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Abstract

In today's competitive markets, with increased competition in the labor market, increased
demand for industries, increased awareness of customer quality and the need for better
efficiency, reduced cost, improved quality, reduced variance and increased productivity,
companies have to became more keen on an aspect of continuous improvement. And its
adoption as basic standards for organizational culture. Hence, companies tend to use Lean
Management System to increase their productivity and improve their business processes

with quality, efficiency and effectiveness through the effective application of Lean tools.

This study examines the effect of applying the Lean manufacturing methodology on
industrial companies in the cosmetics sector. Furthermore, this study explains how
applying this methodology can help beauty product manufacturers make the most of their

resources and organize the workplace to become more productive.

The importance of this study stems from the need to improve the productivity of the liquid
production line, take advantage of warehouse space and establish a maintenance system
in To-me Cosmetics in Ramallah by eliminating waste and reducing variance in order to

survive in the rapidly developing world.

Lean Manufacturing Methodology was implemented using a combination of tools such
as VSM, 5S and TPM. The current performance in the measurement phase was measured
using a VSM, Flowchart, Eight Wastes. The Root Causes of the problems were identified
using a cause-and-effect diagram and interrelationships paragraph. The planning and Data

were collected through interviews with the company staff and the live observation of



production process data like cycle time and delay time, which was essential to identifying

process efficiency and potential improvement opportunities.

Productivity of the fluid line production process is improved by using the first three stages
of the 5S concept, the flow chart, and the value flow planning. The results achieved were
maintained using the last two phases of the 5S concept, the flow chart, business models,

and checklists.

At the end of the optimization efforts, fluid production line productivity and planning
were improved reducing the lead time for kitchen cabinet doors production from 2707
minutes to 1096 minutes with improvements in warehouse space utilization resulting in a
more streamlined work environment, reducing the number of accidents by 45%.
Moreover, inventory management is improved by controlling the procurement and
storage of raw materials. The use of TPM also contributed to establishing a maintenance
system, reducing wasted time, and controlling maintenance parts and maintenance

operations on machines.

This study contributes to the definition of the application of lean management in small
and medium-sized enterprises in the Palestinian industry, and confirms the importance of
this methodology in improving quality by eliminating waste and reducing variance, which
plays a major role in the survival of the Palestinian economy, which faces many

challenges.

Keywords: Lean Manufacturing, Value Flow Map, Eight Wastes, 5S, Total Productive

Maintenance, Cause and Effect Diagram.



\

Table of Content
THESIS APPIOVAL....cceiiieiei ettt nreeneenes I
D =Tod - T LA o] PSPPSR I
ACKNOWIEAGEMENT ...ttt Il
ADSTFACT. ... bbbttt v
Table OF CONENT......cviiie bbbt VI
LISE OF FIQUIES.....ceeeeeeee bbbttt IX
LISE OF TaDIES ...t sre et e nreene s X
LSt OF APPENAICES ... .iciicieeciece ettt sre e re e XI
LiSt OF ADDIEVIALIONS .......cuiiiiiiieieieie e X1
Chapter 1: INtrodUCTION ..........c.ccoviiieicececece e 1
1.1 General BaCKgroUNd...........cooieiuiiiieiie ettt 1
1.2 Problem STAtEMENT.........coiiiiiieieieie e 3
1.3 QUESTIONS OF the STUAY .....oviieiiiieiece e 5
1.4 ReSEarch PrOPOSITIONS: .......coiiuiiiieiieieiie sttt 5
1.5 Significance of the StUAY..........ccceiiiiiiii s 5
1.6 Objectives 0f the StUAY ........ccceeoiiieii e 6
1.7 Limitations OF the STUY ........cceeiiiiiiieieieeseeeee e 7
1.8 ComMPAaNY Profil.....c..oovoiiiiiee s 7
1.9 TNESIS SEIUCIUIE ...ttt ettt bbb e e be b eneene e 9
Chapter Two: Literature REVIEW ..., 11
2.1 OVEIVIBW ...ttt ettt bbbt s et e et et e nbeabeabeereens 11
2.2 The History of Lean ManufaCturing............ccccooveiieii i 12
2.3 Definition of Lean Manufacturing ApPProach...........ccccocevvririnieienenese s 13
2.4 Traditional vs. Lean ManufaCturing ...........ccoveirrereneneneseseseeeee s 13
2.5 Lean Manufacturing Tools and TEChNIQUES. ........ccoiviiiiieniiie e 15
2.5.1 Waste Elimination through 5S: ..o 15
2.5.2 Value Stream MapPiNg:.....ccveiieiie et sre e e e re e 17
2.5.3 Total Productive Maintenance (TPIM):.......ccooeiiiiiiieninieeeee s 19
2.5.4 ROOT CAUSE ANAIYSIS:....eiuieiiiieiieite ittt 21

2.5, 5 POKE-Y OK e oo 22


file:///C:/Users/Dell/Desktop/فاتنة%20ابة%20ظاهر%200568555318%20=%208%20نسخ/Final%20Thesis%20Fatena%2026.9.2022%20(n).docx%23_Toc120807841

VI

2.5.6 FOCUS PDCA ...ttt ettt ettt b e e sbe e st e e sbneennee 23
YT A S 14 USROS 23
2.5.8 JUSE-IN-tIME PrOQUCTION: .....ooviiiiiiicciesicceee s 23
2.5.9 KANDAN:. ... .o 23
2.5.10 One-piece FIOW Production SYSTEIMS: ........ccerveiiriririnieiieieee e 24
2.5.11 Pre-Production PIanning (BP):.....cce oo e 24
2.5.12 LiNe BalanCiNg:......coviieiiecii ettt 24
2.6 The Benefits of Lean ManufaCturing...........ccccooeiieeiiiieiieie e 24
2.7 Previous Studies on Lean Manufacturing..........ccccovereiinininieiceeesc s 25
2.7.1 Previous Studies in Industries Similar to To-me Factory..........ccccceevviienvnernne. 25
2.7.2 Previous Studies in Other SECTOIS .........ccciviieierierieie e 28
2.8 Chapter SUMMAIY ......oiiiieieieie ettt b bbb ens 32
Chapter Three: Research Methodology ..o, 33
B L OVEIVIBW ..ttt ettt bbbttt b e bt bbbt et e e st e b nbe b e ne e 33
3.2 Qualitative TECHNIQUE.........cieeie e e 34
3.3 QUAaNtItatiVe TECHNIQUE........eiieeeieieee e 34
KRR B L L W O o] | 1= ot 1 o] SRS 35
I I 11 = V1= USSP 35
34,2 ODSEIVALION. ....ouiiiiie ettt nre st b r e ne e 37
3.4.3 DAA ANAIYSIS. ...ttt 38
3.5 RESEAICH TOOIS ...t 38
3.5.1 Implementation of Lean Methodology ..........ccccoveviiiiiiciecc e 39
3.5.1.1 Value Stream IMap: .......ccoveiiiiiiiiecie ettt 39
3.5.1.2 Total Preventive MaiNteNanCe ..........ccevverueiieriereeeeseeseeeesieeseeeseeseesseeeesseeses 40
3.5.1.3 TE 5S PhaSES....c.ueeiieiiesiiee ettt enneenes 42
3.6 Chapter SUMMAIY .......ooiiiieiiee e ettt es 44
Chapter 4: Results and DISCUSSION ..o 45
4.1 BACKGIOUNG.......eiiiiiiiitiitieie sttt bbb 45
4.2 Data COECHION ...t et 47
o R 101 (=T Y 1= RSP SPRP 47
4.2.1.1 Interview with the Company Manager ..........cocerererereninieieie e 48

4.2.2 The Observation MethOd ..........ooovevivi s 50



Vil

4.2.3 People INVOIVEMENT ..o 51
4.3 DA ANAIYSIS. ...ttt 52
4.3 L FIOW CRAIT: ¢ttt b bbb 52
4.3.2 EIGNT WASEES .....ecviecieeie ettt te e te e be e e nnaens 55
4.3.3 Production Process Data COIECLION ..........cccoveiieiiiienieee e 59
4.3.4 Value Stream MapPING .......coieieiieie e 60
4.3.5 Cause & EFFeCt DIagram..........ccccvveiiiiiiiieie et 62
4.3.6 Implementation of the 5S TOOI...........cccooveiiiiiiic e 66
4.3.7 Total Productive MaiNtENaNCE..........ccveiierieiiesiesie et 81
4.4 Improving Productivity of liquid production liNe...........ccccovviiiiiiiincicnccee 95
4.5 Chapter SUMMAIY ........coi it et e e e steenesraesreenee s 101
Chapter Five: Conclusions and Recommendations.............cccccceevveiieneiieseesieennnns 102
T8 A 1 0o 1 od 1 o o SRR 102
I 0] 3 Tod 11157 o] SRR 102
5.3 RECOMMENGALIONS .....veviiieiieiieieie ettt sttt 105
5.4 Future ReCOMMENUALIONS .......ccveiiieiieiie i 106
LISt OF RETEIBNCES ....cvieiieie ettt sneenrs 107
AAPPENTICES ...ttt bbbt bttt bbb 120



List of Figures

Figure 3-1: A TPM Model with 8 pillars (Adesta et al. , 2018) ..........ccccovevveveiiieieennns 40
Figure 4-1 Flowchart dor the process of producing liquid cosmetics products............c.cecvvenen. 53
Figure 4-2 Value Stream Mapp of Liquid product Production process............ccceervererereriennes 61
Figure 4-3 Cause and Effect Diagram (Fishbone Diagram)..........cccccovvvveviinieniienennnnns 63
Figure 4-4 Interrelationship DIAgram ..........cccviieieeieiie i 64
Figure 4-5 Planning of Storage Away the FacCtory ..........ccccovevieiieiieie e 67
Figure 4-6 Layout of Storage near from the factory. ... 68
Figure 4-7 Layout of Storage away from the factory. ... 68
Figure 4-8 Design of New Stand for Raw Materials and Final Products Storage.......... 70
FIQUIE (4-9) AT COMPIESSOL .....vviivieiteeiesieesteete et e steeste e e staeste e aesteesteeaesreesreesesnnesreennens 84
Figure 4-10 Flow Chart of New Status of Liquid product Production Process................ 96

Figure (4-11) Value Stream Mapp of New Status of Liquid product Production process


file:///C:/Users/Dell/Desktop/فاتنة%20ابة%20ظاهر%200568555318%20=%208%20نسخ/Final%20Thesis%20Fatena%2026.9.2022%20(n).docx%23_Toc120807913
file:///C:/Users/Dell/Desktop/فاتنة%20ابة%20ظاهر%200568555318%20=%208%20نسخ/Final%20Thesis%20Fatena%2026.9.2022%20(n).docx%23_Toc120807913
file:///C:/Users/Dell/Desktop/فاتنة%20ابة%20ظاهر%200568555318%20=%208%20نسخ/Final%20Thesis%20Fatena%2026.9.2022%20(n).docx%23_Toc120807913
file:///C:/Users/Dell/Desktop/فاتنة%20ابة%20ظاهر%200568555318%20=%208%20نسخ/Final%20Thesis%20Fatena%2026.9.2022%20(n).docx%23_Toc120807943
file:///C:/Users/Dell/Desktop/فاتنة%20ابة%20ظاهر%200568555318%20=%208%20نسخ/Final%20Thesis%20Fatena%2026.9.2022%20(n).docx%23_Toc120807943

List of Tables

Table 4-1 Eight Wastes of Liquid Production Lines..........ccccccevveveiieieeiesiiese e 56
Table 4-2 Efficiency Data for Current Status od Liquid Production............c.cccccevevuennne. 59
Table 4-3 Interrelationship Diagraph AnNalysis ..o 65
Table (4-4) Proposed Solutions for the Root Causes Identified in Interrelationship

DiIagraph ANAIYSIS: .....vcviiieiecie sttt nra e re e e 66
Table (4-5) presents the old status and new status of raw materials storage.................. 71
Table (4-6) presents the old status of bottles storage and the new status:..................... 73
Table (4-7) presents the old status and new status of labels storage: ...........ccccceevvrennee. 76
Table 4-8 PUrchase Order FOIM .......cvoiiiiiiiiiceeee e 78
Table 4-9 5S ChECK LiSt......ciiiiiiiieieee e 80
Table (4-10) design a Cutting MAaCKINE: .........ccoiiiiiiiiie e 84
Table (4-11) Definition 0f MACKINES ........cciiiiiiiic e 85
Table (4-12) addition the liquid Machine ...........cccocveiievi e 85
Table (4-13) add new parts to the labeling ..o 86
Table (4-14) sorting in the old status to the spare parts and tools.........c..ccccccevvervrnnnee. 86
2= 0] OSSR 86
Table (4-15) sorting in the new status to the spare parts and tools ..............cccccveveenennee. 87
Table (4-16) Receipt list for tools and Spare Parts...........ccccceevveveeveiieeveese e 88
Table (4-17) List of all of the Machines ..o 88
Table (4-18) Machines maintenance rECOIT .........uuveurrerirerie e 90
Table (4-19) annual MainteNanNCe reCOId..........c.oiviiieiieie e 91
Table (4-20) Inspection ChECKIISt ........cocvuviiiiiiicce e 92
Table (4-22) Machine maintenanCe rECOI. .........cuiiiirrieriire it 94
Table (4-23) Machine Calibration ...........c.cooviiiiiiiiie e 94

Table (4-26) ProduCtION PrOGIESS ....cc.eiiieeiiieiieesie st e see e be e re e e sreesraeenreeas 100



Xl

List of Appendices
Appendix A: Arabic PUrchase Order FOIM........ccviicieieiiie et sneas 120
Appendix B :Arabic 5S ChECK LiSt: ......civiiiiiiiiiiceceeese et nne 121
Appendix C: Receipt list of t00lS and SPare PartS.........ccceeveriiesieieere s 122
Appendix D: Machine and EQUIPMENT LISt ..........cooiiiiieiiieneie e 123
Appendices F: Annual preventive maintenance plan...........cccoveveiieneineneiseseee e 126
Appendices G: INSPection ChECKIIST..........ccoi i 127
Appendices H: daily CheCk FOIM..........ccooiiiiii e 129
Appendices L: Machine maintenance RECOI ..........ccocvveiieiieiiieie e se e 130
Appendices M: Machine Calibration ............ccoov i 131
Appendices N: Identify quantity of each production material ...............ccooveviviiiv i 131
Appendices O: Production progress, and workers distribution............cccccc e 132

Appendices T: Daily production PIan ... 133



Xl

List of Abbreviations

VSM: Value Stream Mapping

5S: Sort, set in order, Shine, Standardize, and Sustain

TPM: Total Preventive Maintenance
CT: Cycle Time

DT: Delay time

LT: Lead Time

ID: Interrelationship Diagram.

NIS: New lIsraeli Shekel.

SMEs: Small-Medium Enterprises



Chapter 1: Introduction

1.1 General Background
Productivity is tacitly improved through quality improvement, and in the current rapidly
developing world, there is always an opportunity for improvement that must be exploited
in order to survive. This goal can be reached through the Lean manufacturing (LM)
methodology, which is considered one of the most important contemporary improvement
methodologies.
LM methodology has been adopted among other improvement methodologies such as
VSM (Value Stream Map), TPM (Total Production Maintenance), 5S (Sort, Set in order,
Shine, Standardize and Sustain) due to the need for the company to organize the work
environment and eliminate waste. This is done through the application of LM Tools.
In today’s developed world, companies are constantly competing with each other to
produce the best quality products, through implementing all tools and strategies to ensure
increasing their profits and decreasing their costs at the same time. Decision-makers
support the new trends of reducing cost and vis-a-vis increasing their profit, and achieve
competitive advantage.
In these times of industrial recession, the world should view these difficult economic
conditions as an opportunity to re-engineer and improve operations and operational
characteristics towards a robust production method, eliminate unnecessary waste and
expenditures while imposing quality at all stages. (Anthony, P., 2018).
On the other hand, today market is more than ever full of stiff competition. There is an

increasing demand for different types of products with an enormous number of production



processes, taking into account the industrial need to reduce costs while sustaining quality
at the same time. (Philipp Moser& Others 2019)

To achieve this development, a different approach can be taken in manufacturing, which
should ensure more efficiency to the production mechanism. Lean Manufacturing (LM)
can provide the impetus needed to excel in producing a variety of high-quality products.
(Melton, 2005; Womack and Jones, 2003)

LM is today a subject of continuous study and a production system that is adopted by
many industries who wish to benefit from the advantages of LM such as improved quality
delivered, reduced inventory, elimination of waste.

(Sahar, and others) examined the relationship between LM implementation and
improvement in production. They have statistically proven that organization that
continuously implement LM will certainly improve their process productivity. They also
confirmed that training staff members is essential to the success of LM implementation.

Lean manufacturing is a strategy that focuses on the continuous disposal of all types of
waste in the manufacturing processes. These wastes include the well-known eight types
of wastes abbreviated by DOWNTIME. More specifically, DOWNTIME includes the
wastes of defects, over production, waiting, non-utilized talents, transportation,
inventory, motion, and excessive processing.

High levels of productivity ,competitiveness and quality stimulated actions seeking
continuous streams, manpower and machinery in the best sequence of activities, aimed
at reducing waste in order to add value by setting guidelines called Lean
Manufacturing (PASCAL, 2008).

Correa and Vieira (2008), that representation of results that the Lean Manufacturing

methodology , which had as precursors Eiiji Toyota and Taihichi Ohno of Toyota



Motor Company has been a recognition of movement in the Western world. The LM
became part of the Company competitive strategy, providing productivity
improvements whose interest is to increase the availability of resources, reduce costs,
reduce waste and increase efficiency.

The scope of implementation of the LM methodology as an improvement methodology
takes three to six months through analysis of the factors that hinder increased productivity
and reduced costs are identified. The current process is analyzed and improved by
identifying the root causes of deficiencies. Ultimately, the study seeks to improve
productivity by using various tools in order to maintain gains by installing innovative
process improvement elements.

The success of LM implementation is a commitment by senior management that includes
resource allocation, employee engagement, and capacity building to improve operations.
The research goal is to improve the productivity of the fluid production line, making use
of warehouse space, and controlling, following up and documenting the maintenance
process.

The results of this research include the participation of employees, reducing the time of
the production process, making better use of space, following up on the inventory
management system, increasing productivity and reducing costs at To-me Cosmetics

Company.

1.2 Problem Statement
It is evident that SMEs are very important for the economy of a country; so it is very
important for these enterprises to pay attention to negative influences that affect the

survival and contribute to the failure of the enterprise (Nikolic and others, 2018). On the



other hand, (Sing, 2018) concluded that enterprises should control their production
processes, identify and eliminate wastes, and continuously improve their productivity,
LM has proven to be an effective methodology to achieve these goals.

To-me company-driven environment of current manufacturing systems and the
competitive pressure of the global economy are forcing manufacturing firms to become
more integrated, flexible and automated in order to increase their productivity at low
costs.

To-me company is having trouble improving the production processes and to
eliminate/reduce the different types of wastes in every area of the company's production
lines, such as excess inventory, excessive movement, poor planning, untapped personnel,
unstable production schedules, which lead to a decrease in productivity, efficiency and
an increase in costs at To-me Company.

The company also has a limited space to move between materials in warehouses, which
negatively affects the progress of the production process due to the existence of an
unorganized work environment, a crowded place, thus wasting time and increasing waste.
The generated waste that does not add value to the product in company will not just waste
materials and work resources, but it will also create material shortages, hinder agendas
and workers' energies, create idle time in subsequent workstations and extend
manufacturing lead times . Process waste leads to additional equipment and tools,
additional manpower, complex material flow, storage Inventory, doubtful quality, missed
delivery and lower profits and therefore management does not assist in tactical and
strategic decisions.

According to the company’s sales records; the highest demand from the customer is for

the liquid line products. The company has low control on the production process of this



line, low control on raw material consumption or storage, lack of machines maintenance,
and unidentified wastes and defects. This led to long production period for the liquid line,

delay to customer's order, and high cost.

1.3 Questions of the study

In this research, the study is conducted to answer these questions:

1. Will the application of the Lean Manufacturing methodology results in increasing To-
me company’s productivity and efficiency?

2. Will the application of the Lean Manufacturing methodology results in reducing To-

me company’s costs?

1.4 Research Propositions:

To examine the effect of implementing Lean Manufacturing methodology on increasing
productivity and reducing costs in the To-me cosmetics company, the following
propositions are developed:

Proposition 1: Lean manufacturing methodology positively affects the increase of
productivity.

Proposition 2: Lean manufacturing methodology positively affects the reduction of costs.

1.5 Significance of the Study

The manufacturing environment has witnessed, in recent years, a radical and significant
development in manufacturing systems. As consumers became more demanding and
seeking diversification and quality prosperity, and in this competitive environment, the

To-me company seeks to develop effective production methods that help in meeting the



diverse requirements of customers, the utilization of available resources effectively and
efficiently. The increasing of productivity and competitiveness of the company, the
reducing of the costs consumed and the elimination of non-value-added activities along
the entire value chain are also sought to be achieved, thus helping the administration make
tactical and strategic decisions and Lean may give them stability and protection from
crisis. Lean Manufacturing can be used to distinguish between value-added and non-
value-added activities and thus serve as a tool for process improvement (Billington,
1999).

The most terrifying problem manufacturer’s face today is how to quickly deliver their
products or materials at good quality and low cost. One promising way to tackle this
problem is to apply waste-free management principles and techniques.

The focus of the study to reducing the time of the production process, making better use
of space, following up on the inventory management system, increasing productivity and

reducing costs at To-me Cosmetics Company.

1.6 Objectives of the Study

This research aims at applying different tools of lean manufacturing for the purpose of
eliminating the redundant non-value adding activities and wastes at To-Me Cosmetics
Company and consequently improving the company’s productivity, efficiency and
reducing costs.

LM methodology was applied at to-me company in order to:

1. Reduce waste caused by manufacturing processes that do not add value to the final
product.

2. Improve productivity and reduce costs.



3. Improve production scheduling and controlling

4. Regulating the production flow, continuous improvement of operations and improving
the work site.

5. Increasing floor space and improving its utilization.

6. Improved lead time.

7. Improved inventory management system.

1.7 Limitations of the Study

Projects implemented by the organization involve some uncertain risks. Therefore, the
waste-free manufacturing system should be carefully designed to overcome challenges
and risks.

Employees may not easily realize the importance of improving and developing the work
environment and their career growth, as there is an invisible risk of canceling or not
accepting the application of some tools and improvements in the company, resistance to
change; reluctance in contributing with suggestions for improvement; lack of motivation;

and lack of knowledge of the lean philosophy and its tools.

1.8 Company Profile

To-me cosmetics Company is a Palestinian company. The company was established in
1996. The company started as a beauty education center and sold hair products for the
needs of the students enrolled in the center. And through a closer look at the Palestinian
market and its increasing demand for cosmetics, the idea of forming the company came
out to be the message of the leading company in the world of cosmetics in Palestine to

provide local products of high quality, through which the Palestinian market needs to



meet the needs and products of hair and body care, makeup, salon equipment and many
more. Other products you sell locally.

To-me Cosmetics is located in the industrial area of Ramallah. The factory employs 30
employees, including department officials and employees.

To-me cosmetics Company is a Palestinian company. The company was established in
1996. The company started as a beauty education center and sold hair products for the
needs of the students enrolled in the center. And through a closer look at the Palestinian
market and its increasing demand for cosmetics, the idea of forming the company came
out to be the message of the leading company in the world of cosmetics in Palestine to
provide local products of high quality, through which the Palestinian market needs to
meet the needs and products of hair and body care, makeup, salon equipment and many
more. Other products you sell locally.

To-me Cosmetics is located in the industrial area of Ramallah. The factory employs 30
employees, including department officials and employees.

(Bayyoud and Sayyad, 2016) defined enterprises with 5-19 employees as a small one and
enterprises with 20-99 employees as medium one. They also confirmed that these
enterprises can complement large firms if they become more flexible, closer to customer,
and having competitive advantage. They also recommended that Government should
support these enterprises in many means such as advice about quality control and
assurance. Due to lack of these efforts from the government; SMEs should adopt an
effective improvement methodology to be able to improve their processes, productivity,

and customer retention.



The company owns three production lines which are shampoo, conditioner and semi-solid
production line. The company frequently adds new products according to the market need
or customer demand.

The company owns approximately 15 machines. The company also produces high quality
products as a result of the accumulation of experience and good experience in the process

of inspecting and purchasing raw materials and packaging materials.

The company owns three production lines which are shampoo, conditioner and semi-solid
production line. The company frequently adds new products according to the market need
or customer demand.

The company owns approximately 15 machines. The company also produces high quality
products as a result of the accumulation of experience and good experience in the process

of inspecting and purchasing raw materials and packaging materials.

1.9 Thesis Structure

To provide a summary of the structure used in this thesis, it is helpful to identify the
chapters that make up this paper:

Chapter One: Introduction:

In this chapter, general background is presented, the problem statement is defined, the
study guestions are stated, the research propositions are developed, the significance of the
study is explained, the objectives are determined and limitations to the study are

discussed.
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Chapter Two: Literature Review

In this chapter, an overview is given about Lean Manufacturing, the history of lean
manufacturing is reviewed, the Lean Manufacturing is defined, Comparison between
Traditional vs. Lean Manufacturing is provided, data analysis techniques are explained,
lean tools and the benefits and previous empirical studies are reviewed.

Chapter Three: Research Methodology

Upon distinguishing between quantitative and qualitative research, the research
methodology will explain the way in which data on agile management has been collected,
its effectiveness, and the ways in which it is implemented. The stages of the methodology
are determined, the tools used in structuring and supporting the arguments for the thesis
problem and testing the propositions formulated in the theoretical Chapter are described.
Chapter Four: Results and Discussion

In this chapter, the results are interpreted and explained, the research questions are
answered and the research propositions are tested and discussed.

Chapter Five: Conclusions and Recommendations

In this chapter, conclusions are presented, recommendations are provided and some

guidance for future researchers is provided.
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Chapter Two: Literature Review

2.1 Overview

Lean Manufacturing (LM) has revolutionized the global manufacturing environment at
an unprecedented rate. It focused on producing products of high quality, low cost, in the
most efficient and economical way possible, combining less human effort, less lead time,
less inventory, and less space to become more responsive to customer requests. Lean
manufacturing won the hearts of many companies (Albert, 2005).

Continuous improvement is one of the core principles of Lean which is strictly practiced
in Lean Plants. Continuous improvement or Kaizen cannot be achieved drastically or over
a specific period of time. Instead, small, incremental improvements are made over a long
period .A period of time that gradually makes the process better. Some common lean tools
are Value Stream Mapping (VSM), Total Productivity Maintenance (TPM), 5S, Kaizen,
Kanban, Quality Function Deployment (QFD, and Mistake Proofing (Dale, 2003; Shah
and Ward 2007)

The term waste-free manufacturing has been developed to maximize optimization of
resources by reducing waste. It was then reformulated in response to the competitive and
volatile business environment. Because of the change in the business environment,
enterprises are forced to face obstacles and challenges, the organization’s survival
depends on its ability to respond to these changes and therefore, waste-free manufacturing
is the primary driver efficiency for maintaining and sustaining these institutions.
Small-Medium Enterprises (SMEs) are an essential part of national economic and
regional prosperity. They have strengthened the ability to generate employment and
wealth for the national and regional benefit. The importance of small and medium

companies in developing society and their contribution in creating new job opportunities
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shows the necessity of helping these companies to improve their operations. SMEs also
investigate the possibility of improving its performance and productivity and reducing its

costs (Albert, 2005).

2.2 The History of Lean Manufacturing

A waste-free manufacturing approach is an ideal optimization approach that has a major
impact on process management. The concept of waste-free manufacturing appeared for
the first time in 1990 in the book of James Womack under the title "The machine that
changed the world". It is one of the theories that regulate the work environment, reduce
waste of materials, maintain the capabilities of employees to respond to what is necessary,
to improve production levels and thus improve net total productivity (Pool et al., 2010).
The background of lean manufacturing is based on the history of Japanese manufacturing
that has been applied around the world in many industries. Taiichi Ohno developed the
system at Japanese automaker Toyota, after WW I, Japanese manufacturers faced a
shortage of resources, prompting them to search for new ways to cover this deficit. The
goal of waste-free manufacturing was to reduce losses during the operation stages (using
fewer resources to produce the same outputs that are obtained from the traditional
production system), making the organization more flexible to achieve customer
satisfaction (Pool et al., 2010). Taiichi Ohno once said that “Waste free manufacturing is
all about looking at the timeline from the moment a customer gives us a request to the
point where we raise money, we are working to reduce this timeline by removing non-

value added waste” (Ohno, 1988)[6]
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2.3 Definition of Lean Manufacturing Approach

Global competition presents volatile and unstable intense challenges in demand, leaving
you looking for a wide variety of opportunities to attract and to be their own customer. In
order to succeed and remain in a competitive environment, companies need to find and
adopt effective methods of their operations. Companies are looking for new ways to
increase value of the products by eliminating unnecessary practices and processes that do
not add value to the product. LM (Waste Free) is a systematic approach to waste
identification and disposal. The implementation of lean manufacturing system helps
organizations to improve quality, reduce lead time, deliver on time, achieve customer
satisfaction and exploit resources that increase sales and profits (Upadhye et al., 2010).
Lean Manufacturing is a set of techniques, principles and tools which many organizations
or industrial companies choose to implement in order to enhance production efficiency
and total customer value while at the same time eliminate waste (Mwacharo, 2013).

The basic idea of Lean Manufacturing is to provide better quality goods to more
consumers at low price. In doing so, it ultimately leads society to more prosperity

(Melton, 2005).

2.4 Traditional vs. Lean Manufacturing

Implementing waste-free manufacturing is the best way to develop products, employee
skills, and benefits of the company's operations results (Abraham et al., 2012). Some of
the keys to lean manufacturing are that it takes a whole-process approach, improving the
entire supply chain rather than improving part of it, and providing partial solutions
without perfect solutions is not enough. It is necessary to see and learn options and

opportunities (Paneru, 2011).
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The main differences between soft manufacturing and the traditional manufacturing
system include a different mindset, where the traditional system considers management
the main driver of change, while in agile production everyone has the right to find ways
to improve operations. Moreover, waste-free manufacturing solves the problems
identified in the traditional manufacturing process by reducing waiting-time, allowing
and producing products in the right amount and time, and reducing losses to achieve ideal
work, flexibility, and ability to change, and also reduces the time needed to produce
various production units, thus responding to customer requests in a way better and bigger.
(Hansen & Mowen, 2008)

Waste-free companies can produce products of high quality and less size and put them on
the market faster than producers in large quantities, which is driven by the request of the
clients, and not produce what you expect to sell, which meets the needs of customers and
achieves a competitive advantage. Lean organizations also make twice the quality with
twice the product, at half the cost, half the time and space with a small portion of the
normal stock of work. Lean management revolves around operating the organization as
efficiently and effectively as possible, at the lowest cost and without any waste. (Minju,
2009)

In waste-free manufacturing, the value of a product is determined on a basis the customer
really requires and is willing to pay for it (Value-added activities). On the other hand,
activities that do not add value, that is, that add unnecessary time and effort are disposed
of, this is actually a product shift that matches the customers ’expectations. (Nielsen, A.
2008)

In manufacturing, the generation of waste that does not add value to the product will not

only result in waste of materials work resources, but it will also create material shortages,
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hinder agendas and workers' energies, create idle time in subsequent workstations and
extend manufacturing lead times (Rawabdeh, 2005). Process waste leads to additional
equipment and tools, additional manpower, complex material flow, and storage
Inventory, doubtful quality, missed delivery and lower profits (Leon, 1999).

The presence of strong competition between domestic and international companies leads
companies to shift from the traditional manufacturing system to the lean system, but this
transformation requires overcoming some challenges and barriers in order to obtain
success. Hence, the successful implementation of a waste-free manufacturing system is
based on critical factors such as good management, skills, leadership and experience, as
well as an organizational culture geared towards the efficiency of the organization. (Balle,

2005; Chaisorn and Lila, 2011; Nordin et al., 2010).

2.5 Lean Manufacturing Tools and Techniques.

Lean Tools are exceptionally important because many companies begin their lean journey
by recognizing Lean as a set of "tools" to implement, the whole managerial approach of
an organization must be aligned with the lean philosophy but significant consideration
must be given to lean tools and techniques for they are the backbone of lean management.
A set of lean tools can be implemented to achieve the goals of lean philosophy. Tools and
techniques that contributed to achieve the goals of this research include:

2.5.1 Waste Elimination through 5S:

According to Deshpande et al. (2015) 5S originated in the 1980s as a Japanese
technology introduced by Takashi Osada. Deshpande et al. (2015) defined the concept
of 5S as a methodology for managing the work environment which helps to improve

the workplace, human capabilities and thus productivity.


https://www.sciencedirect.com/science/article/pii/S221446251830149X#bib0120
https://www.sciencedirect.com/science/article/pii/S221446251830149X#bib0120
https://www.sciencedirect.com/science/article/pii/S221446251830149X#bib0130
https://www.sciencedirect.com/science/article/pii/S221446251830149X#bib0180
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According to (Brady Worldwide Inc., 2008), the Lean management foundation is in
line with the Lean philosophy, using the 5S operating model as an essential tool for
lean manufacturing, facilitating the establishment of the system and operational
stability required by manufacturers to ensure and maintain a lean manufacturing
sequence.

(Kumar and Kumar, 2012) The 5S concept improves order and hygiene while
providing a safe and comfortable working environment. Although the main objective
IS to increase productivity and reduce costs, the system aims to eliminate all operations
that do not add value, such as time lost in operations. The 5S concept is a vital
component of an organization seeking kaizen and a lean manufacturing position with
the primary objective of delivering the right product, in the right quantities, to the
right customer, at the right time. The 5S concept was envisioned as a philosophy that
influences continuous improvements in workplace productivity, quality and safety.
5S is a very good way to help the company boost profits and reduce waste and it is
the main tool for running Lean (Ablanedo-Rosas et al. 2010). In a lean Manufacturing
system, the 5S model is also a tool for visualizing the obstacles and hindrances of the
organization (Hirano, 1995). According to (Dennis and Shook, 2007) the goal of the
5S concept is to achieve organization in the workplace, efficiency while reducing
product defect rates and improving safety. Kohfeldt & Langhout (2011) emphasized
that the 5 Why method was developed by Sakichi Toyoda in the 1930s to identify
manufacturing and production problems,

The 5S application includes many benefits which include: improved hygiene, easier
identification of errors, reduced downtime, reduced number of searches, reduced

walking and movement, reduced risk of accidents, increased safety, reduced errors,
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improved flow, improved space utilization and improved management Visual
Workspace (Chapman, 2005). These benefits bring many overall improvements in
quality, productivity, delivery, safety, morale, and cost.

According to Osada (1991), 5S is defined as the foundation for a total quality
environment, Sort, Set in order, Shine, Standardize and Sustain which leads to the
beginning of a comfortable, healthy and productive life for everyone at work.

The 5S tool philosophy is rooted in Japan and is an acronym for five Japanese words
with the following meanings:

1. Seiri (Sort): put things in order — to organize them.

2. Seiton (Set in order): make a place for everything.

3. Seiso (Shine): Clean the workplace, maintain its appearance and prevent dirt.

4. Seiketsu (Standardize): define standard work instructions.

5. Shitsuke (Sustain): Continuously maintaining established procedures, making 5S a

habit.

2.5.2 Value Stream Mapping:

VSM is the grasp of all the activities required to produce a custom product, and the
improvement of the entire process from the point of view of the end user or customer
(Emiliani, 2006). The concept of value flow planning means that flexible thinking should
not be limited to the boundaries of an individual company, but to consider the full range
of activities that are involved in creating and present it value (Kippenbergher, 1997).
Value stream mapping has appeared as the preferred way to implement lean. VSM is a
management tool for planning, implementing, managing, sustaining and linking Lean

Manufacturing improvements to daily work (Tapping, 2002). It maps information flows
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and material flows and that signal and control the material flows. This facilitates the Lean
application process by helping to define the steps for value added and eliminating the
non-value added steps/waste in a value stream (Lian and Van, 2002).

According to Venkataraman et al. (2014), VSM is defined as a visual tool that helps
identify where waste has occurred. VSM is used to evaluate current manufacturing
processes and create ideal and future state processes. VSM plots the course of the process
in order to identify various factors such as:

-Value-added time (the time taken to produce the final product),

-Non-value-added time (time spent that does not contribute to the production of the final
product),

- Cycle time (the time required to perform the operation) and

-Change time (time required to change tool, programming, etc.).

Which helps in identifying and eliminating waste and implementing Lean principles.

A collection of ways to visually display the flow of materials and information through the
production process. (Belokar et al., 2012) pointed that the aim of VSM is to identify
value-added and non-value-added activities. It is used to determine what is actually
happening rather than what is supposed to happen so that we can identify opportunities
for improvement, It is also used in process time cycle improvement projects because it
shows exactly how the process works with detailed timing of step-by-step activities and
is used to analyze and improve the process by identifying and eliminating time spent on
non-value-added activities.

VSM is often used in process time cycle improvement projects because it shows exactly

how the process works with detailed timing of step-by-step activities. It is also used for
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process analysis and improvement by identifying and eliminating time spent on non-

value-added activities.

2.5.3 Total Productive Maintenance (TPM):

In 1971, Seiichi Nakajima invented the original approach to Total Productive
Maintenance, It can be considered as equipment maintenance that is carried out at the
company level and he considered it a productive maintenance system that is implemented
by all employees through small group activities (Bakri & others, 2012). It is used to
maintain production and to improve the quality of machinery, processes and all other
resources by eliminating defects related to equipment and products (Singh & Kumar,
2017).

TPM is a management approach that can be adopted to reduce sudden machine
malfunctions as the work progresses (Feld, 2000). It also focuses on equipment
maintenance to achieve optimum production without defects, accidents or malfunctions,
this improves equipment reliability and efficiency rates by eliminating unnecessary
waiting in the process. It is also part of an agile management system that focuses on
proactive maintenance and worker engagement to improve equipment and tool efficiency.
According to Card (2016), Taiichi Ohno describes the "5 Whys" technique as the
basis of the approach for Toyota, and the heart of the TPS methodology. Asking why
five times whenever a problem is found, by repeating why 5 times will explain the
nature of the problem and how to solve it. The solution or method is designated as
‘one how' and so on 'Five Whys equal One How' and so (5W=1H).

Bakri et al (2012) describe the need for TPM's participation in the manufacturing industry,

and focus on maintenance as a vital part of the business. TPM also seeks to engage within
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the organization to maximize the effectiveness of production equipment. It involves

maintenance and production staff working as a team to reduce downtime and reduce waste

in order to improve the quality of the final product.

According to Adesta & others (2018) they summarize TPM eight pillars as follow:

1.

Autonomous maintenance: It means ensuring that operators are fully trained in routine
maintenance such as inspection, cleaning and lubrication, which puts this
responsibility in their own hands and ensures that the machine is always clean and
lubricated, and helps identify problems before they fail .

Focused improvement :Focuses on developing the work done by machinery and
equipment. It also focuses on self-discipline and organizational problems in the
workplace (Singh & Kumar, 2017).

Planned maintenance :It involves studying metrics such as downtime and historical
failure rates and then scheduling maintenance tasks based on expected or measured
failure rates or downtime. Where maintenance is divided into four categories:
Corrective maintenance, Maintenance Breakdown maintenance ,Preventive
maintenance.

Quality maintenance: The Japanese Institute of Plant Maintenance defines this as the
"quality maintenance preparation activity" of equipment that excludes quality defects
based on the basic concept of maintaining perfect equipment to achieve the best
product quality (Dawood & Sahib, 2017)

Training and the Education : Its goal is to provide operator and maintenance training

to help eliminate malfunctions. Dawood & Sahib (2017).
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Training needs to focus on: Proactively maintain equipment, identify emerging
problems, and implement a proactive and preventive maintenance schedule ,improving
skills and knowledge.

6. Safety healthy environment: Maintaining a safe work environment means that
employees can perform their duties in a safe place without any health risks, not
harmed by development or procedures. It is important to produce an environment that
makes production more efficient. This makes this pillar play an essential role in the
production sector. Production managers are concerned with security-related
functions.

7. Office TPM: (Vardhan & Gupta, 2014) Considered as one of the most important
pillars of TPM, it is implemented to simplify office management which requires
ensuring the availability of resources in a timely, appropriate and economical ways to
perform maintenance activities.

8. Development Management: Deploy new equipment in the shortest possible time by
learning from the current system and developing a new improved system.
Maintenance improvements are made to independently evaluate systems and

equipment (Sivaram & others, 2013).

2.5.4 Root Cause Analysis:
A fishbone diagram (also called an Ishikawa diagram) named after Kaoru Ishikawa, a
Japanese quality control statistician, is a tool for identifying the root causes of quality

problems (Juran, 1999).
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(Watson, 2004) defines a fishbone diagram as an analysis tool that provides a systematic
way of knowing the effects and causes that create or contribute to those effects. Also
referred to as a cause and effect diagram.

Also known as a method for discovering the root causes of malfunctions or problems in
order to identify appropriate solutions. Root cause analysis assumes preventing
fundamental problems from occurring and solving them radically and systematically
instead of treating the visible symptoms (putting out fires).

(Carmen Nadia Ciocoiu, 2010) stated that the fishbone diagram is essentially a model for
the suggestive presentation of the associations between an event (impact) and its multiple
causes that occur. A diagram helps team members think in a very systematic way. Some
of the benefits of creating a fishbone diagram is that it encourages group participation,
helps identify the root causes of a quality problem or characteristic using a structured
approach, and identifies areas in which to collect data. Also known as the fishbone
diagram and Ishikawa diagram, the cause-and-effect diagram is an effective yet effortless

root cause analysis tool used in lean thinking.

2.5.5 Poke-Yoke:

It is the use of any device or automated method that makes it impossible for an error to
occur or makes the error clear once it has occurred, implemented so that defective
materials are not passed through the production process, This helps ensure zero tolerance
for defects, as well as prevents defective items from working their way downstream and
causing bigger problems, Less time for employee training, elimination of quality control
processes, reduced amount of defects and 100% control over the process (Fisher M.,

1999).
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2.5.6 Focus PDCA:
is a four-step iterative management method used in businesses to control and continually
improve processes and products, PDCA Cycle can help to simplify operations, reduce

costs, increase profits, and improve customer satisfaction (Nicholas J.M., 1998).

2.5.7 Kaizen:

A strategy in which employees work together proactively to achieve improvements
Incremental and regular production process. Primary focus is on replacing waste activities
that do not always add value with value-adding activities, total product improvement and

customer satisfaction (Hamrol A., 2015).

2.5.8 Just-in-time Production:

“Bring the right part to the right place at the right time in the right quantity”, helps to
improve the company's resources such as capital, labor, and equipment. The goal of JIT
is to completely eliminate waste in the manufacturing process, by making production rates
fully in line with market demand or Takt's time. JIT means making what the market wants,
when it wants, using minimal materials, facilities, equipment, human resources and will

reduce wastage of storage space (Nahmias, 1997).

2.5.9 Kanban:

Is a signaling system to determine when components, materials or products are needed
in the next stage of the manufacturing or delivery process (Kobbacy and Liang, 1999).
Kanban facilitates high capacity utilization and high production volume while reducing

labor stock and production time in the process.
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2.5.10 One-piece Flow Production Systems:
The parts are transported through the step-to-step processes without any work in progress

between one piece at a time and a small batch at a time (Lisa Jain, 2020).

2.5.11 Pre-Production Planning (3P):

Is an approach to project management, design and process development that creates a
more reliable and efficient production process? The approach provides an organized
process that helps to improve people, process, and technology by bringing Lean Thinking
to factors such as the production process and people employed thus maintaining the

production process, facilities and tools to meet customer requirements (Bresko, 2009).

2.5.12 Line Balancing:

Is a production strategy to settle the workload during operations and make production
lines flexible to eliminate bottlenecks and excess capacity, also includes matching the
production rate to take time. Maximizing production efficiency and reducing the number

of workstations is one of the most common objectives of line balancing (Adeppa, 2015).

2.6 The Benefits of Lean Manufacturing

The basic idea of Lean Manufacturing is to increase productivity, improve efficiency, and
provide better quality goods to more consumers in low price. In doing so, it ultimately
leads society to more prosperity (Mwacharo, 2013).

Therefore, the benefits are multiple (Upadhye et al., 2010):

1. Improved quality of the product: through improved efficiency, improved innovation

and quality control that would previously have been wasted.
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2. Simplification of manufacturing processes: companies can better respond to
fluctuations in demand and changes in the labor market, thus reducing delays and
improving delivery times.

3. Employee satisfaction: raise employee morale and confidence, Lean manufacturing
not only enhances productivity but also employee satisfaction.

4. Improved profits: Increased productivity while reducing waste and better quality
ultimately yields to a more profitable company.

5. Sustainability: Reduced waste and better adaptability making manufacturing processes

better equipped to thrive in the future.

2.7 Previous Studies on Lean Manufacturing

Examples of the application of Lean manufacturing principles are becoming clearer. The
following paragraphs present some of these examples, it is divided into two parts:

2.7.1 Previous Studies in Industries Similar to To-me Factory

A Study presented by (Ma. Erika R. Laguardia., 2016) which occurred in the Cosmetics
Manufacturing’s Central Weighing Area, Processing and Packaging Area for Creams,
Liquids and Lotions. The aim of this study was to eliminate waste and help companies
to achieve shorter time and lower cost, and to improve manufacturing and competitive
operations through assessing the level of implementation of the 5S system to get rid of
problems in the departments in the Central Weighing Area, and the processing and
packaging area. The data were adopted through observations and documentation. The
findings showed that the problems (elimination of waste, achieving shorter time and lower
cost, improving manufacturing and competition operations) were eliminated by applying

5S system within the company.
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In a study carried out by (Borget Alfred Anoye, Adama Ouattara, 2015 ), a small soap
company was suffering the high cost of soap manufacturing. The root and main causes
were tracked using PDCA, 5s, and Pareto diagram. As a result, operations were
continuously evaluated to improving efficiency, effectiveness and flexibility by
increasing production capacity, eliminating the problem of overtime, increasing machine
performance, improving worker performance and reduced soap price by 50%, which
made the soap company more attractive in the market.

In a study conducted by Singh et al. (2010), the lean implementation process and its
benefits to the production industry were discussed. The main tool applied was the value
stream map which was created for both the current status and the status after
improvements were implemented. The benefits achieved included lead time reduction by
83.14%, processing time reduction by 12.62%, work in process inventory reduction by
89.47%, and reduction in manpower requirements by 30%. Finally, productivity per
operator has increased by 42.86%.

In a study by (Shubham Ghushe et al. 2017) which was conducted at a Coir Product
Manufacturing Industry, aimed to optimize the use of resources and increase the value of
the product by reducing waste (Muda), through the use of agile manufacturing tools and
the results were as follows: Kaizen worked to reduce the time required for the operation
by two seconds which is approximately 16.69 minutes a day and also increased the safety
of workers , through an application Value stream Mapping (VSM) inventory time was
reduced by about 5 days, lead time was reduced by 5 days, thus increasing productivity.
With the POKA-YOKE application the process time is reduced to 3.5 seconds which is

about 29 Minutes a day. It also reduced the chances of errors by the worker.
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In a study conducted by (Patel and Thakkar, 2014) for the Indian ceramic processing
industry which produces bricks. This case study addressed “minimizing process waste,
maintaining proper quality, smooth process flows, controlling, enhancing storage
facilities, security, and safety, and saving process cost.” The 5S tool was used, as a result,
storage partition showed an improvement in space usage by 12.91%, while reducing other
process waste such as employee movement, the workplace is more functional than it used
to be. This case study also provided the idea that 5S technologies should be examined
periodically for the long-term benefits of the company.

Another study by Deshpande & Joshi (2016) presents a Small Indian multi-product
(Small-sized) manufacturing company suffered from long manufacturing lead times. By
researching the root causes, the company found that additional lead time was necessary
due to long setup times and wasted research times. With the successful implementation
of 5S it was observed that the setup time was reduced by 6% and the search time was
reduced by 18%.

In Singh & Kumar study (2017) they reviewed the main benefits of TPM: improving
process and product quality, lowering production costs, improving efficiency, improving
employee ownership and achieving customer satisfaction. As final results they concluded
that TPM is a technology promised in India to increase organization quality and improve
productivity in the manufacturing industry.

In a study by (howdary and George, 2012) lean manufacturing implementation in a
pharmaceuticals company, the factory produces a wide range of pharmaceutical or non-
pharmaceutical products and is used equally, the company suffers from the huge cost of
used space and inability to deliver orders on time, great variety of raw materials with a

workforce of only 12 people spread over an area of 10,000 square feet .The 5S tool was
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used, as a result, reduction in work in progress material as well as the space that formerly
was utilized for such matters, a decrease in the needed workforce and also in the Non-

value-added time.

2.7.2 Previous Studies in other Sectors

A study conducted by (Jaiprakash Bhamu,agdish Bhadu, Kuldip Singh Sangwan,2020) at
the ceramics industry aims to demonstrate that lean manufacturing can be successfully
implemented in a semi-process industry, to reduce wait time, defects, wastage, inventory
, processing time, and space, through implementing many tools , such as Kaizen ,5S
,VSM. The findings showed reduction in inventory by 36%, waiting time reduction by
32%, defects reduction by 40.51%, processing time reduction by 1.02%, reduction in
manpower by 6.85%, Space creation for further use is 719 m?, Cost saving of US $ 0.61
million in one financial year, team work and improve employee morale.

In a study carried out by (R. S. Katikar, 2020) on the industry XYZ situated near Pune,
India which produces over 60 components and supplies to leading valve manufacturers
in India. The company suffers from a relatively high defect of the valve body cap having
a large volume. The study aims to improve the quality of the valve body cover
components and find out the defects and root causes that cause the malfunction of the
large volume valve, continuous improvement of skills of workers, proper handling of
materials with appropriate handling device, Regular maintenance of devices, formation
of quality circles in each department. Through implementing many approaches, such as
Fish Bone diagram, 5S, Kaizen, PDCA cycle. The results showed 74% reduction in total
defects was observed due to proper implementation of lean manufacturing, which

increased the productivity of machines and workers and reduced defective components.
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In a study conducted by (Vatsal Vaghasia, kishan Fuse, 2019) Avval Industries
manufactures Anti-locks for Energy meters, the customer's monthly demand for the anti-
lock is 22,500 pieces. The main tool applied was the 5S, Single Minute Exchange of Dies
(SMED), Kanban, and Value Stream Mapping (VSM). The benefits achieved included,
after using Value Stream Map the lead time moved 30 days to 20 days, processing time
309 to 280 seconds, the benefits of the company are achieved by 10% in Lead time and
29% in processing time. After using Kanban System, the finish goods inventory was
decreased from 1780 to 794, the benefits of the company are achieved by 55% from
reducing inventory space. After using SMED, the smaller anti-lock job decreased from 3
minutes to 5 seconds, the benefits of the company are achieved by 90% to move to the
next task. After using 5S the time to implement tasks was reduced from 5 minutes to 1
minute. The number of defective pieces dropped from 50 per day to 10 per day, the
benefits of the company are achieved by 40% because decrease number defective pieces.
Thus, the results led to reduction in defectives, reduction in inventory, decrease in lead
time, increase in profitability and increase in efficiency.

A study conducted by (Yutthaphon Khayankit, Jirapan Liangrokapart, 2018) at the tyre
mold plant in Thailand to improve production lines in the manufacturing environment by
reducing lead time, processing and setup time in manufacturing environment, that is
through implementing many approaches, such as SMED, 5S, VSM, TPM, One piece
flow, as a result, this case study addressed reducing lead time by 64.53 percent at the
plaster station and by 58.55 percent at the milling station.Process times at the plaster and
milling stations were reduced by 6.58 and 69.65 percent, setup times of both plaster and

milling stations were reduced by 20.83 and 29.47 percent.
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Also, the study conducted by (Brijbhushan, Onkar Singh Bhatia, Vikas Ucharia ,2018) in
a precise manufacturer of two-wheel and three-wheel components to improve the existing
quality system, increase efficiency and reduce non-conformities through the use of
various lean manufacturing tools such as Multiple activity charts, PDCA cycles, cause
and effect diagram, Pareto chart, and control chart. The findings showed a better working
environment is provided to the workers, rejection was reduced to 12000 ppm from 29000
ppm and reduced the loss of organization in the productivity process from 4.02% to
2.79%. Which improved the process efficiency and can be considered as an evidence of
the importance of adopting LM in this study due to its role in speeding production process
and faster delivery to customer.

Another study conducted by (Mahmood, K., Shevtshenko, E.,2015) at the Metal
Fabrication Company aims to enhance productivity, reduce cost, increase customer value
and to reduce waste during production operations, through implementing many
approaches, such as Pull System (Kanban), Value Stream Mapping (VSM) and Dedicated
Flow. The findings showed a decrease in the inventory level from 1,845 tons to 1,600
tons which lead to a productivity improvement, and the number of inventory days was
reduced from 26 to 22 days to accelerate the production process, the researchers
concluded that applying waste-free approach achieved 13.3% of productivity
improvement. And the same results were achieved in this study by reducing production
time and thus improving the productivity.

Sivaram & others (2013) revealed in their study the importance of using the TPM system
with ISO 9001 to perform the accompanying model, which is based on eight TPM
columns modified into five items of 1SO, so as to achieve zero defects, zero crashes and

zero accidents. In addition, the implementation of the TPM 9001: 2008 study model
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wouldn't affect the quality management system based on the 1SO 9001: 2008 standard.
On the contrary, it will increase the company's benefits by increasing electrical
equipment, health, safety, environmental improvement levels and uninterrupted
production. To add to that, the company has an integrated system of both standard TPM
and ISO.

A study that was carried out by (Rosnah M.Y. and Othman A., 2012) at a Plastic Molding
Division of a SME company located in Malaysia, the plastic molding company is
continually striving to increase productivity, reducing inventory and delivery on time
using value stream mapping, Kanban pull, and 5S. The results showed total productivity
improvement by 15.6%, inventory reduction by 50.6% and increase delivery on time
by100% every month.

According to (Patel and Thakkar, 2014), the implementation of 5S and visual
management system in the ceramic manufacturing company has improved the inventory
system, space utilization, reduced error range and personnel safety, increased machine
efficiency and work environment, increased productivity, space utilization, workplace
cleanliness, rapid damage reporting and instrument maintenance, ease of inspection, and
eliminated the causes of accidents in the company.

In a study by (Goriwondo, et al., 2011), the use of a value stream map to reduce waste in
manufacturing for the baking industry in Zimbabwe was presented. The study aimed to
use a value-flow map to determine and reduce waste in bread-making and improve the
process. The study demonstrated the use of a value flow map to reduce waste in the baking
industry and reduce defects by up to 20%, reduce unnecessary inventory by 15%, reduce
unnecessary movement by 37%, improve efficiency, and increase production capacity by

15%.
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In a study by Moura (2015), LM implementation study was carried out for a tissue paper
factory. The production process consists of several steps that require specific machines to
prepare and then process the pulp for the production of tissue paper, this process is not
flexible. Therefore, the study aimed to reduce waste, improve annual productivity, and
enhance competition. The study demonstrated the use of SMED, which resulted in
positive results including increase in the productivity time by 1.5 hours which is translated

in revenues of almost 150.000 euros.

2.8 Chapter Summary

In this chapter, the adopted methodology, tools and techniques implemented through a
review of previous studies and research are explained. Previous studies on the application
of LM methodology and its tools confirm the effectiveness of this methodology in
improving productivity and space utilization in industrial organizations. All previous
studies confirm that the application of flexible management tools significantly reduces

different types of waste, enhances production efficiency and reduces cost.
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Chapter Three: Research Methodology

3.1 Overview

The implementation of lean manufacturing methodology helps organizations to improve
quality, reduce lead time, deliver on time, improve customer satisfaction and exploit
resources that increase sales and profits (Upadhye et al., 2010).

The purpose of this research is to apply Lean Manufacturing methodology in To-me
Cosmetics in Al-Bireh. Lean management tools that explains the problems from several
aspects and help to perform appropriate solutions to reach the targeted improvements
were followed in this research.

This chapter explains the quantitative and qualitative research methodology to answer
the research questions, the way the data were collected, the tools(VSM,5S ,TPM ) used
in structuring and supporting the arguments for the thesis problem, testing hypotheses to
achieve the objectives and validating the results.

The methodology that was followed consists of three stages:

The first stage consists of studying the current manufacturing system through studying
the manufacturing practices within the company and conducting personal interviews with
the plant manager, operations director and production officer at To-me Cosmetics
Company, to study the current situation and to identify the problems (wastes), collect data
within the company through interview techniques and to choose suitable lean
manufacturing tools for waste disposal.

The second stage includes studying lean manufacturing tools application and testing its
effect on increasing productivity, reducing costs, achieving competitive advantage and
making a comparison between the existing manufacturing system and the system using

lean manufacturing.
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The third stage includes verifying the results and assessing the impact of lean

manufacturing on the performance of operations and production at to-me company.

3.2 Qualitative Technique

Qualitative Research is any type of research that produces results that have not been
reached by statistical procedures or other quantitative means (Strauss and Corbin 1990).
This technique focuses on collecting participants' perceptions, experiences, and
behaviors rather than collecting digital data (Tenny & others, 2017).

It is a non-numerical examination that focuses on an in-depth analysis of assumptions,
beliefs, and interpretation of observations, for the purpose of discovering underlying
meanings and patterns of relationships (Casebeer and Verhoef, 1997).

Types of data collection include: observations, interviews, group discussion, oral history
and analysis of narrative and textual data such as: letters, reports, and films (Carter &
Henderson, 2005).

All techniques have their own strengths and limitations, many analogues suggest that
quantitative and qualitative techniques should be combined to compensate for their

overlapping weaknesses (Kelle (2006).

3.3 Quantitative Technique

Quantitative research is known as a research that explains human problems or phenomena
using methods based on mathematics and numerical data, especially statistics, to analyze
these data (Yilmaz, 2013)

According to (Pathak et al., 2013), the quantitative approach is based on numbers and can

be performed objectively. (Phakiti, 2010 it is derived from quantifiable variables and
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factors which result from measurement instruments. It is used to define a problem or
address the “what” or “how many” of research question methods and the data used that
are comparable on a numerical scale.

After creating the flow chart of the target process, data were collected using the data
collection sheet presented in Appendix A, cycle time and lead time were identified in the
current status, wastes and non-value-added steps were identified and eliminated using
VSM and 5S tools. The new flow chart was developed and implemented after the
improvements were done. Data were recollected for this new flow chart and percentage

value added was calculated to verify results.

3.4 Data Collection

3.4.1 Interview

Interview is a procedure designed to obtain information from one or more persons through
oral responses to oral inquiries, whether structured or unstructured interviews.
According to Saunders and Lewis (2000), the interview research system allows the
researcher to be flexible and change direction with the emergence of changes in new data.
According to Bryman (2008), semi-structured and unstructured interviews mostly focus
on the experience and opinion of the interviewee, with the aim of obtaining rich and in-
depth data. Janesick (2010) stated that the main technique of such a method is based on
observation, interviews, documents, photos and videos.

Sommer & Quinlan (2018) emphasize the importance of using this technique to help the
researcher discover how, what and why it happened in more details than the written
records, which helps to provide a good explanation or identify the discrepancy during the

work
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For this thesis, the main objective of the interviews conducted is to obtain additional
information regarding the business and other major issues that hinder the implementation
of Lean management in the plant. More data were collected through daily conversations
with employees to examine the difficulties that emphasize the lack of principles of lean
management.

The interview was conducted in the workplace with approximately 30 workers and
department officials inside the factory separately and at different times for a period of
time ranging from 15-20 minutes during 6 months during the daily work movement. It
also included an interview with the owner of the factory to document the state of the
company and listen to the problems from their point of view and how the production

process, the problems that hinder their work.

The main objectives of the interviews, meetings and observations are:

1- Understand work environment and the production process.

2- Collect data to identify current performance.

3- Identify opportunities of improvement.

4- Set priorities for improvement.

5- Communicate the work to be done with everyone

6- Ensure that the main purpose is to improve the workplace and that the collected
data will not be used for the purpose of performance evaluation of the staff.

7- Verify results of improvements and be able to sustain achievement.
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3.4.2 Observation

According to Mahoney and Goertz (2006) ‘It requires that the researcher becomes a
participant in the culture or context being observed’. Participant observation requires
intensive work for a long period of time in order for the researcher to be accepted as an
essential part of the culture. In the end, the observations are guaranteed as a natural
phenomenon.

According to Kawulich (2005), a qualitative tool is the systematic description of actions
and events in the social environment chosen for the study. Arumugam & others (2012)
Observation method helps identify root causes of differences in process output.

Brady (2004) an increase in the number of observations will address more variables and
lead to more reliable data.

Antony & Douglas (2012) realized that observation affects the company and the people
affected by enhancing employee engagement, improving company learning, and
providing employee learning through experience.

For this thesis, the Observations in the company included all manufacturing lines during
the company's working hours. The researcher followed the role of the participant and the
observer in writing down their daily performance, the work of machines, the arrangement
of materials and tools, the ease of access to them and the problems that affect the
development and growth of the company were monitored.

Furthermore, the company’s observations included all manufacturing lines during the
company’s working hours, which led to the discovery of many problematic matters such
as the absence of a clear maintenance system, the lack of easy access to materials for the
production process (raw materials, empty cans and labels), unplanned release of workers

from one area to another, which leads to delayed performance of liquid production line.
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These initial observations were supported by interviews that provided a deeper insight

into the work activities.

3.4.3 Data Analysis

Analysis tools such as Value Stream Map, Total production Maintenance, Fishbone
Diagram, 5S technique and eight wasters to obtain quantitative and qualitative data, to
identify the root causes of problems, to find solutions and apply improvements to make a

change to the existing situation in the company.

3.5 Research Tools

Implementation of adequate lean is a basic need in current manufacturing industries,
where this research focuses on identifying practices, techniques, or tools for
implementing lean in manufacturing to improve productivity. The purpose is to get the
right product, at the right quality and at the right time in order to achieve profitability and
maintain competition by continuing to grow sales.

In this research, a simple input, process and output model of the manufacturing system is
developed with identification of wastes known as seven deadly wastes of lean in order to
create awareness of the lean system in manufacturing. Figure 2 presents a system model
showing the relationship between lean and waste dimensions. “Muda” is a Japanese word
for waste and “Ohno [11]” identified seven types of waste namely: overproduction,
waiting, transportation, unnecessary movement, poor handling, defects and inventory.
Productivity can be improved by eliminating this waste from the system by effectively

implementing simple tools.



39

Once companies have obtained the main sources of waste, as a result of using tools like
Kanban, in time method of production homogeneity, autonomy, Kaizen etc. will help

companies to take corrective action to eliminate or reduce this waste (Monden, 1993).

3.5.1 Implementation of Lean Methodology
The goal for any manufacturer today is to reduce costs, increase efficiency and lead times,

and eliminate waste while maintaining the highest quality of its products (Tapping, 2002).

3.5.1.1 Value Stream Map:
Value Stream is defined as understanding all the activities required to produce a particular
product and optimizing the entire process from the point of view of the end user or
customer. Emiliani (1998).

VS is a very important part of the VSM process in documenting the relationships
between manufacturing processes and the procedures used to manage these processes,
such as production information and production scheduling.

The majority of process planning techniques often only document the flow of the core
product, while VSM also documents the flow of information within the system.

Value Stream Management is a process that helps organizations identify and
systematically remove non-value-added elements from value.

The goal for any manufacturer today is to reduce costs, increase efficiency and lead
times, and eliminate waste while maintaining the highest quality of its products
(Tapping, 2002)

The main objective of the VSM implementation in To-me is to improve the performance

of the production system. A study was conducted on the existing production lines in the



40

manufacturing organization. The organization currently has four similar production lines
with a production capacity of approx. 80000 monthly. The study identified the liquid
production line to apply VSM. The main reason for choosing it among the production
lines is that its production was less than the planned production capacity, the demand
from the client was very high but the organization was not able to deliver on their clients'
requirements. Where the study focused on the liquid production line to improve the

overall productivity, performance and quality of the manufacturing line.

3.5.1.2 Total Preventive Maintenance
TPM is an effective way to ensure that there are no defects or failures and to reduce
expenses which is a requirement for the success of the company.

According to Adesta et al. (2018), they summarize the eight pillars of TPM as follows:

Tatal Productive Maintenance
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Figure 3-1: A TPM Model with 8 pillars (Adesta et al. , 2018)

This system is based on eight pillars aimed at improving equipment performance by
using proactive maintenance to prevent any failure or sudden shutdown, control of

equipment parts storage room inventory and maintenance layoffs.
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1. Autonomous Maintenance: Train operators in simple daily maintenance tasks such as
inspection, cleaning, tightening of loose bolts, lubrication and visual inspections
Maintaining tidy and orderly location of equipment. This will help operator’s flexibility
to work and eliminate the root causes of defects, enhance the sense of responsibility and
prevent any sudden failure, so that the work becomes more reliable

2. Continuous Improvement (KOBETSU KAIZEN): Focuses on small improvements
and operations, encourages all employees to participate and reduce losses that can reduce
efficiency.

3. Planned Maintenance: Focuses on small improvements and operations and encourages
all employees to participate.

4. Quality Maintenance: It mainly depends on the 5S to get rid of existing quality
problems, take proactive measures. Quality maintenance focuses on the prevention and
detection of defects.

5. Early Equipment Management: Focusing on easy access to parts, easy cleaning and
lubrication.

6. Education & Training: It aims to train maintenance personnel and make them multi-
skilled and to carry out emergency and preventive maintenance.

7. Safety, health and environment (SHE): a safe and healthy environment to eliminate
malfunctions and accidents where defective and unreliable equipment poses a threat to
the operator and the environment, which negatively affects productivity.

8. TPM in administration: Operations related to administrative functions that will

support production, such as order processing.
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3.5.1.3 The 5S Phases
The 5S model is an essential tool for Lean management that benefits any organization
by creating order and ranking in the workplace for organizing spaces so that work can
be performed safely, efficiently and effectively. The system focuses define an
organization’s approach to its business and to assess organizational capacity in the
workplace, on putting everything in place and keeping the place clean, thus making it
easier for people to do their jobs without wasting time or risk injury (Chapman, 2005).
5S it is a simple idea that many companies fail to implement: the idea of having
everything in its place, a certain amount of material used for what will be used, getting
rid of unnecessary things, keeping the status quo clean and striving for improvements.
In the event that this can be achieved, many wastes will be disposed of; Satisfaction,
safety, satisfaction and efficiency levels increase with time.
5S is implemented in five phases (Antosz K., Pacana A., Stadnicka D., Zielecki W., 2015)
Sort
To get rid of unnecessary tools in the work environment and thus use the space.
The main idea at this stage is to categorize the materials in the site designated for them
and remove unnecessary or irrelevant elements.
The team that participated in the implementation of this stage was formed and
trained to ensure that the steps and importance of the screening stage are known, as it is
necessary for the team to be familiar with the necessary methods to perform this stage in
the required manner. Unnecessary materials will be disposed of and stored elsewhere,
and consumables will be largely kept close to the place of use.
Pictures will be included to distinguish between the old and new work environment after

improvement.
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Set in Order

When all unnecessary items are eliminated, the place is organized with the aim of
arranging the working environment and process flow.

During this stage, each area is identified with a special sign and a place is allocated for
each similar group separately, by installing specialized shelves with visual instructions in
order to arrange materials and tools and organize them in an accessible manner. This stage
is usually the most time-consuming stage of the entire 5S program.

Shine

This stage consists of cleaning the workplace and maintaining the work area on a daily
basis, which helps in identifying any broken tools or machines, redundant items, and
factors that harm work safety.

Standardize

This stage involves finding ways to maintain the first three stages. Employees participate
in creating a set of standards that will govern the organization, arrangement, and
adjustment of the workspace in the future.

This stage explains in detail the correct method to work through instructions and
procedures by which the area must be preserved.

Sustain

The goal of this stage is to adhere to the new standards. Workers keep the new rules in
place and practice the first three steps every day until it becomes an automatic and
acceptable way of doing things. This last stage is often the most challenging. However,
without maintaining the new system, all the efforts and costs that went into its

establishment will prove fruitless.
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The system will be sustainable, when order, hygiene and culture become one part of the

work habit.

3.6 Chapter Summary

This chapter introduces the adopted methodology of the research and utilized tools to
achieve the desired outcomes. Data was collected using interviews, direct observations,
and data collection sheets to identify process cycle time and lead time and be able to
calculate process efficiency. It also presents the utilized tools in this research like TPM,
VSM, and 5S and how it will be utilized to present the current status of the process under

investigation and was used to reach the desired outcomes.
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Chapter 4: Results and Discussion

4.1 Background

Lean management practices and principles have been widely adopted in many
industries, but they are in principle new schools of thought for a factory in Palestine.
However, when a factory develops it into a production facility, it becomes necessary
to apply these principles in the day-to-day thought and practice of the organization.
This chapter provides insights into the process of revealing the problems of To-me
Company and hidden problems inside the factory and during the production process.
After conducting gap analysis, it is clear that To-me Company has poor production
management system which leads to a decline in productivity, profits, market growth
and competitiveness.

The company has three production lines: a liquid production line, a cream production
line, and a semi-solid production line. Each line has its own machines, mixers,
workers, method and system of work. Divided each line in its own room and separated
from the other rooms.

After preparing the flow chart of liquid production line, the VSM was developed for
this process after identifying the cycle time and delay time of each process step in
order to calculate the process efficiency and identify value added and non-value-
added steps in the process.

The warehouse space has been rearranged by applying the 5S tool to organize the
work environment. The organization of spaces, stores, and production area will result
in better utilization of spaces, lower hindering of movement of workers, less defects,
better access to raw materials and production area, and ultimately waste reduction in

all of its forms.
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The absence of a clear system for managing warehouses is a clear financial burden on
the company and a major source of waste and the lack of sufficient space. The
organization lacks not only the lack of warehouse management, but also the lack of a
position for warehouse administrator, which leads to the consumption of additional
time and negatively affects the production process. In addition, there are areas in the
warehouse that are ineffective, undefined and not divided by shelves. Regardless of
the materials that are spread on the warehouse floor due to the lack of a clear system
and policy for controlling and arranging warehouses, the time spent on identifying the
quantities available in the warehouses, inventorying them, tracking their operations,
easy access to them, and taking them out of the warehouse to the production process
consumes a lot of extra time.

The lack of space represents a major obstacle in the course of production operations,
regardless of the materials stored on the floor and on top of each other and the
presence of other items stored in the wrong place (internal drawers, special samples
for the laboratory, maintenance kits and materials for the packaging department,
unused tools and mechanisms).

The company also faces another problem like lack of maintenance which delay the
flow of production processes, it starts with the worker not distinguishing the names
of the machines and his inability to adjust them to the correct weight while filling the
product, his lack of sufficient knowledge or experience of the machines, and ends
with the lack of spare parts of the production machines, and accordingly, there is a

major disruption in the progress of the production process as planned.
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4.2 Data Collection

Data were collected in this research through interviews and direct observation by the
improvement team.

In this research, data were collected in a quantitative and qualitative manner. The
quantitative method is based on the accounting system, and the qualitative method is based
on observations and interviews with employees.

In this research, the plant manager, warehouse manager, maintenance officer, operations

officer and related workers were involved in the data collection process.

4.2.1 Interview

Interview is a data collection method; specific questions are used to clarify hidden
problems affecting the company.

The main advantage of interviews stems from their capability to offer a complete
description and analysis of a research subject, without limiting the scope of the research
and the nature of participants’ responses (Collis & Hussey, 2003)

The researcher conducted personal interviews with the plant manager, general manager,
warehouse and maintenance and operations managers and other involved workers to
collect the required data and discover the real hidden problems in the company. The data
collected were documented immediately after each interview, although the interviews
were somewhat structured and specific topics and questions were asked, and the
information was taken directly to make a record.

Ten employees were interviewed to give the opportunity to share most of the individual
opinions of internal stakeholders and be able to collect the required data that will help in

revealing the problems under investigation.
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4.2.1.1 Interview with the Company Manager

While conducting an interview with the general manager of the company, many
difficulties were noted that confirm the lack of principles of lean management in the
organization.

The company is suffering from low productivity and inability to meet customer delivery
time, which resulted in financial losses and waste of time due to the inability to proceed
as planned. Accordingly, the management system was weak, the workers controlled the
work according to their opinions, and there was no sequencing in the production process
or the ability to commit to advanced planning because of the many things that hinder the
production process from the time taken to deliver the boxes and raw materials to the end
of time it takes to deliver the order to the customer.

Also, the operations manager cannot report the time allotted for the delivery of the order
with the required specifications and quality, and in order for the production process to be
efficient, the delivery of materials for the process, the preparation of the machines and
the sequence of the process must also be well organized.

In view of the reality of the existing situation of insufficient capacity to prepare materials
for the production process due to the limited and unorganized space for stores and the
difficulty in finding materials and taking them out of their place to prepare them for the
production process, which hinders the ability to fulfill promises and deliver the order on
the date agreed upon with the customer, and the manager has crossed his great
dissatisfaction with this problem and the losses it left behind and the weakness of the
ability to keep pace with competition in the labor market

He also complained about the lack of maintenance system in the company, which is

important to prevent sudden breakdowns of machines. The main problem is the lack of a
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person responsible for maintaining and supervising the machines and following up on
their work. On the other hand, the company has a storage cabinet for tools and spare parts,
which includes some maintenance parts, empty boxes and damaged boxes, and it is also
easy for any worker to access them and take what he needs. Also, there is no employee
responsible for receiving, disbursing, create inventory lists, and record maintenance work
on machines.

The lack of maintenance resulted in faulty filling of the products which will require
rework, delay customer order, and sometimes returned orders from customer.

There is another problem facing the company, which is the receipt of the boxes for the
packing process that are dirty and need to be re-scanned and sterilized to become suitable
for the production process, due to the lack of a competent warehouse official to carry out
his tasks in the required and correct manner. Therefore, the company today is threatened
if it cannot overcome these problems.

We exchanged a dialogue about the role of Lean management, which the company clearly
and tangibly lacks, and the importance of applying its tools to improve the existing
situation, arrange the work space, increase the efficiency of the production process and
organize it, and thus bring about important changes to increase the company's financial

returns.

4.2.1.2 Interview with the Employees

Interviews were conducted with ten employees in order to expand knowledge and gain
clearer and more valuable insights into the current situation in the production process.

It was noticed during interviews with the employees that they all suffer from instability

at work as they move in between more than one production line within a short time. They
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also feel that they are burdened with the existing work volume, the lack of space for
warehouses, and the repeated work due to defective machines and dirty boxes, which
doubles the work and consumes a lot of time at the expense of other products and the lack
of exploitation of work spaces. The employees also feel that the process will become
easier if there is a regular, correct and documented inventory process which will facilitate
the process of ordering the necessary raw materials.

They also complained about the time wasted in the process of cleaning cans of dust that
occurred during the storage process in warehouses, which doubles the work time and
delays the production process.

With regards to the frequent breakdown of the machine during work, the employees
complained about their inability to put a fixed caliber to fill the product, as the employee
is forced to change the caliber more than once, and sometimes it is poured on the

employee and he is forced to change his clothes.

4.2.2 The Observation Method

Observation is more than just seeing, as evidenced by the famous quote by Sherlock
Holmes D. Watson: "You see but you don't observe” (Conan Doyle, 1891).

Visibility is a necessary but not sufficient condition for monitoring, and the observed
information must be in a reportable form for any decisions. (Machamer, 1970).
Arumugam, Antony & Douglas (2012) found that observation influences people and the
company by improving company learning, enhancing employee engagement, and
providing employee learning through experience.

While Cohen, Manion & Morrison (2007) confirmed that observation is a powerful tool

to focus on situations by asking a set of questions to monitor activities and events, and it
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also helped the researcher to reveal problems and their priorities, like any tool that the
researcher should plan when using it.

The monitoring process included all manufacturing lines in the company and during the
usual working hours from 8:00 am to 4:00 pm, through which the current situation of the
company was assessed by monitoring the movements of workers, their performance of
daily work and how tasks are distributed to them.

Semi-regular interviews were conducted, random questions were asked and notes were
taken without affecting the production process. This step was necessary to discover the
problems that occurred during the work, and to know the sequence of the production
process and the time wasted through it, and to discover the problems that affect the

development and growth of the company.

4.2.3 People Involvement

After conducting interviews and collecting feedback, an improvement team was formed
which included employees from all departments to ensure high participation, which is
extremely important to the success of the LM implementation. The improvement team
members were trained on how to use LM tools and the importance of applying them and
participated in all activities. The objectives of this study was explained to all other
employees and informed of the necessity and importance of its implementation and how
it would facilitate and organize their work and improve the productivity.

Improvement team members have been assigned tasks that will contribute to the
development and improvement of the production process, the use of space and the

handling of machines.
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4.3 Data Analysis

The main objective of data analysis is to find meaning in the collected data, which enables
the researcher to extract knowledge to make correct decisions about the existing situation
in the factory. The following are tools used for both data collection and analysis:

4.3.1 Flow Chart:

Flowchart is a tool for visualizing the characteristic steps of a process in sequential order.
The main idea is to include all steps that are critical to the process. The flowchart is also
used to visualize the process that cannot be seen in Lean.

In order to understand the process of producing liquid cosmetics products, the
improvement team draw the flow chart of this process through direct observation from

beginning to the end.
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The flow chart is presented in figure (4-1):
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Figure 4-1: Flowchart for the process of producing liquid cosmetics products
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The production process of a product in a Liquid Production Line consists of the following

steps:

- Take customer order: this step is done by phone, or in writing on blank paper without
using any forms.

- Issue production order: the collected order is added to a week production plan without
identifying delivery period.

- Prepare raw material: the production officer informs the workers to collect the raw
material from stores. He names the raw material for each worker to collect according
to production formula that is considered top secret and is not show to the workers.
This lead to long delay in collecting raw material since it is collected in many stages.
The final stage is identifying the required weight of each material.

- Prepare batch file: in this step the production officer prepares the quantity to be
produced, the name of the product, the product code, and the serial number (Lot).

- Mixing: to collected material is mixed in the mixing machine for around 90 minutes.
The mixture remains in the mixer for around three days to get rid of the foam.

- Prepare empty bottles and covers: the bottles and covered are prepared to be filled
with the mixture.

- Prepare filling line: the mixture is transferred to the filling line automatically, then the
filling line is calibrated, and the empty bottles and covers are brought to the area of
filling line.

- Prepare labels: labels are prepared to be stacked on the bottles.

- Filling and covering: the workers fill the empty bottles and cover it.

- Labeling: the workers stick the labels on the bottles manually and sometimes

automatically. And the expiry date is printed on the bottles.
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- Packaging: the bottles are sorted in cartons, product label is printed on the carton, and
then sent to stores.

The final product is sent to show room in a different location outside the factory area.

4.3.2 Eight Wastes

The main objective of Lean thinking remains the focus on eliminating waste at all stages,

functions, and areas within the system. It is necessary for organizations to understand the

nature and size of their waste and how to eliminate it, to work towards creating a lean and
successful organization (Taylor & Brunt, 2001). Initially, the Lean application should
start by recognizing the sources and types of waste in the system.

The 8 wastes according to Jeffery Liker (2004) are listed below:

1. Motion — Excessive movement of materials and people which leads to unnecessary
work and fatigue.

2. Transportation — Moving resources such as, inventory, tools and finished products
from one place to another without adding any value to the product, any unnecessary
movement is classified as waste.

3. Non-utilized people — Failure to exploit the full potential of employees.

4. Inventory — Overproduction of materials or finished products that need to be stored.

5. Defects — Reworking the product to correct defects (Defect means a waste of
processing, effort and time, causing rework, scrap and incorrect information).

6. Over production — Production of more materials and finished products than demand.

7. Waiting — Time taken or lost waiting for the previous process step to be delivered.

8. Excess processing — Business that consumes resources and effort but does not add any

value to the customer.



After clarifying and defining the eight wastes, the improvement team created a table of

the eight wastes, which shows the defect in the production processes as shown in the table

(4-1):

56

Table 4-1 Eight Wastes of Liquid Production Lines

Process DOWNTIME
Step # Process Defects [Overproduction [Waiting Non- Transportation |Inventory [Motion | Excess
Step utilized processi
Talent ng
1 Take customer order 4
2 Issue production order v
3 Prepare row material 4
4 Prepare batch file v
5 Mixing 4
6 Prepare filling material v v v v v
7 Prepare label v v
v
8 Prepare filling line 4 4
9 Filling & cover v v v
10 Labeling 4
11 Packaging
12 Shelf life printing
13 Storage

Waste reduction is a major concern in today's industrial environment. The eight wastes
table above shows that movement, transportation, waiting and inventory time are the four

main wastes that greatly affect the efficiency of the production process and the availability

of floor space.
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» Take customer order: Defects occur because the customer's order is taken orally
without documenting it, writing the quantities, and reviewing the order with the
production and warehouse officer before confirming the order.

» Issue production order: defects occur since there is no form to include quantity and
specifications. Long waiting occurs due to lack of production scheduling, lack of stock
check of raw material to cover order quantity, and lack of confirming delivery period
to customer or production officer.

» Prepare raw material: Delay occur due to unlabeled raw materials and unorganized
storage are, workers have to move many cartons or barrels to reach the required
material. Additional delay occur since the workers are informed verbally what to
collect from the store since the production formula is top secret. Defects occur due to
repetitive movement of raw material from one place to another to collect and required
ones. While high motion occurs due to unorganized stores and lack of raw material list
to be collected.

» Prepare batch file: long waiting occurs since the batch file prepared after preparing the
raw material.

» Mixing: delay occur because the raw material step takes a long time on many stages.

» Prepare empty bottles & covers: defects, waiting, transportation, extra or less inventory
and high motion occur due to unidentified quantity of bottles and need of bottles
pickup on many stages, in addition to lack of required quantity in near stores and lack
of clean store area where dust is found on the bottles and covers.

» Prepare label: waiting, motion, and transportation occur since the labels are not
prepared with the bottles and not all of them are stored in one place. Then the required

quantity is not identified which may result in extra or less labels prepared.
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» Prepare filling line: waiting occur due to long time required to get rid of the foam of
the mixture and delay in preparing empty bottles and labels which requires high motion
to bring missing items to filling area.

» Filling & covering: defects occur in less or extra filling due to estimated calibration.
Waiting occur due to less number of bottles, unlatching covers for these bottles,
machine malfunction due to lack maintenance, and mixture spilling due to fault
calibration.

» Labeling: waiting occur due to lack of stock check of available labels before this

process step, and due to preparing less number of required labels.

Potential quick wins: the spotted quick wins are to perform the preparing raw material
step and preparing batch file in parallel. Also, the predation of empty bottles, labels, and
filling line will be performed in parallel. This will reduce the delay and the motion in

these steps and will also lead to less defects and transportation.
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4.3.3 Production Process Data Collection

The production process data were collected by live observation by the optimization

team for the Liquid production line, the cycle time and delay time of each process

step were collected using the data collection sheet.

Table (4-2) Efficiency Data for Current Status of Liquid Production Line:

Process step AVG CT(minute | AVG AVGLT(min | %VA =
per square DT(minute ute per CT/LT %
meter) per square square

meter)

Prepare raw material 350 220 570 61

Mixing 200 216 416 48

Prepare batch file 20 228 248 8

Prepare empty bottle & 150 1400 1150 13

cover

Prepare label 13.1 96 109,1 12

Prepare filling line 70 240 310 22

Filling & cover 180 180 360 50

Labeling 190 200 390 48

After collecting the process data, the improvement team calculated the process efficiency

as follows:
CT=cycle time
DT= delay time
LT= Lead time

LT=CT+DT

%V A= percentage value added of the process which measures process efficiency.

%VA =YCT’s/YLT
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= (1173.1/2707.1)
=43 %

The low efficiency is due to long lead time in this process.

4.3.4 Value Stream Mapping

VSM is an analytical method, based on the level of details available that adds value to a
product or service. It highlights not only process deficiencies, contact and transaction
mismatches, but also clues about improvement (Rother and Shook, 1999).
An important objective of the value flow diagram method is to identify opportunities for
improvement in a future and short period of time.
An important part of the VSM process is to control the relationship between
manufacturing processes and the controls used to manage them, such as production
scheduling and information.
Most process planning techniques only document the flow of the core product, while
VSM documents the flow of information within the system. VSM is about eliminating
waste wherever it is and making work flow (Singh et al., 2009).

The improvement team was trained on the VSM process and prepared the map presented

in figure (4-2):
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Figure 4-2 Value Stream Mapp of Liquid product Production process
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To calculate the efficiency of the process, the sum of the sum of cycle times is divided
by the sum of lead times, where the total lead time equals the sum of all cycle times and

delay times.

%V A (process efficiency) =Y CT’s/> LT

= (1173.1/2707.1)

=43 %

4.3.5 Cause & Effect Diagram

The fishbone diagram and analysis typically assist to uncover all the symptoms of any
business problem by evaluating the causes and sub-causes of one particular problem. It is
also termed as “Cause-Effect analysis” for that particular reason. In a typical fishbone
diagram the targeted problem has been put on the head of the diagram and the causes are
put as the bones and then smaller bones are created as the resemblances of the sub-causes.
Ultimately after completion of the diagram it is a comprehensive evaluation of the causes

of the main problems and also reveals the root causes as well. (Bose, 2012).

The diagram shows a model of the association between the problem and its potential
causes based on the five main categories of investigation into the causes of problems:
machines, process, manpower, material and management. The improvement team prepare

the cause and effect diagram presented in figure (4-3):
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Process :
Manpower Machine

Overstocking, —» Lack of preventive \—»

Unplanned reallocation \—» .
maintenance

Long waiting e

No assigned

No direct supervisor location

Improper layout Unlabeled

No sufficient staff

No calibration —>
record

Low Process

Efficiency

No assigned storage spaces Lack of follow

up

Excessive Inventory | —— Lack of incentives/ —»

Lack of scheduling —
Defect —>

Material Management

Figure 4-3 Cause and Effect Diagram (Fishbone Diagram)

After completing the identification of potential causes in the cause and effect diagram,
the improvement team identified the root causes of the problem using the interrelationship

diagram.

According to Dogget (2005) it is a graphical tool to illustrate the various relationships
between processes, factors, or other aspects. The Interrelationships Diagram (I1D) helps
identify, categorize and analyze cause and effect relationships to identify the root causes
among all critical issues so that the underlying factors are likely to be an effective part of

the solution. The arrows plotted between the factors represent a relationship.

Outgoing arrows represent a causal relationship and incoming arrows represent an effect
relationship, both arrows are counted for each potential cause (factor), the higher number

of arrows for each factor indicates if it is an effect or a cause. If the number of outgoing
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arrows is higher than incoming ones then the factor is considered as a cause, and if the
number of incoming arrows is higher than the outgoing ones then the factor is considered
as an effect.

The improvement team prepared a diagram of the interrelationships as presented in Figure

e
Mo Direct
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h, _ - | \
II
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e - 0. 1
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uo . Frocess Lavowt II
] |
\ |
1
|
p ———— |
Defects |_| " 11 Lack of
| " | Preventive |
|
‘ [ |
—_— JEE——
» | Excessive rew | Mo nssigned IJ [
material Inventorny e hine |
N, A N [
- |
)
Mo Assignad Unisbessd A
Siorage 1 Biachines
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Figure 4-4 Interrelationship Diagram
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The improvement team prepared the interrelationship diagram to identify causes of the

problems presented in the fishbone diagram. The results are presented in table (4-3)

below:

Table 4-3 Interrelationship Diagraph Analysis

Cause/Effect Arrows | Arrows | Result
In Out
Unplanned reallocation of workers 3 0 Effect
No direct supervisor 0 3 Cause
No sufficient staff 0 3 Cause
Overstocking 5 1 Effect
Long waiting 7 1 Effect
Improper Process Layout 1 2 Cause
Lack of preventive maintenance 1 2 Cause
No assigned machine location 0 1 Cause
Unlabeled machines 0 1 Cause
No calibration record 0 2 Cause
No assigned storage 0 1 Cause
Excessive inventory 1 1 Effect
Defects 3 0 Effect
Lack of follow up 1 2 Cause
Lack of scheduling 0 3 Cause
Lack of incentives 1 0 Effect

After identifying the causes, the improvement team will target these causes to be solved

which will help in reducing/eliminating their effects. The improvement team proposed

the following solutions for each cause as shown in table 4-4.
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Table (4-4) Proposed Solutions for the Root Causes Identified in Interrelationship

Diagraph Analysis:

Cause

Proposed Solution/Tools

No direct supervisor

Assign supervisor

No sufficient staff

Hire maintenance technician

Improper Process Layout

Plan new layout / 5S

Lack of preventive maintenance

TPM

No assigned machine location

Plan new layout / 5S

Unlabeled machines

TPM

No calibration record

TPM

No assigned storage

Assign storage / 5S

Lack of follow up

Assign supervisor

Lack of scheduling

Prepare production schedule form

4.3.6 Implementation of the 5S Tool
5S is a Lean and process improvement system to clean the workplace, reduce waste and

improve work productivity. The 5S concept helps maintain an organized workplace and

uses visual cues to achieve more consistent production processes (Al-Aomar, 2011).

The 5S model is one of the mandatory waste disposal methods used in a Lean
Management organization. Implementation of the 5S system in the company helps in
eliminating waste (MUDA), increasing productivity, reducing costs and increasing
employee satisfaction, freeing up and cleaning space, improving workplace conditions,

and most importantly increasing security, safety and visual factory generation that allows

for quick identification of the state of the workplace(Bicheno & Holweg 2009).
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The 5S concept is implemented in five phases ; the sort phase aims to sort out unnecessary
items, the set in order phase aims to arrange a place for everything, the shine phase aims
to clean the workplace, the standardize phase aims to document business procedures and
the sustain phase objectives to continuously maintaining established procedures
(Osada,1991).

An initial introductory session was scheduled with the employees responsible for the
stores (raw materials, empty bottle and labels) in order to explain, define and clarify the
importance and necessity of applying the 5S model in the Warehouse and the steps that
will be followed. Accordingly, the tasks were distributed to the employees and the work
mechanism was clarified.

In order to have a better view of work environment, the improvement team draw the

factory layout as presented in figure (4-5) and Figure (4-6) and Figure (4-7):

Kiluhern

Figure 4-5 Planning of Storage Away the Factory
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The company has two stores for raw material, two stores for empty bottles and covers,
one room for labels, and three rooms for production, one of them is assigned for liquid

production process.

4.3.6.1 Sort Phase:

This phase included sorting out all defects, unnecessary items, tools or machines, and
keeping the needed ones to be able to organize the work environment and create spaces
for sorting them.

The sorting targeted all of the stores, labels room, and liquid production room. Photos
were taken for the current status to be compared with the new status.

The accounting system includes the purchased material and it does not include the
material used in production, this leads to false stock in the stores. Accordingly, the team
replied on the material list from the accounting system to be able to identify what is
available and what are the most used ones.

The first stage of sorting targeted the raw material, empty bottles and covers, and labels.
During this stage 2500 empty bottles with covers were sold with total amount of 7300
NIS, 2000 empty bottles with covers were sorted out and scrapped since it is no longer
used in production and cannot be sold, no defects were found in the raw material, around
3000 labels were sorted out, 42 empty barrels were sold with total amount of 600 NIS,
two filling machines were sold, and two filling machines were sent to maintenance and
returned to production.

Due to the created spaces, the company was able to get rid of an external store of 160

square meter area and an annual rent of $12000.
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The Liquid Production Line area was cleared from all of the unnecessary items to allow

flexible movement of workers and create spaces for production items.

4.3.6.2 Set in Order and Shine Phases:

The shine phase was implemented in parallel with the set-in order phase to achieve the
cleanliness of each area after the set in order is finished, so once the sorting stage is
completed, the process of cleaning from the accumulated dirt begins, and training the
stores workers to take advantage of the new clean place. And training the stores
administrator on the cleaning mechanism and documenting the process using the
developed records. The sorting and shine phases were divided into three stages.

Sorting Raw Material Areas, A:

There are two stores for raw materials, one near the production area, and the other is on
the second floor with external entrance. Reply on the sales report, the most used materials
were sorted in the near stores, and the less used material were sorted in the far store. The

company agreed on ordering 14 rack for sorting raw materials as presented in figure 4-8.

1’/ I

= 7

Figure 4-8 Design of New Stand for Raw Materials and Final Products Storage
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These racks helped in avoiding accumulation of raw material on top of each other and
reducing defects. It also helped in labeling this material and provide better visibility for
workers to sort them and also identifying the needed material for production process, this
also reduces workers movement, eliminates unnecessary transportation, and reduce
delays in preparing raw material for production.

The raw material was sorted according to their category (perfumes, colorings, dry
material, empty barrels, and liquid material) to guarantee easy sorting and easy access to
these materials. The racks were labeled to help the workers in identifying these materials.
This will also lead to faster stock check.

Table (4-5) presents the old status and new status of raw materials storage:

Before After

E;ZE*"
10-@72021 Tue 09:11:53

|

)

Raw Material

in store A ! * =18 ... %
) .- {
(away the a b
factory) b

“*\ﬁ

-4
: ‘ . IP Cameral

t




72

Raw Material
in store

(near the
factory)

Adlad) ) gall




73

Sorting Empty Bottles & Covers Storage B:

The cartons of empty bottles and covers were sorted according to the shape and size, the
most consumed ones were sorted in the internal store and the least consumed ones were
sorted in the external store. Some of the cartons were labeled with symbols to identify the
bottles inside, these symbols are presented in a table so that the workers can track the
needed ones. Other cartons were labeled in a different mean where one bottle was taken
from the carton and was sticked to the carton so that the workers can identify the needed
ones easily. This labelling helped in faster sorting of received bottles and faster
consumption of needed ones. Spaces were created between the sorted cartons to allow
ease of movement.

Table (4-6) presents the old status of bottles storage and the new status:

Before After

Empty Bottles &
Covers Storage

(away from
factory)
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Sorting Labels C:
A new room was assigned for sorting the labels to guarantee easy access to the labels.

New shelves were added for the sorting in a safe proper manner according to product
name and size. The shelves were labeled to provide easy identification of the needed
labels by the workers, easy sorting for purchased ones, and easy stock check. A staff
member was assigned for this room who will handle labels consumption and ordering.
Table (4-7) presents the old status and new status of labels storage:

After

Before

Label
Storage
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4.3.6.3 Standardize Phase

The 5S standardize and sustain phases were implemented simultaneously to sustain the
gained improvements. These phases will include monitoring and controlling storage and
consumption of raw material, empty bottles/covers, and labels.

In order to manage and control inventory the improvement team agreed on assigning a
staff member for raw material stores and another one for stores of labels and empty
bottles/covers. The company manager and the quality manager will follow up the
conformance to standards in sorting by the assigned staff members.

A purchase order form was prepared to monitor and control sorting process of inventory
and avoid excess inventory or shortage. The form is show in Table (4-8). The Arabic

check list is presented in Appendix A.
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Table 4-8 Purchase Order Form

Purchase order form for raw materials /empty bottles /

labels

Date:

Ordering Part

Item Name and

Description

Specifications

Available Quantity

Needed Quantity

Supplier Name

Applicant signature

Manager Signature

Receiving Part

Reception Date

Received Quantity

Conformity to

Specifications

Notes:

Storage Location

Recipient Signature:
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The purchase order form is divided into two sections, ordering section and receiving
section. The ordering section of the form will be filled and signed by the applicant; it
includes date of application, item name, item specifications, available quantity, needed
quantity, and potential supplier name which will be filled by the applicant and confirmed
or amended by the accountant. The factory manager will sign the form to confirm
approval of purchase. Then the accountant will check, contact suppliers, and confirm
supplier name. The assigned receiver of the purchase process will fill the receiving items
that includes date, received quantity, matching specifications, any notes including lessor
extra quantity, change in item specifications, defects, returns to suppler, ...etc. Finally he
will sign the form and deliver it to the factory manager. In case of different specifications
and/or quantity, the receiver will directly inform the factory manager who will inform the
applicant of the order to confirm receiving or rejecting the order partially or fully. The
received items will be stored in place as written in the purchase form. Finally the form is
returned to the accountant who will insert the data in the accounting system and arrange
filing in assigned folders.
This form helps in managing and controlling purchased items. Any missing step is easily
detected by the factory manager or the accountant and the assigned staff member will be
informed directly to avoid future mistakes. The factory manager will follow that the
purchased item is stored in the assigned location.
The store manager will ensure the following to guarantee organized sorting and
withdrawal of items from the stores:

1- All items will be drawn from stores based on the production order.

2- Sorting will depend on first in first out for raw materials to follow consumption

according to shelf life.
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3- Consumed quantities of each item will be sent to the accountant to control the

inventory.

4- Barrels are stored on wooden pallets to avoid damage or spoilage.

5- Regular check of shelf life each two week and reported to the accountant.
The improvement team prepared check list presented in table (4-9) for each store to
ensure conformance to standards and sustaining the achieved outcomes. The Arabic
check list is presented in Appendix B.

Table 4-9 5S check List:

Removal of machinery and equipment from the cargo storage area.

The materials are completely closed to avoid the entry of insects or dust or their

contamination.

Do not leave or store any unnecessary items.

Ensure that all materials are identified for easy access.

Leave a space between the wall and save the materials to avoid the arrival of insects and
moisture.

Are the materials sites well organized and clear?

Are dry ingredients separated from liquids from perfumes?

Is the labels preserved and identified in appropriate conditions?

Are there labels to identify the material?

Is the process of arranging the materials in the designated place?

Are the floors clean and free from dust and dirt?

Are the stored items clean

Are the shelves clean

NamMe: .

Signature: ....ccoovevvveeceineeene
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4.3.7 Total Productive Maintenance

4.3.7.1 Overview:

TPM is a process improvement method that includes many things of a good maintenance
program to achieve higher levels of equipment effectiveness and helps with the
participation of employees from all departments and levels to further modify existing
equipment and processes to reduce errors and accidents from the production sector
(Williamson, 2000).

The goal of any TPM program is to improve productivity and quality along with increased
employee morale and job satisfaction. Earlier preventive maintenance was considered as
nonvalue adding process, but now it is essential requirement for longer life cycle of
machines in an industry. TPM is an innovative approach to maintenance that optimizes
equipment effectiveness, eliminates breakdowns, and promotes autonomous operator
maintenance through day-to-day activities involving the total workforce (Ranteshwar

Singh & other, 2012)

4.3.7.2 Current Status of Maintenance System:

The improvement team conducted several inspections to the production lines including
all machines and check the status of these machines regarding operation, breakdowns,
maintenance plans and assessed the current status of the maintenance of the machines as
follows:

Machines:

- No assigned places for the machines.

- There are no labels on the machines and workers cannot identify the needed machines

for production in some cases.
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There is no assigned staff member for maintenance of the machines.

There are not planned maintenance works for the machine, no preventive
maintenance, no maintenance records, and no catalogs for the machines.
Maintenance is done upon machine breakdown or faulty output in filled quantities.
Maintenance is done by several workers by based on their experience with the
machine.

There are no calibration records for the machines and the calibration is done by trial
and error.

The only preventing work done by the workers is the lubrication of the machines.
Due to lack of experience or training on maintenance; a third party is contacted to fix
the machines which take a long time and delay production.

The maintenance of the water system of the machines is done by a third party twice a

year with high cost despite the simple works to be done by this contractor.

Tools and Spare Parts:

>

>

No records for tools or parts.

Tools and parts are stored in random places and not returned to assigned place after
use.

Lack of spare parts and tools for the maintenance works.

Lack of worker’s experience in the needed spare parts for the machines delays
maintenance works and production.

Workers use manual cutting tools to adjust the size of bottle’s covers.

No assigned staff member for maintaining or ordering tools or spare parts.

Presence of defected tools and spare parts with good ones.
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After the assessment of the current status of the maintenance system it was clear that the
company has no maintenance system, it just responds to machines failure or breakdown

and there are no records for maintenance works, spare parts, or tools.

4.3.7.3 Implementation of Total Productive Maintenance System (TPM)
In order to decrease machines breakdowns and failures; the company should build a total
productive maintenance system to improve productivity and quality of the output. The
key player in this system is the qualified staff member to handle the required duties
including preventive and corrective maintenance works, maintain records of all of the
elements of the maintenance system, and prepare the required plans and tools to achieve
and effective maintenance system.
After discussing the current status of the maintenance system with the company manager
and explaining the importance of the presence of an effective maintenance system in
improving the productivity and decreasing cost, it was agreed that the first step is to hire
a qualified person and the company hired an industrial engineer who was informed about
his role in building and sustaining the achievements in the new maintenance system. The
engineer was introduced to the improvement team and given an overview of the
improvements that were done and his importance as a part of this team in reaching the
desired outcomes and sustaining them.
The improvement team agreed to divide the work to be done into two stages:

1- Assigning place for each machine, label, spare parts record, and maintenance

record either preventive of corrective.
2- Sorting tools and spare parts in assigned places and labelling them.

3- Preparing checklist to control and sustain the achievements.
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After a brain storming session with the improvement team to start identifying the suitable
place for each machine, it was agreed with the company manager to purchase an air
compressor for the purpose of cleaning bottles and covers from dust and humidity as

presented in figure(4-9),

Figure (4-9) Air compressor
and to be used for other cleaning purpose which will eliminate manual work for
these tasks, the maintenance engineer also was able to design a cutting machine as
presented in table (4-10), this machine helped in speeding the cutting of covers and
reduced manual work and defects.

Table (4-10) design a cutting machine:

The improvement team labelled all machines as presented in table (4-11), and assigned
a place for each machine to prevent machines reallocation without written permission
from the maintenance engineer. Production manager informed all workers about the

assigned location of the machines.
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In order to increase the output of the mixing stage of the liquid line, the maintenance
engineer was able to fix a mixer and returned it to production, this will also increase
productivity and reduce delivery period. This step is presented in table (4-12).

Table (4-12) addition the liquid machine 2 ton
He was also able to add new parts to the labeling machine to be able to coat the largest
possible number of product labels, which contributed to speeding up the labeling process

for the liquid production line. This step is presented in table (4-13).
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Table (4-13) add new parts to the labeling

The next step was to sort the spare parts and tools in a safe and organized manner to assure
easy access, easy use, and easy return to assigned places. The improvement team disposed
of the defected tools and spare parts, and then sorted the good ones in cupboard. The
sorting was done according to category, machines, and purpose of use.

The status of the sorting in the old status and the new status is presented in table (4-14)
and table (4-15).

Table (4-14) sorting in the old status to the spare parts and tools

Before
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After

And in order to follow up the maintenance works and the sustainability of the achieved
outcomes, the improvement team prepared the following tables and check lists as

described below:
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Table (4-16) Receipt list for tools and spare parts

Receipt list of tools and spare parts
(MN-01 F1)

Date Tool/Part Name Quantity/No. Use Signature

1- Receipt list for tools and spare parts to follow order the availability, ordered
quantities, and be able to collect data in the future to identify mostly required ones.
This list is presented in table (4-16). The Arabic check list is presented in Appendix C.

2- List of all of the machines in the company to be able to follow up the status of the
machines and the maintenance works. This list is presented in table (4-17). The
Arabic check list is presented in Appendix D.

Table (4-17) List of all of the machines

List of machines and systems

(MN-01 F5)
# System / Machine / Device Code Trade name according to Model Number
Name workers

1 Shampoo Mixer 01 Sh.001 sl LA B1653

2 Shampoo Mixer 02 Sh.002 FARSATES TS342-1

3 Shampoo Mixer 03 Sh.003 FARSATES S230

4 Semi Solid Mixer 01 SSM.001 FRABAES TW-124

5 Semi Solid Mixer 02 SSM.002 el a3la B1689
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6 Cream Mixer 01 CM.001 il I DA 98T-10
7 Cream Mixer 02 CM.002 il I DA GU986-0
8 Moving Mixer MM.001 & aiall A -
9 Shampoo Filling Machine 01 SFM.001 saalil) At A0S -
10 Shampoo Filling Machine 02 SFM.002 el At AiSLa -
11 Shampoo Filling Machine 03 SFM.003 el At AiSLa UM2754
12 Semi Solid Filling Machine SSFM.001 1864E
01 anilil) e’ 43S0a
13 Cream Filling Machine 01 CFM.001 Cilay S A 38k -
13 Oil Filling Machine 01 OFM.001 Gy 3l A 8la -
14 Skin Care Cream Filling SCFM.001 P659N
Machine 3 _pally il ay S diad 43S
15 GFM.001 8941
Gel Filling Machine Jall it 138k
16 Raw Material Filling 861-E0
Machine Ala) ol gl L 4S0a
17 Semi Solid Pump 01 SSP.001 0] leall aus daag N7632
18 Semi Solid Pump 02 SSP.002 02 —lall 4ud daiaa -
19 Shampoo Pump SP.001 FOARAP-EUSA -
20 Moving Pump MP.001 38 jaie ddime -
21 Labeling Machine LM.001 Jall) 580 09120
22 Citronix Machine 01 Ci5000 .001 01 go )kl 4l -
23 Citronix Machine 02 Ci5000 .002 02 o)kl dasle -
Systems
1 ) 5 oyl ol Cs.001 -
2 Fire Alarms System FAS.001 Gaall )l alkas -
3 FE.O1, FE.02, -
Gooall il allas FE.03, FE.04 -
4 Weight Device System WD.001 slaall lea allas -
Lab
1 Ph Meter 01 Ph.001 - -
2 Ph Meter 02 Ph.002 - -
3 Conductivity 01 Cond..001 - _
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4 Conductivity 02 Cond..002 - -
5 Laboratory Incubator L1.001 - _
6 Hot Palet HP.001 - -
7 ) Temp. D. .001 -
Temperature Device -
8 W.01, W.02, W.03,
Standard Weights W.04
3. Machines maintenance record to follow up the maintenance works done for each
machines either preventive or corrective, and to ensure the implementation of
preventive maintenance as planned. These records are presented in table (4-18). The
Arabic check list is presented in Appendix E.
Table (4-18) Machines maintenance record
Machine maintenance record
(MN-01 F1)
Year : Device: Device Code:
Preventive Maintenance
Maintenance Planned Date of Maintained | Supervisor | Quality | Notes
Type maintenance | maintenance by Officer
date Audit
Monthly /
Semi-annual /

Annual/
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Curative Maintenance

Problem

maintenance
date

Maintained
by

Replaced
parts

Supervisor

Quality Officer
Audit

Notes

Plan release date:

presented in table (4-19). The Arabic check list is presented in Appendix F.

Quality Assurance Officer:

Operations Officer:

Machines

Jan.

Feb.

March

Table (4-19) annual preventive maintenance plan

Annual preventive maintenance plan

April  May

June

July Aug.  Sep. Oct.

1. The annual preventive maintenance plan for all of the machines during the year as

Nov.

Dec.
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2. Inspection checklist to ensure that all maintenance works are performed and
recorded as planned. This checklist is presented in table (4-20). The Arabic check list

is presented in Appendix G.

Table (4-20) Inspection checklist

(Inspection Checklist)
(MN-01 F6)

Machine name: ..........cccooeveei...

Machine number: .........cccovvveeiiiii...

Machine type: Mixing (] il others ()

Digital Balance

Clause Yes No Notes

Electricity check
Calibrate the scales on a monthly basis

Mixer Machine

Clause Yes No Notes
Electricity check
Motor/ pump check
Thermostat Check
Filling Machine
Clause Yes No Notes

Air Inlet Check
Sensor sensitivity test
Packing duct check
Check the stents
lashes change

Electricity check
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Labeling & Citronix Machine

Clause Yes No
Inspection of the internal raceway of the date
machine
Maintenance and cleaning of skimming of the
labeling machine
Clause Yes No

Change the air filters

gas check

Notes

Notes

3. Daily checklist to follow up maintenance works and progress on daily basis as

presented in table (4-21). The Arabic check list is presented in Appendix H . Table (4-

21) Daily checklist

Daily check for

(MN 01 F6)
Machine/system name:
Machine/system code:
Required Saturday Sunday Mandy Thursday |Wednesday |  Friday
maintenance
/A /1 /1 VA /

Maintenance
Supervisor's
signature:

Notes

4. Machine maintenance record to clarify the malfunction of each machine as

presented in table (4.-22). The Arabic check list is presented in Appendix L.
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Table (4-22) Machine maintenance record

Machine maintenance record

(MN-01 F8)

Date

Description of the
defect

Repairers

The reforms that have
been made

Used Piece

Signature

8. And finally, the improvement team prepared the calibration table for the machines as

presented in table (4-23), this table will help the workers to record calibration data for

each product according to product weight and the used machine, this will help in

documenting the manual calibration process and reduce the required time for this

process which will reduce the lead time and improve productivity. The Arabic check list

is presented in Appendix M.

Table (4-23) Machine calibration

Product Name Bottle size

(ml)

Filling Machine Name

Machine

Calibration
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4.3.7.4 Summary for TPM section:

TPM is important for improving productivity and quality of the output of the production
process, the improvement team identified the current status of the maintenance system, it
was clear that the company has no maintenance system and no assigned workers in
addition to unorganized work environment for machines, spare parts, and tools. With the
help of the new maintenance engineer, the improvement team was able to organize the
production elements, labelling all machines and assign a place for them, and finally
prepare the required forms for planning the maintenance works, follow up, and ensure
conformance to the new standards to be able to sustain the achieved outcomes.

4.4 Improving Productivity of liquid production line

The first step in improving the productivity of liquid production line was the
implementation of 5S technique. The improvement team managed to organize the work
environment, provide easy access to production material, and clean the work
environment, which provided easier movement of workers and faster access to production
material. The second step was the TPM system which reduced the malfunction of the
machines and ultimately reducing breakdown time during production process.

The final step was in preparing a new flow chart for liquid production process based on
the new status of the work environment and the quick wins from the eight wastes table.

The improvement team prepared the new flow chart presented in figure (4-10):
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START J

Take
Customer
Order

v

Issue Production
Order

v

Prepare raw Prepare batch file

material

v

Mixing

v

Prepare empty Prepare label Prepare

bottle & cover fillino line

v

Filling & Cover

v

Labeling

v

Packaging

v

Self-life printing

v

Figure 4-10 Flow Chart of New Status of Liquid product Production Process

The new flow chart included performing the preparing raw material step and preparing
batch file step in parallel and also the preparation of empty bottles, labels, and filling

line will be performed in parallel. After implementing this flow chart in the production
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process, the improvement team collected that process data for 10 separate productions.

The collected data is presented in table (4-24):

Process step AVG AVG AVGLT(minute | %VA =
CT(minute per | DT(minute per | per square CT/LT %
square meter) square meter)

Prepare raw 1914 40 2314 82,7

material

Prepare batch 10 5 15 66,6

file

Mixing 110 30 140 78,5

Prepare empty 70 190 260 26,9

bottle & cover

Prepare label 10 5 15 66,6

Prepare filling 50 10 60 83,3

line

Filling & 160 35 195 82

cover

Labeling 160 20 180 88,8

After identifying the cycle time and lead times of the new flow chart, the improvement

team prepared the VSM for this chart as presented in figure (4-11):
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Production process

Figure (4-11) Value Stream Mapp of New Status of Liquid product
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Process efficiency = %VA of Liquid product Production process
=YCT’s/3 LT
=761.4/1096
= 69.5%
Based on the data collected, the improvements to the production process through the
new flow chart and VSM are as follows:
+ Process efficiency has increased from 43% to 69,5% which reflects the improved
productivity.
+ Lead time was reduced from 2707 minutes to 1096 minutes.
+ Reduced order delivery duration to customers from around seven days to two to
three days.
+ There is still a significant delay in the step of preparing the mixture for filling due
to waiting for the product to become clear and free of foam which is considered as
a common cause.
And to ensure the follow up of production progress and on time delivery, the improvement
team prepared production form presented in table (4-25) to identify quantity of each
production material and delivery period, production progress form presented in table (4-
26) to follow up production progress, and workers distribution form presented in table (4-
27) to avoid unplanned release of workers and delay in the production process. The Arabic

check list is presented in Appendix N, O, and T. Table (4-25) workers distribution record
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Table (4-26) production progress

Start and end of

Product Name | Machine Code | Working staff Notes
work
Product Mixing Filling | packaging time
Name time time
Product Quantity Quantity
Name (kg)
Delivery
time
Containers Covers Labels Boxes
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4.5 Chapter Summary

In this chapter the process of liquid production was improved. Data were collected
through interviews and direct observations, problems were identified, flow chart of this
process was prepared, VSM was prepared and process efficiency were calculated to be
43% which reflects a low productivity. The improvement team identified the eight waste
in each process step and the potential quick wins, the cause effect diagram was prepaid
and the cause of the problem of low productivity were identified using interrelationship
diagram.

The improvement process started with implementation of 5S and the work environment
were organized, the improvement team also prepared productive maintenance that
reduced the breakdown time of the machines. Accordingly, the improvement team
prepared the new flow chart of the process, collected the data gain, and prepared the VSM
and calculated the process efficiency which because 69.5% which reflects the improved
productivity due to elimination of waste and nonvalue added activities.

Finally, the improvement team prepared work forms and checklists which helped in

standardizing the new procedures and sustaining the achieved outcomes.
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Chapter Five: Conclusions and Recommendations

5.1 Introduction

The establishment of various technologies and systems, and the multiplicity and diversity
of the tools used, contributed to influencing the behavior of employees, their participation
and their way of understanding the conduct of things and the errors that might occur
without their knowledge of them, which contributed to making remarkable progress in
the company’s production and profits.

The LM application at To-me Cosmetics Company has proven to be an essential
methodology for increasing and improving Liquid line productivity and optimizing space
utilization and creating a maintenance system for equipment and devices.

The use of some LM tools contributed to obtaining the required results, as the following
tools were used: VSM, 5S, TPM to find improvement opportunities for quality factors.
This helped VSM to measure the current performance and improve the lead time of the
target process. The cause-and-effect diagram helps identify potential causes and the
interrelationships diagram helps identify the root causes of the problems in progress. The
5S concept helped to streamline the working environment, optimize the use of space, and
improve the planning of the fluid line production process. Finally, the flowchart, TPM,

and identification of the eight wastes helped standardize and sustain the improvement.

5.2 Conclusions

The results of applying the LM methodology in the Cosmetics Company To-me to
improve the productivity of the liquid line and optimize the use of warehouse space are
as follows:

1. Improving the productivity of the fluid production line process:
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The Liquid line production efficiency increased from 43% to 69.5%.

The order delivery time has been reduced from 7 day to 2-3 days.

Reducing the time required for the liquid production line from 428.4 minutes to
138.2 minutes.

Improve fluid production line productivity by reducing cycle times and delays.

Lead time was reduced from 2707 minutes to 1096 minutes.

Use of warehouse space:

R/
L X4

o

R/
L X4

<

K/
L X4

Optimization of raw material storage by using storage racks which reduces
storage space from 100 square meter to 55 square meters. Raw materials are
stored in carriers and can be drained using a forklift without any obstacles, which
facilitates and speeds up the preparation of raw materials for the mixing and
production process, the introduction of visual management, prevents material
accumulation, improves work flow, and facilitates the process of checking
inventory.

Reducing the storage space of empty bottle & cover in the warehouse near the
factory from 250 square meters to 120 square meters and in the external
warehouse from square 160 meters to 80 square meters.

Provides 45 a square meter of free space used to facilitate the preparation of
materials and ease of receiving them.

The empty space in the shampoo room was used by adding a new mixer with a
volume of 2 tons, which contributed to increasing productivity.

Reduce the number of accidents by 45%.
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3. Implementation of the TPM system and its importance:
¢ Increasing employees' awareness of the importance of monitoring and
following up on equipment and machines through the use of maintenance
models that help prevent any sudden malfunction or shortage of parts.

* Reducing and preventing failure of machines that are not subject to maintenance
and reducing pollution from dust accumulated in the maintenance kit as a result
of not being set in a specific place.

+«+ Continuing to monitor machine spare parts to prevent delays in maintenance
when needed.

« Preventing any sudden malfunction and thus delaying the production process.

% Setting a fixed caliber for each machine, which reduced the time of the
production process.

% Redefining the machines by placing a sticker, which makes it easier for the
employee to reach the required machine.

4. Financial savings as a result of improvement and space savings:

% Staff participation and management commitment are important factors in the

successful implementation of LM.

R/

% 150,000 NIS was obtained from product sales due to the reduce delivery time

of orders.

K/
L X4

The quantities were transferred and the empty cans and lids warehouse was
delivered (away the factory) as a result of the space that was provided from
the other warehouse (near the factory), which saved the company 12,000
dollars in rent annually.

s Empty bottles which the company never used before were sold for 7300 NIS.
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X/
°e

The total freed space is 80 square meters, or 50% of the area of the nearby
warehouse for packing materials, the value of which according to the current

rent is $8000 per year as savings for the company.

X/
°

Saving a sum of 5,000 NIS per month due to the employment of an internal
maintenance officer, in addition to saving a lot of time by addressing the defect
in some mixers and filling machines by re-maintenance and replacing

damaged parts after they were in an irregular state during their work.

5.3 Recommendations

To increase productivity, improve work environment, reduce costs and increase

profitability, the company is recommended to:

+ Activate the system of incentives and financial rewards because of the significant
impact on the employee's performance.

+ Hire a warehouse employee at a young age, in order to suit the nature of the work.

+ Purchasing equipment for the extraction of raw materials in large quantities, in order
to facilitate the process of withdrawing materials.

+ Implementation of 5S technology by improvement team frequently to maintain a
disciplined work environment.

+ The warehouse administrator must make sure that the packing materials are completely
closed in order to prevent the boxes from getting dirty.

+ Activating the cooling system for the mixers to control the delay in the delivery of

orders.
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5.4 Future Recommendations

I recommend that To-me Cosmetics company realizes the following suggestions for
future work:

1. The possibility of applying LM to all company operations.

2. Follow the ABC system to determine their product costs.

3. Market study on an ongoing basis to deal with market competition.

4. Follow the minimum system when purchasing raw materials, empty cans and lids,

and not based on expectations.
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Appendices

Appendix A: Arabic Purchase Order Form
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Appendix B :Arabic 5S check List:
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Appendix C: Receipt list of tools and spare parts
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Appendix D: Machine and Equipment List
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Sh.001
Sh.002
Sh.003
SSM.001
SSM.002
CM.001
CM.002
MM.001
SFM.001
SFM.002
SFM.003
SSFM.001
CFM.001
OFM.001
SCFM.001

GFM.001

SSP.001

SSP.002
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Shampoo Mixer 01
Shampoo Mixer 02
Shampoo Mixer 03
Semi Solid Mixer 01
Semi Solid Mixer 02
Cream Mixer 01
Cream Mixer 02
Moving Mixer
Shampoo Filling Machine 01
Shampoo Filling Machine 02
Shampoo Filling Machine 03
Semi Solid Filling Machine 01
Cream Filling Machine 01

Oil Filling Machine 01

Skin Care Cream Filling Machine

Gel Filling Machine
Raw Material Filling Machine
Semi Solid Pump 01

Semi Solid Pump 02
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SP.001
MP.001
LM.001
Ci5000 .001
Ci5000 .002
Lalaryl
CsS.001
FAS.001
FE.O1, FE.O2, FE.O3, FE.04
WD.001
Lab
Ph.001
Ph.002
Cond..001
Cond..002
pH&COND..001
L1.001

HP.001
Temp. D. .001

W.01,W.02, W.03, W.04

Shampoo Pump
Moving Pump
Labeling Machine
Citronix Machine 01

Citronix Machine 02

Fire Alarms System
Guoall il Uas

Weight Device System

Ph Meter 01
Ph Meter 02
Conductivity 01
Conductivity 02
Ph Meter & Conductivity

Laboratory Incubator
Hot Palet

Temperature Device
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Appendices E: Machine Maintenance Record
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Appendices F: Annual preventive maintenance plan
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Appendices G: Inspection Checklist
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Appendices H: daily check form
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Appendices L: Machine maintenance Record
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Appendices M: Machine Calibration
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Appendices O: Production progress, and workers distribution
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Appendices T: Daily production plan
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