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Chairman's
Message

Lieutenant General Inam Haider Malik, HI (M)
Chairman, National Disaster Management Authority

Pakistan's development trajectory is inseparable from the safety of its industrial ecosystem. As
our nation advances economically, the concentration of hazardous industries, chemical
facilities, and critical infrastructure demands an equivalent advancement in how we identify,
govern, and mitigate industrial risk. This publication arrives at a moment of both urgency and
opportunity.

The scale of global industrial losses makes a compelling case for action. In last two decades,
technological and industrial disasters inflicted cumulative economic losses of approximately US
$63.18 billion worldwide - losses that fell disproportionately on communities least equipped to
recover. These are not abstract statistics. They represent disrupted livelihoods, damaged
ecosystems, and preventable tragedies that underscore the human cost of inadequate
industrial safety governance.

Industrial hazard management is no longer solely an operational concern of individual facilities;
it is a matter of national resilience and sustainable development. As Pakistan continues to
expand its industrial base, strengthen energy infrastructure, and pursue economic growth
through large-scale industrial and manufacturing initiatives, the need to embed safety
considerations into every stage of planning and operation becomes increasingly important. The
experiences of leading industrialized nations demonstrate that long-term economic prosperity is
closely linked with strong safety governance, effective regulatory oversight, and continuous
investment in risk reduction measures. Building resilient industries today will safeguard lives,
protect national assets, and enhance public confidence in the vyears ahead.
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Equally important is the role of knowledge, innovation, and capacity building in reducing
industrial risk. Modern technologies, advanced monitoring systems, predictive analytics, and
data-driven decision-making are transforming the way industrial hazards are identified and
managed across the world. However, technology alone is insufficient without skilled
professionals, informed leadership, and institutions capable of translating knowledge into
action. Through research, training, awareness, and the dissemination of global best practices,
we can cultivate a new generation of safety-conscious practitioners and decision-makers who
are equipped to address emerging industrial challenges and strengthen Pakistan's
preparedness for the future.

The National Disaster Management Authority remains steadfast in its commitment to protecting
Pakistan from the full spectrum of hazards, natural and human-induced alike. In an era of
increasing industrial complexity, climate stress, and cascading risk, that commitment demands
more than reactive frameworks. It demands a fundamental shift toward risk-informed
governance, proactive prevention, and institutionalized safety culture.

Clobal Best Practices on Industrial Hazards Mitigation & Management is a direct expression of
that shift. Developed under the auspices of the National Institute of Disaster Management,
NDMA's national think tank and knowledge hub, this publication synthesizes lessons from major
industrial incidents across the globe, examines internationally recognized safety frameworks,
and distils actionable guidance for Pakistan's policymakers, regulators, industry operators, and
emergency responders. It is both a diagnostic tool and a practical roadmap.

What distinguishes this work is its insistence that industrial safety cannot be reduced to

compliance alone. Regulations set a floor but genuine safety emerges from a culture of
accountability, continuous improvement, and shared responsibility. Regulatory bodies must
enforce governing policies with rigor and transparency. Industry must internalize safety not as a
cost, but as a condition of operating with social license. And emergency management
institutions must maintain the capacity to respond swiftly and effectively when prevention falls
short.

| encourage every stakeholder in government, industry, academia, and civil society to engage
with its findings and translate them into concrete practice. The protection of Pakistan's people
and its productive capacity depends on the choices we make today. Let this publication serve
as a catalyst for those choices.




Preamble

| Preamble

Industrial development plays a vital role in national economic growth, yet it inherently
involves risks associated with hazardous processes, materials, and technologies.
Industrial accidents such as fires, explosions, chemical spills, and toxic gas releases
have repeatedly demonstrated their potential to cause loss of life, environmental
damage, and disruption to surrounding communities. Global experience shows that
these incidents are rarely caused by isolated technical failures; instead, they result
from gaps in preventive design, operational control, emergency preparedness, and
coordinated response mechanisms.

Over time, industrialized nations have strengthened their approach to managing
these risks through the systematic adoption of preventive, protective, and response-
oriented measures. These measures are shaped by lessons learned from major
industrial accidents and are embedded within regulatory oversight, engineering
practices, operational discipline, and emergency management frameworks. The
effectiveness of these approaches lies in their consistent application, institutional
enforcement, and integration into everyday industrial operations.

The promotion and adoption of proven industrial safety practices is essential for
reducing accident likelihood and mitigating consequences when incidents occur. By
recognizing industrial hazard management as a continuous and collective
responsibility of industry, regulators, and emergency response agencies,
organizations can enhance resilience, protect communities, and support sustainable
industrial growth while maintaining public trust and environmental stewardship.
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Between 2000 and 2021, industrial disasters, caused cumulative economic losses of
approximately US $63.18 billion worldwide. These disasters include major industrial
accidents such as explosions, fires, chemical spills, structural collapses, and other
technological failures that result in both human casualties and significant property
damage. While a comprehensive global record of disasters meeting certain thresholds
(e.g., 210 deaths, emergency declarations, or significant economic impact), it is
important to note that smaller industrial accidents and uninsured losses are often under
reported, meaning the actual economic burden of industrial disasters is likely higher
than recorded.

Within this total, different types of industrial hazards contribute variably to economic
losses. For example, industrial fires have historically caused approximately US $2.61
billion in losses, while industrial structural collapses account for around US $1.335
billion, and chemical spills roughly US $1.2 billion, based on long-term historical
analyses. High-impact singular events further highlight the scale of industrial disaster
losses.

The 2020 Beirut port explosion, triggered by improperly stored ammonium nitrate,
resulted in direct property damage estimated at US $15 billion, illustrating the potential
for catastrophic localized economic impacts. Similarly, the 1998 Esso Longford refinery
fire in Australia caused property damage of US $443 million (nearly US $987 million in
2021 USD), accompanied by significant disruption to production and local communities.

These examples underscore the substantial financial, environmental, and social costs of
industrial hazards, and highlight the need for rigorous safety management, risk-
informed decision-making, and robust emergency preparedness to mitigate the
frequency and severity of such events globally.
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I 1. Industrial Hazards

Industrial hazards refer to hazards that originate from industrial activities, processes,
equipment, materials, or infrastructure. These hazards are typically associated with
manufacturing plants, chemical and fertilizer industries, refineries, power plants, mines,
warehouses, and other industrial facilities. Industrial hazards often involve complex systems and
hazardous substances, and their impacts can extend beyond the facility boundary, affecting
workers, nearby communities, and the environment. Industrial hazards are commonly
categorized based on their origin and impact within industrial operations.

While a broad range of hazards commonly present in industrial environments has been
highlighted in this book, the primary focus is placed on selected major hazards that pose the
highest risk in terms of severity and potential impact. These include hazards with the greatest
likelihood of causing large-scale loss of life, environmental damage, and disruption beyond
facility boundaries, and are therefore examined in greater detail through targeted analysis and
global best practices. The main types of industrial hazards include:

1.1 Physical Hazards

» Fire and explosions
» Excessive noise and vibration

» Extreme temperatures (heat, steam, cold
surfaces)

> Radiation (ionizing and non-ionizing)

» Pressure systems (boilers, compressed
gases)
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I 1.2 Chemical Hazards

Chemical Hazard Categories |

» Toxic substances and gases (e.g., ammonia, chlorine)

» Flammable and explosive chemicals
» Corrosive chemicals (acids, alkalis)
» Reactive and oxidizing substances

» Dusts and fumes
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I 1.3 Mechanical Hazards

MECHANICAL HAZARD CATEGORIES

»  Crushing, cutting, shearing, and ,  Conveyor belts and rotating
entanglement equipment

. Lifting machinery, cranes, and Stored mechanical energy
hoists

> MECHANICAL HAZARD CATEGORIES ||

Lifting machinery, cranes, and hn-ists Stored mechanical energy




I 1.4 Electrical Hazards

Hazards associated with electrical installations and equipment.

ELECTRICALHAZARD CATEGORIES

4  Electrocution and fire from contact

4  Arc flash and arc blast

% Inadequate grounding

% Static electricity ignition risks

Industrial Hazards
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| 1.5 Process Hazards

Hazards arising from failures or deviations in industrial processes.

Process Hazard Categories

» Loss of containment of hazardous materials
» Overpressure, overheating, or runaway reactions
» Instrumentation and control system failure

» Human error in process operation
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. Industrial Hazards

| 1.6 Explosion and Combustible
Dust Hazards

| Hazards related to the ignition of combustible dusts or vapors.

Explosion and Dust Hazard Categories

» Dust explosions in silos and processing units
» Gas and vapor cloud explosions

» Confined space explosions
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I 1.7 Biological Hazards

Hazards arising from biological agents encountered in industrial operations.

BIOLOGICAL HAZARD CATEGORIES

Microbial growth in cooling . Exposure to biological waste or
towers and water systems effluents
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I 1.8 Environmental Hazards

Hazards that affect the environment and surrounding communities.

ENVIRONMENTAL HAZARD CATEGORIES

» Air emissions and toxic releases

»  Water contamination and effluent discharge
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Major Industrial Incidents Across the Globe

2. Major Industrial Incidents -
Across the Globe

2.1.1921 - Oppau Fertilizer Explosion, Germany

A massive explosion occurred at a BASF fertilizer plant in Oppau during efforts to break up
hardened ammonium sulphate-nitrate fertilizer stored in a silo.

Hazard Source: Ammonium nitrate-based fertilizer, improper handling of bulk storage

Impact: 507 fatalities, 1917 injured; extensive destruction of the plant

2.2.1924 - Nixon Nitration Works Explosion, USA

An explosion at a nitration and fertilizer-related facility in New Jersey triggered fires and
secondary blasts, destroying large sections of the plant and nearby communities.

Hazard Source: Explosive chemical compounds including ammonium nitrate
Impact: At least 20 fatalities, 100 injured; widespread industrial and residential damage
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2.3.1947 - Texas City Disaster, USA

fire aboard the SS Grandcamp, carrying ammonium
nitrate fertilizer, detonated at the Port of Texas City,
triggering a chain of explosions and fires across nearby
refineries and chemical plants.

Hazard Source: Ammonium nitrate fertilizer under
fire conditions

Impact: 400-600 fatalities, 4000 were injured;
one of the deadliest industrial disasters

2.4.1974 - Flixborough Chemical Plant Explosion, United Kingdom

A temporary modification to a reactor system at a chemical plant led to a massive vapor cloud
explosion

Hazard Source: Cyclohexane release due to mechanical and design failure

Impact: 28 fatalities; plant completely destroyed
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2.5.1984 - Bhopal Gas Leak, India

A catastrophic release of methyl isocyanate gas occurred at a pesticide
manufacturing plant, exposing surrounding populations during nighttime hours.

Hazard Source: Toxic gas due to process failure and poor safety systems

Impact: 3500 deaths; long-term health impacts on hundreds of thousands

2.6.1984 - San Juanico LPG Terminal Disaster, Mexico

A leak from an LPG storage facility resulted in a series of massive explosions and
fires in a densely populated area.

Hazard Source: Liquefied petroleum gas leakage and ignition

Impact: Over 500 fatalities; large-scale urban devastation
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2.7.1988 - Piper Alpha Offshore Disaster, United Kingdom

An offshore oil production platform suffered explosions and fires after maintenance-related
failures, leading to structural collapse

Hazard Source: Hydrocarbon gas leak and ignition
165 fatalities
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2.8.2001 - AZF Fertilizer Plant Explosion, France

An explosion occurred at a nitrogen fertilizer plant in Toulouse, involving stored ammonium nitrate.

Hazard Source: Chemical incompatibility and improper storage of ammonium nitrate

Impact: 31 fatalities; over 2,500 injuries

N
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2.9. 2005 - Jilin Petrochemical Explosion, China

An explosion in a petrochemical facility
caused a major fire and release of toxic
substances into the Songhua River.

Hazard Source:

Process failure and chemical release
(aniline and benzene compounds)

Impact:

5 fatalities, 70 injured; large-scale
environmental contamination
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2.10. 2005 - BP Texas City Refinery Explosion, USA

A refinery explosion occurred during startup operations due to overfilling of a distillation tower.

Hazard Source: Impact:

Hydrocarbon release and ignition 15 fatalities; over 180 injuries
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2.11. 2008 - Imperial Sugar Dust Explosion, USA

An explosion in a petrochemical facility caused a
major fire and release of toxic substances into
the Songhua River.

Hazard Source:
Process failure and chemical release (aniline
and benzene compounds)

Impact:

5 fatalities, 70 injured; large-scale environmental
contamination

2.12.2010 - Deepwater Horizon Explosion, USA

An offshore drilling rig explosion resulted in a prolonged oil spill in the Gulf of Mexico.

Hazard Source: Blowout of high-pressure hydrocarbons

Impact: 11 fatalities; largest marine oil spill in U.S. history
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2.13. 2013 — West Fertilizer Explosion, USA

A leak from an LPG storage
facility resulted in a series

of massive explosions and
fires in a densely populated
area.

Hazard Source:

Liquefied petroleum gas
leakage and ignition

Impact:

Over 500 fatalities; large-
scale urban devastation

L . 2.14. 2015 - Tianjin Port Explosions, China
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Major Industrial Incidents Across the Globe

2.15. 2019 - Lubrizol Chemical Plant Fire, France

A major fire at a chemical plant released large
plumes of smoke, raising environmental and public
health concerns.

Hazard Source:
Fire in chemical storage areas

Impact:

No fatalities; large-scale environmental and
economic disruption

Sources:

French Government Parliamentary Inquiry;
Ministry of Environment

2.16. 2023 - Didion Milling Explosion, USA

A grain dust explosion occurred at a milling facility, resulting in fatalities and severe damage.

Hazard Source: Combustible grain dust ignition

Impact: 5 fatalities, 14 injuries
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2.17. 2024 - Hwaseong Battery Factory Fire, South Korea

A fire involving lithium battery explosions occurred at a battery
manufacturing facility, causing significant casualties and structural damage.

Hazard Source:  Lithium battery ignition and thermal runawa

Impact: 23 fatalities, multiple injuries

2.18.2025 - Lesnoy Factory Explosion, Russia

A dust explosion occurred at a chemical/pharmaceutical
manufacturing facility, leading to fatalities and extensive
facility damage.

Hazard Source:
Combustible dust explosion

Impact:

46 fatalities, dozens injured
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2.19. 2025 - Lesnoy Factory Explosion, Russia

A fire triggered explosions at an industrial plant involving hazardous materials storage, causing
casualties and widespread damage.

Hazard Source: Fire-induced industrial explosions

Impact: 28 fatalities, ~157 injuries




dustrial
its and
| Pakistan

-




Major Industrial Incidents and Disasters in Pakistan

3. Major Industrial Incidents
and Disasters in Pakistan

3.1. 2012 - Baldia Town Factory Fire, Karachi

A devastating fire engulfed a garment manufacturing factory in Baldia Town,
Karachi. Exits were reportedly blocked, and fire safety systems were inadequate.

Hazard Source: Electrical short circuit and lack of fire safety provisions
Impact: Over 250 fatalities; one of the deadliest industrial fires in Pakistan
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:-;' ' 3.2. 2015 - Sundar Industrial Estate Chemical Factory Fire, Lahore

J

A fire erupted at a chemical manufacturing unit in
the Sundar Industrial Estate, spreading rapidly
due to the presence of flammable chemicals.

Hazard Source:

Flammable chemical storage and inadequate fire
containment

Impact:

Multiple injuries; significant industrial damage
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3.3. 2016 - Gadani Ship-Breaking Explosion, Balochistan

An explosion occurred during gas cutting operations on an oil tanker at the
Gadani ship-breaking yard.

Hazard Source: Residual flammable gases inside the vessel

Impact: At least 28 workers killed; 58 injured

4

A temporary modification to a reactor system at a chemical plant led to a massive
vapor cloud explosion

Hazard Source: Cyclohexane release due to mechanical and design failure

28 fatalities; plant completely destroyed
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3.5. 2025 - Faisalabad Industrial Boiler Explosion, Pakistan

A boiler explosion at a chemical factory in Malik Pur area caused significant casualties and
highlighted ongoing safety challenges in Pakistan's industrial sector.

Hazard Source: Boiler overpressure and maintenance deficiencies

Impact: 12 fatalities; 19 injuries




CHAPTER -4

Global Best Practices on
Industrial Hazard Mitigation
and Management
e ‘ ——




R
UL \ ;/
by ﬂ\ H

‘ FIRE HAZARDS
GLOBAL BEST
PRA(ﬁ'IéES

”, Aw\/

- ‘Ex ‘L\\\ \ _,,.J




Fire Hazards - Global Best Practices
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I United States

4.1.1.1. Automatic Fire Suppression Systems (NFPA 13 & Foam Systems)

In the United States, industrial facilities handling flammable liquids are legally required to install and
maintain automatic sprinkler systems and foam-based fire suppression systems in accordance with
National Fire Protection Association (NFPA) standards. These systems are designed to detect and
suppress fires at an early stage, significantly reducing escalation risk in chemical and fertilizer
storage and processing areas.

Automatic Fire Suppression Systems
NFPA 13 Sprinkler System ., (NFPA 13 & Foam Systems)

ALARM

A ATV

SYSTEM PIPIRG

WATER SOURCE

4.1.1.2. Onsite Industrial Fire Brigades

Large chemical and fertilizer plants in the United States maintain dedicated onsite industrial fire
brigades. These brigades are trained to standards comparable to municipal fire services and are
equipped to respond immediately to industrial fires, ensuring rapid intervention before external
emergency responders arrive.
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I United States

4.1.1.3. Hot Work Permit System

The hot work permit system is mandatory in U.S. industrial facilities and is enforced under
Occupational Safety and Health Administration (OSHA) regulations. All activities involving
welding, cutting, or grinding are subject to formal authorization, hazard assessment, and
supervision to prevent ignition of flammable materials

HOTWORK =

PERMIT SYSTEM . | &

WORK SAFELY
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4.1.1.4. Inspection, Testing, and Maintenance (ITM) of Fire Systems

ITOF * THIME  FERICEM ' REVELN

In the United States, fire detection and suppression systems in industrial facilities are subject to
structured inspection, testing, and maintenance (ITM) programs in accordance with recognized
standards. These activities are conducted at defined intervals, including quarterly and annual
schedules, to verify the functionality of alarms, sprinklers, foam systems, hydrants, and
associated components. Detailed records are maintained to document system performance,
deficiencies, and corrective actions. In many cases, third-party auditors or certified inspectors
review ITM processes to ensure compliance, thereby maintaining the reliability and effectiveness
of fire protection systems throughout the facility’s operational lifecycle.
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I United States

4.1.1.5. Incident Command System (ICS)

Fire emergency response in industrial facilities in the United States is organized under the
standardized framework of the Incident Command System. This system establishes a clear
command hierarchy that defines roles, responsibilities, and decision-making authority during
emergency operations. Industrial operators and public emergency services, including fire
departments and emergency management agencies, coordinate their actions through this
structured system. By providing a unified command structure, the framework enhances
communication, resource allocation, and operational efficiency during industrial fire incidents.
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I Canada

4.1.21.Fire Load Calculations

Provincial fire codes in Canada require industrial facilities to perform detailed fire load calculations for
storage and processing areas where combustible materials are present. These calculations estimate
the total amount of combustible energy that could be released during a fire, based on the type and
quantity of materials stored or handled. The results are used to determine the required capacity of
fire protection systems, including sprinklers, hydrants, and suppression mechanisms.

Classification Based on Fire Load Fire Load
Calculation

4.4.6.2.Explosion Protection in High-Risk Areas

Canadian regulations require industrial Fire Load Calculations in Canada
operators to demonstrate not only
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sufficient fire water capacity, but also
system redundancy to  ensure
uninterrupted firefighting capability.
Facilities must maintain  backup
pumps, dual water supply sources,
and reserve storage to address high-
demand fire scenarios. Hydraulic
calculations are conducted to confirm
pressure and flow adequacy across
the network. This redundancy
significantly  reduces  vulnerability
during equipment failure or
simultaneous emergency events.
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I Canada

4.1.2.3. Joint Emergency Exercises

Candian industrial facilities regularly organize
joint emergency exercises with municipal fire
departments, emergency medical services,
and other local response agencies. These
exercises simulate realistic industrial fire
scenarios to test communication systems,
emergency coordination, evacuation
procedures, and firefighting capabilities.
Participation of external responders helps
familiarize them with facility layouts,
hazardous material inventories, and site-
specific risks. Such collaborative drills
improve response time, strengthen
coordination among stakeholders, and
enhance preparedness for managing major
industrial fire incidents effectively.

In Canada, fire safety compliance is closely
integrated into Occupational Health and
Safety (OHS) regulatory frameworks, linking
operational authorization with demonstrated
fire risk management capacity. Industrial
facilities must provide evidence of compliant
fire detection systems, suppression
infrastructure, emergency procedures, and
worker training as part of broader workplace
safety obligations. Regulatory authorities
assess fire protection measures during
licensing reviews, audits, and inspections to
ensure that fire risks are systematically
identified and controlled. This integrated
approach strengthens accountability by

treat.mg fire safety not as a standalone ‘EI'I'I.III'II'IAfII'I'SIifn ||.Inl'l:ml!l:d|nt:rﬂfem1|'|'|'-urlp|::t5:l:l1.&ﬂﬂ5Cnmylllmt
requirement, but as a core component of - hoaivhoms

overall industrial risk governance.




I MeXico

4.1.3.1. Federal Fire Safety Audits

Fire Hazards - Global Best Practices

Petrochemical and fertilizer
facilities in Mexico are subject
to structured federal fire
safety audits conducted by
competent authorities. These
audits assess compliance with
prevention systems, fire
detection  reliability, foam
application  systems, and

Federal Fire Safet},f ﬂudlts
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Mexican  regulations require the
installation of  foam-based fire
suppression systems in hydrocarbon
and flammable liquid storage areas,
particularly in  petrochemical and
fertilizer facilities. These systems are
specifically designed to form a stable
foam blanket over liquid fuel surfaces,
suppressing vapors and preventing re-
ignition. Engineering standards govern
foam concentrate type, application
rates, discharge duration, and system
testing requirements to  ensure
effectiveness during major fire events.
The mandatory deployment of foam
systems significantly enhances control
of large-scale liquid fuel fires and
reduces the risk of fire escalation to
adjacent storage tanks and process
units.
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4.1.3.3. Emergency Plans approved by
Civil Protection Authorities

In Mexico, industrial facilities are required to develop comprehensive emergency response and fire
contingency plans, which must be formally reviewed and approved by Civil Protection Authorities
before operations commence. These plans outline fire scenarios, response procedures, evacuation
strategies, resource availability, and coordination mechanisms with external emergency services.
Regulatory review ensures that facility-level plans are aligned with national and regional emergency
management frameworks. This approval process strengthens preparedness, enhances inter-agency
coordination, and ensures a structured response to fire incidents in high-risk industrial
environments.

Emergency Plans Approved by Civil Protection Authorities
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4.1.4.1. Fire Compartmentation and Blast-Resistant Design

Industrial facilities in Germany are engineered with fire compartmentation and blast-resistant
design features to control the spread of fire and mitigate escalation risks. Fire compartments are
created using fire-rated walls, doors, and barriers that isolate high-risk areas and prevent flames
and heat from spreading to adjacent sections. In addition, blast-resistant separations are
incorporated to withstand pressure waves from potential explosions, protecting critical
infrastructure and personnel. These integrated design measures play a crucial role in limiting the
impact of major fire events and enhancing overall facility safety and resilience.
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4.1.4.2. Performance-Based Fire Engineering Studies

For high-hazard industrial installations, Germany requires the use of performance-based fire
engineering studies as part of the regulatory approval and licensing process. These studies
involve detailed analysis of credible fire scenarios, including ignition sources, fire growth, heat
release rates, and potential impact on structures and equipment. Advanced modeling and
simulation tools are used to evaluate the effectiveness of fire prevention, detection, and
suppression systems under realistic conditions. The outcomes help validate that proposed safety
measures are sufficient to control fire risks, ensuring that facilities meet stringent safety
requirements before commencing operations.

PERFORMANCE-BASED FIRE EMGINEERING STUDIES
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4.1.4.3. Fire Scenario Testing during Licensing

In Germany, industrial facilities are required to rigorously test and validate fire scenarios as part of
the plant licensing and renewal process. Operators must demonstrate, through analysis and
practical evaluation, that credible fire incidents can be effectively controlled without leading to
uncontrolled escalation. Regulatory authorities review these scenarios to assess the adequacy of
fire detection systems, suppression measures, structural protections, and emergency response
arrangements. Approval to operate is granted only after confirming that fire risks are managed
within acceptable limits, ensuring a high level of safety in high-hazard installations.
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I United Kingdom

4.1.5.1. Fire Scenarios under COMAH Regulations

Under the Control of Major Accident Hazards (COMAH) regulations, industrial operators must
develop and submit detailed fire scenarios within their Major Accident Safety Reports. These
scenarios demonstrate how fires are prevented, detected, and controlled.

Fire Scenarios under COMAH Regulations

— Part of the Major Accident Safety Report —
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4.1.5.2. Demonstration of Firefighting Capability

In the United Kingdom, industrial operators are required to demonstrate actual firefighting
capability as part of regulatory compliance for high-hazard facilities. This includes both onsite
and offsite response arrangements, ensuring that adequate resources are available to manage
potential fire incidents. Facilities must provide evidence of properly maintained firefighting
equipment, sufficient fire water supply, trained response personnel, and clearly defined
emergency procedures. Regulatory authorities assess these capabilities through
documentation review, inspections, and exercises to ensure that fire response capacity is
practical, effective, and aligned with identified risk scenarios.
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4.1.5.3. Regulatory Inspections by HSE

In the United Kingdom, the Health and Safety Executive conducts structured and
risk-based inspections of high-hazard industrial facilities to verify compliance
with fire safety requirements. These inspections assess the adequacy of fire
prevention measures, detection and suppression systems, emergency
preparedness arrangements, and maintenance records. Inspectors evaluate
whether operators are effectively implementing control measures identified in
their safety reports and risk assessments. This continuous regulatory oversight
ensures sustained compliance, drives corrective actions where deficiencies are
identified, and promotes ongoing improvement in industrial fire risk management.

Fire Scenarios under COMAH Regulations
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4.1.6.1. Mandatory Fire Detection and Suppression Systems

France requires classified industrial installations, particularly those handling hazardous
substances, to install certified automatic fire detection and suppression systems as a condition of
operation. These systems typically include smoke and heat detectors, automatic sprinklers,
foam-based suppression units, and centralized alarm monitoring. Regulatory requirements ensure
that detection mechanisms are capable of early identification of fire incidents, enabling rapid
activation of suppression systems. By mandating engineered fire protection infrastructure, France
strengthens early fire control capability and significantly reduces the likelihood of large-scale
industrial fire escalation.

4.1.6.2. State-Led Fire Safety Inspections

Fire safety compliance in classified industrial installations is verified through structured state-led
inspections. These inspections assess the adequacy of fire prevention measures, detection and
suppression systems, emergency response arrangements, and maintenance documentation.
Inspectors evaluate whether facilities are operating in accordance with approved safety
conditions and regulatory requirements. This centralized enforcement mechanism ensures
consistent application of fire safety standards across industrial sectors and reinforces
accountability in high-hazard facilities.
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4.1.6.3. Containment of Fire Water Runoff

French regulations require industrial facilities to implement engineered systems for the
containment of firefighting water runoff during emergency response operations. Containment
basins, isolation valves, drainage control systems, and impermeable surfaces are designed to
prevent contaminated fire water from entering soil, groundwater, or nearby water bodies.
Facilities must demonstrate that runoff management systems can accommodate expected
firewater volumes under worst-case fire scenarios. This requirement minimizes secondary
environmental damage and ensures that fire suppression activities do not result in additional
ecological or public health risks.
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I Japan

4.1.7.1. Multi-Sensor Fire Detection Systems Wireless Fire Alarm SHStEITI
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Japanese  industrial  facilities  deploy
advanced multi-sensor fire  detection

systems that combine smoke, heat, and :
flame detection technologies to improve
accuracy and reduce false alarms. These

systems are integrated with centralized = =
emergency control rooms, allowing real-time iy e

monitoring of fire conditions across the
facility. Upon detection of abnormal signals,
alerts are immediately transmitted to control
personnel, enabling rapid verification and
activation of response measures.
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4.1.7.2. Mandatory Full-Scale Emergency Drills

Full-scale emergency drills are legally
mandated for high-risk industrial facilities in
Japan and are conducted multiple times per
year to ensure operational readiness. These
drills simulate realistic fire scenarios,
testing detection systems, alarm activation,
evacuation procedures, firefighting
response, and coordination with external
emergency services. Regulatory authorities
may observe or review drill outcomes to
verify compliance with safety obligations.
Regular large-scale exercises strengthen
personnel competence, validate system
functionality, and enhance coordination
during actual fire emergencies.

Maintenance intervals for fire protection
equipment in Japanese industrial facilities are
strictly defined under national safety regulations
and are subject to regulatory oversight.
Operators are required to conduct periodic
inspection, testing, and servicing of fire
detection systems, suppression units, hydrants,
alarms, and emergency power supplies
according to prescribed schedules. Detailed
maintenance records must be documented and
made  available  during inspections to
demonstrate  compliance.  This rigorous
enforcement framework ensures long-term
reliability of fire protection systems and reduces
the risk of system failure during critical
emergency situations.
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I South Korea

4.1.8.1. Automatic Fire Suppression
for High-Risk Processes

High-risk industrial processes in
South Korea are protected by

engineered automatic fire
suppression systems designed to
activate without human

intervention. These systems are
integrated with heat, flame, or
smoke detection mechanisms that
trigger immediate discharge of
water, foam, or specialized
extinguishing agents upon
detection of abnormal conditions.
The automation of suppression
response  significantly  reduces
reaction time and limits fire growth
in process units handling f
flammable or reactive materials.
Regulatory oversight ensures that

such  systems are  properly
designed, tested, and maintained

to provide reliable protection in
critical industrial operations.

4.1.8.2. Centralized Fire Alarm Monitoring

In South Korea, fire alarm systems within large industrial complexes are integrated into
centralized monitoring platforms to ensure immediate detection and response coordination. When
alarms are triggered, signals are transmitted in real time to a central control room or external
emergency response centers. This centralized arrangement enables rapid verification of
incidents, activation of emergency protocols, and prompt notification of firefighting units. By
consolidating alarm monitoring, industrial operators enhance situational awareness and

9 significantly reduce response time during fire emergencies P ‘
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4.1.9.1. Onsite Firefighting Teams

Large chemical, petrochemical, and fertilizer facilities in China are required to establish dedicated
onsite firefighting teams to ensure immediate emergency response capability. These teams are
trained in industrial fire suppression techniques, including handling flammable liquids, pressurized
gas fires, and process-related ignition scenarios. They are equipped with specialized firefighting
apparatus such as foam tenders, breathing apparatus, thermal protective gear, and fixed fire
monitor systems. Regular drills and coordination exercises are conducted to ensure seamless
integration with municipal fire services, enabling rapid containment of fire incidents before
escalation to catastrophic levels.

4.1.9.2. Fire Safety Licensing

In China, hazardous chemical and fertilizer facilities must obtain fire safety licenses before
operations. Compliance includes certified fire protection systems, emergency access, trained
staff, and adherence to national fire codes, with regular inspections and regulatory reviews
required for continued operation.
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41.9.3. Centralized Fire Infrastructure in Industrial Parks

Chemical and industrial parks in China are designed with centralized fire response infrastructure
that serves multiple facilities within the park. Shared resources typically include firewater
networks, hydrant systems, foam tenders, specialized firefighting equipment, and trained
emergency response personnel. Centralized coordination allows rapid deployment of firefighting
assets to the site of an incident, optimizing response times and ensuring efficient utilization of
resources. This collective approach enhances overall safety within industrial clusters, reduces
redundancy, and strengthens the ability to contain fires before they escalate into large-scale
emergencies.
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4.1.10.1. Mandatory Fire Clearance and
NOC System

In India, high-risk industrial facilities, including fertilizer and chemical plants, are required to obtain
Fire Safety No-Objection Certificates from State Fire Services. These approvals are conditional
upon installation of fixed fire protection systems, fire water networks, hydrants, and foam
systems, and are periodically renewed following inspections.
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4.1.10.2. Hot Work Permit Enforcement

Hot work permit systems are mandatory across Indian process industries and are strictly enforced
through internal safety management frameworks as well as statutory inspections and audits. Any
activity involving welding, cutting, or grinding requires prior authorization through a formal permit
process. This process includes hazard identification, gas testing to detect flammable
atmospheres, provision of fire watch personnel, and availability of firefighting equipment at the
worksite. Post-work monitoring is also required to ensure no residual ignition sources remain,
thereby significantly reducing the risk of fire incidents in hazardous industrial environments.
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4.1.11.1. Fire Safety Clearance from Fire
Service & Civil Defence

Industrial facilities in Bangladesh are
required to obtain fire safety clearance from
the Fire Service and Civil Defence
Department prior to commencing
operations. This approval is granted only
after  verification that essential fire
protection measures are in place, including
fire alarm systems, hydrant networks,
portable extinguishers, and clearly marked
emergency exits. Authorities assess the
adequacy of fire prevention systems,
accessibility for firefighting operations, and
compliance with national safety standards.
Periodic inspections and renewals ensure
continued adherence, making fire safety
clearance a critical component of regulatory
compliance for industrial operations.

41.11.2. Dedicated Industrial Fire Teams

Fire Hazards - Global Best Practices

Fire Safety Clearance ier Industrial Facilties in Bangladesh
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Large fertilizer and chemical plants in Bangladesh are required to maintain dedicated onsite fire
response teams to manage fire incidents, particularly in high-risk processing and storage areas.
These teams are equipped with specialized firefighting gear, portable extinguishers, hose lines, and
foam systems suitable for chemical and flammable material fires. Personnel receive structured
training in fire suppression techniques, emergency evacuation, and coordination with local fire
services. The presence of trained industrial fire teams ensures rapid initial intervention, minimizing
fire escalation and protecting both personnel and critical infrastructure.
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4.1.12.1. Fire Safety under WHS Laws

Fire safety obligations in Australian industrial facilities are legally enforced under the national
Work Health and Safety (WHS) legislation, which mandates that employers actively manage fire
risks. Facilities must implement comprehensive fire prevention and protection measures, including
detection systems, suppression equipment, emergency exits, and staff training programs.
Regulatory compliance is monitored through workplace inspections, safety audits, and reporting
requirements. By embedding fire safety within the broader industrial law framework, Australia
ensures that fire risk management is treated as a legal duty, reinforcing accountability and
safeguarding personnel, property, and the environment.

FIRE SAFETY OBLIGATIONS IN AUSTRALIAN INDUSTRIAL FACILITIES
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41.12.2. Risk-Based Fire Safety Assessments

In the United Kingdom, the Health and Safety Executive conducts structured and
risk-based inspections of high-hazard industrial facilities to verify compliance
with fire safety requirements. These inspections assess the adequacy of fire
prevention measures, detection and suppression systems, emergency
preparedness arrangements, and maintenance records. Inspectors evaluate
whether operators are effectively implementing control measures identified in
their safety reports and risk assessments. This continuous regulatory oversight
ensures sustained compliance, drives corrective actions where deficiencies are
identified, and promotes ongoing improvement in industrial fire risk
management.

Navigating HSE Industrial Fire Safety Inspections

A focus on rsk-bazed evalustions 1o ensure robust fire presentbon and effective safety control measures in high-hazard industrial facilities.
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I United States

4.2.1.1. Risk Management Plans (RMPs)

In the United States, facilities handling listed hazardous chemicals are legally required under the
Environmental Protection Agency’s Risk Management Program to prepare and maintain Risk
Management Plans. These plans document hazard assessments, prevention programs, and
emergency response measures, ensuring systematic control of chemical spill risks throughout the
facility lifecycle.
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4.2.1.2. Dispersion Modeling of Release Scenarios

Industrial operators in the United States calculate worst-case and alternative chemical release
scenarios using dispersion modeling tools. These models estimate the potential offsite impact
of spills, guiding emergency planning, land-use decisions, and risk communication with
authorities. Draw this process yourself for better quality printing.
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4.2.1.3. Community Notification Systems
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4.21.4.Secondary Containment Enforcement

—

In the United States, industrial
facilities  handling  hazardous
chemicals must use secondary
containment systems—such as
bund walls, dikes, and double-
walled tanks—to capture spills or
leaks from primary storage.
Regulatory  agencies enforce
compliance  through regular
inspections and audits to ensure
these systems are properly

maintained. Ultimately,
secondary containment serves as
a critical safeguard for

environmental and public health.
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4.2.21. Provincial Approval of Spill Response Plans

In Canada, industrial facilities handling hazardous chemicals are required to develop detailed
emergency spill response plans, which must be reviewed and formally approved by provincial
regulatory authorities. These plans outline step-by-step procedures for responding to chemical
releases, including containment measures, deployment of spill response equipment, and
coordination with onsite and offsite emergency personnel. Approval ensures that facilities have
adequate resources, trained staff, and effective communication protocols to manage incidents
safely and efficiently. This regulatory oversight reinforces preparedness, minimizes environmental
impact, and aligns facility response capabilities with provincial safety standards.
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4.2.2.2. Industry-Government Coordination Mechanisms

Canada places strong emphasis on structured coordination between industrial operators and
government agencies to manage hazardous material incidents effectively. Joint protocols and
agreements are established to define roles, responsibilities, and communication channels during
chemical spill events. Regular joint exercises, information sharing, and real-time coordination
allow for the rapid mobilization of specialized response teams, equipment, and resources. This
collaborative approach ensures that both industry and government stakeholders can respond
efficiently, minimizing environmental damage, protecting public health, and maintaining
regulatory compliance.
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4.2.3.1. Major Accident Prevention Policies (MAPP)

Under United Kingdom regulations, operators of high-hazard chemical facilities are legally
mandated to develop and implement Major Accident Prevention Policies (MAPP). These
policies provide a structured framework for preventing chemical spills and other major
incidents by integrating engineering controls, operational procedures, and management
oversight. MAPP requires identification of potential hazards, risk assessment, and
implementation of preventative measures such as containment systems, automated
shutdowns, and safety barriers. Regular monitoring, review, and continuous improvement
ensure that these policies effectively reduce the likelihood and impact of chemical
accidents, safeguarding workers, the community, and the environment.

Operators of high-hazard sites must develop and implement MAPP
to prevent major accidents.
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4.2.3.2. Regulatory Verification of Spill

Prevention Measures

In the United Kingdom, chemical spill prevention
measures are regularly verified through inspections
conducted by competent regulatory authorities.
These inspections assess the integrity of containment
systems, the effectiveness of operational controls,
and adherence to maintenance schedules for
equipment handling hazardous chemicals. Inspectors
also review documentation, risk assessments, and
emergency preparedness plans to ensure that
facilities are consistently managing spill risks. This
regulatory oversight ensures that preventative
measures remain effective over time, helping to
minimize  environmental impact and maintain
workplace safety.

_______ In the United Kingdom, operators of
chemical facilities are required to provide
public access to information regarding the
hazardous substances present on their
sites. This transparency includes details on
chemical types, associated risks, and the
safety measures in place to prevent spills
or accidents. By sharing this information,
communities living near industrial sites are
*”“*""‘“‘ﬁ better informed about potential hazards
g.ummm and can take appropriate protective

actions during emergencies. Public
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4.2.4. Integrated Leak Detection Systems

In Germany, chemical facilities implement
advanced integrated leak detection
systems across storage tanks, pipelines,
and transfer operations to monitor for
potential chemical releases. These
systems use sensors, pressure monitors,
and automated alarms to detect leaks at
an early stage, allowing rapid response
before spills can escalate into major
incidents. Continuous monitoring ensures
that abnormal conditions are immediately
flagged to operators and emergency
response teams, enabling prompt
containment and mitigation. By providing
real-time data and early warning
capabilities, these systems enhance
safety, protect the environment, and
reduce the risk of operational and
regulatory incidents.

4.2.4.2. Automatic Isolation Valves

Automatic isolation valves in high-risk chemical . . R L EAK
pipelines automatically stop flow during leaks or — L B DETECTED
abnormal conditions, reducing spill volumes and -~ i ‘
environmental contamination. Integrated monitoring
systems enable rapid response and effective
containment during pipeline failures.
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4.2.4.3. Groundwater Protection Measures

Germany enforces stringent groundwater protection requirements for chemical and industrial
facilities to prevent contamination of subsurface water resources. Industrial sites are required to
implement impermeable surfaces beneath storage and handling areas to contain potential spills.
Monitoring wells are installed to continuously assess groundwater quality, while containment
barriers and bunded areas provide additional safeguards against accidental chemical releases.
Regular inspections and environmental audits ensure that these protective measures are
maintained effectively, safeguarding drinking water sources, ecosystems, and public health from
hazardous chemical contamination.
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4.2.5.1. Automated Chemical Handling Systems

In the Netherlands, industrial facilities are encouraged to implement fully automated chemical
handling systems to enhance safety during storage, transfer, and processing operations. These
automated systems reduce reliance on manual handling, minimizing human error and the risk of
accidental spills or releases. Advanced sensors, control software, and robotic handling equipment
monitor chemical flows and ensure precise operation under controlled conditions. By integrating
automation with safety interlocks and emergency shutdown mechanisms, facilities achieve higher
reliability, improved process efficiency, and enhanced protection for workers, the environment,
and surrounding communities.

4.2.5.2. Digital Hazardous Substance Inventory Tracking

Industrial facilities maintain real-time digital inventories of hazardous substances stored onsite.
These systems track quantities, storage conditions, compatibility classifications, and transfer
movements. Regulators can access updated records during inspections or emergencies,
improving oversight and transparency. Accurate digital tracking enhances spill preparedness by
ensuring responders know precisely what substances are present and in what quantities.

Digital Hazardous Substance Inventory Tracking
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4.2.5.3. Environmental Spill Control Enforcement

In the Netherlands, environmental authorities rigorously enforce chemical spill control regulations
across industrial facilities. Compliance monitoring includes regular inspections of containment
systems, secondary storage barriers, drainage controls, and emergency response equipment.
Authorities assess whether facilities are capable of preventing, controlling, and mitigating
chemical releases in line with national environmental protection standards. Non-compliance can
result in corrective actions, fines, or operational restrictions. This strict enforcement ensures that
spill prevention measures remain effective, safeguarding both workers and the surrounding
environment from hazardous chemical exposure.
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I Singapore

4.2.6.1. Licensing of Chemical Facilities

In Singapore, chemical facilities are required
to operate under a strict national licensing
framework that governs all aspects of
hazardous chemical management. Obtaining
a license involves demonstrating compliance
with  regulations on spill  prevention,
containment systems, storage practices, and
emergency response preparedness. Facilities
must provide detailed plans for hazard
mitigation, risk assessment, and coordination
with local emergency services. Regular audits
and inspections are conducted to ensure
continued adherence to licensing conditions,
thereby maintaining high standards of safety,
environmental protection, and community
security around chemical operations.

In Singapore, all industrial facilities handling
hazardous chemicals are required to
develop comprehensive emergency
response plans for chemical spills and
releases. These plans must be submitted to
regulatory authorities for formal review and
approval, ensuring they meet national
standards for preparedness, containment,
and coordinated response. Approved plans
include procedures for incident detection,
immediate mitigation, resource mobilization,
communication with  authorities, and
protection of personnel and the public. This
regulatory oversight ensures that
emergency response measures are
effective, standardized, and fully aligned

= s . . ; .
" a® with  Singapore’s national emergency
..:=-'_.. ﬁ management framework.




Chemical Spillage - Global Best Practices

I Singapore

4.2.6.3. Frequent Government-Led Inspections

In Singapore, government regulatory agencies conduct frequent and comprehensive inspections
of chemical facilities to ensure adherence to spill prevention and emergency response standards.
These inspections evaluate containment systems, storage protocols, handling procedures, and
availability of spill response equipment. Compliance is assessed against national licensing
requirements, safety codes, and environmental protection guidelines. By maintaining regular
oversight, authorities reinforce high operational standards, ensure preparedness for chemical
release incidents, and reduce the risk of environmental contamination or harm to personnel and
surrounding communities
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4.2.7.1. Mandatory Spill Response Capability

Fertilizer and gas facilities in Qatar are required to maintain dedicated chemical
spill response capability within the plant premises. This includes trained hazardous
material teams, absorbent materials, neutralizing agents, and containment
equipment. Facilities must demonstrate response readiness during inspections
and drills. Maintaining onsite capacity ensures immediate control of spills before
they escalate into environmental emergencies.
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I South Africa

4.2.8.1. Use of Industrial Hazardous Material Response Teams

In South Africa, industrial facilities handling hazardous chemicals commonly maintain
specialized, highly trained hazardous material (HazMat) response teams tasked with managing
emergency chemical spill incidents. These internal teams are specifically trained in the technical
containment, chemical neutralization, and safe cleanup of hazardous substances, which ensures
rapid and effective mitigation of potential environmental risks.

To manage a wide variety of chemical hazards safely, these units are equipped with advanced
personal protective equipment (PPE)—such as specialized chemical suits and self-contained
breathing apparatuses (SCBA)—alongside specialized tools and heavy-duty spill containment
gear.

Furthermore, facilities conduct regular training exercises, simulation drills, and medical
surveillance programs to maintain constant operational readiness and improve team
coordination. This continuous preparation ensures that emergency responses are not only
technically competent but also strictly compliant with national safety frameworks, such as the
Occupational Health and Safety Act (OHSA) and National Environmental Management Act
(NEMA) regulations.
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| India

4.2.9.1. Secondary Containment for Bulk Storage

In India, industrial regulations require that bulk chemical and fertilizer storage tanks be equipped with bund
walls and secondary containment systems. These engineered barriers are designed to capture any
accidental leaks or spills from primary storage units, preventing hazardous substances from contaminating
soil, surface water, or groundwater. Facilities must ensure that containment areas are properly constructed,
regularly inspected, and maintained to remain effective over time. Implementation of secondary
containment not only mitigates environmental risks but also enhances overall safety and regulatory
compliance for high-risk industrial operations.

4.2.9.2. Onsite Spill Response Facilities

Chemical and fertilizer plants in India are
required to maintain comprehensive onsite
spill  response capabilities to manage
accidental chemical leaks and spills
effectively. Facilities are equipped with spill
response kits, neutralizing agents, absorbents,
and containment tools to promptly control and
mitigate hazardous releases. Trained
emergency response teams are stationed
onsite to implement these measures, ensuring
rapid intervention and minimizing
environmental or health impacts. These
systems and teams are routinely evaluated
during safety audits and regulatory
inspections to verify readiness, effectiveness,
and compliance with  national safety
standards.
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4.2.9.3. Regulatory Reporting and Investigation

F

In India, any chemical spill or hazardous
release must be promptly reported to
the relevant departments. This reporting
ensures that regulatory authorities are
immediately informed and can provide
guidance or support for containment
and mitigation. Following an incident,
detailed investigations are conducted to
determine the root causes, assess the
effectiveness  of  existing control
measures, and identify gaps in safety
practices. Based on these findings,
corrective actions are mandated to
prevent recurrence, improve operational
safety, and maintain compliance with
environmental and industrial regulations.
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I Bangladesh

4.2.10.1. Mandatory Bunding and Drainage Control

In Bangladesh, industrial facilities
handling chemicals are required
to implement bunding and
controlled drainage  systems
around storage areas to contain
potential spills. These systems—
including bund walls, retention
pits, and sloped channels—
prevent hazardous liquids from
spreading into soil, groundwater,
or nearby water bodies. Facilities
must  regularly inspect and
maintain these structures to
ensure their integrity during an
emergency. By enforcing these
containment measures, regulatory
authorities minimize
environmental contamination risks
and enhance overall industrial
safety.

4.2.10.2. Spill Response Training and Equipment

Industrial operators in Bangladesh are required to maintain dedicated spill response equipment,
including absorbent materials, neutralizing agents, portable containment kits, and personal
protective gear. Workers receive structured training on safe handling of hazardous chemicals,
spill containment techniques, and emergency response procedures. Regular drills and refresher
courses ensure that personnel are prepared to act quickly and effectively in the event of a
chemical leak or spill. This combination of equipment readiness and trained staff enhances onsite
safety, limits environmental impact, and ensures regulatory compliance during chemical incidents.
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4.2.10.3. Environmental Oversight

Bangladesh actively enforces chemical
spill control through a combination of
regulatory  inspections, compliance
audits, and environmental monitoring
programs. Industrial facilities handling
hazardous chemicals are required to
demonstrate effective containment, spill
prevention, and emergency response
capabilities. Inspectors verify adherence
to national environmental standards,
evaluate risk mitigation measures, and
ensure proper documentation of spill
management practices. This oversight
ensures that chemical storage and
handling operations minimize
environmental impact and protect public
health while maintaining accountability
for industrial operators.
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4.3.1.1. Fixed Gas Detection Linked to
Automatic Emergency Shutdowns
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In the United States, high-risk industrial facilities install fixed toxic gas detection systems that are
directly linked to automatic emergency shutdown mechanisms. Upon detection of gas
concentrations exceeding safe thresholds, these systems isolate processes and halt operations
to minimize the scale and duration of toxic releases.

4.3.1.2. Defined Protective Action Distances (PADs)

Defined Protective Action Distances (PADs) In the United States, facilities that
Ernergency Plannlng Zenes for Toxke Gas Releasss handle toxic gases are required to
establish formally defined Protective
P Action Distances (PADs) as part of
400 meters 5 o (25 Mien g their emergency planning protocols.
Al - ' These distances delineate the areas
EVACUATE . /] Y|
surrounding a facility where specific

protective  measures, such as
evacuation or shelter-in-place orders,
may be necessary in the event of a
toxic gas release. PADs are
| determined using detailed hazard
assessments, modeling of potential
gas dispersion, and consideration of
4 kilometers. hEme ' 7 popu_lgtion density and enyironmental
Voo, 2.5 Mies) La ——— conditions. By clearly defining these
CAUTION .~ "% zones, emergency responders and
. ol facility operators can implement
timely protective actions, reducing
exposure risks and safeguarding
Hiarird Rasaiirtinl  Gas Diipertiies Meliag  Pogpaloven Cuviderminess  Erviigewretital Facien nearby communities during
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4.3.1.3. Annual Toxic Gas Emergency Dirills

Industrial operators in the United States are required to conduct annual toxic gas emergency
drills to ensure readiness for potential hazardous gas release events. These exercises test the
effectiveness of fixed gas detection systems, emergency shutdown procedures, and the
coordination of onsite and offsite response teams. Communication with local emergency
services, including fire departments and medical responders, is also evaluated to confirm timely
and accurate information flow. By regularly conducting these drills, facilities reinforce operational
preparedness, identify areas for improvement, and ensure full compliance with federal and state
regulatory requirements for toxic gas safety.
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I Canada

4.3.2.1. Municipal Shelter-in-Place Protocols

In Canada, municipalities located near
industrial facilities that handle toxic gases
formally adopt shelter-in-place protocols
to protect nearby communities during
emergency incidents. These protocols
provide clear, pre-defined instructions for
residents, including when to remain
indoors, secure windows and doors, and
shut down ventilation systems to
minimize exposure. Local authorities
coordinate with industrial operators to
ensure timely alerts and updates are
communicated effectively to the public.
Regular drills and public awareness
campaigns reinforce understanding of
these measures, enhancing community
preparedness and reducing health risks
during toxic gas releases.

In  Canada, hospitals are actively
integrated into industrial emergency
planning  frameworks for  facilities
handling toxic gases. This integration
ensures that medical facilities are fully
prepared to receive and treat potential
casualties resulting from gas exposure
incidents. Emergency plans coordinate
hospital readiness, resource allocation,
patient triage, and communication with
industrial operators and local authorities.
Regular joint exercises and information
sharing between hospitals and industrial
facilities enhance response efficiency,
reduce delays in medical intervention,
and strengthen overall community
resilience to toxic gas emergencies.
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I Germany

4.3.3.1. Redundant Gas Detection Systems

In Germany, high-risk industrial facilities handling toxic or flammable gases are required to
implement redundant gas detection systems. These systems consist of multiple, independently
functioning detectors that continuously monitor gas concentrations, ensuring that a single device
failure does not compromise overall safety. The redundancy enhances early warning capabilities,
allowing operators to take prompt protective actions such as activating alarms, initiating
emergency shutdowns, or evacuating personnel. Regular testing and maintenance of these
systems ensure reliability, compliance with safety regulations, and protection of both workers and
surrounding communities from hazardous gas exposure.
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4.3.3.2. Real-Time Dispersion
Modeling

During toxic gas incidents,
German operators and regulators
use real-time dispersion modeling
to predict plume movement and
concentration. By factoring in
wind speed, weather, topography,
and chemical properties, these
models provide accurate forecasts
of affected areas. This data drives
critical decisions on evacuations,
shelter-in-place orders, and
emergency resource deployment
—ultimately enhancing situational
awareness and protecting public
safety.
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4.3.4.1. Segregated Gas Storage with Forced Ventilation

In France, industrial facilities handling toxic gases are required to physically segregate storage
areas to prevent accidental gas mixing and to isolate hazardous zones from general operations.
These segregated areas are equipped with forced ventilation systems that continuously circulate
air, preventing the buildup of gas concentrations and reducing the risk of accidental exposure or
ignition. The combination of segregation and active ventilation ensures that any gas release is
contained and diluted, limiting its spread within the facility. Regular inspections and maintenance
of ventilation systems further guarantee operational reliability, enhancing both worker safety and
environmental protection.

4.3.4.2. Public Alert Mechanisms for Communities

- In Case of Toxic Gas Release: —
In France, industrial facilities handling toxic gases — Mlert Systems in France — 08

. . . . P o S st sty ety
are required to implement public alert mechanisms {
to quickly notify surrounding communities in the
event of a gas release. These systems may
include sirens, automated messaging, radio and
television broadcasts, and mobile  alert
notifications. The alerts provide clear instructions
on protective actions, such as evacuation or
shelter-in-place measures, helping residents
respond promptly and safely. Regular testing and
drills of these alert systems ensure they function
effectively during real emergencies, enhancing
community preparedness and minimizing the risk
of exposure to hazardous gases.
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4.3.5.1. Automatic Isolation of Toxic Gas Systems

In Japan, industrial facilities handling toxic gases are required to install automatic isolation
systems that immediately halt the flow of gas when abnormal conditions, such as leaks or
pressure anomalies, are detected. These systems operate without human intervention,
ensuring a rapid response that minimizes the volume of gas released and reduces the risk of
exposure to workers and nearby communities. Integrated with gas detection sensors and
emergency shutdown protocols, these isolation mechanisms form a critical part of facility
safety management. Regular testing and maintenance ensure that the systems function
reliably during emergencies, supporting both operational safety and regulatory compliance.

1. ABHORMALITY DETECTION S 2. AUTOMATIC CONTROL & ISOLATION 3. CONTAINMENT & RISK REDUCTION
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4.3.6.1. Mandatory Gas Detector Installation

In India, high-risk industrial facilities handling toxic or
hazardous gases are legally required to install both
fixed and portable gas detection systems at critical
locations throughout the plant. These systems
continuously monitor the surrounding air for the
presence of harmful gases and automatically activate
audible and visual alarms  whenever gas
concentrations exceed permissible safety limits. Fixed
detectors are commonly installed near storage tanks,
processing units, pipelines, and confined spaces,
while portable detectors are used by workers during
inspections and maintenance activities.

The gas detection systems are often integrated with
emergency shutdown mechanisms, ventilation
systems, and centralized control rooms to enable
rapid containment and immediate response during
accidental leaks. This integration helps initiate
evacuation procedures, isolate affected areas, and
reduce the possibility of explosions, toxic exposure,
or environmental contamination.

4.3.6.2. Training of Local Emergency Responders

Indian authorities place strong emphasis on training local emergency responders, including fire
services, medical teams, and industrial safety personnel, in the management of toxic gas
incidents. Training programs cover hazard recognition, use of personal protective equipment,
emergency evacuation, containment procedures, and coordination with plant operators. Regular
drills and scenario-based exercises are conducted to reinforce skills and ensure preparedness. By
strengthening the capacity of local responders, industrial regions are better equipped to manage
toxic gas emergencies effectively, reducing potential harm to workers and nearby communities.
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4.3.6.3. Emergency Planning for Surrounding Communities

In India, industrial facilities handling toxic gases are required to develop comprehensive emergency
plans that cover both onsite and offsite scenarios. These plans outline procedures for detecting gas
releases, initiating immediate containment measures, and alerting employees and the surrounding
community. Coordination with local district authorities, fire services, hospitals, and emergency
responders is an integral part of these plans to ensure timely and organized action. Community
notification systems, including sirens, public announcements, and mobile alerts, are incorporated to
guide protective actions such as evacuation or shelter-in-place measures, enhancing public safety
and preparedness during toxic gas incidents.
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I Bangladesh

4.3.7.1. Gas Detection and Alarm Systems

Industries handling ammonia and other hazardous gases are required to install
fixed gas detection and alarm systems at critical process points. These systems
continuously monitor gas concentrations and trigger audible and visual alarms
when thresholds are exceeded. Integration with emergency response
procedures ensures rapid evacuation and isolation actions. Regular calibration
and maintenance are mandatory to maintain detection accuracy and reliability.
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4.3.7.2. Coordination with Local Authorities

In Bangladesh, industrial facilities handling
toxic gases are required to develop
emergency response plans that are closely
coordinated  with  local authorities,
including fire services, hospitals, and
district ~ administration  offices.  This
coordination ensures that response roles
are clearly defined, communication
channels are established, and resources
are effectively mobilized during a toxic gas
incident.  Regular joint drills and
information-sharing exercises are
conducted to test and improve
preparedness. By integrating industrial
response plans with local emergency
infrastructure, facilities can minimize the
impact of toxic gas releases on workers
and surrounding communities.
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4.41.1. Mandatory Dust Hazard Analysis (DHA)

Dust Hazard Analysis (DHA) 8= | the United States, industrial facilities that
Baguiree far Coméutible Dt Fonakrg Facbtir e the Urind Sain handle combustible dust are required to
Petnniisl Frgkuien Naksid conduct a comprehensive Dust Hazard Analysis

| : (DHA) to identify potential explosion risks. This

analysis systematically examines all dust
generation points, areas of accumulation, and
possible ignition sources within the facility.
Based on the DHA findings, operators
implement both engineered controls, such as
dust collection systems and explosion venting,
and administrative measures, including safe
work procedures and employee training, to
prevent dust-related incidents. The DHA serves
as a critical foundation for ongoing safety
management, ensuring that dust hazards are
understood, mitigated, and monitored to
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4.4.1.2. Explosion Venting and Suppression Systems

In the United States, industrial facilities handling
combustible dust are required to install explosion
venting and suppression systems on critical dust-
handling equipment, including silos, dryers,
conveyors, and mixers. These systems are engineered
to detect rapid pressure increases or ignition events
and either vent the explosive forces safely or
suppress them before they can escalate. By
controlling the energy released during a dust
explosion, these systems prevent structural damage,
reduce the risk of secondary explosions, and protect
personnel and equipment. Regular testing,
maintenance, and integration with facility safety
systems ensure that these protective measures
function reliably and continuously mitigate explosion
hazards.
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4.4.2.1. ATEX Zoning for Explosive Atmospheres

In Germany, industrial facilities handling combustible dust are required to implement ATEX zoning
to classify areas where explosive dust atmospheres may form. Each zone is defined based on the
frequency and duration of dust presence, guiding the selection of explosion-proof equipment,
safe operating procedures, and maintenance protocols suitable for that risk level. This zoning
system ensures that all electrical and mechanical equipment, as well as workplace practices, are
appropriately controlled to prevent ignition sources in hazardous areas. By rigorously applying
ATEX standards, facilities minimize the likelihood of dust explosions, protect personnel, and
maintain compliance with stringent European safety regulations.
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4.4.2.2. Use of Certified Explosion-Proof Equipment

In Germany, industrial facilities operating in zones classified for explosive dust atmospheres are
required to use only certified explosion-proof equipment. This includes electrical devices, motors,
lighting, and mechanical machinery specifically designed and tested to prevent sparks or high
surface temperatures that could ignite combustible dust. The use of certified equipment
minimizes the risk of accidental ignition, protecting both workers and the facility infrastructure.
Regular inspection, maintenance, and compliance audits ensure that all equipment continues to
meet the rigorous safety standards mandated for hazardous zones, supporting overall dust
explosion prevention strategies.
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4.4.3.1. Dust Containment and Extraction Systems

In the Netherlands, industrial facilities
handling combustible dust are required
to implement dust containment and
extraction systems at all material
transfer and processing points. These
systems actively capture airborne dust
at the source, preventing accumulation
on surfaces and reducing the
concentration of dust in the air. By
minimizing the presence of combustible
dust, the risk of ignition and
subsequent explosions is significantly
lowered. Regular maintenance,
monitoring, and performance testing of
these systems ensure their continued
effectiveness, safeguarding workers,
equipment, and the facility environment
from potential dust-related hazards.

b lE‘E In  the Netherlands, regulatory
e authorities enforce robust inspection
P el B regimes to ensure industrial facilities
Py o ! comply with dust explosion
buig . prevention standards. Inspectors
= routinely assess the effectiveness of
dust containment systems, extraction
equipment, and other control
measures designed to minimize
ignition risks. These inspections also
review maintenance records,
operational practices, and employee
training programs to verify ongoing
adherence to safety protocols. By
maintaining a strong oversight
framework, authorities help ensure
that facilities consistently manage
combustible dust hazards, protecting
workers, infrastructure, and
surrounding communities from
potential explosions.
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4.4.41. Automated Shutdowns Based on Dust Levels

In Japan, industrial facilities handling combustible dust deploy advanced sensors to continuously
monitor airborne dust concentrations in processing and handling areas. When dust levels
approach predefined safety thresholds, automated shutdown systems are triggered to
immediately halt operations, preventing the formation of potentially explosive atmospheres.
These systems are integrated with alarm and notification mechanisms to alert operators, enabling
rapid assessment and corrective actions. By combining continuous monitoring with automatic
intervention, Japanese facilities minimize the risk of dust-related explosions, enhance worker
safety, and maintain compliance with strict industrial safety standards.

Japanese industries prioritize process Process Automation te Minimize Dust Formation

automation to reduce manual handling Reducing Dust in fa dastry weh Autamation
and mechanical disturbances that
generate dust. Automated conveyors,
feeders, and material handling
systems help maintain controlled

environments, minimizing dust
accumulation and airborne
concentrations. This approach

ensures more consistent dust control,
reduces human exposure, and lowers
the likelihood of ignition events. By
integrating automation into production
processes, facilities achieve safer
operations, improved operational
efficiency, and enhanced compliance
with  combustible  dust  safety
regulations.
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4.4.5.1. Strict Dust Control and Cleaning Enforcement

In  Australia, industrial facilities handling
combustible dust are required to implement strict
dust control and cleaning practices in
accordance with workplace safety regulations.
This includes regular removal of accumulated
dust from surfaces, equipment, and processing
areas, as well as proper ventilation and dust
extraction systems to maintain safe airborne dust
levels. Compliance is verified through periodic
audits and inspections by regulatory authorities,
which assess the effectiveness of dust
management measures and adherence to safety o A
protocols. By enforcing these controls, Australia
ensures that facilities minimize the risk of dust
explosions, protect worker health, and maintain
safe operational environments.
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Australian industrial plants widely implement enclosed conveyors, sealed transfer points, and
covered processing systems to limit dust release. Enclosures significantly reduce airborne dust
concentrations, thereby lowering ignition and explosion risks. These systems are supported by
ventilation and extraction units to maintain safe working atmospheres. Compliance with dust control
requirements is assessed during workplace safety audits.
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4.4.6.1.Dust Control in Fertilizer Handling

Indian fertilizer plants implement
comprehensive dust control measures to
reduce the risk of combustible dust
accumulation and potential explosion
hazards. These measures include dust
suppression systems such as water spray
mechanisms, enclosed conveyor belts,
covered storage areas, and controlled
transfer points to limit airborne particulate
release during material handling.

In India, explosion protection
measures are implemented in
high-risk areas such as silos,
dryers, grinders, and other
dust-handling equipment
based on formal hazard
assessments and regulatory
safety guidance. Explosion
vents, rupture panels, and
pressure relief mechanisms
are strategically installed to

safely release excess
pressure generated during a
dust ignition event.
Engineering calculations
determine vent sizing and
placement to ensure
controlled pressure

dissipation and protection of
structural integrity.
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4.4.71. Dust Suppression Measures
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Fertilizer manufacturing facilities in Bangladesh adopt multiple engineering controls to limit dust
generation and accumulation during processing and material transfer operations. Moisture-
based suppression techniques, including fine mist or spray applications, are used at critical
discharge and loading points to reduce airborne particles. Routine cleaning schedules and
supervisory inspections are implemented to prevent buildup of combustible residues.

4.4.7.2. Regulatory Safety Audits

Government authorities in
Bangladesh conduct
formal industrial safety
audits to assess overall
compliance with explosion
prevention and workplace
safety requirements.
These audits evaluate the
adequacy of hazard
identification  processes,
integrity of safety systems,
equipment  maintenance
practices, and emergency

preparedness - Safety Systems
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I Key Takeaways

Industrial Growth and Risk Reality

Industrial development is essential for economic progress, but it inherently introduces significant
risks such as fires, explosions, chemical spills, and toxic gas releases. The book highlights that
these hazards are not isolated events but systemic risks tied to industrial expansion. Without
adequate safeguards, industrial growth can lead to severe human, environmental, and economic
consequences, making safety an indispensable pillar of sustainable development.

Root Causes of Industrial Disasters

A key takeaway is that most industrial disasters are not caused by a single failure but by a
combination of weaknesses in design, operations, regulation, and emergency preparedness.
Gaps in safety systems, poor maintenance, human error, and weak oversight repeatedly emerge
as common contributing factors across global incidents, emphasizing the need for a holistic and
integrated safety approach.

Importance of Proactive Risk Management

The book strongly emphasizes shifting from reactive to proactive safety management. Countries
that have successfully reduced industrial accidents focus on early hazard identification, risk
assessment, and preventive controls. Implementing systematic safety frameworks, engineering
controls, and continuous monitoring significantly reduces both the likelihood and impact of
industrial incidents.

Role of Regulations and Enforcement

Effective industrial safety depends heavily on strong regulatory frameworks backed by strict
enforcement. Merely having regulations is insufficient; consistent inspections, audits, and
accountability mechanisms are critical. Global best practices demonstrate that countries with
rigorous compliance systems and transparent enforcement achieve better safety outcomes.
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Technology as a Safety Enabler

Modern safety technologies play a crucial role in industrial hazard mitigation. Automated
shutdown systems, real-time monitoring, fire suppression technologies, and gas detection
systems enhance early warning and rapid response capabilities. The integration of such
technologies reduces reliance on human intervention and minimizes the chances of catastrophic
failures.

Preparedness and Emergency Response

Another major insight is the importance of preparedness. Effective emergency response systems,
including trained onsite teams, coordinated drills, and clear communication protocols, are
essential to minimize damage when incidents occur. The book underscores that well-prepared
systems can significantly reduce fatalities and economic losses during industrial emergencies.

Coordination Among Stakeholders

Industrial safety is a shared responsibility requiring coordination between industry, government,
emergency services, and communities. Integrated planning, joint exercises, and information
sharing improve response efficiency and resilience. The involvement of local communities,
especially in high-risk areas, enhances overall preparedness and risk awareness.

Lessons for Pakistan

For Pakistan, the book highlights an urgent need to strengthen industrial safety systems as the
country's industrial base expands. Past incidents reveal gaps in enforcement, safety
infrastructure, and preparedness. Adopting global best practices—such as systematic hazard
assessments, improved inspections, and modern safety technologies—can significantly enhance
national industrial resilience.

Capacity Building and Institutional Strengthenin

Developing technical expertise through training and capacity building is identified as a critical
priority. Strengthening institutions, enhancing professional skills, and promoting knowledge
sharing among stakeholders can improve the effectiveness of industrial hazard management and
ensure long-term sustainability of safety systems.
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This publication presents a strategic compilation of global best
practices on industrial hazards mitigation and management,
offering practical insights for governments, industries, emergency
managers, academia, and safety professionals. Drawing lessons
from international experiences, regulatory frameworks, and
innovative safety systems, the publication promotes a proactive
culture of preparedness, compliance, resilience, and risk-informed
industrial development for a safer future.
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