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ABSTRACT : 

PowerSync is a real-time energy monitoring system designed for industrial facilities to enhance energy efficiency and optimize resource utilization. Using ESP32 

microcontrollers interfaced with Schneider Electric energy meters via RS485, the system collects and displays critical energy data on a Python-based local server 

with interactive dashboards. Features include real-time insights, alerts for abnormal usage, remote monitoring, and automated reporting, helping to identify 

inefficiencies and improve sustainability. 
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Introduction : 

PowerSync is a real-time energy monitoring solution designed to address energy management challenges in industrial facilities. By integrating an ESP32 

microcontroller with Schneider Electric energy meters via RS485, the system collects key energy metrics, including voltage, current, power factor, and 

total energy consumption. Unlike cloud-based systems, PowerSync uses a Python-based local server for secure data processing, visualization, and storage, 

ensuring greater control and faster response times. 

The system features real-time dashboards, customizable alerts for abnormal energy patterns, remote monitoring, and automated reports, enabling facility 

managers to optimize resource utilization, reduce costs, and enhance overall energy efficiency. 

Objectives : 

Real-Time Data Collection: To continuously monitor and collect key energy parameters such as voltage, current, power factor, active and reactive 

power, and total energy consumption from industrial facilities using Schneider Electric energy meters interfaced with ESP32 microcontrollers. 

Data Processing and Visualization: To process the collected energy data locally using a Python-based server and visualize it in real-time through user-

friendly dashboards (such as Grafana) for easy analysis and monitoring. 

Energy Efficiency Optimization: To identify energy inefficiencies by analysing consumption trends, providing actionable insights, and generating 

automated energy reports to aid in optimizing energy usage and reducing operational costs. 

Custom Alerts for Abnormal Patterns: To implement customizable alert systems that notify users of abnormal energy consumption or potential 

equipment malfunctions, allowing for timely intervention and corrective measures. 

Remote Monitoring: To enable remote monitoring capabilities, allowing facility managers to access energy data and manage the system from any device, 

ensuring continuous oversight and efficient energy management.  

Sustainability and Cost Savings: To improve overall sustainability by promoting smarter energy usage, reducing waste, and minimizing energy costs 

in industrial settings. 

Methodology : 

Energy Data Acquisition: Schneider Electric energy meters communicate with ESP32 microcontrollers via RS485 using MODBUS RTU to collect 

parameters like voltage, current, and energy consumption. 

Data Processing: The ESP32 processes raw data from energy meters, validates it, and formats it into meaningful metrics for further analysis. 

Data Transmission: Processed data is sent to a Python-based local server using HTTP POST requests for secure and efficient transfer. 

Data Visualization: The local server processes and stores data, displaying it in real-time on Grafana dashboards for easy monitoring. 

Alerts and Notifications: Customizable alerts are triggered for abnormal energy usage or equipment issues, with notifications sent via email or mobile. 
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Historical Analysis: Stored data is analyzed to identify trends, inefficiencies, and optimization opportunities for energy management. 

Remote Monitoring: Dashboards are accessible from web or mobile devices, allowing managers to monitor energy usage anytime, anywhere. 

Communication Protocols : 

RS485 with MODBUS RTU: Facilitates robust communication between energy meters and ESP32, ideal for long-distance and industrial environments. 

HTTP: Enables reliable data transmission from the ESP32 to the local server, ensuring real-time updates and ease of implementation. 

MQTT: Offers lightweight, low-latency communication for energy data transfer, suitable for real-time IoT applications. 

Wi-Fi: Provides wireless connectivity for the ESP32 to communicate with the local network and server seamlessly. 

TCP/IP: Serves as the backbone for HTTP and MQTT protocols, ensuring secure and reliable network communication. 

Block Diagram : 

 
Fig 1. PowerSync  

Advantages : 

Cost-Effective Implementation: PowerSync uses affordable ESP32 microcontrollers and integrates with existing Schneider Electric energy meters, 

minimizing costs. Open-source software reduces licensing expenses, while minimal infrastructure changes and scalability make it ideal for expanding 

monitoring needs. 

Real-Time Monitoring & Quick Response: The system provides instant energy data access and immediate alerts for anomalies. Dynamic load balancing 

and proactive maintenance ensure quick responses to power issues, optimizing resource utilization. 

Data-Driven Decision Making: With energy analytics, historical trends, and pattern recognition, PowerSync identifies inefficiencies and optimizes 

usage. ROI calculations and data insights support evidence-based efficiency improvements. 

Flexible Integration & Scalability: PowerSync integrates seamlessly with SCADA systems, supports various protocols, and scales effortlessly with its 

modular, cloud-enabled architecture. Cross-platform access ensures easy monitoring from any device. 

Advanced Visualization & Reporting: Customizable dashboards provide real-time energy insights, while automated reports simplify reviews. A mobile-

friendly interface and data export options enable deeper analysis and remote monitoring. 

Applications : 

Industrial Sector 

• Manufacturing facilities 

• Process industries 

• Data centres 

• Warehouses 

• Industrial parks 

Commercial Buildings 

• Office complexes 

• Shopping malls 

• Hotels 

• Hospitals 

• Educational institutions 

Utility Services 

• Power distribution companies 

• Smart grid implementations 

• Renewable energy installations 
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• Microgrids 

• District cooling/heating systems 

Infrastructure 

• Transportation hubs 

• Water treatment plants 

• Telecommunications facilities 

• Public buildings 

• Sports complexes 

Special Applications 

• Research facilities 

• Clean rooms 

• Cold storage facilities 

• Agriculture/greenhouse operations 

• Mining operations 

Conclusion : 

PowerSync is an innovative industrial energy monitoring system that combines ESP32 microcontrollers and Schneider Electric energy meters to offer 

cost-effective enterprise-grade monitoring. Utilizing cloud-based analytics and tools like AWS IoT and Grafana, it transforms complex energy data into 

actionable insights, enabling real-time visibility and informed decision-making for cost savings and improved efficiency. 

The system provides immediate alerts for anomalies, comprehensive reports, and remote monitoring, making it a valuable tool for modern energy 

management. Despite challenges like network dependencies, its benefits in energy efficiency, cost reduction, and scalability outweigh limitations. 

PowerSync is poised for future growth, integrating with emerging IoT and machine learning technologies to drive sustainability and innovation in energy 

management. 
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