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Design and Implementation of an IoT-Based Automated Gas Leak Detection and Mitigation System 

Abstract: 

Gas leakages pose a significant threat to the health and safety of living beings, particularly in 

industrial settings, where the risks are compounded due to the nature of the gases involved. The 

direct exposure to harmful gases can lead to severe health complications, environmental 

degradation, and even loss of life. In such scenarios, the role of human intervention becomes 

critical. However, human decision-making can be prone to errors, especially when under 

pressure. Therefore, there is an urgent need for an automated system that can continuously 

monitor gas leakage situations and initiate corrective actions. 

This paper proposes a gas detection system that bypasses human intervention by using sensors 

and microcontrollers to detect and mitigate gas leaks. The system integrates various components, 

including a gas sensor, an IoT-based monitoring system, an alarm, an LCD display, and a 

sprinkler system to manage leaks. The proposed system sends notifications to personnel through 

mobile applications connected via Wi-Fi and sends emails to relevant authorities. This ensures 

that the situation is monitored at all times, and timely actions can be taken without delay. The 

goal of this system is to provide a real-time, automated, and efficient method for detecting and 

managing gas leaks in industrial environments. 

Keywords: Gas Detection System, Sensor, Alarm, Monitoring System, IoT Infrastructure, 

Cloud-Based Applet, Data Analytics. 

 

I. INTRODUCTION: 

Gas leaks are often caused by human error or mechanical failure, posing serious risks to both 

human life and the environment. Industrial gases such as carbon dioxide (CO₂), carbon monoxide 

(CO), nitrogen oxides (NOx), sulfur dioxide (SO₂), and methane are widely used in various 

sectors. However, their presence in the environment, especially in high concentrations, can result 

in health issues like respiratory problems, nausea, dizziness, and long-term damage such as 

cancer and genetic mutations. 

Moreover, gas leaks can lead to air pollution, soil degradation, water contamination, and 

environmental disasters like acid rain. These toxic gases can mix with atmospheric elements to 

form hazardous compounds, further exacerbating the situation. In some cases, gas leaks may 

cause explosions, fires, or suffocation. For example, methane is highly flammable, and even a 

minor spark could lead to a catastrophic explosion. If these gas leaks remain undetected for 

extended periods, they can escalate into major industrial accidents. 

Traditional gas leak detection systems rely on manual monitoring, which is not only error-prone 

but also time-consuming. Given that many industrial facilities are equipped with hazardous 

chemicals and gases, the need for a real-time, automatic system that detects leaks and alerts 

authorities promptly has never been more urgent. 
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This paper proposes an automated gas detection system that uses IoT and sensor technology to 

detect leaks in real time. The system monitors the air quality continuously, and when a leak is 

detected, it sends out warnings to nearby personnel and external authorities via email. The 

system also features an integrated sprinkler mechanism that can neutralize the leak by directing 

sterilizing agents at the leak site. This solution is cost-effective, reliable, and can be deployed in 

critical environments to minimize potential damage caused by gas leaks. 

 

II. LITERATURE SURVEY: 

A review of existing literature reveals several approaches to gas leak detection systems. Many 

current systems rely on expensive, large-scale implementations, which require frequent 

maintenance and are often not practical for smaller industries. Some systems are based on basic 

sensors that provide alerts, but the process of responding to these alerts still requires human 

intervention. 

Additionally, existing solutions tend to focus only on detecting gas leaks, without incorporating 

mechanisms for automated responses such as sprinkler systems or shutdown protocols. These 

systems also fail to leverage the power of modern technologies like IoT for real-time data 

monitoring and remote notification. 

Some of the most notable issues with current industrial gas detection systems include: 

1. High cost: Many existing gas detection systems are expensive and require significant 

maintenance and operational overheads. 

2. Lack of automation: Many systems rely on human intervention to initiate 

countermeasures, leading to delays in response times. 

3. Primitive systems: Many older systems still use basic sensors and alarms that do not 

integrate with modern technologies like IoT, limiting the scope for advanced monitoring 

and control. 

4. Environmental considerations: Few systems take into account the long-term 

environmental impact of gas leaks, such as the corrosion of materials, pollution of water 

bodies, and damage to ecosystems. 

The lack of automation and the reliance on human intervention have been identified as critical 

weaknesses in current systems. Therefore, an automated, IoT-based system, as proposed in this 

paper, represents a promising solution to address these gaps. 

 

III. WORKING: 

Figure 1: System Block Diagram 



Indian Journal of Electronics And Communications Engineering 
Volume: 1 Issue: 0 | December 2024           www.ijeace.com 

 
The gas detection system utilizes a NodeMCU microcontroller, which integrates an ESP8266 

Wi-Fi module. The MQ-2 gas sensor detects the concentration of gases in the air and sends this 

data to the NodeMCU. When the concentration surpasses a predefined threshold, the system 

triggers various responses. 

Components: 

 Gas Sensor (MQ-2): Continuously monitors gas levels and sends analog signals to the 

microcontroller. 

 NodeMCU (ESP8266): Acts as the brain of the system, processing sensor data and 

triggering appropriate actions. 

 LEDs and Buzzer: Provide local visual and auditory warnings. The green LED indicates 

a safe environment, while the red LED and buzzer signal the presence of a gas leak. 

 LCD Display: Shows real-time status, such as “SAFE,” “ALL CLEAR,” “ALERT,” or 

“EVACUATE.” 

 Relay and Solenoid Valve: If the gas concentration exceeds the threshold, the relay 

triggers a solenoid valve to release a sterilizing agent or neutralizing spray to contain the 

leak. 

In addition to local alarms, the system integrates three IoT platforms: Blynk, ThingSpeak, and 

IFTTT, which allow for remote monitoring and control. Blynk pushes notifications to 

employees on their smartphones, while ThingSpeak tracks and visualizes sensor data. IFTTT 

triggers email notifications to external authorities when a gas leak is detected. 

 

IV. CIRCUIT DESIGN: 

A. Gas Detector 1 Design (Figure 2): 

The gas detection system relies on an MQ-2 gas sensor, which provides an analog voltage output 

proportional to the gas concentration. This sensor is connected to the NodeMCU’s analog input 

(A0 pin). 

B. Gas Detector 2 Design (Figure 3): 

For redundancy, a second gas detector is placed at a different location within the monitored 

environment. This detector is wired to a separate NodeMCU microcontroller, which 

communicates with the central monitoring system. 

C. Sprinkler System Design (Figure 4): 

The sprinkler system is activated by the relay connected to the NodeMCU. The relay controls an 

AC motor that powers the solenoid valve, which directs the sterilizing agent to the leak site. 
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V. SYSTEM DESIGN DESCRIPTION: 

1. Power Supply: The NodeMCU powers all peripherals, including sensors, LEDs, LCD, 

and the relay. 

2. MQ-2 Sensor Connection: The sensor is connected to the A0 pin of NodeMCU, which 

reads the analog values and converts them to digital signals. 

3. LEDs and Buzzer: Two LEDs (green and red) indicate the safety status, while the 

buzzer provides an audible warning in case of a gas leak. 

4. LCD with i2c: The LCD displays messages indicating whether the air is safe or if there’s 

a leak. 

5. Relay Circuit: A relay connected to the D5 pin controls the solenoid valve that releases 

the sterilizing agent during a gas leak. 

 

VI. ALGORITHM: 

1. Setup: Include necessary libraries for sensor reading, IoT platforms, and physical 

peripherals. Initialize NodeMCU and Wi-Fi connection. 

2. Data Collection: Continuously read the gas concentration from the MQ-2 sensor. 

3. Threshold Check: If the gas concentration exceeds a defined threshold, the system 

triggers appropriate actions. 

4. Action: The system initiates a local alarm (LEDs, buzzer), sends notifications through 

Blynk, and emails external authorities via IFTTT. 

5. IoT Integration: Use ThingSpeak for visualizing data in real time and tracking historical 

trends. 

Scenarios: 

 Safe Environment: The system monitors continuously, displaying “SAFE” on the LCD, 

and the green LED is on. 

 Gas Leak: When a gas leak is detected, the red LED lights up, the buzzer sounds, and the 

LCD displays “ALERT.” A notification is sent via Blynk, and an email is triggered via 

IFTTT. 

 

VII. APPLICATIONS: 

1. Domestic Safety: Gas leak detection in households, especially with LPG cylinders. 

2. Chemical and Petrochemical Industries: Automated leak detection in plants, pipelines, 

and storage facilities. 

3. Transport and Infrastructure: Ensuring the safety of mass transportation systems, 

including buses, trains, and subways. 

4. Military and Defense: Detecting harmful gases in hazardous zones or conflict areas. 
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VIII. FUTURE SCOPE: 

1. Advanced Detection Technologies: Integration with advanced gas detection methods to 

identify a broader range of gases. 

2. Improved Design: Vibration-resistant, moisture-proof, and dust-resistant enclosures for 

outdoor applications. 

3. Tamper-Proof Systems: Development of custom IoT infrastructure with built-in 

firewalls to enhance security. 

4. Automated Shutdown: Incorporating automatic system shutdowns or remote monitoring 

of safety valves. 

 

IX. CONCLUSION: 

This paper successfully outlines the design and implementation of a real-time automated gas 

detection system that enhances safety and reduces the risks associated with gas leaks. The 

integration of IoT platforms allows for remote monitoring, and automated responses mitigate 

potential damage without human intervention. By leveraging modern technologies like sensors, 

microcontrollers, and cloud-based platforms, industries can implement effective, reliable, and 

cost-efficient solutions to monitor gas leaks. 
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