodology 

The suggested system blends web technologies, 

machine learning, and data processing using an 

organized methodology. To simulate actual microgrid 

situations, energy-related data is first gathered from 

accessible sources or created artificially. To guarantee 

consistency and accuracy during model training, this 

data is then preprocessed using cleaning, 

normalization, and feature scaling. 

The Generative Adversarial Network, which is made 

up of two neural networks—a discriminator and a 

generator—is the central part of the system. While the 

discriminator compares the created outputs to actual 

data, the generator is in charge of creating efficient 

energy distribution patterns depending on input data. 

The adversarial simultaneous training of both 

networks enables the system to continuously enhance 

its forecasts. 

The model is used to produce optimized energy 

outputs for fresh input data after training is finished. 

These forecasts are incorporated into a web 

application built on Django that allows users to enter 

energy factors and see the outcomes. Additionally, the 

online interface enables the visualization of system 

performance and forecasts, which facilitates the 

interpretation of the outcomes. 

The Generative Adversarial Network architecture 

forms the foundation of the system. The generator and 

the discriminator are the two primary parts of the 

GAN. While the discriminator assesses the produced 

outputs by contrasting them with actual data, the 

generator is in charge of producing efficient energy 

distribution patterns depending on input data. In an 

adversarial fashion, both networks are trained 

concurrently, with the discriminator attempting to 

discern between produced and real input and the 

generator attempting to generate realistic outputs. 

Over time, both networks' performance is enhanced by 

this competitive learning process. 

IV. Dataset 

This project uses a dataset that includes energy-related 

metrics like generation capacity, consumption levels, 

and time-based fluctuations. To enhance model 

performance, the data is standardized and 

preprocessed to eliminate discrepancies. Synthetic 

data is created to simulate various energy scenarios 

inside a microgrid system when real-world datasets 

are scarce. This guarantees the model's ability to 

generalize effectively under a variety of 

circumstances. 

V. Problem Statement 

The inefficiency of energy management in smart 

microgrids is the primary issue this work attempts to 

address. Traditional methods are unable to efficiently 

optimize energy distribution because of erratic 

renewable energy supply and varying demand. This 

results in decreased system performance, inefficient 

use of resources, and energy waste. 

VI. Result and Discussion 

The visual outcomes of using a web-based application 

to implement the suggested system are shown in this 

section. The pictures show how the underlying GAN 

model completes energy optimization tasks in a real-

world setting and how the system communicates with 

users. 

The application's homepage, which acts as the user's 

access point, should be depicted in the first screenshot. 

Usually, this interface offers access to several 

functions, a synopsis of the system, and navigation 

options. The homepage's design ensures that visitors 

can readily comprehend how to proceed with energy 

prediction and analysis jobs by reflecting the system's 

usability and accessibility. 
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An extra screenshot should display data visualization, 

such as charts or graphs, if the system has graphical 

representations. These graphic components make it 

easier to comprehend energy trends, comparisons, and 

optimization results. Graphs improve the results' 

readability and enable users to examine trends in the 

distribution and use of energy. 

A succinct caption that explains the image's meaning 

should be supplied with every screenshot in this 

section. The goal of the interface or output being 

displayed should be explained in the captions so that 

readers may easily grasp the functionality without 

requiring a lot of explanation. Clear explanations and 

appropriate labeling improve the paper's overall 

presentation quality and help readers grasp the 

findings. 

VII. Conclusion 

In this paper, a Generative Adversarial Network-based 

AI method for optimizing energy consumption in 

smart microgrids is presented. By efficiently learning 

energy patterns and producing optimal distribution 

strategies, the suggested system increases productivity 

and decreases waste. By enabling real-time interaction 

and result visualization, the incorporation of a web-

based interface improves usability. The model shows 

how GANs may be used to solve challenging energy 

management issues. To further enhance performance 

and dependability, future work may concentrate on 

incorporating real-time sensor data, growing the 

dataset, and implementing the system in extensive 

smart grid settings. 
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