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Abstract—Rapid industrialization and urbanization have significantly increased global carbon emissions, leading to 

serious environmental challenges. This paper presents an IoT-based carbon footprint monitoring system designed to 

measure energy consumption and environmental parameters in real time. The system utilizes an ESP32 microcontroller 

integrated with ACS712 current sensor, MQ-2 gas sensor, and DHT11 temperature and humidity sensor. The collected 

data is displayed on a local LCD and transmitted to the Blynk cloud platform for remote monitoring. Carbon emissions 

are estimated based on energy consumption values, enabling users to understand and reduce their environmental impact. 

The proposed system is cost-effective, scalable, and suitable for smart homes and small-scale applications. Future 

enhancements include integration with industrial-grade sensors, cloud analytics, and automation for large-scale energy 

and carbon management. 

 

Index Terms — IoT, Carbon Footprint, ESP32, Energy Monitoring, Blynk, Sustainability. 

I. INTRODUCTION  

A carbon footprint refers to the total amount of greenhouse gases, particularly carbon dioxide (CO₂), released into the 

atmosphere due to human activities. Increasing industrialization, urban development, and energy consumption have significantly 

contributed to rising carbon emissions, leading to global warming and climate change. Major contributors to carbon emissions 

include electricity generation, transportation, industrial activities, and residential energy usage. 

 

One of the key challenges in reducing carbon emissions is the lack of real-time awareness of energy consumption and 

environmental conditions. Traditional monitoring systems are either expensive or do not provide integrated data in an accessible 

format. With the advancement of Internet of Things (IoT) technology, it is now possible to develop smart systems that can monitor, 

analyze, and manage energy usage efficiently. 

 

This paper proposes an IoT-based carbon footprint monitoring system that provides real-time monitoring of energy 

consumption, gas levels, and environmental parameters. The system enables users to visualize data, receive alerts, and take 

corrective actions to reduce energy wastage and carbon emissions. 

II. LITERATURE REVIEW 

Several studies have explored the use of IoT in smart cities and sustainability applications. Schaffers et al. discussed the role of 

smart city frameworks in enabling open innovation and sustainable urban development. Their work emphasizes the importance of 

integrating technology for efficient resource management. 

 

Wang et al. proposed a carbon footprint evaluation method based on life cycle analysis for electric power equipment. Their 

study highlights the importance of assessing emissions throughout the lifecycle of electrical systems. 

 

Ruiz et al. analyzed the carbon footprint of ICT networks and found that operational emissions from electricity usage contribute 

significantly to overall emissions. The study suggests optimizing hardware deployment and extending device lifespan to reduce 

environmental impact. 

 

These studies indicate that real-time monitoring and data-driven decision-making are essential for reducing carbon emissions, 

which forms the basis of the proposed system. 

III. PROBLEM IDENTIFICATION 

 In many residential and industrial environments, there is a lack of awareness regarding real-time energy consumption, leading 

to unnecessary carbon emissions. Users are unable to identify inefficient appliances or detect abnormal energy usage. Gas leakage 

often goes unnoticed, posing safety risks and contributing to environmental pollution. Additionally, there is no integrated system 

that combines energy monitoring, environmental sensing, and cloud-based visualization in a cost-effective manner. These 

challenges highlight the need for a smart monitoring system that provides real-time data and actionable insights. 
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IV. OBJECTIVES 

 To monitor electrical current using ACS712 sensor 

 To detect gas concentration using MQ-2 sensor 

 To measure temperature and humidity using DHT11 

 To display real-time data on an LCD 

 To transmit data to the cloud using ESP32 

 To estimate carbon emissions based on energy usage 

 To provide alerts for abnormal conditions 

V. METHODOLOGY 

The system is designed to continuously monitor environmental and energy parameters using sensors connected to the ESP32 

microcontroller. The ACS712 sensor measures current, which is used to calculate power consumption. The MQ-2 sensor detects 

gas concentration levels, and the DHT11 sensor measures temperature and humidity. 

 

The ESP32 processes the sensor data and displays the values on a 16×2 LCD for local monitoring. Simultaneously, the data is 

transmitted to the Blynk cloud platform using Wi-Fi. The system calculates carbon emissions based on energy consumption values 

using predefined emission factors. Alerts are generated if abnormal conditions such as high gas levels or excessive power usage are 

detected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Block Diagram of IoT-Based Carbon Footprint Monitoring System 

VI. SYSTEM DESIGN AND WORKING 

The system consists of multiple sensors interfaced with the ESP32 microcontroller. The ACS712 sensor measures current 

flow and helps calculate power and energy consumption. The MQ-2 sensor detects the presence of harmful gases, providing 

safety monitoring. The DHT11 sensor measures environmental conditions such as temperature and humidity. 

 

     The ESP32 acts as the central processing unit, collecting data from all sensors and performing calculations. The processed 

data is displayed on an LCD and transmitted to the Blynk cloud platform. The user can monitor real-time data through a mobile 

application, enabling remote access and visualization. 

 

VII. RESULTS 

The proposed IoT-based carbon footprint monitoring system was successfully designed, implemented, and tested under real-

time operating conditions. The system demonstrated reliable acquisition, processing, and transmission of environmental and 

electrical parameters.The ACS712 current sensor accurately measured load current, which was used to compute power 

consumption and energy usage in kilowatt-hours. The MQ-2 sensor effectively detected variations in gas concentration, enabling 

basic environmental safety monitoring. The DHT11 sensor provided stable measurements of temperature and humidity, 

contributing to overall environmental analysis. 

 

The ESP32 microcontroller efficiently processed sensor data and enabled seamless communication with the cloud platform 

using Wi-Fi. Real-time data was displayed on a 16×2 LCD for local monitoring and simultaneously transmitted to the Blynk cloud 

platform for remote access. The cloud dashboard provided continuous data visualization through graphical trends, facilitating easy 

interpretation of system performance. 
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Carbon emission values were estimated using standard emission factors based on energy consumption. The results indicated a 

proportional relationship between energy usage and carbon emissions, validating the effectiveness of the system in carbon footprint 

estimation. 

 

The system exhibited low latency in data transmission, stable connectivity, and consistent performance over extended operation. 

The integration of sensing, processing, and cloud communication demonstrates the feasibility of deploying such systems for real-

time monitoring applications. 

 

From an industrial perspective, the results highlight the potential of the system for energy auditing, carbon tracking, and 

sustainability management. Although the prototype uses low-cost sensors, the architecture can be scaled using industrial-grade 

components to achieve higher accuracy and reliability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Hardware Implementation of the Proposed System 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Real-Time Data Visualization Using Blynk Cloud Platform 

 

VIII. FUTURE SCOPE AND INDUSTRIAL APPLICATIONS 

The system can be enhanced by replacing low-cost sensors with industrial-grade smart energy meters, NDIR CO₂ sensors, and 

high-accuracy environmental sensors for improved reliability. It can be extended to support three-phase and machine-wise energy 

monitoring in industrial environments. 

 

Integration with enterprise cloud platforms can enable multi-user dashboards, long-term data storage, and automated reporting. 

AI-based analytics can be incorporated for energy prediction, anomaly detection, and optimization. The system can also be 

integrated with PLC, SCADA, or building management systems for automated control of loads and HVAC systems. 

 

Additionally, the platform can support ESG goals and Scope-1 and Scope-2 emission tracking, helping industries in 

sustainability reporting and regulatory compliance. 

IX. CONCLUSION 

The proposed IoT-based carbon footprint monitoring system successfully demonstrates a real-time approach to tracking energy 

consumption and environmental parameters using low-cost sensors and a cloud-connected platform. By integrating current sensing, 

gas detection, and environmental monitoring with the ESP32 microcontroller, the system provides a comprehensive solution for 

understanding energy usage patterns and their corresponding carbon emissions. 
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The implementation of cloud-based visualization using the Blynk platform enables remote monitoring, data analysis, and user 

awareness, which are essential for promoting energy-efficient behavior. The system effectively establishes a correlation between 

energy consumption and carbon emissions, thereby supporting informed decision-making for sustainability. 

 

Although the current prototype is designed for small-scale applications, the architecture is highly scalable and can be extended 

for industrial use by incorporating advanced sensors, enterprise cloud platforms, and automation systems. The proposed solution 

has significant potential in supporting ESG goals, energy optimization, and carbon footprint reduction in both residential and 

industrial environments. 

 

Overall, the system contributes to the development of smart and sustainable monitoring solutions by combining IoT technology 

with environmental awareness, paving the way for future innovations in energy and carbon management. This work bridges the gap 

between low-cost IoT solutions and industrial-scale sustainability applications. 
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