
2026, Vol 2 Issue 3 | 598 

International Journal of 

                        AI ELECTRICAL CIVIL AND MECHANICAL ENGINEERING 
Peer Reviewed, Referred & Indexed Journal 

                                    ISSN: 3070-0434                         www.zesterapublications.com                           Original Research Paper 

Received: 24-07-2026 | Accepted: 30-08-2026 | Published: 05-09-2026  

SMART MICROGRID ENENRGY MANAGEMENT SYSTEM 
1 T Vijay Kumar, 2  K Ranjith Kumar Reddy, 3 J Mahendar Goud, 4 M Vishnu, 5 R Upendhar 

1Assistant Professor, 2345Students 

Department of  EEE 

Siddhartha Institute of Technology & Sciences, Narapally 

t.vijay.kumar@siddhartha.org.in, 24tq5a0205@siddhartha.co.in, 23tq1a0207@siddhartha.co.in, 

24tq5a0201@siddhartha.co.in, 23tq1a0211@siddhartha.co.in, 

 

Abstract 

 
The Smart Microgrid Energy Management System is an intelligent energy 

management solution designed to monitor, control, and optimize power generation 

and consumption within a microgrid. A microgrid can integrate renewable energy 

sources such as solar photovoltaic (PV) systems, battery energy storage, the main 

utility grid, and electrical loads. Efficient coordination of these sources is essential for 

reducing energy wastage, improving reliability, and maximizing the use of renewable 

energy. 

The proposed system continuously monitors electrical parameters such as voltage, 

current, power, energy consumption, solar generation, and battery status using 

suitable sensors and a microcontroller or energy management controller. The 

collected data is analyzed to determine the availability of renewable energy and the 

current load demand. Based on these conditions, the system automatically manages 

the flow of power between renewable sources, battery storage, the utility grid, and 

connected loads. 

When sufficient solar energy is available, the system prioritizes renewable power for 

supplying the loads and charging the battery. When renewable generation is 

insufficient, stored battery energy or grid power can be utilized. The system can also 

manage non-critical loads during high-demand periods to maintain energy balance 

and reduce unnecessary consumption. 

An IoT-based monitoring system can be integrated to provide real-time visualization 

of energy generation, consumption, battery status, and grid usage. This enables users 

to monitor and analyze the microgrid remotely. The system improves energy 

utilization, supports renewable integration, and provides better control over electrical 

loads. 

 

I. Introduction 

 
The Smart Microgrid Energy Management System is an intelligent system designed to 

monitor, control, and efficiently manage electrical energy within a microgrid. With 

the increasing demand for electricity and the growing use of renewable energy, 

effective energy management has become important for reducing power wastage and 

improving energy reliability. A microgrid can combine solar power, battery storage, 

utility grid supply, and electrical loads into a coordinated energy system. 

The proposed system focuses on continuously monitoring important electrical 

parameters such as voltage, current, power, energy consumption, solar generation, and 

battery status. Sensors are used to collect real-time electrical information, while a 

microcontroller or energy management controller processes the collected data and 

makes appropriate control decisions. 

Renewable energy, particularly solar photovoltaic (PV) power, can be prioritized 

whenever sufficient energy is available. The generated solar power can be used 
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directly to supply connected loads, while excess energy can be stored in a battery for 

later use. When renewable generation is insufficient, the system can automatically 

utilize stored battery energy or obtain additional power from the utility grid. 

The system can also implement load management by monitoring the energy demand 

of connected appliances. During periods of high demand or limited power availability, 

non-critical loads can be reduced or temporarily disconnected. This helps maintain the 

balance between energy generation and consumption and prevents unnecessary 

energy usage. 

 

II. Literature Survey 

Research on Smart Microgrid Energy Management Systems (SMEMS) has increased 

with the growth of renewable energy sources, distributed generation, battery energy 

storage, and smart-grid technologies. A microgrid generally combines distributed 

energy resources, energy storage systems, and electrical loads that can operate in 

coordination with the main utility grid or, in suitable configurations, independently. 

Effective energy management is therefore important for maintaining the balance 

between power generation and demand. 

Early research on microgrid energy management mainly focused on rule-based and 

optimization-based energy management strategies. Rule-based approaches use 

predefined conditions to determine when renewable energy, batteries, or grid power 

should supply the loads. These methods are simple to implement and suitable for 

small systems, but their performance can be limited when energy generation and 

demand vary significantly. 

Researchers have extensively investigated the integration of solar photovoltaic (PV) 

systems into microgrids. Solar energy is clean and renewable, but its generation 

depends on factors such as sunlight, weather conditions, and time of day. Energy 

management systems are therefore required to coordinate solar generation with energy 

storage and load demand to maximize renewable-energy utilization. 

Battery energy storage systems (BESS) have become an important part of modern 

microgrids. Studies have examined battery charging and discharging strategies that 

can reduce dependence on grid electricity and improve the reliability of renewable-

energy systems. Proper battery management is important because excessive charging 

or deep discharge can reduce battery life and system efficiency. 

Another major research area is load management and demand-side management. 

Energy management systems can classify electrical loads according to their priority 

and schedule non-critical loads during periods of high renewable generation or low 

electricity cost. This approach can reduce peak demand and improve the overall 

utilization of available energy. 

Researchers have also explored optimization algorithms for microgrid energy 

management. Techniques such as linear programming, mixed-integer optimization, 

particle swarm optimization, genetic algorithms, and other metaheuristic methods 

have been applied to determine suitable power-dispatch and load-scheduling 
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strategies. These methods can optimize objectives such as operating cost, renewable-

energy utilization, battery usage, and peak-load reduction. 

With the development of Internet of Things (IoT) technology, microgrid systems can 

now collect and transmit real-time information from smart meters, sensors, 

renewable-energy sources, batteries, and loads. IoT-based monitoring enables users 

and energy-management controllers to observe parameters such as voltage, current, 

power generation, energy consumption, and battery status remotely. 

Recent studies have increasingly investigated artificial intelligence and machine 

learning for smart energy management. AI techniques can be used for load forecasting, 

renewable-energy prediction, battery management, anomaly detection, and optimal 

energy scheduling. Forecasting future energy generation and demand can help the 

controller make better decisions before changes occur in the microgrid. 

Research has also focused on grid-connected and islanded microgrid operation. In 

grid-connected operation, the microgrid can exchange power with the utility grid 

according to energy availability and demand. During grid interruptions, an 

appropriately designed microgrid can operate in islanded mode and use available 

renewable generation and energy storage to supply important loads. 

Based on the existing research, the proposed Smart Microgrid Energy Management 

System integrates renewable energy generation, battery storage, utility-grid supply, 

electrical loads, sensing, and automated control into a centralized energy-management 

framework. The system monitors real-time power conditions and selects an 

appropriate energy source based on generation, demand, and battery status. Future 

improvements can include AI-based load forecasting, IoT-based remote monitoring, 

dynamic load scheduling, predictive battery management, and advanced optimization 

algorithms to create a more efficient, reliable, economical, and sustainable microgrid. 

III. System Analysis 

System analysis is an important stage in developing the Smart Microgrid Energy 

Management System. The system is designed to monitor, control, and optimize 

electrical energy within a microgrid. The main requirements include renewable 

energy generation, battery storage, grid supply, load monitoring, and automatic power 

management. Solar panels can be used as the primary renewable energy source for 

generating electricity. Sensors are used to measure voltage, current, power, and 

energy consumption from different sources and loads. A microcontroller or energy 

management controller processes the collected electrical data. The controller 

determines the most suitable power source based on energy availability and load 

demand. Battery status is also monitored to control charging and discharging safely. 

Non-critical loads can be managed during periods of high demand or low power 

availability. An IoT module can provide remote monitoring of generation, 

consumption, and battery conditions. The system is designed to improve renewable-

energy utilization and reduce unnecessary dependence on grid power. Overall, the 

system analysis defines the hardware, software, control, and monitoring requirements 

of the proposed microgrid. 
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Existing Systsem 

In the existing system, electrical energy management is often performed using 

conventional grid systems and manually controlled power sources. Renewable energy 

sources such as solar panels may operate independently without intelligent 

coordination with batteries and electrical loads. Battery charging and discharging may 

be controlled using basic charge controllers with limited energy-management 

capabilities. Users may have to manually monitor power generation and energy 

consumption. Traditional systems generally do not automatically select the most 

suitable energy source according to real-time demand. During periods of low solar 

generation, the system may depend heavily on utility-grid power. Excess renewable 

energy may not always be effectively utilized or stored. Conventional load 

management systems may not prioritize loads according to their importance. Remote 

monitoring and historical energy analysis may also be limited. Fixed control strategies 

may not respond effectively to rapidly changing generation and consumption 

conditions. These limitations can lead to energy wastage, increased grid dependency, 

and inefficient battery utilization. Therefore, an intelligent energy management 

system is required to coordinate different energy sources and loads efficiently. 

Disadvantages of Existing System 

• Limited automation in energy management.  

• High dependence on conventional grid power.  

• Inefficient utilization of excess solar energy.  

• Limited real-time monitoring.  

• Manual control may be required.  

• Poor coordination between renewable sources and batteries.  

• Limited intelligent load management.  

• Fixed control strategies may not adapt to changing conditions.  

• Possible unnecessary battery charging and discharging.  

• Limited remote monitoring capabilities.  

• Difficulty in analyzing historical energy consumption.  

• Higher possibility of energy wastage.  

Proposed System 

The proposed system provides an intelligent and automated approach to managing 

energy within a smart microgrid. The system integrates solar photovoltaic generation, 

battery storage, utility-grid supply, and electrical loads. Sensors continuously measure 

voltage, current, power generation, energy consumption, and battery conditions. A 

microcontroller or energy management controller processes the collected information 

in real time. When sufficient solar power is available, renewable energy is prioritized 

for supplying the connected loads. Excess solar energy can be directed toward 

charging the battery for later use. When solar generation is insufficient, the controller 

can utilize stored battery energy before drawing additional power from the utility grid. 

The system can classify loads according to their priority and manage non-critical 

loads during high-demand conditions. An IoT module can transmit energy 

information to a cloud-based monitoring platform. Users can remotely observe solar 

generation, load consumption, battery status, and grid usage. Automated control helps 
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reduce energy wastage and improve the utilization of renewable energy. Overall, the 

proposed system provides efficient, reliable, and intelligent energy management for a 

modern microgrid. 

Advantages of Proposed System 

• Improves renewable-energy utilization.  

• Reduces unnecessary grid dependency.  

• Provides automated energy management.  

• Supports battery charging and discharging control.  

• Provides real-time energy monitoring.  

• Supports intelligent load management.  

• Reduces energy wastage.  

• Enables IoT-based remote monitoring.  

• Helps reduce peak power demand.  

• Improves overall microgrid efficiency.  

• Supports sustainable energy utilization.  

• Can be enhanced with AI and machine learning.  

IV. Methodology 

The methodology begins with identifying the energy sources, storage requirements, 

and electrical loads that will form the microgrid. Solar panels are selected as the 

renewable energy source, while a battery storage system is used to store excess 

generated energy. Voltage and current sensors are installed to measure power 

generation, consumption, and battery conditions. A microcontroller or energy 

management controller is configured as the central processing unit of the system. The 

controller continuously collects electrical parameters from the solar system, battery, 

grid, and connected loads. A control algorithm is developed to compare available 

generation with the current load demand. When solar power is sufficient, the system 

supplies the loads using solar energy and charges the battery using excess power. 

When solar power is insufficient, stored battery energy is used according to the 

defined operating conditions. If both solar and battery power are insufficient, the 

system can automatically switch to utility-grid power. Load-priority rules can be 

implemented to control non-critical loads during high-demand periods. An IoT 

module can transmit the measured parameters to a cloud platform for remote 

monitoring. Finally, the complete system is tested under different generation, load, 

and battery conditions to evaluate its efficiency and reliability. 

System Architecture 

The system architecture represents the complete flow of energy, information, and 

control within the Smart Microgrid Energy Management System. The system begins 

with the solar PV panel, which generates electrical energy from sunlight. The 

generated power is supplied to the energy-management system and can be used to 

operate connected electrical loads. Excess solar energy is directed toward the battery 

energy storage system for later use. The utility grid acts as an additional power source 

when renewable generation and stored energy are insufficient. Voltage and current 

sensors continuously measure the electrical parameters of the solar source, battery, 
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grid, and loads. These measurements are sent to the central microcontroller or energy 

management controller for processing. The controller compares power generation, 

battery status, and load demand to determine the appropriate power-distribution 

strategy. A relay or switching unit controls the connection between different power 

sources and loads. An IoT communication module transmits important energy data to 

a remote monitoring platform. The user can monitor solar generation, energy 

consumption, battery status, and grid usage through the monitoring interface. The 

controller can also manage non-critical loads according to predefined priority 

conditions. Overall, the architecture provides a complete energy generation, sensing, 

processing, storage, load management, power distribution, and remote monitoring 

system for smart microgrid operation. 

 
 

V. Result and Output 
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VI. Conclusion 
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The Smart Microgrid Energy Management System successfully demonstrates an 

intelligent approach to monitoring, controlling, and optimizing electrical energy 

within a microgrid. The system integrates solar PV generation, battery energy storage, 

utility-grid supply, sensors, loads, and an energy management controller to achieve 

efficient power utilization. 

The system continuously monitors important parameters such as voltage, current, 

power generation, energy consumption, and battery status. Based on the available 

renewable energy and load demand, the controller can select the appropriate power 

source and manage the flow of energy automatically. 

The proposed system helps maximize renewable-energy utilization, reduce 

unnecessary grid dependency, improve battery usage, and minimize energy wastage. 

IoT-based monitoring also provides users with real-time information about the 

operating condition of the microgrid. 

Overall, the project provides a reliable, economical, and sustainable solution for 

modern energy management. The system can be further enhanced by integrating AI-

based energy forecasting, machine learning, smart meters, predictive battery 

management, dynamic load scheduling, and advanced optimization algorithms to 

make the microgrid more intelligent and efficient. 
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