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ABSTRACT

A hierarchy of measurements called Overall Equipment Effectiveness (OEE) is used in the
industrial sector to gauge the performance of production machines. OEE measurement is a
crucial machine performance tool that assesses availability, performance, and quality rate. It is
inspired by Total Productive Maintenance (TPM). This study was conducted in Al Borouge
company is a prominent petrochemical firm that offers unique and new polyolefin solutions for
the energy, mobility, advanced packaging, infrastructure, healthcare, and agricultural industries.
The main issue found relating to the two extruder production lines productivity was where
availability and quality show a significant decrease. Thus, data were collected for 12 months
from the two extruders and analysed using Microsoft Excel Software to determine the value of
the output table and presented graphically.

This study starts by calculating the availability, performance rate, and rate of quality, then listing
the six biggest losses that happen in order to determine the achievement of Overall Equipment
Effectiveness (OEE) value. According to the findings, the average OEE on a first extruder is
95%, and second extruder is 91%, the value is higher than the world's ideal OEE standard value
of > 85%. But This research needs to make improvement on these components to increase the
value of OEE. Three of the six major losses downtime losses, speed losses, and quality losses
were grouped together. The findings show there is no set up/adjustment and speed losses.
Moreover, breakdown losses were 2.2% for first extruder and 6.06% for second extruder, and
decreased quality losses were 1.28% for first extruder and 2.8% for second extruder for the
study of six significant losses (which became three big losses due to speed losses and set

up/adjustment do not exist).
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CHAPTER 1 INTRODUCTION

1.1 Introduction

The first chapter, which was divided into six subtitles, detailed the project's beginning. The
problem statement is given first, then the background of the research is provided. The third and
fourth sections place more emphasis on the goals and range of this study. Research significance
iIs highlighted in the fifth section to emphasize the contribution of this research. The last section

of this thesis presents its outline.

1.2 Research Background

Several businesses and organizations are vying for market share and the greatest profitability
index in international markets (Danjum & Rasli, 2012; Hussain et al., 2015). On the other hand,
it is unavoidable for production processes to be improved to produce products of the greatest
quality in order to maintain market competitiveness (Jauregui Becker et al., 2015). The use of
physical asset management (PAM) is one of the primary systemic attitudes to the dynamics of
production processes, while making use of the best maintenance practices and boosting
equipment efficiency play important roles in enhancing physical assets (M. Yazdi & Soltanali,
2018). There are numerous methods available today to increase the efficiency of machinery.
Total Productive Maintenance (TPM), first introduced in 1971 by the Japanese, is one of the
most crucial techniques (Nakajima, 1988). TPM is a strategy for enhancing production
processes that is intended to maximize equipment availability and ensure effective asset

management. By decreasing the six types of losses equipment failure, setup and adjustment
1



delays, idle and small stoppages, reduced speed of equipment, process flaws, and manufacturing
constraints TPM is intended to increase the efficacy of production equipment (Jauregui Becker

etal., 2015).

Effective maintenance practices are crucial for a business to be competitive in the modern global
market. An effective maintenance plan can contribute to more production, better quality, fewer
downtimes, and increased safety. Reducing the cost of maintenance is thus an important result
of effective maintenance, given that it makes up a significant portion of operating costs in most
industries (reaching up to 40% of the value added to a product as it keeps moving through the
production chain (Ahuja & Khamba, 2008). Leading organizations throughout the world moved
to search for new and proactive maintenance solutions including reliability centered
maintenance, Predictive Maintenance (PM), and total productive maintenance because of
increased awareness (TPM). Nowadays, as the industrial world becomes more competitive,
firms are forced to place a larger emphasis on customer satisfaction while preserving production
efficiency. The corporation faces a hurdle in being able to maximize all its resources to reduce
all waste and avoid production stopping due to engine failure. One of the most essential
components in the successful application of the Lean Manufacturing method, which is a very
well-liked and regularly applied strategy today to address difficulty, is Total Productive
Maintenance (TPM). TPM integrates reliability, availability, maintainability, and performance

issues into the management of time, money, and other important resources.

The combination of operation maintenance, device management, and available resources,
known as overall equipment effectiveness (OEE), is one of the finest ways to gauge TPM's
efficacy. The primary tool for gauging the success of the TPM implementation program is OEE

(Horenbeek et al., 2014). A significant factor in raising system productivity is OEE, a key
2



performance indicator (KPI) (Zammori, 2015). The development of OEE began in the 1990s,
and by the early 2000s, when it began to be implemented in various enterprises, the field of

study became well-liked in academic circles.

Overall Equipment Effectiveness (OEE) is a performance measurement tool that evaluates the
productivity and efficiency of a production system based on the availability, performance, and
quality of the equipment used in the production process. Many studies have been conducted to
explore the benefits of using OEE as a tool for improving performance measurement in
manufacturing industries. A study by (Shafiee, 2016) found that the use of OEE as a
performance measurement tool can help to identify the areas that need improvement and
increase the overall efficiency of a production system. The study also highlighted the importance
of regular measurement and tracking of OEE to monitor the progress of improvement initiatives.
Similarly, a study by (Singh, 2017) emphasized the role of OEE in identifying the root causes
of equipment downtime and reducing overall downtime. The study found that implementing a
preventive maintenance program based on OEE measurements can lead to significant

improvements in equipment availability and overall productivity.

By returning equipment to as-good-as-new state, which increases its performability and lowers
production losses, the OEE estimates to measuring performance index and aid in managing the
long-term effectiveness of equipment (Zammori et al., 2011). Production systems frequently
employ the idea of OEE measurements. Evaluation of this attitude may result in improved
equipment availability and efficient production planning (Parida & Kumar, 2009). In general,
OEE offers a methodical approach to setting production goals and integrates useful tool and

technique management to achieve sustained availability, high performance efficiency, and



quality rate (Dal et al., 2000). The expression of OEE has been altered in many ways by

researchers in accordance with the applied concepts in various industries.

1.3 Statement of the Research Problem

Today, manufacturing-based businesses must maintain a sustainable output level to meet client
demand. When a capacity issue arises, they immediately consider increasing the number of
shifts, extra hours, and the purchase of new machinery (Nallusamy et al., 2018). Machines serve
a crucial part in the manufacturing process to maintain smooth output; otherwise, production
may encounter several barriers (Nurprihatin et al., 2019). On the other hand, the emphasis should
continue to be on utilizing better resources and enhancing the performance of the machines
which already exist to pursue in reducing bottlenecks, enhancing equipment performance,
curtailing overall downtime, turning operator performance efficient, and reducing setup time
and other losses, thus empowering in any judgment on the investment of purchase of new
machines (Nallusamy et al., 2018). The industrial sector seeks to develop ways to raise quality,
efficiency, and productivity as it faces continued competition (Saleem & Nisar, 2017).
Manufacturers are compelled to enhance their production processes to optimize and lower
overall production costs because of manufacturing constraints. However, if the businesses do
not assess their present performance, these improvements cannot be made (Wudhikarn, 2016).
There are numerous methods of waste reduction and performance improvement, including Just
in Time (JIT), Total Productive Maintenance (TPM), Kaizen, Total Quality Management
(TQM), and Lean Manufacturing, that can be used to obtain a competitive edge (Shah &

Deshpande, 2017).



The majority of industrial businesses are using TPM and Lean Management (LM) to assure
smooth operations in order to stay competitive (Ainunnazli et al., 2016). This research suggest
using the Overall Equipment Effectiveness (OEE) metric, which combines performance
effectiveness, quality rate, and actual availability, to evaluate improvement efforts (Soltanali,
Rohani, Tabasizadeh, Abbaspour- Fard, et al., 2018). The OEE is a TPM metric that is employed
in the manufacturing process to benchmark, analyze, and assess productivity or equipment
effectiveness (Saleem & Nisar, 2017). However, the effectiveness of these production systems'
operations or bottlenecks directly affects productivity. The OEE is a tried-and-true methodology
and a particularly potent instrument that can be used to compare production units across
industries and to carry out diagnostics. If the corrective actions are structural and simple to
perform, the OEE might approve either long-term planned actions or short-term reactive actions
(Foulloy et al., 2018). By noting six significant losses, the OEE can be seen as a gauge of the
utilization total. This comprises the use of equipment in an operational system, equipment flaws,
implementation and adjustment-related short-term stops, speed reduction due to slower
machinery function rates, wastes and repetitive work-related poorer product quality levels. By
looking at the six major losses in the industry from a different angle, technicians and industry
professionals can make better decisions regarding the machinery and production line, which
improves the equipment's output and efficiency (Foulloy et al., 2018). One of the top concerns
for plant owners and operators is to prevent plant shutdowns. Shutdowns are necessitated by
atypical circumstances, such as unanticipated equipment faults brought on by aging or overuse.
The maintenance actions performed on the complete piece of equipment affect its performance
(Folmer et al., 2016). As a result, manufacturers offer high-quality, reliable equipment at

reasonable costs. These steps are taken to reduce the amount of idle time. Idle time is when there



is no work being done yet an employee is still being paid. It might involve machines, people, or

both. It is also known as downtime, allotted time, and waiting time.

If proper maintenance procedures aren't followed, a company's performance could be negatively
impacted (Ngadiman, 2016). It turns out that the machinery or apparatus is crucial in converting
input into output. The OEE is typically used to assess an organization's most problematic
equipment. The OEE not only aids in minimizing breakdown and maintaining the plant in
excellent operating order at the lowest feasible cost, but it also discloses any unintentional costs
related to the equipment's efficiency. By reducing the breakdown and changeover losses that are
related to availability as well as the defects and setup scrap losses that are related to quality, the
OEE value can be raised. The organization will be able to produce the number and quality of
items in accordance with the standards thanks to the well-maintained machines (Soltanali,

Rohani, Tabasizadeh, Abbaspour- Fard, et al., 2018).

OEE measurement is built on three main pillars: availability, performance, and quality.
Depending on each component, a production process may optimize production to a different
extent. The required availability rate is 90%, the required performance rate is 95%, the required
quality rate is 99%, and the minimum total OEE percentage is 85%, all in accordance with JIPM
(Japan Institute of Plant Maintenance) international standards (Tobe et al., 2018). Six losses that
occur frequently in manufacturing are linked to the three OEE elements (the Six Big Losses).
The Six Big Losses provide a great framework for comprehending and, more importantly, acting
upon losses revealed by the OEE initiative. Machine downtime affects the availability rate's
value. All incidents that halt production, whether planned or unexpected, for an extended period
are considered availability losses. Machine failure, unforeseen maintenance, and the need to

replace spare parts are the reasons for unscheduled downtime that this organization has reported.
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While machine setup, machine adjustment, operator break time, and rotation time are the main
reasons of planned downtime (Tobe et al., 2018). One reason for the poor performance rate is
that the machine is operating below the ideal cycle time (lower speed). This occurs because of
the machine being dirty and lacking lubrication. Power outages carried out by PLN have an
impact on a small halt, which is a decline in performance rate. It takes longer to complete the
rework because of the high number of rejected items, which contributes to the low-quality rate.
Rejected goods happen because of less exact raw material handling, either during storage or
during the crushing process. Minimizing the frequency of minor disturbances and improving the
operator's problem-solving skills are two ways to improve a machine's performance. While
talking about process improvement, one of the key subjects is machine performance. One of the
worst things that can be done in business is to do routine operations without knowing how they
are performing. Most businesses are unable to identify the losses incurred by machines that
result in subpar line performance, failing to enhance line performance as a result. The efficiency
of the utilized machinery is crucial and has a great deal of potential to boost business
productivity. The objective was to explain the significance of the OEE values and assist crew

members in identifying problem areas so they may concentrate on the process of improvement.

1.4 Contribution of the Research

Despite the potential benefits of using Overall Equipment Effectiveness (OEE) as a performance
measurement tool in manufacturing, there is a need for further research on the effectiveness of
integrating OEE with Total Productive Maintenance (TPM) and the Six Big Losses
methodology. Specifically, there is a need to explore whether TPM, with a focus on OEE, can

help to improve machine capability and performance and whether the elimination of losses

7



resulting from Mean Time Between Failure (MTBF) and Mean Time To Repair (MTTR) can
boost the effectiveness of specific machines using the Six Big Losses methodology. Addressing
these research questions will contribute to the understanding of how OEE, TPM, and the Six
Big Losses methodology can be used to improve performance measurement and productivity in

manufacturing.

To analyze the production process, this study uses Overall Equipment Effectiveness (OEE),
Which is a quantitative component of TPM. Increased machine productivity in Al Borouge may
be possible using OEE measuring. Six Big Losses can be used to analyze six significant
production-related losses, and Mean Time Between Failure (MTBF) and Mean Time To Repair

(MTTR) values can be used to assess maintenance performance.

The findings from this research will make clear the advantages of using OEE as a performance
indicator in a business. The secondary data included in the OEE calculation is useful for further
analysis and serves as a benchmark for assessing the success of the business. The fundamental
contention is that the production’s performance will be shown by the numbers. As a result, the
business can take additional steps to solve their challenges. This thesis will serve as guidance

for the company's management on how to analyze the OEE value to boost productivity.

1.5 Research Objectives

1.5.1 General Objective
The two extruders production line are crucial to the manufacturing process since production
might be hampered or even stopped if it has downtime. This study concentrated on certain

product lines and essential machines’ worst downtime. The performance and capability of the
8



machine are improved because this research employ Total Productive Maintenance (TPM),
which began by calculating Out the Overall Equipment Effectiveness (OEE) and Six Big Losses.
By estimating Mean Time Between Failure (MTBF) and Mean Time To Repair (MTTR), this

study also offers maintenance efforts to improve effectiveness and reduce losses.

1.5.2 Specific Objective
1. To investigate and improve the OEE value to evaluate how effectively a manufacturing

operation is utilized by identifying all the six big losses.

2. To determine what is contributing to the greatest loss and what areas should be targeted to

improve performance.

3. To enhance the two extruder production lines OEE by identifying and rectifying the potential
areas of improvement; and to employ the big six losses technique for elimination of root causes

of reoccurring failures which results in increased OEE.

1.6 Research Questions

The following are the research questions:

RQ1: Can Total Productive Maintenance (TPM), which began by determining Overall

Equipment Effectiveness (OEE), help to overcome and improve the machine's capability and

performance?

RQ2: Can the elimination of losses resulting from the calculation of Mean Time Between
Failure (MTBF) and Mean Time To Repair (MTTR) boost the effectiveness of a specific

machine using Six Big Losses?



1.7 Scope of Research Work

The primary objective of this study is to improve the OEE in the two-extruder production line
at Borouge company is a prominent petrochemical firm that offers unique and new polyolefin
solutions for the energy, mobility, advanced packaging, infrastructure, healthcare, and
agricultural industries. OEE secondary data were acquired. The OEE data that was collected
over a one-year period from the company's regular operations is a starting point that was further
examined to pinpoint equipment losses and provide a solution to lower them. It will be scoped
down to the lowest percentage of an element for a specific process. On the elements with the

lowest percentage, recommendations were made.

1.8 Summary

The dissertation is divided into five chapters. Following this introduction, chapter two addressed
and compared the research subjects using relevant published articles. The third chapter
demonstrates the study methodology, the primary and secondary data sources, and the usage of
OEE as a performance indicator for the two extruders production line. The background of the
case study company is briefly discussed in the following chapter four, along with the findings

and analysis that were made. Chapter five concludes with a recommendation for future work.
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CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

Unquestionably, a nation's ability to thrive economically was strongly influenced by the
performance of its manufacturing sectors. Globalizations and new technologies have a
mysterious effect on manufacturing companies. This has an impact on the organization's
operations and calls for new methods to boost competitiveness. Manufacturing companies must
be inventive to generate cutting-edge goods with short lead times and competitive prices in order
to achieve operational excellence and remain viable in the global market (Nurprihatin et al.,
2019). The highly competitive nature of the global manufacturing market forces manufacturers
to embrace more cutting-edge solutions to defend their positions against competitors (Liao,
2018). The industrial sector seeks to develop ways to raise quality, productivity, and efficiency
as it faces continued competition (Saleem & Nisar, 2017). It makes sense that there will be fierce
competition between manufacturers as long as demand keeps rising. To attain excellence,
manufacturing companies must address a variety of technological, organizational, and personnel
issues, such as quick lead times and low prices (Prinz et al., 2017). The service can be deemed
exceptional if it meets or surpasses the expectations of the stakeholders.

Manufacturers are compelled to enhance their production processes in order to optimize and
lower overall production costs as a result of the manufacturing issues (P. G. Yazdi et al., 2018).
If the businesses do not assess their present performance, these changes will not be made
(Famiyeh et al., 2018). Different methods of waste reduction and performance improvement,
such as Just in Time (JIT), Kaizen, Total Quality Management (TQM), Lean Manufacturing

11



(LM), and Total Productive Maintenance (TPM), can be used to obtain a competitive edge (Shah
& Deshpande, 2017). Most industrial businesses are using TPM and LM to assure smooth
operations in order to stay competitive (S. Singh et al., 2021) . To manage the time losses, it is
advised to adopt TPM (Soltanali, Rohani, Tabasizadeh, Hossein Abbaspour-Fard, et al., 2018),

as is indicated in this research.

To evaluate improvement efforts, we suggest using the Overall Equipment Effectiveness, which
combines actual availability, quality rate, and performance efficiency (Soltanali, Rohani,
Tabasizadeh, Hossein Abbaspour-Fard, et al., 2018; P. Tsarouhas, 2019). The productivity or
equipment effectiveness in the manufacturing operation is benchmarked, analyzed, and
evaluated using the TPM metric known as OEE (Saleem & Nisar, 2017; P. Tsarouhas, 2019).
However, the effectiveness of these production systems' operations or bottlenecks directly
affects productivity (Singh, 2017). When it comes to performing diagnostics and comparing
production units across various industries, the OEE is a tried-and-true method and a particularly
potent instrument. As long as the corrective activities are structural and simple to carry out, the
OEE might approve either long-term planned actions or short-term reactive actions (Foulloy et

al., 2018).

2.2 Efficiency, Effectiveness, and Productivity

Productivity is one of the most crucial and fundamental elements in establishing production
systems. Measurement of productivity helps find problems and solutions to improve system
performance (Xiang & Feng, 2021). Productivity is determined by dividing the total amount of
tangible outputs by the total amount of tangible inputs. As a result, productivity is characterized

as the quality of efficiency and is a measurement of the output per unit of input. Efficiency and
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productivity are frequently more or less used interchangeably (Dave & Sohani, 2019).
Efficiency assesses how well a company performs in comparison to best practices, or the
maximum amount of output that can be produced from a given level of input using a certain
manufacturing method (Mawson & Hughes, 2019). Effectiveness can be defined as how closely
an organization's output fulfills its aim and/or the requirements of the customer, while efficiency
can be defined as creation of desired outputs at a perceived minimal expense, assessed by the
ratio of the number of resources. Effectiveness is the appraisal of the results of the performance,
or how successfully a business achieves its objectives. Additionally, (Nurprihatin et al., 2019)
defined effectiveness as the capacity to plan and fulfill client needs from a theoretical

perspective.

Productivity, according to (Durdyev & Ihtiyar, 2019) is a mix of effectiveness and efficiency,
where efficiency is the most output production from the fewest inputs. The key concepts in
measuring and assessing the performance of organizations are efficiency and effectiveness (de
la Fuente-Mella et al., 2020). Although these names may be synonymous for the managers, each
has a unique significance. It is well known that Effectiveness and efficiency were contrasted by
associating efficiency of "doing things well" and effectiveness of "doing the right things". As a
result, a measure of efficiency evaluates a company's capacity to provide the desired result(s)
with the fewest possible inputs. More specifically, efficiency is an indicator of the effectiveness
of the usage process and focuses on reducing costs and managing the resources that are

distributed across different uses.

When discussing effectiveness, noted that a measure of effectiveness evaluates a company's

capacity to meet its set goals and objectives. In other words, a company's effectiveness depends
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on how well it accomplishes its objectives (Tursunov, 2019). In conclusion, effectiveness refers
to the degree to which an organization's policy goals are met. It should be emphasized that
although effectiveness and efficiency are two elements of the total performance measure that
are mutually exclusive, it is feasible that they could influence one another. To be more precise,
effectiveness can influence efficiency or have an impact on both efficiency and total

performance (Stojcic et al., 2018).

2.3 Overall Equipment Effectiveness

From Nakajima's TPM concept, the OEE measuring tool was created in 1988. TPM aims to
eliminate all equipment-related breakdowns and faults. Improvements in the production rate,
cost savings, inventory reductions, and finally higher labor productivity are the results of
reducing breakdowns and defects. Since production equipment has a significant impact on
quality, productivity, inventory, cost, safety and health, and production output, the TPM concept
gives it a lot of attention. This is valid for highly automated procedures (Xiang & Feng, 2021).
OEE is a measure of overall equipment effectiveness, or how well the equipment performs its
intended function. It is a three-part analytical method for assessing the effectiveness of
machinery depending on its performance, availability, and output quality rate. To increase the
overall asset performance and reliability, it is utilized to determine the relevant losses for a piece
of equipment. It categorizes substantial losses or the root reasons of poor performance, laying
the groundwork for identifying the areas that need improvement first and starting a root cause
analysis. It could expose latent production potential and encourage a steady flow. OEE is used
to monitor changes in equipment effectiveness over time and to identify any declines (J. Singh
etal., 2018).
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OEE has been frequently utilized in industry to evaluate the performance of equipment (Xiang
& Feng, 2021). The three components of OEE (availability, performance, and quality) each
focus on a process element that can be enhanced. Recent articles state that one of the main
difficulties facing industry is that OEE estimations are usually 15-25% below the required level
today (Purwanto & Jagin, 2021). The data from the output evaluation helps the industries make
decisions for the best management of the machinery and production systems. For this, the use
of metric systems is required (P. Tsarouhas, 2019). OEE has the capacity to assess performance,
spot areas for improvement, and prioritize efforts to boost the efficacy and efficiency of
equipment (Virk et al., 2020). OEE measures how well a production system functions in relation

to its intended capacity when it is in use.

OEE is frequently utilized to increase a company's output because it simultaneously focuses on
quality, productivity, and equipment use. In a lean manufacturing setting, introduced the OEE
to reduce or eliminate speed loss. In order to calculate the OEE components, (Sonmez et al.,
2018) took into account two sources of uncertainty in the measurements of production speed
and halt time. Two real-world examples are used to explain how the concepts are applied, and
software is offered to practitioners. Under diverse managerial scenarios, the use and execution
of OEE. Through the completion of a survey questionnaire, 139 industrial enterprises from
around the world provided data. In order to solve the issue of evaluating the efficient use of
materials within a plant, (Braglia et al., 2018) presented a unique methodology that capitalizes

on OEE's simple and user-friendly framework.

Numerous studies have been done on the price and financial effects of the production system

quality. When it comes to issues like the reliability, availability, security, quality, and cost-
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effectiveness measures of equipment and plant, there is no doubting that the maintenance costs
may be significant and frequently account for a major portion of recurrent budgets. Failures
lower a company's output and earnings. The OEE measure, a well-known rate used within the
lean manufacturing framework, was offered by (Mufioz-Villamizar et al., 2018) as a new

method for assessing the efficiency of urban freight transportation systems.

(Ihueze & U-Dominic, 2018) showed how TPM activities in a reputable tractor manufacturing
sector in India improved the OEE of machines, plant efficiency, and production cost over time.
Methods for evaluating the quality and efficacy of a production system can aid in the
management of overtime costs and additional production lines, with the goal of lowering an
enterprise's operating costs. An innovative way for estimating the financial managerial impact
of TPM activities. The suggested approach is to determine the overall amount of money that can
be saved, which is made up of contribution profits and cost savings from increasing the OEE of

a particular processing type equipment (Li et al., 2021).

On the other side, OEE has the potential to enhance resource management methods. As a result,
the maintenance function has an impact on each of the factors that make up OEE, particularly
availability. All planned shutdowns and maintenance procedures influenced the business' OEE
since they reduce the availability of the equipment. A method for measuring production quality
was put forth by (Soltanali, Rohani, Tabasizadeh, Abbaspour- Fard, et al., 2018), creating the
foundation for the development of models for inspection sites, regulator magnitude, and control
charts. (Prasetyo & Veroya, 2020) presented that OEE, or overall equipment effectiveness, is a
useful tool for locating bottlenecks. It can be utilized in conjunction with other continuous

improvement methods and technologies. A bottleneck process for a multinational
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semiconductor business in the Philippines has been addressed using OEE in conjunction with

Lean Six Sigma DMAIC.

Depending on the simulation's findings, both the planned and actual productions, it was explored
how the workability of the Internet of Things affected OEE (Hwang et al., 2017). With the aid
of a maintenance management technique based on OEE, (Saleem & Nisar, 2017) developed a
benchmark to raise the tyre curing press production rate while lowering tyre curing press
downtime and maintenance costs. By enhancing the OEE's capabilities, aims to capture the daily
changes that affect production performance. To compare the results of OECL with those of OEE
and lastly to pinpoint the advantages provided by this new approach, detailed the overall
equipment cost loss (OECL) techniques and an application of this methodology. With statistical
analysis, simulation modeling, a temporal performance expression model, Overall Resource
Effectiveness (ORE), a didactic approach, and Valve Diagnosis System (VDS), the previous

study attempted to enrich the OEE (Foulloy et al., 2018; Prinz et al., 2017).

The most important aspects, according to earlier research, were the connections between OEE
implementation and TPM and LM. Another study also discovered a strong positive association
between human maintenance errors and OEE. The effectiveness of the manufacturing systems
were employed OEE before and after the introduction of improvement efforts has been assessed
by a simulation study (Abd Rahman et al., 2020). Due to the demand for adaptive assistance
systems, a temporal performance expression model and a didactic approach were included to
the OEE (Foulloy et al., 2018; Prinz et al., 2017). When calculating OEE coupled with ORE,

the effects of the worker, machinery, and raw materials on the manufacturing system are
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considered (Dawood & Abdullah, 2018). More specifically, a different study used the VDS to

detect and forecast gradually rising valve defects to increase OEE value.

OEE is used to assess how effectively a system or machine is operating. It might be seen as
combining the utilization, upkeep, and administration of industrial goods and machinery. Given
that it places a strong emphasis on the notion of zero waste and zero stoppage losses within the
plan, it is one of the finest strategies for encouraging plant improvement. OEE is a useful method
for identifying and eliminating waste, which contributes to the development of a productive
process that can manufacture goods of the greatest quality (Bataineh et al., 2019). The
equipment's total performance was impacted by the six main categories of stoppage losses.
These losses cover yield losses, setup, and adjustments losses, idling and small breakdown
losses, stoppage losses, and losses due to rework and quality defects. The six major losses are
used to determine OEE, which also takes machine performance, quality rates, and availability
into account (J. Singh et al., 2018). TPM aims to increase OEE, reduce the six greatest losses,
and lower the overall life costs of equipment. TPM's primary objective is to establish a reliable
manufacturing system. Key performance indicators (KPIs) like OEE are essential for
monitoring, controlling, and measuring performance in a number of areas, include production,
maintenance, scheduling and planning product quality, and inventory, and others (Teoh et al.,

2017).

The OEE tool's purpose is to find losses that lower the equipment's efficiency. These losses
involve actions that use resources without adding anything of value. The losses, according to (J.
Singh et al., 2018), were brought on by periodic or persistent production problems. Small,

undetectable chronic abnormalities are the result of multiple concurrent sources. On the other
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hand, sporadic disruptions are more evident since they happen quickly and deviate greatly from
the steady state. Using a bottom-up strategy, an integrated workforce aims to increase equipment

effectiveness by removing six significant losses (Marfinov & Pratama, 2020).

Downtime losses:

(1) Equipment failure or breakdown-related time and material losses are classified as
breakdown losses. For instance, a brewery can experience downtime and consequent production

loss due to a motor failure in the palletizing equipment.

(2) Losses from setup and adjustments happen when manufacturing switches from meeting the
demand for one item to another. This kind of loss occurs in a brewery facility during setups for

various products, testing at startup, and fine-tuning of machinery and instruments.

Losses in speed:

(3) Idling and minor stoppage losses happen when a machine sits idle or when output is halted
due to a temporary problem. For instance, soiled photocells on palletizing machines can result

in brief halts. Despite being rapidly rectified, they frequently cause capacity loss.

(4) Reduced speed losses describe the discrepancy between the intended operating speed of an
item and the actual operating speed. When unsuited pallets are used in a palletizing facility,

speed is lost since the same number of bottles require longer processing periods.

Quality losses:

(5) Defects in quality and rework are quality losses brought on by broken production machinery.

(6) Yield losses from machine startup to stabilization are referred to as reduced yield during

start-up.
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2.4 World Class OEE

Companies frequently use world class OEE as a benchmark to assess their OEE performance.
Nakajima recommended setting the ideal OEE values at 85%. As shown in Table 2.2, the
percentages are known as the World Class Performance level with a different percentage of each
OEE element. An excellent standard for manufacturers appears to be the OEE of the highest
caliber.(P. H. Tsarouhas, 2020). To achieve world-class OEE, organizations strive to attain OEE
values that are considered best-in-class within their industry or even across industries. World-
class OEE signifies that a manufacturing system is operating at the highest level of performance,
with minimal downtime, optimal production speed, and excellent product quality, however,
estimated that the average OEE was only 55%. Since different companies have varied methods
for data gathering and calculation for OEE, the differences in % are not particularly significant.
To ensure that any comparisons and data analysis are genuine, it is crucial to ensure that each
measurement method mirrors the one before it. The data cannot be trusted to be further examined

for any process improvement if the measurement process is not standardized.

Table 1 World Class OEE Standard

OEE elements OEE World Class Value (%)
Availability 90.0
Performance 95.0

Quality 99.0
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2.5 Total Productive Maintenance

Total Productive Maintenance, according to (Virk et al., 2020), is the evolution of Preventive
and Corrective Maintenance, Maintenance Prevention mixed with Total Quality Control idea.
Through productive, proactive, and planned participation and activities, this maintenance
approach incorporates all workers to achieve effectiveness throughout the production system.
By reducing equipment breakdowns and production problems, total productive maintenance
(TPM). Serves as a foundation for the lean manufacturing (LM) philosophy. Through the
efficient utilization of production machinery, the TPM initiative's goal is to increase both overall

productivity and quality (Nurprihatin et al., 2019).

OEE was thus developed as a performance indicator to gauge the equipment's rate of
effectiveness (Shinde & Prasad, 2018). There may be an explicit connection among OEE and
TPM, lean, and continuous improvement, as OEE is one of the strategies for facilitating the
effective use of TPM and, as a result, the development of a culture of lean and continuous
improvement (Bataineh et al., 2019). Consider the idea that, through the use of various
production measures, OEE can assist the strategic outcome of a TPM implementation by
reducing waste, which is also LM's top priority. This indicates that there is a clear relationship
between the application of OEE and that of TPM or lean approaches, which may indicate that
businesses that have implemented these two strategies to improved performance are also more
likely to have implemented OEE as a methodology to evaluate the performance of their
production equipment (Nurprihatin et al., 2019). Possibly the most effective way to depict TPM
is as a House of TPM, as seen in Figure 1. A 5S foundation and eight pillars of maintenance-
related activities, including autonomous maintenance (AM), planned maintenance (PM), quality

maintenance, focused maintenance, education and training, early management, office kaizen,
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safety, and environment, make up the primary constructions. Not every pillar can be used by an
organization. For example, in certain circumstances, only one or a few pillars are involved, such
as AM (Guariente et al., 2017), PM (Kar, 2016), AM, and targeted maintenance (Joochim &

Meekaew, 2018)z, among others.

Crucial to TPM, 5S is a method of setting up the workplace to ensure consistent performance
while including the workers (Sharma, 2016). It focuses on five fundamental tasks: sort, arrange,
shine, standardize, and sustain (Harun et al., 2019). Sorting entails clearing the workspace of
anything unnecessary and sanitizing the workspace (Rizkya et al., 2019). Identifying the
location and number of necessary things is set in order (P. H. Tsarouhas, 2020). Shine entails
upgrading and cleaning up the workplace and spotting errors (Veres et al., 2018). Utilizing
standardized tools and procedures, standardized documents, and the work process. Sustain is to
continue to improve, allowing workers to form responsible work habits, and finally

incorporating 5S into the corporate culture.
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Figure 1 House of TPM (Pacaiova & lzarlkova, 2019)
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Equipment operators are given the authority and duties for routine equipment maintenance, such
as 5S, under autonomous maintenance (AM) (Ferreira & Leite, 2016). This directly enhances
these operators' capacity to maintain and upgrade the machinery (Palomino-Valles et al., 2020).
AM asks that the way maintenance is carried out alter culturally (Iswidibyo et al., 2020). The

first theme is the idea of "self," with a focus on the incorporation of "self-healing,” "self-aware,"

"self-configure,” "self-monitoring,” and "self-protect” technologies or characteristics. The
second theme is the automation of maintenance practices within enterprises, using autonomous
robotics to help or direct maintenance tasks. (Guariente et al., 2017) applied AM in the
production line for air-conditioning tubes, which helped to improve machine availability.
According to (Sukanta et al., 2019), the frequency of minor stoppages decreased by as much as
79.52% after AM was added to a sachet production line and operators are trained and
empowered to perform routine maintenance tasks, such as cleaning, inspection, and minor

repairs, to prevent equipment deterioration and identify potential issues early on. This helps to

enhance equipment reliability and reduce unplanned downtime.

Underscoring kaizen programs to locate and remove big losses is focus maintenance, also
known as Kobetsu Kaizen (Shinde & Prasad, 2018). With targeted maintenance, decreased the
frequency of electronic breakdowns in the hobbing machine. To produce aluminum stranded
conductors, (Joochim & Meekaew, 2016) implemented AM and focused maintenance, which

enhanced OEE and decreased equipment downtime.

The goal of planned maintenance (PM) is to calculate the equipment's failure rate and then create
an appropriate maintenance schedulem (Agustiady & Cudney, 2018). Preventive maintenance,

breakdown maintenance, corrective maintenance, and maintenance prevention are all
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components of PM (Kigsirisin et al., 2016). In a nutshell, preventive maintenance looks after
the machinery before it breaks down or behaves abnormally (Yang et al., 2019). Breakdown
maintenance involves fixing a failing item and getting it back in working order (Poo’r et al.,
2019). With the improvement of equipment and components, corrective maintenance seeks to
increase equipment dependability and maintainability. Maintenance prevention is providing
equipment with higher upkeep and dependability during the equipment's design phase in order
to significantly lower the chance of equipment failure. (Kar, 2016) used planned maintenance

to successfully boost the equipment's availability at a business that makes bicycle tires.

According to (Pambreni et al., 2019), quality maintenance (QM) attempts to satisfy consumers
by offering defect-free products and reaching and maintaining a customer complaint rate of zero.
With an improvement mindset and a focus on quality issues, quality maintenance aims to
eradicate defects from the start (Agustiady & Cudney, 2018). Seven key practices can be used
to adopt QM: 1. Management of customer satisfaction. 2. Process administration. 3.
Management of suppliers. 4. Analysis of data and information. 5. Employee emancipation. 6.
Circles of excellence. 7. Worker development and training. Strategic quality planning, process
monitoring and control, supplier quality and strategic quality management are regarded by
(Kharub & Sharma, 2016)as being crucial tasks to execute QM. When QM was implemented in
a food company that made potato chips, customer complaints, manufacturing failures, and

production expenses all decreased by 83%, 46%, and 0%, respectively.

To close the skills and knowledge gap and boost employee morale and experience, education
and training are essential to TPM (Adesta et al., 2018). Employees advance through the various

skill phases by using the pillar to become competent. In order to select an appropriate training
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module and schedule, the training system must first determine the state of education and
training. Different people may receive different types of training. For instance, equipment
operators may learn how to spot anomalies during routine and infrequent inspections, whereas
equipment maintenance staff may study maintenance principles and procedures and hone

specific maintenance skills (Alsubaie & Yang, 2017).

The goal of the safety, health, and environment pillar is to find and remove occurrences that
correspond to these goals in order to create the perfect workplace (Adesta et al., 2018). This
pillar urges the routine planning of safety-related activities, such as the development of a safety
motto, a safety challenge, and a safety poster, to improve employee awareness of safety.
Corporate leaders and labor representatives will make up the safety committee for this project
(P. H. Tsarouhas, 2020). Also, regularly occurring security-promoting activities like security

week, celebration of the week, and poetry contests will improve workplace safety.

2.6 The Relationship Between the Implementation of OEE and TPM

The TPM, in contrast, can be defined as strategy-based care teams established to achieve
maximum equipment effectiveness through the creation of comprehensive maintenance for
production systems that includes the entirety of the equipment's existence, contains all
equipment-related areas (planning, use, and maintenance), and tends to involve everyone in the
organization (Purwanto & Jaqgin, 2021). OEE is the most complete collection of performance
indicators for assessing the efficacy of a single production machine or an embedded, and TPM

strives to raise OEE of plant machines.
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Singh (T. P. Singh & Ahuja, 2017) investigated the use of TPM in the food processing sector.
This report details the successes of Indian businesspeople who used TPM techniques and
emphasizes the role that TPM played in achieving the organization's overall goals and
objectives. (Priyono et al., 2019) concluded that TPM implementation improves OEE by
boosting equipment availability, reducing rework and rejections, as well as improving an
industry's total production. Even after a modest installation of TPM in a corporation, OEE
increased by 4%. Additionally, it should be mentioned that the company's performance and

quality improved because of adjustments to its maintenance program (Jagin et al., 2019).

When attempting to autonomously estimate the OEE of a manufacturing process while taking
uncertainty into account, (Heng et al., 2019) researched the important components and potential
hazards. To handle the uncertainty in forecasting the production speed, the length of the
stoppage, and the quality losses, two approaches based on fuzzy and interval arithmetic,
respectively, are provided. In a reputable Indian tractor manufacturing sector, (Gupta &
Vardhan, 2016) explored how a rise in sales volume had evolved by enhancing machine OEE,
plant efficiency, and manufacturing costs through TPM measures. In a medium-sized Italian
company, calculated the OEE as a metric for gauging TPM progress on a yogurt production line.
In the manufacturing sector of Northern India, (J. Singh et al., 2018) introduced a novel idea of
mobile maintenance. The goal of this study is to familiarize the example company with the new
TPM program paradigm. Through a considerable increase in OEE, the strategy is to investigate

the function of mobile maintenance in the context of Indian industry.

The OEE's major goal is to simplify complex production issues while assisting in process

improvement through systematic measurements that are easy to get. Given that people are
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involved in every step of the production process, they play a crucial and important part in the
process. The operator/worker participates in the manufacturing process by providing
information, attitudes, technical abilities, human and intellectual skills, physical effort, and
management. OEE supports production operators’ empowerment by instilling a sense of
ownership in the tools they use daily. TPM prioritizes maximizing OEE by involving every
employee in the business. (lhueze & U-Dominic, 2018) used TPM techniques to raise a
manufacturing facility's production efficiency. To address the underlying issue of lowering the
frequency of machine breakdowns and enhancing its operational efficiency, the OEE
quantitative metric has been used in this case. Additionally, TPM increased equipment
effectiveness through full employee involvement and integrated autonomous maintenance into
small group operations to increase equipment dependability, maintainability, and productivity.
In order to build successful TPM implementation, training and educational concerns have
become crucial, with proper education starting as early as during the TPM introduction and first

preparation stages.

TPM is a step-by-step approach that maximizes OEE by fusing the best elements of productive
and preventative maintenance with comprehensive employee engagement. OEE measurement
is utilized as a crucial machine performance instrument that measures availability, performance,
and quality rate, according to (Purwanto & Jaqin, 2021). It was inspired by the TPM. The TPM
technique is utilized as an aggressive maintenance plan to enhance equipment performance by
preventing equipment breakdown. To maximize the availability of a crucial production line in
a firm that manufactures mechanical parts and gearboxes for the automobile sector, (Ribeiro et

al., 2019) concentrated on the usage of the TPM methodology along with a few lean thinking
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tools. OEE, MTBF, and mean time to repair were a few of the metrics utilized to assess the

effectiveness of the activities taken and to contrast the outcomes with the starting point (MTTR).

2.7 Summary

This chapter discusses total productive maintenance, OEE, the formula for calculating the OEE
index, and six major losses that are used to analyze losses that have been documented in the
literature. Knowing that OEE can be a useful tool for measuring performance, it is crucial to
comprehend and analyze the OEE number so that we can understand how the OEE calculations
reflect actual production performance. The construction of the research model is further

explored in chapter three of the research methodology.
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CHAPTER 3 METHODOLOGY

3.1 Introduction

The methods that were employed for this research study were developed in this chapter using
all the theories from chapter two. This chapter is divided into five subsections. The first portion
covered the structure of the research, and then it described the case study company's overview.
The research strategy and method of data collecting are discussed in the third part. The data
analysis process is described in the section that follows. This chapter's final portion discusses

the findings of this study strategy.

3.2 Research Flowchart
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Figure 2 Research flowchart

3.3 Company Overview

The Borouge Company was founded in 1998 as a result of a strategic alliance between ADNOC
and Borealis. It was comprised of the joint ventures for operations, ADP, with headquarters in
Abu Dhabi, and for sales and marketing, PTE, with headquarters in Singapore. Borouge's
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primary manufacturing operation, ADP, generates over 90% of the company's total revenue and
more than 95% of its adjusted EBITDA, while PTE is responsible for sales and marketing.
Moreover, ADNOC and BMEH each directly hold a portion of the firm's total issued share
capital of 60% and 40%, respectively. One of the biggest integrated energy corporations in the
world, ADNOC manages about 95% of the UAE's overall oil and gas reserves and is a pioneer
in carbon capture (Somayajula, 2022). Its operations span the entire hydrocarbon value chain,
including exploration, manufacturing, storage, refining, petrochemicals, gas processing,
marketing, and distribution. The Emirate of Abu Dhabi established ADNOC in 1971 to oversee
crude oil exploration, manufacturing, and distribution in the Emirate. This helped Abu Dhabi
become one of the world's top oil producers and fueled the development of Abu Dhabi and the

UAE (Griffiths, 2019).

Petrochemical company Borouge is a leader in the provision of novel and distinctive polyolefin
solutions and plastics solutions around the globe. For the industries of agriculture, infrastructure,
energy, sophisticated packaging, mobility, and healthcare, this company offers polyolefin
solutions that add value (Burke et al., 2021). In addition, the business employs over 3,100
individuals and serves clients in more than 50 nations throughout Asia, the Middle East, and
Africa. The product line includes polyethylene, the most widely used type of polymer, and
polypropylene, the second-most widely used type of polymer. These materials are used in a wide
range of industries, including pipes and fittings, wires and cables, automotive, sustainable

packaging, agriculture, and medical applications (Somayajula, 2022).

3.4 Research Design
Research methodologies are described in terms of research design. There are two different sorts

of research designs: qualitative and quantitative. Whereas quantitative research designs acquire
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data in a numerical form and report data through statistical analysis, qualitative research designs
gather data in a non-numerical form, are effective for studies at the person level, and study the
ways in which individuals think or feel (McLeod, 2008). This study is quantitative in nature
because it collects data from the OEE for a period of three months that can be categorized and
ranked. This information is then utilized to create raw data graphs and tables that can be
analyzed statistically. The quantitative method is regarded as logical, scientifically objective,

and helpful because statistics are grounded on mathematical concepts (Denscombe, 2010).

3.5 Data collection instrument

This Study combines primary and secondary data for our investigation. Interviews, production
process observation, and equipment monitoring were used to gather primary data. Direct
questions were directed at the relevant company stakeholders during the interview process. A
certain machine or piece of equipment was interrupted throughout the production process,
according to our observations of the production process on the production line. Secondary data,
such as downtime, production volume, defect rates, unproductive time, machine damage levels,
typical repair times, product prices, component costs, and labor expenses, were gathered from

historical data for the period of one year (January to December 2017).

3.5.1 Primary Data
By engaging in talks and brainstorming, primary data is acquired. Top management, the middle
class (engineers and technicians), and the operators were the three levels of groups used for the
debate. To become familiar with the process flow and gather information on the two extruders
production line, this is being done. In the early phases of the research, observation was also done

while the production was operating to comprehend the operation, flow of the process, and how
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operators acquire raw data from the factory floor. Also provided background on the business,

the goods, the equipment, and details on the manufacturing floor.

3.5.2 Secondary Data
The secondary data collected was the OEE data for one-year period. Secondary data analysis is
employed because it can speed up the process of gathering data, which is especially important
in this situation because OEE data must be gathered continuously throughout production for all
downtime, production volume, defect rates, unproductive time, machine damage levels, typical
repair times, product prices, component costs, and labor expenses, were gathered from historical
data for the period of one year (January to December 2017). This approach really allows for the
creation of larger, higher-quality databases that would be impossible for any one researcher to

compile independently (Denscombe, 2010).

3.6 Data Analysis Method

Through exercises in small groups, TPM incorporates all employees. Preventive maintenance is
a component of TPM's complete maintenance approach, which aims to reduce waste and loss.
Eight pillars, or autonomous maintenance focused improvement, planned maintenance, quality
maintenance, education and training, safety, health, and the environment, as well as TPM office
and development management, are required for the implementation of TPM (Folmer et al,
2016). This research will use both primary data and secondary data in this study, and Interviews,
production process observation, and equipment monitoring were used to gather primary data.
Direct questions were directed at the relevant company stakeholders during the interview
process. The measuring of OEE values to support machine effectiveness is the subject of this

study. Measurements are performed by closely observing the field conditions necessary to run
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the machine and its supporting infrastructure. The observation was carried out at a continuous
of two extruders production line called the. A machine's termination on this kind of
manufacturing line will have an impact on the entire system. This section provides a formal
explanation of how Overall Equipment Effectiveness (OEE) has been incorporated to support
the research. Additionally, associated theories and concepts are considered, including Total

Productive Maintenance (TPM).

3.7 Study Sitting

The research is being conducted in two extruder production line at Borouge company is a
prominent petrochemical firm that offers unique and new polyolefin solutions for the energy,
mobility, advanced packaging, infrastructure, healthcare, and agricultural industries, see the

process flow chart in figure 2.
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Figure 3 Process Flow Charts
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Firstly, we receive Ethan from ADNOC upstream (ADNOC Gas Processing), then we crack the
received ethan via our in-house cracking unit and convert that Ethan into ethylene (C2) and this
is a continuous process, after that the cracked liquid ethylene introduced to the reactor #1
alongside Hydrogen (H2) to control the melt flow rate property of the final grade and 1-butene

(C4) to control the density property of the final grade.

In reaction#1 at 70 C degree and pressure of 70 bar, this stage where we inject the catalyst to
start the polymerization and co-catalyst activates the catalyst, without catalyst the
polymerization cannot be started and without the co-catalyst the catalyst itself will not be active
to start the reaction. Once we reach certain parameter in reactor #1 after that the product being
transferred to reactor #2 through a differential pressure between the two reactors to continue the
polymerization reaction, in this stage the phase of the product changes from liquid to slurry
phase and the pressure reduced from 70 bar to 65 bar while maintaining residence time to ensure
that the polymerization chain reaches 100% maturity. After that, product sent to the final reactor,
reactor #3 where the state of the product changes from slurry phase to the powder phase through
a flashing mechanism and pressure drops from 68 bar to 19 bar, further in this stage hydrogen
(H2) and 1-butene (C4) are introduced again to further control both melt flow rate and density
plus propane (C3) to control the temperature. Note that every grade produced has its own ratio
of H2, C4, C3, and catalyst. Once the polymerization reaches end of the production cycle, the
final powder product transferred to one of each production lines either to extruder 1 or extruder
2 to produce raw plastic which is later bagged in a container and sent to our customers. In the
extruder stage different types of additives and chemicals are added to the raw powder material
to further enhance its chemical and physical properties.

Method steps according following points:
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1. Using a literature review and an initial field investigation, define the topic and problem

formulation.

2. Establish the goal and parameters of the research.

3. Executing the data gathering process: production time and quantity, reject, rework, and data

maintenance machine to start the data breakdown machine.

4.Processing data: estimating operational time, estimating availability ratio, estimating
performance ratio, estimating quality rate, estimating OEE value, and estimating six major

losses.

5. Examine the factors that make up the OEE and who is/are responsible for the low

performance on the two extruders production lines.

6. Examine the results. Pareto diagram analysis for six major losses; fishbone diagram analysis
to identify the biggest losses and root causes; analysis of TPM implementation level through

OEE value (compared with OEE world class and other industries).

7. To enhance the two extruders production lines OEE by identifying and rectifying the potential
areas of improvement; and to employ the big six losses technique for elimination of root causes

of reoccurring failures which results in increased OEE.

In collaboration with operators, foremen, and production technicians, forms for gathering data
on disruption were created. A minimum of one month was required for the collection of loss
data. Operators kept track of the lost time, and studies confirmed it. In some circumstances,

computerized control systems allowed for the visualization of the duration of stoppages. By
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regularly devoting time to a single operation cycle, cycle time/speed losses were examined.

Rework losses and quality fault losses were recorded separately.

3.8 Measurement of Overall Equipment Effectiveness (OEE)

The OEE offers a quantitative tool for assessing the effectiveness of specific pieces of machinery
or entire operations. According to (Jonsson & Lesshammar, 1999), the OEE is recognized as a
measurement of internal efficiency and is the accurate indicator of the value added generated by
equipment. According to (Huang et al., 2003), the OEE depends on a variety of interdependent
factors, including quality rate, performance efficiency, and availability (Q). It is a three-part
analytic technique for evaluating the performance of equipment based on its performance,
availability, and quality rate. In order to increase the overall asset performance and
dependability, it is utilized to detect the relevant losses of the equipment (Muchiri & Pintelon,

2008).

According to (Nakajima, 1988), there are six main categories into which the losses that lessen

the equipment's performance can be divided:

(1) Equipment failure losses include failure modes that prevent the equipment from operating

normally and lower its production rate.

(2) setup and adjustment losses, also known as time lost when the equipment is being modified

to produce another item after the manufacturing of an earlier item has ended.

(3) losses from small stoppage and idle: these happen when a machine is idle or when a

temporary fault interrupts production.

(4) losses in reducing speed due to the equipment’s decrease in speed from its nominal speed.
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(5) Losses due to defects (or rework).

(6) Reduced performance, and Material Losses because of Weight Differences between Input

and Output.

3.9 Data Collection
Many mutually exclusive traits, including availability (A), performance efficiency (PE), and
quality ratio (QR), affect the OEE. It is a three-part analytic technique for evaluating the

performance of equipment based on its performance, availability, and quality rate.

As a result, the OEE can be determined:

OEE = Availability x Performance efficiency x Quality rate = A x PE x QR 1)

The first two losses are classified as time losses that go into figuring out an equipment's
availability, A. The third and fourth losses, which reflect speed, are used to gauge an item's PE.
The last two losses are thought to be quality losses since they have an immediate impact on the
quality rate, QR. The ratio of the actual running time to the loading time is the definition of
availability, or A. Thus: Availability Ratio

Equipment's availability is determined by contrasting its operational (operation time) and

loading (loading time) times. The availability ratio can then be computed using the formula
below (Nurprihatin et al, 2019):

loading time—downtime

A= X 100% @)

loading time
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where operational time is computed from loading time less downtime, and loading time is the
projected time available for manufacturing operations per time period (day, week, or month).
Downtime is the entire amount of time that a system is not in use due to issues with the hardware,
setup/adjustment requirements, the need to swap out dyes and other fixtures, etc. The ratio of
the actual operating time to the loading time can be used to measure availability. PE, or

performance effectiveness, can be calculated from:

Total Production xIdial cycle Time

P = x 100

Operation time

3)

Where operational time is the difference between loading time and downtime, processed

amount is the number of things processed per day (or month).

where net operational time refers to the amount of time that machinery is actually producing at
its usual pace. Performance time losses are subtracted from the operating time to determine net
operating time. The production rate reduction caused by start-up, shutdown, and changeovers is
a normal production loss. An abnormal production loss is another type of performance time loss
(production rate reductions due to abnormalities). The quantity processed times the real cycle

time equals net operating time. The quality rate, or QR, is described as:

Processed amount—defect amount

Q=
(4)

Processed amount

where the number of items returned because of various types of quality flaws, which call for

rework or result in scrapping, is represented by the defect amount.
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Six Big Losses

1. Downtime Losses

(a) Losses due to equipment failure are carried on by damage to a component of the
production process.

Failure and Repair

EFL =
()

X 100%

Loading time

(b) Set up and adjust losses, these losses are carried by changes in the operating system.

Setup and Adjustment

SAL = X 100%

Loading time

(6)

2. Speed Losses

(a) Idle and minor stoppages losses, these losses are carried by constraints on the machine.

(Production Targets—Totasl Production)xIdial cycle time

IMSL =
(7)

X 100%

Loading time

(b) Reduces speed losses, a reduction in production speed based on design speed.

operation time—(idial cycle timeXtotal production)

RSL = X 100%

loading time

(8)

3. Quality Losses

(a) Defect Losses, losses carried on by disability during production.
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(Reject and Rework)xIdial cycle time

DL = X 100%

Loading time

©)

(b) Yield losses, or losses resulting from wasted raw materials Despite being small amounts,
the machine must stop handling waste from raw materials.

(Iaial cycle timexreject when setup)

YL =
(10)

X 100%

Loading time

An integrated production system's equipment efficiency can be measured and analyzed with the
use of OEE. In this study, assembly lines are utilized to test the availability, performance, and
quality rates as well as the OEE metric, as shown in Figure 4. Equipment timing (such as
effective and losses times), six major losses (such as equipment failure, set-up and adjustment
times, idling and minor stoppages, reduced speed of equipment, defects in process, and
manufacturing constraints (reduced yield)) are organized into three sectors. These losses are
then applied to the calculation of the expected indices (perspectives). In the end, OEE is
calculated by getting the equipment's availability, performance efficiency, and output of high-

quality items.
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Figure 4 Six big losses, OEE elements and overall OEE calculation

Table 2 presents the fundamental variables and processing durations for calculating the OEE

index in Al Borouge company. These variables include the following: loading time, operating

time, perfect amount generated, net operating time, total waiting time, and mean down time.

Every month, data and information are extracted for manufacturing.

Table 2 Main Parameters for Estimating the OEE.

ltem

Description

Loading time

Total time - Planned downtime

Operating time

Loading time - Unplanned downtime

Perfect amount

Total amount produced - Defect amount

Net operating time

Cycle time x Total amount produced
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Total time waiting Unplanned downtime - Total repair time

Mean down time (MDT) Unplanned downtime + Number of failures

3.10 Summary

The methods used for this research are highlighted in this chapter. The sources of the data and
the methodology to be utilized to analyze it using the formula and instruments necessary to

examine the OEE as a tool for evaluating two extruders production line performance.
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CHAPTER 4 RESULTS AND DISCUSSIONS

4.1 Introduction

The findings from the methodology employed in the previous chapter are discussed in this
chapter. The first section of this chapter provided an introduction to the case study company, its
products, workflow, and equipment. In section two, data analysis was done, and in section three,
suggestions for reducing losses were covered. A quick overview of the chapter is given at the

end.

4.2 Requirement Data

4.3 Overall Equipment Effectiveness (OEE)

Overall Equipment Effectiveness (OEE) is a widely used methodology for measuring and
improving the performance of manufacturing systems. OEE provides a comprehensive and
structured way of measuring the effectiveness of machines and equipment, taking into account
three key factors: availability, performance, and quality. By using OEE, manufacturing
organizations can identify sources of waste and inefficiency in their production processes, and

take targeted actions to improve performance and productivity.

The research is being conducted in two extruder production line at Borouge company is a leading
petrochemical company that provides innovative and differentiated polyolefin solutions for the
energy, infrastructure, mobility, advanced packaging, healthcare, and agriculture industries, as
presented in the previous chapter see the process flow chart in figure 3. In Addition, the two
extruders production line produced many types of grades, so in the next following tables

summarized the required data for two extruders.
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The efficiency of the two-extruder production line is calculated in this study. The elements
required for the total equipment effectiveness technique must be present in order to perform this
calculation. The availability ratio, performance efficiency, and rate of product quality are the
elements that make up the value of machine effectiveness. The information was gathered by
firsthand observations of the grade production lines, particularly the extruder lines. Interviews
with experts, including the head of production, mechanics, and machine operators, were also

used to gather the information.

Table 3. Activity data and results on extruder line #1

PERIO  APPLICATI LOADIN SETUP & FAIL OPER TOTA IDEAL REJEC REJEC

D ON GTIMES ADJUST URE ATIO L CYCL T T AND
(CAMP (HOURS) EMENT & N PROD E WHEN REWO
AIGN) (HOURS) REPA TIME UCTI TIME SETUP RK
IR (HOU ON (HOU (TONS)
(HOU RS) (TONS RS)
RS) )
1- Infrastructure 320.95 0 0 32095 22768.6 0.0140 O 269
HEG2 5 96137
2- Energy-plastic  84.33 0 0 84.33 5934.19 0.0142 0 0
HE50 sheet insulator 1087
3- Infrastructure 315 0 0 315 1999.89 0.0157 O 0
ME52 50866
4 - Infrastructure 83.65 0 0 83.65 529556 0.0157 O 0
HE50 (piping) 96252
5- Infrastructure 315.48 0 5 310.48 20872.2 0.0148 O 0
ME52 5 75253
6 - Energy-plastic ~ 122.67 0 0 122.67 791165 0.0155 O 493.75
HE50 sheet insulator 04983
7- Infrastructure 173.05 0 0 173.05 10962.2 0.0157 O 0
HE47C | (piping) 7 85964
8- Energy-plastic ~ 176.32 0 0 176.32 12476.0 0.0141 0 0
HE40 sheet insulator 4 3269
9- Energy-plastic  56.63 0 0 56.63 3945.78 0.0143 0 244.18
HE10 sheet insulator 52042
10 - Infrastructure 1530.17 0 22 1508.1 113829. 0.0132 O 559.13
HEQOL | (piping) 7 26 49405
S
11 - Infrastructure 43 0 0 43 3062.9 0.0140 659 0
HE40 (piping) 38983
12 - Agriculture 110.13 0 0 110.13 8230.22 0.0133 O 0
ME40 81173
13 - Infrastructure 508.13 0 2 506.13 374346 0.0135 0 0
HEQOL | (piping) 8 20351
S
14 - Infrastructure 95.1 0 0 95.1 7862.04 0.0120 O 0
HEQOL | (piping) 96097
SH
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15 - Infrastructure 396.45 0 5 391.45 27870.2 0.0140 O 0
HEQOE | (piping) 7 45433
LSH
16 - Infrastructure 75.33 0 0 75.33 61272 0.0122 0 0
HEQOL | (piping) 9436
SH
17 - Infrastructure 39.35 0 0 39.35 2556.81 0.0153 O 0
HEQOL | (piping) 90271
SH
18 - Energy-plastic ~ 92.8 0 12 80.8 5718.15 0.0141 0 771.43
HE50 sheet insulator 30444
19 - Infrastructure 166.37 0 7 159.37  11940.3 0.0133 O 0
HE62 9 47135
20 - Energy-plastic ~ 53.2 0 0 53.2 3703.45 0.0143 0 0
HES50 sheet insulator 64984
21 - Agriculture 143.92 0 0 143.92 9805 00146 O 0
HE10 78225
22 - Infrastructure 829.4 0 61 768.4 60450.4 0.0127 O 1618.31
HE9OL | (piping) 7 11233
S
Table 4 Activity data and results on extruder line #2
PERIOD APPLICA LOAD SETUP& FAIL OPERA  TOTAL IDEAL REJE REJE
(CAMPA TION ING ADJUSTE URE TION PRODUC CYCLE CT CT
IGN) TIMES MENT & TIME TION TIME WHE AND
(HOU (HOURS) REPA (HOURS (TONS) (HOUR N REWO
RS) IR ) S) SETU RK
(HOU P (TONS
RS) )
1-FB30 | Advance 11188 0 9 102.88 8577.96 0.01199 0 0
Packaging - 3528
plastic bags
2-FB00 | Advance 168 0 14 154 12749.49 0.01207 © 0
Packaging - 8915
plastic bags
3-FB30 | Advance 18157 0 0 181.57 13336.89 0.01361 0 0
Packaging- 4118
food
packaging
4-FB50 | Advance 199.17 0 5 194.17 13667 0.01420 0 1402.5
Packaging- 7214
food
packaging
5- Caps- 70.18 0 0 70.18 4228.51 0.01659 0 392.99
MB61/2 bottles 6863
6-FB50 | Advance 149.18 0 0 149.18 9132.07 0.01633 0 1908.9
Packaging- 5836 7
food
packaging
7- Caps- 18895 0 0 188.95 12106.17 0.01560 275 84.14
MB61/2 bottles 7744
8- Caps- 380.1 0 9 371.1 26890.28 0.01380 O 742.73
MB81/2 bottles 0526
9- Caps- 487.07 0 22 465.07 33360.43 0.01394 0 686.71
MB61/2 bottles 0768
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10 - FB50

11 - FB30

12 - FBOO

13 - FB30

14 - FB50

15 - FB50

17 -
MB61/2
18 -
MB81/2
19 -
MB62

Advance
Packaging-
food
packaging
Advance
Packaging-
food
packaging
Advance
Packaging -
plastic bags
Advance
Packaging
Advance
Packaging
Advance
Packaging
Caps-
bottles
Caps-
bottles
Caps-
bottles

159.6

658.55

160.47

1171.52

33.82

294.62

366.45

376.08

105.93

182

14

12

37

158.6

649.55

155.47

989.52

33.82

280.62

354.45

339.08

105.93

11496.88

50454.5

11950.09

84106.55

2628.52

19959.41

23081.87

23677.55

7566.6

0.01379
5047

0.01287
3976

0.01300
9944

0.01176
5077
0.01286
6556
0.01405
9534
0.01535
6208
0.01432
0738
0.01399
9683

452.9

567

170

75

The two extruder production lines are crucial to the manufacturing process since production

might be hampered or even stopped if it has downtime. So, table 3 shows data for extruder #1

that produced many products grades each product has specific application.

For example, if the study starts with first grade that called (HE62) and it’s used in Infrastructure

its need 320.95-hour loading time to produce 22768.65 (Tones) on whole campaign in one

month every 1000 (Tones) produce in separate patch, after that another grade will produce

depending on demand, produced the OEE of the extruder 1 and extruder 2 we must apply all

calculations for all grades that produced:

Availability of extruder 1 when produce grade (HE62):

A=

loading time—downtime

_320.95-0

loading time

320.95

X 100%

X 100% = 100%
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Time available for the operation of extruder line number one in a study when it produces grade
(HE62) yields an average that is excellent at 100% (Table 5). The percentage value can be said
to be very good because, according to (Wiguna, 2013), the ideal availability ratio value at OEE
> 90%. The results of the performance efficiency ratio for measuring the performance of

extruder line number one can be seen in table 5.

Performance of extruder 1 when produce grade (HE62):

Total Production xIdial cycle Time

P = —— X 100%
Operation time
22768.65x0.014096137
P= 32095 X 100% = 99%

Quality Rate of extruder 1 when produce grade (HE62):

Processed amount—defect amount

X 100%

Q:

Processed amount

_ 22768.65-269 0. — aQo
Q= 2276865 100% = 98%

Based on the table of product quality table below, it is found that the ability of extruder line
number one in a study when it produces grade (HE62) that are in accordance with the standards
produces an average of 98%. The percentage value means less required value, because according

to (Wiguna, 2013), the ideal value of product quality value at OEE> 99%.
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OEE=A xXP xQ =097

The product of multiplying the three elements of the OEE method availability ratio, performance
efficiency, and rate of quality to get the OEE Value. In extruder line number one in a study when
it produces grade (HE62) that final OEE value for produced an average total ratio of 97%. (Table
5). This figure suggests that exceeding the manufacturing industry's target OEE value of > 85%
is extremely good. The Extruder line number one when it produces grade (HE62) that can be

characterized as effective in carrying out the production process due to the absence of OEE

values.

Table 5 OEE Analysis Report for Extruder line #1

PERIOD AVAILABILITY PERFORMANCE RATE OF OEE (%)
(CAMPAIGN RATIO (%) EFFICIENCY (%) QUALITY
PRODUCT (%)
1- HE62 100% 99% 98% 97%
2 - HE50 100% 99% 100% 99%
3-ME52 100% 99% 100% 99%
4 - HE50 100% 99% 100% 99%
5 - ME52 98% 99% 100% 97%
6 - HE50 100% 99% 94% 93%
7- HE47C 100% 99% 100% 99%
8 - HE40 100% 99% 100% 99%
9- HE10 100% 99% 94% 93%
10 - HE9OLS 98% 99% 99% 96%
11 - HE40 100% 99% 78% 7%
12 - ME40 100% 99% 100% 99%
13 - HE9OLS 99% 99% 100% 98%
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14 - HE9OLSH 100% 99% 100% 99%
15 - HE9OELSH 98% 99% 100% 97%
16 - HE9OLSH 100% 99% 100% 99%
17 - HE9OLSH 100% 99% 100% 99%
18 - HE50 87% 99% 87% 75%
19 - HEG2 96% 99% 100% 95%
20 - HE50 100% 99% 100% 99%
21-HE10 100% 99% 100% 99%
22 - HE9OLS 93% 99% 97% 89%
TOTAL 99% 99% 98% 95%
Availability

The duration that the machine is available for production determines how much is lost due to
downtime, which is measured by the availability of first extruder line. Figure 5 displays the

availability analysis report and availability analysis graph for extruder.

Availability Ratio (%)
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Figure 5 Availability Ratio of first Extruder
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On average, 99 percent of the first extruder line is available. Extruder line has the highest
availability rate at 100 percent when its production some campaigns. On the other hand,

displayed the lowest availability rate at 87%.

The availability component of OEE enables an assessment of lost production due to downtime
by comparing the projected operating time to the actual operating time. As illustrated in Figure
6, the downtime may be divided into scheduled downtime (65%) and unanticipated downtime
(35%). At the Company, loading time is subtracted from equipment downtime (unplanned
downtime) to determine real operating time (planned downtime). Equipment stoppage losses
due to failures, setup and adjustment processes, and changeover are included in equipment
downtime, whereas time lost during maintenance operations and break periods is included in

loading time.

mEPlanned Downbumes
BT Tnplanned Downburee

Figure 6 Percentage of Categories of Downtime
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Performance

The performance rate gauges how efficiently the first extruder converts input into output,
contrasting the actual manufacturing output with the predicted output. Figure 7 displays the first

extruder lines’ performance analysis data and graph analysis.

Performance Efficiency (%)
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Figure 7 Performance Efficiency of first extruder

During the year, the first extruder lines' performance was thought to be consistent. The extruder
line performs on average at 99 percent, so the extruder does well. Performance accounts for
speed loss, which includes any elements that prevent the extruder line from operating at the top
speed so according to the figure above there are no elements prevent the extruder from operating

at the top speed.

51



Quality Rate

The rate of things being returned because of quality issues is considered by the quality factor.

Figure 8 displays the first extruder lines' quality percentage during a 12-month period.

The typical quality rate is 98 percent. The maximum quality percentage for corrugators was 100
percent in January, and the lowest quality percentage, 78 percent, was recorded in production
(HE40). While evaluating quality, Quality Loss—also known as wastage—is taken into account,

which accounts for manufactured items that do not fulfill quality criteria.

Rate of Quality Product (%)
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Figure 8 Quality Rate of first extruder

The first extruder lines' OEE is 95 percent, which indicates that only 95 percent of the time the
first extruder is operating successfully. Figure 9 displays the first extruder lines' OEE as a
percentage. The figures indicate that the OEE is, on average, 95 percent. The maximum OEE

percentage for corrugators is 99 %, while the lowest OEE percentage of 77% was recorded in
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production (HE40) campaign. OEE evaluates extruder line’s overall performance by connecting

a process's availability to its productivity and output quality.
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Figure 9 OEE of first extruder

Table 6 OEE Analysis Report for Extruder line #2

PERIOD AVAILABILITY PERFORMANCE RATE OF OEE (%)
(CAMPAIGN RATIO (%) EFFICIENCY (%) QUALITY
PRODUCT (%)
1-FB30 92% 99% 100% 91%
2 - FB0O 91% 99% 100% 90%
3-FB30 100% 99% 100% 99%
4 - FB50 97% 99% 90% 86%
5 - MB61/2 100% 99% 91% 90%
6 - FB50 100% 99% 79% 78%
7 - MB61/2 100% 99% 97% 96%
8 - MB81/2 97% 99% 97% 93%
9 - MB61/2 95% 99% 97% 91%
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10 - FB50 99% 99% 96% 94%
11 - FB30 98% 99% 100% 97%
12 - FBOO 96% 99% 100% 95%
13 - FB30 84% 99% 100% 83%
14 - FB50 100% 99% 100% 99%
15 - FB50 95% 99% 7% 2%
16 - MB61/2 96% 99% 99% 94%
17 - MB81/2 90% 99% 100% 89%
18 - MB62 100% 99% 99% 98%
TOTAL 96% 99% 96% 91%
Availability

The duration that the machine is available for production determines how much is lost due to
downtime, which is measured by the availability of second extruder line. Figure 10 displays the

availability analysis report and availability analysis graph for extruder.
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Figure 10 Availability Ratio of second extruder
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On average, 96 percent of the second extruder line is available. Extruder line has the highest
availability rate at 100 percent when its production some campaigns. On the other hand,

displayed the lowest availability rate at 84%.

Performance

The performance rate gauges how efficiently the first extruder converts input into output,
contrasting the actual manufacturing output with the predicted output. Figure 11 displays the

first extruder lines’ performance analysis data and graph analysis.
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Figure 11 Performance Efficiency of second extruder
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During the year, the first extruder lines' performance was thought to be consistent. The extruder
line performs on average at 99 percent, so the extruder does well. Performance accounts for
speed loss, which includes any elements that prevent the extruder line from operating at the top
speed so according to the figure above there are no elements prevent the extruder from operating

at the top speed.
Quality Rate

The rate of things being returned because of quality issues is considered by the quality factor.

Figure 12 displays the first extruder lines' quality percentage during a 12-month period.

The typical quality rate is 98 percent. The maximum quality percentage for corrugators was 100
percent in January, and the lowest quality percentage, 78 percent, was recorded in production
(HE40). While evaluating quality, Quality Loss—also known as wastage—is taken into account,

which accounts for manufactured items that do not fulfill quality criteria.
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Figure 12 Quality Rate of second extruder
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The second extruder lines' OEE is 91 percent, which indicates that only 91 percent of the time
the second extruder is operating successfully. Figure 13 displays the first extruder lines' OEE as
a percentage. The figures indicate that the OEE is, on average, 95 percent. The maximum OEE
percentage for corrugators is 99 %, while the lowest OEE percentage of 72% was recorded in
the production (FB50) campaign. OEE evaluates extruder line’s overall performance by

connecting a process's availability to its productivity and output quality.
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Figure 13 OEE of second extruder

4.4 Six Big Losses

The calculation of the six big losses is done to identify the elements that contribute the most and
become the main focus of improvement, which leads to the low efficacy of utilizing two
extruders against the six causes of the six big losses. Three of the six major losses downtime

losses, speed losses, and quality losses were grouped together.
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1. Downtime Losses for extruder lines

(@). Losses due to equipment failure are carried on by harm to a component of the production
process.

Failure and Repair

EFL = X 100%

Loading time

(b) Set up and adjust losses, these losses are carried on by changes in the operating system.

Setup and Adjustment

SAL = X 100%

Loading time

2. Speed Losses

(a). Idle and minor stoppages losses, these losses are carried on by constraints on the machine.

(Production Targets—Totasl Production)xlIdial cycle time

IMSL = X 100%

Loading time

(b). Reduces speed losses, a reduction in production speed based on design speed.

operation time—(idial cycle timeXtotal production)

RSL = X 100%

loading time

3. Quality Losses

(a). Defect Losses, losses caused due to disability during production.

Reject and Rework)XxIdial cycle time
pL = & ) Y x 100%

Loading time

(b) Yield losses, or losses resulting from wasted raw materials Despite being small amounts,
the machine must stop handling waste from raw materials.
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Iaial cycle timexXreject when setu
yL = ety J ) % 100%

Loading time

According to Tables 7, there is no set up/adjustment and speed losses. Moreover, breakdown
losses were 2.2% for first extruder and 6.06% for second extruder, and decreased quality losses
were 1.28% for first extruder and 2.8% for second extruder for the study of six significant losses

(which became three big losses due to speed losses and set up/adjustment do not exist).

Table 7 Big Losses

LOSSES TYPE EXTRUDER LINE #1 EXTRUDER LINE #2
DOWN TIME 2.2% 6.06%

DEFECT LOSSES 1.1% 2.4%

YIELD LOSSES 0.18% 0.4%

4.5 Cause and Effect of Defects

Finding the root causes of issues, disparities, and gaps that arise can be done in more detail using
a structured approach called a cause-and-effect diagram (Watson, 2004). This diagram can be

applied when:
1. Using brainstorming to determine the root cause of an issue is the topic of discussion.
2. The issue requires a more thorough investigation.

3. Itis challenging to distinguish between causes and effects.
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In the course of our daily business, the process goes through a product cycle. For example, to
produce each grade, parameters must be changed in the reactors to meet the end specification.
Next, we send a sample of the powder to the lab for confirmation that we meet the requirements
for each grade, after which we transfer the powder to the extruders line to produce the finished
product which then delivered to a various customer. It is important to consider that each grade
has its own unique extruder parameters, such as die plate opening and specific energy index,

that affect directly to the knife speed. For a brief description of the grading cycle, see the

C Y X
00O

* Our primary grades are represented by the green circles in the schematic and each one is

diagram below.

regarded as an FTR (first time right).

* The blue arrows indicate transitional materials when converting from grade 1 to grade 2 in
the reactors. Here, the Panel operator adjust the main parameters such as
increasing/decreasing the C2 (ethylene ratio), H2 ratio, 1-butene ratio, or hexane ratio to

match the requirements of a certain grade. Depending on the lab results, we may classify
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these transitional materials as FTR1, COG (control of grade), DOG (down of grade), NOG

(none prime of grade) and SOG (scrap of grade).

» To recognize that, for example, moving directly from grade 1 to grade 2 requires the
creation of transitional materials in which all characteristics are adjusted to fit that particular

grade.

« To prevent the loss of prime material and to increase the effectiveness of our operations, it
is our responsibility to reduce the transition material as much as we can which depends on

operator competency and swift, he can troubleshoot in case of abnormalities.

There are two main causes of reject and rework in our daily production, and these can be

divided into two categories.

Reactors main reasons

Process of moving from one grade to another while preserving quality. To enhance the
likelihood of manufacturing FTR materials, our goal in operation is to minimize the transition
period (arrows). The parameters in the reactors are greatly impacted by temperature changes,
pressure changes, and the loss of cooling water, which ultimately affects the quality of the
powder produced and increases the likelihood of producing COG, DOG, or SOG grades. Thus,
it's crucial for the panel operators who oversee the DCS to fully understand modifications made
during routine operation or while changing grades during troubleshooting. Also, our APC
(advanced process control) is extremely important in preserving a constant operation in the

reactors and control the process in case of an upset.
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Another cause of is poor catalyst quality which can affect the reaction, from time to time we
receive a poor-quality catalyst batch from the manufacture which has a big impact on initiating

the reaction and resulting in poor powder quality in the reactor.

Extruder main reasons

When it comes to extruders machine, the reasons of poor-quality end product categorized into

main reasons.

Main reasons

Extruder knife frequent damage which affects the quality of the product such as metal pieces in

the product due to Kinfe worn out.

Die plates of the extruders machines and this lead to effect the density and melt flow rate (MFR)
of the product, the main two quality parameters that matter to the end customer, therefore any
deviation in the specification of the end product might cause a huge damage to the end customer

machines. Hence it is important to ensure 100% die plate reliability.

Poor quality additive has a direct effect on the extruder machine during the extruder phase before
the powder enter the extruder usually we mix additive with the powder to enhance it chemical
and physical properties, So mixing a poor quality additives to the powder make it hard to be
mixed in the extruder during the melting stage which creates lumps and bubble in the polymer
mix makes it hard for the die plate and knife to spread the material homogenously and cut the

molten polymer.
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4- Sudden outage the current has a huge impact on the reliability of the extruder machine and
reduces the lifespan of the knife especially due to the fact that, during the current outage the
molten polymer get jammed and damage the knife when restarting the machine, the knife usually
gets broke and small metal particles mixed with the main products and lower the quality to either

DOG or SOG (scarp).

Minor reasons

Mainly is due to unavailability of the spare parts on spot for some part of the machine which

has a negative impact on starting the machine on time.

According to the reasons that mentioned above, the engineers in the plant have built the table
below to select the specific reasons beside the defects, TBF, and TTR to take a corrective action.

See table 8.
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Table 8 Reasons of Defects of first extruder

Time of reject and rework (total shutdown +start up of the extruder)
Period (Campaign Rejectand Reasons for rejects and reworks/reject
Rework (Tons)
[ime of shutdonw the extrude Time of restarting the extruder
1- HE62 269| FTR1-Transition (Mixed same addtitve 6/3/2022 1:00 6/3/2022 1:30
2 - HE50 0 from two suppliers for Test Run)
3- ME52 0
4 - HES0 0
5- ME52 0
FTR1-(Transition from ME52 to HE50
6-HESO 493.75| with mixed Catalyst with two types of §/4/2022 15:00 §/4/2022 19:30
7 - HE47C 0
8- HE40 0
DOG (down of grade)- Due to reactor
9- HE10 shutdown and extruder shutdown due
244.18 to loop oil system manlfunction 9/3/2022 8:00 9/3/2022 12:30
NOG Non prime of grade)-Scrab
10 - HE9OLS matareial due to malfunction of
559.13| extruder die plat and extruder knife 10/4/2022 8:00 10/4/2022 13:00
SOG ( Scarb of grade) - Due to exrtuder
11- HE40 start up due to specific energy pump
0 trip and knife cutter cleanup 11/1/2022 2:00 11/1/2022 6:00
12 - ME40 0
13 - HE9OLS 0
14 - HE9OLSH 0
15 - HE9OELSH 0
16 - HESOLSH 0
17 - HESOLSH 0
FTR1-(Transition from ME52 to HE9OLSH
18 - HES0 with mixed Catalyst with two types of
771.43 catalyst 1/15/2023 9:00 1/15/2023 14:00
19 - HE62 0
20 - HE50 0
21- HE10 0
FTR1-Metal Embedded Pellet due
22 - HE9OLS some metal partical from extruder
1618.31 mixed with the final product 2/5/2023 12:00 2/6/2023 4:00
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Table 9 Reasons of Defects with Time To Repair (TTR)

Cause of failure
FTR1-Transition (Mixed same
additives from two suppliers for
Test Run).

FTR1-(Transition from ME52
to HE50 with mixed Catalyst
with two types of catalyst.

DOG (down of grade)- Due to
reactor shutdown and extruder
shutdown due to loop oil system
malfunction.

NOG Non-prime of grade)-
Scrab  material due to
malfunction of extruder die
plate and extruder knife cutter.
SOG (Scarab of grade) - Due to
extruder start up due to specific
energy pump trip and knife
cutter cleanup.
FTR1-(Transition from MES52
to HE9OLSH with mixed
Catalyst with two types of

catalyst.

TBF(Days)

61

30

29

28

27

75

65

TTR (hr.)

0.5

4.5

4.5



FTR1-Metal Embedded Pellet 20

due some metal particle from
extruder mixed with the final

product.

Based on the figure 14 FTR1 amounting to 57.1 percent of all the reasons that causes the

defects in first extruder. The second is on the DOG standing for 14.3 percent.

Pareto Chart of Causes of Dedects
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Figure 14 Pareto Chart of Causes of Defects for first extruder
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In Addition, engineers have built the table below for the second extruder to obtain more details

about reasons of defects with time between failure and time to repair. To take corrective action

after analysis this information by scheduled preventive maintenance, and equipment operators

are given the authority and duties for routine equipment maintenance, such as 5S, under

autonomous maintenance (AM).

Time of reject and rework (total shutdown +start up of
Reject the extruder)
Period and Reasons for rejects and reworks/reject
Rework
(Tons) From to
1-FB30 0
2 - FBOO 0 lime of shutdown the extrudeffime of resarting the extrude
3-FB30 0
DOG (donw og grade)-Strat up material due to die
4- FB50 plate damage and cutter knife replacement of the
1402.5 extruder 6/2/2022 0:00 6/2/2022 3:00
DOG (donw og grade)-Strat up material due to die
5- MB61/2 plate damage and cutter knife replacement of the
392.99 extruder 8/10/2022 13:30 8/10/2022 15:00|
6- FB50 DOG-Transition material in the extruder from
1908.97 MB61/2 to FB50 8/20/2022 4:00 8/20/2022 7:00,
7- MB61/2 COG (Controlled of grade) -it sells at premium
84.14 price but due to low addtitive 8/23/2022 12:00 8/23/2022 13:30|
8- MB81/2 DOG-Transition MB61/2 to MB81/2 + Metal
742.73 Embedded Pellet found in the final product 8/25/2022 14:30 8/25/2022 15:30|
9- MB61/2 686.71 FTR1-Transition from MB81 to MB61 9/3/2022 18:30 9/3/2022 20:00
SOG ( Scarb of grade) - Due to exrtuder start up
10 - FB50 due to specific energy pump trip and knife cutter
0 cleanup
11- FB30 0
12 - FBOO 0
13- FB30 0
14 - FB50 0
15 - FB50 3956.02 DOG-Transition (Start up Material) / FTR- 1/1/2023 16:00 1/3/2023
SUGT Scarp or Brade] - DUe TO eXTtuger start up
17 - MB61/2 due to specific energy pump trip and knife cutter
0 cleanup 2/6/2023 5:30 2/6/2023 7:00
17 - MB81/2 0
18 - MB62 0

Figure 15 Reasons of Defects of second extruder
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Table 10 Reasons of Defects with Time To Repair (TTR)

Cause of failure
DOG (down of grade)-Strat up
material due to die plate
damage and cutter knife
replacement of the extruder.
DOG (down of grade)-Strat up
material due to die plate damage
and cutter knife replacement of
the extruder.
DOG-Transition material in the
extruder from MB61/2 to FB50.
COG (Controlled of grade) -it
sells at premium price but due to
low additive.
DOG-Transition MB61/2 to
MB81/2 + Metal Embedded
Pellet found in the final product.
FTR1-Transition from MB81 to
MB61.
SOG (Scarab of grade) - Due to
extruder start up due to specific
energy pump trip and knife

cutter cleanup.

TBF(Days)

66

10

90

36

68

TTR (hr.)

3

1.5

15

15

1.5



Based on the figure 16 DOG (down of grade) amounting to 57.1 percent of all the reasons that

causes the defects in second extruder. The second is on the COG standing for 14.3 percent.

Pareto Chart of Causes of Dedects
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Figure 16 Pareto Chart of Causes of Defects for second extruder

Main mitigation actions implemented.

1- Newly the company implemented OLPA (Online Process Analyser), its main objective
to monitor the quality on continues basis from the reactors side and the extruder sides.

In case of any deviations or human errors so it gives an alarm to the DCS operators to

take an action.
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2-

RTO (Real Time Optimizer) as well one of the solutions to enhance overall performance.
it objective to take performance inputs from both extruders during the production cycles
and suggest the optimum parameters to minimize the defect in the final product.

RBI (Risk Based Inspection) This has been recently implement and main objective is to
near accurately predict the end life of main essential parts of the extruder such as die
plate, knife etc. so we can properly secure spare parts and take planned shutdown by
minimizing DOG material.

APC (Advance Process Control) it main objective to minimize the disturbance and
fluctuation in the reactors side and ensure smooth operability even if there is a human

errors
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CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction
The following components make up this chapter: an introduction, a review of the research
results, how the objectives of the research were met, the study's original contribution, its

implications for theory and practice its implications for methodology.

5.2 Review of the Research Results

Overall Equipment Effectiveness (OEE) is a widely used performance measurement tool in
manufacturing industries that helps to evaluate the productivity and efficiency of a production
system. OEE takes into account the availability, performance, and quality of the equipment used
in the production process. Improving the OEE can lead to increased productivity and

profitability.

Some of the key reasons for using OEE include:

1. Standardization: OEE provides a standardized approach to measuring performance across
different manufacturing contexts and industries. This enables organizations to compare
performance across different machines, production lines, and facilities, and to identify areas for

improvement.

2. Comprehensive measurement: OEE takes into account three key factors that affect machine
performance: availability, performance, and quality. By measuring these factors in a structured
way, OEE provides a comprehensive picture of how well machines are performing and where

improvements can be made.
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3. Focus on improvement: OEE is a tool for identifying sources of waste and inefficiency in
production processes, and for taking targeted actions to improve performance. By using OEE,
organizations can focus their efforts on the areas that will have the biggest impact on

productivity, quality, and cost.

4. Visibility: OEE provides a way of making machine performance visible to everyone in the
organization. By tracking OEE metrics and sharing them with employees, managers, and other

stakeholders, organizations can create a culture of continuous improvement and collaboration.

5. Integration with other methodologies: OEE can be integrated with other methodologies, such
as Total Productive Maintenance (TPM) and the Six Big Losses framework, to provide a more

comprehensive approach to performance improvement.

OEE is a key performance indicator (KPI) used in manufacturing industries to gauge how well
production lines' machinery is performing. In this study, two extruder production lines in the Al
Borouge were evaluated using the OEE approach. The most crucial factors for calculating
performance indicators come from the middle-class engineers and technicians, and the operators
in the two extruder production lines and include loading time, operating time, total amount
produced, and unscheduled downtime. The values of the components of the OEE are 99%
availability ratio, 99% performance efficiency, 98% rate of product quality. While the value
obtained on the OEE calculation is 95% for first extruder, the value is higher than world's ideal
OEE standard value of> 85%. For second extruder the values of the components of the OEE are
96% availability ratio, 99% performance efficiency, 96% rate of product quality. While the

value obtained on the OEE calculation is 91% for second extruder, the value is higher than the
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world's ideal OEE standard value of> 85%. But The researcher needs to make improvement on

these components to increase the value of OEE.

The calculation of the six big losses is done to identify the elements that contribute the most and
become the main focus of improvement, which leads to the low efficacy of two extruders against
the six causes of the six big losses. Three of the six major losses downtime losses, speed losses,
and quality losses were grouped together. So, there is no set up/adjustment and speed losses.
Moreover, breakdown losses were 2.2% for first extruder and 6.06% for second extruder, and
decreased quality losses were 1.28% for first extruder and 2.8% for second extruder for the
study of six significant losses (which became three big losses due to speed losses and set

up/adjustment do not exist).

5.3 Recommendations

Effective performance measurement is crucial for organizations seeking to optimize
productivity, reduce costs, and enhance overall operational efficiency. One widely recognized
methodology for performance measurement in manufacturing is Overall Equipment
Effectiveness (OEE). However, simply implementing OEE is not enough to achieve substantial
improvements. It requires a strategic and systematic approach, along with a focus on continuous
improvement. This study provides valuable recommendations for utilizing the OEE method
effectively to drive performance enhancements. The recommendations encompass various
aspects, including goal alignment, standardized data collection, root cause analysis, continuous
improvement culture, cross-functional collaboration, regular performance reviews, employee

training and empowerment, real-time monitoring, and ongoing refinement. By following these
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recommendations, organizations can unlock the full potential of OEE as a performance

measurement tool and realize significant improvements in their manufacturing processes.

According to the study's findings, availability for two extruder lines can be increased. The
quality, however, fell short of the expected levels. The findings of this study allowed for an
increase in industrial productivity. Total productive maintenance (TPM) strategy execution,
proper and systematic manufacturing planning, and managing production losses time are
advised to enhance indicators like OEE in the two extruders by main mitigation actions

implemented like OLPA, RTO, RBI, and APC.

According to the findings also of the analysis, Al Borouge must make improvements. Employee
training and empowerment provide training to employees on the concepts, calculations, and
interpretation of OEE. Empower employees to take ownership of OEE by involving them in
data collection, analysis, and improvement activities. Encourage their active participation and
reward their contributions. All employees, operators, and engineers must receive training from
the company, during which time they must be made aware of the value of work ethics and
discipline in the workplace. Due to the increased equipment element, operators must do routine
cleaning and urge cleaners and operators to keep the area clean both before and after production.
The corporation places equal emphasis on routine machine maintenance as it does on achieving
its production goals. Engineers must be improved in relation to material factors. In order to
prevent idle and minor stoppages on the machine during the production process, the selected
employees must perform the schedule calculation for the supplier. To ensure that the items it

produces are of a high caliber, engineers established SOPs for the production process, material
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standards, and raw materials. Improvements must be made in two extruders from the method

factors.

With the aid of TPM tools, it is simpler to persuade management to invest in maintenance
because they demonstrate the reasoning and explain how the issue will affect profits & losses.
Where TPM is freshly introduced, data regarding production losses and actions taken for the
remedy must be gathered methodically. After some time, this data will be very helpful in
identifying the underlying issues and in making quick decisions, which will help save both time
and money. Implement real-time monitoring and reporting systems to track OEE performance
on an ongoing basis. Provide timely feedback to operators, supervisors, and managers to keep
them informed about the current status of OEE and enable quick action in response to deviations

or issues.

Careful quantification of hidden losses, or losses resulting from process instability, is necessary.
At the two extruder production lines, where process stability is more crucial than discrete
manufacturing processes, it is critical to use TPM by concentrating on output loss rather than

downtime.
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