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ABSTRACT:

Chemical manufacturing poses significant fire risks because of flammable materials, high
temperatures, and complicated surroundings. In order to ensure safety, asset protection, and
regulatory compliance, this paper addresses critical fire prevention and fighting systems.
With an emphasis on hazard assessment, preventive maintenance, and cutting-edge fire
detection and suppression technology, it offers comprehensive techniques for reducing the
risk of fire. Sprinklers, foam extinguishers, and gas suppression designed for chemical
processes are important automated systems that are highlighted. The development of an
Onsite Emergency Action Plan (OEAP), which describes emergency readiness, evacuation
procedures, communication systems, and collaboration with local firefighting authorities, is
also emphasized in the study. Chemical facilities can significantly reduce fire hazards and
improve safety and operational continuity by combining proactive prevention with efficient

emergency response planning.
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INTRODUCTION

The document discusses the critical importance of fire safety in chemical manufacturing
industries, highlighting the inherent risks associated with handling hazardous chemicals. It
underscores that incidents such as the Bhopal gas tragedy and other global chemical plant
fires have prompted stringent regulatory measures aimed at fire prevention and emergency
response. In India, multiple regulatory frameworks govern fire safety in this sector. Key
regulations include the Factories Act of 1948, which mandates fire protection measures,
emergency exits, and drills; the Manufacture, Storage and Import of Hazardous Chemicals
Rules of 1989 for emergency planning; and the National Building Code that outlines fire
safety guidelines for industrial facilities. Furthermore, the Oil Industry Safety Directorate
Standards, specifically OISD-117, focus on fire protection in refineries and chemical plants,
while updated Gas Cylinder Rules regulate the handling of compressed gases. Each state also
has specific fire safety laws enforced by local safety authorities. Compliance with these
regulations is essential for manufacturing units, with penalties for non-compliance potentially

leading to operations being suspended or legal consequences.

LITERATURE REVIEW

Fire prevention and emergency preparedness are critical components of safety management in
chemical manufacturing industries due to the presence of flammable chemicals, combustible
gases, and high-temperature operations. According to the Occupational Safety and Health
Administration (2022), inadequate fire protection systems in industrial facilities can result in
severe human casualties, environmental damage, and economic losses. The agency
emphasizes the importance of preventive maintenance, hazard identification, and compliance
with industrial fire safety standards.

The National Fire Protection Association (2022) highlighted that integrated fire protection
systems, including automatic sprinklers, alarm systems, and emergency evacuation
procedures, significantly reduce fire-related fatalities in industrial environments. NFPA
standards provide internationally accepted guidelines for the installation and maintenance of
fire detection and suppression systems in chemical plants.

Research by Wehmeier G et al. (2016) examined fire hazards in chemical industries and
concluded that process complexity, storage of volatile chemicals, and inadequate risk
assessment are major contributors to industrial fires. The study recommended the
implementation of advanced fire monitoring systems and automatic suppression technologies

to improve plant safety.
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Similarly, Crowl D A et al. (2019) emphasized that chemical process safety depends heavily
on systematic hazard analysis and preventive engineering controls. Their work identified fire
and explosion risks associated with chemical reactions, storage tanks, and pressurized
systems, while also stressing the importance of operator training and emergency response
planning.

The role of specialized fire suppression technologies has also been widely discussed in
previous studies. The Center for Chemical Process Safety (2005) reported that foam
extinguishing systems, gas suppression systems, and water sprinkler systems are among the
most effective methods for controlling fires in petrochemical and chemical processing
facilities. These systems are particularly useful in areas containing flammable liquids and
combustible vapors.

Case studies of industrial disasters further demonstrate the need for robust fire prevention
strategies. Kletz T (2009) analyzed several chemical plant accidents and found that poor
maintenance practices, equipment failure, and lack of emergency preparedness were major
causes of catastrophic incidents. The study highlighted the necessity of continuous inspection
and safety audits in reducing industrial fire risks.

In addition, Mannan S et al. (2012) explained that effective loss prevention in process
industries requires a combination of engineering safeguards, risk assessment techniques, and
emergency management systems. Their research emphasized that onsite emergency planning
is essential for minimizing operational disruptions and protecting workers during fire
emergencies.

Dust and vapor explosions are another serious concern in chemical manufacturing. Amyotte
P R et al. (2010) investigated explosion causation and mitigation techniques and concluded
that proper ventilation, ignition control, and explosion suppression systems are necessary to
prevent secondary fire hazards in industrial plants.

Modern fire risk assessment approaches increasingly use advanced analytical methods.
Khakzad N et al. (2020) applied Bayesian network models to fire and explosion risk
assessment and demonstrated that predictive safety models improve emergency decision-

making and resilience in chemical processing industries.

OBJECTIVES OF THE STUDY
This study's primary goals are: Fire Prevention, Fighting System, and Onsite Emergency
Action Plan (OEAP) for Chemical Manufacturing Industries.

1. To examine the main fire risks connected to the chemical manufacturing sector.
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2. To research the risk factors and causes of industrial fire accidents.

3. To assess how well chemical plant fire safety measures work.

4. To assess different fire detection and firefighting systems, including gas suppression, foam,
and sprinkler systems.

5. To evaluate how preventive maintenance and hazard identification can lower the danger of
fire.

6. To research the composition and significance of an Onsite Emergency Action Plan

(OEAP).

To evaluate emergency preparedness measures, such as communication systems and
evacuation protocols. To examine safety guidelines and legal frameworks pertaining to
industrial fire safety.

To assess the systems of coordination between local fire departments and chemical industry.
to recommend enhanced safety protocols to reduce fire incidents and guarantee business

continuity in chemical production sectors.

FIRE HAZARDS IN CHEMICAL MANUFACTURING INDUSTRIES

Types of Fire Hazards

Chemical manufacturing facilities face unique and complex fire hazards that differ
significantly from other industrial sectors. Understanding these hazards is fundamental to
developing effective fire prevention and response strategies.

Primary fire hazards in chemical plants include:

Flammable Liquids: Solvents, alcohols, hydrocarbons, and other organic compounds with
low flash points pose significant fire risks. These materials can ignite easily and spread fire
rapidly.

Combustible Dusts: Fine particles of organic chemicals, polymers, or metal powders can
form explosive atmospheres when suspended in air. Dust explosions can be more devastating

than fires.

Reactive Chemicals: Substances that undergo exothermic reactions, self-heating, or

decomposition can spontaneously ignite or explode under certain conditions.

Compressed Gases: Flammable gases such as hydrogen, methane, and LPG stored under

pressure present risks of BLEVE (Boiling Liquid Expanding Vapor Explosion) during fire
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exposure.

Oxidizing Agents: Chemicals like peroxides, chlorates, and nitrates can intensify fires by

supplying oxygen and may react violently with combustible materials.

Process Equipment: Reactors, distillation columns, heat exchangers, and other equipment

operating at elevated temperatures and pressures can be ignition sources.

Electrical Systems: Electrical faults, static electricity, and improper grounding can provide

ignition sources, especially in classified hazardous areas.

Hot Work Operations: Welding, cutting, grinding, and other maintenance activities generate

sparks and heat that can ignite flammable atmospheres.

Classification of Fires
Fires are classified based on the type of fuel involved, which determines the appropriate

extinguishing method:

Class A Fires (Ordinary Combustibles): Involve solid materials such as wood, paper, plastics,
rubber, and textiles. These fires leave ash and are typically extinguished with water or dry
chemical agents. In chemical plants, packaging materials, wooden pallets, and insulation

materials fall into this category.

Class B Fires (Flammable Liquids): Involve petroleum products, solvents, alcohols, oils,
greases, tars, and flammable gases. These fires do not leave ash and require suppression
agents that smother the fire by excluding oxygen, such as foam, CO2, or dry chemical

powder. Most chemical manufacturing processes involve Class B fire hazards.

Class C Fires (Electrical): Involve energized electrical equipment, wiring, motors, and control
panels. These fires must be fought with non-conductive agents such as CO2 or dry chemical
to prevent electrocution. Once electrical supply is disconnected, they may become Class A or

B fires.

Class D Fires (Combustible Metals): Involve reactive metals such as magnesium, titanium,
sodium, potassium, and aluminum powder. These fires require special dry powder agents
specifically designed for metal fires. Water and common extinguishing agents can react

violently with burning metals
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Class K Fires (Kitchen): Involve cooking oils, fats, and greases. Wet chemical agents
specifically designed for kitchen fires are required. While less common in chemical plants,

industrial kitchens and canteens must be protected against Class K fires.

Fire Classes

) (P (k)
1T ©1®

Ordinary Flammable Electrical Combustible Combustible
combustibles Liquids Equipment Metals Cooking
Wood, paper, Gasoline, Wiring, fuse Combustible Cooking media
Cloth, trash paints, oils, box Metals and (vegetable or
and other grease and metal alloys animal oils
ordinary other and fats)
materials flammable

liquids

FIRE PREVENTION SYSTEMS

Hazard Identification and Risk Assessment

The first step in preventing fires is to systematically identify hazards and evaluate risks. This
proactive strategy is essential for reducing or eliminating fire hazards before they cause
problems.

Techniques for Identifying Hazards:

Process Hazard Analysis (PHA) is the methodical analysis of processes to find possible
explosion and fire risks. What-If Analysis, FMEA (Failure Mode and Effects Analysis), and
HAZOQOP (Hazard and Operability Study) are common PHA techniques.

Evaluation of the probability of a fire and its effects on various locations and activities is
known as fire risk assessment. Risk assessment takes into account potential fire spread
methods, fuel availability, oxygen supply, and ignite sources.

Job Safety Analysis (JSA) is the process of analysing certain tasks to find fire risks related to
both normal and non-routine work activities.

Incident investigation is the process of identifying recurrent risks and systemic flaws by
learning from previous incidents, both internal and external.

Calculating the amount and properties of flammable materials at various locations in order to
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estimate the prospective fire's intensity and duration is known as fire load calculation.

Important elements assessed in a fire risk assessment are as follows:

Hazardous material types and amounts
Process parameters (pressure, temperature)
Identification of the ignition source

The possibility for fire to spread

The effectiveness of fire safety precautions
The effects of fire situations

Critical equipment vulnerability

Effects on the environment, property, and employees

Engineering Controls for Fire Prevention

Engineering controls are the most effective fire prevention measures, focusing on hazard

elimination and reduction through design modifications. Key controls include:

1.

10.

Inherent Safety Design: Minimize hazardous materials via process intensification and
just-in-time manufacturing, substituting with less flammable chemicals when possible.
Proper Ventilation: Adequate mechanical systems are essential to avoid flammable vapor
accumulation, designed based on vapor generation rates and lower explosive limits.
Explosion-Proof Equipment: Use ATEX-certified or UL-listed explosion-proof
equipment in hazardous classified areas (Zone 0, 1, 2 or Division 1, 2).

Segregation and Separation: Maintain safe distances between process units, storage
tanks, and buildings, incorporating fire and blast walls to limit fire spread.

Grounding and Bonding: Ensure all equipment, piping, and containers are properly
grounded to prevent static electricity build-up, particularly during liquid transfers.
Temperature Control: Implement monitoring and control systems to prevent overheating,
including cooling systems for exothermic reactions.

Pressure Relief Systems: Install pressure relief devices like safety valves and rupture
discs to avert equipment rupture under fire conditions.

Drainage Systems: Create containment and drainage systems to manage flammable
liquid spills, designing bunds with adequate capacity around tank farms.

Lightning Protection: Adhere to NFPA 780 guidelines for lightning protection of
buildings containing flammable materials.

Inert Gas Blanketing: Employ nitrogen or other inert gases to blanket flammable liquids

in storage to exclude oxygen.
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FIRE DETECTION SYSTEMS

Early and reliable fire detection is critical in chemical manufacturing facilities to enable rapid
response before fires escalate beyond control. Automated fire detection systems provide
continuous monitoring and can activate alarms, suppression systems, and emergency

protocols within seconds of detecting fire indicators.

o emesssnE. e—
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Types of Fire Detectors
This document outlines various fire detection systems, categorized into smoke, heat, flame,

and gas detectors.

Smoke Detectors:

-Optical (Photoelectric): Detects visible smoke particles using light scattering; effective for
slow-soldering fires.

-lonization: Uses ionization to detect small smoke particles; responsive to fast-flaming fires
but less common due to disposal issues.

- Aspirating Smoke Detection (ASD): Active air sampling for early smoke detection; suitable

for critical areas but requires maintenance.

Heat Detectors:
- Fixed Temperature: Activates at priest temperatures; ideal for dusty or humid environments.
- Rate-of-Rise (ROR): Detects rapid temperature increases; combines fixed temperature and

ROR sensing for quicker response.
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- Linear Heat Detection: Heat-sensitive cable detects temperature along its length; suitable for

various installations.

Flame Detectors:

- Infrared (IR): Detects specific infrared wavelengths; less affected by dust.

- Ultraviolet (UV): Fast response to UV radiation but sensitive to environmental interference.
- Multi-Spectrum IR: Uses multiple IR sensors for reliable detection.

- Combined UV/IR: Integrates both sensing methods to minimize false alarms.

Gas Detection Systems:
- Combustible Gas Detectors: Monitors flammable gases, triggering alarms at 20% LEL.
- Toxic Gas Detectors: For early warning against toxic gases during incidents.

- Carbon Monoxide Detectors: Essential in enclosed areas for detecting CO from combustion.

FIRE HYDRANT NETWORK

Fire hydrants provide water for manual firefighting operations by plant fire brigade and
external fire services.

Hydrant System Design: Location and Spacing: Hydrants located to provide complete
coverage of facility. Maximum spacing: 60-90 meters. Additional hydrants at critical
locations: tank farms, process units, loading areas, building entrances. Positioned to allow

easy access by fire trucks.

PORTABLE FIRE EXTINGUISHERS
Portable fire extinguishers provide first response capability for incipient stage fires and are

mandatory in all industrial facilities.
Extinguisher Selection by Fire Class:
Class A (Ordinary Combustibles):
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» Water (stored pressure or pump type): 9-liter capacity
* ABC Dry Chemical Powder: 4-10 kg capacity

» Foam: 9-liter capacity

Class B (Flammable Liquids):

* ABC Dry Chemical Powder: 4-10 kg

* BC Dry Chemical Powder: 4-10 kg

» Foam (AFFF): 50-liter cartridge type

* CO2: 4.5-9 kg capacity

Class C (Electrical):

* CO2: 2-9 kg capacity

* ABC Dry Chemical Powder: 4-10 kg

Class D (Combustible Metals):

* Specialized dry powder (copper, sodium chloride based)
* Dry sand

CONCLUSION

This study examines fire prevention, firefighting systems, and Onsite Emergency Action
Plans (OEAP) in chemical manufacturing, addressing the inherent fire hazards due to
flammable substances and high-temperature processes. It reviews literature indicating that
effective fire risk reduction relies on the integration of preventive, protective, and emergency
response measures. Key technologies, such as advanced fire detection and automatic

sprinkler systems, are essential for early fire incident control.

The study underscores the importance of hazard identification and routine maintenance to
minimize fire accident risks, highlighting that failures often stem from equipment issues or

poor safety practices. Additionally, a well-structured OEAP—with clear evacuation
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procedures, communication systems, coordination with local firefighting authorities, and

trained teams—is crucial for effective emergency response, reducing human and material

losses during incidents.

Although regulatory frameworks have improved safety practices, implementation gaps

persist, especially in developing regions. To enhance industrial safety, it's vital to strengthen

compliance, adopt modern fire protection technologies, and improve workforce training. The

conclusion stresses an integrated approach that combines fire prevention strategies,

firefighting systems, and emergency planning for safe operations in the chemical

manufacturing sector.
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