5 Process
Safety

Management

GLOBAL
BENCHMARKING

Indi@

US, UK, Germany,
China & Japan

JOURNEY

sparrew

Research Team

WWW.Sparrowrms.in



http://www.sparrowrms.in/

sparrew

What is the Report about ?

This report’s primary objective is to provide a detailed, comparative
analysis of India’s PSM journey. The Indian framework is benchmarked
against the systems in the United States, United Kingdom, China,
Germany, and Japan.

This selection is based on two key criteria: the top five countries by GDP
in 2024 (USA, Ching, Germany, India, and Jopcm), and the inclusion of
the United Kingdom due to its historical influence on India's
foundational legal and administrative structures.

The analysis is not limited to a simple description of each country's laws,
but rather, it delves into the historical context of legislative
development, the impact of major incidents, and a direct comparison of
regulatory philosophies, enforcement mechanisms, and accountability
standards.

United States of
America
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Executive Summary

The evolution of Process Safety Management (PSM) globally has been
inextricably linked to major industrial disasters. This report provides a
detailed, comparative analysis of India’'s PSM framework, benchmarking

it against those of the United States,
United Kingdom, China, Germany, and
Japan. These nations were selected for
their status as leading global economies
and, in the case of the UK,

its foundational influence on
India’'s early legal system. The
analysis reveals a common,
reactive pattern across all RN, (i
countries, where catastrophic .~
incidents served as the primary -
catalysts for legislative reform.

It catalyzed the creation of several key
laws, including the  Environment
Protection Act, 1986, and the Factories
(Amendment) Act, 1987. However, India's
journey has been characterized by a
persistent and significant gap between
legislative intent and effective
implementation.

For example, the 1987 amendments, while
emphasizing transparency, paradoxically Tragedy, often cited as
reinforced non-disclosure. This trend continues [ IEEETI——-

with the Occupational Safety, Health and Working IR i te et s A L
Conditions (OSHWC) Code, 2020, a modern and [y
comprehensive framework that, despite being FRYITTRYIIYIWETI
passed by Parliament, has not yet been fully
implemented.

The 1984 Bhopal Gas
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In contrast, the PSM systems of the USA, UK, and Germany demonstrate
a more mature, continuously evolving approach. The USA's model is
highly prescriptive, driven by OSHA's legally binding standard (29 CFR
1910.119) and refined by targeted investigations from bodies like the U.S.
Chemical Safety and Hazard Investigation Board (CSB). The UK, shaped
by the Piper Alpha disaster, employs a performance-based system
under the Control of Major Accident Hazards (COMAH) Regulations,
which places the burden of proof on operators to demonstrate the
adequacy of their safety management systems.

Germany’s unique dual-track
system combines state law with
binding rules from autonomous
accident insurance institutions,
and a  proactive  expert
commission  (KAS)  ensures
regulations evolve with
technological advancements.
Japan, following the Fukushima

nuclear accident, has
demonstrated a culture of
continuous improvement,

mandating the “backfitting” of
the latest safety standards onto
existing facilities. China's recent
legislative overhaul, spurred by

the Tianjin and Xiangshui explosions, signals a move toward a
centralized, digitally-monitored PSM framework.
Ultimately, while India’s PSM legislation has grown more sophisticated,
its effectiveness is hindered by weak enforcement, low conviction rates
for fatal accidents, and a high reported fatal incident rate. The strategic
recommendations for India emphasize closing the gap between
legislation and practice by adopting global best practices in
enforcement, institutional oversight, and public-private collaboration to
foster a genuine, proactive safety culture.
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Defining Process Safety
Management (PSM)

Process Safety Management (PSM) is a comprehensive framework

for managing the catastrophic risks associated with processes
involving highly hazardous chemicals.

It is a discipline that is distinct from conventional occupational safety,
which primarily focuses on preventing injuries from routine workplace
hazards such as slips, trips, and falls.

PSM addresses the low-probability, high-consequence events that
could lead to explosions, fires, and toxic releases, posing a significant
threat to both employees and the surrounding community.

The development and implementation of robust PSM standards were
catalyzed by a series of devastating industrial accidents worldwide,
which highlighted the inadequacy of existing regulations and led to a
global paradigm shift in how high-hazard industries are regulated.
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Methodology

The analysis employs a comparative approach, structured around key
pillars of PSM.

The report first examines the foundational PSM framework of each

country, detailing the seminal industrial incidents that acted as
catalysts for change and the subsequent legislative responses.

This is followed by a direct, cross-country comparison of regulatory
philosophies (e.g., prescriptive versus performance-based), enforcement,
and accountability. The final section synthesizes these findings to present
a nuanced understanding of the strengths and weaknesses of India’'s
current PSM landscape and offers strategic recommendations for its
future development. This methodology allows for a holistic and data-
supported evaluation that moves beyond superficial observations to
uncover deeper systemic and cultural factors influencing PSM
effectiveness.
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The Foundational
PSM Frameworks: An
Incident-Driven
Evolution

This section details the historical development of PSM in each of the
five comparative countries, with a particular focus on the catalytic
incidents and the legislative and regulatory responses that followed.

The Indian Journey: From

Bhopal to the OSHWC
Code

Factories Bhopal PE";”r‘i':'megtt Factories
Act 1948 Gas Tragedy L ?:1;3%% Cl (Amendment)
9 Act 1987
Primary legislation World's worst Gave central Comprehensive
for worker health, industrial accident. government PSM framework
safety and welfare 3,787 dead, authority to set
558,125 injured pollution standards

1948 1984 1986 1987
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India’s path to modern PSM is
a story of reactive legislative
development, overwhelmingly

defined by a single,
catastrophic event.
Prior to 1984, the primary

legislation governing worker
safety was the Factories Act of
1948. This act, while a landmark
piece of legislation for an
independent India, was largely
inspired by its British
counterparts and focused on
general health, safety, and
welfare provisions for factory
workers. Its scope included
requirements for cleanliness,
waste disposal, ventilation, and
the provision of protective
equipment. However, it lacked
a dedicated, comprehensive
framework for managing the
specific hazards of highly
complex chemical processes.
The Factories Act of 1948 was
not a PSM standard; it was a
foundational labor law
intended to ensure basic
worker well-being.

sparrew

The inadequacy of this framework was
brutally exposed on December 2-3,
1984, during the Bhopal Gas Tragedy,
resulting in an official death toll of
over 3,787 and an estimated 558,125
injuries. The investigation into the root
causes revealed a complex web of
systemic failures, including chronic
underinvestment in the plant, o
significant ~ reduction in  safety
management personnel, poor
maintenance of critical systems, and
a lack of clear emergency action
plans. A particularly telling detail was
the use of English-language safety
manuals by workers who had limited
proficiency in the language. The
disaster underscored a profound
failure in both corporate responsibility
and regulatory oversight.

At the Union Carbide India Limited
pesticide plant, a massive release of
the highly toxic gas, methyl
isocyanate (MIC), exposed over
500,000 people. This disaster is
universally considered the world's
worst industrial accident
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The United States: OSHA's
Standard-Setting Response

The United States’ PSM framework is a product of reactive policy-
making, accelerated by both international and domestic tragedies. The
1984 Bhopal Gas Tragedy was a seminal event that immediately
prompted the U.S. Occupational Safety and Health Administration
(OSHA) to investigate domestic producers and users of methyl
isocyanate (MIC). This investigation highlighted a significant gap in U.S.
law: while general industry standards existed, there was no specific
coverage for the catastrophic hazards unique to chemical processes.
This initial impetus was followed by a series of domestic incidents that
intensified the call for reform.

- ] § il " 5y ool B "'. e o x
it v 1] o g

CINTRE

These disasters culminated in the passage of amendments to the
Clean Air Act in 1990, which mandated the creation of regulations to
prevent accidents involving toxic and flammable chemicals. In
response, OSHA published its final Process Safety Management (PSM)
standard (29 CFR 1910.119) on May 26, 1992. This standard is a legally
binding, national requirement that provides a comprehensive,
prescriptive framework for managing process hazards. The standard is
built around 14 core elements that integrate technologies, procedures,
and management practices to ensure safe workplaces.

A 1989 explosion at a Phillips 66 Chemical plant that killed 23
workers and injured over 130, and a 1990 explosion at an Arco
Chemical plant that resulted in 17 fatalities.
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Employee Participation: Employers must have a written plan for
employee consultation and access to PSM information.

Process Hazard Analysis (PHA): This is a systematic evaluation to
identify potential hazards and the consequences of their control
failures. A critical requirement is that this analysis must be updated
and revalidated every five years.

Operating Procedures: Detailed written procedures must be
established for all operating phases, including normal, temporary,
and emergency situations, with annual certification.

Training: Employees must receive regular and documented training
on process hazards and emergency procedures.

Management of Change (MOC): A formal procedure is required to
evaluate hazards before any changes are made to process
chemicals, technology, equipment, or facilities.

Mechanical Integrity: This element mandates written procedures,
inspections, and testing for critical process equipment to ensure its
ongoing mechanical reliability.

Incident Investigation: An investigation must be initiated within 48
hours of any incident that could have resulted in a catastrophic
release.

T WWW.Sparrowrms.in
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* Process Safety Information (PSI): This is the foundational element.
Before conducting any process hazard analysis, employers must
compile written information on the hazards of the highly hazardous
chemicals used, the technology of the process, and the equipment
involved. It's the essential data needed to understand and manage
the risks.

e Pre-Startup Safety Review (PSSR): For any new facilities or for
existing facilities that have been significantly modified, a PSSR must
be performed.

e Contractors: This element ensures that contract workers are just as
protected and informed as permanent employees.

e Hot Work Permit: A hot work permit is required for any work that
involves open flames or could produce a source of ignition

e Emergency Planning and Response: Employers must establish and
implement a comprehensive emergency action plan for the entire
facility.

e Compliance Audits: Employers must certify that they have
evaluated their compliance with PSM regulations at least every three
years.

* Trade Secrets: This element ensures that employers cannot withhold

critical safety information by claiming it's a "trade secret.” .
WWWw.sparrowrms.in
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Even with this robust framework, incidents continued to occur,
demonstrating the need for continuous improvement. An investigation
by the U.S. Chemical Safety and Hazard Investigation Board (CSB) found
a cascade of failures, including the overfilling of a distillation tower, the
inadequate design of the pressure relief system, and a lack of effective
process sdfety performance indicators. A particularly salient discovery
was that all fatalities and many injuries occurred in or around
temporary contractor trailers located perilously close to the hazardous
process areas. The CSB’s recommendation to the American Petroleum
Institute (API) following this incident led directly to the development
of a new standard, API Recommended Practice 753, which governs the
safe placement of portable buildings near process areas. This
demonstrates a key characteristic of the U.S. system: a mature, iterative
process where catastrophic events lead not just to new laws, but to the
continuous, targeted refinement of existing standards and industry-
specific best practices.

The United Kingdom:
Performance-Based
Regulation

The 2005 BP Texas City Refinery explosion, which
killed 15 people and injured 180, was a grim
reminder of the PSM challenge.

The United Kingdom has a long history of occupational safety
regulation, with the first Factory Act passed in 1802 and the formation
of the HM Factory Inspectorate in 1833. However, the modern PSM
framework was forged in the fire of an offshore disaster that redefined
the relationship between regulators and industry.

WWW.Sparrowrms.in
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The Piper Alpha disaster in 1988, an
explosion on an offshore oil platform,
resulted in the deaths of 167 people. The
subsequent public inquiry, known as the
Cullen Report, found that the disaster was
not a simple technical failure but a
systemic breakdown of the company's
safety culture. The investigation identified
critical failures in the permit-to-work
system, which was the direct cause of the
initial event. It also highlighted poor
contractor management, a flawed
management of change  process
following the conversion of the platform
from oil to gas production, and
inadequate company audits that failed to
identify these systemic failings. The report
concluded that the regulatory regime
needed to shift fromm a focus on
prescriptive inspections to a greater
emphasis on the audit of Safety
Management Systems (SMS).

This led to the adoption of the Control of
Major Accident Hazards (COMAH)
Regulations, which implement the
European Union's Seveso Il Directive into
UK national law. The COMAH regulations
represent a fundamentally different,
performance-based approach to PSM.

Instead of prescribing a list of actions, the
regulations require operators of high-
hazard facilities to produce a
comprehensive safety report that proves
their is adequate to control major
accidents and mitigate their
consequences.

sparrew
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This places the burden of
proof squarely on the
operator, compelling
them to deeply
understand and manage
their unique risks rather
than simply complying
with a checklist of rules.
The regulatory authority,
known as the Competent
Authority (ca) and
comprising the Health and
Safety Executive (HSE) and
the Environment Agency
(EA), then audits this
report and the underlying
systems to ensure they
are  being  effectively
managed.

The Major Incident
Investigation Board (MIIB)
concluded that the

incident was a classic
example of the "Swiss
Cheese Effect,”

sparrew
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The performance-based model was tested
again by the Buncefield fire in 2005, a
series of powerful explosions at an oil
depot that injured over 40 people and
caused significant damage to the
surrounding area.

where multiple layers of protection failed simultaneously. The failures
included a malfunctioning level gauge in a storage tank, a failed
independent high-level shut-off switch, a failed alarm, and critically, a
containment system (bunds) that had unsealed pipe penetrations,
allowing the spilled fuel to escape and form a flammable vapor cloud. The
Competent Authority's response leveraged the COMAH regulations to
enforce significant improvements, focusing on leadership in PSM, overfill
protection, and staff competence at all COMAH sites. This demonstrated
that even within a performance-based system, continuous vigilance and
a robust response to identified weaknesses are essential to prevent a

cascade of failures.

WWW.Sparrowrms.in
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The German PSM System:
A Dual-Track Approach

Germany’s approach to occupational safety and PSM is built on a
unique dual structure that combines state-mandated laws with
autonomous, industry-specific safety rules. The system involves
federal and state-level government bodies that enact legislation, and
alongside them, autonomous accident insurance institutions that
develop and enforce their own accident prevention rules for member
businesses. Officials from both of these systems collaborate to provide
oversight and advice to businesses, with a shared goal of improving
workplace safety through a coordinated strategy known as the Joint
German Health and Safety Strategy (GDA).

Germany's Dual Safety Model
. y o

— This collaborative approach ensures a
TR unified, proactive strategy to continuously
HUU UL improve workplace safety and prevent

major accidents.

Primary PSM Framework

Germany's Major Accidents Ordinance
—f@l (12. BImSchV) implements the EU's Seveso
rOT01 i Directive, creating a tiered regulatory
0=0=0 gystem based on the quantity of hazardous
substances.
T— A Multi-Stakeholder Advisory Body

a multi-stakeholder advisory body that
proactively provides expert advice and
proposes safety rules.

%E The Commission on Process Safety (KAS) is

T —

The Leverkusen explosion in 2021 highlighted the need
for continuous vigilance and rigorous land-use planning
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http://www.sparrowrms.in/

sparrs

The country’'s primary PSM framework is the Major Accidents Ordinance
(12. BImSchV), which is the national implementation of the European
Union's Seveso lIl Directive. This ordinance establishes a tiered regulatory
system for facilities based on the quantity of hazardous substances they
store or handle. Facilities are categorized as either "lower-tier” or "upper-
tier,” with stricter legal requirements and obligations applying to upper-
tier establishments. The obligations include the establishment and
review of safety management systems, the preparation of safety
reports, and the performance of accident impact assessments. This
system is unique in that it also applies to waste, provided the waste has
hazardous properties relevant to an incident.

A critical, and highly proactive, component of the German system is the
Commission on Process Safety (KAS). Established by the Federal
Immission Control Act, the KAS is a multi-stakeholder advisory body
comprising representatives from federal authorities, industry, trade
unions, scientific communities, and environmental organizations. The
commission's primary function is to provide expert advice to the
government and to propose safety rules that align with the latest state
of safety technology. A key requirement is that the KAS must review
these published safety rules at least every five years to ensure they
remain current and technically sound. This institutional mechanism
ensures that Germany's legal and regulatory framework is not static but
evolves proactively to prevent regulatory obsolescence.
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The need for continuous vigilance was tragically highlighted by an
industrial accident in Leverkusen in 2021. An explosion at a waste
disposal plant within the Chempark complex killed 5 people and
injured 31, and the toxic plume was visible for kilometers. The incident
served as a stark reminder of the continuous need to invest in
prevention and preparedness. It also brought to the forefront a key
challenge faced by many mature industrial economies: the growing
urbanization around hazardous industrial facilities, and the need for
rigorous land-use planning to maintain appropriate safety distances
between industrial zones and residential areas.

The Chinese PSM
Framework: A Rapidly
Evolving System

China's PSM journey has been characterized by rapid, top-down
legislative reform in response to a series of catastrophic incidents that
exposed systemic weaknesses in a fast-industrializing economy. Prior to
recent changes, the primary regulatory framework was the
Regulations on the Control over Safety of Hazardous Chemicals (State
Council Decree 591), which came into force in 2011. This administrative
regulation governed the entire lifecycle of hazardous chemicals through
a system of licenses for production, operation, and use, as well as a
registration process with various government bodies.

WWW.Sparrowrms.in
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The weaknesses of this system were
dramatically revealed by two major
disasters.

The 2015 Tianjin Port explosions were a
series of massive blasts at a chemical
warehouse that killed 173 people,
including 104 firefighters, and injured
hundreds more.

The investigation uncovered severe
failings, including the illegal storage of
thousands of tons of hazardous
chemicals, poor record-keeping, and a
critical lack of information for first
responders, who used water on chemicals
that reacted violently, intensifying the
explosions.

The disaster underscored the profound
risks of inadequate regulatory oversight in
densely populated industrial areas.

This was followed by the 2019 Xiangshui
chemical plant explosion, which killed
78 people and injured hundreds,
causing an estimated $277 million in
direct economic losses.

The investigation cited deficient safety
management, inadequate supervision,
and a general lack of safety awareness as
key indirect root causes.

WWW.Sparrowrms.in
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In response to these large-scale, tragic events, China embarked on a
comprehensive legislative overhaul. On December 26, 2024, the
National People’'s Congress published a new Draft Law on Hazardous
Chemicals Safety for public consultation, with the explicit goal of
replacing the outdated Decree 591 with a more robust legal framework.
This new draft law signals a paradigm shift in China’'s PSM philosophy,
moving toward a top-down, centralized, and technology-driven model
of regulation.

IT-Driven Safety Management: The low mandates the use of
electronic labeling and digital lifecycle management for
hazardous chemicals. It specifically requires chemical industrial
parks to implement real-time monitoring and early warning
systems to oversee enterprises and major hazard sources within
the park.

Enhanced Supervision: The draft law assigns clear safety
responsibilities to nine core authorities and empowers them to
conduct both on-site and online inspections using IT-enabled
tools.

Dedicated Provisions for Chemical Parks: For the first time, the
law includes a dedicated chapter on chemical parks,
mandating that they perform safety risk assessments at least
every three years and plan for safe distances from urban areas.

China's rapid legislative response and its focus on using technology for
real-time oversight are particularly noteworthy. The emphasis on "IT-
driven safety management” represents a potential future model for
large industrial economies, where a centralized government can
leverage digital tools to overcome the logistical challenges of regulating

a vast number of high-hazard facilities.
WWW.Sparrowrms.in
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The Japanese PSM
System: Technology and
Cultural Resilience

Japan’'s PSM system is built on a foundation of specific, well-defined
laws that regulate different aspects of industrial safety. These include
the Industrial Safety and Health Act (ISHL) of 1972, which clarifies
responsibilities for both employers and employees, mandates the
appointment of safety personnel, and requires risk assessments.

Additionally, the High Pressure Gas Safety Act strictly regulates the
production, storage, and handling of high-pressure gases, a specific
high-risk category of materials.

These four acts the High Pressure Gas Safety Act, the Fire Services Act,
the Industrial Safety and Health Law, and the Act on the Prevention of
Disasters in Petroleum Industrial Complexes are collectively known as
the "four safety acts,” a testament to a system that uses specific
legislation to govern distinct hazards.

While these laws provided a strong
regulatory  foundation, the 20T
Fukushima Ddaiichi nuclear accident
exposed a critical vulnerability in the
country's safety culture and regulatory
framework.

The disaster, which was rated a Level 7
on the International Nuclear and
Radiological Event Scale, was not a
result of the initial earthquake, which the
reactors withstood, but rather a design
failure that was exposed by the
subsequent 15-meter tsunami.
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The tsunami flooded the coastal site, disabling 12 of the 13 backup
generators and the heat exchangers needed for reactor cooling, leading
to a catastrophic meltdown. This event served as a “critical juncture” for
Japanese governance, prompting a system-wide re-evaluation of
safety.

The response to Fukushima was profound and far-reaching. The
government established the independent Nuclear Regulation
Authority (NRA) in 2012, granting it a high degree of independence and
authority to oversee nuclear safety. A key reform was the introduction of
"backfitting,” which mandated that the latest scientific and technical
knowledge on safety be applied to all existing facilities. The Fukushima
disaster demonstrated that even a highly engineered and regulated
system can fail when a low-probability, high-consequence event
exposes a design flaw. The Japanese response, which centered on
independent oversight and the proactive ‘backfitting” of new
technologies and standards to older infrastructure, highlights a safety
culture rooted in continuous improvement and technological
adaptation, a crucial lesson for any country with aging industrial assets.

Japanese government introduced an operational
limit of 40 years for reactors to ensure the safety of
aging power plants.

Comparative Analysis: A
Nuanced Benchmark of
PSM Frameworks

The analysis of each country’s PSM journey reveals distinct legislative
and regulatory philosophies, which can be categorized along a
spectrum from prescriptive to performance-based.

WWW.Sparrowrms.in
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Country

USA

UK

Germany

China

India

Japan

Regulatory
Philosophy

Prescriptive/st
andards-
based

Performance-
based

Hybrid/Dual-
track

Centralized/IT
-driven

Reactive/Evolv
ing

Technology-
based/Specific

sparrew

Key PSM
Elements
Required

14 elements (PHA, MOC,
Mechanical Integrity, etc.)
are a legally binding,
detailed checklist.

Operators must
demonstrate through a
Safety Report that their
management system can
control major hazards.

State laws (Major
Accidents Ordinance) plus
binding accident
prevention rules from
autonomous insurance
institutions.

Licensing, registration,
and, with the new draft
law, real-time digital
monitoring and triennial
risk assessments.

Provisions for hazardous
processes in the Factories
Act and the new OSHWC
Code, but with significant
implementation lag.

Well-defined acts for
specific hazards (e.g,,
high-pressure gas) and a
culture of continuous
"backfitting” of new safety
standards.

Burden of Proof

On the regulator (OSHA)
to prove non-compliance
with a specific standard.

On the operator to prove
their system is adequate
and effective.

Shared between state
authorities and insurance
institutions.

On the regulator to
enforce a comprehensive,
technology-driven
oversight model.

On the regulator, but
historically hampered by
enforcement and
transparency issues.

On the regulator to ensure
specific acts are followed
and new standards are
applied.

WWW.Sparrowrms.in
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The USA's system is highly
prescriptive. The OSHA PSM
standard provides a legally
binding checklist of 14 elements
that employers must implement.
This model offers clear,
unambiguous requirements, but
its effectiveness relies heavily on
rigorous, on-site inspections.

The UK's approach, a direct
outcome of the Piper Alpha
disaster, is performance-based.
The COMAH regulations compel
~operators to produce a safety
report that proves they have a
~ system in place to manage their
- specific major accident hazards.
This places the onus on the
company to take ownership of its
_risks, fostering a more mature
=~ safety culture where organizations
are accountable for the “what
~—__ andthe "how."

Germany's system is a unique
hybrid model, combining state
legislation with a dual-track
oversight system that includes
autonomous accident insurance
institutions that enforce their
own binding rules. This structure
allows for both legal mandates
and industry-specific, expert-
driven regulations to co-exist
and reinforce one another.

WWW.Sparrowrms.in
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India and China, both rapidly
developing industrial economies,
have historically had reactive
frameworks. However, their
trajectories are diverging. India’s
legislative journey has been a
series of reactive amendments,
culminating in the progressive but
unimplemented OSHWC Code,
2020. This suggests a persistent
disconnect between legislative
ambition and practical reality. In
comparison,

Japan's system, while distinct, is
similarly defined by a strong, proactive
commitment to continuous
improvement. The post-Fukushima
"backfitting” principle is a powerful
example of this: new safety standards
are not just for new facilities but are
retroactively applied to existing ones.
This institutionalizes the learning from
incidents and ensures that the entire
industrial infrastructure evolves with
new knowledge.

early

Lt " |
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China has responded to its major
disasters
centralized overhaul that s
uniquely leveraging technology.
The new draft law's emphasis on "IT-
driven
indicates a move toward a model
where regulators can use digital
tools for real-time monitoring and
warnings, a  potentially
transformative approach to PSM
enforcement in a large country.

with a top-down,

safety management’

WWW.Sparrowrms.in
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Enforcement, Auditing, and
Penalties

The real-world effectiveness of any PSM framework is determined by the
credibility of its enforcement and the severity of its penalties. The data
on fatal accidents and legal actions reveals a stark divergence in the
maturity and effectiveness of these systems.

Fatal Accident Primary
Country  Rate (per Enforcement
100,000 workers) Body

Typical Penalties &
Noteworthy Cases

Low conviction rate: 14 people

116.8 (2007, ILO) ; 1,109 Directorate General . .
. deaths/yearin Factory Advice Service & jailed for offences under Factories
India sty . y A Act (2018-2020) despite 3,331
registered factories Labour Institutes deaths. OSHWEC Code mandates
(2018-2020) (DGFASLI) :

new fines up to INR 300,000.

High civil penalties: up to $165,514
per willful or repeated violation.
Fines can exceed $1.7 million in
severe cases

Occupational Safety
USA 5.2 (2018, ILO) and Health
Administration (OSHA)

Health and Safety High fines: Buncefield case
UK 0.8 (2018, 1LO) ; <1.00 Executive (HSE) & resulted in almost £10 million in
(2022, Eurostat) Environment Agency fines and costs.31 Criminal
(EA) convictions are a possibility.
state (Land) supervisor Enforcement through a dual
0.7 (2020, ILO) ; <1.00 " pervisory system of state and autonomous
Germany authorities and accident - )
(2022, Eurostat) . S regulators. Focus is on proactive
insurance institutions 35 : .
rule-making and compliance.
. - New draft law aims for clearer
. Multiple authorities (e.g., . .
. Data is fragmented and . roles and penalties following
China Ministry of Emergency C oo
often under-reported.. major incidents like Tianjin and
Management) , :
Xiangshui.
Ministry of Economy, High degree of regulatory
Trade and industry oversight through specific acts
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According to ILO data, India’s fatal
workplace accident rate was 116.8 per
100,000 workers in 2007, a stark contrast
to the significantly lower rates in
Germany (0.7), the UK (0.8), and Japan

(1.4).

The disparity in fatal incident rates is a
powerful indicator of the real-world impact
of these frameworks. Furthermore, an
IndiaSpend news analysis found that
between 2018 and 2020, India had an
average of 1109 deaths per year in
registered factories, yet only 14 people were
jailed for offenses under the Factories Act
during that same period. This low
prosecution rate, in the face of a high
number of fatalities, suggests a profound
failure in accountability and a disconnect
between the law's punitive provisions and
their application in practice.

In contrast, the USA and UK systems use
severe financial and legal consequences to
drive compliance. OSHA's penalties are
substantial, with fines for willful or
repeated violations exceeding $165,000 per
violation. In severe cases, fines can reach
over $1.7 million, and violations are often
accompanied by criminal charges. The UK's
Competent Authority secured convictions
against five companies in the Buncefield fire
case, leading to almost £10 million in
combined fines and costs. This approach
demonstrates that without a credible threat
of severe consequences, even well-
intentioned legislation may not be sufficient
to foster a genuine culture of safety.

sparrew

WWW.Sparrowrms.in



http://www.sparrowrms.in/

sparrew

This observation is further supported by the new developments in Ching,
where the devastating Tianjin and Xiangshui explosions have prompted
a legislative overhaul focused on strengthening enforcement and
assigning clear responsibilities to multiple government bodies. This
centralized, top-down response aims to address the enforcement gaps
that contributed to these large-scale accidents.

Data and Incident Trends

A critical aspect of a mature PSM system is the ability to accurately
collect and analyze incident data to drive policy. The data available for
India on occupational safety presents a fragmented picture. While a
2007 ILO estimate places India’s fatal workplace accident rate at a
high of 116.8 per 100,000 workers, other figures from the Directorate
General Factory Advice Service & Labour Institutes (DGFASLI) indicate
an average of 1,109 deaths and over 4,000 injuries per year in
registered factories between 2018 and 2020. This suggests a persistent
problem that goes beyond a single, high-profile disaster. It is also
important to note that many data sources suggest a high degree of
under-reporting in developing economies, which may obscure the true
scale of the problem.

In the USA and UK, the trend is Occupational Safety in Registered Factories (India, 2018-2020)
one of continuous decline in  *| | |
fatal incidents, followed by .l
targeted policy adjustments
when major accidents expose
specific systemic failures. The
Piper Alpha and Buncefield
incidents, while tragic, provided
invaluable data that led to T 2019 2020
specific, actionable changes in -

the COMAH regulations and

industry practices.
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Similarly, the Texas City explosion led to the
creation of new APl standards for the
placement of temporary buildings. This
demonstrates a feedback loop where
incidents are not just legal liabilities but are
treated as critical learning opportunities for
the entire industry.

In China and Japan, major incidents, while
distinct in their nature, have had a similar
effect of driving systemic change. The Tianjin
and Xiangshui explosions, both involving
improper storage and a lack of transparency,
have led to a centralized, technology-driven
push for greater oversight. The Fukushima
accident, a "black swan" event that was not a
PSM failure in the traditional sense, revealed
a profound vulnerability to low-probability,
high-consequence events. Japan's response
creating an independent regulator and
mandating proactive “backfitting” of new
technologies is a testament to a national
safety culture that prioritizes continuous
learning and adaptation over simple
compliance. g
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The patterns of
incidents and
responses reveal a key
difference: while all
countries learn from
their mistakes, some
systems are better
equipped to learn
continuously while
others are slower to
implement and enforce
changes. The contrast
between India's high
fatality rate and a low
prosecution rate versus
the punitive measures
and continuous
improvement seen in
the USA and UK is a
clear manifestation of
this difference.
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Key Insights and
Strategic
Recommendations for
India’s PSM Journey

Enforcement, Auditing,
and Penalties

India’s journey in Process Safety Management is a narrative of profound
ambition tempered by significant challenges in implementation. This
legislative progression demonstrates a clear recognition of the need to
protect a wider range of workers, including those in the informal sector,
and to standardize regulations across a fragmented legal landscape.

The Public Liability Insurance Act of 1991 is a particularly commendable and
forward-thinking piece of legislation, as it provides a no-fault mechanism
for victims of hazardous incidents to receive immediate relief, addressing a
critical shortcoming highlighted by the Bhopal tragedy.

India’s legal framework has evolved considerably,
moving from the basic worker protection of the
Factories Act of 1948 to the modern, consolidated
approach of the OSHWC Code, 2020.
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However, the primary weakness in India’s PSM framework is a persistent
disconnect between legislative ambition and enforcement reality. The
OSHWC Code, 2020, despite being passed by Parliament, has not yet
been brought into force, which points to a significant implementation
lag and potential institutional inertia. This is compounded by a high
reported fatal accident rate coupled with a low prosecution rate, as
evidenced by a period where thousands of deaths in factories led to
only a handful of convictions. This lack of credible enforcement and
accountability undermines the deterrent effect of the laws and prevents
the fostering of a true culture of safety. The historical legacy of industrial
secrecy, paradoxically reinforced by post-Bhopal legislative
amendments , also suggests a systemic challenge in promoting
transparency, which is a prerequisite for effective risk management.
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Learning from Global PSM
Best Practices

To bridge the gap between legislative intent and effective practice,
India can draw valuable lessons from the PSM frameworks of other
global leaders.

From the UK's Performance-
Based Model: India should
consider transitioning toward a
performance-based  regulatory
system. By mandating that
operators of high-hazard facilities - 2
roduce and justify their own | | i §
: Y L5

comprehensive Safety |
Management Systems, the onus | | 1<)
for safety is placed squarely on
the companies themselves. This ‘
would encourage a deeper |
understanding and ownership of
risk, moving beyond a simple
compliaonce checklist to a
proactive, internalized  safety
culture.

From the USA's Prescriptive and Punitive System: For a country with a
high accident rate, a prescriptive approach to core PSM elements may
be necessary. India can strengthen its PSM regulations with specific,
non-negotiable elements similar to the 14 elements of OSHA's standard,
and empower its enforcement agencies with the ability to levy steep,
escalating fines and enforce public accountability for serious violations.
This would introduce the credible threat of severe consequences that is
essential for compliance.
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From Germany's Proactive Expert-Driven Approach: To ensure that
India’s legal framework remains relevant and technologically advanced,
a multi-stakeholder expert body could be established, similar to
Germany's Commission on Process Safety (KAS). This body could
proactively propose and review safety rules, ensuring they are aligned
with the latest scientific knowledge and technological developments,
thereby preventing regulatory stagnation.

From China's Centralized,
Technology-Driven
Framework: India could adopt
a centralized, technology-
driven approach to PSM. By
leveraging digital tools and
information systems for real-
time monitoring and early
warning, especially in high-

hazard industrial parks,
enforcement agencies could
conduct more efficient

oversight and intervene before
incidents occur. This would be
a powerful tool for a large,
geographically diverse country,

where traditional on-site
inspections are resource-
intensive.

From Japan's Culture of Resilience: The principle of "backfitting” new
safety standards to existing infrastructure, a key lesson from the
Fukushima disaster, is vital for India. With a large number of aging
industrial facilities, a system that mandates the upgrade of safety
measures to meet new standards, rather than grandfathering old
equipment, would significantly reduce the risk of catastrophic failure
from older assets.
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Actionable
Recommendations for India

Based on this comparative analysis, the following strategic
recommendations are proposed for India’s policy-makers and industry
leaders:

Expedite the Implementation of the OSHWC Code, 2020: The primary
and most urgent recommendation is to bring the OSHWC Code, 2020,
into full force. Its consolidation of laws, expanded scope, and enhanced
penalties are essential foundations for a modern PSM system.

Establish a PSM Oversight Body: Create an independent, national PSM
board or commission with multi-stakeholder representation
(government, industry, labor, academia, and the public) to provide
continuous guidance and oversight. This body would be responsible for
reviewing incidents, recommending regulatory improvements, and
ensuring the legal framework evolves with industrial best practices,
much like Germany's KAS.

Strengthen Enforcement and Accountability: Empower and equip the
Directorate General Factory Advice Service & Labour Institutes (DGFASLI)
and state-level inspectorates with enhanced resources, training, and
legal authority. Implement a system of steep, escalating fines and
public accountability for serious violations, ensuring that there is a
credible and consistent threat of punishment for non-compliance,
thereby encouraging a proactive safety culture.
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Promote Transparency and Public Engagement: Repeal or amend
any remaining provisions that reinforce industrial secrecy, as seen in
the post-Bhopal amendments to the Factories Act. Foster a culture of
transparency by mandating the public disclosure of safety reports
and risk assessments for high-hazard facilities. Encourage public-
private partnerships to improve community awareness and
emergency preparedness around industrial zones.

Adopt Technology for Proactive Oversight: Invest in and implement a
centralized, IT-driven system for monitoring high-hazard facilities and
chemical parks. This would enable real-time risk monitoring, data-
driven inspections, and rapid, coordinated responses to potential
incidents, as outlined in China’s new legislative framework.
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Sparrow is India’s leading consulting and industrial
technology company, delivering transformative
solutions in manufacturing excellence, EHS &
sustainability across 16+ countries.

Its proprietary platforms—IndustryOS™ and
GroundESG™—leverage digital twins, Al, and deep
domain expertise to solve real-world challenges
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