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Abstract: Effective monitoring and management of renewable energy resources are essential for ensuring reliable, efficient, and 
sustainable microgrid operation. Traditional energy monitoring methods are often manual, inefficient, and unable to provide 
real-time insights into system performance, leading to energy losses and delayed fault detection. This paper presents an IoT-
based Renewable Energy Monitoring System for Microgrids that utilizes smart sensors, cloud computing, and real-time data 
analytics to improve energy management. The system continuously monitors parameters such as voltage, current, power 
generation, battery status, and load consumption, transmitting data to a cloud-based platform for analysis and visualization. In 
case of abnormal conditions or system faults, automated alerts are generated to enable quick response and preventive 
maintenance. By integrating IoT technology, the proposed system enhances energy efficiency, improves system reliability, 
reduces operational costs, and supports sustainable utilization of renewable energy sources. This solution contributes to the 
development of smart, resilient, and intelligent microgrid infrastructure 
Keywords: IoT, Renewable Energy Monitoring, Microgrid, Smart Energy Management, Real-Time Monitoring, Cloud 
Computing. 
 

I. INTRODUCTION 
Renewable energy sources such as solar and wind are playing a major role in modern electricity generation because they are clean, 
renewable, and environmentally safe. To efficiently use these energy sources, microgrids are developed as small-scale power systems 
that can produce, control, and distribute electricity within a limited area. A microgrid can work either connected to the main power grid 
or independently in island mode, which makes it suitable for rural regions, remote areas, educational campuses, and small communities. 
By combining renewable energy sources with battery storage systems, microgrids can supply stable and continuous electrical power. 
However, renewable energy production is not always stable because it depends on weather conditions such as sunlight and wind speed. 
This can lead to problems like voltage variation, imbalance in power supply, and other operational difficulties. Therefore, an advanced 
monitoring and fault detection system is necessary to ensure efficient operation of renewable energy microgrids. Using sensors, 
microcontrollers, and Internet of Things (IoT) technology, important electrical parameters like voltage, current, temperature, and battery 
condition can be measured continuously. The collected information can then be sent to a cloud platform for monitoring and analysis. 
Intelligent algorithms can examine this data and quickly detect abnormal conditions in the system. When a fault is detected, the system 
can immediately generate alerts so that operators can take corrective actions. This approach improves the reliability, safety, and 
efficiency of the microgrid. In addition, it helps reduce maintenance costs and ensures a stable power supply. Therefore, this project aims 
to design a smart monitoring framework for renewable energy microgrids that can detect faults at an early stage and support effective 
energy management 

II. RELATED WORK 
Renewable energy monitoring in microgrids has gained significant attention due to the increasing integration of distributed energy 
resources such as solar photovoltaic systems, wind turbines, and battery storage units. 
 
A. Sujatha Rajkumar [2] 
This work proposed an IoT-based renewable energy monitoring system designed to track solar photovoltaic performance using 
voltage, current, and temperature sensors integrated with Arduino microcontrollers. The collected data is transmitted to cloud 
platforms for real-time monitoring and analysis. The system enables predictive maintenance and efficient energy management by 
detecting abnormal performance in renewable sources. Alerts are generated when energy output deviates from expected levels, 
improving operational efficiency and reducing maintenance costs. 
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B. Nitin Asthana [7] 
Presented a smart energy monitoring platform specifically designed for microgrid applications using wireless sensor networks 
(WSN) integrated with GSM communication modules. The proposed system focuses on continuous and real- time monitoring of 
critical electrical parameters such as voltage fluctuations, current variations, power consumption, and load conditions in distributed 
energy systems. Sensor nodes are strategically placed across different points of the microgrid to collect accurate operational data 
from renewable energy sources and connected loads. The collected data is transmitted and   the  wirelessly to a central monitoring 
unit, reducing the complexity of wired communication infrastructure. The use of GSM technology enables reliable long-distance 
communication and allows system operators to access monitoring information remotely. One of the key features of the system is its 
ability to generate real-time SMS alerts during abnormal operating conditions.  
 
C. Aarthi.M[5] 
Presented a smart renewable energy monitoring system for microgrid applications using wireless sensor networks (WSN) integrated 
with GSM-based communication modules. The proposed system enables continuous real-time monitoring of critical electrical 
parameters such as voltage variations, current fluctuations, power flow, and energy consumption in distributed renewable energy 
systems. Sensor nodes deployed across the microgrid collect operational data and transmit it wirelessly to a central monitoring unit, 
thereby reducing wiring complexity and installation cost. The use of GSM technology allows remote access to system data and 
ensures reliable long- distance communication between the microgrid and system operators. During abnormal operating conditions 
such as overload, short circuits, inverter failures, or voltage instability, the system automatically generates instant SMS alerts, 
enabling quick fault identification and corrective action. 
 
D. B.D. Parameshachari [4] 
Proposed an intelligent microgrid monitoring and control system based on wireless sensor networks (WSN) and embedded 
controllers for effective supervision of renewable energy sources and battery energy storage systems. The system architecture was 
designed to continuously monitor key electrical and operational parameters such as voltage levels, current flow, power output, 
frequency variations, and battery state of charge (SOC). Realtime data acquisition units collect sensor data from multiple points 
within the microgrid and transmit it to a central processing unit for analysis. The embedded controller processes the received data 
and enables automated decision-making for stable microgrid operation. Relay control modules were incorporated to perform 
protective actions such as load isolation, source switching, and fault clearing during abnormal conditions. The system is capable of 
detecting critical issues including voltage imbalance, power fluctuations, overloading, short circuits, and battery degradation. Early 
detection of battery performance issues helps in preventing deep discharge and extends battery lifespan. The system is particularly 
suitable for renewable energy-based microgrids, where intermittent power generation requires continuous supervision. Overall, the 
work highlights the importance of intelligent monitoring and embedded control in achieving efficient, reliable, and resilient 
microgrid systems. 
 
E. Dr. Devaraju Ramakrishna [11] 
IoT-enabled smart grid monitoring framework that integrates PLC-based control systems with SCADA hardware platforms for 
effective supervision of renewable energy–based power systems. The proposed architecture focuses on centralized monitoring and 
intelligent control of smart grid operations. Various sensors were deployed throughout the system to measure energy flow, inverter 
output parameters, voltage, current, power quality, and environmental conditions such as temperature and irradiation that influence 
renewable energy generation... The PLC system ensures reliable and deterministic control actions, making it suitable for industrial- 
scale smart grid applications. The system can detect abnormal conditions such as power imbalance, inverter inefficiencies, and 
environmental disturbances, and initiate corrective actions automatically. Centralized monitoring improves situational awareness 
and reduces manual intervention. 
 
F. SuditBhutada [10] 
IoT-based microgrid energy monitoring system aimed at improving the performance and reliability of renewable energy systems. 
The system was developed using Arduino and NodeMCU microcontrollers, which provide flexible and low- cost embedded control 
for microgrid applications. The proposed architecture continuously monitors critical parameters such as solar panel output voltage 
and current, battery state of charge (SOC), load demand, and overall energy consumption. Sensor data is collected in real time and 
transmitted wirelessly to cloud based platforms for storage and analysis.  
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Cloud dashboards provide clear graphical visualization of system performance, allowing users to track energy generation and 
consumption remotely. When energy consumption exceeds these limits or abnormal conditions are detected, instant alerts are 
generated to notify the user. This alert mechanism enables timely corrective action and prevents excessive battery discharge or 
system overload. 
 
G. SamihaSultana [13] 
Remote and off-grid microgrid installations, integrating GPS tracking and GSM communication technologies with IoT platforms. 
The proposed system enables continuous real-time monitoring of key parameters such as power generation, battery health, voltage 
levels, current flow, and environmental conditions that affect renewable energy performance. Automated alert mechanisms notify 
system operators during abnormal conditions such as battery degradation, power imbalance, or environmental disturbances. Data 
logging supports predictive maintenance by identifying performance trends and potential failures in advance. This reduces 
unexpected system downtime and maintenance costs. Remote monitoring minimizes the need for frequent on-site inspections, 
making the system cost-effective for rural deployments. The system improves overall operational reliability, safety, and energy 
utilization efficiency. Experimental results demonstrated enhanced system performance under varying environmental conditions. 
The proposed solution is highly suitable for rural electrification and off-grid renewable energy microgrids, contributing to 
sustainable and intelligent energy management. 

III. HARDWARE SYSTEMS 
A. Arduino Uno 
The Arduino Uno is a widely used microcontroller board based on the ATmega328P, designed for embedded systems, automation, 
and renewable energy monitoring applications. It operates at 5V with an input voltage range of 7– 12V and includes 14 digital I/O 
pins (6 PWM), 6 analog input pins, and communication interfaces such as UART, SPI, and I2C. With a 16 MHz clock speed, it 
efficiently processes real- time data collected from sensors used in microgrid systems. In a renewable energy monitoring system, the 
Arduino Uno interfaces with voltage sensors, current sensors, power meters, and temperature sensors to measure electrical 
parameters of solar panels, wind turbines, and battery systems. It processes the data and transmits it to communication modules 
for remote monitoring and control. Due to its open-source architecture, low cost, and ease of programming through the Arduino 
IDE, it is highly suitable for real-time energy monitoring 
 
B. Node MCU ESP8266 
The NodeMCU ESP8266 is a Wi-Fi-enabled microcontroller platform designed for IoT-based monitoring and smart energy 
applications. Operating at 3.3V, it includes multiple GPIO pins supporting PWM, SPI, I2C, and UART communication protocols. 
With built-in Wi-Fi connectivity and onboard flash memory, it allows seamless data transmission to cloud platforms such as Thing 
Speak, Blynk, or Firebase. In microgrid renewable energy monitoring systems, NodeMCU enables real-time wireless 
communication between distributed renewable sources and centralized monitoring dashboards. It transmits parameters such as 
voltage, current, power consumption, and battery status to remote operators, enabling efficient energy management and predictive 
maintenance. Its low power consumption and compact size make it ideal for distributed IoT-based microgrid 
 
C. Voltage and Current Sensors 
Voltage and current sensors are critical hardware components used to measure and monitor electrical parameters within renewable 
energy–based microgrid systems. Voltage sensors are employed to continuously monitor the output voltage of solar panels, 
inverters, charge controllers, and battery storage units, ensuring that the system operates within safe voltage limits. Current sensors 
such as ACS712 Hall-effect sensors or current transformers (CTs) are used to measure both generation current and load current in 
the microgrid. These sensors provide high isolation and accurate measurement, making them suitable for power system applications. 
The sensors typically operate at 3.3 V or 5 V, allowing easy interfacing with microcontrollers such as Arduino and NodeMCU. 
these sensors also play a vital role in energy management and load optimization, helping maintain system stability. Overall, voltage 
and current sensors form the foundation of an effective renewable energy monitoring and control system for microgrid. 
 
D. Power and Energy 
Power and energy meter modules such as PZEM-004T or ADE7758 are essential components used for accurate measurement of 
electrical parameters in renewable energy– based microgrid systems. These modules are capable of measuring voltage, current, 
power factor, active power, and cumulative energy consumption in real time.  
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The measured data provides detailed insight into both power generation and load usage within the microgrid. The energy meter 
modules communicate with microcontrollers through serial communication protocols such as UART or Modbus, ensuring reliable 
and fast data transfer. Their compact design allows easy integration into embedded monitoring systems. In a microgrid environment, 
these modules help track energy generated from renewable sources such as solar or wind systems. Continuous energy measurement 
supports effective load management and system balancing. The data can be logged and analyzed for performance evaluation 
and optimization. Accurate energy monitoring improves overall system efficiency and reliability. These modules play a crucial role 
in energy auditing and power quality analysis. Overall, power and energy meter modules enhance intelligent decision-making in 
renewable energy monitoring systems for microgrids. 

 
E. Battery 
A 9 V or 12 V battery pack or a regulated DC power supply is used to provide continuous and stable power to all monitoring system 
components, including microcontrollers, sensors, display units, and communication modules. In many applications, lithium-ion or 
lithium-polymer batteries are preferred due to their high energy density, long life cycle, and lightweight nature. These batteries 
support reliable operation in portable and remote monitoring systems. Voltage regulators and DC-DC converters are employed to 
supply required voltage levels such as 5 V or 3.3 V to different hardware modules. In renewable energy monitoring applications, the 
power supply is often integrated with solar panels and charge controllers to enable sustainable and self-powered operation . The 
charge controller protects the battery from overcharging and deep discharge. This integration allows the monitoring system to 
operate independently from the main grid. A stable power source ensures uninterrupted data acquisition, processing, and 
communication. Reliable power availability is especially important in off-grid and rural microgrid installations. Continuous power 
supply improves system reliability and monitoring accuracy. Overall, an efficient power supply unit plays a crucial role in 
maintaining consistent performance and long-term operation of the renewable energy monitoring system. 

 
IV. DESIGN OF PROPOSED SYSTEM 

The Renewable Energy Monitoring System for Microgrids is developed to monitor and manage renewable energy sources like solar 
panels, wind turbines, batteries, and loads in real time. The system consists of four main layers: sensing, processing, 
communication, and user interface. The sensing layer uses voltage, current, power, and temperature sensors to collect electrical and 
environmental data continuously.  
The processing layer includes microcontrollers such as Arduino, ESP32, or NodeMCU to analyze sensor data, calculate power 
values, and detect faults like overload or battery issues. The communication layer uses wireless technologies like Wi-Fi, GSM, 
Zigbee, or LoRa to send data to cloud platforms and generate real-time alerts. The user interface layer provides web or mobile 
dashboards for remote monitoring and data visualization. 
 

 
Fig. 1. Renewable Energy Monitoring Sy
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Fig 2: The flowchart of data communication and remote Monitoring   
 

V. V CONCLUSION AND FUTURE WORK 
The Renewable Energy Monitoring System for Microgrids provides an effective solution for monitoring and managing distributed 
renewable energy sources such as solar, wind, and battery storage systems. By integrating IoT technologies and real-time data 
acquisition, the system enables continuous supervision of electrical parameters and system performance. Automated alerts and 
remote monitoring improve system reliability and operational safety. Accurate data analysis supports better energy management 
and load balancing. The system reduces downtime by enabling early fault detection and faster corrective actions. It enhances 
overall energy efficiency and power quality within the microgrid. The proposed approach minimizes manual intervention and 
supports intelligent decision-making. The system is suitable for remote, rural, and off-grid applications. Overall, it contributes to 
the development of smart, sustainable, and resilient microgrid infrastructure. the system allows operators to monitor key electrical 
parameters such as voltage, current, power, and energy consumption in real time through a centralized monitoring platform. The 
integration of microcontrollers and wireless communication technologies enables seamless data transmission to cloud-based 
servers or mobile applications for easy access and visualization. This real-time visibility helps operators make timely decisions 
regarding power distribution and resource utilization. The system can also store historical data, which can be used for performance 
evaluation, predictive maintenance, and long-term planning of energy resources. 
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