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Abstract 

Liquefied Petroleum Gas (LPG) has emerged as an important alternative fuel in automobile industries due to its 

comparatively cleaner combustion characteristics and lower environmental impact than conventional petroleum fuels. 

However, LPG installations involve significant fire, explosion, leakage, and occupational hazards because LPG is 

highly flammable and heavier than air. This study presents a comparative analysis of LPG safety practices and 

environmental management systems adopted in automobile industries. The paper evaluates industrial safety standards, 

risk assessment methodologies, emission characteristics, emergency preparedness systems, and environmental 

sustainability measures associated with LPG utilization in automobile manufacturing and automotive fuel systems. 

The study incorporates facts, figures, industrial standards, and comparative data from Indian and international research 

publications. The analysis reveals that industries implementing structured safety audits, emergency response planning, 

gas leak detection systems, and environmental management frameworks significantly reduce accident probability and 

environmental impact. The paper further recommends integration of quantitative risk assessment, automated 

monitoring systems, and compliance with OISD, PESO, and NBC guidelines for improving operational safety and 

environmental sustainability. 
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1. Introduction 

Liquefied Petroleum Gas (LPG) is a mixture of propane and butane stored under pressure in liquid form. It is 

extensively used in domestic, commercial, and automobile sectors because of its high calorific value, cleaner 

combustion, and cost-effectiveness. In the automobile industry, LPG is used both as an automotive fuel and in 

industrial heating applications. 

The adoption of Auto LPG gained momentum due to increasing environmental concerns associated with gasoline and 

diesel fuels. Studies indicate that LPG-powered vehicles emit lower carbon monoxide (CO), nitrogen oxides (NOx), 

and particulate matter (PM) than conventional fuels.  

India legalized the use of Auto LPG in 2001 to reduce vehicular pollution in urban areas. According to studies, more 

than 27 million vehicles worldwide operate on LPG, while India had approximately 2.32 million LPG vehicles and 

nearly 1300 LPG filling stations in 500 cities by 2018.  
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Despite environmental benefits, LPG installations pose serious hazards such as: 

• Vapor cloud explosions  

• BLEVE (Boiling Liquid Expanding Vapor Explosion)  

• Fire accidents  

• Gas leakage  

• Occupational exposure risks  

• Environmental contamination  

Therefore, comparative evaluation of safety practices and environmental management systems is essential for 

sustainable industrial operations. 

2. Objectives of the Study 

The objectives of this research are: 

1. To analyze LPG safety practices adopted in automobile industries.  

2. To compare environmental management systems in LPG-utilizing industries.  

3. To evaluate emission characteristics of LPG-powered automotive systems.  

4. To examine accident prevention and emergency preparedness measures.  

5. To recommend strategies for improving industrial safety and environmental sustainability.  

3. Properties and Hazards of LPG 

LPG is highly flammable and heavier than air, causing leaked gas to accumulate near the ground and increase 

explosion risk. 

Important properties include: 

Property Value 

Main Components Propane and Butane 

Auto Ignition Temperature 410°C – 580°C 

Physical State Liquefied under pressure 

Vapor Density Heavier than air 

Flammability Range 2% – 10% in air 

The Oil Industry Safety Directorate (OISD) identifies LPG installations as high-risk industrial facilities requiring 

stringent safety measures and emergency planning.  

4. LPG Usage in Automobile Industries 

LPG is utilized in automobile industries in the following areas: 

• Automotive fuel systems  
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• Paint shops and heat treatment operations  

• Industrial furnaces  

• Material heating processes  

• Vehicle testing facilities  

Compared to petrol and diesel, LPG combustion produces fewer greenhouse gases and lower particulate emissions. 

Research indicates LPG vehicles emit approximately 15–20% less CO₂ than petrol vehicles.  

Experimental emission studies on LPG automotive engines reported: 

• CO emissions: 38.9–111.3 ppm  

• HC emissions: 18.2–62.6 ppm  

• NOx emissions: 0.8–3.9 ppm  

These values are considerably lower than conventional gasoline engines under similar conditions.  

5. Comparative Study of LPG Safety Practices 

5.1 Engineering Safety Controls 

Safety Practice Conventional Industries Advanced Automobile Industries 

Gas Leak Detection Limited sensors Automated gas detection networks 

Fire Protection Portable extinguishers Hydrant and sprinkler systems 

Emergency Shutdown Manual systems Automatic interlock systems 

Ventilation Natural ventilation Forced ventilation systems 

Monitoring Periodic inspection Real-time SCADA monitoring 

Advanced automobile industries implement automated monitoring systems integrated with alarm and shutdown 

mechanisms, reducing human error and accident probability. 

5.2 Safety Training and Awareness 

A study involving 300 LPG auto and tanker drivers found that trained tanker drivers demonstrated significantly higher 

safety awareness than untrained auto drivers.  

Industries conducting regular: 

• mock drills,  

• fire safety training,  

• emergency evacuation exercises, and  

• PPE awareness programs  

reported better operational safety performance. 
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5.3 Safety Audit Systems 

OISD mandates: 

• External Safety Audits (ESA)  

• Surprise Safety Audits (SSA)  

• Pre-Commissioning Safety Audits (PCSA)  

for LPG installations in India.  

Industries with periodic safety audits demonstrate: 

• lower accident frequency,  

• improved compliance,  

• enhanced emergency preparedness.  

6. Environmental Management Practices 

6.1 Emission Reduction 

Research comparing LPG and unleaded petrol vehicles concluded that LPG-powered vehicles emit lower elemental 

pollutants and volatile organic compounds (VOCs).  

Comparative Environmental Impact 

Parameter Petrol Vehicle LPG Vehicle 

CO₂ Emission Higher Lower 

NOx Emission Higher Lower 

Particulate Matter Significant Negligible 

VOC Emission High Moderate 

Smoke Generation High Very Low 

Studies further identified LPG as the cleaner fuel under urban driving conditions.  

6.2 Waste and Leakage Management 

Environmental management systems in modern automobile industries include: 

• vapor recovery systems,  

• spill containment measures,  

• hazardous waste segregation,  

• leak monitoring sensors,  

• green belt development.  

OISD standards also recommend buffer zones and environmental safeguards around LPG facilities.  
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6.3 Emergency Management Systems 

A statistical analysis of 32 LPG-utilizing manufacturing industries in Tamil Nadu revealed that industries with 

structured emergency management systems showed better fire protection, communication systems, and occupational 

safety performance.  

Key emergency management elements include: 

• Emergency response teams  

• Firewater systems  

• Communication networks  

• Medical preparedness  

• Incident reporting systems  

7. Risk Assessment in LPG Installations 

Major accident scenarios in LPG installations include: 

1. Jet Fire  

2. Flash Fire  

3. Vapor Cloud Explosion  

4. BLEVE  

5. Toxic Exposure  

Risk assessment methodologies commonly adopted include: 

• HAZOP (Hazard and Operability Study)  

• QRA (Quantitative Risk Assessment)  

• FMEA (Failure Mode and Effects Analysis)  

• Fault Tree Analysis  

• Event Tree Analysis  

Industries using quantitative risk assessment models achieve better hazard prediction and mitigation. 

8. Comparative Analysis of Industrial Practices 

Parameter Industries with Basic Systems Industries with Advanced Systems 

Leak Detection Manual inspection Smart sensors 

Emergency Response Reactive Proactive 

Environmental Monitoring Periodic Continuous 

Training Frequency Annual Quarterly 

Audit Compliance Partial Full OISD/PESO compliance 

Accident Probability Moderate to High Low 

Sustainability Practices Limited Integrated EMS 
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The comparative analysis indicates that industries integrating safety management systems with environmental 

sustainability frameworks perform significantly better in operational reliability and accident prevention. 

9. Challenges in LPG Safety and Environmental Management 

Major challenges include: 

• Aging infrastructure  

• Inadequate safety training  

• Poor maintenance practices  

• Human error  

• Lack of continuous monitoring  

• Insufficient emergency preparedness  

• Non-compliance with standards  

In India, the automotive LPG sector has also experienced declining growth due to increasing adoption of CNG and 

electric vehicles. LPG vehicle registrations reportedly declined by nearly 82% between FY19 and FY23.  

10. Recommendations 

The following measures are recommended: 

1. Adoption of IoT-based gas monitoring systems.  

2. Regular quantitative risk assessment studies.  

3. Mandatory emergency response training.  

4. Integration of environmental management with safety systems.  

5. Compliance with:  

o OISD Standards  

o PESO Guidelines  

o NBC 2016  

o ISO 14001  

o ISO 45001  

6. Periodic mock drills and safety audits.  

7. Installation of automatic shutdown and fire suppression systems.  

8. Development of green belt and emission control systems.  

11. Conclusion 

LPG remains an important alternative fuel and industrial energy source due to its cleaner combustion characteristics 

and lower environmental impact. However, LPG installations in automobile industries involve substantial fire and 

explosion hazards requiring rigorous safety management. 

This comparative study demonstrates that automobile industries implementing advanced safety practices, automated 

monitoring systems, structured emergency management, and environmental sustainability measures achieve 

significantly better safety and operational performance. Environmental impacts associated with LPG use are 

considerably lower than conventional petroleum fuels, particularly in terms of CO₂, NOx, and particulate emissions. 

The future of LPG-based industrial operations depends on integrating process safety management with environmental 

management systems, supported by strict regulatory compliance and modern technological interventions. 
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