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Adapted from (Zijker, 2004, p. 1). Similar graphical representations are provided by (Hollnagel, 2004, p. 46), (Hudson, :)daall
2001, p. 15) and (Kettering & Pasman, 2009, p. 165).
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SAMPLE RISK ASSESSMENT FORM RISK IMPACT select ane

REF ID NO. SUBIMITTED BY DATE SUBMITTED UMPACT LEVEL DESCRIPTION

NOT SIGNIFICANT | Negligible injuries not needing medical treatment

MINOR Minar injuries causing temporary impairment needing medical freatment
RISK TYPE select one MODERATE lliness and/or injury requiring hospitalization
Financial MAJOR liness and/or injury resulting in permanent impaiment
Legal / Confractual SEVERE Fataiity

Reputation / Customer Relations RISK PROBABILITY seiect one

Resources PROBABILITY LEVEL DESCRIPTION
Operational HIGHLY UNLIKELY Rare chance of an eccumence
Other: UNLIKELY Not likely fo eccur under normal circumstances
PQSSIBLE May occur at some point under nermal crcumstances
RISK DESCRIPTION
LIKELY Expected to accur af some point in time
HIGHLY LIKELY Expected fo oceur regularly under nomnal circumstances.

RISK SEVERITY MATRIX based cnimpact ond Probabiity Levels

IMPACT x
PROBABILITY SIGNIFICANT

wenr ey [V IEE ow/veD DM MEDIUM
SOURCE OF RISk UNLIKELY NGE ow/MED  LOW/MED  MEDIUM  MED/HIGH
POSSIBLE GE oW/MED  MEDUM  MED/HIGH  MED/HIGH
UKELY G wowiveo veoww  veosec [EEI
HIGHLY LIKELY ow/meo  weoun  wveo/nch [

RISK SEVERITY LEVEL select comesponding Severity Level from matrix above hased upon Impact and Frobability Levels
PERSCON(S) IMPACTED check ail that apply SEVERITY LEVEL

Customers / Clients

MINCR 'MODERATE MAJOR SEVERE

Employees LOW / MED
Confractors MEDIUM
Public MED / HIGH
Other:
Other:
Other:

CURRENT CONTROL MEASURES

FURTHER ACTION NEEDED? seiecrane
YES

NO

ACTIONS TO IMPLEMENT it appiicabie

ACTION ASSIGNED TO DUE DATE STATUS
DATE REVIEWED. APPROVING OFFICIAL NAME & TITLE SIGNATURE
REMARKS

Risk Assessment Form Templates and Samples :).uadl!
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Executive Summary

In the era of rapid digital transformation, digital technologies have become an
essential component in managing occupational safety, health, and
environmental protection in high-risk industrial facilities, such as refineries and
petrochemical industries. Safety solutions powered by Al applications and
advanced digital technologies enable the identification and analysis of risk
profiles associated with recorded incidents. Moreover, they facilitate the
integration of large volumes of safety-related data collected from multiple
applications and programs into a single electronic platform. This enhances the
ability of safety and environmental managers to manage procedures effectively
and make quick, data-driven decisions to mitigate potential risks. High-risk
industries are now better equipped with measures that ensure higher levels of
safety, as never before. Occupational safety is no longer limited to equipment
and safety protocols for individuals, operations, and assets, but also includes
fostering a culture of safety behavior among workers, which positively impacts
property protection, human lives, and the stability of the working environment.
Integration of Safety Systems with Industrial Developments

Technological innovations, scientific breakthroughs, and regulatory
advancements have always preceded industrial revolutions. The first industrial
revolution began in 1750, centered around coal and mineral extraction, the
textile industry, and the invention of the steam engine. This was followed by the
second industrial revolution in 1840, which focused on electricity and oil
production, the emergence of mechanical and chemical industries, and the use
of railways for public transport. The third industrial revolution, which took place

in the 1960s, was marked by the advent of electronics (transistors and integrated
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circuits), computer science, telecommunications, and audio-visual industries.

The fourth industrial revolution began in 2010, driven by the integration of the
internet, sensors, and communication technologies to manage complex
processes. Automation, robotics, and predictive failure analysis started to shape
industrial production, connecting resources, information, machines, tools, and
workers into a single network called the Industrial Internet of Things (IloT). With
the expansion of the fourth industrial revolution and the increasing use of
automation, Al, and loT, a new era, the "Fifth Industrial Revolution," emerged
around 2020, aiming to balance scientific and human factors.

Alongside industrial development and the growing risks associated with it, the
need for safety concepts emerged. In 1802, the first safety protocols ("Safety
1.0") were introduced with the publication of the first law in the UK concerning
the "Health and Morality of Apprentices." Meanwhile, imperial decrees
published in France between 1810 and 1811 laid down the first regulatory
frameworks for human risk management. The Imperial Decree of 1810, for
example, addressed factories and workshops that emitted foul or unpleasant
odors.

The "Safety 2.0" phase focused on preventing major accidents, as technology at
the time was not yet aligned with industry needs, and equipment design was
often inadequate. Analysis of catastrophic accident causes led to the
development of safer process designs and the establishment of international
safety and environmental standards. The "Safety 3.0" phase, from the 1960s to
the 1980s, witnessed a significant decrease in accident rates. However, tragic
accidents still occurred, prompting a reevaluation of risk management practices

and a shift towards "Health, Safety, and Environmental Management Systems"
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(HSEMS). In response to severe chemical accidents globally, governments and

industrial companies focused on improving technology and human factors to
prevent accidents, developing policies and standards to expedite the adoption
of process safety management systems.

Digital Transformation and Enhancing Process Safety

Digital transformation technologies help organizations transition from
traditional to advanced digital systems, using smart data and integrating digital
tools and software into safety strategies for risk analysis based on international
standards. These technologies also enhance safety culture and develop skills to
ensure a safer working environment. The petrochemical and refining industries
rely on complex processes to convert raw materials into high-value products.
Process safety is crucial for minimizing industrial accidents, and the
management of process safety has evolved alongside technological
advancements. Technologies have provided a range of solutions to enhance
process safety, enabling operators to anticipate potential failures by
continuously monitoring equipment operations and comparing them with
virtual counterparts. Historical operational data and advanced data analysis
methods, including machine learning, have revolutionized how process safety
risks are predicted and managed, reducing the likelihood of chemical leaks and
other accidents. l1oT has been applied in industrial process monitoring, with
sensors tracking critical parameters like pressure, temperature, and chemical
concentrations. Furthermore, "digital twins" powered by Al in predictive
maintenance serve as early warning systems. Safety managers can now use a
suite of software tools to model industrial environments and simulate processes

to identify system weaknesses and assess potential risks. This allows safety
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personnel to detect deviations from normal operating conditions and take

immediate corrective actions.

Digital Transformation Applications in Safety Risk Assessment and
Environmental Impact in Refining and Petrochemical Industries

The digital transformation strategy in occupational safety, health, and
environmental protection aims to convert traditional processes into digital
workflows using modern technologies to improve efficiency, productivity, and
worker safety while enhancing their safety culture. This is achieved through the
development of software systems and the use of data analytics, Al, and cloud
computing. However, digital transformation also presents challenges and risks,
especially if not managed carefully or if backup systems are not in place to
ensure operational continuity. For instance, smart digital technologies could fail
due to battery malfunctions, fires, or explosions, or water could infiltrate
electrical components, leading to short circuits or electrical shocks.

Risk identification is crucial to ensuring the safe design and operation of complex
production processes in petrochemical facilities. Eliminating factors that could
lead to major accidents, such as fires, explosions, or toxic emissions, is essential.
Digital tools like Industrial loT, Al, and machine learning are used to enhance
safety protocols and programs. While risk assessments can be challenging, the
rapid evolution of digital transformation and the availability of a variety of digital
tools, along with Al applications, have made the task easier. These technologies
can transform vast, diverse datasets into digital forms that are easier to store,
categorize, analyze, and identify new causal relationships in complex systems to

assess and predict risks more accurately and quickly.
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Furthermore, due to the potential negative impact of refining and petrochemical

activities on the environment, Environmental Impact Assessment (EIA) studies
play a vital role in decision-making. EIA identifies and addresses potential
environmental, social, and economic risks associated with projects. The
application of digital transformation technologies in EIA has led to a
revolutionary shift, providing a virtual global ecosystem by linking all available
environmental data to a detailed geographic information system (GIS), ensuring
data accessibility online, and integrating it into a searchable archive for data-
driven, timely environmental decision-making.

Digital Transformation Models for Health, Safety, and Environmental Systems
in OAPEC Member Countries

Refining and petrochemical companies in OAPEC member countries prioritize
reducing industrial accidents by implementing digital transformation projects
and advanced plans to maintain worker safety, industrial process safety, and
compliance with local and international regulations. These efforts aim to
improve safety and minimize human, financial, and equipment losses through
prevention, mitigation, and optimal system utilization. To maximize the benefits
of digital transformation in safety, health, and environmental protection, the
study reviewed several case studies and success stories from Arab countries in
the OAPEC region, highlighting the benefits of applying digital technologies.
Some Arab countries have initiated digital transformation in refining and
petrochemical industries, using remote monitoring, robotics, Al, routine
maintenance, scheduling, and virtual training programs to improve production
efficiency, reduce environmental pollution, and enhance occupational health

and safety compliance.
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Conclusions and Recommendations

The study concludes with the following findings and recommendations:

. Digital technologies have become an integral part of managing
occupational safety, health, and environmental protection in high-risk
industrial facilities, particularly in the petrochemical industry.

o The future of digital process safety is bright, thanks to innovative
methods and notable progress in addressing industry challenges directly.

« The application of digital technologies results in gains in safety and
efficiency, reduces the environmental impact of the industry, and
enhances decision-making capabilities through improved technology and
data.

« Al technologies in predictive maintenance programs enable early
detection of potential failures, reducing unplanned downtime and
improving the safety of equipment, personnel, and the environment.

« As reliance on digital systems increases, data protection and
cybersecurity are of paramount importance.

« Continuous training on smart digital technologies for safety systems,
such as using virtual reality for evacuation and emergency response
training, ensures that workers are prepared to handle potential incidents.

« Encourage the implementation of digital transformation to improve
workflows, enhance operational efficiency, and optimize performance.

« Establish an integrated digital system to connect facility activities,
provide data for quick decision-making, and support crisis management.

« Develop effective preventive strategies through advanced digital

technologies and innovative safety strategies based on data and smart
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technologies, while analyzing safety performance using intelligent digital

solutions.

« It is necessary to develop and implement digital operating procedures
that provide clear and safe instructions for conducting activities related to
each process, in line with process safety information. Additionally,
designing suitable strategies to mitigate risks, implementing cybersecurity

mitigation plans, and minimizing operational disruptions are crucial.
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The role of digital transformation in enhancing the occupational safety and

health system and environmental protection in the refining and
petrochemical industries
Abstract

In the era of rapid digital transformation, digital technologies have
become an essential part of managing occupational health and safety (OHS) and
environmental protection in high-risk industrial facilities, such as the refining
and petrochemical industries. Safety solutions supported by Al applications and
advanced digital technologies allow for the identification and analysis of risk
profiles associated with recorded incidents. Additionally, they enable the
integration of large safety-related data collected from multiple applications and
programs onto a single electronic platform. This enhances the ability of safety
and environmental managers to effectively manage procedures and make fast,
data-driven decisions to reduce potential risks. Industries with higher exposure
to risks are now equipped with measures that ensure a higher level of safety
than never. Occupational safety is no longer limited to equipment and
installations or adhering to safety protocols for individuals, processes, and
assets. It also includes fostering a safety culture among workers, which positively
impacts the protection of property and lives, as well as the stability of the work
environment.

At the same time, the digital transformation in this field introduces
challenges and risks that may negatively affect workflow if not carefully
managed. Therefore, it is crucial to establish backup systems to ensure
operational continuity and adopt effective strategies and plans to mitigate risks
and reduce potential negative consequences.

The study aims to highlight the importance of digital transformation in
enhancing the occupational health, safety, and environmental protection system
in the refining and petrochemical industries by providing a safe working
environment and preserving equipment and the surrounding environment in
production sites and adjacent urban areas.

The study consists of four main chapters:

o Chapter 1. Reviews the evolution of safety procedures with the
advancement of industrial revolutions, leading to modern safety concepts
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that focus on improving efficiency and achieving optimal performance in

industrial sectors.

« Chapter 2: Focuses on the role of digital transformation in strengthening
the process safety system using advanced digital tools and software for
risk analysis and decision-making. It also addresses the contribution of
digital transformation in helping institutions transition from traditional
systems to advanced digital systems, with an emphasis on the role of
industrial security in managing process safety and protecting facilities and
workers according to international and local standards.

« Chapter 3: Discusses the importance of implementing risk identification
programs in the refining and petrochemical industries, where production
relies on complex processes to convert raw materials into high-value
economic products. This chapter also reviews risk assessment methods
using modern communication technologies and interoperability systems,
as well as the role of cybersecurity in protecting industrial systems. The
importance of environmental and social impact assessments and the need
to digitize their results are also highlighted, which helps in making
balanced decisions regarding the feasibility of new industrial
development projects.

« Chapter 4: Provides an overview of the role of digital transformation in
enhancing occupational health, safety, and environmental protection
systems in the countries of the OAPEC (Organization of Arab Petroleum
Exporting Countries), reviewing case studies and success stories from
refining and petrochemical industry facilities.

In conclusion, the study presents a set of findings and recommendations
aimed at strengthening the effectiveness of digital transformation in improving
occupational health and safety, as well as environmental protection in these vital
industries.
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