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ABSTRACT

Introduction: For years, chemical process industries have reported the unexpected release of highly
hazardous liquids and gases. A disaster could not be avoided when these materials were not adequately
controlled. The issue of Process Safety Management (PSM) is still being discussed in developing and
developed countries. PSM was established to manage the risks of a company’s personnel, properties,
products, environment, and credit risks. This study aimed to review the challenges and achievements of
PSM implementation and provide recommendations for improvement.

Material and Methods: A collection of scholarly articles published from 2000 to 2023, such as Science
Direct, WOS, PubMed, and Scopus, was chosen through a systematic, meticulous review. After thoroughly
examining these abstracts, titles, and complete contexts, 49 articles were finally selected for inclusion in
the study and classified based on different criteria, such as publication year, authors, achievements, and
challenges.

Results: PSM in the United States has been chiefly studied due to the high number of chemical process
industries and its presence in the form of OSHA legislation in this country. The areas of operations,
audits, and resources have the most challenges in implementing PSM. On the other hand, reducing the
severity of incidents in chemical processes and increasing productivity are considered the most significant
achievements of PSM implementation.

Conclusion: PSM as an interdisciplinary field has improved and become more effective over the years..
However, incidents still exist, and the number can increase, considering the growth of industries’ chemical
processes. Therefore, a deep look at the issues of risk-based regulations, competency, operational
excellence, and learning from incidents is necessary to achieve excellence in PSM.
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1. INTRODUCTION

Incidents are an inseparable part of industries,
especially chemical process industries. With the
development of process chemical industries, the
existing problems in the field of safety have been
considered an important issue continuously.
According to OSHA, «process» means any activity
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involving a highly hazardous chemical, including
using, storing, manufacturing, or transferring such
chemicals or any combination of these activities at
alocation. If these highly hazardous chemical were
not properly controlled, a disaster could not be
avoided. In the past decades, there have been many
catastrophic incidents in the chemical industry. For
example, on June 5, 2017, an explosion occurred
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following the release of liquefied gas during the
discharge process at the JinYu Chemical Plant in
Shandong, when the gas cloud collided with an
ignitionsource. Duringthisincident, 10 people were
killed and 9 people were injured. PSM is a system
that prevents chemical process incidents, including
leaks, fires, and explosions to manage the risks of
personnel, properties, products, and environment
and credit risks of a company. first major process
safety regulation of Occupational Safety and Health
Agency (OSHA), 29 CFR 1910.119, was enacted in
1992. According to this law, employers of process
chemical industries were required to comply with
it. PSM applies to oil and petrochemical refineries,
fertilizer and pesticide plants, pharmaceuticals,
explosives, and chemical plants that process, store,
or process toxic or flammable chemicals. Achieving
excellence in process safety can lead to reduced
incidents, improved emergency response and
increased sustainability, quality, and productivity of
industries. This study aims to review the challenges
and achievements of PSM implementation and
provide recommendations for its improvement.

2. MATERIAL AND METHODS

In this study, Arksey and O’Malley’s framework
method was used to conduct a comprehensive
review, which includes six steps: identifying the
research question, identifying related studies,
selecting/screening studies, categorizing/dividing
data, summarizing, summarizing and reporting
the results, providing practical guidance and
recommendations. A comprehensive search of
articles and reports on PSM published between
2000 and 2023 in Persian and English was
conducted from databases such as Science Direct,
Web of Science, PubMed, and Scopus. A total
of 1721 articles were found in the initial search.
All steps of selection and screening of articles
were done independently by two members of the
research team. In the first step, the disputed cases
were resolved by discussion, if necessary, the
disputed cases were referred to a third person who
had more information and experience. End Note
software was used to organize, study titles and
abstracts, and identify duplicates. Prisma flowchart
was used to report the results of the selection and
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screening process. Then, 49 articles were selected
after thoroughly examining the abstract, titles,
and complete texts. These studies were classified
based on publication year, country, authors,
achievements, challenges and recommendations.
The data extraction process was done according to
the extraction format and was manually analyzed,

summarized and reported using the Content-
Analysis method.

3. RESULTS AND DISCUSSION

The number 766, 391, 430, and 131 articles were
identified in PubMed, Scopus, Web of Science, and
Science Direct, respectively, and three such articles

Table 2: Challenges of PSM implementation

e Missing or incomplete PSI

Communication o extensive data fuzzy and messy situations in handling PSI data

and information o limited data access
o Lack of employee participation

e No periodic contractor evaluation
Contractors

o Not providing mandatory (PPE) to the worker

e Happen major industrial accidents despite the PSM

Accidents e Lack of incident and near-miss reporting

o Ineffective near-miss and incident reporting

e Unsolved action items

o Excessively delayed/repeated maintenance works

o Incomplete work processes

o Highly technical nature of the 14 PSM elements

(6] tional
perationa o Ineffective ERP

o Non-availability of easy and effective techniques

o Lack of clear responsibility for operators in emergency shutdown situations
o Lack of communication and coordination between elements of PSM

o Failure of emergency response equipment

o Failure to adapt to new technologies

o Lack of senior management support and insufficient leadership commitment

o Entanglement of the roles of managers and leaders in PSM

Management o Critical technical decisions are taken at an inappropriate management level
o Lack of process safety training/knowledge at all levels of the organization
o Lack of preventive barrier monitoring in place

e Document failure
Documentation ¢ Undocumented program range
e Outdated written practices

o No accepted criteria for process risk analysis results

o Inefficient compliance audit
o Inefficient inspection program

o Incomplete audit without considering the actual design of the management system or the goals of the

Audit organization

® No global audit process or scoring system for PSM
o Lack of empirical research published on process safety indicators
o Inadequacy of metrics to prevent accidents

o Diversity of industries and chemical facilities

e Insufficient resources

o Requires a lot of effort and time to implement PSM
o Heavy investment and financial restrictions
o Reluctance to invest in PSM-based education

Resources e Unqualified employees

e Dynamic changes in the workforce

o Different responsibilities related to PSM
o Lack of sufficient investment in PSM
o Lack of requirements understanding

o Eliminating or reducing the subjective judgment of evaluators

Other e PSM limited to the workplace
o Lack of knowledge about PSM
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Table 3: Achievements of PSM implementation

e  Better employee and labor relations

Communication and .

information e Customer satisfaction

e Reorganization of technical data

Highlighted contractors’ management deficiencies

e Reduction in major industrial accidents

e  Reduction of operational error

e  Eliminate the number and severity of process-related incidents

e Easily correct the identified deficiency

e Provide a basis for gap analysis

Accidents e Reduced incident magnitude
e Reduced dreadful repercussions
e Development of a robust emergency response plan
e Help to track and manage incident investigation activities systematically
e Avoid the recurrence of the same accident in the future
Operational e  Reducing the number of emergency shutdowns
e Improvement process technology
e  Environmental protection
e Reducing adverse effects on the environment
Management . Lo
e Business continuity
e Improving organizational stability
Audit e  Help to comply with regulations and facilitate the audit process
e National profits
e Reduction of insurance rate
e Improve production uptime
e Increase investor confidence
e Generate higher profits
e Protects company assets
e Protects life
Resources e Prevent the loss of facilities
e Productivity of the operating plant and cost savings
e  Reduced property damage
e  Solved problem of reinsurance
e Helps the business to be profitable
e Maximizing profit margins
e Reduce adverse impacts on assets
e Improve productivity
Other e Improve reliability

e Quality improvement

were identified as a result of the manual search in
Google Scholar. Database searches were performed
using search methodologies. After preparing a list
of article titles, articles with duplicate and unrelated
titles were excluded from the study. Next, the
abstracts of the articles were examined. In the next
step, through a comprehensive analysis of the full
texts of the articles, it was evaluated that a significant
number of articles were outside our target topic
and were related to hospital processes and patient
care, as well as non-process safety, which were
excluded from the study. Finally, 49 articles were
selected and based on different criteria: article title,
publication year, author, country, study type, study
purpose, upcoming challenges, achievements, and
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recommendations for improvement were classified.
Next, each of the criteria was examined and studied
separately. No related articles were found in 2000-
2002, 2005, and 2021. PSM in the United States has
been studied the most, and one of its reasons is the
high number of chemical process industries and the
enforceability of the OSHA PSM model in the form
of law in this country. Challenges and achievements
in implementing the process safety management
system were classified as communication and
information, contractors, incidents, operations/
work procedures, management, documentation,
audit, and resources. Recommendations for
more successful implementation of process
safety management requirements were classified
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in 3 categories of cultural, operational and
managemen. The operational, audit, and resource
areas have the most challenges in the path of PSM
implementation. Reducing the intensity of chemical
process incidents and increasing productivity are
considered the most significant achievements of
PSM implementation.

4. CONCLUSIONS

PSM programs have improved over the years,
but incidents still happen, and with anticipated
growth and demand, the incidents will likely
increase. A deep look at science-based regulatory
issues, competency, operational excellence, and
learning from incidents is necessary to achieve
and maintain excellence in chemical process safety.
The implementation of PSM standards in each
industry depends on the interpretation of PSM
regulations by that industry, which is known as a
self-regulatory policy of the organization because
this standard states “what to do” and does not talk
about “how to do it” Therefore, implementing PSM
requirements varies in factories due to the lack of
systematic techniques to meet its requirements.
Process safety management failures are common
throughout the industry, and many of these failures
are rooted in a lack of understanding and support
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from top management. Also, insufficient resources,
inappropriate criteria and unrealistic expectations
are among the reasons for such failures. Among the
21 proposed PSM system models, the IPSMS model
was considered the strongest because of addressing
almost every key area of chemical process safety.
Process Safety is a multidisciplinary discussion
that requires knowledge related to chemistry,
mechanics, electrical engineering, humanities and
social sciences, management sciences, etc. PSM
should be localized according to each country’s
environmental and work conditions and enforced
in the chemical process industries to comply with
the law. Just complying with legal requirements or
PSM’s elements is not enough.
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