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Abstract— The Smart Energy Meter System Using Mobile App is an advanced energy 
monitoring and management system designed to measure electricity consumption accurately 
and provide real-time information to users through a mobile application. The main objective of 
this project is to help consumers monitor their energy usage, reduce electricity wastage, and 
promote efficient energy management. The system consists of a smart energy meter integrated 
with a microcontroller, current and voltage sensors, and a wireless communication module. The 
energy consumption data collected by the meter is transmitted to a mobile application through 
the Internet. Users can view real-time energy usage, electricity cost, historical consumption 
records, and receive alerts for excessive power consumption. The mobile application provides a 
user-friendly interface for monitoring and controlling energy usage from anywhere. The 
proposed system improves transparency in electricity consumption and encourages users to 
adopt energy-saving practices. It also reduces the need for manual meter reading and enables 
efficient energy management for residential and commercial applications. The Hybrid Solar 
Smart Switching System is an intelligent energy management solution developed to optimize the 
utilization of solar energy while ensuring a continuous and reliable power supply. With the 
increasing demand for electricity and the growing need for sustainable energy resources, the 
system aims to reduce dependency on conventional grid electricity, lower energy costs, and 
promote the effective use of renewable energy. The primary objective of this project is to 
automatically manage and switch between available power sources based on real-time operating 
conditions, thereby improving energy efficiency and ensuring uninterrupted operation of 
connected electrical loads. The proposed system integrates multiple modern technologies, 
including solar photovoltaic (PV) energy generation, battery energy storage, embedded systems, 
Internet of Things (IoT), automation, and intelligent control mechanisms. Solar panels convert 
sunlight into electrical energy, which is utilized to power electrical loads and charge a backup 
battery system. An ESP32/Arduino microcontroller serves as the central processing unit of the 
system and continuously monitors various parameters such as solar panel output voltage, 
battery charge level, load demand, and grid power availability through connected sensors.  
 
 

Grenze ID: 01.GIJET.12.2.707_26 
© Grenze Scientific Society, 2026  

 

Grenze International Journal of Engineering and Technology, June Issue 



 
6768 

Based on the collected data, the controller makes intelligent decisions and operates relay 
modules to switch automatically between solar power and grid electricity. 
 
Index Terms— Smart Energy Meter, Mobile Application, Energy Monitoring, IoT, Energy 
Management. Hybrid Solar System, Smart Switching, Renewable Energy, IoT Monitoring, 
Energy Management. 

I. INTRODUCTION BACKGROUND OF THE PROBLEM 

Here, in this section, we do present a brief introductory note about the project work as follows. 

A. Background of the Problem 

Traditional electricity meters require manual reading and do not provide real-time information about energy 
consumption. Consumers often receive electricity bills without knowing how much energy they have used on a 
daily basis. This can lead to excessive energy consumption, billing errors, and difficulty in monitoring electricity 
usage [1]. 

B. Need for the Proposed System 

With the increasing demand for electricity and the growth of smart technologies, there is a need for an efficient 
system that allows users to monitor and manage their energy consumption in real time. A Smart Energy Meter 
System using a Mobile App helps consumers track electricity usage, receive instant updates, and promote energy 
conservation [2]. 

C. Problem Statement 

The existing energy metering system lacks real-time monitoring, remote accessibility, and efficient energy 
management features. Consumers are unable to monitor their electricity consumption continuously, resulting in 
energy wastage and unexpected electricity bills. Therefore, a smart and user-friendly solution is required to 
monitor energy usage through a mobile application [3]. 

II. PROPOSED OBJECTIVES 

Five objectives are being proposed & they are implemented in this project work [4].  
 To measure and monitor electricity consumption accurately. 
 To display real-time energy usage through a mobile application. 
 To provide remote access to energy consumption data. 
 To help users reduce energy wastage and electricity costs. 
 To improve energy management and awareness among consumers. 

III. SCOPE, OUTCOMES AND SIGNIFICANCE OF THE PROJECT WORK 

The project focuses on developing a smart energy meter integrated with a mobile application. The system can 
monitor energy consumption, display usage data, and provide alerts or notifications [9]. It can be used in homes, 
offices, educational institutions, and small industries for effective energy management. Some of the outcomes of 
the project are [5] 
 Promotes efficient use of electrical energy. 
 Reduces electricity wastage and unnecessary expenses. 
 Provides convenience through remote monitoring. 
 Supports sustainable development and smart energy management. 
 Enhances consumer awareness regarding energy consumption. 
Some of the expected outcomes are  
 Real-time monitoring of electricity consumption. 
 Easy access to energy usage data through a mobile app. 
 Improved energy efficiency and reduced electricity bills. 
 Accurate and reliable energy measurement. 
 Increased awareness of energy conservation among users. 

IV. TECHNOLOGY USED IN THE PROJECT WORK 

 Smart Energy Meter Sensor 
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 Microcontroller (ESP32/Arduino) 
 Wi-Fi Communication Module 
 Mobile Application (Android) 
 IoT Technology 
 Electricity Monitoring Sensors 

V. PROCESS METHODOLOGY ADOPTED 

 The energy meter sensor measures voltage, current, and power consumption. 
 The ESP32/Arduino reads the sensor data. 
 The collected data is processed and converted into energy units (kWh). 
 Through Wi-Fi, the data is transmitted to the cloud server/mobile application. 
 The mobile app displays real-time energy consumption. 
 Users can monitor energy usage and receive alerts for excessive consumption 
 The system is tested for accuracy, reliability, real time performance, and user friendliness to ensure effective 

energy monitoring. 
 Install the system and perform periodic updates and maintenance. 

VI. BLOCK-DIAGRAM AND FLOW-CHART 

The Smart Energy Meter System as shown in the Fig. 1 receives 230V AC power, which is converted into 5V 
DC through the power supply unit to operate the circuit. The ACS712 current sensor and ZMPT101B voltage 
sensor measure the electrical parameters and send the data to the ESP32 microcontroller [8]. The ESP32 
processes the data, calculates voltage, current, power, and energy consumption, and displays the values on a 
16×2 LCD [7]. The LED indicator and buzzer provide status indication and alerts when necessary. Using its 
built-in Wi-Fi module, the ESP32 uploads the energy data to the Firebase cloud server, enabling users to monitor 
real-time electricity usage through a mobile application from anywhere. The proposed flow-chart for solving the 
problem is shown in the Fig. 2.  The pictorial representation of the hardware developed along with the app 
design is shown in the Fig. 3 [7].  

  
Fig. 1. Block-diagram of the Smart Energy Meter System using Mobile App 

VII. ALGORITHM DEVELOPED 

Step 1: Start the system. 
Step 2: Initialize ESP32/Arduino and Wi-Fi connection. 
Step 3: Read voltage and current values from the energy meter sensor. 
Step 4: Calculate power and energy consumption. 
Step 5: Store and process the measured data. 
Step 6: Send the data to the cloud database/mobile application. 
Step 7: Display real-time readings on the mobile app. 
Step 8: Check if energy consumption exceeds the predefined limit. 
Step 9: If the limit exceeds, send an alert notification to the user. 
Step 10: Repeat monitoring continuously. 
Step 11: Stop.  
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VIII. SNAPSHOT AND RESULTS 

  
Fig. 2: Pictorial representation of the energy meter project work 

IX. PRIORITY BASED ENERGY MANAGEMENT STRATEGY 

The system follows a priority-based energy management strategy in which solar energy is utilized as the primary 
power source whenever sufficient sunlight is available. Excess solar energy is stored in batteries for future use. 
During periods of low solar generation, cloudy weather, nighttime operation, or insufficient battery charge, the 
system automatically switches to grid electricity without interrupting the connected load [6]. This seamless 
switching mechanism ensures continuous power availability while maximizing the utilization of renewable 
energy resources. The Hybrid Solar Smart Switching System is designed to address the growing challenges of 
increasing electricity demand, rising energy costs, and the need for sustainable energy utilization. Conventional 
power systems rely heavily on grid electricity, which not only increases operational expenses but also 
contributes to environmental concerns [10].   

X. SYSTEM DESIGN AND METHODOLOGY DEVELOPED 

The Hybrid Solar Smart Switching System is designed to provide an intelligent and reliable energy management 
solution by integrating solar energy, battery storage, grid electricity, and automated switching mechanisms. The 
system ensures continuous power supply to electrical loads while maximizing the utilization of renewable energy 
resources [8]. The design incorporates solar photovoltaic technology, embedded systems, IoT-based monitoring, 
and smart control algorithms to improve energy efficiency and reduce dependency on conventional power 
sources. The system continuously monitors solar power availability, battery charge level, and load demand. 
Based on these parameters, it automatically selects the most suitable power source. Solar energy is given the 
highest priority, followed by battery power and grid electricity. This methodology ensures efficient energy 
utilization while maintaining uninterrupted power supply as shown in the Fig. 3 [6]. 

  
Fig. 3: Evolution of Technologies Leading to Proposed Hybrid Solar Smart Switching System / System Design and methodology 



 
6771 

A. System Architecture 

The architecture of the proposed system consists of a Solar Panel, Charge Controller, Battery Bank, ESP32 
Microcontroller, Sensors, Relay Module, Grid Supply, IoT Monitoring Platform, and Electrical Load. The solar 
panel converts sunlight into electrical energy. The generated power is regulated through a charge controller 
before being supplied to the battery bank. The ESP32 controller continuously monitors system parameters 
through sensors and makes intelligent decisions regarding source selection. Relay modules are used to switch 
between solar power, battery power, and grid electricity based on operating conditions. Real-time data is 
transmitted to a cloud server and displayed on a web or mobile dashboard for remote monitoring. 
The architecture enables seamless integration of renewable energy resources with conventional electricity 
sources, thereby ensuring reliable and efficient power management. 

B. Block Diagram Description 

The block diagram of the Hybrid Solar Smart Switching System illustrates the interaction between various 
hardware and software components. The solar panel acts as the primary energy source and supplies power to the 
battery through the charge controller. Sensors measure voltage, current, light intensity, and battery status. The 
ESP32 controller processes the collected information and controls the relay module accordingly. When solar 
power is available, the controller supplies power to the load through the solar system and charges the battery. 
During insufficient solar generation, the controller checks the battery condition and supplies power from the 
battery if adequate charge is available. If both solar and battery power are insufficient, the system automatically 
switches to grid electricity. All operational parameters are displayed on an LCD screen and uploaded to the IoT 
dashboard. 

XI. SNAPSHOTS, EXPERIMENTAL RESULTS AND DISCUSSIONS 

 
Fig. 2: Experimental Results 

XII. WORKING METHODOLOGY 

The Hybrid Solar Smart Switching System operates through continuous monitoring and intelligent decision-
making. During daytime, the solar panel generates electricity and supplies power to the load. Excess energy is 
stored in the battery bank. The ESP32 controller continuously evaluates solar generation and battery status. 
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When solar power decreases due to cloud cover or nighttime conditions, the controller automatically checks 
battery availability. If sufficient energy is stored, the battery supplies power to the load. In situations where both 
solar and battery energy are inadequate, the controller switches to grid electricity. This transition occurs 
automatically and ensures uninterrupted power supply. The IoT monitoring platform enables users to observe 
system performance remotely. Real-time information regarding power generation, battery status, energy 
consumption, and source selection is displayed on the dashboard. AI-based analytics can further optimize energy 
utilization by predicting future demand and recommending efficient power management strategies. Thus, the 
proposed methodology ensures maximum utilization of renewable energy, reduced electricity costs, enhanced 
reliability, and sustainable power management & the results of experiment is shown in Fig. 2 [9]. 

XIII. CONCLUSIONS AND FUTURE SCOPES 

The Hybrid Solar Smart Switching System was successfully designed and implemented to provide an intelligent, 
reliable, and energy-efficient power management solution. The system effectively integrates solar energy, battery 
storage, grid electricity, embedded control, and IoT-based monitoring into a single platform. The primary 
objective of maximizing renewable energy utilization while ensuring uninterrupted power supply was 
successfully achieved. The developed system continuously monitors solar power availability, battery charge 
level, and load requirements through sensors connected to the ESP32 microcontroller. Based on real-time 
operating conditions, the controller automatically switches between solar power, battery backup, and grid 
electricity. This intelligent switching mechanism ensures reliable operation and minimizes dependency on 
conventional power sources.  
The Smart Energy Meter System Using Mobile App is an efficient and modern solution for monitoring 
electricity consumption. The system helps users track energy usage in real time through a mobile application, 
making it easier to manage power consumption and reduce electricity bills. By integrating sensors, a 
microcontroller, and wireless communication, the system provides accurate data, remote monitoring, and 
improved energy management. It also reduces manual meter reading and increases convenience for both 
consumers and electricity providers. 

REFERENCES 

[1] Md Redwanul Islam, Supriya Sarker, Md Shahraduan Mazumder, Mehnaj Rahman Ranim, “An IoT based Real-time 
Low Cost Smart Energy Meter Monitoring System using Android Application”, Conference Paper, 2020. 

[2] Shishir Muralidhara, Niharika Hegde, Rekha P. M., “An Internet of Things-Based Smart Energy Meter for Monitoring 
Device-Level Consumption of Energy”, Conference Paper, 2021. 

[3] S.S. Kumaravel et.al., “Design, Power Quality Analysis, and Implementation of Smart Energy Meter Using Internet of 
Things —”, Conference Paper, 2022. 

[4] Hannan et.al., “Design of IoT Based Smart Compact Energy Meter for Monitoring and Controlling the Usage of 
Energy—”, Conference Paper, 2022. 

[5] Pavithra G. & et.al., "AI and ML–Driven Study on Underwater Image Enhancement Utilizing Variational DIP 
Frameworks," IECCT-2026, India, 10-11 Apr. 2026, doi: 10.1109/IECCT68664.2026.11542064 

[6] Pavithra G. & et.al., "Improving Power Quality and Minimizing Harmonic Distortion in Grid-Connected Power 
Electronics with Power Filters," IEEE – PARC-2026, Mathura, 20-21 Feb. 2026, doi: 
10.1109/PARC68365.2026.11453517  

[7] Pavithra G. & et.al., "Advanced VLSI-based design of multiple path OTAss with dual flipped voltage follower for signal 
processing & communication applications," IITCEE, Bangalore, 16-17 Jan. 2025, pp. 1-5, doi: 
10.1109/IITCEE64140.2025.10915364 

[8] Pavithra G. & et.al., "Design of a Smart Moving Road Divider for Effective Control of The Traffic Problems in Densly 
Populated Traffic Zones,” IEEE ICMNWC-2021, SSIT, Tumkur, India, 3-4 Dec. 2021, doi: 
10.1109/ICMNWC52512.2021.9688392  

[9] Pavithra G. & et.al., " “Development of a Web Based Proctor Management System for Academic Institutions,” IEEE 
ICMNWC-2021, SSIT, Tumkur, India, 3-4 Dec. 2021, doi: 10.1109/ICMNWC52512.2021.9688367 

[10] S. Kumar and R. Singh, “Automatic source switching and power management in hybrid solar-grid systems,” Int. Journal 
of Scientific Research in Engineering and Management (IJSREM), vol. 6, no. 4, pp. 1–6, 2022. 

 
 
 
 


