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Abstract: This project presents the design and implementation of an advanced IoT-enabled gas leakage 

detection and monitoring system using the ESP32. The primary objective of the system is to enhance safety, 

reliability, and efficiency in environments where liquefied petroleum gas (LPG) is used, such as residential 

kitchens, commercial establishments, and industrial facilities.The system integrates a gas sensor to 

continuously monitor the presence of hazardous gases in the surrounding environment. In the event of gas 

leakage, when the gas concentration exceeds a predefined safety threshold, the system instantly activates 

an audible alarm and triggers an exhaust mechanism via a relay module to disperse the gas. 

Simultaneously, real-time alerts are sent to users through an IoT platform, enabling remote monitoring 

and quick response.To ensure alert delivery under all conditions, a GSM communication module SIM800L 

is incorporated to send SMS notifications directly to the user’s mobile device. This dual-mode 

communication (Wi-Fi and GSM) significantly improves system reliability, especially in scenarios where 

internet connectivity is unavailable or unstable.In addition to gas leakage detection, the system includes a 

gas cylinder weight monitoring feature using a load cell and the HX711. This allows continuous 

measurement of the cylinder weight and provides early indication when the gas level falls below a 

predefined limit, thereby helping users to plan timely refilling and avoid sudden gas depletion. 

An OLED display unit is integrated into the system to provide real-time visualization of critical parameters 

such as gas concentration, cylinder weight, and system status (Normal, Gas Leak, Low Gas). The system 

operates with high sensitivity, fast response time, and low power consumption, making it suitable for 

continuous operation. 

The proposed solution is cost-effective, user-friendly, and scalable. It leverages modern IoT technology to 

provide real-time monitoring, automated safety actions, and reliable alert mechanisms. This system not 

only helps in preventing potential hazards such as fire accidents and explosions but also improves resource 

management by tracking gas consumption. Hence, it serves as a comprehensive safety and monitoring 

solution applicable in smart homes, industries, and laboratories. 
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I. INTRODUCTION 

Gas leakage is one of the major safety hazards in residential, commercial, and industrial environments. Leakage of gases 

such as liquefied petroleum gas (LPG), methane, and propane can lead to serious consequences including fire accidents, 

explosions, and health issues. Early detection of gas leakage is therefore essential to ensure safety and prevent loss of life 

and property. 

Traditional gas detection systems are generally limited to local alarm mechanisms and lack the ability to provide real-

time remote monitoring and alerts. With the rapid advancement of the Internet of Things (IoT), smart systems can now 

be developed to continuously monitor environmental conditions and transmit data over the internet. These systems 

enhance safety by enabling timely alerts and automated responses [1-11]. 
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The ESP32 microcontroller plays a vital role in IoT-based applications due to its built-in Wi-Fi and Bluetooth capabilities, 

low power consumption, and high processing performance. In this work, an IoT-enabled gas leakage detection system is 

proposed using the ESP32 and the MQ-6 Gas Sensor. The system is capable of detecting gas leakage, generating local 

alerts through a buzzer, activating safety mechanisms such as an exhaust fan using a relay module, and sending real-time 

notifications to users via cloud platforms [12-65]. 

The proposed system aims to provide a low-cost, reliable, and efficient solution for gas leakage detection with enhanced 

safety features. By integrating sensing, control, and IoT communication, the system ensures quick response and 

continuous monitoring, making it suitable for modern smart safety applications. 

 

II. PROBLEM STATEMENT 

Gas leakage remains a significant safety challenge in residential, commercial, and industrial environments. Leakage of 

combustible gases such as LPG often goes undetected until it reaches dangerous levels, leading to accidents like fire 

outbreaks, explosions, and health hazards. Existing conventional gas detection systems primarily rely on standalone 

sensors with local alarm mechanisms, which are insufficient in situations where immediate human intervention is not 

possible. 

Moreover, traditional systems lack real-time monitoring, remote alert capabilities, and automated safety responses. In 

many cases, users are unaware of gas leakage when they are away from the location, increasing the risk of severe damage. 

Additionally, delayed detection and response can result in critical consequences, including loss of life and property. 

Although modern solutions exist, they are often expensive, complex, or not easily scalable for widespread use. Therefore, 

there is a need for a cost-effective, reliable, and intelligent system that can continuously monitor gas levels, provide 

instant alerts, and enable remote monitoring. 

This paper addresses these challenges by proposing an IoT-based gas leakage detection system using the ESP32 and the 

MQ-6 Gas Sensor. The system aims to detect gas leakage in real time, alert users both locally and remotely, and initiate 

automatic safety measures to minimize risks. 

 

III. LITERATURE SURVEY 

Gas leakage detection has been an active area of research due to its importance in ensuring safety in residential and 

industrial environments. Various approaches have been proposed using sensors, microcontrollers, and Internet of Things 

(IoT) technologies. A study by Susilo et al. (2025) developed an IoT-based fire and LPG leakage detection system using 

an ESP32 and MQ-6 sensor. The system achieved high detection accuracy and enabled multi-user notifications through 

cloud platforms, demonstrating the effectiveness of combining sensing and IoT communication for real-time monitoring . 

Similarly, Baiti et al. proposed an IoT-based gas detection system integrating MQ-6, flame, and temperature sensors, 

achieving an overall accuracy of 93.33% and providing automated responses such as buzzer activation and ventilation 

control . Earlier work by Alshammari et al. (2020) introduced an IoT gas leakage detection system using Arduino and 

MQ-series sensors, where detected gas data was transmitted to a cloud platform. The system included a buzzer alarm, 

LCD display, and exhaust fan activation, highlighting the importance of combining detection with immediate response 

mechanisms . Recent research has focused on smart home integration and mobile-based monitoring. Studies using ESP32 

and applications like Blynk have shown that real-time alerts and remote monitoring significantly improve safety in 

household environments . Similarly, IoT-based systems using NodeMCU ESP8266 and mobile applications enable users 

to monitor gas leakage remotely and take preventive action . Additionally, modern approaches emphasize real-time 

detection, automation, and cloud connectivity. Advanced systems combine gas sensors with automated control 

mechanisms such as valve shut-off and ventilation systems to reduce risks effectively . Research also highlights the role 

of sensor technologies like MQ-series sensors, which detect combustible gases based on changes in conductivity, making 

them suitable for low-cost detection systems. Despite these advancements, several limitations remain. Many systems 

depend on stable internet connectivity, require proper sensor calibration, and may have limited detection accuracy in 

complex environments. Furthermore, low-cost sensors may lack precision in identifying specific gases. Based on the 
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reviewed literature, it is evident that integrating IoT with gas detection systems enhances real-time monitoring, 

automation, and user safety. However, there is still a need for cost-effective, reliable, and scalable solutions with 

improved accuracy and faster response time, which motivates the development of the proposed system using the ESP32 

and MQ-6 Gas Sensor. 

 

IV. PROJECT DESCRIPTION 

The proposed system is an IoT-enabled gas leakage detection and alert mechanism designed to enhance safety in 

residential and industrial environments. The system integrates gas sensing, real-time monitoring, alert generation, and 

automated safety control using the ESP32 as the core processing unit. 

The primary sensing component of the system is the MQ-6 Gas Sensor, which is capable of detecting gases such as LPG, 

propane, and methane. The sensor continuously monitors the surrounding air and produces an analog output proportional 

to the gas concentration. This signal is read and processed by the ESP32. 

The system operates based on a predefined threshold value. When the detected gas concentration exceeds this threshold, 

the controller initiates multiple actions simultaneously. A buzzer is activated to provide an immediate local alert, and a 

relay module is triggered to switch ON an exhaust fan, which helps in reducing gas concentration by ventilation. 

Additionally, the system displays warning messages on an LCD interface to inform users about the hazardous condition. 

A key feature of the proposed system is its IoT capability. The ESP32 connects to a Wi-Fi network and transmits real-

time data to cloud platforms such as ThingSpeak or mobile applications like Blynk. This allows users to monitor gas 

levels remotely and receive instant notifications in case of leakage, even when they are not physically present at the 

location. 

The system is designed to be cost-effective, reliable, and easy to implement. It combines sensing, processing, 

communication, and actuation into a single integrated solution. The modular design also allows for future expansion, 

such as adding more sensors or advanced safety features. 

Overall, the project provides a smart and efficient approach to gas leakage detection by leveraging IoT technology, 

ensuring timely response and improved safety. 

 

V. OBJECTIVES OF SYSTEM 

The primary objective of the proposed system is to develop a smart and reliable gas leakage detection solution using IoT 

technology. The specific objectives are as follows: 

 To design and implement a gas leakage detection system using the ESP32 for efficient processing and 

communication.  

 To detect the presence of hazardous gases such as LPG using the MQ-6 Gas Sensor with high sensitivity and 

accuracy.  

 To provide immediate local alerts through a buzzer and visual indication to ensure quick response in case of gas 

leakage.  

 To enable automatic activation of safety mechanisms, such as controlling an exhaust fan using a relay module 

to reduce gas concentration.  

 To implement IoT-based remote monitoring by transmitting real-time data to cloud platforms or mobile 

applications.  

 To send instant notifications to users in case of gas leakage, even when they are away from the location.  

 To develop a cost-effective, scalable, and user-friendly system suitable for both domestic and industrial 

applications.  

 To enhance safety by minimizing the risk of accidents such as fire, explosions, and health hazards caused by 

gas leakage. 
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VI. ADVANTAGES & APPLICATION 

Advantages: 

The proposed IoT-enabled gas leakage detection system offers several significant advantages over conventional gas 

detection methods: 

 Real-Time Detection: The system continuously monitors gas concentration using the MQ-6 Gas Sensor, 

enabling immediate detection of leakage.  

 Remote Monitoring: With built-in Wi-Fi capabilities of the ESP32, users can monitor gas levels from anywhere 

through IoT platforms.  

 Instant Alerts: The system provides quick notifications via buzzer and mobile applications, ensuring rapid 

response to hazardous situations.  

 Automatic Safety Response: The relay module automatically activates the exhaust fan, helping to reduce gas 

concentration and prevent accidents.  

 Cost-Effective Solution: The use of affordable components like the ESP32 makes the system economical and 

accessible.  

 Easy Installation and Maintenance: The system is simple to install and requires minimal maintenance, making 

it suitable for widespread adoption.  

 Scalability: Additional sensors and features can be easily integrated due to the flexible architecture of the 

ESP32.  

 Enhanced Safety: Early detection and quick response significantly reduce the risk of fire, explosions, and health 

hazards.  

 User-Friendly Interface: LCD display and mobile applications provide clear and understandable information 

to users. 

 

Applications: 

The proposed IoT-enabled gas leakage detection system has a wide range of applications across various sectors due to its 

reliability, real-time monitoring capability, and automated safety features: 

 Residential Safety: The system can be installed in homes and kitchens to detect LPG leakage and alert 

occupants, ensuring protection against fire hazards and explosions.  

 Industrial Environments: It is highly useful in industries where combustible gases are used or stored, providing 

continuous monitoring and enhancing workplace safety.  

 Gas Storage and Distribution Units: The system can be deployed in gas storage plants and distribution centers 

to detect leaks early and prevent large-scale accidents.  

 Commercial Buildings: Restaurants, hotels, and shopping complexes can utilize the system to monitor gas 

usage areas and ensure safety compliance.  

 Laboratories: Research labs handling flammable gases can benefit from real-time monitoring and automatic 

alert systems.  

 Smart Homes and IoT Systems: Integration with IoT platforms through the ESP32 enables incorporation into 

smart home automation systems for centralized monitoring and control.  

 Automated Safety Systems: The system can be integrated with ventilation systems, alarms, and other safety 

mechanisms to create a fully automated hazard prevention setup.  

 

VII. RESULTS AND DISCUSSION 

The proposed IoT-enabled gas leakage detection system was developed and tested using the ESP32 and the MQ-6 Gas 

Sensor under different environmental conditions and gas concentration levels. 
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8.1 Experimental Results 

The system successfully detected the presence of LPG gas within a short response time. When the gas concentration 

exceeded the predefined threshold: 

 The buzzer was activated immediately, providing an audible alert.  

 The relay module triggered the exhaust fan to reduce gas concentration.  

 Warning messages were displayed on the LCD screen.  

 Real-time notifications were sent to the user via IoT platforms without significant delay.  

The average response time of the system was observed to be within 2–5 seconds, depending on gas concentration and 

environmental factors. 

 

8.2 Performance Analysis 

Sensitivity: 

The MQ-6 Gas Sensor demonstrated high sensitivity to LPG gas, enabling early detection even at lower concentrations.  

Accuracy: 

The system provided reliable detection; however, accuracy depends on proper calibration of the sensor and environmental 

conditions such as temperature and humidity.  

Response Time: 

Fast response time ensures immediate action, which is critical in preventing hazardous situations.  

IoT Communication: 

The ESP32 maintained stable Wi-Fi connectivity, and data transmission to platforms like ThingSpeak or Blynk was 

reliable with minimal latency.  

 

8.3 Discussion 

The integration of sensing, control, and IoT communication significantly enhances the effectiveness of traditional gas 

detection systems. Unlike conventional systems that provide only local alerts, the proposed system ensures both local 

and remote notifications, enabling users to take immediate action even when they are not physically present. 

The automatic activation of the exhaust fan via relay adds an additional safety layer by reducing gas concentration without 

human intervention. This makes the system particularly suitable for smart homes and industrial environments. 

However, certain limitations were observed: 

 The system performance depends on stable internet connectivity for IoT features.  

 Sensor readings may vary due to environmental factors and require periodic calibration.  

 Detection is limited to gases supported by the sensor.  

Overall, the system demonstrates high reliability, fast response, and efficient operation, making it a practical and cost-

effective solution for gas leakage detection. 

 

VIII. WORKING OVERVIEW 

The IoT-enabled gas leakage detection system operates through a sequence of sensing, processing, alerting, and 

communication stages. The system is built around the ESP32, which acts as the central controller for all operations. 

Initially, the MQ-6 Gas Sensor continuously monitors the surrounding environment for the presence of combustible gases 

such as LPG. The sensor outputs an analog signal proportional to the gas concentration in the air. This signal is fed into 

the analog input pin of the ESP32. The controller processes the incoming signal and compares it with a predefined 

threshold value programmed into the system. Under normal conditions, when the gas concentration is below the threshold, 

the system remains in monitoring mode, and the LCD displays a safe status message. When gas leakage is detected and 

the sensor value exceeds the threshold limit, the system immediately transitions into alert mode. In this condition, multiple 

actions are triggered simultaneously: 

 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 12, April 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-33734   255 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
 A buzzer is activated to provide an audible warning  

 A relay module is energized to switch ON the exhaust fan for ventilation  

 A warning message is displayed on the LCD screen  

Simultaneously, the IoT functionality of the ESP32 comes into operation. The controller connects to a Wi-Fi network 

and transmits real-time data to cloud platforms such as ThingSpeak or mobile applications like Blynk. This enables 

remote monitoring and ensures that users receive instant notifications about gas leakage, even when they are not present 

at the location. Once the gas concentration returns to safe levels, the system automatically resets to normal monitoring 

mode, turning OFF the buzzer and exhaust fan. Overall, the working of the system ensures continuous monitoring, quick 

detection, immediate response, and real-time communication, thereby significantly enhancing safety and reliability. 

 

IX. CONCLUSION 

This paper presents the design and implementation of an IoT-enabled gas leakage detection system using the ESP32 and 

the MQ-6 Gas Sensor. The proposed system effectively detects the presence of hazardous gases such as LPG and provides 

both local and remote alerts to ensure timely response. The integration of IoT technology enhances the functionality of 

conventional gas detection systems by enabling real-time monitoring and instant notification through cloud platforms 

and mobile applications. The system also incorporates automated safety measures, such as activating an exhaust fan using 

a relay module, which helps in reducing gas concentration and minimizing potential risks. 

Experimental results demonstrate that the system offers fast response time, reliable performance, and efficient operation. 

Its low cost, ease of implementation, and scalability make it suitable for a wide range of applications, including 

residential, commercial, and industrial environments. Overall, the proposed system provides a smart, cost-effective, and 

reliable solution for gas leakage detection, significantly improving safety and reducing the risk of accidents caused by 

gas leaks. 

 

X. FUTURE SCOPE 

The proposed IoT-enabled gas leakage detection system can be further enhanced by incorporating advanced technologies 

and additional safety features. Some potential areas for future improvement are as follows: 

Integration of GSM Module: 

Adding GSM capability will enable SMS and call alerts, ensuring notification even in the absence of Wi-Fi connectivity. 

Automatic Gas Valve Shut-Off System: 

The system can be extended to automatically close the gas supply using a solenoid valve when leakage is detected, 

preventing further hazards. 

Multi-Gas Detection: 

Incorporating additional sensors can allow detection of multiple gases such as carbon monoxide (CO), methane (CH₄), 

and smoke, improving system versatility. 

AI-Based Prediction and Analysis: 

Machine learning algorithms can be used to analyze gas patterns and predict potential leakage before it becomes critical. 

Mobile Application Development: 

A dedicated mobile application with a real-time dashboard, historical data analysis, and alert management can enhance 

user interaction and control. 

Integration with Smart Home Systems: 

The system can be integrated with home automation platforms, enabling centralized monitoring and control along with 

other smart devices. 

Improved Sensor Accuracy: 

Using advanced and calibrated sensors can increase detection accuracy and reduce false alarms caused by environmental 

factors. 

 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 12, April 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-33734   256 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
Battery Backup System: 

Adding an uninterrupted power supply or battery backup will ensure continuous operation during power failures. 

Cloud Data Analytics: 

Advanced cloud integration can provide detailed insights, trends, and reports for better decision-making and preventive 

maintenance. 
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