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Abstract

Keywords

Background and aims: Developing methods to reduce or control hazards
in chemical industries is essential. According to the literature, no study has Inherent Safety Index (ISI)
classified process units by the probability of major accidents using a combined
metric incorporating the Inherent Safety Index (ISI) and the Emergency
Management Plan (EMP). This study aimed to develop a single index that Plan (EMP)
integrates ISI and EMP to classify units or process sites according to their Precess indhisiies
likelihood of major accidents.

Emergency Management

Methods: After developing the new index (expressed as equation A/B), hazards
associated with process units were quantified using the ISI (parameter A).
The Emergency Management Plan was evaluated quantitatively (parameter
B) based on guidelines adapted from the Iranian Ministry of Petroleum and
OSHA standards. The developed A/B index was then calculated for production
units in a petrochemical plant to assess the index’s applicability..

Results: Using the ISI and EMP indicators, we developed a new index to

clas.sify diffe.rént units .within. an industry or adjacent industries according .to Received: 2025/07/28
their probability of major accidents. The index was calculated for several units

in a petrochemical plant: benzene-toluene unit (0.82), xylene unit (0.76), and Accepted : 2026/02/22
phthalic anhydride unit (0.73).

Conclusion: We propose a novel, relatively comprehensive index for classifying
process sites by the probability of major accidents. This index helps identify
overall hazards of process units and supports their prioritization and
classification. By enabling comparison and ranking of neighboring industries or
different units within a facility, the index offers HSE managers and supervisors
a practical tool for planning control measures and improvements.
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EXTENDED ABSTRACT

INTRODUCTION

Chemical, oil, gas, and petrochemical industries
play a vital and undeniable role in the world economy,
and consequently in the Iranian industry. These
industries are classified as critical industries in terms
of safety issues. These industries are considered
accident-prone due to the existence of a wide range
of hazardous materials and operations at high
temperatures and pressures. These factors have made
it necessary to develop methods to reduce or control
risks associated with chemical industries. Currently,
several quantitative and qualitative methods have
been proposed and developed for hazard identification
and risk assessment. Risk identification is a process
that aims to discover and identify hazards, including
hazardous sources, potential incidents, etc. Therefore,
reducing the severity and likelihood of hazards should
be considered to create a safe work environment.
Hazard identification is the most important step
because hidden hazards lead to neglect of conditions.
Therefore, it is essential to allocate sufficient resources
to this step to ensure comprehensiveness. There are
various techniques available for conducting safety
analysis, some of which have gained international
recognition and validation while others are not
commonly employed within companies. These
methods require different information and are
suitable for various stages of process development,
design, and operation. Risk indicators are one of the
most important of these approaches. The Inherent
Safety Index (ISI), Chemical Exposure Index (CEI),
Safety Weighted Hazard Index (SWeHI), and Fire
and Explosion Index (Mond) are the most important
and widely used hazard indices. Hazard indices are
relatively simple and comprehensive methods to
identify hazards and estimate the overall hazard of
process units. These approaches do not require a high
level of expertise or detailed process information and
produce reliable results with quantitative analysis and
easy interpretation. Also, multiple protective layers
act as one of the important and effective factors in
reducing the consequences and hazard index score
in industrial sites. The Emergency Management Plan
(EMP) is mainly designed to organize and improve
the organizations preparedness against unwanted
and uncontrollable conditions and as a last level of
protection. Process industries have a high potential for
industrial accidents due to the high volume of different
chemicals. The large number of employees working in
these environments and the proximity to residential
areas increase the importance of implementing EMP
and promoting employees’ awareness of this plan.
Emergency management includes taking appropriate
and predetermined emergency measures to respond
effectively in these situations. Also, according to the
available studies, no study has been done in this field

by combining the two parameters of ISI and EMP to
design and classify processes. Therefore, the new index
enables experts to identify more dangerous industries
and units than low-risk units in an industrial complex.

METHODOLOGY
Phase 1. Creating an A/B index by literature review and
SWeHI methods

This index is designed to identify places prone to
major accidents in this field. Therefore, in this study,
a new and systematic index is presented for risk
assessment by encapsulating different parameters
similar to the SWeHI method parameters. The basis
for designing this index is found in Equation 1.

. . . . . A
Classification index of sites prone to major accidents = 3 (1)

Where A represents the value quantitatively
proportional to the units’ hazards, while B is an
indicator of the status of the EMP. In the following
sections, the details of A and B parameters have been
presented in Phases 2 and 3.

Phase 2. Determining the A (ISI) Index

Chemical ISI was used to identify the hazards
of the units. The ISI is significant for both main
reactions and side reactions that occur in the unit.
The unintentional chemical reactions that can take
place among the chemicals in the industrial unit are
also examined. The total ISI itself is grouped into
two main categories, namely the Chemical (ICI) and
Process (IPI) ISI. The first parameter deals with the
risks related to the chemical properties of materials in
the process. It consists of sub-indices for the main and
side reaction heat, chemical interactions, flammability,
explosion, toxicity, and corrosiveness. The latter
includes the sub-indices of the material inventory,
process temperature, process pressure, equipment
safety, and safe process structure.

The Total Inherent Index (I,) or ISI is the sum of
the scores of the I, and I, as per Equations 2 and 3.

Ly =1y +1y )
ICI:I(RM.MAX) + I(RS.MAX) + I(INT.MAX) + I(I-'L+EX+T0X) + o sax (3)
Loy 41y + L p oy + [EQ.MAX + g pax (4)

Phase 3. Determining the B (EMP) Index

In this phase, a quantitative evaluation of the
emergencies was made in instructions No. MOP-
HSED-IN-203(0) on the emergency response plan,
MOP-HSED-GL-204(1) on the management of
emergencies in the petroleum industry developed by
Iran’s Ministry of Petroleum, and the OSHA standard
by using observation, interview, and audit methods.
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The instruction was developed to explain the
requirements of response in emergencies to realize the
goals of work procedure standardization, human error
minimization,and employeesafetymaintenance during
emergencies. This instruction is designed to create an
integrated framework for planning, organizing, and
implementing the emergency management system in
the main and subsidiary companies and oil industry
facilities. It can also effectively manage and control
emergencies and minimize casualties, financial losses,
and environmental and health effects. Finally, the
audit instruction on the emergency management plan
was designed and compiled under 10 main headings,
including risk assessment, training, maneuvers,
preparedness assessment, emergency committee,
notification of emergencies, coordination and
communication with external sources, actions, and
how to deal with emergencies, emergency accident
report, and the cleanup of the accident site. These sub-
indices were rated by a five-point scale ranging from
0 to 5, with the total score being 50 for all the items.

Phase 4. Calculation of the A/B index for each unit

At this stage, a case study was planned to validate
and implement the index designed in one of Iran’s
petrochemical industries. Therefore, a petrochemical
complex was selected for its applicability potential.
This selected industry is known as one of the first
producers of aromatic products in Iran. Its products are
widely applied as feed for the downstream industries
such as detergents, plastics, polyester fibers, plastic
softeners, and paint industries. The main production
units of this complex include xylene, benzene-toluene
(shell), and phthalic anhydride units. The sub-units of
this complex include the power plant units producing
consumable electricity, air and nitrogen units, steam
production and distribution units, and condensate
recycling units. The designed index was calculated
for three main production units of this industrial
complex by calculating each of the parameters A and
B. In this study, parameters A and B represent the ISI
index for the units of the selected industry and EMP,
respectively.

RESULTS

This study developed a new index to identify
process sites prone to major accidents. The ICI was
used to identify unit hazards. Further, the validation
of the index was based on a case study designed
to collect process information from three main
petrochemical production units: xylene, benzene-
toluene (shell), and phthalic anhydride. Hazard
assessment calculations were performed using the
ISI. A quantitative assessment of the emergency
management situation was then conducted based on
the instruction issued by Iran’s Ministry of Petroleum.
The information collection methods included
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observation, interview, and audit. The case study was
implemented in the mentioned production units of
the selected petrochemical complex. Ultimately, the
ISI for the benzene-toluene unit was found to be 38
by scoring all the sub-indices and putting them into
the given formula. The value of ISI for the xylene unit
was found to be 35 by scoring all the sub-indices and
replacing the obtained scores with the above formula.
ISI for the Phthalic anhydride unit was obtained equal
to 34, by scoring all sub-indices and replacing the
values in the given equation. The highest ISI value
corresponds to the benzene-toluene unit, which
represents the greatest risks in this unit. Conversely,
phthalic anhydride is less hazardous, due to its
lower ISI. According to the method, the emergency
management plan was quantitatively evaluated based
on instructions No. MOP-HSED-IN-203(0) on the
emergency management plan, and MOP-HSED-
GL-204(1) on the management of emergencies in the
petroleum industry (Iran’s Ministry of Petroleum)
and OSHA standard. Thus, a total of 50 items were
examined under 10 distinct headings, yielding a
quantitative score of 46 out of 50 for the status of
emergency management. The desirable index for each
unit was estimated by utilizing the modified Equation
1, after calculating each of the parameters A and B.
This value was used for parameter A in equation 1
after calculating the ISI for the benzene-toluene unit
(highest value). Based on this, the score obtained
from the audit of the emergency management
program was also considered for parameter B. Then,
the developed classification index was calculated as
0.82, 0.76, and 0.73 for benzene-toluene, xylene, and
phthalic anhydride units, respectively, according
to the modified equation 1. Therefore, based on the
results, the order of priority and classification of units
in terms of their sensitivity to major accidents will be
as follows:

1. Benzene-toluene unit, 2. Xylene unit, and 3.
Phthalic anhydride unit.

DISCUSSION

Safety is a major concern for any organization,
significantly impacting costs, both direct and indirect,
as well as productivity. Therefore, the continuous
improvement of safety performance is the most
important goal that successful organizations aim
to achieve. The quantitative determination and
measurement of indicators to critically evaluate
performance and determine the organization’s position
are inevitable in any improvement plan. Thus, it is
necessary to develop indicators to rank units based on
hazards and the probability of accidents, considering
the existing safety layers in the organization, such
as the EMP. Consequently, the present study aims
to design an index for the classification of process
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sites regarding the occurrence of major accidents.
To accomplish this, the desired index is developed
by reviewing the literature of previous studies and
considering a general framework. Subsequently, a
case study is conducted in one of the petrochemical
industries to determine the operational calculation
and potential applicability of this index. The required
specifications are determined for each unit, and the ISI
is used to identify the unit hazards. The ISI investigates
hazards related to both the ICI and IPI. Afterward, a
quantitative evaluation of the EMP adopted by the
industry is conducted based on instructions No.
MOP-HSED-IN-203(0), MOP-HSED-GL-204(1), and
OSHA standards through observation, interviews, and
audits. In this study, the fractional formula developed
by Khan was inspired due to its simplicity, where
the hazard assessment is calculated based on the ISI
method and the denominator of the fraction is the
EMP status. In this method, the ISI index examines all
the parameters of the process comprehensively, but in
Khan’s study, the HIRA method was used, which only
examines the risks of explosion, fire, and toxicity. Also,
in the method developed by Khan, parameter B is the
safety measure available in the industry, but in this
research, the investigation of emergency management
was concentrated, which is one of the most important
layers of protection in industries. Therefore, the
method presented in this study and Khan’s approach
is completely different and clear. Also in this study,
a relatively simple and comprehensive method was
designed to identify hazards and estimate the overall
hazard of the process units, which covers all aspects
and parameters of hazard in a processing unit,
including heat of reactions, ignition and fire, explosion,
chemical interactions, toxicity, corrosiveness, and the
amount of the materials present in the process (both
inside and outside the site), the process temperature
and pressure, the safety of the equipment, and the
general safety conditions of the process structure.
Then, the EMP was quantitatively evaluated as one of
the most important defense layers of the organization
to control the risks.

CONCLUSIONS

In the present study, the level of risks in each unit
was calculated and the designed index was obtained
for all units. This allowed the examination and
comparison of the units holistically and in full detail
as to each of the sub-indices. The information required
to estimate this index is accessible and measurable in
the process units. Therefore, by receiving them from
the processing unit, the index can be calculated. The
operational part of this research is the first attempt to
calculate this technique in a petrochemical industry in
Iran, thereby giving it importance. The strengths of this

study can be summarized as follows: i) designing and
presenting a new index in the field of the identification
of the process unit hazard; ii) implementing a case
study after designing the classification index of process
sites by the occurrence of major accidents in one of
the Iranian petrochemical industries, leading to the
classification of the production units in this industry;
iii) serving as the first attempt to calculate this index
in the petrochemical industries, and iv) enabling the
identification of the bottlenecks in the EMP adopted
by the industry in question. Therefore, this study
provided the managers and officials of the process and
Health, Safety, and Environment (HSE) units of this
industry with a new perspective on the prioritization
of the units towards the control measures.
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