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ABSTRACT

Many factories have set up a safety management system (PSM), and there is an increasing rate of safety
management systems. This is increasingly in line with the development of industrial plants. External and
internal inspection of security management processes are the core of Process Safety Management (PSM)
and are an essential opportunity to improve operational solutions. The problems of security inspection
arise due to unclear and unplanned inspection issues, resulting in unsystematic monitoring of factual
information and opinions and loss of opportunities to achieve goals throughout the organization. This
research aims to improve the inspection process by using computer software technology in auditing.
After improving the process according to the Lean Process Management (ECRS) concept to reduce waste,
the workflow was reduced by 40.74%, and 60% efficiency was increased. In addition, the assessment
results from a sample of PSM auditors showed 93.4% satisfaction as the most appropriate. Therefore,
this study demonstrated the potential and benefits of implementing the Process Safety Management
System (PSM) audit program and applying Lean theory to improve auditing, which can be used as an
essential reference for future research and program development.

Keywords: Lean Inspection Process, Factory Certification Program, Factory Inspection, Factory Risk
Assessment

1. Introduction
1.1 Introduce the Problem

Currently, factories have production processes and activities related to hazardous
chemicals, flammable gases, and flammable liquids that are at risk of severe accidents to
varying degrees and tend to increase continuously with the number of factories (Department of
Industrial Works, 2020). Serious accidents from the production process include explosions,
fires, and spills of hazardous chemicals affecting operators, the community, the environment,
and property. It is based on incidents of dangerous chemical spills, gases, and flammable liquids
from the production process. According to the International Laboure Organization (ILO),
inadequate workplace safety and health procedures have resulted in an estimated 2.78 million
deaths and 374 million non-fatal injuries (Noman et al., 2021). In addition, establishments must
be more mindful of occupational health risks and safety (Zielinski Nguyen Ajslev & Elisabeth
Ejstrup Nimb, 2022).

Currently, inspection safety issues, with compliance with the law (Dwiasnati & Hidayat,

2022), (Slezak et al., 2020) are not effective enough, so it is necessary to find dangerous points
in the work process (Halvani & Sahraee, 2020), (Rudakov et al., 2021) and find measures to
control and prevent hazards or accidents in those activities (Ghasemi et al., 2023), (Rodrigues et
al, 2021) correctly. According to statistics, complaints from non-compliance with factory
control laws were recorded at an average of 3,973 complaints per year and 1.07 complaints per
factory (Wang et al., 2021). Such complaints affect the environment and the community
(Manservisi et al, 2023). It is not likely to decrease significantly, even though the factory has a
safety audit and analysis of the risk of impacts (Badoozadeh et al, 2021), (Rudakov et al., 2021).

Risk management for Factories where hazardous substances are used, Process Safety
Management (PSM) is at the core of management, and a company's internal and external
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inspection processes are essential to its implementation (Hazzan, et al.,2022). For problems in
inspecting factories in the process of operating according to the system, follow PSM. It also
found that there was a delay. The inspection content needs to be more comprehensive according
to the requirements, which is an inefficient inspection (Tepparit & Am-Eam, 2023), (Amor &
Dimyadi, 2021). It was found that problems with inspectors' qualifications and inspection
methods are also the main factors in inadequate inspections. Some inspections overlook
essential safety issues or lack a way to identify specific problems, sticking to document systems
rather than practicalities and operational risks or reinterpreting safety concerns as non-safety
issues. It also includes non-compliance with standards that must be inspected (Hutchinson et al.,
2024b, 2024a). Therefore, the researcher improved the integrated system assessment method as
a new body of knowledge for monitoring and computer technology. Designing an inspection
program to evaluate process safety management by considering compliance with plant control
laws to enhance inspection efficiency in evaluating according to the requirements of process
safety management operations. The inspection process is based on the PSM system.

1.2 Research Conceptual Framework of the Study

Studying legal requirements and verifying relevant research establishes a research
conceptual framework. Research Conceptual Framework to improve the inspection process
using the Lean concept to create excellence in various methods. The goal is to reduce lead time,
reduce waste in inspections, and reduce waste as well as Non-Value-Added Activities (NVA),
as shown in Figure 1.

: Use Improving the ici i i
 Improving the Lean o e'?;uon grocess Efficiency of the inspection
inspection process Tools p p process.

(Pre-Lean). (Post Lean). d - Reduce inspection process
- Enter inspection data | |  ECRS - Enter I(nli?)zct;lon ar | | -Reduce waiting time in the process
(Input) : -Reduce processes that have no value
- Inspection Process - '”Spfgrtg%’;szgocess
(Process) A
- Inspection report - Inspection report
(Output) (Output)

Fig. 1. Research Conceptual Framework

2. Literature Review

Preparation of risk management reports for factories where hazardous substances are
used. It will consist of a report on the analysis of risks from hazards arising from factory
operations and safety management. Safety management is divided into two components as
follows.

2.1 Safety Management System (SMS)

Safety Management System (SMS) is a systematic process for managing security. It
defines responsibilities and establishes policies and practices for managing an organization’s
security. The components of the security management system can be understood as shown in

Table 1(Kesel'ova et al., 2021).
Table 1 - Safety Management System Framework: 4 Components and 12 Elements by ICAO.

Safety Policy and Safety Risk Management Safety Assurance Safety promotion
Objective
Management Safety risk assessment Safety performance Training and education
commitment mitigation Monitoring
&responsibility Measurement
Safety accountabilities Hazard identification Management of Change  Safety communication
Appointment of key Continuous
safety person personnel improvement and audit
Coordination of ERP

SMS documentation

The importance of SMS in the most practical and efficient way of allocating security
resources has been highlighted in recent research (Chen et al., 2023), (Zhang et al., 2023). It has
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been found that the working conditions of employees have improved significantly in the field of
SMS and also promote a safety culture that rewards responsible attitudes and behaviors
(Manservisi et al., 2023), (Nwankwo et al., 2020). These cultural changes are necessary to
improve the general safety climate of the organization and increase the number of people
affected by the organization’s safety. The effectiveness of process safety management systems
(PSMs), such as reducing industrial accidents in South Korea, was also highlighted in this
research (Saleem & Malik, 2022), (Yoo & Shim, 2023). The study indicated that SMEs with
fewer employees, 100 people, are at higher risk than large companies. This study emphasizes
that audit results with low scores have a high chance, so there is an urgent need to improve the
system. PSM and Management Techniques to Stop Industrial Accidents (Yoo & Shim, 2023).
Other examples of integrating digital technologies to support safety include creating a work
permit management system in model-based petrochemical construction. This practice is in line
with a broader industry trend that focuses on continuous development to promote a safety
culture (Bai et al., 2023), (Chen et al., 2023), (Siuta et al., 2022).

2.2 Process Safety Management (PSM)

Process Safety Management (PSM) is the management of safety and the prevention of
incidents and injuries related to production processes where hazardous chemicals are used. It
uses management measures and an engineering basis to identify, evaluate, and control hazards
from production processes, including storage, design, use, production, maintenance, inspection,
testing, and transportation or movement of highly hazardous chemicals (Moore et al., 2015).
The scope of PSM system assignments to industrial facilities includes (1) processes involving
highly hazardous chemicals in quantities in possession at any given time equal to or greater than
the prescribed amounts and (2) processes involving flammable gases or flammable liquids with
a possession volume of 4,545 kilograms or 10,000 pounds or more at any given time (Industrial
Estate Authority of Thailand Board, 2016). At present, research and development of various 10T
technologies to manage multiple types of hazards, such as those related to the safety of factories
and workers, usually affect the level of protection, especially in the process industry. The
proposed system applications range from periodic scheduled maintenance monitoring and
analysis of the age of the equipment from processing or packing hazardous materials to
remotely monitoring the dangerous conditions of workers (Gnoni et al., 2020), (Sundaram &
Zeid, 2023), (Tang, 2021).

A Process Safety Management System (PSM) inspection is a factory audit based on
internal inspection principles (Guo, 2023). Nowadays, inspecting security management systems
has become more critical because it is the expectation of success in implementing a system. The
PSM and inspection are essential opportunities to monitor processes and improve efficiency.
Most inspection processes deal with PSM systems from a complete approach. Regardless of the
actual inspection design of the management system or the organization’s goals. Inspection is
more effective if it aligns with the design and objectives of the organization. In addition, an
exemplary system audit must have an effective Process Safety (PS) team to assess and analyze
hazards and provide appropriate control solutions (Behie et al., 2020), (Badoozadeh et al.,
2021). The inspection must be carried out using the Process Safety Assessment Checklist based

on 14 basic elements, as shown in Table 2 (Amyotte&Lupien, 2017), (Kumar, 2024)
Table 2 - Process Safety Assessment Checklist by Basic Components.
PSM Inspection issues

1.Employee Participation 8. Mechanical Integrity

2. Process Safety Information 9. Hot Work Permit and Non-routine Work Permit)
3. Process Hazard Analysis (PHA) 10. Management of Change

4 Operating Procedures 11. Incident Investigation

5.Training 12. Emergency Planning and Response

6. Contractor Management 13. Compliance Audits

7. Pre-startup Safety Review 14. Trade Secrets

The inspection process will improve to maximize efficiency. The Lean concept is used to
reduce waste in every inspection process, emphasizing maximum effectiveness and loss
reduction by focusing on flow (Saleem & Malik, 2022) such as improving safety work
processes in offshore oil and gas exploration and production (Yeshitila et al, 2021) or reducing
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risk steps according to ergonomic principles of work (Tortorella et al., 2020), (Dieste et al., n.d.)
etc. Implementing lean systems to improve audit processes (Elattar et al., 2020), (Marques et al.,
2021), (Di Natali et al., 2023), such as organizational leadership, must be multi-dimensional and
integrated. Personnel Communication Technical problems (pulling system) External factors to
reduce obstacles to making a lean system (Araujo et al., 2021). The Lean inspection process
consists of five steps.

2.2.1 Value Definition

This step analyses waste from the current condition, which deals with waste from the
process and is regarded as an essential value-creation process. Therefore, the types of Muda (8
Waste) include 1) Overproduction, 2) Waiting, 3) Transportation, 4) Non-Value-Added
Processing, 5) Excess Inventory, 6) Defects, 7) Excessive movement, and 8) non-utilized talent,
must be eliminated for the process to be effective (Dobrowolski et al., 2022), (Leksic et al.,
2020), (Markowski et al., 2021)

2.2.2 Value Stream Analysis

The analysis starts with a diagram of the process of receiving orders and the factory to be
inspected. That allows for identifying critical or problematic steps in the supply chain. For
example, it identifies bottlenecks and fault points, which can now be provided in the Systems
Dynamics (SD) format, as a model that helps to analyze the improvement points effectively
(Arey et al., 2020), (Assis et al, 2021). It then plans the inspection (Plan) and the inspection
(Do) according to the specified topics. Finally, it checks the results against the law in terms of
accuracy and duration of inspection (Check), after which the report is printed or corrected
(Action) in accordance with the Quality Management Principles (PDCA).

2.2.3 Flow

The workflow along the steps of the job-by-job review process will be characterized as a
One-Job Flow, which must be fast and done by removing obstacles and distances between the
work stages, a waste associated with all investigations.

2.2.4 Pull/just in time

The concept of factory inspection must be carried out only in accordance with the
requirements related to the law that requires inspection. This means checking according to the
checklist as required by law, which will not cause waste in the inspection process. Also, there
are plans or monitoring tools that can reduce waste.

2.2.5 Perfection

Perfection should come from efficient work, which reduces time, processes, and errors
associated with factory inspection (Aucasime-Gonzales et al., 2020). This research focuses on
One-Stop inspection by designing the RU Program for industrial inspection. It focuses on
applying Lean concepts to maximize the value of work entirely.

3. Research Methods
Steps for improving factory inspection methods based on Lean concepts (Virtanen, n.d.-a,
n.d.-b; Wang et al., 2021) are as follows.

3.1 Analyses the current condition of factory inspection.

The researcher brought up the problem of ineffective factory inspection for safety
management systems. Brainstorm meetings with experts specialising in safety inspection
involved analysing the wastes of the current inspection process and summarising them in
problem analysis to make improvements by ECRS principles (Jordaan, n.d.; Kanoksirirujisaya,

2022), (Pertiwi & Astuti, 2020), as shown in Table 3.
Table 3 - Summary of inspection processes and waste analysis of current methods.

Steps Inspection defined 8 Waste VA/ Current model
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“DOWNTIME” NVA
1. Define scope It is to define the scope ~ D=Data NVA 1.1 Check the status of current work
and criteria. and rules of inspection,  Error/Coordination and pending work plans.
such as opening and W=Waiting 1.2 Identify the inspection plan and
closing the system, the Verification coordinate with the examination
ERA plan, OSHA E=Hard Verification VA recipients.
1910.119, EPA 40 CFR  Methods 1.3 Prepare data sheets and prepare
68 or ANSV/ISA 84 N=Nonqualified the necessary tools or equipment.
standards, etc.
NVA
2. Check It involves reviewing D=Data NVA 2.1 Check general information
documents and supporting documents Error/Coordination NVA 2.2 Select the topic to review.

records.

3. Conduct
interviews and
observations.

4. Evaluate
results and
findings.

5. Follow
instructions and
actions.

6. Improvement
of operation
processes
continuously.

and records, including
process security
information (PSI) such
as process flowcharts,
material safety data
sheets, and Process
Hazard Analyses
(PHA), etc.

It is an interview and
operational observation
with a person who uses
PSM, such as an
operator, manager,
engineer, or
maintenance personnel,
etc.

It evaluates the
examination results and
findings and compares
the operation process's
actual performance with
the expected
performance according
to the scope, rules, and
risks.

A corrective and
preventive action plan
(CAPA) should be
prepared in accordance
with the SW-2H
requirements to
implement the
recommendations and
actions resulting from
the assessment.

It is a continuous
improvement process
based on feedback,
learning, and workplace
changes. In addition, the
impact of operational
procedures on PSM
performance indicators
should be evaluated.

E=Hard Verification VA
Methods

M=Search
Information/Docum
ent

NVA

D=Data VA
Error/Coordination VA
N=Nonqualified VA
E=Hard Verification
Methods

M=Search
Information/Docum
ent

D=Data
Error/Coordination
M=Search
Information/Docum
ent N=Nonqualified
E=Hard Verification
Methods
N=Nonqualified

NVA

NVA
NVA

NVA

D=Data NVA
Error/Coordination VA
W=Waiting
Recommendation VA
N=Nonqualified

E=Hard Verification
Methods

D =Data
Error/Coordination
W = Waiting
Recommendation
N = Nonqualified VA
E = Hard

Verification

Methods

NVA

NVA

2.3 Examine documents and records
related to the process by referring to
relevant documents.

2.4 Record the inspection results in
the inspection form.

3.1 Check general information

3.2 Select the topic to review.

3.3 Interview and observe the work
of related employees by searching
for references according to relevant
documents.

3.4 Record the inspection results in
the inspection form.

4.1 Evaluate inspection results

4.2 Identify inspection findings and
compare them with standards or
rules.

4.3 Prepare inspection reports and
corrective guidelines, then submit
them to relevant departments.

5.1 Finding ways to improve.

5.2 Prepare a Corrective and
Preventive Action Plan (CAPA).
5.3 Make bug fixes following the
suggestions.

6.1 Find measures to prevent the
recurrence of problems.

6.2 Find ways to control and
amplify results.

6.3 Specify the measures according
to clauses 6./ and 6.2.

Note: Refers to the topic of waste.
D =Defect, O=Over production, W=Waiting, N=Non-Utilized Talent, T=Transportation, I=Inventory, M=Motion, E=

Extra-Processing

NVA =Non-Value-Added Activities, VA= Value Added Activities
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3.2 Plan to work systematically to set goals for work improvement and guidelines for work
improvement.

In this step, the researcher collected data to write the process of Lean (current value
stream mapping) is as follows.

-”IH‘
Inspection Control

T™he Unuen.-
Information flow

Factory to
e A
____________________________________________________ Government
Inspection Process agencies.
1. Define 2. Check 3. Conduct 4_Evaluate 5. Fellow 6 Improvemen
scope and documents and interviews and | results and recomumendatio tof operating
criteria records. observations findings ns and actions. processes
) . - = continuously.
(3 sub-topics) (4 sub-topics) (4 sub-topics) | (3 sub-topics) | (3 sub-topics) | (3 sub-topics)

[

| g EE———
Average 4.5 hours

«
Average 8§ hours

Fig. 2. The value stream mapping before improving Lean.

3.3 The design of the improvement process using the factory inspection program.
3.3.1 Designing and creating a PSM system inspection program.

Study the problems and needs of users for the program design from the questionnaire of
the samples, together concerning the factory inspection report form a document titled Reporting
Compliance of the Department of Industrial Works. Then, used to design the program can be
written as the program's scope of work (Sundaram & Zeid, 2023). The RU Program for
Industrial Inspection details the work system in Figure 3.
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Figure 3-4 The factory inspection report.
Fig. 3. The inspection process flowchart and inspection screen at each stage.

3.3.2 Evaluation of satisfaction using the program

For the assessment of satisfaction in using the program, a rating scale was used with a
sample of factories and private auditors to assess satisfaction with the program. Data were
collected from a sample of 50 factories out of 180 at-risk factories using the rating scale, which
has five satisfaction evaluation criteria (excellent, good, moderate, fair, and poor).

255



Tepparitetal ... Vol 6(1) 2024 : 249-261

4. Results and Discussions

Improving Processes by Reducing 8 Waste with ECRS Method (Wang et al., 2021), (Yoo
& Shim, 2023). While designing and developing programs, the researcher revised the factory
inspection methods using the ECRS improvement principle, resulting in reduced inspection and
reporting processes. In addition, the new inspection processes, which use a factory inspection
program, were compared with the current manual work. Table 4 summarizes the comparison

results.

Table 4 - Summary table of root causes of problems with programmatic improvement guidelines

Steps Current model ECRS concept Using the program
1.Define 1.1 Check the status of current Display the status of tasks and 1.1 Check backlog
scope and work and pending work plans. monitoring plans on the screen status
criteria. 1.2 Identify the inspection plan ~ (Combine) in a visual control 1.2 Identify the

and coordinate with the manner with appointments to inspection plan and list
examination recipients. check and add the function to the the necessary tools or
1.3 Prepare data sheets and list of tools or devices used equipment.
prepare the necessary tools or (Simplify).
equipment.
2.Check 2.1 Check general information General information about the 2.1Checking follows the
documents 2.2 Select the topic to review. plant and the topics of the listin the program.

and records.

2.3 Examine documents and
records related to the process by
referring to relevant documents.
2.4 Record the inspection

inspection in the system are
displayed on  the  screen
(Combine), and the inspection
results are recorded in the system

2.2 Record the results in
the program.

results in the inspection form. inspection form
(Simplify/Eliminate).
3.Conduct 3.1 Check general information General information about the 3.1Checking follows the
interviews and 3.2 Select the topic to review. plant and the topics of the listin the program.
observations. 3.3 Interview and observe the interview/observation in  the 3.2 Interview and
work of related employees by system on the screen (Combine) observe the work, then
searching for references with a Link: Search for reference record the results in the
according to relevant documents and check and save program.
documents. the results in the form through the
3.4 Record the inspection system (Simplify/Eliminate).
results in the inspection form.
4.Evaluate 4.1 Evaluate inspection results Evaluate the results in the system 4.1 Evaluate the results
results and 4.2 Identify inspection findings by being able to link to reference of an inspection
findings. and compare them with standards and choose the function  program.
standards or rules. of printing the test report 4.2 Prepare inspection
4.3 Prepare inspection reports immediately (Combine/ reports and corrective
and corrective guidelines, then Simplify). solutions, then record
submit them to relevant them in the program.
departments.
5.Follow 5.1 Finding ways to improve. Select the link to find the 5.1 Prepare a Corrective
recommendati 5.2 Prepare a Corrective and improvement method according and Preventive Action
ons and Preventive Action Plan (CAPA). to the instructions in the system Plan (CAPA).
actions. 5.3 Make bug fixes following and choose to make an action 5.2 Make bug fixes
the suggestions. plan in the system (Combine/ following the
Simplify). suggestions.

6.Improvemen
t of operating
processes
continuously.

6.1 Find measures to prevent
the recurrence of problems.
6.2 Find ways to control and
amplify results.

6.3 Specify the measures
according to clauses 6.1 and
6.2.

Select the link for preventive
measures and specify the control
method in the system (Combine/
Simplify).

6.1 Identify measures to
prevent the recurrence
of problems besides
control and report
results.

A comparison of time before using the inspection program (Pre-Lean) and after using the
inspection program (post-Lean), is shown in Table 5.

Table 5 - Summarizes the process of lean improvement with the ECRS technique.

Inspection 1. Define 2. Check 3. Conduct 4. 5. Follow 6.Improvement of
and scope documents  interviews and  Evaluate = recommendations operating
reporting and and records.  observations. results and actions. processes
procedures criteria. and continuously.
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findings.

Before using 3 4 3 3 3
the program

After using ) ) ) ) 1 |
the program
Summary of program usage Before using the After using Productivity Up
results program the program

All examination procedures 19 steps 10 steps Up 40.74 %
Reduced time in the reporting Average 12.5 hrs. Average 5 Up 60%

section. hrs.

In this process, the researcher collected data to write the operations after Lean (Further
Value Stream Mapping), as shown in Figure 4.

| a0 L aay

Ave
) ra
Inspection Control age

AR .
W ! fﬂcn:,}, # day
Information flow

Factory to
inspect. A1
____________________________________________________ Government
Inspection Process agencies.
1. Define 2. Check 3. Conduct 4. Evaluate 5. Follow 6. Improvemen
scope and documents and nterviews and | results and recormn@n-datio tof operating
criteria. records. observations. findings. ns and actions. processes
. - . continuously.
(2 sub-topics) (2 sub-topics) (2 sub-topics) | (1 sub-topics) | (1 sub-topics) | (1 sub-topics)

-l
-

Average 4 hours

]
-

Ll L
Average 1 hours

Fig. 4. The value stream mapping after improving Lean.

The satisfaction assessment of program users found that the satisfaction of the users of
the factory inspection program for factory certification inspection was high in all four aspects:
system analysis and design, accuracy in program usage, information security system, and
convenience and ease of use. The average overall satisfaction is 4.67 (the highest level)

Thus, improvements by Lean in the inspection process can be found to be integrative and
sustainable (Chand, 2021). The ECRS (Eliminate Combine Rearrange and Simplify) technique,
which is a simple process of improving tasks (Kaizen) (Yoo & Shim, 2023), makes the
inspection process more efficient and can reduce the process of inspection. The results of the
sample satisfaction score were excellent, especially in the analysis and design of the system
based on the standards of industrial plant control laws. The accuracy of the program and the
data security system are designed by writing a computer language (Python). However, in terms
of convenience and ease of use satisfaction scores, it may need to be continuously improved by
providing a manual for using the program and conducting training on how to use the program to
increase skills in using the program more efficiently and effectively. Regarding the
sustainability of improvement, Lean and ECRS changes must be standardized in the
management system, such as preparing an operational manual or a standard for continuous
improvement. They must also be continuously audited in the Process Safety Management
(PSM) system to ensure efficiency and effectiveness in enterprise security management.

5. Conclusion

From the problem of the process safety management system (PSM), the inspection is
considered very important and needs improvement to increase efficiency. To solve the problem,
this research has improved the inspection process using the concept of lean in factory inspection
by reducing waste from the inspection process and applying the idea of "Lean" to the factory
inspection process. ECRS and Perfection Management, as well as a new body of knowledge in
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using computer program technology to assist in system auditing. PSM, which can meet the
requirements of meeting the set objectives, is to improve lean with the inspection of the process
safety management system in the plant by reducing the workflow and the inspection period. In
addition, the satisfaction assessment results of the program used by the sample of PSM system
inspectors were at the highest level of satisfaction.

This research is of interest to researchers and plant inspectors because it shows the
potential of the program and the many benefits of implementing the system audit program. In
terms of theoretical benefits, it has been found that there has been no research on the application
of the Lean philosophy to the audit of Process Safety Management (PSM). Therefore, it is
useful to provide more evidence to support research to help promote PSM system audit theory
and lean theory, as well as the application of process safety management inspection theory to
computer platform systems on the cloud system in the form of big data, which will help to
manage safety management data to be up-to-date and complete, such as legal requirements,
process chemical data, process chemical data, and standard Operating Procedures, etc.
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