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COVENTRY UNIVERSITY 
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Faculty of Engineering and Computing 

Doctor of Philosophy 

The Implementation of Total Productive Maintenance in The Libyan Heavy 
Industry 

by Mohamed ALOROM 

Total Productive Maintenance (TPM), recently interests many major industrial com-
panies, for the need to maintain the physical assets and the continuity of work. Accord-
ing to the Japan Institute of Plant Maintenance (JIMP), the (TPM) is based on eight prin-
ciples: focused improvement, autonomous maintenance, planned maintenance, train-
ing and skills development, initial phase management, quality maintenance, TPM in 
Offce, and safety environment. Through the implementation of those principles, an 
increased productivity can be achieved by reducing faults, improving quality, deliver-
ing times when specifed, improving working conditions and raising the morale of the 
workers. This Research focused on factors and obstacles that effect this program. 

The research aims to design a framework that identifes the most important factors 
that affect the success of the application of TPM, as well as the tools and techniques 
that help in the application process. To determine the factors and obstacles when ap-
plying TPM, Libyan Iron and Steel Company LISCO has been selected as case study. 

This study analyzed impediments and obstacles to the implementation procedure and 
revealed key success ranked factors concluding with a conceptual framework for a 
successful TPM implementation along with the identifcation of tools and techniques 
to support implementing TPM. Also, TPM cannot be applied unless there is coopera-
tion and coordination between the maintenance department and other sections of the 
company. Accordingly, this research also provided several recommendations, includ-
ing the application of the concepts and principles of TPM in the company and make it 
the responsibility of everyone, and work in light of the proposed improvement plan. 
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Chapter 1 

Introduction 

This chapter addresses a general introduction and background to the current study as 
a competitive strategy. It also, gives a general idea about the situation of the Libyan 
economy and research and development. Further, some facts about the Libyan Iron 
and Steel Company (LISCO), as a case study are included in this chapter. This chap-
ter also, demonstrates the problem statement and the research outlines. The expected 
contribution to knowledge will be listed. Finally, briefng of the research methodology, 
research design and overview of the thesis will be given. 

1.1 Background 

Today, organizations, both services and manufacturing, are experiencing competitive 
business environments, and thus, achieving and sustaining competitive advantages in 
global marketplace which determines success for both public sector and private sector 
individually and the economy as a whole. This could be gained by focusing on im-
proving the processes and the operation, reducing the cost of both the process and the 
product and increasing the volume of production while maintaining a satisfying level 
of quality and acceptable prices. As a survival step, numerous companies are attracted 
to the manufacturing techniques to track the rapid rhythm of the competitors, and to 
gain a competitive advantage and to reach the world class manufacturing level. Ahuja 
and Khamba (2008a) pointed out that, these requirements forced the manufacturing 
organizations to Adopt a highly reliable, available and maintainable manufacturing 
systems by applying proactive market driven strategies to stay competitive (Ahuja and 
Khamba, 2008a). According to Sahay et al (2000), cited in (Seth and Tripathi, 2006), re-
sponding to the modern manufacturing requirements, large number of organizations 
are attempting to achieve world class performance by various business solutions, but 
the total quality management (TQM) and TPM are the most widely accepted tech-
niques. However, not all companies implementing these techniques were successful 
in the past, because the facilities were not as effective as they are today. Nowadays, 
developments in telecommunications, internet, and diffusion of the IT make the coop-
eration between companies easier; furthermore, the causes of failure of a company can 
be avoided in other companies. Also the communication process and the documenta-
tion in the organizations, which are required to implement manufacturing techniques 
successfully, now are available. In addition, the development of information technol-
ogy made the organizations update the use of advanced technologies on the provision 
of high-quality and timely information, as well as to facilitate a high degree of commu-
nication and integration among the entire business units (Salaheldin and Eid, 2007). 

1 
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The organizations that are willing to success and to achieve world class manufactur-
ing level must give up using the reactive maintenance and start using proactive main-
tenance, which is more effective and effcient (Ahuja and Khamba, 2009). Willmott 
(1994a) referred that “Just-In-Time will not work unless you have highly reliable and 
effective equipment, where the interface between people and machine is maximized 
- which is a major objective of TPM”. According to Jackson (1999) cited in Pomorski 
(2004), the Integration between TPM and other continuous programs such as TQM 
and JIT to achieve the greatest improvements in quality, reliability, cost, and time (Po-
morski, 2004). TPM is one of these techniques, which holds the potential for improving 
the equipment productivity and quality. Importing some manufacturing techniques 
and philosophies such as TPM could help the organization to maintain the existing 
equipment instead of replacing new ones, where such techniques may make the ma-
chines at great condition of performance for a longer time, T. Bartz and Barth (2014) 
believed that, improving industrial performance and competitiveness were defnitely 
gained by TPM. Nakajima (1988) said that TPM is a proactive maintenance that opti-
mizes equipment effectiveness and gets rid of losses involving all employees through 
small group activities. TPM has a positive impact on several indicators of performance. 
It can increase productivity by increasing the effectiveness and availability of the equip-
ment, increase the quality and capability for delivery commitment. Similarly, imple-
mentation of TPM improves the productivity and employees working effciency and 
also improves the effectiveness of the equipment and a positive tendency towards the 
company. Therefore, equipment maintenance is a necessary function in manufactur-
ing companies. In this very competitive environment, organizations should consider 
maintenance function as a possible source for cost reduction and competitive utility 
(A. Jain and Singh, 2014). In addition, it leads to a reduction in accidents as a result of 
cleaning, organizing and maintaining the equipment, and raises the morale of work-
ers. This strategy seeks the cooperation and interaction between the maintenance and 
the rest of manufacturing functions. Machines, raw materials and production method 
are vital elements to enrich the industrial progress as well as skilled labour. The qual-
ity of production is due to the quality of all the aforementioned production elements. 
However, equipment is not necessarily to be new in order to work effectively. New 
equipment cannot continue to function effciently with high quality and effectiveness 
unless it fnds the appropriate maintenance. The functions of maintenance systems in 
manufacturing is responsible for ensuring the continued production system capacity 
in high grade of productivity and quality (Rich, 2001). Lefar (2001) Mentioned that 
People widely believe that new equipment is “the best that it will ever be”, and its 
condition will deteriorate with continues use in production, then it will need to be re-
placed. 

The TPM concept brought a new idea about machines which is replacing an equip-
ment with a new one is the worst case scenario. As long as we deal with a machine, 
the more we know about it the better is the case. Substitution of machines depends on 
their technology limitation, not because they have deteriorated and became ineffective 
in performance. Ljungberg (1998) has pointed out that, it is very obvious that the new 
production process and the technology associated with it, is adversely affecting the 
overall equipment effectiveness due to the inexperience of operators and maintenance 
crews, contrary to the old processes that they were familiar with. 
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TABLE 1.1: Innovation rank. The global competitiveness report 2008-
2009 (Sala-I-Martin et al., 2008). 

1.2 The need of research 

The industry sector is of great importance to the advancement of the country’s econ-
omy, and for developing this sector, it is important to keep pace with the times by 
using modern technology and advanced management techniques in order to increase 
production rates and quality. All of this will not be achieved unless the studies and 
researches are made available to show the possibility of application and the utilization 
of these techniques, and to determine the factors leading to success and the obstacles 
leading to failure and benefting from the experiences of others. Libya surpasses in 
macroeconomic indicators, with one of the highest budgetary surpluses and one of 
the lowest government debts worldwide. This strength point should be used to en-
hance the innovation and sophistication which are below levels found in countries in 
a similar stage of development. The lack of attention to training and development in 
the human resources, the lack of cooperation between educational institutions and in-
dustrial organizations in the research and development and the non-use of advanced 
management techniques, made the industrial sector suffers from problems that led to 
the slow growth signifcantly, even though the expenses on this sector gone beyond the 
reasonable. Alqadhaf (2000) cited that despite signifcant investments in the industrial 
sector, which exceeded four billion, but the contribution of this sector in the structure 
of GDP did not exceed 3.5%. According to the Global Competitiveness Report (GCR) 
published in 2008, the Libyan innovation initiatives and training are very weak. Ta-
ble 1.1 shows Libya’s rank out of 134 country, (Sala-I-Martin et al., 2008). The research 
in Libya and Arab region in general does not have a good site on the priorities of de-
velopment plans and what was accomplished is just in piecemeal efforts and was not 
often collected in a comprehensive orientation at the national or regional level. Alqad-
haf (2000) has referred that, the decline in the quality of products in Libya is due to the 
absence of research and development units and quality control. 
The lack of development and searching for the root of problems lead to defects in the 

production, and deterioration in the productive capacities, which ended in shutting 
down the plants. Most factories in Libya operate at less than half the maximum design 
production capacity. Further, in many cases work only at 25% of its design production 
capacity (Alqadhaf, 2000). He, also, referred that the annual report submitted to the 
Basic Peoples’ Congress in its second session in 1989, showed the industrial sector in 
which the investment allocated for it exceeded the amount of LD 4315 million ($1=LD 
0.3 at that time), including more than 250 factories and employed more than 47,000 
workers/producers. It was noted that only 17 local products achieving production ex-
ceeding 60 percent of the maximum capacity of the producing factories thereto, the 
production rates in other factories ranged between 9% - 59%. He also added that there 
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were some practices contribute negatively toward increasing the overall costs and de-
creasing the production rate as result of the deterioration in organizing the productive 
process, for example, the lowering effectiveness of the present methods to provide raw 
materials and spare parts, lowering standards and methods of maintenance services, 
dearth of attempts to manufacture spare parts locally, dearth of attempts at planed 
schedules and effective organization for workers at the factories (Alqadhaf, 2000). 

According to General Planning Council report issued in 2003, productivity of man-
ufacturing organizations in the industry sector is very low, which is refecting small 
contribution in GDP, in spite of billions of dollars invested in this sector during the last 
two decades (CGP, 2003). The share of manufacturing in GDP increased from 5% in 
1970’s to around 15% in 2005 of the total GDP in Libya (Yousef, 2007). The industrial 
sector which totally owned by the state, is experiencing a productive defciency, even 
though the government spending on this sector exceeded 4.5 billion dollars in the last 
two decades. These challenges are forcing the manufacturing organizations globally 
to foster high reliability, availability and maintainability in the manufacturing systems 
by implementation of various strategic and proactive market driven strategies to re-
main competitive in a highly dynamic environment (Antipolis, 2002). If some of the 
western industrial organizations with cultures different from Japanese culture were 
rushed to embrace the Japanese philosophy and have successfully implemented this 
method through amendments to the methods of management based on the theories 
of traditional management and transition to lean techniques and achieved global com-
petitiveness indices, the existing institutions in developing countries are most in need 
than others to accelerate implementation of TPM strategy, because they are just tech-
nology consumers, thus, they need to achieve maximum beneft from this technology 
and prolong its service life, which are attainable only through the pursuit of more ef-
fective management methods like TPM, TQM and other philosophies. 

The focused efforts in Libya were on the transfer of technology and expansion without 
building a real local capacity in the development of products and production methods 
and paying more attention to the development of training needs. However, industrial 
enterprises cannot survive for long if their products have not competitive advantage 
in the function and the cost, which without them the project will be unable to meet the 
changing needs of the marketplace. It will be doomed to extinction for each project fails 
to achieve this aspect of competitiveness based primarily on research and development 
outputs. Figure 1.2 shows the defective and rejected production in one of the rolling 
plants in LISCO which reached 34.02% in 2007 due to poor conditions of equipment 
and process (Production, 2008), in addition, the quality of maintenance plays the main 
role here. Maintenance quality has a signifcant impact on proftability (Eti, Ogaji, and 
Probert, 2004). 

Libya is seeking to develop its production ability with high quality to meet the cus-
tomer expectations by the highest technology available (Hirano, Khan, and Hussain, 
2008). It is very easy to get the newest technology available, but how to keep it running 
at its perfect level is the key question. Many companies found that TPM could deal with 
most of their production and maintenance problems. It was considered as a gateway 
to the development of the assets, the process, and the manpower. Sia and Shamsud-
din (2007) mentioned that most research studies indicated that a well-managed TPM 
implementation not only enhances the machines’ reliability and availability but also 
improves production output, quality and creates a culture of team-work spirit to own 
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FIGURE 1.1: The rejected and defective products in one of LISCO plants 
(LISCO, 2010). 

the equipment, while increasing individual work skills (Sia and Shamsuddin, 2007). 

1.3 Problem Statement 

Introducing such strategy like TPM is not an easy task especially that Libya is one of 
the developing countries, which suffer from lack of experience. Lack of experience of 
applying change management philosophies made the task of installing TPM a major 
challenge. The target of the application of TPM is the desire for access to the multiple 
benefts that TPM aims to. The process of application can be made according to well-
known steps that were recommended by experts in this area, which are represented 
in the 12-step. Though, there are variables represented in the obstacles, barriers and 
factors affecting remarkably the process of application. Implementing TPM was con-
sidered heavily burdened by various obstacles (Cooke, 2000). Unsuccessful implemen-
tation of TPM program has been attributed to various barriers (Ahuja and Khamba, 
2008b). On the other hand, there are factors and sub-factors that affect the success of 
implementing TPM. These factors are based on the barriers and obstacles to the imple-
mentation of TPM. 

1.4 Research Questions 

The overall purpose of this study is to generate new knowledge and understanding, 
and hence, establishing upon the existing TPM system theories that are based on the 
results of previous research, the main purpose is to provide a broader and deeper un-
derstanding of the barriers that affect the implementation of the TPM in the environ-
ment of the case study organizations. 

The main research question to be asked in this study is: 

What framework can be developed to enable TPM to be successfully implemented 
within a Libyan heavy industry organisation? 
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1.5 Research outlines 

1.5.1 Aim of the research 

To investigate the factors affecting successful implementation of Total Productive Main-
tenance in Libyan Manufacturing Organisation Environment. 

1.5.2 Objectives 

• To identify the general factors affecting the success of implementing TPM. 

• To assess the existing TPM activities within LISCO plants. 

• To examine the extent to which the Libyan manufacturing environment suited to 
the implementation of TPM pillars. 

• To develop and document a generic framework to assist in the development of a 
TPM implementation methodology in LISCO. 

1.6 Cooperation with the company and TPM team work 

A Libyan case study was carried out at the compound LISCO after a request has been 
made by Coventry University through Libyan embassy in London, requesting man-
agement of LISCO to allow the researcher to carry out the research according to the 
application of research ethics. 

The study was carried out at LISCO plants, which are currently implementing TPM. 
They provided the researcher with a letter dated on 08 of September 2009, which gives 
permission to start the research in LISCO. The company directors, and the Supervisory 
Committees of TPM implementation expressed their readiness to help the researcher 
and cooperation to follow-up the implementation steps and obtain the preliminary re-
sults. This assistance can be summarized in the following points: 

• Access to the reports of the supervisory, executive committees, and Counsels; 

• Access to the organizational structures of the TPM committees; 

• Model equipment and method of selection; 

• Learn about the projects that involved the continuous improvement and their 
target; 

• Visit work sites and conduct interviews; 

• Meeting with the TPM committee in LISCO; 

1.7 Expected contribution to knowledge 

1. The research contributes to the body of TPM knowledge and practices in a num-
ber of ways; 
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2. The research and investigation in this subject has a very little attention in Libya 
and it will certainly contribute to the development of TPM in the feld of manu-
facturing industry; 

3. The research will contribute to the development of TPM in multi plants and heavy 
industry; 

4. The lack of empirical studies published on TPM in the Libyan manufacturing 
industry, gives this research an important and vital factors; 

5. The chosen case study will contribute to the Libyan economy due to the impor-
tant role of the Libyan Iron and Steel company in the Libyan economy. 

1.8 Research methodology 

In order to achieve the objectives of the research correctly, both primary and secondary 
data have been used. Prior to collecting primary data, it is wise to explore the sec-
ondary data through surveying the literature and published reports. Churchill (1999) 
pointed that “Do not bypass secondary data, begin with secondary data, and only 
when the secondary data are exhausted or show diminishing returns, proceed to pri-
mary data”. 

This research seeks the implementation of TPM and its common factors that affect 
positively or negatively to its success, by means of literature. Through an extensive 
literature review, researcher seeks for the articles that provide a reply to the question: 
What are the key factors for TPM implementation success? These factors are inclusive 
of all the sub-factors mentioned in the review. The online database search saves time 
and effort and it is an effective and effcient means to search for information in ways 
that may be not easy or impossible to duplicate with printed resources. Moreover, it 
is a convenient way to produce a bibliography customized to the needs of individual 
research (Taylor, 2000). 

The key method used to investigate for these factors was to ask the interviewee which 
characteristics of the organization infuenced successful implementation. That will be 
done by questionnaires, interviews and documents. The sources of literature were care-
fully chosen to study some cases that implement TPM, considering the level of technol-
ogy, experience and type of industry. On the other hand, the case study was chosen to 
assert and classify the results that were obtained from the comparative literature. The 
study of literature related to the implementation of TPM and the study of industrial 
environment in Libya will lead to build a framework to be taken as a guide to help this 
environment installing TPM in a successful manner. The literature review investigates 
a list of papers, books and thesis which address TPM implementation. It can be noticed 
that Figure 1.2 provides a clear and complete description of the specifc steps to be fol-
lowed in this research. These steps will be described in suffcient details throughout 
this thesis. 

First, the material contained in the Review of the Literature is extensively discussed. 
The factors affecting the TPM implantation in general will be considered next. Then, 
the design provides a theoretical framework within which to incorporate the materi-
als discussed in the previous steps. The criteria for choosing appropriate company to 
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methodology 
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FIGURE 1.2: The research design fowchart. 

study, including issues of size, age, and tenure of employees, opportunities for obser-
vation and access to company documentation and employees is taken into account next 
when data is collected from the units of the company that the author received entry into 
them and met his criteria and gave him unlimited access to the organization. Further, 
employees of the two chosen units were given the opportunity to participate in conf-
dential interviews and ended up interviewing the majority of the employees of these 
units as well as the middle tier and top management of these two units. The author 
also relied on the analysis of the organizational documents and questionnaires. The in-
terviews, documents, and questionnaires were described in the Data Analysis Chapter, 
and the interview protocols as well as questionnaires were placed in appendices to the 
dissertation. 
Furthermore, the results of the data analysis are presented. The data were collected 
and then processed in response to the problems posed in Section 1.4 of this dissertation. 
After analysing the data collected from the interviews, documentations, and question-
naires, the fndings will contribute to the assessment and evaluation of the TPM factors 
in the Libyan heavy industry. Finally, a theoretical framework is developed to accom-
modate the development of TPM implementation of TPM in Libya. 

Next, an overview of the thesis is discussed. 
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1.9 Overview of the thesis 

This thesis consists of seven chapters, which are briefy outlined below. 

Chapter one: Introduction: covers the areas of research background, research prob-
lem, questions and aim and objectives. the chapter also provides the contribution of 
the research, overview on the research methodology and layout of thesis. 

Chapter two: Methodology: defnes the research in the context of a social science prob-
lem, justifes the research approach and explains the methods and research processes 
used in details with a brief outline of the research process. The goal of this stage is to 
complement and validate the data collected from the case study stage. 

Chapter three: Literature review: presents and discusses what has been written in 
relation to the subject’s areas of Interest. It provides a general overview of the TPM 
philosophy, and a summary of published literature on the problems encountered when 
organizing the work to adopt such a philosophy. Continuous process industry and 
lean and features of process industries were discussed. A review of current literature 
on maintenance practice and TPM with particular reference to steel industry is also 
presented and the chapter concludes with a personal contribution to the established 
TPM paradigm by developing a conceptual framework. 

Chapter four: Case Study background: reviews the philosophies that have infuenced 
Libya’s social and economic development during the twentieth century as well as the 
steel industry and market. Then, there is description in detail about Libyan Iron and 
Steel Company (LISCO) and an overview of the Steel-making process at LISCO was 
detailed. TPM journey in LISCO was discussed. 

Chapter fve: Data analysis: it is concerned with analysis of the case study collected 
data. This chapter identifes the major issues related to the activities and factors affect-
ing TPM system through the investigated organization. This chapter, also, provides 
further discussion of the main fndings of the research on the basis of theoretical per-
spectives. A further aim of this chapter is to explain the implications of these fndings, 
the critique of methodology adopted, and the fndings. 

Chapter six: Discussion: this chapter provides further discussion of the main fndings 
of the research on the basis of theoretical perspectives. A further aim of this chapter is 
to explain the implications of these fndings, the critique of methodology adopted, and 
the fndings. 

Chapter seven: Conclusion : provides a conclusion of the study in the light of the 
specifc research aims and objectives. This chapter includes, meeting the aims and 
objectives of research, contribution to the knowledge, the recommendations for further 
researches and the limitations of research. 



Chapter 2 

Research Methodology 

2.1 Introduction 

Research methodology is one of the most signifcant parts of the research. This is a 
framework or blueprint of the methods and techniques that would be adopted by the 
researcher for answering the research questions, a plan that helps by providing a di-
mension to the researcher. This chapter contains the methodology that is adopted by 
the researcher along with the justifcation for the selection of the particular methodol-
ogy. The methods and tools have been briefed along with the issues related to them 
to counter the hurdles that the researchers might be faced while adopting those pro-
cedures. The research contains both primary and secondary data, and both qualitative 
and quantitative data have been collected. 

2.2 Background 

The methodology is an organized steps followed by the researcher to increase the 
knowledge, such as the identifcation of research questions to answer, defning the 
concepts, identifying the variables and developing hypotheses around them. This is 
followed by determining the samples and collecting the data and then performing the 
analysis and accessing the results. Floyd (2010) defned the scientifc methodology as 
a system of explicit rules and procedures upon which research is based and against 
which claims for knowledge are evaluated (Floyd, 2010). 

The methodology is also the way in which a specifc task is carried out and the gen-
eral principles guiding an investigation. The diversifcation of the methods to collect 
data would reduce the component of bias and integrate data with each other to fulfl 
the required job. Moreover, choice has to be made between, for instance, quantitative 
or qualitative approaches or/and between experimental, surveys based or positivism 
approaches and so on. 

The selection of the proper method of research is very important because it has an 
infuence on the quality and the validity of the obtained results, hence, adopting an in-
appropriate technique may give incorrect results. This research, however, is based on 
mixture of qualitative and quantitative methods. Bryman (1996) pointed out that the 
terms qualitative and quantitative research came to denote much more than the ways of 
gathering data, it came to signify divergent assumptions about the nature and purposes 
of research in the social sciences. In some research, because of considerations relating 
to them and their circumstances, a combination of methods can be used to obtain the 
advantage of both. Though, this combination does not make a third way, because it 
does not blend results in a method different from the qualitative and the quantitative 
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method. The combination of quantitative and qualitative research methods in many 
cases provides broadly consistent data Bryman (1996). Combining quantitative and 
qualitative would seem to allow the various strengths to be capitalized upon and the 
weaknesses offset Bryman (2001). 

2.3 Defnitions of research 

The research is an indispensable human activity for the people to develop science and 
progress to Nations. The various types of researches are important including all spe-
cialties whether it is human, natural, theoretical or applied. The old nation looked at 
the problems and sought to remedy them, and worked on the development of life and 
avoid the risks. People now continued the development approach using research, even 
managed to invade the space, and were able to make the latest technology in the feld 
of computer and transport and communications and otherwise. 

All this could not have been achieved without resorting to a research. The activity 
of research is based on the verifcation of precise observation and data collection and 
analysis in an appropriate manner. Moreover, it depends on comparisons, balances, 
the study of cause-and-effect and identify the methods of treatment. In addition to sur-
passing the stage of trial and error that cost society a lot of effort and time and available 
resources which are scarce compared to the reoccurring needs of humans. Generally, 
searching in a branch of science leads to make it easier to search in another branch 
as there is a correlation between different branches of science. Research is all about 
fnding out something which you do not already know. Dane (2010) defned research 
as a critical process for asking and attempting to answer questions about the world. 
Research in common parlance refers to a search for knowledge. One can also defne re-
search as a scientifc and systematic search for pertinent information on a specifc topic. 
In fact, research is an art of scientifc investigation (Kothari, 2004). 

In this study, the researcher focused mainly and utilized a mixture of quantitative and 
quantitative method of research. Furthermore, this research is considered an explana-
tory research due to the reasons listed hereinbelow. 

2.3.1 Exploratory, descriptive, analytical or predictive research 

Exploratory research can be used when the researcher has very few or no previous stud-
ies and then there is limitation of information that can be referred to. This type of 
research is done because the problem has not yet been clearly defned. The aim is to 
look for hypotheses, patterns or ideas that can be tested and will form the basis for 
further research. The most used techniques in exploratory research would include case 
studies, observation and reviews of previous related studies and data. 

Descriptive research can be undertaken to identify and classify the elements or charac-
teristics belonging to a specifc issue or problem. It is also widely known as statistical 
research. The Statistical techniques are frequently used to collect data, which are often 
quantitative. It is a very essential part of a proposal involving descriptive research. 
Descriptive researches test problems in more depth than exploratory research. 

Analytical research is a type of descriptive approach to suggest or explain why or how 
something is happening. An important feature of this type of research is aiming to 
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TABLE 2.1: Some differences between Quantitative and Qualitative re-
search (Bryman, 1996). 

identify and measure relations between the studied phenomena. 
Predictive research is aiming to forecast intelligently on future possibilities. These re-
search works has been carried out based on close analysis of available evidence of cause 
and effect. Statistical techniques are often used to collect and analyse the required data. 

2.3.2 Quantitative and qualitative research 

Quantitative Method: research based on objective, numerical measurement of facts; sta-
tistical and often experimental; again often associated with the positivist approach. 
(Bryman, 1996) Said that “Quantitative research is associated with a number of differ-
ent approaches to data collection”. The social survey is one of the main methods of data 
collection. Quantitative implies an emphasis on measurement and analysis of relation-
ships between variables not processes (Denzin and Lincoln, 2000). The quantitative 
data can help to test statistical relationships between the problems and the causes; pro-
vide accurate quantitative data to prove the existence of certain problems, but it does 
not measure the required, and cannot explain the underlying causes of situations. 

Qualitative Method: research based on non-numerical or even none measurable evi-
dence; based on the researcher’s judgment of situations; descriptive approach. (Bry-
man, 1996) Cited that “Qualitative research have been employed by social scientists for 
many years. Participant observation is one of the main methods”. It is also, the fo-
cus in dealing with the current events experiencing from both past and present, based 
on what the researcher understood from them, and implies relations that can be ob-
served. (Denzin and Lincoln, 2000) Pointed out that qualitative research is a situated 
activity that locates the observer in the world, it contains of a set of interpretive, ma-
terial practices that make the world visible, and it emphasizes the quality of entities 
and processes. (Stake, 1995) Has pointed out that “in quantitative and qualitative there 
are three major differences: the distinction between a personal and impersonal role 
for the research; the distinction between explanation and understanding as the pur-
pose of inquiry; the distinction between knowledge discovered and knowledge con-
structed”. The qualitative data subject to biases of interviewers, observers and infor-
mation providers. It is not representative in general and provides a comprehensive 
understanding of the context of program / project in order to interpret quantitative 
data. Table 2.1 shows some differences between qualitative and quantitative research 
(Bryman, 1996). 
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2.4 Research Methods versus Research Methodology 

This section is allocated to shed light on the differences between research methods and 
research methodology. As regards research methods, they tend to stand for the pro-
cesses or techniques that a researcher uses to carry out their empirical studies such as 
focused interviews, participant observations or questionnaire surveys (Dawson, 2002). 
That is, all the tools or methods that a researcher relies on to collect data of a research 
study and fnd a solution to a problem are termed as research methods. More specif-
cally, (Kothari, 2004) identifes three groups of research methods, which are as follows: 

1. The frst group comprises the methods which pertain to the collection of data. 
In other words, the methods will be used here when the available data are not 
adequate to obtain the required solution; 

2. The second group includes the statistical techniques which are undertaken to es-
tablish a relationship between the data and the unknowns; 

3. The third group is related to the methods which are adopted to evaluate the ac-
curacy of the fndings attained. 

Concerning research methodology, both Daniel and Sam (2010) postulate that method-
ology is the discipline, or body of knowledge, that contains the principles and stan-
dards necessary for choosing, structuring and using research methods. The methodol-
ogy can be either qualitative or quantitative. (Daniel and Sam, 2010) went further and 
indicated that research methodology is wider than research methods on the grounds 
that the former entails theoretical principles as well as framework that provides guide-
lines about how research is done in the context of a particular paradigm. With this 
in mind, (Kothari, 2004) affrms the potential of having suffcient knowledge not only 
about the way of developing specifc tests or applying specifc research techniques, 
but also about which of these methods or techniques are relevant to the phenomenon 
under study and research questions and which are not, and what would they mean 
and indicate and why. Related to this, research methods constitute a part of research 
methodology simply because the latter includes a range of dimensions such as the logic 
behind the choice of specifc methods in the context under study and their capability 
of helping a researcher gain valid results. 

Addressing the point relating to the distinction between research methodology and 
research methods, (Sarantakos, 1998), for instance, points out that the methodological 
framework that a research embraces often determines the process, structure and con-
tent of research methods used to explore the phenomenon under investigation. For 
instance, observation as a method of data collection can be used both quantitatively 
and qualitatively. Nonetheless, participant observation is often adopted in qualitative 
studies, whereas non-participant tends to be employed more in quantitative research 
studies. Likewise, in interview method, structured interviews are likely to be utilised in 
quantitative research studies while unstructured interviews tend to appear principally 
in qualitative studies. 

2.5 Justifcation of the research approach adopted 

This section is allocated to discuss the reasons for adopting the mixed methodology 
framework in this research study. (Jankowicz, 2000), for instance, contends that the 
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decision of choosing a specifc methodological approach in a specifc study pertains to 
both the research objectives and the questions that the researcher intends to explore. 
Put it another way, a qualitative approach tends to be more appropriate if the research 
objectives require a deeper understanding of the phenomenon under investigation. As 
Ghauri, Gronhauge, and Kristianslund (1995) aptly put it, ‘Qualitative methods are 
more suitable when the objectives of the study demand in-depth insight into a phe-
nomenon’ (Ghauri, Gronhauge, and Kristianslund, 1995). 

This study has adopted the mixed methodology, i.e. both quantitative and qualita-
tive approaches. The use of both quantitative and qualitative methods in the same 
study is known as triangulation. (Denzin, 1978), for instance, have stressed the poten-
tial of applying methodological triangulation in research empirical studies and argues 
that the goal of this triangulation is playing each method off against the other so as to 
maximize the validity of feld efforts. Nevertheless, the main diffculty of undertak-
ing the methodological triangulation in any research study is relevant to the time limit 
and the availability of some important resources such as the funding. It should be em-
phasised that this research study used the qualitative semi-structured interviews as the 
main method, which will be further explained in the coming section. Many researchers 
e.g. ((D. Amaratunga and Newton, 2002), (Gummesson, 1999)) have addressed the 
importance of using qualitative methods in research studies through outlined some of 
its advantages, among these: they provide a deeper understanding of the social world, 
they are often based on a small scale sample and they allow new issues and concepts 
to be explored. More precisely, D. Amaratunga and Newton (2002) states that quali-
tative methods are valuable when a researcher intends to unearth a new area, and to 
supplement, validate, or reinterpret quantitative data gathered from the same setting. 
(Bell, 1999) indicates that qualitative research methods are often used to understand 
participants’ perceptions of the world. They search for insight rather than statistical 
analysis. 

2.6 Research techniques adopted and generating the questions 

The literature reviews have been used to highlight the factors, barriers and diffcul-
ties that affect the implementation of TPM within an organisation. Based on previous 
studies, the researcher has developed the set of questions that have been used in both 
questionnaires, and interviews. According to M. Easterby-Smith and Lowe (2002), re-
viewing the literature is a research activity all in itself. It is not unusual to see articles 
that publish reviews of the literature in a particular feld. These invariably focus on 
research questions which have been raised and highlight the main infuential concep-
tual or empirical studies conducted in the area. This research study has adopted the 
semi-structured interviews (qualitative research) as the main method, whereas ques-
tionnaires were employed quantitatively as a second method in order to provide trian-
gulation and reducing the bias and limitations of any individual method. In this sense, 
triangulation can give the researcher a chance to take advantage of the benefts of the 
different types of approaches and it can also play a pivotal role in gaining more accu-
rate answers to the research questions under investigation. Addressing the advantages 
of undertaking methodological triangulation (i.e., using more than one method for col-
lecting data) by researchers, both Hussey, Hussey, and Hussain (1997) suggested that 
it is perfectly possible, and even advantageous, to use both qualitative and quantitative 
methods for collecting data. A questionnaire survey providing quantitative data could 
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be accompanied by in-depth interviews to provide qualitative insights and illumina-
tions’. (Hussey, Hussey, and Hussain, 1997). 

Based on that, the researcher has employed methodological triangulation in this phe-
nomenological study through employing different research methods. To put it more 
accurately, the researcher has used the following methods for collecting the data of the 
current research study: archival records, documents (TI), semi-structured interviews 
(T2) and questionnaires survey (T3). Open-ended questioning was given to the in-
terviewees to fll it in at different levels of managers and supervisors at maintenance, 
production department in addition to the top managers and TPM seniors of case study 
organisations. It is worth mentioning that some other researchers (e.g. (Fielding and 
Fielding, 1986), (Flick, 1998)) have rejected the assumption that convergence of results 
from different research approaches can be interpreted as a sign of validity, arguing that 
the inaccuracy of one method complement the inaccuracies of another. 

As already mentioned, a qualitative data has employed through using semi-structured 
interviews as the main research method. This kind of interviews is likely to be carried 
out in a way that is neither an open every day conversation nor a closed one (Kvale, 
2007). Saunders, Lewis, and Thornhill (2007), in turn, affrm that semi-structured in-
terviews are often deployed in qualitative research in order to understand mainly the 
’what’ and the ’how’ research questions. The purpose behind a qualitative interview, 
as Richards (2003) argues, is a deep understanding rather than a sheer accumulation of 
data. Undertaking the qualitative semi-structured interviews in this study helped the 
interviewees express their own understandings in their own terms rather than ‘ft their 
knowledge, experiences and feelings into the evaluator’s categories’ Patton (1990). 

A multiple choice-closed question set questionnaire was also distributed on the en-
tire workforce in the maintenance departments of case study organisations. The aim 
behind using this kind of the questionnaire is to supplement the qualitative data gained 
from the semi-structured interviews. It is worth noting that a range of documents such 
as minutes of meetings, reports and some other related papers and archives were also 
deployed to verify the results gained from semi-structured interviews and question-
naire survey. The questions of interviews were mainly based on the literature review 
information and the objectives of this research. 

2.7 Case Study 

A case study could include a single case like a person, a school, etc, or multiple cases 
like several schools or people ((Gillham, 2000), (Yin, 2003)). According to Yin (2003), 
the case study research is often of qualitative nature and is favourable if ‘how’ and 
‘why’ questions are being asked. Given that ‘meaning’ is seemingly the main concern 
of the qualitative approach ((Bogdan and Biklen, 2007), the individuals’ viewpoints 
and perceptions about a specifc phenomenon are often the focus in the case study re-
search. Both Ritchie and Lewis (2003) view the main defning features of a case study 
as being ‘multiplicity of perspectives which are rooted in a specifc context’. From 
a naturalistic approach to inquiry, Nunan and Bailey (2009), in turn, elicited two es-
sential commonalities among various defnitions of case study presented by different 
researchers: the frst and foremost is the notion that the case is a bounded instance’ 
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i.e., it is defned within some kind of boundaries such as time (for instance, a peda-
gogical activity that has a time limitation such as a lesson) or role or place boundaries 
(teachers, or schools); the second important common factor is that ‘the phenomenon is 
studied in context. The valuable characteristics of case study contain particularity, rich 
contextualisation, deep description, along with triangulations (Yin (2003), Nunan and 
Bailey (2009), Punch (2009)). Yin (2003) differentiates three main kinds of case studies: 
exploratory, explanatory, and descriptive case studies. Exploratory case studies are of-
ten conducted to defne research questions and hypotheses or to verify the feasibility 
of the desired research procedures. Explanatory case studies, in turn, search for linking 
an event with its effects and are suitable for investigating causality. Descriptive case 
studies are often used to present a complete description of phenomenon within its con-
text. 

Zainal (2007) argues that case study research is, like any other methodological frame-
work, has been subject to some criticisms. These criticisms have been principally based 
on the grounds of non-representativeness and the problem of not being able to provide 
generalisability in a statistical sense (ibid). In response to these criticisms, however, 
both Denzin and Lincoln (2000) point out that case studies can be generalised, on the 
premise that ‘looking at multiple actors in multiple settings enhances generalisability’. 
Like (Denzin and Lincoln, 2000), Denzin and Lincoln (2000) holds the view that while 
survey research tries to generalise fndings based on a sample that generalises to a 
larger universe, case studies are mainly used for analytical generalisations, in the sense 
that the researcher’s aim is to generalise a particular set of results to some broader the-
oretical propositions. Based on the criticisms raised by some researchers in relation to 
the availability of adopting case study research, it might be argued that no research 
methodology is perfect, and therefore, researchers have to use data gained from multi-
ple methods. 

2.8 Justifcation of selecting number and type of case studies 

During the design stage of case study, the researcher identifes what can be used to 
select single or multiple cases to study in-depth study and which techniques and data 
collection approach. Using multiple cases, each case must be treated as one case. Then 
each case conclusions can be used as information that contribute to the whole study, 
but each case remains one case. Choosing single or multiple cases is a key element, 
but a case study can include more than one unit. Yin (2003) referred that there are four 
types of case study designs, Single-case (holistic), single-case (embedded), multiple-
case (holistic), and multiple-case (embedded). Single case study is usually used when 
the studied case is representing cases which are considered typical or extreme case 
(unique). Single case provides the researcher with an important opportunity to observe 
and analyze certain phenomenon which were taken into account by few people in the 
past. Inevitably, the appearance is important to use a single-case strategy through an 
actual case defnition (Yin, 1994). Multiple case studies are those that combine several 
cases. The rationale for the use of multiple cases is to focus on the need to ensure that 
the results obtained from the frst case are verifable in other cases, and thus the need 
to generalize on the basis of these results (Yin, 1994). 

The researchers must determine whether to study cases that are unique in some way 



turing area applying TPM in its plants. The researcher decided to chose two plants out 
of the ten plants of LISCO. This decision was based on the recommendations of TPM 
committee in LISCO Company due to the fact that these two plants are in the advanced 
stages of the implementation process compared with the other plants (see Figure 2.1). 
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or cases that are considered typical, and may also specify the cases to represent a va-
riety of geographic areas, and a variety of size parameters, or other parameters. The 
selection of a single-case or multiple-case is to refer to the purpose of the study in or-
der to pay attention on where to look for cases and evidence that would answer the 
research questions and satisfy the purpose of the study (Zainal, 2007). This research 
study is explanatory and exploratory in perspective; it is interested in knowing that 
“what”, “how” and “why” issues related to the identifying factors and diffculties af-
fecting TPM implementation in Libyan manufacturing environment. However, LISCO 
was chosen as a single case study for this research, it is a large-scale manufacturing 
organisation. Yin (1994) cited that case study approach is appropriate when studying 
managerial processes, when the boundaries of the phenomenon and its context are not 
clearly evident (Yin, 1994). This steel company is consisting of ten plants with about 
7000 employees. Moreover, LISCO company is the only company in Libyan manufac-

FIGURE 2.1: An embedded single-case design. 

2.9 Data Collection 

Methods can be used to collect data quantitative and qualitative methods as well as an-
alytical approaches deductive and inductive. Quantitative approach is more accurate 
and rigorous because of use of mathematics, but it is diffcult to place all human phe-
nomena to count and Statistics. Hence, the need to resort to the qualitative approach 
is used, which requires careful observation and penetrating understanding of the re-
ality of living. The research design is both qualitative and quantitative in nature and 
a structured questionnaire, applying the Likert scale, will be used to gather the data. 
The personal interview is the most common methods used in the case study, where it 
achieves principle of access to information directly from the person in question. The 
survey and case study are complementary and there is a relationship between them. 
Yin (2003) referred that the case study can be conducted alone or in combination with 
other methods, as all have complementary weakness and strengths. The data is classi-
fed to two types, primary and secondary. Secondary data sources include published, 
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unpublished, internal and external documents. the researcher starts gathering the in-
formation needed through the secondary data and any limitations in the data will be 
gained by the researcher efforts through the appropriate manner for the study. The 
case study approach uses several ways to collect data like interviews, questionnaires, 
and the observation which is necessary in most cases. 

2.10 Document and archival sources 

The term document in its precise meaning is a formal or semi-formal written legal doc-
uments and writings that address the issues of economy, such as orders, decisions, de-
crees, patents, conventions and political correspondence. The documents provide some 
valuable information that was obtained by others (Stake, 1995). Yin (1994) suggests that 
documentary information is sometimes essential for a case study topic. However, doc-
umentary information can take many forms and should be the object of explicit data 
collection plans. For example, letters, progress reports, minutes of meetings and ad-
ministrative documents. He also added that the archival records can be service records, 
organisational records, charts and survey data. The documents provide some valuable 
information already obtained by others. 

The analysis of company documents related to the subject of the study will provide us 
with information on the activities of the company, its goals, objectives, and mission. In 
addition, access to documents will give readings of fnancial, managerial and political 
statements. The most important use of documents is to emphasis and increase evidence 
from other sources (Yin, 1994). Document and archival records technique is based on 
the systematic and accurate description of the content of the texts written or audited by 
selecting the object and purpose of the study and defning the study population which 
its cases will be selected for the study and analysis of the content. After the researcher 
selects the documents to be studied, then the process of study and analysis will begin 
focusing on the information contained in the document. Clearly, the researcher must 
not try to infer from the document but only with explicit data mentioned therein. In this 
technique, the researcher follows the descriptive approach steps, where after defning 
the research problem and questions he will be directed to the completion of research 
and access to the results. 

2.11 Interview 

The interview is considered the main road to multiple realities (Stake, 1995). It is an oral 
questionnaire between the interviewer and the person or people to obtain information 
related to trends, opinions, feelings, motives or behaviour. Interviews are common in 
social life, and there are different forms of interviews. For example, job interview, me-
dia interview and police interview, and there are interviews for research study. The 
research interview is an important data collection approach in both quantitative and 
qualitative research (Bryman, 2001). Using interviews could help to gather reliable 
and valid data that is relevant to the research questions and help formulating such 
questions and objectives. Moreover, the interview can be structured and formal using 
specifc and standardized questions. 

It can be an informal interview, using an informal conversation, and it can be some-
thing else between these two (Saunders, Lewis, and Thornhill, 2003). Hancock and 
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Algozzine (2006) pointed that the interview is a very common form of data collection 
in case study researches. Interviews with individuals or groups allow the researcher to 
achieve rich and personal information. In order to ensure the success of the interviews, 
researcher should develop the interview guide, as the guide will identify appropriate 
questions that will be asked to each interviewee. These questions are designed to allow 
the researcher to obtain insight into the study’s essential research questions, and thus 
the number of interview questions for a particular interview vary widely. The inter-
view may be unstructured, semi-structured, or structured. Semi-structured interview 
is suitable for case study research. Using this approach, researchers ask specifc ques-
tions in advance, but worded fexibly, and answers that provide preliminary answers 
to the questions researchers (Hancock and Algozzine, 2006). 

The personal interview method is a face-to-face contact between the interviewer who 
will ask the questions and interviewee who will answer the questions (Kothari, 2004). 
Hussey, Hussey, and Hussain (1997), said that the interviews are a collecting data 
method in which selected participants are asked some questions in order to fnd out 
what they do, think or feel. The interview could be done individually between re-
searcher and respondent so that the interviewees may feel free to express their opin-
ion. The individual interview is the most commonly used interviews in social research 
and humanity. Also, the interview can be accomplished between an interviewer and 
group of interviewees, and what distinguishes the latter is it gives an in-depth data and 
can help respondents to remember the elements of information. Though, the group in-
terview also has disadvantage which is that one of the interviewees may dominate the 
atmosphere of the interview or not given an adequate opportunity for others to express 
their views and some interviewee may be reluctant to mention their personal problems 
in front of members of the group. 

2.11.1 Types of interviews 

Herbst and Coldwell (2004) and Dawson (2002) have mentioned that, the interview 
typically happens whenever a researcher and respondent meet face-to-face or commu-
nicate via some technology like computer or telephone. They also added that there are 
three subtypes of interviews: structured interview, semi-structured interview and un-
structured interview (Herbst and Coldwell, 2004). 

Structured interview: Also known as standardized interview, it is commonly used in 
large scale survey researches. In this type of interviews, the researcher prepares a list 
of questions before the interview, and asks the same questions in every interview and 
often by the same sequence in order to ensure that each interview is presented with the 
same questions in the same order. This, in turn, ensures that answers can be reliably 
aggregated and that comparisons can be made with confdence between sample groups 
or between different survey periods. Consequently, there is a common format, which 
makes it easier to code the responses, analyse and interpret the data. However, that 
does not preclude asking unplanned questions if the researcher thinks it is necessary 
to do so. Raised questions in structured interview could be closed-ended questions, so 
that the respondent is given specifc options that he must be adhered to, or could be 
open-ended questions as well. 

semi-structured interview: Also known as non-standardized interview, and is frequently 
used in qualitative analysis. In this type of interviews, the researcher can change the 
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order of questions depending on the direction of the interview. Moreover, this type of 
interviews do not depend on the use of specifc questions in advance, where the inter-
viewee has a general understanding of the subject, and they have not list of questions 
prepared in advance (Hussey, Hussey, and Hussain, 1997). One of the characteristics 
of unstructured interviews is the fexibility of the interview where you can modify or 
add questions during the interview. In addition, this type of interviews are used in 
most cases of exploratory research, where this research constitute a preliminary stage 
to conduct in-depth studies. 

Unstructured interview: It has more relaxed rules than the other types of interviews. In 
this type, the researcher needs only a list of topics to be covered during the interview. 
There is no script and order, but interaction between participants and the researcher is 
more like a conversation than an interview. 
Saunders, Lewis, and Thornhill (2003) mentioned that there is no need for a list of 
questions or themes in this type of interviews, but only a clear idea about the aspect or 
aspects that are required to be explored (Saunders, Lewis, and Thornhill, 2003). How-
ever, this type of interviews is most often used in ethnographies. They are best used 
when the researcher wants to fnd as much information as possible about their sub-
jects, hence, the beneft of unstructured interviews is that they often reveal information 
that would not have been exposed using semi-structured or structured interviews. In 
addition, the researcher and participants are not limited by the protocol, however, un-
structured interviews can only be used for qualitative researches (Dawson, 2002). 

2.12 Questionnaire 

The questionnaire is to help the researcher gather information needed for the research. 
It is very similar to the structured interview. However, the main deference between 
them is that the interviewer will not be attendant to read the questions but the respon-
dents must read the questions and answer them by themselves (Bryman, 2001). 

Questionnaire is one of the research techniques used widely in order to obtain data 
or information concerning the conditions of people, orientation or tendencies, and the 
importance of the questionnaire lies in being a tool to collect information economically 
with regard to time and effort spent when compared against observation. Moreover, 
questionnaire consists of a form containing a set of items that each participant should 
answer individually and without any intervention from others. On the other hand, 
there can not be perfect questionnaire composition to recommend for adoption for all 
conditions and situations due to the fact that every phenomenon has its specifcities, 
nature and specifc module, and only the purposes of research determines the form and 
content of the questionnaire. However, questionnaires work well with questions that 
are standardized and can be understood and interpreted the same way by all respon-
dents (Saunders, Lewis, and Thornhill, 2003). 

2.12.1 Type of questionnaire 

Saunders, Lewis, and Thornhill (2003) has classifed the questionnaire according to 
how it is administrated into two types: 
Self-administrated, which is usually completed by the respondent. This kind of ques-
tionnaire is delivered and returned directly by Email, post, or hand. 

http:interviews.In
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Interviewer-administrated, which is recorded by the interviewer and it can be con-
ducted by phone or by structured interview (Dawson, 2002). This type of question-
naire can be more classifed, according to the sort of questions and required answers, 
into three types: closed-ended, open-ended or a combination of both. 

Closed-ended questionnaire: Here, the answer may be restricted, where the question-
naire contains questions followed by specifc multiple choices answers . The partici-
pant has to choose the answer by marking them (Kumar, 1999). 

Open-ended questionnaire: In this one the answer is free and open. The questionnaire 
contains a number of questions that need to be answered by the participant in his/her 
own way. This type aims to give such an opportunity to write the respondents’ opin-
ions and excuses to answer fully and explicitly (Dawson, 2002). 

A combination of both open and closed ended questionnaires: Many researchers tend 
to use a combination of both closed and open questions. In this way, it is possible to 
ask how many people use a service and what they think about this service in the same 
form. Many questionnaires start with a series of closed questions, with boxes to tick 
or scales to rank, and then ends with a section of the open-ended questions for more 
information (Dawson, 2002). 

In this study, the questionnaire survey was designed in fve sections. The frst Sec-
tion is an introduction to explain the concept and the purpose of the questionnaire, 
while the second section is about general information on the background of respon-
dents which are known as demographic questions. These questions address the re-
spondents’ job, qualifcation, age, experience period and position in the organisation. 
Section three is addressing the TPM activities within LISCO. This section consists of 
twenty statements incorporating the 5-point Likert scale. Next, section four is about 
the opinion regarding factors affecting the success of TPM implementation and it con-
sists of 60 statements which also incorporated the 5-point Likert scale. Further, section 
fve is addressing the evaluation and rank of the factors affecting the success of TPM 
implementation. 

According to Hussey, Hussey, and Hussain (1997), it is often possible to allow par-
ticipants to give more discriminating responses by providing them with some forms of 
rating scale. In fact, one of the more frequently used types of scale is the ’Likert Scale’. 
This turns the question into a statement and asks the respondents to indicate their level 
of agreement with the statement by ticking an appropriate one. 

In this study, the questionnaire is mainly based on a Likert’s Scale of fve ordinal mea-
sures (Figure 2.2) from one (1) to fve (5) according to the level of agreement. 

ranging from “Strongly Disagree (SD)” on one end to “Strongly Agree (SA)” on the 
other with “Neither Agree nor Disagree (N)” in the middle, passing through “Disagree 
(D)” and “Agree (A) in between”. 
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FIGURE 2.2: Sample 5-point used in Likert scale questions. 

2.13 Validity and Reliability 

The aspects of the quality of any design, validity and reliability, must be maximized by 
the researcher of the case study according to (Yin, 1994). The research is characterized 
by validity when it measures what it has claimed to measure. For example, if the test 
is to measure the children’s writing ability, then it must measure this ability. Neverthe-
less, if the result of the measurement has measured the ability to count and math, then 
this can not be characterized by validity. Validity is defned as the extent to which the 
instrument measures what it purports to measure and the information collected by the 
investigator truly refects the phenomenon being studied. Validity refers to the quality 
and can be applied to any aspect of the research process (Kumar, 1999). 

The research is characterized by reliability when it gives the same results or conver-
gent results when applied more than once in similar circumstances. For example, If a 
test was used to measure a student’s intelligence and received a 120-degree, this stu-
dent should get the same result when offered the same test after two weeks or a month. 
Likewise, reliability is a common test used to establish the quality of any empirical so-
cial research where the operations of a study, such as data collection procedures, can be 
repeated with the same fndings. (Yin, 2003), on the other hand, considers reliability is 
concerned about the last application of a study. If a later researcher followed the same 
set of procedures as described by the earlier researcher and conducted the same case 
study, the fnding and conclusion would be the same. Reliability is aiming to minimise 
the errors and biases of the study. 

Reliably and validity were the core concerns of this study. A triangulation approach 
which is combining the qualitative and quantitative approach was seen as an appropri-
ate solution to increase the reliability and validity, therefore this study employed three 
research techniques (interviews, questionnaires, and document analysis), and gained 
data and information from different departments (maintenance, production, and TPM 
committee). In addition, the samples were selected from different levels. 

2.14 Conducting the pilot study 

The pilot study is the fnal preparation for data collection. When a study is conducted 
to determine its feasibility it is called a feasibility study or pilot study. (Yin, 2003) stated 
that the pilot case study helps investigators to refne their data collection plans with re-
spect to both the content of the data and the procedures to be followed. 
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A pilot study gives an investigation of whether the questions asked are suffcient to 
generate the wanted information. Furthermore, it increases the validity of such ques-
tions in both questionnaire and interviews, as the researcher has a chance to rephrase 
and reconstruct the questions. Researcher believes that, conducting pilot study is of a 
high degree of importance in order to help estimating the appropriate time to conduct 
interviews as well as to ensure that questions are clear, accurate and relevant to the 
problem of search. According to Stake (1995), the data provided from the pilot study 
can be used to enhance the validity of questionnaires for the study and to ensure that 
it is easily understood and easy to answer (Stake, 1995). 

The researcher contacted some engineers and workers inside the Libyan iron and steel 
company premises. Such activity is considered as a pilot study for the research. 

Conducting this pilot study was for obtaining results from respondents who are work-
ing in the same industry ‘steel industry’, but different areas in criteria of design and 
process. The pilot study involved different levels of management and supervisors. 
The questions for the survey were designed and deduced according to the previous 
interview with the TPM Directorate Committee in LISCO. The questions also had been 
presented to some Libyan students in Coventry University. 
The feedback and comments of conducting the pilot study are: 

• Some questions were found to have the same meaning. 

• Some questions were answered by other sources in the company such as reports 
documents, etc. 

• Discussing the translation diffculties of some terms in Arabic. 

2.15 Conducting the industrial case study 

After identifying the case study and its units, an investigation of the TPM implementa-
tion will take place by adopting three research techniques (interviews, questionnaires, 
and document review). Data will be collected from TPM implementation committees, 
group of activity and TPM oversight committees. Where these committees consist of 
directors of operation departments, maintenance departments as well as members of 
the occupational safety and engineers from the development department. The small 
group of activity consists of operators and maintenance workers. Data will contain 
general information about the respondent like whether the respondent is an operator 
or maintenance personnel, the period of employment and the age of respondent. There 
are also data about the factors and obstacles that affect the success of applying TPM. Fi-
nally, data on the company’s internal customer satisfaction rate and the intake of these 
regulations will be collected. 

LISCO as a case study will be discussed later on chapter four. 
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2.16 Conclusion 

Complete briefng of the adopted research methodology has been done in this chapter 
along with briefng about the main philosophy and explanation of the qualitative and 
quantitative approaches as well as justifcation for their adaptation. A reasonable ex-
planation has been done for the adaptation of the selected case study research design 
has been done. The chapter, also, addressed indicated the sources used for the data 
collection. The chapter also briefed the methods adopted for generating the research 
questionnaires and interviews for conducting pilot research and case study. 

Basically, this would help in getting an idea about how the research questions would 
be answered through the methods mentioned above and the adaptation of the method 
of case study, while considering the availability of the time. TPM would be brought 
under discussion with reference to the literature review in the next chapter to explain 
the concepts associated with it. 



Chapter 3 

Literature review 

3.1 Introduction 

Literature review is considered as an essential part of research as it contains a critical 
evaluation of the main issues of the research along the evaluation of all the factors as-
sociated with it in the light of the researches conducted previously. 

This is an exploratory research and considering the nature of this research, the liter-
ature review is required for getting the main concept of TPM philosophy, principles, 
pillars and tools. The literature review, also, highlights the TPM within continuous 
process industry, and steel companies. Not only this, literature also helped in high-
lighting the factors that infuence the implementation of TPM. 

Basically, a theoretical framework was developed based on the literature and researches 
conducted previously. 

3.2 Background 

Due to the high capital cost of productive assets, it is natural, for those high-value as-
sets, to perform the maintenance operation in the right way in order to prevent any 
damage and rapid end-of-life. Moreover, appropriate maintenance must be performed 
to all the organisation’s assets without exception, and continuously. The problem in 
some organisations is that they might ignore the application of proper maintenance 
under the pretext of saving expenses to increase profts. Such companies adopt old tra-
ditional maintenance systems and emergency maintenance. When failures occur, the 
company losses incurred as a result of cessation of production, delaying orders for cus-
tomers, and the loss of good opportunities to sell. 

In order to keep the fxed assets of these enterprises, there must be a section for main-
tenance which should include the most effcient elements and the task of planning, 
preparation and implementation of maintenance programs so as to ensure to maintain 
and improve their machines’ performance. Further, some big companies do beyond 
that, they apply a comprehensive system to deal with the equipment and the work 
place. A. Jain and Singh (2014) in study of Indian and non Indian companies, which 
has clearly show that companies are in dire need to foster the practice of TPM imple-
mentation to compete in the global market and the fuctuating demands of large-scale 
industries. 
According to (Nakajima, 1988), the three terminology of TPM contain the meaning: 
Total: The overall participation of all employees from top to bottom. All functions and 
all levels to maintain the performance of equipment effciently and effectively. 

25 
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Productive: To maximize effcient productivity, get Zero defects, Zero breakdowns, and 
Zero accidents. 
Maintenance: keeping the equipment and all the assets in proper condition (Nakajima, 
1988). 

3.3 TPM Defnition 

The TPM is the short form of Total Productive Maintenance. Literature offers many 
variations on the same theme when defning a TPM. TPM is a US productive mainte-
nance reformed and enhanced to suit Japanese companies (Nakajima, 1988). Nakajima 
(1988) mentioned that the defnition of TPM by Westerns focuses on Overall Equip-
ment Effectiveness (OEE), while the Japanese focuses on Small Group Activities (SGA) 
(Bamber, Sharp, and Hides, 1999). Furthermore, TPM was defned as a maintenance 
program that covers all the company aims to reform the roots of the equipment and hu-
man resources problems and to reduce the losses of equipment which includes stops, 
poor effciency as well as defects, in addition to improving the overall effectiveness 
of equipment. Robinson and Ginder (1995) said that “TPM is a complex, long –term 
process which must be sold to the workers as a legitimate improvement methodol-
ogy”. Further, TPM was defned as an innovative maintenance to maximize the effec-
tiveness of the equipment, eliminate breakdowns and disseminate of the concept of 
autonomous maintenance by the operator in the daily work for all employees in the 
company. Likewise, TPM is a strategy carried out by all personnel who are engaged 
directly with manufactures to achieve zero accidents, zero defects and zero breakdown 
(Tajiri and Gotoh, 1992). 

Likewise, Nakajima (1988) defnes TPM “Total Productive Maintenance (TPM) is pro-
ductive maintenance involving total participation of all employees through small group 
activity in addition to maximising equipment effectiveness and establishing a thorough 
system of a comprehensive planned maintenance system”. 

Cooke (2000) has another defnition “TPM seeks to engender a company-wide ap-
proach towards achieving a standard of performance in manufacturing, in terms of 
the overall effectiveness of equipment, machines and processes, which is truly world 
class”. Besides, Bill and Maggard (1992) states that “total productive maintenance is 
a new work system that addresses the interface problems between a company’s main-
tenance organisation and its production organisation” (Bill and Maggard, 1992). He 
also defned TPM as “complementary with total quality management (TQM), JIT, total 
employee involvement (TEI), continuous performance improvement (CPI), and other 
worldclass strategies” (Bill and Maggard, 1992). Even more, Hartmann (1992) cites “to-
tal productive maintenance permanently improves the overall effectiveness of equip-
ment, with the active involvement of operators” (Hartmann, 1992). Further, Suzuki 
(1992) pointed out that TPM is a joint effort to help frms grow by engaging every-
one from senior to plant-foor (Suzuki, 1992). Moreover, Willmott and McCarthy (2001) 
said “TPM is a Japanese management protocol developed to alleviate production losses 
caused by machine breakdowns” (Willmott and McCarthy, 2001). 

In fact, the most common defnition that introduces TPM as a maintenance technique 
carried out by every single employee from the top management to plant-foor through 



well known in Japan, it took place in plant maintenance and Japanese industries were 
investing increasingly in new equipment to become more automated and less work-
ers concentrated. Whilst, the process industries were concentrating on preventive and 
productive maintenance (Figure 3.1). In this way, Japan became the world leader in 
using the robots in their industries. This development in the automation has brought 
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small group activities, is the Japanese Institute of Plant Maintenance’s (JIPM) defnition 
that defned TPM to include the following fve key elements (Pomorski, 2004): 

1. TPM aims to maximize equipment effectiveness. 

2. TPM establishes a comprehensive preventive maintenance (PM) system. 

3. TPM can be implemented by all departments that use and maintain equipments. 

4. TPM involves every employee from top level to the workers on the shop foor. 

5. TPM is based on the promotion of preventive maintenance through the motiva-
tion of management and autonomous Small Group Activity. 

Next, TPM history is narrated. 

3.4 TPM history 

The TPM philosophy was derived from quality concept which was taught to the Japanese 
by the American expert Dr. Deming (McGee, 2007). While the Japanese were develop-
ing the concept of Quality Control through statistical analysis, they found that there is 
a need to go further than preventive maintenance to improve equipment effciency and 
this need introduced TPM philosophy as a complementary system to quality concept. 
’Seiichi Nakajima’ is known as the Godfather of TPM, Who explored it in Japan and 
called the Japanese Companies to practice this new direction of production (Willmott, 
1994a). 

On the other hand, McGee (2007) referred that the unique Japanese method called TPM 
was born in the fabrication and assembly industries. However, when TQM became 

FIGURE 3.1: From preventive maintenance to TPM. 

a trend toward some manufacturing techniques and improving maintenance manage-
ment, which gave birth to the TPM. In the same contect, McGee (2007) said that TPM 
is a Japanese equipment management strategy created to back up the TQM strategy. It 
is a practice that deals with maintenance environment in those companies which were 
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undertook by TQM. On the contrary, Hartmann (1992) believed that the Japanese im-
ported preventive maintenance (PM) from America in the 1950’s. They took the idea 
and developed it to become TPM. This scenario has occurred before with TQM and 
other productivity techniques. 

In fact, TPM gradually evolved from the 1950’s to the 1970’s and started with US 
preventive maintenance and then focused on the productivity and reliability of main-
tenance. During that time, data related to these practices were collected and fedback 
resulting in new preventive maintenance through comprehensive regime based on col-
laboration between all employees. However, Robinson and Ginder (1995) argued that 
“TPM does not belong to any one country”. In fact, Wireman (2004) mentioned that 
in the 1970s the Japanese improved the preventive maintenance program to become a 
strategy established a thorough system of preventive maintenance by everyone in the 
organization. After that, the Japanese started separating their TPM system widely. 

Importing some manufacturing techniques and philosophies such as TPM could help 
the organization to maintain the existing equipment instead of importing new ones, 
where such techniques may make the machines at great condition of performance for 
a long time. The frst countries imported TPM system from Japan were the Southeast 
Asia countries by virtue of geographical location (Nakajima, 1988). It is worth men-
tioning that Nippondenso is one of Toyota group suppliers, and was the frst user of 
the term TPM in the late 1960’s. The group won The PM prize from Japan Institute 
of Plant Maintenance (JIPM), which was the frst prize gained for the successful imple-
mentation of TPM (Robinson and Ginder, 1995). Moreover, Volvo Company in Belgium 
is one of frst non-Japanese winners of PM prize. 

In fact, TPM method and its improvement activities were applied at the beginning ex-
clusively in some departments that were directly in touch with the equipments (Suzuki, 
1994). Whereas, the other departments were supporting TPM to increase the produc-
tivity. Then, after a while, these departments also became appliers of the system to im-
prove their effectiveness and effciency. Furthermore, TPM technique was also adapted 
in departments other from those that have machinery and equipment, and was called 
company-wide TPM. 

Further, Nakajima (1988) confessed that TPM is a US productive maintenance re-
formed and enhanced to ft Japanese companies. On the other hand, the development 
of the preventive Maintenance (PM) in Japan was established between 1950 and 1980, 
which can be illustrated in Table 3.1 (Nakajima, 1989). Also, Nakajima stated that there 
is a relationship between Total Productive Maintenance (TPM) and Zero Defects (ZD), 
as they both aim to eliminate defects. Furthermore, TPM strives to eliminate the six 
big losses which corresponds to the aims of Toyota Production System (TPS). Equally 
important, one of the main goals of TPM is maximizing the performance of equipment 
which partially meets terotechnology and logistics aim of achieving an economic life 
cycle cost. 



29 Chapter 3. Literature review 

This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis 
can be viewed in the Lanchester Library Coventry University.

TABLE 3.1: Development of TPM in Japan (Nakajima, 1989) 
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3.5 Types of maintenance 

Since the 1970’s, maintenance has witnessed changes perhaps more than any other 
management discipline. These changes are the result of a massive increase in the num-
ber and variety of physical assets (plant, equipment and buildings), which must be 
maintained in all parts of the world, in addition to more designs and maintenance 
techniques. Moreover, these changes are the result of the change in maintenance re-
sponsibilities and views on the organisation. 

Since the 1930’s, the development of maintenance can be classifed over three gener-
ations: the frst generation covered the period up to the second World War, where in 
those days a very simple and light machinery were used and maintenance was fairly 
easy and hence there was no need for programs and maintenance systems, but rather 
just some routine cleaning, oiling and lubricating. However, during the second world 
war, things changed dramatically as the demand for good of all kinds was increased 
in the wartime, while the supply of manpower decreased sharply, and consequently, 
this led to the necessity of mechanisation. In the 1950’s, machines were more complex 
and more numerous which led in turning to the preventive maintenance approach. As 
a result, a rise in the cost of maintenance and relative operation costs were evident, 
the matter that led people to start searching for ways that could maximise the life of 
the assets. Finally, since the mid-seventies, the processes of change in the industry has 
gained signifcant momentum that can be categorized under the headings of new ex-
pectations, new research and new techniques and this was the third generation. 

It is also important to mention that the downtime always affect the productive capac-
ity of the physical assets leading to the reduction of production, increasing of operat-
ing costs and interfering with customer service. Moreover, the increasing cost of stock 
led to reducing the stock levels and moving towards the just-in-time systems which 
make the minor equipment failures have a major affect on all kinds of logistics sup-
port. However, industry in general is devoting a great attention to doing maintenance 
job properly (doing the job right), while much more needs to be done to ensure that 
works which are being planned are the works that should be planned (doing the right 
job). The main challenge facing the maintenance people at the present time is not only 
to fnd out what are the suitable techniques, but to decide which are worthwhile and 
which are not in their organizations. If the right choice is made, it is possible to improve 
the performance of the assets while at the same time contain and reduce the mainte-
nance costs. Instead, If wrong choices are made, new problems will be created while 
the existing problems will worsen (Moubray, 1997). 
Types of maintenance are listed below (Venkatesh, 2007). 

1. Breakdown maintenance: In this type of maintenance, no care is taken for the 
machine until equipment fails and repair is then undertaken. When the repair 
cost is the only cost that is incurred, this type of maintenance is usually applied. 
It is also favoured in the case when there is no stoppage in the operation and 
production (Narender and Gupta, 2012). 

2. Preventive maintenance: The day to day maintenance of equipment and ma-
chineries for their deterioration prevention and periodic inspection is referred 
to as preventive maintenance. One can say that it is the stitch in time sort of 
maintenance which is done to keep it running effciently and avoid any further 
possible damage to the equipment in future. This enables the owner to extend the 
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service quality and life of the machine. (Narender and Gupta, 2012). It is defned 
also as the preventive maintenance on a scheduled basis to ensure the continuous 
smooth operation of equipment (Steinbacher and Steinbacher, 1993). 

3. Periodic maintenance (time based maintenance - TBM): As discussed earlier, it 
refers to the repeated checking, cleansing and servicing that is conducted to keep 
the machine working and free from any unwanted future issues. E.g. replace-
ment of coolant or oil every 15 days (Narender and Gupta, 2012) (Mostafa, 2004). 

4. Predictive maintenance (condition based maintenance - CBM): Based on the cur-
rent condition of the important, and generally the useful, parts of the machin-
ery and equipment, their overall life duration is analyzed and predicted. This 
is called predictive maintenance, Furthermore corrective measures are taken to 
ensure that the equipment works effciently. It is relatively hi-tech in nature with 
the adaptation of the surveillance system to get frst hand information via online 
systems (Narender and Gupta, 2012). The predictive maintenance is to determine 
the life expectation of equipment (Steinbacher and Steinbacher, 1993). 

5. Corrective maintenance: Corrective measure refers to the corrective tasks that 
are conducted in order to shape up and make the equipment suitable enough 
that when preventive maintenance is carried out, it works optimally (Narender 
and Gupta, 2012). This happens at the equipment user’s level e.g. installing a 
guard, to prevent the burrs falling in the coolant tank. This kind of maintenance 
is used to improve equipment performance (Steinbacher and Steinbacher, 1993). 

6. Maintenance prevention: Maintenance prevention program point towards the is-
sues that are present in the current machine and how the same can be removed 
to prevent defects. The issues are studied rationally while the data collected and 
analysed is usually provided to the makers and manufacturers of the machin-
ery to ensure that the same problems in the equipment designs are not repeated 
in the future production (Venkatesh, 2007)(Narender and Gupta, 2012) (Mostafa, 
2004). Maintenance prevention must be used in the design and selecting of new 
equipment (Steinbacher and Steinbacher, 1993). 

3.6 Continuous process industry and lean 

The process by which specialized products or specialized parts of the equipment are 
developed is known as discrete manufacturing. Under this system, specifc parts like 
engine or house hold kitchen appliances are manufactured. The aspect that is asso-
ciated with discrete manufacturing is that the number of items made can easily be 
counted. On the contrary, continuous manufacturing or the process industry refers to 
that manufacturing which cannot be counted but measured. 

The type of products coming under the continuous manufacturing includes textile, 
steel, fuid goods, glass, oil and four (Needy, 2000). Both of these classes of manu-
facturing, continuous and discrete, are termed as the manufacturing systems. These 
manufacturing systems engulf the complete manufacturing industry. Within the con-
tinuous manufacturing industry processes, the Lean improvement efforts tend to be 
limited (King, 2009). There are no data or any rational recordings available to ana-
lyze the innovating efforts made, although it was extremely successful in the industry 
where, however scarce, Lean process was laid into action over the past two decades. 
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The human psychology of resisting change can be termed as the major reason for its 
lack of complete implementation in the industry. Visionary leadership that are ready 
to accept the change can help in providing the impetus. It is, however, important to 
note that continuous manufacturing might be requiring its specialised version of Lean 
(Floyd, 2010). 

The characteristic feature of the continuous manufacturing is that it is in line with the 
infexible process where large quantity of volume is generated with lesser variation. 
Therefore, Lean process is of signifcant importance in such industries like those of 
electrical products, but mostly in the automobile industry. This is also true because 
there is little variation while coming up with the main design and interior of the vehi-
cle. Thus, most of the present corporations in the automobile industry paved way for 
the application of lean into their manufacturing processes. The leniency shown by the 
corporations while adopting the Lean is because of its presumed infexibility. This is 
also true when frequent distinct changes are needed to be incorporated in short bursts 
since the process industry cannot afford to stop to adjust for the minor adjustments and 
therefore corporation fnd it a costly bargain to adopt the lean process. Shafeek (2012) 
said that higher productivity in a very modern continuous process industry such as 
a cement factory is rely on regular, scheduled maintenance. This required planning, 
to ensure that always the company’s employees hve the knowledge, manpower and 
parts on hand to give equipment they need when it is due to scheduled maintenance 
(Shafeek, 2014). 

Although both the discrete and continuous manufacturing has many commonalities 
but the major difference of the continuity of the production tends to be the major hurdle 
in adoption of lean process within the process industry. Here, the corporation consider 
that halting the process of continuity production would lead to excessive and irrational 
expenditure. Regardless of all the commonalities and overlapping between the two 
manufacturing types i.e. discrete and continuous, there also exists a wide marked gap 
between the two as well. However, the productive maintenance can be applied to con-
tinuous manufacturing as well and then it can be analyzed rationally to evaluate their 
benefts. Although the process and discrete industry share several common character-
istics, there are areas where they are very different. Both manufacturing settings have 
overlapped, but at the extreme, each has its unique characteristics. The next section 
gives some features of process industries. 

3.7 Special features of process industries 

Certain unique features and concerns distinguish process industries from the discrete 
industries where the TPM was born. 

• Diverse production system: A diverse production system refers to the concurrent 
application of both the manufacturing styles in the same plant. This is because 
the process industry generally relates to the substances like glass, cement, oil and 
paints or those products that are continuous in nature and cannot be measured. 
However, when it comes to product diversifcation or implementation and ap-
plication of variety in the same or even production in lesser quantity both the 
manufacturing system may work in tandem. 
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• Diverse equipment: Different unit operations are conducted in process industry. 
The products made in this industry generally include appliances and small ma-
chineries. The combination of all these unit operations results in the continuous 
production of the products. These methods may include processes like fltration, 
concentration to moulding, drying and even transportation. 

• Use of static equipment: TPM activity is required in those equipments which cor-
respond to special nature. One of their key aspects is that these are static equip-
ment. To avoid any blockage, disruption, leakage and corrosion TPM techniques 
are employed to ascertain that product quality and process conditions match with 
each other. 

• Centralized control and few operators: The characteristic feature of the contin-
uous process manufacturing is that it employs less operators and focus more on 
being centralized control. Since all the systems are integrated, it ensures that all 
the systems are centrally controlled with less number of employees involved. 

• Diverse equipment-related problems: Equipment-related different issues also crop 
up. There are very common ones including the usual leaks, blockages and cor-
rosion. However there are other problems as well including parts falling off, 
overheating, burning, distortion etc. 

• High energy consumption: Standby units and bypasses are used to diminish the 
effects of the different breakdowns that may be characteristic of the process indus-
try. This is because most of the processes involved in this type of manufacturing 
require high heat and energy consumption. Different types of fuels and energy is 
used in the said processes which also lead to accumulation of heat energy. 

• High accident and pollution risk: Statutory regulation are strictly implemented 
and practiced in case where toxic material is being used in the process of manu-
facturing of different products to avoid any mishap from happening. This may 
result in unwanted pollution and explosions. Factories are designed in such a 
way to minimise their effect. High pressures and high temperature may also in-
crease the risk of the accident within a company at risk. 

• Poor working environment: Equipment problems also come up due to poor san-
itary conditions and cleanliness within the company. During manufacturing pro-
cess different intermediaries are likely to come out of the process. These may 
include toxic substances to benign liquids. All of these add to the working en-
vironment. It is only mandatory to ensure that working environment remains 
healthy and clean. 

• Shutdown maintenance: One of the costly and time consuming aspects within 
the process industry is shutdown maintenance. It does not only require continues 
services of at least an employee, but also requires time to take place properly. The 
shutdown maintenance helps the equipment and machinery within a company 
to prevent breakdown and hence any possible monetary and production loss. It 
should therefore be practically, rationally and carefully planned and designed to 
ensure its effective implementation. The cost, beneft and losses should also be 
assumed before hand (Suzuki, 1994). 
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3.8 TPM and Steel industry 

ArcelorMittal is the world’s leading mining and steel company. In April, 2008, the 
downstream units of ArcelorMittal Liège in Belgium, won the TPM Excellence Award. 
This Japanese award offers recognition of the reduction in accidents and absenteeism 
and the high proportion of deliveries made on schedule. The success of the units’ 
performance is based on the rigorous methods of the TPM. At ArcelorMittal, TPM 
provides the methodology for successfully gaining this by applying the eight pillars. 
In an initial TPM phase, ArcelorMittal Gent gave priority to the frst four. The key 
goal of industrial companies at the present time is to achieve a competitive advantage. 
This competitive advantage due to decreasing costs and increasing work effciency, 
and customer-orientation processes. Changing circumstances and boosting demands 
on the part of the customer requires new ways to manage production. Methods like 
Total Productive Maintenance TPM gained popularity in the steel industry in the past 
few years (Gajdzik, 2009). 

The TPM program in the rolling and coating units at SSAB Tunnplåt in Borlänge is 
unique in Swedish heavy industry environment – both as regards the amount of re-
sources and how the TPM program has been implemented. At its peak, 29 people were 
working full time on the program. The long-term aims to introduce maintenance by 
operators and, in the short term, to create background and conditions that will make 
this possible. Another important objective is to boost the participation of the produc-
tion personnel and to improve their knowledge of their equipment. The expected result 
will be higher availability, plant utilization and quality. This will be gained by a mul-
titude of activities, the purpose of which is to change attitudes and this, in turn, will 
boost involvement. This will put to use the broad competence and knowledge of the 
employees. 

The TPM program has contributed to the environmental work at SSAB Tunnplåt in 
Borlänge by means of such as a proposal being drawn up for a standard for sorting at 
source and for environmental stations. Other activities include all oil leakages found 
and sealed, and all clearance carried our during major cleaning. As an example, 18 
tonnes of oily rubbish have been recovered during cleaning at the coiler and stands 1–6 
in the hot strip mill. The TPM project has also been presented outside SSAB Tunnplåt 
in the form of both lectures and articles in publications. The SIAM UNITED STEEL 
(SUS) was established in 1995, it had adopted TPM activity since 2005. SUS received 
the award for TPM excellence category A 2008 from The Japan Institute of Plant Main-
tenance (JIPM). 

TPM implementation activities was adopted in the Indian industry and to highlighting 
the achievements of Indian companies through strategic TPM initiatives. They suc-
ceeded to implement TPM as a strategy and culture for improving the manufacturing 
performance. 

TPM initiatives in the steel industry have been elaborated to achieve the tangible and 
intangible benefts accrued as a outcome of successful TPM implementation (Aspin-
wall and Elgharib, 2013). The approach has been directed toward justifcation of TPM 
implementation for its support to competitive manufacturing in the context of Indian 
manufacturing industries (Narender and Gupta, 2012). Many Indian steel companies 
implemented TPM successfully, and they won TPM awards, for example Tata Iron 
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Steel Company Limited. Four units of Tata Iron and Steel Company Limited have 
been adjudged winners of the ’TPM Excellence Award - 2004’ by the Japan Institute 
of Plant Maintenance (JIPM). A. Jain and Singh (2015) in Pipe factory case study, which 
has adopted the TPM and got improvement in productivity by reducing downtime. 
Availability, performance, and quality and OEE rate increased as a result of adoption 
of the new maintenance concept. furthermore, he said before implementing TPM, the 
OEE of all the machines was less than 50 percent and after the implementation it rose to 
about 70 percent. El-Dikheila Steel is an Egyptian steel company, that was established 
in 1976. In order to increase plant effciency and gain Competitive Advantage, a new 
maintenance philosophy pursued by the company. Starting with preventative mainte-
nance, then introducing condition based maintenance (CBM) and eventually applied 
total productive maintenance (TPM) concepts, the company has enhanced its main-
tenance systems considerably in the last few years. To improve productivity, safety, 
plant availability and product quality, the company has instituted quality control cir-
cles whose recommendations are often put into practice. 

3.9 TPM Organisation Structure at Process Industries 

The organizational structure for implementing TPM, which brings together people 
from different areas of activity multidisciplinary appropriately. The organizational 
structure of TPM at the company was evolved carefully for planning and implemen-
tation and support initiatives of TPM at all levels. The key point for the development 
of TPM was formed and a problem-solving teams and equipment was prepared to im-
prove the effective operators for the front line in the shop foor. These teams consist 
of small groups comprising of 5 to 7 workers , led by a supervisor. All manufacturing 
lines in the factory was 5 to 8 teams for the effective application of the activities of TPM. 
These teams worked under the direction and supervision of foremen TPM promotion 
committee, which consists of the leaders of these teams. This committee was headed 
by a line in charge as shown in Figure 3.2. The foremen TPM promotion Committee 
used to control the line (Ahuja and Khamba, 2007). 
The organisation structure has a key feature that there was considerable overlap be-

tween the different groups which indicates that there was a synergy between the full 
operations. TPM secretariat was responsible for the effective management of the activ-
ities of TPM. It contains sub-committees at the plant level for each TPM pillar, such as 
focused improvement, autonomous maintenance sub-committee and so on. Robinson 
and Ginder (1995) said that sub-committees are used to support the promotion commit-
tees (Robinson and Ginder, 1995). TPM is promoted through a structure of overlapping 
small groups. In this system, leaders of small groups at each organisational level are 
members of small group at the next higher level. Top management itself also consti-
tutes a small group. Also, TPM offce should be run by permanent full time staff helped 
by all different committees and subcommittees (Suzuki, 1994). 

3.10 Development of the theoretical framework 

This research offers a framework based on the literature review. Furthermore, it fo-
cuses on the evaluation of the TPM system and how the maintenance activities within 
a company are associated with it. Another important issue addressed, was the change 
management and how it is needed to be considered by the manufacturing companies. 
If the company manages to develop a relation between maintenance and quality, then 
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FIGURE 3.2: TPM Organisation Structure (Suzuki, 1992). 

they would be able to integrate it within their production procedure, hence TPM can 
be considered as a strategy for change within a company. 

The elements of the framework mainly are: Pillars, Foundations, Aims, Effectiveness, 
TPM factors, and TPM techniques. Figure 3.3 shows the framework and the link be-
tween all these components of this framework. 

3.10.1 TPM Aims 

TPM is seeking to maximize the effectiveness along the life cycle of the equipment. It 
struggles to maintain the equipment in optimal condition in order to prevent unex-
pected collapse of the equipment or the loss of speed. There are three aims of TPM: 
zero breakdown, zero defect, zero accident (Nakajima, 1988) (Willmott, 1994b). It can 
be observed through the literature review that the implementation or adaptation of 
TPM is a complicated task and has a number of complex factors associated with it that 
limit the implementation of TPM in some ways. Certain models and frameworks have 
been developed by some authors that highlighted the concepts and principles of TPM 
and its implementation. 

3.10.2 TPM Foundations 

The main features of TPM are the pursuits of economic effciency or proftability, im-
prove maintainability, maintenance prevention, and use of preventive maintenance, 
and full participation of all employees. Achievements include the bottom line of suc-
cessful initiatives in the implementation of TPM organization’s low operating costs, 
and longer equipment life and reduced maintenance costs in general. TPM, thus, can be 
described as a structure of equipment-centric continuous improvement which strives to 
improve production effectiveness through the identifcation and removal of equipment 
and production effciency losses throughout the life cycle of the production system 
through team-based participation of workers at all levels in the organization (Ahuja 
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FIGURE 3.3: The theoretical framework. 

and Khamba, 2008c). 

According to Suzuki (1994), in 1989 the JIPM introduced a new meaning of TPM af-
ter its wide expend throughout many organization in many pre-production includ-
ing product development department as well as sales and administrative departments. 
This defnition is based on the following strategic components: 

1. Building a corporate constitution that will maximize the effectiveness of produc-
tion systems. 

2. Using a shop-foor approach that prevents every type of loss. 

3. Involving all departments in implementing TPM, including development, and 
administration departments. 

4. Involving everyone from top management to shop-foor workers. 

5. Conducting zero-loss activity through overlapping small-group activities (Suzuki, 
1994). 

Companies that implement TPM achieve higher productivity and better quality, in 
addtion to meeting customer requirements and expectations, waste elimination and 
reduce delays in processing customer orders (Arashpour, Enaghani, and Andersson, 
2010). Similarly, Gajdzik (2009) said there are competitive advantages as a consequence 
of low costs and high work effciency and customer-oriented operations which is the 
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main aim of TPM. Furthermore, TPM may be considered as an improvement project 
with the goal of decreasing process delays and involving operators and maintenance 
personnel, providing internal and external customers with fewer defective products 
and positively affects fow and perfection. Moreover, TPM is much more about safety, 
usability and utilization of assets, increasing capacity without investing in new equip-
ment or people and of course, continuing to reduce the cost of maintenance and im-
prove machine uptime. Finally, TPM implementation demands long-term commitment 
to obtain the benefts of enhanced equipment effectiveness through management sup-
port, training, and teamwork (Ahuja and Khamba, 2008c). 

3.10.3 TPM Eight Pillars 

The key elements of TPM are known as “pillars” and sometimes they are called activi-
ties (Ahuja and Khamba, 2008c). The naming and the number of the pillars are slightly 
different from author to author, however, they all based on Nakajima’s TPM pillars. 
Accordingly, each company that intends to apply the maintenance starts the applica-
tion of these pillars as commensurate with its status. Mishra, Anand, and Kodali (2008) 
had discussed about TPM pillars as elements of TPM frameworks and said that the lit-
erature of TPM have listed a large number of them proposed by different consultants 
and authors. Most of these frameworks were developed by consultants based on their 
consultancy experience with different organisations. These frameworks were studied 
and it was found that just few frameworks are unique while in others, the naming and 
the number of pillars differ slightly (Mishra, Anand, and Kodali, 2008). 

In accordance with the assessment criteria of Japan Institute of Plant Maintenance 
(JIPM) depends on the category of the reward. Companies that have introduced TPM 
and are applying for TPM award, they must achieve eligibility and requirements for 
each category. The main two eligibilities include deployment activity based on the 
fve pillars of TPM and focusing on the production site (individual improvement, au-
tonomous maintenance, planned maintenance, education and development, safety, san-
itation and environment control) for category B. The second eligibility is deploying ac-
tivity based on the eight pillars of TPM by all staff members of the plants (individual 
improvement, autonomous maintenance, planned maintenance, initial management, 
quality maintenance, administrative and supervisory department, education and de-
velopment, safety, sanitation and environment control) for category A (JIPM, 2010). 

As a result of these classifcations, it was evident that worldwide companies fulflled at 
least fve pillars and in some cases went beyond the original Japanese model by build-
ing additional customized pillars (Cigolini and Turco, 1997). According to Davis (1997), 
cited in Bamber, Sharp, and Hides (1999), the successful implementation of full TPM 
pillars needs to allow suffcient time. 
The Japan Institute of Plant Maintenance (JIPM) classifed the TPM activities to eight 

pillars as follows (Figures 3.4 & 3.5): 

1. Focused Improvement (Kobetsu Kaizen): Focused improvement it is also referred 
to as (FI), it includes all activities that aim to maximize the overall effectiveness 
of the equipment (OEE) and the overall effciency of the plant (OEP) through 
fghting all the causes of losses and eliminating them permanently, and, also, 
the achievement of the zero proportion in losses in all activities and reducing 
costs and improving performance. The term Kaizen consists of two words “Kai” 
which means change, and “Zen” which means to the better, and the term “Ko-
betsu which means focused. So, focused improvement means all activities that 
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FIGURE 3.4: The TPM eight Pillars (Ahuja and Khamba, 2007). 

maximize the equipment effectiveness through the complete elimination of losses 
and enhancement of performance (Nakajima, 1988). 

2. Autonomous Maintenance (Jishu Hozen): It is also referred to as (AM). It means 
that the operators do some minor maintenance for their own equipment such as 
inspection, lubrication, and cleaning. It is a unique feature of TPM done by oper-
ators. In order to implement autonomous maintenance correctly, the seven steps’ 
approach and the 5s are recommended (Nakajima, 1988). The implementation 
of Autonomous maintenance takes place after conducting operator training and 
rehabilitation in order to be able to perform some basic maintenance tasks for the 
equipment and to keep them under good operation condition as well as to pre-
vent any deterioration of the equipment. The training also includes performing 
the daily routine maintenance work and knowledge of some simple repair works. 
This will make the workers able to identify faults and eliminate them without 
having to stop work and wait for long periods for the technicians. Therefore, au-
tonomous maintenance is a self-maintenance effcient approach that depends on 
the level of training and capabilities of workers who operate the equipment, also 
it needs a degree of cooperation between different sections and departments of 
operation and maintenance. 

3. Planned Maintenance (Keikaku Hozen): It is also referred to as (PM). It means 
maintaining the equipment to have defect free products and high plant avail-
ability (JIPM, 2010). It also means implementing the maintenance work through 
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FIGURE 3.5: Detailed TPM Pillars (Ahuja and Khamba, 2007). 

planning, control and organising the information related to maintenance activ-
ities, including methods, materials, labour and the required times. The aim of 
planned maintenance is to ensure equipment performance at its best with a min-
imum of maintenance costs and enabling equipment to work at an optimal level 
at all times. 

4. Quality maintenance: It is also referred to as (QM). It means maintenance fo-
cusing on tasks that keep machines producing quality and defect-free products 
based on the basic idea that says maintaining perfect equipment to maintain per-
fect quality of products, and hence ensuring all operations run at a consistent 
level of quality (Venkatesh, 2007). The JIPM defnes quality maintenance as the 
creation of conditions which prevent defects in the product and control these cir-
cumstances to get to the stage of zero defects. 

5. Training and Education: It is also referred to as (TE). It means improving the abil-
ities of individuals to be multi-skilled employees (Venkatesh, 2007). Education 
and training aims to provide operators with different skills so that they can ac-
complish all the tasks required of them very effectively and independently. The 
operators may not understand the main operating principles of the equipment, 
and also the maintenance crew may not know some of the modern methods of 
maintenance, so it must include training on the basic requirements for the main-
tenance of overall productivity, and improve the skills of all employees in the 
feld of maintenance. 

http:Education:Itisalsoreferredtoas(TE).It
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6. Early equipment and process management: It is also referred to as Maintenance 
prevention (MP), it is also known as early management (Suzuki, 1994). It is im-
provements to the equipment before normal operation can begin as part of a 
comprehensive approach to maintenance prevention and maintenance free de-
sign which is performed by production engineering and maintenance personnel 
(Nakajima, 1988). Early equipment management aims to develop a new design 
of the equipment, so that it works to reduce maintenance to a minimum or elimi-
nate it, so, in general, that enhances the competitiveness of the organization. The 
early equipment management to develop the maintenance systems and the intro-
duction of the concept of quality maintenance during the design phase, in order 
to improve the operational reliability of the equipment. The new design can be 
made to the current equipment, so that they can produce new products in high 
quality, through cooperation and coordination between the manufacturer of the 
equipment, engineers and specialists in the organisation (Robinson and Ginder, 
1995). 

7. Safety, health, and environment: It is also referred to as (SHE). It means focusing 
on the workplace and surrounding area’s safety to achieve an accident free work-
place. Nakajima (1988) “Ensuring equipment reliability, preventing human error, 
and eliminating accidents and pollution are the key tenets of TPM”. This pillar 
of total productive maintenance confrms that all the improvements which have 
been developed in the organization by the rest of TPM pillars do not diminish the 
overall performance of safety, health and environment criteria in the organization 
(M. M. Jafari and Ghavam, 2014). 

It also confrms that the actions and resources used to make substantial improve-
ments in the performance of the manufacturing process are also in place to make 
similar improvements in the feld of safety, health and environment. TPM is in-
terested to preserve the safety, human health and the environment by providing 
a safe working environments free of the causes of accidents, injuries and occupa-
tional diseases (Narender and Gupta, 2012). 

8. Offce TPM: It is related to the activities that improve the effciency and effec-
tiveness of logistic and administrative functions (Pomorski, 2004). Implementing 
total productive maintenance not only in the feld of production, but also applied 
in the administrative work of the organization in order to get rid of losses and to 
improve productivity and effciency in administrative jobs and tasks as well as 
to diagnose and remove losses. This includes the analysis of processes and pro-
cedures. All the problems and losses in administrative work must be eliminated 
or minimised to a large extent. There are losses in communication, disruption of 
offce equipment, breakdown in communication channels, losses of time spent in 
data retrieval, and expenses purchases or emergency shipments (Narender and 
Gupta, 2012). 

3.10.4 Effectiveness of TPM 

Total Productive Maintenance has been practiced and examined for a period of time 
in many factories worldwide and most of the results indicate that it has worked well 
(Davis, 1997). Also, the benefts of implementing TPM are ten times more than the costs 
incurred (Suzuki, 1992). 
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In fact, the correct application of TPM will increase productivity, raise morals, save 
energy and increase job satisfaction for workers. Tajiri and Gotoh (1992) mentioned 
that the actual targets of TPM are fxed more concretely in terms of Production, Qual-
ity, Cost, Delivery, Safety and Morale (PQCDSM)(Tajiri and Gotoh, 1992). On the other 
hand, Wireman (2004) indicated that the average cost of conventional maintenance is 
about 28% of the total production cost, and the average of the technicians’ actual work 
is about 2-3 hours per day in the companies that relies by about 50% on reactive main-
tenance , while they spend the remaining time involved in non-productive activities. 
Whereas, The TPM program puts the maintenance function at the centre of attention as 
a vital and essential part of any project, which is no longer seen as a non-proft function 
but considered in the development of the production scheduling and maintenance and 
has become in many cases an integral part of the productivity process itself. 

Practicing TPM tasks can signifcantly enrich the operators work, gives them new ex-
periences, strengthens their skills, and generates a feeling of property and ownership 
(Suzuki, 1994). Hence, TPM program is not just a production strategy, but a new philos-
ophy of continuous development and collective action which creates a sense of own-
ership among the employees at all levels and the assets of the company and creates 
new directions for their commitment and responsibility. The idea behind implement-
ing TPM is not just for achieving a zero defect product, zero breakdown, and zero 
accident for a period of time, but about how to keep this rate of achievement as long 
as the organization is working. The beneft of TPM can be divided into tangible and 
intangible benefts. 

Tangible benefts: 

1. Increase in overall equipment effectiveness (OEE). 

2. Reduce the life cycle cost of equipment. 

3. Eliminate unplanned downtime. 

4. Minimise planned downtime. 

5. Increase customers’ satisfaction and decrease their complains. 

6. Reduce the manufacturing cost (maintenance and production). 

7. Reduce accidents and scraps. 

Intangible benefts: 

1. Improve in the ideas submitted. 

2. Employees’ confdence level went up. 

3. Employees get the feeling of machines’ ownership. 

4. Working as a team cheers the employees up. 

5. Sharing the experience. 

6. Clean workplace provides psychological comfort. 

7. Job enrichment. 
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TABLE 3.2: TPM pillars and their supporting tools (Jostes and Helms, 
1994) 

3.11 TPM supporting tools 

Based on literature review of implementing TPM and its activities, it is noticeable that 
there are many instruments supporting the implementation of TPM and helping to 
unleash full potential of TPM pillars (see Table 3.2). As other lean manufacturing tech-
niques, TPM integrates with the developed and proven maintenance strategies and it 
borrows techniques and tools from other disciplines. These tools are briefy defned as 
following: 

• The overall equipment effectiveness (OEE) is a method to measure TPM success 
(Jostes and Helms, 1994). 

• The 5S’s (sort, set in order, shine, standardise, sustain) are tools to improve work-
place environment (Nakajima, 1988) (P. S. Poduval and Raj, 2015). 

• The statistical process control (SPC) is the use of statistical techniques to analyze 
a process and its outputs to improve the capability of the process (Jostes and 
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Helms, 1994). The SPC and the Computerized Maintenance Management System 
(CMMS) are a data collection and analysis tools (Pomorski, 2004). 

• The six sigma is a tool that provides the structure needed to ensure the equipment 
is working optimally. It means that it brings possibilities identifying, qualifying 
and eliminating the activities that does not bring benefts for defning the new 
work standards (Szewieczek, Roszak, and Helizanowicz, 2008). 

• The visual control (VC) gives an early warning signal and indicates the correct 
position of equipment gauges (Lefar, 2001). 

• The plan, do, check, and act cycle (PDCA) is tool to drive TPM program to affect 
enhancement in the maintenance function (Ahuja and Khamba, 2008c). 

• Poka-yoke (mistake proofng) is a key tool to eliminate defects and accidents 
(Szewieczek, Roszak, and Helizanowicz, 2008). 

• Problem solving techniques are those techniques that use to get to the root cause 
of the problem, for example, brainstorming, fshbone diagrams, why-why analy-
sis, and the 5m approach (Jostes and Helms, 1994). 

• PM analysis consists of the following: defne the problem; proceed with physical 
analysis; list the conditions causing the problems; assess the equipment, materi-
als, and methods; develop investigation techniques; eliminate negative factors; 
submit improvement proposals (Nakajima, 1988). 

• The one point lesson (OPL) is a training tool that takes from 5 to 10 minutes to 
enhance the operators’ skills (Sun, Yam, and Wai-Keung, 2003). 

• Brainstorming is a tool used to help with the diffculty of managing the views of 
a large group and to run the meeting effectively (Shirose, 1995). 

• The why-why analysis or the 5-whys Analysis is a tool which analyse the prob-
lem’s roots by asking why (Asaka and Ozeki, 1996). 

• The single minute exchange of die (SMED), or quick changeover, is a method to 
reduce downtime caused by any process of change from one product to another. 
It measures the total time from the moment of completion of the last unit of the 
frst product to the time of commencement of the frst unit of second product. 

• Spare parts management is one of the key processes which supports effective 
world class maintenance scheduling and planning and machines reliability im-
provement (Lefar, 2001). 

• Tagging strategy is aimed at eliminating the waste and other ills that we create in 
the workplaces (Figure 3.6) (Hirano, 1995). 

• JIPM refers to activity boards as a guide to action. They present the TPM team 
with a visual guide to its activities that makes the improvement activities so clear 
that anyone can immediately understand them (Figure 3.7) (JIPM, 2010). 
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FIGURE 3.6: The TPM Tagging Cards (LISCO, 2010). 

3.11.1 Overall equipment effectiveness (OEE) and TPM six big losses 

3.11.1.1 Defnitions 

The overall effectiveness of the equipment is a comprehensive scale that determines the 
relative productivity of equipment as compared to the theoretical productivity perfor-
mance. Moreover, the overall effectiveness of the equipment is used as an indicator of 
the status of equipment in general, and identifcation of development needs of the three 
indicators, namely, availability, performance and quality. The measurement of OEE is 
combining all the factors that affect the equipment operation including the factors of 
time, speed, and quality. In addition, OEE is a metric for the assessment of equipment 
effectiveness and identifying which machine performance is worst and, therefore, in-
dicates where to focus TPM activities (Suzuki, 1994). 

Figure 3.8 shows OEE and its calculation. OEE is the traditional and most widely way 
to measure TPM, and it is refecting how the equipment performs during the operation 
and how the overall effectiveness of the equipment is increased which is one of the key 
elements of TPM. In other words, TPM is about considering the effciency more com-
prehensively than the traditional view, and concerning the big losses in the operation 
as a whole. For instance, in many cases it was found out that about 10% reduction in 
the direct maintenance costs are equivalent to a 1% improvement in OEE, which comes 
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FIGURE 3.7: The Activity Board. 

from attacking the hidden losses (Suzuki, 1994). Further, equipment effectiveness is 
a measure of the value added to production through equipment and TPM maximizes 
equipment effectiveness through two types of activities: Quantitative which is increas-
ing the equipment’s total availability and improving its productivity within a given 
period of operating time, and Qualitative which is about reducing the number of defec-
tive products stabilizing and improving quality. 

3.11.1.2 The Six Big Losses 

Downtime losses 

• Equipment failure: It is the time loss when the equipment breaks down due to 
some problem. It is often referred to as sudden failure in which the machine stops 
completely (Nakajima, 1988). 

• Setup and adjustment: It is the periods in which the equipment was stopped 
to make some changes to the product or the tools. It may include cleaning and 
making adjustment to the equipment to get stable quality in the product (Team, 
2008). 

Speed losses 

• Small stops: It is the idling and minor stoppages. In other words, it is the events 
of interrupting the production fow without actually making the equipment fail 
like a production jam or a warning given to an operator. The losses in this area 
can be considerable in some cases more than losses caused by breakdown losses 
(Wireman, 2004). 

• Reduced speed: They refer to the variance between machine design speed and 
actual operating speed (Bamber, Sharp, and Motara, 2003). The factors that im-
pact the capacity of the machine are the speed and volume of the output (Wire-
man, 1991). 
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FIGURE 3.8: Overall Equipment Effectiveness Calculation (Nakajima, 
1988). 

Quality losses 

• Start-up losses: They are the losses due to low performance in the beginning 
of the operation of the equipment or the production line till reaching stability 
(Bamber, Sharp, and Motara, 2003). 

• Production rejects: They are also known as quality defects and re-work. They 
are the losses in quality which occur when products are not conforming to the 
specifcations (). 

In Table 3.3, the six big losses are shown and how they are related to OEE Loss cat-
egories (Vorne, 2008). 

3.11.1.3 Other machine losses 

The elimination of losses requires not to overlook them no matter how simple are the 
problems causing them, and to deal with them urgently avoiding to worsen them if 
delayed and the diagnosis process becomes almost impossible. Therefore, the equip-
ment operators are the primary source of information which would facilitate this task 
(Lefar, 2001). In most studies the focusing is on the major stops, while the initial activ-
ities’ basic tasks, such as cleaning, lubrication, adjustment and tie-down, does not get 
the same attention. However, the minor stops in most automated production lines are 
responsible for 20 to 30% of the overall effectiveness of the contagious. According to 
(Nakajima, 1988), the major stops can be avoided if we know the hidden defects and 
get rid of them. Furthermore, some TPM experts demands to stop the equipment and 
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TABLE 3.3: Categories of the Six Big Losses (Vorne, 2008) 



oretical rate taking into account both the minor stoppage and the speed losses (Lefar, 
2001). Quality It tells us how many good parts versus defective parts the equipment 
has produced during the time it was running, as well as, the proportion of the good 
parts to the total parts that have been produced accounting for scrap and yield losses 
(Lefar, 2001). 
In Figure 3.9 the factors of OEE are illustrated. 
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address the hidden defects and losses before failure occurs where it is the main task 
of a process of continuous improvement. When applying this step, hundreds of small 
defects in the equipment will be discovered. Hence, dealing with minor defects leads 
to the solution of many of the chronic problems that their causes were unidentifed 
(Nakajima, 1988). 

3.11.1.4 OEE Factors 

Availability It is the actual time for production after subtracting all planned downtime. 
Further, it is the ratio between the actual time to run the equipment and the planned 
time for operating the equipment. In other words, it is the proportion of time the equip-
ment is actually available to the time it should be actually operating (Gupta, Tewari, 
and Sharma, 2006). Performance It is the measure of how well the equipment was run-
ning when it was operating. It is the actual production rate of the equipment to the the-

FIGURE 3.9: The OEE Factors. 

3.12 Factors affecting successful implementation of TPM 

TPM exists in the manufacturing organisations, although the complexity of implement-
ing it may vary dramatically from industry to industry and company to company. In 
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fact, there is no single right method for implementing TPM. However, TPM imple-
mentation depends mainly on some specifc factors, for instance, a continuous fow 
manufacturing facility which is a fully automated facility, would likely get more bene-
fts from implementing TPM system than a manufacturing process composed of simple 
hand-work operations (Hamacher, 1996). Moreover, the type of industry, service activ-
ities, method of production, and equipment conditions differ substantially from frm 
to frm, and accordingly, these factors must be taken into account when implementing 
TPM. Furthermore, skill and age of the employee, complexity and age of the equip-
ment, the culture of the organisation and the existing maintenance program are very 
important factors as well (Wireman, 2004). 

In the same context, Nadarajah, Sambasivan, and Yahya (2005) cited that implementing 
TPM must consider the plant confguration, the local history and the the culture at the 
organization (Nadarajah, Sambasivan, and Yahya, 2005). Hence, each company intends 
to maximize the equipment effectiveness by using TPM must determine its own action 
plan individually to meet its needs and to suit its individual requirements (Nakajima, 
1988). One of the most important features of the TPM program is that there is no need to 
implement the whole program once, it is possible to adapt the TPM program according 
to the culture of your organization and can choose the elements of the program that ft 
the circumstances of your organization. Similarly, Wireman (2004) has mentioned that 
the diffculty of implementing TPM is not because it was technically hard to get the 
result, but because the resistance from the participants to change the culture of the or-
ganization (Wireman, 2004). The TPM program requires changing the culture of the 
organization in terms of out look to the responsibility and its functions, furthermore, 
the participants must give necessary sense of commitment and ownership. T.Albert 
and P (2000) said that companies that are ready to change their culture will implement 
TPM successfully (T.Albert and P, 2000). Therefore, managers must turn attention to 
motivation, involvement and acceptance to the readiness to change. As a consequence, 
it is not surprisingly, at the beginning, that the program will face resistance from the 
employees, especially the less educated ones, so a climate of confdence and synergy 
must be created and also developing effective channels of communication with all par-
ticipants is highly needed. 

Certainly, driving any improvement process by the top management of the organi-
zation would encourage the employees and gives the coordinators credibility. Thus, in 
many cases the top management of the company is responsible for the TPM success or 
failure (Rodrigues and Hatakeyama, 2006). Employees, in turn, must have been con-
vinced that the top management is committed to this program in order to implement 
TPM ideas. 

The Implementation of TPM faces many challenges in both public and private sec-
tors due to several reasons such as the bureaucratic and top down management style 
(Seth and Tripathi, 2006). On the other hand, Nakajima pointed that companies that 
are already applying productive maintenance, adopting TPM would be very easy by 
supplementing autonomous maintenance by small group activities, but for companies 
who have not yet implemented productive or preventive maintenance, sudden turn 
to TPM will not be easy, However, in the same time it is not impossible (Nakajima, 
1988). Furthermore, Wang and Lee (2001) cited that companies who focused to im-
prove their quality must also enhance their maintenance system and the equipment 
effciency. Whereas (Nakajima, 1988) believes that supporting TPM logistically with 
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an effcient fow of resources and information is absolutely necessary to an effcient 
production achievement. Accordingly, the success of maintenance as a part of TPM 
depends mainly on the availability of the right information which is as important as 
the technical and engineering skills. 

All TPM experts agree that TPM implementation takes from 3 to 5 years from intro-
ducing TPM to achieving the prize-winning results (Wang and Lee, 2001). 

The factors affecting the TPM implementation may be summarised as follows: 

1. Management Commitment (MC) 
The commitment of senior management is a prerequisite for the successful im-
plementation of TPM. The commitment is a broad concept that includes physical 
and moral forms of support as well as participation. The top management sup-
port is required through the development of the vision and policy related to TPM, 
in addition to the provision and adoption of the fnancial allocations for the appli-
cation and providing advisory services, and also, linking the system of rewards 
and wages in a manner consistent with the application of TPM. This is in addition 
to attending regular meetings of the TPM committees and the adoption of ideas 
and proposals for improvement projects. 

According to (Steinbacher and Steinbacher, 1993), the senior management can-
not give lip service to TPM and expect it to succeed, but instead the commitment 
must be wholehearted and unwavering. Therefore, strong commitment and un-
wavering support to TPM is necessary for establishing the favourable environ-
ment at the preparation stage of the implementation. It is also needed in plan-
ning and coordinating for its implementation (Nakajima, 1988). Consequently, 
commitment of the participants to the program is the key factor in any successful 
TPM implementation. Furthermore, Hansson, Backlund, and Lycke (2003) stated 
that the commitment of the management is clearly a key factor which must be 
present before launching a TPM implementation process as long as the manage-
ment is responsible for the availability of resources and the overall implementa-
tion approach (Hansson, Backlund, and Lycke, 2003). Similarly, A. S. Piechnicki 
and Herrero (2015) believed that top management commitment is among the key 
factors of TPM implementation. 

According to the above, in order to ensure excellence and success in implementa-
tion of TPM, companies that adopt such strategies must provide support, under-
standing and commitment to this strategy as well as training and motivation of 
the various levels of the organization. 

2. Employee involvement (EI) 
Total involvement of the plant employees is considered crucial to the TPM suc-
cess. It generates pride and job satisfaction as well as fnancial benefts (Robin-
son and Ginder, 1995). Employees actually execute the activities during the im-
plementation and they play a main role. Hence, the successful implementation 
requires the participation of every person that has an effect either directly or indi-
rectly on the effectiveness of equipment and every person should know the value 
and importance of performance and reliability of the equipment and their role in 
this area. Through the experience in the application of TPM at Tennessee East-
man Company, Maggard, Bailey, and Moss (1989) mentioned that the importance 
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of keeping people involved with the change is a vital element of success and a 
good implementation plan is the one that relies heavily on the element of partici-
pation. 

Therefore, from senior management in the operation and maintenance depart-
ment down to the operators and mechanics, a great conscious efforts should be 
made to participate everyone at all levels of the company (A. S. Piechnicki and 
Herrero, 2015). This can be achieved through the construction of interlocking and 
cooperating teams to support the installation process. Further, each team has a 
specifc role in the plan and a special responsibility lies on it, that is, from decid-
ing where to start the implementation to identify the team members and so forth, 
until the determination of the actual tasks and functions of TPM. However, the in-
terlocking (overlapping) of these teams gives the necessary communications link 
between these trends and help in building ownership concept. However, the ex-
pert Maggard mentioned that the involvement of everyone, especially in the early 
stages, is not always possible, so it is better to use team representatives from the 
groups which will be involved and these individuals will become the ears, eyes, 
and voices for everyone else. They are encouraged to keep their groups apprised 
of progress and to provide feedback from the work group to the team which is 
planning TPM application in their area Maggard, Bailey, and Moss (1989). 

The lack of commitment and involvement from affected personnel is one of the 
diffculties are encountered during TPM implementation (Arca and Prado, 2008). 

3. Motivation, Rewards and Recognition (MRR) 
There is no institutionalized system that is most powerful than the system of 
bonuses and wages. In fact, the acts that are rewarded and appreciated will at-
tract individuals to carry out working with high morality and in a challenging 
environment. Therefore, senior management must strongly supports a full re-
view of the system of bonuses and wages to ensure that it directs behaviour and 
performance in the right direction. These amendments must be on the basis that 
fts and supports the success of the application of TPM, for example, the distri-
bution of revenues and profts for workers would lead to motivate workers to 
increase productivity and reduce the losses which are the main tasks of TPM. P. 
S. Poduval and Raj (2015) mentioned that top managers should be able to retain 
staff through providing wages and employee benefts and facilities on a par with 
the world standards. 

The most powerful reward in the workplace is the management’s positive at-
tention to people doing the work. However, people have different ideas about 
rewards and punishments, so managers would do well to understand what can 
meet their needs (Lefar, 2001). Further, motivation is the key to small group 
success and improves the skills of he members and gives them opportunity to 
discover themselves (Suzuki, 1994). In the same way, giving the employees who 
are involved in doing TPM tasks a symbolic tangible and social reward to rein-
force them is the main thrust of management performance (Bill and Maggard, 
1992). 

4. Time allocation for implementation (TA) 
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The investment of time for the application of total productive maintenance is es-
sential to the success of the program. There is a need for suffcient time for train-
ing and transfer of expertise and skills to the operators to become maintenance 
workers. Moreover, to allocate the necessary time to train teams for improvement 
and allow them to hold regular meetings. This is in addition to the time for the 
work of cleaning, oiling, and lubrication, which should be a daily routine work. 
However, expecting quick results, could lead to the failure of the program due 
to the fact that TPM programs require some investments in time and efforts at 
the beginning in order to dispose dust, rust and all other forms of dirt as well 
as returning the equipment to their good condition, then the results of these in-
vestments gradually appear thereafter in the form of reducing waste, increasing 
productivity and quality improvement. 

The insuffcient time allocation for implementation, the lack of serious manage-
ment and the lack of support are the most basic forms of the reasons of programs 
failure (McCarthy and Rich, 2004). In this context, Nakajima (1988) stated that 
achieving satisfactory results of the application of TPM programs does not come 
overnight, but takes an average of three years starting from the introduction of 
the program until the fnal results and the award. Hence, it is worth saying that 
the time required for the application depends on the size of the company involved 
in the program, the level of technology used, the management standards and the 
current level of maintenance. Nakajima added that many top managers who are 
enterprising and eager to implement benefcial programs may say that if other 
companies can do it in three years, we can do it in one. It seems that their enthu-
siasm is commendable, but to invest so little time in the undertaking of this scope 
can only lead to failure (Nakajima, 1988). 

Accordingly, allowing suffcient time is needed for the successful TPM imple-
mentation, otherwise failure is expected. 

5. Resource allocation for implementation (RA) 
The successful application of TPM tasks requires extensive resources for their ac-
complishment. The resources here means all that can be needed in all stages of the 
application starting from the stationery tools, means of illustration and presenta-
tion used in training, meeting rooms, spare parts and tools and equipment. This 
is in addition to some other materials such as painting, grease, oils, etc. There-
fore, The top management should not stop at the development and adoption of 
a special budget for TPM program and should provide the resources required 
for the success of the application, and should prefer to work to deliver the news 
and procedures for each individual in the company that explains clearly what 
is meant by this program, because the lack of suffcient resources will certainly 
reduce the chances of success of the program and it will be a major inhibitor to 
effective changes (McCarthy and Rich, 2004). 

6. Alignment to company mission (ACM) 
Each company needs to set on a company-wide policy to guide the daily work 
and should set a vision to move to the future through its commitment to a set 
of principles and values. Developing a policy and a vision for TPM program 
that aligns with the overall policy and vision of the organization is the responsi-
bility of the top management. Moreover, exerting efforts and spending time by 
senior management to develop this TPM policy and vision gives an indication of 
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a strong and positive signal and commitment of senior management to the TPM 
program. Therefore, before starting the implementation of the TPM or any other 
maintenance program, a thorough study must be done to take into account the 
compliance with the company’s mission and plans (Park and Han, 2001). 

In general, the establishment of the basic goals and policies for TPM is more dif-
fcult than it is expected. The competent committee to develop these policies and 
goals must have the full approval and approbation of management. In addition, 
TPM policies and goals are an integral part of the company mission, vision, and 
guide principles, so these policies and goals should address the needs of employ-
ees, customers and stockholders (Robinson and Ginder, 1995). 

When establishing TPM goals and policies they must link with the company’s 
business goals and targets that are necessary in order to achieve TPM implemen-
tation, and they must be aligned with company policy in mid/long term business 
plan (Chan et al., 2005). Furthermore, Nakajima pointed out that the basic TPM 
policies and goals should be established by TPM offce staff since it requires about 
three years to work on eliminating defects and breakdowns through the TPM pro-
gram, on the other hand, basic management policies and goals should support 
and commit to the TPM program. Although policies may contain verbal or brief 
written statements, the goals should be accurate and quantifable and should de-
termine what is the target, how much, and when it will be gained (Nakajima, 
1988). 

7. Performance measurement (PM) 
TPM results are highly measurable as it focuses on the elimination of the losses 
and the main causes of the equipment’s low performance, so it is a database of 
equipment and development strategies and hence performing any other work 
that does not enter within the scope of the TPM program is just beautifying the 
equipment. Practicing “proftable TPM” and pursuing optimal equipment ef-
fciency requires following two crucial factors. First, keep precise equipment 
operation records, which give the opportunity to provide appropriate manage-
ment and control within narrower targets. Second, creating an accurate scale 
that can measure the equipment operation conditions. The calculation of OEE 
must include all six of the big losses of equipment so that it combines the ele-
ments of time, speed, and quality of the operation of the equipment and measures 
how these elements can increase TPM added value (Nakajima, 1988). Moreover, 
benchmarking your frst measurement before the implementation and late mea-
surement after the implementation of TPM is very important, because it makes 
you able to see your improvement opportunities (Hartmann, 1992). Similarly, Ro-
drigues and Hatakeyama (2006) stated that the success of TPM implementation 
is closely linked to the management of people and it is necessary to develop key 
indicators for the assessment of performance of the program. These key perfor-
mance indicators are used to validate the progress of the TPM activities and are 
productivity, quality, cost, safety, and morale issues (Rodrigues and Hatakeyama, 
2006). 

The initial measurement of OEE can determine the current equipment perfor-
mance levels which facilitates the setting priorities of improvement (Willmott and 
McCarthy, 2001). 
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8. Implementation plan and process (IP) 
As mentioned previously, the most important feature of TPM program is that 
there is no need to implement the whole program at once, but rather, it is pos-
sible to adapt the total productive maintenance program in accordance with the 
organization’s culture (in terms of values and standards), Where the components 
of the program are selected according to the compatibility with the current cir-
cumstances of the organization. Correspondingly, each company that intends to 
maximize equipment effectiveness by using TPM must determine its own action 
plan individually to meet its needs and to suit its individual requirements (Naka-
jima, 1988). Here, it should be noted that there are differences in some practical 
details and procedures, but the main steps of the implementation in most compa-
nies that have succeeded in TPM used the Japanese Institute 12-step model. For 
this reason, Lefar (2001) mentioned that it is a waste of time and other resources 
to try to re-invent TPM, but rather, it is important to learn from others who have 
succeeded at creating a factory with a world-class productivity (Lefar, 2001) (A. 
S. Piechnicki and Herrero, 2015). 

The TPM program is like a heart transplant, if it does not match with the pa-
tient, it will be rejected. Therefore, each company must be treated as a unique 
case and adapt the TPM principles to ft the local factory’s specifc issues without 
spoiling the well-established and proven principles of TPM (Willmott and Mc-
Carthy, 2001). In general, total productive maintenance is like any other system, 
it requires a master plan to identify the implementation steps and the expected 
time for the implementation. The master plan is the responsibility of the TPM 
Offce. The TPM master plan must include the daily schedule beginning with 
preparation phase to the phase of the implementation and stabilization (Naka-
jima, 1988). The establishment of a master plan for TPM implementation is one 
of the challenges of the preparation phase of TPM implementation, which needs 
an enormous amount of data and analysis by the TPM committees staff and due 
to the criticality of this step, many institutions use some expertise from outside 
(Robinson and Ginder, 1995). 

9. Effective Communication (EC) 
The act of communication is the way people understand each other and the way 
of transferring information in the organizations (including policies, prospects, 
emotions, rumours, failure, and other human experiences) (Denise, 1999). The 
effective communication is essential for all stages of the change processes, it is 
needed for clarifying and determining the future of the situation in terms that 
are relevant and concrete to the involved people in the organization at all levels. 
Many employees, especially in the maintenance departments, believe that TPM 
threats their job security thinking that when transferring their skills to the oper-
ators and reducing equipment waste will lead to the labour redundancy, and by 
the same token, some operators believe that TPM increases the workload with-
out any increase in their income. From here, TPM committees should clarify and 
correct some misconceptions through communicating the real notions and goals 
of TPM. 

The Communication operation and raising awareness of the need for TPM must 
be done at every level in the organization. Furthermore, a good communication 
will bring to the program a very clear understanding at every turn (Steinbacher 
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and Steinbacher, 1993). For this reason, in the preparation phase of TPM imple-
mentation, the communication must be in the level required to avoid the occur-
rence of resistance to the program by any participant (Willmott and McCarthy, 
2001). By all means, effective communication creates a strong relationship be-
tween the involved personnel and will motivate the involved people. Hence, 
utilizing good communication and management skills will keep the employee 
input at high level (Wireman, 2004). 

10. Integration with other manufacturing management programs (IMM) 
Ensuring the success of manufacturing improvement strategies cannot occur with-
out the integration of these systems and strategies with each other. For example, 
you cannot reduce inventory without reducing the percentage of defective prod-
ucts and you can not apply the pull production system without reducing the pro-
duction time of adjusting the equipment and equipment failures. Similarly, the 
Just-in-Time program will not work unless you have highly reliable and effective 
equipment where the interface between people and machine is maximized and 
in fact this is a major objective of TPM (Willmott and McCarthy, 2001). 

In fact, there are many studies on TPM implementation proposes that integrates 
TPM with other manufacturing strategies for improving performance, which ul-
timately leads to competitiveness. In effect, these approaches and strategies with 
each other are constantly seeking to solve the existing problems in the shop foor, 
besides, appropriate selection and careful integration of the components of a hy-
brid system provides the strengths of each approach used (Park and Han, 2001). 
Thereupon, TPM has fairly gained attention as primary methodology for im-
provement and its activities are suitable and consistent with many of other im-
provement philosophies. For instance, total productive maintenance integrates 
with total quality management activities, because both strategies relies on partic-
ipants and empowerment (Willmott and McCarthy, 2001). 

Henceforth, TPM is the foundation for all other manufacturing programs. In 
other words, without TPM, the TQM and JIT would have not existed and the 
integration of long-term maintenance functions with other manufacturing pro-
grams functions in the organization, can provide many advantages such as sav-
ing money and time as well as other useful resources (Ahuja and Khamba, 2008c). 

11. Cooperation (CN) 
Cooperation denotes the collective efforts by people working in the organiza-
tion for mutual beneft and often it becomes a call for increased socialization to 
a culture, not a prompt for high performance (Denise, 1999). In fact, TPM is an 
infuential force in the performance of the organization that strengthens its com-
petitive position. Consequently, in order for TPM to success, it is supposed to be 
supported from everyone by encouraging the creative process within the organi-
zation and inspiring the spirit of cooperation and creativity among employees. 

The implementation of TPM represents the approach of completing the work that 
the organization is accomplishing by maximizing the competitiveness through 
continuous improvement of the quality, productivity, personnel moral, and the 
environment and through the window of cooperation between management and 
workers and the adoption of teamwork. For this reason, when there is a lack 
of confdence and the strained relationship between supervisors and employees, 
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more efforts should be made to ensure the success of TPM implementation. More-
over, the well introduction of TPM system will boost the organizations to improve 
this relationship (Maggard, 1992a). 

The readiness of cooperation within the organization is one of the important is-
sues when implementing TPM (Park and Han, 2001). Henceforth, TPM program 
stresses that employees, operators, maintenance personnel, and engineers, must 
work as a team to maximize the overall equipment effectiveness through actively 
seek innovative solutions to eliminate waste of equipment problems. In partic-
ular, it requires that this disparate group of people should work cooperatively, 
even though, they have different concerns (Park and Han, 2001). 

Thereupon, the success of the implementation of TPM system depends on the 
cooperation of all the organisation’s departments. That is, maintenance and op-
erations, including technicians and engineers as well as designers and planners 
should be involved in the program. Nakajima went further by stating that in 
order to ensure the successful implementation of TPM program, organisations 
need cooperation and consultation with managers of companies that have imple-
mented TPM program successfully in the past (Nakajima, 1988). 

12. Coordination and leadership (CL) 
Coordination is the act of harmonious functioning making different people work 
together for the purpose or effect to achieve the desired goals of the organiza-
tion (Denise, 1999). The Work that is being coordinated involves more than one 
person, includes common goals, requires clear understanding of the roles and 
responsibilities, and, in general, is supervised by someone called the coordina-
tor. The work of the coordinator is the link between the parties involved in the 
program, including consultants from outside the organization. Of course, TPM 
participants need knowledgeable guidance from their leaders as the employees 
won’t change their way of work because this is the desire of some TPM consul-
tant who came from outside the company or other TPM managers. In fact, they 
only change when their managers want them to do so and support the changed 
behaviour rightly (Lefar, 2001). 

The most important people to the successful implementation of TPM are the 
frm’s CEO’s, president, and vice president. It is worthmensioning that the im-
portance of leaders for the successful implementation of TPM is like the impor-
tance of generals for their soldiers in the battle feld (Lefar, 2001). Therefore, TPM 
system should be coordinated in the organization by someone who is enthusiast 
of this system and who is assigned on the basis of a full-time, at least during the 
preparation and implementation stages (Park and Han, 2001). 

13. Culture and receptivity to change (CC) 
At the present time, various organizations are dealing with dynamic environ-
mental conditions that change rapidly. In this changing environment, the people 
who are involved must adopt strategies that allow to confront these environmen-
tal threats and maintain their competitive position. Thus, it is necessary to deal 
probably with the concept of resistance to change by a number of non-supporters 
of change who might spend a series of efforts trying to refrain the change and not 
to succumb to the change of implementing the new process, procedure or par-
ticular behaviour and the desire to maintain the status quo and stay on what it 
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is in the current reality. Consequently, convincing everyone in the company for 
the need of change is one of the diffculties facing the implementation of TPM 
(Steinbacher and Steinbacher, 1993). 

The successful implementation of TPM requires sensitivity to the underlying cul-
ture which controls the way of accomplishing tasks within the organization. A. 
S. Piechnicki and Herrero (2015) referring to A study carried out in large- and 
medium-sized organizations by Aspinwall and Elgharib (2013) shows that cul-
ture change has been the main obstacle for implementing TPM. Moreover, it 
is important to pay good attention to some basic details about the people in-
volved in the organization and their methods of administrative and vulnerability 
to change because that could affect the success of the implementation of the pro-
gram. Equally important, the change related to the TPM program may affect the 
daily work routine of the employees, and as a consequence it might converts the 
content of the work and hence may be seen as a threat to wages, safety and job 
security. In the light of the above, TPM in the overall is a culture change shifting 
workers from being careless about activities not related to their specialization, 
into workers who are ready to help and participate in all kinds of useful works 
(Maggard, Bailey, and Moss, 1989). 

Defnitely, the TPM is not a project, but it is a change process introduced to com-
panies and must be frmed up to become an integral part of the daily routine work 
of all employees. Further, receptivity to change is crucial for TPM implementa-
tion where participants differ in terms of level of education and their enthusiasm 
for learning (Chan et al., 2005). 

14. Availability of information and documentation (AID) 
The success of maintenance as a part of TPM depends on the availability of the 
right information, which is as important as the technical and engineering skills. 
Documentation and information management play an important role in the ef-
fective management of developed projects (Willmott, 1994b). Moreover, Wire-
man (2004) pointed out that the CMMS, also known at times as an Equipment 
Management Information System (EMIS), is a computerized version of a manual 
system and it is a tool to be used in the journey of continuous improvement and 
the main goal behind it is to enhance the maintenance management and the or-
ganization’s assets. Furthermore, the timely and accurate data that is collected 
by the CMMS and the use of data by the organization determines the success or 
failure of the improvement initiative. 

The documentation of data and keeping a record of equipment and make it acces-
sible to everyone helps solving future problems, therefore, Ljungberg suggested 
to use a way to record data on computerised systems combined with manual 
recording in order to give an accurate assessment and deeper understanding of 
the reasons for the losses (Ljungberg, 1998). Also, the computerized technology 
allows employees to routinely monitor and check the calibration of equipment 
which is a very important issue in the manfacturing industry (Maggard, 1992a). 

15. Empowerment (ET) 
TPM is an empowerment process for giving ownership and shared responsibili-
ties and this is considered as one of the factors that was recognized and applied 
by the companies that succeeded in TPM implementation (Willmott, 1994b). In 
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order to ensure the success of TPM, the implementation teams should have an 
independency to determine their tasks without the intervention of management 
(Maggard, Bailey, and Moss, 1989). Thus, taking a more active role in decision-
making and accept responsibilities in the organization and its assets, is part of the 
requirements of employees in TPM programs. However, Sometimes the miscon-
ception of the meaning of employee empowerment, which means that all deci-
sions must be placed by the workers and small group activities, can lead to chaos 
in the work. Therefore, regulations and rules are very important to avoid confu-
sion and chaos caused by freedom of taking decisions by workers. In addition, 
the most diffcult aspects of empowerment are identifying which decision should 
be taken by management, workers, or by combination of both. Similarly, many 
organizations make a wrong judgement in not giving enough authority to work-
ers (Robinson and Ginder, 1995). 

In summary, workers must be given empowerment to the extent that they are 
willing to accept responsibility for their actions because empowerment process 
blurs the traditional boundaries between functions and levels. 

16. Formation of TPM offce and steering committees (FSC) 
Organizational matrix and horizontal groups, such as project teams and commit-
tees, at every level of the organization is critical and extremely important for suc-
cessful development of TPM company-wide (Nakajima, 1988). In other words, 
when the initial educational stage has been concluded, a TPM deployment com-
mittee can be prepared to study and review basic implementation methodologies 
and strategies. These steering committees’ members are to communicate infor-
mation and to cooperatively make decisions (Robinson and Ginder, 1995). 

The importance of setting up these committees is that they will conduct progress 
review of the process in each plant area to communicate and co-ordinate. More-
over, selecting the team members is very critical to the success of the implemen-
tation process (Narender and Gupta, 2012). 

17. Existing maintenance system, equipment and workplace conditions (EMS) 
The good fundamental maintenance program will ensure success in TPM imple-
mentation (Robinson and Ginder, 1995). Further, keeping the equipment avail-
able at all times in good condition is very costly, but, on the other hand, allowing 
it to run in the presence of many defects is more expensive. Therefore, eliminating 
the six big losses to improve equipment effectiveness is one of the requirements 
to implement TPM successfully (Nakajima, 1988). Likewise, (Wireman, 2004) re-
ferred that many problems in implementing TPM successfully are due to factors 
such as complexity of the equipment and age of the equipment, as well as the 
current status of the maintenance program. 

In order to fully implement world class programs, industry must underpin their 
efforts toward competitiveness with a solid foundation of maintenance basics 
and a clear management commitment to effective machine maintenance and asset 
management. Hence, restoring the equipment to its frst good conditions is a crit-
ical frst step in focused improvement process, which is known as one of the TPM 
pillars. In like manner, maintaining basic equipment conditions is a maintenance 
practice that is ignored in most companies today, so when the maintenance group 
gets occupied with capacity loss breakdowns and trying to keep the equipment 
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running properly, basic tasks like cleaning, lubricating, adjusting, and tightening 
are neglected. 

18. Training and education (TE) 
Education and Training aims to provide operators with different skills so that 
they can accomplish all the tasks required of them very effectively and inde-
pendently. However, sometimes the operators do not understand principles of 
operating the equipment and the maintenance personnel may not know some 
modern maintenance methods, therefore, training must be included as a basic 
requirement for TPM to improve the skills of all employees. Training might in-
clude: training on autonomous maintenance , training on the proper operation of 
the equipment, training on methods such as, root cause analysis to fnd out the 
causes of problems. (Nakajima, 1988). 

Training Increases the skills of maintenance personnel and operators and it should 
be conducted from the beginning of TPM campaign by giving hours of aware-
ness, visiting some success TPM plants, and one-point lessons. The one-point 
lessons is part of the operator training documentation that can also be given as 
an attachment to machine operating or maintenance specifcations. 

Training and Education TPM participants may be the most critical of all TPM 
factors for keeping the TPM program running in the long-term. In fact, a test of 
TPM success is to look at the organizational learning (Lefar, 2001). Moreover, a 
well-developed training system is one of the key factors for implementing TPM 
that needs to be updated as often as the rapid change of technology (A. S. Piech-
nicki and Herrero, 2015). 

19. Union participation and acceptance (UPA) 
Many organisations selecting TPM program are leaders in the market share, qual-
ity life, and fnancial stability. In effect, this stability has great impact on job 
security, and is linked to effective communication between management and 
frst foor workers, including union leaders. However, if union leaders recog-
nize TPM’s capability to positively affect the plant, they will join effectively in 
the improvement process. Hence, understanding TPM and allowing unions and 
workers to access the strategic decision making processes can help guarantee the 
success of TPM implementation (Robinson and Ginder, 1995). 

The popular expressions that says “if they are not with you, they are against 
you” is indeed applicable, so the union leaders and members should be involved 
in TPM implementation in the early phase. Once the union leaders and members 
see the TPM advantages and how it is infuential in improving employee skills 
and job security and once they understand how TPM improves the quality and 
safety of work life and recognize that they are indeed partners in the process, they 
will support the program strongly and effectively (Stephens, 2010). Moreover, 
the participation and acceptance of the union is a very important issue to mini-
mize TPM challenges, even though you their enthusiastic support is not needed. 
Therefore, cooperation between unions, management, and workers is crucial to 
the successful implementation of TPM in large companies. 

20. Pilot project and gradual implementation on model machines (PPGI) 
Total productive maintenance is designed to deal with the problems and raise 
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performance, especially in the places that represent a bottleneck in the produc-
tivity and the real success is to solve these problems. The gradual application 
of the TPM activities eases and helps taking advantage of some mistakes facing 
the implementation process. Henceforth, it is preferable not to apply TPM to 
all equipment and locations at once, but rather, some sites and the equipment 
must be selected to be a mode for TPM implementation. the pilot project starts 
with the selection of TPM team members and the model machines. However, 
there are three key criteria for the selection which are the machines are process 
bottleneck, uniqueness of the machine, and low availability (Sun, Yam, and Wai-
Keung, 2003). This method makes the workers see the benefts of TPM program 
on these sites and equipment, thus are more convinced. In fact, emphasizing on 
pilot project and gradual implementation of TPM on a handful of machines at 
given time made Rover succeeded in using TPM (Bohoris et al., 1995). 

Finally, a well planned TPM pilot study will help to defne the priorities and 
required tasks where the implementation must be developed based on the result 
of the pilot study. 

3.12.1 Critical analysis of the literature review 

TPM has striven to enhance the OEE and to alleviate production losses through contin-
uous improvement of organizational systems and maintaining the assets. Accordingly, 
an attempt was done to survey the literature on the important factors in the process 
of TPM implementation. Further, an extensive review of literature on TPM was estab-
lished for the purpose of clarifying and identifying critical factors that are fundamental 
for TPM implementation. In fact, through the extensive and deep literature review, 
many success factors of TPM implementation were identifed based on reviews of vari-
ous models, and conceptual frameworks of academics, consultants, practitioners along 
with empirical studies. In addition, several factors which affect the successful imple-
mentation of TPM were identifed. Table 3.4 shows a comprehensive list of the key 
factors and literature support. 

No Factor Key authors 

1 

2 

3 

4 

Management Commitment 

Employee Involvement 

Motivation, Rewards and 
Recognition 

Time Allocation for Imple-
mentation 

(Nakajima, 1988);(Maggard, Bailey, and Moss, 1989) (Steinbacher and Stein-
bacher, 1993);(Suzuki T. , 1994) (Willmott P.,1994a);(Robinson and Gin-
der, 1995) (Davis R.,1997);(Fredendall and Patterson,1997) (Bamber, Sharp, 
and Hides, 1999);(Cooke, 2000) (Hartmann E., 2000);(Ireland and Dale, 
2001);(Lefar, 2001) (Park and Han, 2001);(Willmott, Peter; McCarthy, Den-
nis, 2001) (Mora, 2002);(McCarthy and Rich, 2004) (Srivastava and Srivastava, 
2004); (Wireman,2004) (Chan, Laub, Ip, Chan, and Kong, 2005);(Ahuja and 
Khamba, 2008a) 

(Nakajima, 1988);(Maggard B. N., 1992a); (Tajiri and Gotoh, 1992); (Suzuki 
T., 1992);(Steinbacher and Steinbacher, 1993);(Willmott P., 1994a); (Robinson 
and Ginder, 1995); (Davis R., 1997);(Fredendall, Patterson, Kennedy, and Grif-
fn, 1997);(Bamber, Sharp, and Hides, 1999); (Ben-Daya, 2000); (Cooke, 2000); 
(Hartmann E., 2000); (Lefar, 2001); (Park and Han, 2001); (Ferrari, Pareschi, 
Regattieri, and Persona, 2002);(Mora, 2002);(McCarthy and Rich, 2004);(Sri-
vastava and Srivastava, 2004);(Wireman, 2004); (Chan, Laub, Ip, Chan, and 
Kong, 2005); (Kelly, 2006);(Ahuja and Khamba, 2008a) 

(Nakajima, 1988); (Hartmann E. H., 1992);(Maggard, Bailey, and Moss, 1989) 
;(Tajiri and Gotoh, 1992); (Steinbacher and Steinbacher, 1993); (Robinson and 
Ginder, 1995); (Bamber, Sharp, and Hides, 1999); (Lefar, 2001); (McCarthy 
and Rich, 2004); (Srivastava and Srivastava, 2004); (Ahuja and Khamba, 
2008a) 

(Nakajima, 1988); (Hartmann E. H., 1992); (Suzuki T. , 1994); (Robinson and 
Ginder, 1995); (Davis R. , 1997)(Bamber, Sharp, and Hides, 1999); (Wang 
and Lee, 2001)(Willmott, Peter; McCarthy, Dennis, 2001); (Hansson, Back-
lund, and Lycke, 2003)(McCarthy and Rich, 2004); (Srivastava and Srivas-
tava, 2004);(Chan, Laub, Ip, Chan, and Kong, 2005); (Kelly, 2006)(Ahuja and 
Khamba, 2007) 
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5 Resource Allocation for Im-
plementation 

(Nakajima, 1988);(Maggard, Bailey, and Moss, 1989) ;(Willmott P. , 1994a); 
(Davis R. , 1997);(Cooke, 2000); (Hansson, Backlund, and Lycke, 2003); (Mc-
Carthy and Rich, 2004); (Chan, Laub, Ip, Chan, and Kong, 2005); (Kelly, 2006); 
(Ahuja and Khamba, 2007) 

6 Alignment 
Mission 

to Company (Nakajima, 1988);(Maggard, Bailey, and Moss, 1989) ;(Suzuki T. , 1994); 
(Robinson and Ginder, 1995); (Bamber, Sharp, and Hides, 1999); (Cooke, 
2000); (Srivastava and Srivastava, 2004); (Chan, Laub, Ip, Chan, and Kong, 
2005); (Ahuja, I.P.S; Khamba, J.S, 2008b); (Ahuja, I.P.S.; Khamba, J.S., 2008c) 

7 Performance Measurement (Nakajima, 1988); (Hartmann E. H., 1992); (Maggard B. N., 1992a); (Stein-
bacher and Steinbacher, 1993); (Willmott P. , 1994a); (Leblanc, 1995); (Robin-
son and Ginder, 1995); (Al-Najjar, 1996); (Davis R. , 1997)(Bamber, Sharp, 
and Hides, 1999); (Prickett, 1999); (Lefar, 2001); (McCarthy and Rich, 2004); 
(Srivastava and Srivastava, 2004); (Chan, Laub, Ip, Chan, and Kong, 2005); 
(Ahuja and Khamba, 2008a) 

8 Implementation 
Process 

Plan and (Nakajima, 1988);(Maggard, Bailey, and Moss, 1989); (Suzuki T. , 1994); 
(Robinson and Ginder, 1995); (Davis R. , 1997); (Fredendall, Patterson, 
Kennedy, and Griffn, 1997); (Bamber, Sharp, and Hides, 1999)(Cooke, 2000); 
(Lefar, 2001); (Park and Han, 2001); (Srivastava and Srivastava, 2004); (Ahuja 
and Khamba, 2008a) 

9 Communication (Nakajima, 1988); (Steinbacher and Steinbacher, 1993); (Willmott P. , 1994a); 
(Robinson and Ginder, 1995); (Davis R. , 1997); (Fredendall, Patterson, 
Kennedy, and Griffn, 1997); (Cooke, 2000); (Tsang and Chan, 2000); (Park 
and Han, 2001); (Mora, 2002); (McCarthy and Rich, 2004); (Srivastava and 
Srivastava, 2004); (Wireman, 2004); (Chan, Laub, Ip, Chan, and Kong, 2005); 
(Kelly, 2006); (Ahuja, I.P.S.; Khamba, J.S., 2008c) 

10 Integration with Other 
Manufacturing Manage-
ment Programs 

(Nakajima, 1988); (Steinbacher and Steinbacher, 1993); (Jostes and Helms, 
1994); (Willmott P. , 1994b); (Robinson and Ginder, 1995); (Fredendall, Pat-
terson, Kennedy, and Griffn, 1997); (Park and Han, 2001); (Willmott, Peter; 
McCarthy, Dennis, 2001); (McCarthy and Rich, 2004); (Ahuja, I.P.S.; Khamba, 
J.S., 2008c) 

11 Cooperation (Nakajima, 1988); (Steinbacher and Steinbacher, 1993); (Willmott P. , 1994a); 
(Bohoris, Vamvalis, Tracey, and Ignatiadou, 1995); (Cooke, 2000); (Park and 
Han, 2001); (Srivastava and Srivastava, 2004); (Wireman, 2004); (Kelly, 2006) 

12 Coordination 
ship 

and Leader- (Maggard, Bailey, and Moss, 1989) ; (Steinbacher and Steinbacher, 1993); 
(Suzuki T. , 1994); (Fredendall, Patterson, Kennedy, and Griffn, 1997); (Lefar, 
2001); (Park and Han, 2001); ; (McBRIDE, 2004); (Gupta, Tewari, and Sharma, 
2006); (Ahuja, I.P.S.; Khamba, J.S., 2008c) 

13 Cultural Change, 
edge, Beliefs and 
tance 

Knowl-
Accep-

(Hartmann E. H., 1992); (Maggard B. N., 1992a); (Robinson and Ginder, 1995); 
(Bamber, Sharp, and Hides, 1999); (Lawrence, 1999); (Lefar, 2001); (Park and 
Han, 2001); (Mora, 2002); (McCarthy and Rich, 2004); (Srivastava and Sri-
vastava, 2004); (Wireman, 2004); (Ahuja and Khamba, 2007); (Ahuja, I.P.S.; 
Khamba, J.S., 2008c) 

14 Computerized Maintenance 
Management (CMMS) and 
Documentation 

(Maggard B. N., 1992a); (Tajiri and Gotoh, 1992); (Willmott P. , 1994a); (Bo-
horis, Vamvalis, Tracey, and Ignatiadou, 1995); (Robinson and Ginder, 1995); 
(Lefar, 2001); (McBRIDE, 2004); (McCarthy and Rich, 2004); (Wireman, 2004); 
(Ahuja and Khamba, 2008a) 

15 Empowerment (Maggard B. N., 1992a); (Steinbacher and Steinbacher, 1993); (Robinson and 
Ginder, 1995);(Ben-Daya, 2000); (Cooke, 2000); (Willmott, Peter; McCarthy, 
Dennis, 2001);(McCarthy and Rich, 2004);(Srivastava and Srivastava, 2004); 
(Kelly, 2006); (Ahuja, I.P.S.; Khamba, J.S., 2008c) 

16 Formation of TPM Offce 
and Steering Committees 

(Nakajima, 1988);(Maggard B. N., 1992a); (Bohoris, Vamvalis, Tracey, and Ig-
natiadou, 1995); (Robinson and Ginder, 1995); (Bamber, Sharp, and Hides, 
1999); (Ireland and Dale, 2001);(McCarthy and Rich, 2004);(Srivastava and Sri-
vastava, 2004); (Chan, Laub, Ip, Chan, and Kong, 2005); (Kelly, 2006); (Ahuja, 
I.P.S.; Khamba, J.S., 2008c) 

17 Existing Maintenance Sys-
tem, Equipment and work-
place Conditions 

(Nakajima, 1988); (Steinbacher and Steinbacher, 1993); (Willmott P. , 1994a); 
(Mora, 2002); (McCarthy and Rich, 2004);(Srivastava and Srivastava, 2004); 
(Wireman, 2004) 

18 Training and Education (Nakajima, 1988);(Maggard, Bailey, and Moss, 1989) ;(Hartmann E. H., 
1992);(Steinbacher and Steinbacher, 1993);(Willmott P. , 1994a); (Robinson and 
Ginder, 1995); (Yamashina, 2000);(Ferrari, Pareschi, Regattieri, and Persona, 
2002);(Chan, Laub, Ip, Chan, and Kong, 2005) 

19 Union Participation and Ac-
ceptance 

(Hartmann E. H., 1992);(Suzuki T. , 1992); (Steinbacher and Steinbacher, 1993); 
(Bohoris, Vamvalis, Tracey, and Ignatiadou, 1995); (Robinson and Ginder, 
1995); (Cooke, 2000) 

20 Pilot Project and Gradual 
implementation on Model 
Machines 

(Maggard, Bailey, and Moss, 1989) ;(Willmott P. , 1994a); (Bohoris, Vamvalis, 
Tracey, and Ignatiadou, 1995)(Davis R. , 1997); (Ferrari, Pareschi, Regattieri, 
and Persona, 2002); (Chan, Laub, Ip, Chan, and Kong, 2005) 

TABLE 3.4: A comprehensive list of TPM factors and key authors. 
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3.13 Implementation phases and steps 

Most of the companies that won the TPM Award in Japan had followed a rigorous TPM 
implementation steps (Mishra, Anand, and Kodali, 2008). These steps were developed 
by Japanese Institute of Plant Maintenance (JIPM). 

Stage I: Preparation 

1. Announce top management’s decision to introduce TPM. 

2. Launch educational campaign. 

3. Create organizations to promote TPM. 

4. Establish basic TPM policies and goals. 

5. Formulate a master plan for TPM development. 

Stage II: Preliminary Implementation 

6. Hold TPM kickoff meeting. 

Stage III: TPM Implementation 

7. Improve equipment effectiveness. 

8. Establish an autonomous maintenance program for operators. 

9. Set-up a scheduled maintenance program for the maintenance department. 

10. Conduct training to improve operation and maintenance skills 

11. Develop initial equipment management program. 

Stage IV: Stabilization 

12. Implement full TPM and aim for higher goals. 
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3.14 Conclusion 

As a result of what was discussed in the this chapter, a defnition of TPM, from the 
the Western and the Japanese perspectives, has been given in this chapter. A historical 
briefng was given, where the roots of TPM go back to the development of Preventive 
Maintenance, and Productive Maintenance. Then, an extensive review for the literature 
was performed by the researcher to get a full understanding of TPM implementation 
and its related issues. TPM at process industry and steel companies were discussed as 
well. Finally, regarding the objectives of this study, a framework and its components 
was revealed. The following chapter will demonstrate the case study organisation in 
the context of Libyan environment. 



Chapter 4 

Case Study: Organisation 
Background 

4.1 Introduction 

Organizational setting and environment tends to be the mirror of probable employee’s 
attitude, confdence, commitment and performance. Furthermore, the local environ-
ment tends to have a great impact and generally mould the way how the day to day 
activities, perceptions, company culture and offcial relationships are being built in an 
organizational setting. Besides, it is only imperative to assume that the employee’s at-
titude and activities are signifcantly refective of the company’s environment and vice 
versa (Aghila, 2000). 

We will be looking at the example of Libya and the geo-political facets of the local 
economy which might have infuenced the organizational environment in the country. 

4.2 The geographical, historical and political background 

Being the fourth largest country in Africa, Libya became a kingdom adopting the British 
model of government and got its independence thanks largely to a UN resolution on 
December 24th, 1951. However, soon, it turned the status of government into a repub-
lic regime by September the 1st, 1969. The country is blessed (or cursed) with the oil 
wealth in its mineral reserves which is a source of improvement in sectors like health 
and education. The population of Libya was estimated in 2004 by the Libyan census 
to be around 5.9 million with an annual population growth rate of 2.4 applicable in 
the year 2004 (Congress, 2005). The country is almost seven times greater in size than 
United Kingdom, occupying 1,775,500 square kilometres in area. 

When talking about the geography and physical features of the country, Libya is mostly 
desert or semi-desert. The country boundaries are shared with Egypt to the east, Al-
geria and Tunisia to the west, Chad, Sudan and Niger to the south while there runs a 
coastal line of two thousand kilometres to the north with the Mediterranean Sea, mak-
ing it one of the centrally located countries of North Africa. The Saharan desert ori-
ented climate of Libya is somewhat indented on the north by the climate from Mediter-
ranean Sea. It is only essential to understand that the most fertile area of the country 
is to the north that is along the coastal strip. Further, the Weather of the country is 
hugely impacted by the country’s overall geographical location, where in the southern 
part, under the infuence of the sahara, the climate is generally dry throughout the year 
with hot summers and cold winters. However, the weather along the northern border, 
which is under the infuence of the Mediterranean sea, is usually hot in summers while 
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rainy season stretches from December to February on that side of the country (NAID, 
2002). 

4.3 Libyan society: social and cultural aspects 

When it comes to religion and lifestyle related to religious activities, Libya has an edge 
as the country depict an overall uniformity. It is only Arabic speaking Arab country 
where the state’s offcial religion is Islam and it is the only religion being practiced 
throughout the country. Even the sect is being unanimous with all the Muslims follow-
ing the Sunni faith. It is vital to understand here that Libyans are attached to their reli-
gion and their lifestyle portrays their attachment. Moreover, Libyans pay much heeds 
to verbal communication and commitment and like traditional Arabs, they, too, are 
adaptable, fexible, social and most importantly hospitable. With such abstracts, being 
the trademark of their culture, Libyans understandably values their family a lot. Their 
social and professional culture is marked with the absolute presence of the belonging 
to a social group. Just like in family and in social groups, the dependency upon the 
abstracts like trust and reliability also indents their professional lives as well. It should 
come as no surprise at all that Libyan offcial and professional culture is quite different 
from their western counterparts. Instead, of the credibility or name of the concerned 
parties involved, the professional environment is more dependent on offcial relation-
ships and friendships among the people, that are built over the years. They believe 
in social relationship, teamwork, consensus development and are the promoters of the 
theory that two heads are better than one while resolving any issue in an organization. 
Religion impacts the overall way Libyans conduct their day to day life and indeed their 
overall history. The parameters set by the locals as norm of the country and its econ-
omy are generally governed and impacted by the religion. Thus, the religion has a huge 
input in drafting the value system and attitudes of the locals. Other than the religion 
the social structure of the locals is of high signifcance as well (Bait-Elmal, 2000). 

There are two schools of thoughts in which the current Libyan society is dwelling. 
Traditionally, Libyans approve that a huge house with three to four generations of the 
same family living together with married sons along with their families and other in-
dividuals living under the same roof. The latest concept of nuclear family system is 
however creeping into their system with the modern Libya showcasing small families 
living in separate houses due to work or monetary reasons away from their traditional 
clan or tribe’s setting. As it is the case with most of the Arab countries, Libyan women 
were used to be confned to their home as late as half a century back. However, things 
changed rapidly with government and constitution providing for the basic women 
rights ensuring that women enjoy the same social status and privileges like their male 
counterpart. They were given right to educate themselves, compete for the same jobs 
as their male counterpart and ask for the same salaries as well. Law of compulsory 
education was the frst step towards independence of women. This law ensured nine 
years of compulsory education for every Libyan child regardless of the gender. After 
the implementation of the law, Libya moved ahead with the exercise allowing women 
to participate for all job posts and vacancies throughout the country even in the secu-
rity agencies, police and the army. The need of the law was recognised due to the fact 
that although women were allowed equal rights in all aspects of the social and daily 
living aspects but the same was not true practically where the traditional stronger cus-
toms would come in between the independence of women as such a small level (Attir, 
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1985). 

The Libyans are strongly attached and devoted to their families and family settings. 
Usually number of families makes a clan and the total of clans is referred to as a tribe. 
Like the culture of any Arab county, family, region, tribe and clans are of utmost impor-
tance to any individual. Their loyalties to the same cannot be diminished at any cost or 
political change within the country. They stand with their society and families all the 
time regardless of the prevailing circumstances or the possible consequences. When it 
comes to an individual being part of a family, things are even much better with loy-
alty of the top level involved. The family make sure of the job, security, education and 
health of the individual which strengthens the individual’s ties with his family, feeling 
as being part of one unit. The individual thus follows, enforces and stays within the 
laws and regulations, norms and traditions of his family, clan and tribe to show his 
allegiance to them. 

4.4 The cultural transferability 

It is important to understand that there exists a marked difference between the culture 
of Libya as compared to the western countries. Since most of the trading companies 
and multinational companies has their parent facility based in the western countries, 
therefore they tend to implement their organization style, environment and manage-
ment techniques in every subsidiary. Similarly, most of their decision making and eval-
uation is also based on the management style and traditions and policies that are par-
ticular to the parent country. This creates an environment of hostility and differences. 
Since the Libyans are accustomed to their traditional practices and norm they fnd it 
uneasy to comprehend the western style of management. The multinational compa-
nies should keep this point in consideration that the difference in culture of the two 
countries is extremely signifcant (Aghila, 2000). When investing in the country and ap-
plying the company’s management style the western countries should realize that the 
individual society, free economy and the capitalist idea may not go down easily with 
the Libyan who are more accustomed to team building, families and societal concepts. 
Thus, it is needed to come at least half way and try to incorporate as much Libyan 
practices as possible in the management style and businesses. The state religion not 
only permit but promotes doing businesses. This creates a major breakthrough while 
addressing the locals. The religion also promotes the concept of hard working, com-
pleting the task one is entrusted with and most of all honesty. The religion of Islam 
also promotes the idea that the leader or supervisor himself should be the role model 
to those who are following him. He should be responsible and pragmatic. 

4.5 Libyan economy 

Libyan economy depicts how the wrong practices and corruption can spoil the nature’s 
wealth to its lowest. All that is earned through the export of the oil reserves which ac-
counts for more than ninety percent of the Libyan economy is fruitlessly given away 
to corruption, ill practices, provision of grants to lesser developed countries by the 
previous governments and most of all the expenditure on buying the weapons. The 
government occupies much of the socialist oriented economy and the export of oil ac-
counts for three fourth of the government receipts and thirty percent of GDP. Whatever 
little trade, imports and exports are conducted there, it is largely occupied and under 
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the strict monitoring of the government which results in the country turning into a 
close economy. High infation, import prices, food shortage, declining standards are 
creeping into the Libyan society due to the same. Eighty percent of the food require-
ments are completed with the imports. It is vital here to understand that agriculture 
though is the second largest sector in the Libyan economy. The government, however, 
is making efforts to resolve the issue with lifting of the sanctions and making the coun-
try attractive for foreign investors by revamping their infrastructure, communication 
and transportation sectors (Congress, 2005). 

4.6 Iron and Steel Industry 

The iron and steel industry is one of the most important strategic industries which 
play a key role in the industrial and economic development. In terms of statistical data 
showed over the time periods in many countries which have disparate economic level, 
there was a positive relationship between the amount of consumption of steel products 
and the economic growth of the state. The progress of countries can be known by the 
consumption of steel per capita. The number in industrialized countries reached 700 
Kg per capita in one year. Arab consumption rose from 19.3 million tons in 2001 to 
about 27 million tons in 2005, an increase of almost 40 per cent. The per capita con-
sumption of steel products, The gulf cooperation council countries is classifed among 
the most consuming countries in the world consumption of 349 kg per capita. In the 
Arab world, Arab Emirates ranked the frst in terms of per capita consumption by more 
than one ton per person yearly (Vuuren, Strengers, and Vries, 1999). 

Figure 4.1 shows the average of consumption of steel products in some areas in the 
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FIGURE 4.1: The fve largest steel producers in the Arab world (Vuuren, 
Strengers, and Vries, 1999). 

world 2005. The consumption of steel in developing countries is in average of 51 kg 
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Per capita (1992), and in the industrialized countries is more than 300 kg per capita 
(Vuuren, Strengers, and Vries, 1999). Figure 4.2 shows the average of consumption of 
steel products in Libya. The global production of crude steel was declined from 1326.6 
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FIGURE 4.2: The average per capita consumption of steel products in 
Libya (Vuuren, Strengers, and Vries, 1999). 

Million tons in 2008 to 1219.0 Million tons in 2009, a sharp decline of 8.1%. In 2010, the 
world production of crude steel recovered and reached a record high of 1400 Million 
tons. A large proportion of global growth in crude steel production can be attributed to 
China. In 2010, China increased its crude steel production to 626.7 Mt compared with 
573.6 Mt in the previous year. China now accounts for nearly half of world production 
of crude steel (Nestour et al., 2011). Although the rate of growth in the iron industry in 
the Arab region is high as it reached 28.87% (2000-2005), but the percentage contribu-
tion to the global steel production is still low, which reached to 1.7% of the volume of 
world production (Thamra and Zwali, 2007). 

In the Arab oil-producing, it seems clear that the share of the extractive sector took 
more inclined upward, while the share of the manufacturing sector declined due to 
the rapid rise in the prices of oil and raw materials. With a declining share of man-
ufacturing sector in the Arab GDP from 11.20% in 2002 to 9.6% in 2006, the share of 
the extractive sector is rapidly and steadily. Where, the extractive sector share in the 
Arab GDP rose from 27% in 2002 to more than 39% in 2006. Libya recorded the same 
phenomenon, the contribution of the oil sector to GDP increased to 70 per cent in 2006, 
while the Manufacturing sector’s share fell from 3.23 per cent in 2002 to 2.61 per cent 
in 2006 (Thamra and Zwali, 2007). 
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In 2008 and 2009, the Arab region has an increasing activity in the housing projects, 
infrastructure and construction. Unlike most other areas where stopped their expan-
sion projects and building sector because of the repercussions of the global crisis. The 
demand for steel is still greater than the actual production in the Arab region where, the 
demand volume for the fnished steel products in 2010 is about 35 million tons, while 
the production in the same year is about 19 million tons, and they expect the volume 
of demand for steel products in 2014 will reach about 60 million (Lachgar, 2011). 

Iron and steel industry in the Arab countries witnessed a huge boom in recent years. 
The production record rapid growth rate is the highest in the world according to the 
Arab Union for Iron and Steel. This is attributed to an increase in production of steel 
consumption in the Arab region, which has become the third largest consumer of steel 
in the world. It is expected to continue this development in the coming years as a re-
sult of the implementation of major expansion projects and the introduction of new 
technologies that are currently being implemented or expected to be completed in the 
coming years (Thamra and Zwali, 2007). 

Sales of steel products characterized in recent years, by dynamic marketing directed 
towards the domestic market, in contrast, exports of steel declined to meet the high 
domestic demand. According to the Arab Union for Iron and Steel, several compa-
nies such as, Libyan Iron and Steel were forced to stop exports of long steel products, 
especially reinforcing and construction steel. Sales of steel products in the domestic 
market in Libya reached to more than one million tons in 2009 was mostly rebar and 
building construction, while exports reached nearly half a million tons of different steel 
products, (see Figure 4.3)(steel, 2009). 
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FIGURE 4.3: The average per capita consumption of steel products in 
Libya (steel, 2009). 
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4.7 Case study organisations 

In this section, the researcher would like to shed light on the chosen organisation in the 
context of Libyan environment, structure of public accountability and administrative 
system in the Libyan manufacturing public organisations. 

It is clear that the absence of positive management, especially in the areas of plan-
ning, frequent machinery breakdowns and underestimated levels of maintenance are 
the important factors affecting the effciency of Libyan organisations. However, Libya 
has paid great attention to the manufacturing sector in order to lay the foundations and 
rules of sound industry according to specifc strategies which can activate the role of 
industry in supporting the national economy, as well as the creation of a real industrial 
base based on the exploitation of the available local natural resources, and contribute 
to the absorption of a signifcant proportion of employment within the labour market 
each year by maintaining achievement of high growth rate every year. 

Therefore, a group of executive programs has emerged aiming at achieving the strate-
gies and industrial policies that focuses on the plans and programs for projects in the 
areas of iron and steel manufacturing industry, the industry of cement and building 
materials, food industries and chemical industries. 

The iron and steel industry in Libya is considered the most important non-oil indus-
tries, and Libyan iron and steel company (LISCO) is one of the most important indus-
trial steel companies in the country having a valuable production that exceeded 1.4 
million tons of various steel products in 2008 (Thamra and Zwali, 2007). 

After releasing the UN sanction in 2003, which was imposed on Libya in 1992, Libya is 
seeking to develop its production ability with high quality to meet the customer expec-
tations by the highest technology available (Hirano, Khan, and Hussain, 2008). More-
over, in the context of working to improve the overall performance and benefting from 
the experiences of international companies in the feld of iron and steel industry, LISCO 
concluded a partnership agreement with the Holding Company Group ISPAT. The con-
vention aims to use modern methods of management and the means of production to 
raise the rates of overall performance through increasing production, improving qual-
ity, reducing costs as well as satisfying the customer. 

Libya as a technology non-manufacturer country, achieved maximum beneft from this 
kind of agreement by using the technology and prolonging its service life that are at-
tainable only through the pursuit of more effective management methods like TPM, 
TQM and other philosophies. (Sia and Shamsuddin, 2007) mentioned that most re-
search studies indicate that a well-managed TPM implementation not only enhances 
the machines reliability and availability, it also improves production output, quality 
and creates a culture of team-work spirit to own the equipment, while increases indi-
vidual work skills. According to a previous study about one of the heavy industries in 
Libya Graisa and Al-Habaibeh (2010) indicated that the marked difference in produc-
tion over the past years is based on changing in shift hours, the failure of equipment, 
shortage of spare parts and similar. Also, he mentioned that the result of the analysis 
showed that there is an urgent need for implementing TPM to maintain a stable level 
of production. In developing solutions to such problems, there are essential elements 
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TABLE 4.1: Facilities and products (LISCO, 2010). 

must be considered such as strategic planning and the management of the organiza-
tion’s culture. 

4.8 Description of Libyan Iron and Steel Company (LISCO) 

LISCO is the largest industrial company in Libya, located on an area of 1,200 hectares 
near the city of Misurata about 210 km to the east of the city of Tripoli. It is fully 
state-owned company that operates nine large plants with design capacity of about 
1,400,000.00 tons of liquid steel per year in a direct reduction of iron pellets using 
domestic natural gas. The laying of the foundation stone for the company was in 
18/9/1979. On 9/9/1989 the opening of the production plants and the company en-
tered the production stage. 
The company comprises of several auxiliary and supporting facilities in addition to the 
facilities shown in Table 4.1, which includes: 

1. Port and pellet stock yard. 5. Central workshop. 

2. Power and desalination plant. 

3. Oxygen and compressed air plant. 
6. Training center. 

4. Sedada quarry and calcimine plant 7. Quality control laboratories. 

4.9 The Development Stages of the organizational structure of 
the company 

The organizational structure of the company (Figure 4.4) is developed depending on 
the stages of the completion of the project as follows: 

• General commission for iron and steel projects (1973-1979); 

• The executive commission of the iron and steel complex (1979-1989); 

• The preparation of temporary structure in (1989) to complete the procedures to 
receive the project; 
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• Libyan iron and steel Company: The organizational construction was adopted in 
(1993) for the operation of the complex; 

• The approved organizational structure of LISCO has been modifed in (1998) due 
to the addition of some development projects and to improve the follow-up pro-
cedures, supervision, and increase the pace of achievements. 

FIGURE 4.4: The organisational structure of LISCO (LISCO, 2010). 

4.9.1 The organizational structure and staffng 

The importance of the amendment and the update was demonstrated after several 
years of operating the plants and the units of the company and through the practi-
cal application of the structure and staffng and due to the introduction of other new 
production units. Detailed study was conducted of proposals of the organizational 
structure and staffng and issued several decisions on the organizational structure to 
work out at the beginning of 2000. The number of employees in LISCO is more than 
6,700 of whom about 95% are Libyans. The current organizational structure consists 
of all the sectors, departments and sections in fve levels of management (Figure 4.5). 
The Longitudinal Rolling Plants were established under a contract on a turnkey ba-
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FIGURE 4.5: The organisational structure of LISCO (LISCO, 2010). 

sis between the General Projects Authority in (LISCO) and Kobe Steel of Japan (KOBE 
STEEL CO.) On 12/22/1980. 

The Headquarter of the longitudinal rolling occupies the third administrative level in 
the hierarchy of the company. 
This department has more than 1,100 employees, including 673 in the operations, about 
40 supervisors, 617 technicians, and 10 workers. Further, it includes 427 employees for 
the maintenance, including 43 supervisors, 35 engineers and 341 maintenance techni-
cians and 8 workers. 

Under the scope of this department supervision falls the following units (LISCO, 2010): 

1. Operation Department of Bars and Rods Mills (TS-4, unit 1): These sections fall 
under the supervision of the operation of rolling bars and rods Mills management 
as following: 

• Operation Division of rolling bars 

• Operation Division of rolling rods 

• Handling Division 

• Control Division 

2. Operation Department of Rolling Light and Medium Sectors Mills (TS-5, unit 2): 
These sections fall under the direct supervision of the operation management of 
rolling Light and medium sectors Mills as following: 

• Operating Division 

• Handling Division 

3. Mills Maintenance Department of Longitudinal Rolling Plants. The Longitudinal 
Rolling Plants’ Maintenance Management is also responsible for direct supervi-
sion of each of the following sections: 
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• Maintenance Division of Cranes 

• Mechanical Maintenance Division 

• Electrical Maintenance Division 

• The Rolling Mills Maintenance Division 

The two units (TS-4 & TS-5) have been chosen for the case study of this research due to 
the fact that the TPM program application in LISCO has been already initiated in these 
two plants. A brief description of these two units is considered. 

Bars and Rod Mill (TS-4) 

This plant consists of two lines to produce bars with designed capacity of (400,000 
tons). The frst line was commissioned on 12.10.1988, while the second line started on 
18.02.1989. Also, in 1997, a double strand line was implemented, with an annual de-
signed capacity of (400,000 tons), it has started operating on 27.05.1998 (Figure 4.6). 

The Bars and Rods Mill produce round bars with diameters between 12 and 40 mm, 
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FIGURE 4.6: The TS-4 steel products types in LISCO (LISCO, 2010). 

and rods with diameters between 5.5 and 12 mm, and square bars with diameters 10, 
12and 14 mm, with different steel grades varying in chemical composition and end 
users. 

The bars production process involves heating of billets to about 1200C◦ and rolling in 
three stages, roughing, intermediate and fnishing, followed by air cooling on the cool-
ing bed. The rod production process also take the same way, but followed by Stemmer 
water and air cooling to control the fnal properties of the product. 

Light and Medium Sections Mill (TS-5) 

Entered the stage of commercial operation on 08.04.1989 with an annual designed pro-
duction capacity of (120,000 tons) of light and medium sections in various sizes and 
dimensions. The Light and Medium Sections Mill produces different types of sections. 
The production process involves heating of blooms to about 1200C◦ and rolling in three 
stages, roughing, intermediate and fnishing, followed by air cooling and straightening 
(Figure 4.7). 
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FIGURE 4.7: The TS-5 steel products types in LISCO (LISCO, 2010). 

4.10 The state of the company and the production 

LISCO is an ISO-certifed integrated steel plant and has won awards for quality from 
European bodies and entities. Because it is a cheap and an environmentally friendly, 
LISCO uses the local gas as fuel for production. LISCO use Brazilian, Canadian and 
Swedish steel pellets as raw material. 

Chairman of LISCO pointed out that the Company, as it stands today, is in good posi-
tion. He added, right from the beginning of 2002, with the restructuring in economic 
policies of the country, we started improving and even made a proft and in 2004, our 
profts exceeded 100 million LYD, and I feel that the company is in good shape at the 
moment. Further, we export more than 60% of our fnal product of mixed type, while 
the current policy of the company involves selling most of our reinforced bar produc-
tion in the local market. The domestic industry consumes about 25% of our fat prod-
ucts, while the rest is exported. Our biggest local client is the General company for 
piping situated in the Libyan coastal town of Benghazi. The rest goes to the private 
sector and some oil companies. About 50% of our exports are directed to Italy and 
Spain. The rest is spread around countries like Tunisia, Egypt, China, and France. Our 
return on exports in 2003 was $ 165 million and $ 275 million in 2004. In 2005, up un-
til 15th of September, our return so far is $ 165 million, and expected to reach $ 250 
million by the end of 2005. The turnover jumped to more than LYD 560 million last 
year. In 2003, it was about LYD 385 million, and so far this year it stands at LYD 470 
million. Our costs of production have risen this year, due to the prices of imported 
raw materials (pellets) that have increased by 90%. Meanwhile, prices of fnal products 
compared to last year, were reduced by 40%. As for this year’s production, we have 
on this very day reached one million tons of liquid steel (Mabrouk, 2005, September 18). 

LISCO’s products in last years have met most of domestic requirements for rolled 
steel. LISCO’s products have also found their way into foreign markets worldwide. 
The yearly quantities sold by LISCO in the last years in the international markets are 
as shown in Table 4.2 below (LISCO, 2010). Figure (6) shows the Company production. 

4.11 Overview of the steel making process at LISCO 

The process of the steel making at LISCO is a long process begins by downloading the 
raw materials that arrived at the port. The primary ingredient in LISCO processed steel 
is oxide pellets (iron ore) this material arrives from various suppliers from around the 
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TABLE 4.2: Export production of LISCO (LISCO, 2010) 
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FIGURE 4.8: LISCO Steel Production (LISCO, 2010). 

world. Each supplier supplies a different quality and with different chemical compo-
sition. The iron ore, therefore, must be stored in separate piles based on supplier. The 
next step, the oxide pellets are reclaimed into a conveyor by the stacker/reclaimer. The 
oxide pellets travel to the direct reduction (DR) plants, which consist of three Midrex 
Direct Reduction modules, two for direct reduced iron (DRI) production with a total 
annual capacity of 1,400,000 tons, and one modules for producing Hot Briquetted Iron 
(HBI) with a capacity of 650,000 tons annually. 

The oxide pellets are charged into the reduction furnaces from the top. Hot reduc-
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FIGURE 4.9: Production of molten steel (LISCO, 2010). 

ing gases (CO and H2) are pumped into the reduction furnaces to extract the oxygen 
from the oxide pellets. "Reduced" iron ore or "sponge iron" leaves the DR plants from 
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a chute in the bottom and travels to a silo until it is needed in the melting plants. Nat-
ural gas is piped to LISCO directly from Libyan gas company. converting iron ore into 
metallic iron, oxygen must be removed from the ore. this processes requires heat and a 
reducing agent, a substance that combines with the oxygen that is released (Figure 4.9). 

The next step is at the Steel Melt Shops (SMS1) and (SMS2). SMS(1) Consists of 
three electric arc furnaces 90 tons each, two Billet casters and a Bloom caster. The shop 
has a design capacity of 630,000 tons/year of Billets and Blooms. Similarly, SMS(2) 
consists of three electric arc furnaces 90 tons each , and two Slab casters. The shop has 
a design capacity of 611,000 tons/year of Slabs . This process begins with opening the 
lid furnaces and the scrap iron is dumped in, as well as HBI and the additions of some 
other materials. Power is applied in the Electric Are Furnaces. 

Essentially, the scrap melt causes a short circuit, lots of noise and light, and heat is gen-
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FIGURE 4.10: Steel casting and Hot Rolling (LISCO, 2010). 

erated. This molten steel to come out in the form of billets and slabs, the molten passed 
several operations. After the molten steel was poured in to ladle, it goes through the 
fow control dish, and then to the Mould. After that it will start the process of cooling 
and it is heading for a rolling process. The output of this stage, which is billets, bloom 
and slabs, is the input to the next stage which is the fnal stage of the manufacture of 
iron and steel (Figure 4.10). 

4.12 The journey of TPM in LISCO 

Decision No. (212) of the year 2006 was issued by the Secretary of the Management 
Committee, and decision No. (111) of the year 2007, and its amendments by decision 
No. (109) of the year 2008 concerning the formation of a committee to oversee the im-
plementation of TPM on all the plants and facilities of the company. 
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TABLE 4.3: Rolling mills production and stops rate (LISCO, 2010) 

Since the TPM is a comprehensive approach aims to establish and strengthen the in-
dustrial culture and leads to an overall higher effciency of plants and production lines 
and equipment through working on the reduction of all types of losses and continu-
ously improving the performance of employees and equipment in order to achieve the 
products at an acceptable cost and high quality and satisfying customers. 

Global industrial companies have adopted this strategy in order to meet the challenges 
of rapid technological developments and increase their competitiveness in the global 
market by relying mainly on the development of its human resources. Henceforth, 
LISCO initiated the adoption of this methodology by issuing declarations to start the 
program at the beginning of 2007, seeking for successful implementation in order to 
achieve integration with both quality and environment, and accessing to higher overall 
effectiveness of its productive system, taking into account that the base of the success 
of TPM depends entirely on the provision of senior management’s full support, aware-
ness, training programs and other activities required according to the pillars of this 
program through the establishment of the necessary structural for the rehabilitation of 
plants and the company to gain international TPM certifcate, which is issued by the 
Japanese Institute for maintenance plants (JIPM) after passing audits. 

The TPM teams have been formed in each plant to deal with the selected model ma-
chines according to the schedule indicated by the master plan. The structure of the 
application (implementation committees and task forces) formed in accordance with 
the structures of pillars implementation of the program factories and units. Where the 
manger of operation department was adopted as chief of autonomous maintenance, 
and the manager of maintenance department as chief of planned maintenance, and 
also this matter applies to the rest of the chief pillars, where the head of safety depart-
ment was assigned as chief of health and safety pillar, and the head of engineering as 
chief of focus improvement pillar. 

Four pillars out of eight, that have been applied in the TPM program as recommended 
by the consultant autonomous maintenance, planned maintenance, focus improve-
ment, and safety, health, and environment. The ffth pillar, training and education 
was added later. Practically proceeded to apply the program to all the plants and units 
of the company through the selection of the number (50) model machines, and number 
(25) focus improvement projects to treat the causes of loss in productive process, which 
will be with the participation of the company ISPAT, which is the engineer partner of 
LISCO, under the auspices of supervisory committee and the higher committee and 
consulting specialized frm, following the implementation of a comprehensive aware-
ness campaign for all employees. After a period of time, the number of model machines 
was raised to (100) equipment. 
The impact of starting TPM implementation on the production was not great as it is 
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known. Where production rate is mostly expected to be less at the beginning of the 
implementation, as a result of the efforts of the workers being made in non-productive 
activities such as acts of cleanliness and sort, among others. The production rates and 
the proportion of stops for Longitudinal rolling mills indicate that 2008 is better than 
previous years and Table 4.3 shows the percentages and years. The following is a re-
view of the main activities of the commission to oversee the implementation of the 
program during the year 2007. 

January 

• Composition of the committee overseeing the implementation of the program. 

• Developing the practical steps for the program. 

• Determine the duties and tasks of the coordinators within the organizational 
structures of the application. 

• Calculate the overall plant effciency of the steel plant (2) to take it as a reference. 

February 

• Selection of model machines. 

• Forming the continuous improvement teams. 

• The application of the fve bases in the region of the defect. 

• Initiate the preparation of periodic and leafets on the activities of TPM. 

• Processing of the curriculum of the training program and begin training. 

• Proceed with the implementation of the awareness program. 

March 

• Initiate improvement activities within the workplace. 

• Using leafets on AM, PM and Education and Training. 

• Initiate implementing the fve pillars. 

• Determine the sixteen losses. 

April 

• Preparation of the development of the company’s policy towards the TPM. 

• Division of the plant to the areas for the purpose of an audit in the cleaning (5S). 

• Preparing some mobile boards to highlight the activities on model equipment on 
the plant. 

May 

• Prepare an outline for the AM 

• Identify targets for the TPM program in the steel plant 2. 

June 
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• Including a Single Point Lessons in the awareness sessions. 

• The formation of sub-committees in accordance with the organizational structure 
of the plant. 

July 

• The formation of the Higher Committee for the TPM program. 

• Determine the number and classifcation of equipment as a priority. 

• Using Why- Why analysis for the model machines. 

• Implementation of a series of workshops about 5s, AM, PM and continuous im-
provement. 

August 

• The launching of the system of initial incentives to improve the workplace. 

• Prepare an outline timetable to complete the implementation of the activities of 
autonomous maintenance of the equipment model. 

• Assess the skills of participants in terms of training and education. 

• The preparation of a training course on the principles of safety. 

September 

• The preparation of the interim standards for the autonomous maintenance of the 
equipment model. 

• Initiate the preparation of a initial standard for cleaning and inspection methods. 

• Implementation of a series of workshops about planning maintenance. 

October 

• The consultant visit. 

• Implementation of specialized workshops for autonomous maintenance teams. 

• The preparation of curricular for the awareness of leaders. 

• Provide the department of the industrial safety with requirements of the princi-
ples of safety and health and the environment to be added to the current safety 
sessions. 

November 

• Improve the visual management in the plant. 

• Evaluate the frst step of the autonomous maintenance by the operators for the 
model equipment on steel plant 2. 

December 

• Implementation of a series of seminars to aware the leaders of production sector 
the concept of TPM. 

• Evaluation of the results obtained by the application of the 5S in the workplace. 
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4.12.1 Main activities summary and results of TPM in 2008 

Table 4.4 below summarizes the main activities of the supervise committee and the re-
sults of the TPM in 2008. This table shows that is under the guidance of the consultant 
and supervision of TPM committee in LISCO, the target and the achievement of the 
TPM activities in 2008. It shows the starting TPM pillars, TPM awareness sessions, the 
plants interning TPM program, supporting facilities, and workshops those entered the 
application stage. Furthermore, this table displays the number of model machines that 
were selected to start with in this TPM program, projects for focused improvement, 
and the plan of the consultant visits. 

This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis 
can be viewed in the Lanchester Library Coventry University.

TABLE 4.4: Summary of the main activities of the supervise committee 
and the results of the TPM in 2008 (LISCO, 2010) 
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4.12.2 Gantt Chart 

A Gaunt chart was developed by LISCO, as shown in Figure 4.5, in order to maintain 
the pace of the TPM program in LISCO. It shows the phases for entering the plants of 
LISCO in the TPM implementation program from start to fnish. A detailed timeline for 
the actual project start to implement the program in the various plants of the complex, 
including the plants of the case study, in addition to the dates of the planned visits of 
the project’s consultant. The chart is used to compare the current status of the different 
phases of the implementation starting with the preparation of the self-maintenance 
steps to be implemented on the module machines, passing through the application of 
the horizontal replication extension to the rest of machines, before ending with the 
phase of stability of the application in plants and conducting the fnal audit to obtain 
the upgraded TPM certifcate which was expected (at that time) to fnish by the end of 
2012. 

This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis 
can be viewed in the Lanchester Library Coventry University.

TABLE 4.5: Gantt chart of the scheme to enter the plants to the stages of 
implementation of TPM (LISCO, 2010) 
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4.13 Conclusion 

The chapter contains a brief evaluation and briefng of the general Libyan environ-
ment and the environment of the Libyan Iron and Steel Company (LISCO), specifcally 
as a case study for this research. The environmental factors seemed to be infuencing 
various other factors within organisations like the employee satisfaction, dedication, 
employee’s overall productivity affecting the attitudes and perceptions of the people 
of the organisation (Aghila, 2000). This matter can be further brought under discussion 
later in other chapters. 

The Libyan environment has been brought under discussion in the context of geo-
graphical, political, historical aspects along with considering cultural and economic 
aspects and population and workforce. It was highlighted through the research, specif-
cally through this chapter that the Libyan culture and societies still contain that families 
and tribe system with a kind of hierarchical system prevailing with strong bonds and 
close relations. Moreover, Islamic rules and regulations have an infuence over these 
families and tribes of Libya and their life styles as well. Further, Arabic and islamic 
rules, cultures and values are the most signifcant factors for individuals and groups as 
well, which can be observed within their attitudes, perceptions, beliefs, laws, life styles 
and the political and economic system. Another factor that can be considered that is re-
sponsible for shaping attitudes and perceptions of the Libyan population is the Libyan 
economy factor. 

In the following chapter, data analysis chapter, related to factors affecting TPM im-
plementation from the case study organisation, will be highlighted and presented in 
the relation of the Libyan environment context. 



Chapter 5 

Data analysis 

5.1 Introduction 

This chapter presents the primary fndings of the empirical investigation carried out 
within two manufacturing units at the case study organisation (LISCO) in the Libyan 
manufacturing environment. Semi-structured interviews were the main source of data 
for this study in addition to the questionnaires, reviewing documents, such as minutes 
of meetings and TPM work sheets. Consulting frm reports were also used to substanti-
ate the interviews. The fndings will be presented in relation to the aims and objectives 
of the research to answer the research question. The main part of this chapter presents 
the interviews’ results, followed by the questionnaires and documents’ results, which 
were used mainly to supplement and triangulate the data of the in-depth interviews. 

5.2 Interview results 

The interviews were conducted during the period from June to September 2009 and 
from December 2010 to January 2011. The time allocated for each interview fuctuated 
from case to case, and in general, the average time was about one hour. The researcher 
used interview protocol as a research instrument. The researcher believes that the cho-
sen sample for interviews is suffcient to represent the data required for this study. 
Considerations were made to ensure that those selected to be interviewed would rep-
resent the main departments and people which are very close to TPM activities, and 
their positions allowed them to have a good knowledge and information related to this 
study topic. 

The numbers of interviewees in both case study organisations were 7 and 6 persons 
respectively. This is in addition to the interviews conducted with the TPM directorate 
committee. They were distributed through three management levels (Table 5.1): level 
one (LI), includes top management and seniors of TPM. Level two (L2), includes, TPM 
pillars chiefs, managers and supervisors. Level three (L3), includes the members of 
small group activities. Covering these three levels enhanced the validity and reliability 
by getting responses from different points of view, which means triangulating peoples’ 
opinions. 

86 
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Management Level 

Top Management 
Middle Managers 

Activities members 
Total 

Sample Size 
TS-4 TS-5 TPM 

2 2 1 
5 4 5 
4 4 0 

11 10 6 

TABLE 5.1: Interviews sample size for different management levels 

5.2.1 The interview Questions 

The interview questions were prepared by the author and they are annexed to this the-
sis. However, hereinbelow the questions mentioned therein are listed: 

Understanding Total productive Maintenance and its benefts 

• What is the importance of understanding TPM program in your organisation? 

• What are the benefts can be achieved from implementing TPM successfully? 

Top management support and commitment to TPM 

• Do you think that top management support and commit to TPM? 

• To what extent do top management support TPM in your organisation? 

Managing TPM activities 

• What are the pillars of TPM that were implemented in your organisation? 

• In your opinion, what are the TPM pillars could be suitable for your organisation? 

• How the focus improvement projects were chosen? 

• How do you deal with the focus improvement projects in your area? 

• Do you use any support tools while implementing TPM, e.g. OPL, Why-Why 
analysis? 

• In your opinion, what are the support tools and techniques could be suitable for 
your organisation? 

TPM performance 

• How do see the TPM performance in your area? 

• Are there any publications of TPM performance? 

The organisational policy and socio-culture impact 

• In your opinion, are there any political, economical, or socio-cultural issues that 
affect successful implementation of TPM? 

• How would you describe the bonus, recognition and wage system in your organ-
isation? 
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• To what extent are the employees and managers involvement on TPM? 

Management information system and Communication network 

• How satisfed are you with the cooperation coordination between all depart-
ments of the organisation, and the level of communication network? 

• How would you see the management information system in your area? 

General questions 

• What do you think about TPM generally? 

• Can you please describe what you see necessary to implement TPM successfully? 

• Using the following table, Please specify how important do you think the follow-
ing factors to implement TPM successfully in your company? 

The replies for each question for both units are detailed next. 

5.2.1.1 Understanding TPM and its benefts 

The main key regarding the way of dealing with any issues, from the researcher’s point 
of view, is by understanding and knowing them in the frst place. Hence, in order to 
grasp a good understanding of TPM systems and proft from all CSO employees, the 
researcher used open questions: 

what is the importance of understanding TPM program in your organisation? 

This is concerning: the managers’ point of view in understanding TPM systems and 
its benefts. Respondents showed that a number of education/training programs were 
conducted to managers, but unfortunately, with a quite limited scope. Indeed, the re-
sults showed that the top managers in both case studies did not get involved heavily 
in these programs because they were very busy claiming that such kind of programs 
concerns more the middle managers. This matter led the top management to be less ea-
ger in attending or participating in these training/education programs related to TPM 
strategies. Therefore, results revealed that top managers have only a limited general 
understanding and idea about TPM and unaware of its benefts to the organization. 

However, the majority of middle management staff agreed that the TPM program have 
made a positive effect on both the disciplinary and consistency of the staff in the orga-
nization, whereas, few respondents did not recognize any difference and believed that 
work is running as it was prior to the application of TPM strategies. 

What are the benefts that can be achieved from implementing TPM successfully? 

In order to enquire into the views of interviewees with regard to the question in subject, 
the question if both units have achieved better performance after the implementation 
of TPM within them was asked. The majority of respondents from middle managers 
as well as TPM offce gave the answer that a general improvement was noticed within 
both units. For example, waste reduction in production and in the assistant materials, 
development in personnel skills, safety level, building teamwork spirit between the 
employees, and production quality improvement. 
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5.2.1.2 Top management support and commitment to TPM 

In reply to the question: 

Do you think that top management support and commit to TPM? 

In both case studies, in relation to the question if there is top management commit-
ment, the interviewees do not see suffcient support from top managers, they believe 
that the managers do not have a very good ability to lead an organisation to achieve 
its objectives, most respondents from middle managers and supervisors have said that 
there is no effective leadership. Some respondents confrmed that, actually the wrong 
people are in the wrong positions due to their qualifcation and experience. 

In reply to the question: 

To what extent do top management support TPM in your organisation? 

The majority of respondents, in both case studies, believed that the top management 
are eager to embrace the idea of TPM program, however, this eagerness lacked the suf-
fcient commitment and support. On the contrary, few respondents thought that the 
top management showed suffcient commitment and support towards the implemen-
tation of the program. Moreover, these few believed that top management were very 
concerned about getting a certifed TPM award for their organization. 

5.2.1.3 Managing TPM activities 

TPM aims for the participation of all the workers from all levels of work to solve the 
problems of equipment and improving them, especially those workers who deal di-
rectly with the equipment. Therefore, the activities of small groups play an important 
role in TPM. Small groups means the formation of small teams of workers who deal 
directly with the equipment in order to solve a problem, to develop the equipment, 
and to develop the work environment. Through TPM offce, a master plan is adopted 
with the participation of TPM consultants, where the suitable pillars are selected and 
also studying the equipment to be included in the continuous improvement projects. 
As well as, identifying the support tools for the activities and pillars of TPM to help get 
great results of the implementation. According to the question: 

What are the pillars of TPM that were implemented in your organisation? 

Consistency and repeatability of the methodology is one of the main important re-
quirements for the success of TPM. (Pomorski, 2004) referred that the key elements of 
TPM are known as “pillars” and sometimes they are called activities. 

All the respondents answered this question referring to the master map that was used 
for implementing TPM in LISCO. After declaration by top management and awareness 
of the top management, the fve pillars were activated, i.e., Autonomous Maintenance, 
Planned Maintenance, Focus Improvement, Safety Health and Environment, and Train-
ing and Education. 

According to the question: 
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What are the TPM pillars that could be suitable for your organisation? 

With lack of understanding of the participants to TPM, there were some who said that 
they must have deployed activities based on the fve pillars of TPM focusing on the 
production site. The majority of respondents agreed that autonomous maintenance 
and planned maintenance are the best pillars that fts in their area. However, TPM of-
fce members believed that the frst fve pillars are very important to implement TPM 
successfully. 

Respondents were asked: 

How does the focus improvement projects were chosen? 

This activity have small groups of employees work together pro-actively to achieve 
regular and incremental improvements in the equipment operation that had an identi-
fed recurring problems and was resolved by cross-functional teams. It, also, combines 
the collective talents of an organisation to create teams for continuous improvement. 

In both cases, the answer was not clear, due to the misunderstanding of TPM. On the 
other hand, some of the respondents agreed with the general regulations of choos-
ing the focus improvement projects. These projects, that are dealt with by the TPM-
team, are selected by three different ways: frst by a Pareto-analysis of the equipment. 
Then, the team will search for the root cause of the problem. Followed by an Ishikawa-
diagram to map the causes and consequences in a fshbone structure. Second way, cost 
and volume deployment techniques were used to identify areas where focussed im-
provements were carried out and to help identifying what techniques were applicable. 
Third way, an ABC classifcation system that gives priority to machines for production 
and maintenance. For example, an A class equipment is one which is a bottleneck on a 
particular production line and there is no replacement equipment if it breaks down. 

According to the question: 

How do you deal with the focus improvement projects in your area? 

The respondents replied “not enough” after identifying the projects using ABC classif-
cation system. This system gives priority to machines for production and maintenance, 
for example, an A class equipment is one which is a bottleneck on a particular produc-
tion line and there is no replacement equipment if it breaks down, then the TPM-team 
will detect a root cause of a problem, then they will send a proposal for a resolution to 
their senior management for restoring equipment to its prime operating condition. All 
that has been mentioned by the participants as mere words only. Completion rate of 
projects is not satisfactory. 

According to the question: 

Do you use any supporting tools while implementing TPM, e.g. OPL or Why-Why 
analysis? 
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From the interview with both units (TS-4,TS-5), all middle managers and activities’ 
members agreed and stated that TPM needs supporting tools to be implemented suc-
cessfully. So, every stage of implementation and every activity has a different tool. In 
general, some respondents informed that there is insuffciency in using methods and 
supporting tools. They attributed this insuffciency in some areas to the lack of top 
management’s suffcient care and support, e.g. giving space and time to do OPL, or to 
hang the activity board, and also it is due to the obscure view of the organisation as 
a whole regarding this issue. Furthermore, others insinuated that the insuffciency is 
in the supporting tool and methods of application and recommended to enhance such 
methods and tools in order to facilitated the application of TPM program successfully. 

According to the question: 

what are the supporting tools and techniques that could be suitable for your organi-
sation? 

The answer to this question varied from respondent to other, but what was agreed 
upon is that the identifcation of the supporting tools for TPM implementation will be 
based on the recommendations of TPM Offce and TPM consultants, for example, dur-
ing the application of autonomous maintenance steps, the one point session, tagging, 
and visual controls can play a critical role in the 5S process by providing an effective 
tool for eliminating clutter and organize the work area. Activity boards are one partic-
ular type of visual control that are typically used in TPM. The JIPM refers to activity of 
the plates as a guide to action. Poka-yoke also plays an important role for safety and 
human error. 

5.2.1.4 TPM Performance 

In reply to the question: 

How do you see the TPM performance in your area? 

Managers and middle management supervisors at both units gave their opinion about 
different performance measurement aspects utilized in their organizations. Respon-
dents showed that the current organization’s performance measurement tools are lim-
ited to job and time sheets, in addition to reports only. This is indeed an indicator of 
weakness related to the way of monitoring the TPM performance by utilizing only re-
ports to follow the activities of the department rather than having an indicator of the 
target achievement. 

Furthermore, the current system, according to the respondents, fails to measure the 
effectiveness and effciency of the department activities, though it is just a series of un-
related and inconsistent measures that employees have to undertake without adding 
any value to the organization. 

In reply to the question: 

Are there any publications of TPM performance? 
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The respondent from the top and middle management mentioned that there is a monthly 
magazine published by the company which is interested in the activities and decisions 
of senior management as well as the activities including labour creativity and inven-
tions. All this in addition to the brief on the proportion of output and productivity 
growth rates for some of the factories of the company. There is also an annual report 
comes out from the management of research and development of the company that 
gives every indication of productivity and wastage including stoppages and defective 
rates. 

5.2.1.5 The organisational policy and socio-cultural impact 

In reply to the question: 

In your opinion, does the company have an effective suitable organisational pol-
icy? 

The answer mostly was “yes”. The participants noted that the regulatory policy of 
the company recently became better and does not rely on the old management philoso-
phies. In fact, improvements has been made in the organization policy and has brought 
real changes to the organization’s laws and regulations. However, the respondents also 
believed that there exists a bureaucratic behaviour in the organization that made all the 
commercial activities very diffcult due to the fact that such bureaucracy may affect the 
organization’s performance and hinder improvements. 

Further, there answer revealed that there is a general resistance to the change by op-
erators and maintenance personnel due to the new tasks assigned to them, and the 
redefned roles of both departments. Production people considered it as an unfair and 
one-sided decision that they have to share the maintenance work while the mainte-
nance people do not have to share the operators’s job. In some cases, it could be noticed 
that people did not accept the TPM concept because they thought that TPM would try 
to increase the operators’ workload with the goal to run the organization with fewer 
maintenance people. Moreover, the answer showed that maintenance people did not 
consider operators’ training and the establishment of autonomous maintenance as their 
task and target. 

In reply to the question: 

How would you describe the bonus, recognition and wage system in your organi-
sation? 

When exploring the views of respondents about the rate of salary / wage, compared 
with the average standard of living, and all the participants in both units of the case 
study, they indicated strongly that their current salaries are low, but compared to the 
other companies in the industrial sectors, salaries are considered reasonable. Some 
respondents noted that there is an annual proft distributed on all members of the com-
pany. This proft in 2008 reached more than LYD 8000 per worker (about $6000/worker). 
However, in general, there is not a good system of wages and motivations. 

In reply to the question: 
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To what extent are the employees and managers involved in TPM? 

Answers revealed that the amount of occupation and concern of employees and man-
agers regarding the TPM programs within both units is entirely dependent on the way 
these programs are initiated and how techniques and procedures are handled and ap-
plied, such as the selection of the number of model machines. 

Some of the respondents within the two units agreed about the existence of some kind 
of confict in the performance of certain jobs in the maintenance department. This con-
fict takes place between engineers, technicians, maintenance personnel and operators. 
These conficts are due to unclear and ambiguous distribution of tasks between these 
people during the performance of some maintenance tasks. 

In reply to the question: 

To what extent are the employees and managers of both production and mainte-
nance empowered? 

Respondents noted that, practically, the empowerment was fastened and chained by 
the current laws and regulations of the organization in such a way that it completely 
depends on the point of view of the middle management appointed by the govern-
ment, leaving only a very tight area of authority to the employees. 
Moreover, respondents reported that the mid-management is under the control and the 
direction of the government, and hence their empowerment, of course, relies mainly on 
the empowerment of managers themselves. As a result, the empowerment of employ-
ees is controlled and biased by the government as well. 

5.2.1.6 Management information system and communication network 

Communication was and still is a very important activity in the feld of business; More-
over, communication has become the backbone of any company, and will be so in the 
future too. 

In reply to the question: 

How satisfed are you with the cooperation and coordination between all depart-
ments of the organisation, and the level of communication network? 

Respondents at both units mentioned that there were a general welcoming from all 
people by the mutual cooperation and coordination between all relevant departments 
within the organisation. They said, “We, as Libyan people, prefer to work in a collective 
climate and accept to assist each other, however, due to some managerial diffculties 
and unsuitable arrangements, coordination and cooperation have not been addressed 
offcially and suffciently”. The diffculties according to the respondents included the 
non existence of clear procedures to follow, no determination of the boundaries of au-
thorities and responsibilities in the related overlapping departments, the lack of en-
thusiasm and promotion from some managers at different levels, and the shortage of 
cooperation and coordination facilities, e. g. methods and devices. Sometimes the en-
thusiasm of people to work by the spirit of team faces some obstructions when some 
managers and/or supervisors do not like to work with people from other departments 
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or/and units. Therefore, it depends on the mood of those persons, as there is no clear 
’offcial’ rules that organise the mutual processes. Some people considered the partic-
ipation from other departments or units as an intervention in their jobs, however, the 
others welcomed that contribution and facilitated its conducting. 

In reply to the question: 

How would you see the management information system in your area? 

The respondents from both units mentioned that, there was not only a typical paper-
based information system. they have intranet network between all the departments. 
Some respondents mentioned that the process of establishing a new management in-
formation system is carried out. It was noticed that internal communication networks 
in the company are as good as the external communication networks. All respondents 
agreed that the external communication network was effective in LISCO. 

5.2.1.7 General Questions 

In reply to the question: 

What do you think about TPM generally? 

All levels said after explanation to them what TPM is about and from the question-
ers nine mounts ago TPM would be very helpful because everything will be done cor-
rectly right from the start with the TPM principles. Employees said we are ignored by 
the company and are not managed as assets with no opportunities for involvement. 
Furthermore, employees’ knowledge, experience and ideas may improve the business 
strategy and may secure a good practical implementation. Employees in all levels in 
the company need to make sure that their leaders want them to participate. They need 
to know that their leaders are willing to listen to them, support them, and remove bar-
riers to their ideas. They said the top management should make sure that everybody 
within the company from top to bottom is clear about the long-term goals. This af-
fects management style, quality of communication and indeed everything that is done 
within a company. From the employees responded the question to the second lev-
els and middle managers about the idea and the comment from the employees. The 
middle managers and frst line managers’ responses from both units argued that em-
ployee involvement and empowerment in decision making was demonstrated in the 
shop foor. And should be rewarded to encourage responsibility to make decision, but 
power and authority to make decisions! Meaning high scores on the power distance 
dimension and the boss is always right and high centralisation of power. The employee 
can take his decision to stop the production process if anything unusual happened and 
then call his supervisor to discuss with him what he should do. 

The feedback from the middle management respondents in, company highlighted three 
reasons for not having enough TPM knowledge mentioned below: 

• Lack of knowledge about TPM and culture, and no good TPM awareness pro-
grams have been introduced to them inside the company. 

• No opportunity was given to them from top management to attend training course 
and workshops in the feld outside the company. 
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• The chance to attend the training programs related to TPM is given. 

In reply to the question: 

What are the main obstacles facing the implementation of TPM successfully in your 
organisation? 

From the interview with the maintenance and production managers about the barriers 
effecting TPM to be implemented, it was event that if correct implementation should 
require manpower resources and top management commitment of training and edu-
cate them about TPM concepts and principles. In both units, staff considers that the 
management representative as a general director is responsible to bring TPM aware-
ness to them, knowing areas needed improvement, provide resources required by the 
system and can guide the company during all processes for TPM. 

In fact, the middle manager in both units indicated that appointment of the general di-
rector as a management representative was a barrier affecting implementation of TPM 
because the management representative is responsible for ensuring that the TPM is 
appropriate, is responsible for promoting the program awareness, to monitor the per-
formance of the system and needs to report formally to the management review team. 
In addition to those barriers, management may encounter the problem of not consid-
ering TPM as continuous programme. From the all top managers said employees and 
middle managers to put across their dissatisfaction by delaying or neglecting in doing 
something. From the interviews in both units in all levels mangers fail to clearly un-
derstand the concept and the philosophy behind TPM. 

From the interviews, frst-line managers traditionally has been as the authority within 
a particular department on site (e. g. operation team, work supervisor). They are 
responsible for telling the workforce what to do and they are very confused to put an-
other way in the job. This meant that the company sets unreasonable objectives and 
lack of understanding of each others’ perspectives. The success of a TPM programme 
depends on supervision being given the tools, skills and ability to manage the process. 

In the end of each interview, the researcher asked the respondents using the follow-
ing table 

Please specify how important do you think the following factors to implement TPM 
successfully in your company? (see Table 5.2) 

5.2.2 The interview fndings 

The fndings that are identifed during the interviews in both cases could be sum-
marised as follows: 

• There is a need for clarifying the importance of understanding TPM program. 

• No clear knowledge of the benefts behind implementing TPM. 

• No effective leadership. 
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NO Key Factors 
Not important    

at all 
Not 

important 
Neither important 
nor unimportant 

Important 
Extremely 
important 

1 Management Commitment      

2 Employee involvement      

3 Motivation, Rewards and Recognition      

4 Time allocation for implementation      

5 Resource allocation for implementation      

6 Alignment to company mission      

7 Performance  measurement      

8 Implementation plan and process      

9 Effective  Communication      

10 
Integration with other manufacturing 

management programs 
     

11 Cooperation      

12 Coordination  and leadership      

13 
Cultural Change, Knowledge & Beliefs and 

acceptance 
     

14 Availability of information and Documentation      

15 Empowerment      

16 
Formation of TPM office and Steering 

Committees 
     

17 
Existing Maintenance system, Equipment & 

workplace Conditions 
     

18 Training & Education      

19 Union Participation & Acceptance      

20 
Pilot project and Gradual and implementation 

on model machines 
     

�

TABLE 5.2: Specifying how important are the TPM factors. 
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• Senior management’s willing to adopt TPM concept is not commensurate with 
the support of the implementation. 

• First fve pillars implemented are for the production site, which were recom-
mended. 

• Not dealt seriously with the focused improvement projects. 

• There is poor use of support tools while implementing TPM. 

• In early stages of implementation the measurement of TPM performance is very 
diffcult. 

• The activity board and the monthly magazine do not cover the activities and re-
sults of the TPM implementation. 

• Changes in some of the organisation’s policies affect the effciency of the applica-
tion. 

• The operators see TPM as overload task. 

• Maintenance personnel are uncertain about their job security. 

• There were profts and bonus, but still not good system of wages and rewards. 

• Lack of involvement in management decision leave with a bad impression There-
fore participants. 

• The empowerment were limited. 

• There are some individual attempts to creativity from some of the participants. 

• There is lack of cooperation and coordination in the organisation. 

• The communication level is very poor and very bureaucratic. 

• Despite the existence of a maintenance system, but the maintenance data are not 
recorded in the correct way and training is required. 

5.3 Document review results 

One of the key methods that was implemented in this research for collecting the empir-
ical data, was the relevant documents analysis as well as accessing the archival sources 
of the organization. These sources included all the fles, reports, records, and work-
sheets relevant to the different levels of the organization. 

The author was granted permission by the TPM management to freely access most 
of the relevant material acquired. Such material included the decisions and regula-
tions regarding the structure of the organization, the correspondences of the company, 
the appraisement manuals, the monthly and annual TPM reports, and the minutes of 
meetings related to different management levels. Further, some of the documents were 
obtained in original copies, while others were obtained as a photocopy or short notes 
describing their contents and formats. 

This part of the research deals with what has been reached by analyzing the content 
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of TPM reports and the consultants’ TPM observation reports, as well as, periodicals 
published by the company which explore the activities of workers and work-teams and 
progress meetings with the heads of departments including the offce of TPM. 

From all of the above, important results were reached that can triangulate with the 
results of the interviews and the questionnaires in order to answer questions about the 
search. The results of the documents survey can be summarized as follows: 

• Awareness of the concept of TPM, where an awareness courses were implemented 
in the training centre by instructors who have been groomed and with the partic-
ipation of the supervisory committee. The number of employees who have been 
sensitized on company-wide was about 3932 employee out of a total of 6680 em-
ployees. 

• All ten plants in LISCO have been introduced to TPM program. After trying a 
single application on steel plant 2, continued for a year, the program has been 
re-implemented, but collectively on all the company’s plants. 

• Four pillars out of eight have been applied in the TPM program as recommended 
by the consultant, namely, autonomous maintenance, planned maintenance, fo-
cus improvement, and safety, health, and environment. The ffth pillar, training 
and education, was added later. 

• From documents review to working sheets and TPM documents, it turns out that 
there is a need to use some tools to support. These tools were used in line with 
each pillar. E.g. the one point lesson (OPL) was used in autonomous mainte-
nance, and why-why analysis was used in focus improvement. Also the 5S’s 
used with visual control tools to remove clutter and organize the workplace. 
Mean time between failure (MTBF) and Mean time between repair (MTTR) used 
to calculate OEE. For organisations that are new to TPM implementation, two 
measures that may be of equal beneft, but less agonizing to collect data for, are 
MTTR and MTBF. Both MTTR and MTBF are simple measures to calculate, but 
very powerful when used to measure equipment performance. MTBF can be 
calculated by simply dividing the (uptime /number of stops) of the equipment. 
Whereas, MTTR can be calculated by simply dividing the (downtime/number of 
stops). 

• Tagging is problem communication tool to and from maintenance, and produc-
tion Identify abnormal machine conditions. Record problem discovered by op-
erator; Record problem found during scheduled PM; Status tracking system of 
requested repairs; TPM visual management tool (hang tags); Repair history for 
future problem solving; TPM Tag used for recording problem & fx, where they 
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use red and white tag. 

• Model Machines, 50 equipment were chosen from all ten plants of the company 
as model machines, where such equipment have been selected on the basis of 
classifcation according to the degree of importance and bottlenecks. After a pe-
riod of time, the number of model machines was raised to 100 equipment. 

• Teams work, TPM teams have been formed in each plant to deal with the selected 
model machines according to the schedule indicated by the master plan. The 
structure of the application (implementation committees and task forces) formed 
in accordance with the structural of pillars implementation of the program facto-
ries and units. Where the manger of operation department was adopted as chief 
of autonomous maintenance, and the manager of maintenance department as 
chief of planned maintenance, and also this matter applies to the rest of the chiefs 
pillars, where the head of safety department was assigned as chief of health and 
safety pillar, and the head of engineering as chief of focus improvement pillar. 

• Follow-up focus improvement projects in accordance with the matrix loss in each 
productive unit, so (25) focus improvement projects were selected by implementers, 
and represent the most important elements of the loss. Those (25) improvement 
projects were selected to treat the causes of loss factories and units which entered 
into the implementation of the program was the formation of working groups to 
this topic themes by workers and engineers ISPAT company and that as projects 
are implemented to determine the reasons for the loss and treatment under the 
supervision of the head of the focus improvement pillar each unit productiv-
ity and the supervisory committee the implementation of TPM. Table 5.3 shows 
seven improvement projects in TS-4 and TS-5. 

These are some examples of what has been done: 

1. Check was done to the frst step of autonomous maintenance to (2) equipments 
in TS-5 and has passed the frst step. 
Then check for the second step of autonomous maintenance to (8) equipment and 
(3) equipment have passed for the second step. 

2. Continue to pursue the implementation of on-site equipment and typical equip-
ment added. 

3. Resume treatment of elements loss through focus improvement pillar by choos-
ing (7) projects. 

4. Continue in creating a work environment through the implementation of health 
and safety and the environment pillar areas. 

5.4 Questionnaire results 

To enhance the fndings of this study from the interview questions, the researcher tri-
angulated the data required through the most popular data collection method (ques-
tionnaire survey). The questionnaire survey is designed from fve sections. 
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Plant Focus improvement  Projects (25) Target Selected Date Target Date

1
To reduce roll consumption at the Bar  Mill in the 
Roughing mill.    TS4– KK-01/ BM01- Lin-2 Reduce 5% of Existing 20.08.2008 15.12.2008

2
To reduce missing rolls due to guide failure  in 
Intermediate Mill.    TS4– KK-02/ BM-02- Lin-2 Reduce 50% of Existing 10.08.2008 01.12.2008

3
To improve the yield from 96.50% to  96.75% in Bar 
Mill.    TS4– KK-03/ BM-03- Lin-2 Improve To 96.75 % 10.09.2008 31.12.2008

4
To Reduce time gap between Bellets At W.R.M Line-
B     TS4– KK-04/ W.R.M -01      Reduce 50% of Existing 01.12.2008 31.01.2009

7
Improve From (2% To 

(3.3%)
20.08.2008 31.12.2008

TS-4             
Bar Mill

TS-5             
Section Mill

To Reduce cobble ratio in size I-BEAM 200 from 
4.2% to 2.5% .  TS5-KK-01/SL-01

To Improve quality ( ROM + ROS )   defect
TS5– KK-02/  SL-02

To Improve yield in size C80 * 45 * 6 from 80.2
(average 2007) to 83–84% TS5– KK-03/  SL-03

5
Reduce From (4.2% To 

(2.5%)
20.10.2008 31.12.2008

6
Improve From (80% To 

(84%)
20.08.2008 31.12.2008

TABLE 5.3: Focus improvement projects. 

Section one is an introduction to explain the concept and the purpose of the question-
naire. Whereas, section two is about general information on the background of respon-
dents which is known as demographic questions. They address the respondents’ job, 
qualifcation, age, experience period and position in the organisation. Further, Section 
three is addressing the TPM activities within LISCO. This section consists of twenty 
statements incorporating the 5-point Likert scale. Moreover, section four is about the 
opinion regarding factors that affecting the success of TPM implementation. It consists 
of 60 statements which also incorporated the 5-point Likert scale. Finally, section fve 
is addressing the evaluation and rank of the factors affecting the success of TPM im-
plementation. 

According to Hussey, Hussey, and Hussain (1997), it is often possible to allow par-
ticipants to give more discriminating responses by providing them with some forms of 
rating scale, one of the more frequently used types of scale is the ’Likert Scale’. 

The questionnaire was distributed through the TPM directorate committee. It was dis-
tributed to individuals who apply TPM on the Model Machine in the Longitudinal 
Rolling Plants, where it has two plants, namely, the Bar and Rod Mill(TS-4) and the 
Light and Medium Section Mill (TS-5). All Model Machines were chosen from each 
plant where TPM is applied to a number of Model Machine with the participation of 
a group of operators and maintenance personnel and engineers, as well as, the partici-
pation of members of occupational safety and R and D department. The number of the 
participants in each Model Machine are estimated between 8 to 10 persons depending 
on the machine size and complexity. Also, the questionnaires were distributed to all 
TPM Pillars’ Chiefs, members and supervisors in the plant. 

The responses were high from the unit TS-4, they were 50/80, which equals 63%, and 
the responses from unit TS-5 were good with the rate of 48/80, which equals 60%. 
Therefore, the total number of responses from both cases were 98 from 160 giving a re-
turn rate of nearly 62%. The data obtained in this study was analysed using Statistical 
Package for Social Sciences (SPSS). This program is a statistical software widely used in 
social studies and researches. The program is used to enter and save data for different 
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statistical analyzes, starting from the simple analysis such as tables of frequencies, and 
descriptive statistical indicators to advanced analysis, such as multivariate analysis and 
factors analysis. 

5.4.1 Reliability and Validity Test 

The reliability test is basically a tool that helps in stability and consistency within re-
sults, basically to develop the quality within empirical research. Basically, the aim for 
using this reliability test is to remove errors and biasses from the results of the study. 
According to Yin (2003), a method for achieving reliability is to make the operative 
steps as many as possible and perform research. Hence, this would require the proper 
documentation of the methods and process involved in the case study research. 

For estimating the consistency of research Cronbach’s alpha (a) model was used in 
reliability test. The extent to which the elements are homogenous and the extent to 
which they are associated with each other is represented by the values of alpha. The 
basic aim for doing these reliability and validity tests before briefng the actual survey 
results in the context of particular methods studied is to present the validity and reli-
ability of the questionnaires. Cronbach’s alpha reliability coeffcient normally ranges 
between 0 and 1. However, there is actually no lower limit to the coeffcient. The closer 
Cronbach’s alpha coeffcient to 1.0, the greater the internal consistency of the items in 
the scale (Fielding and Fielding, 1986). 

The test was performed to examine the validity and credibility of each part of the ques-
tionnaire and how much they posses consistency. The values of alpha are considered 
as representatives of consistency. If the value of alpha is less than 60% then it is consid-
ered weak, on the other hand, if it is between 60% - 70%, then it is acceptable. Further, 
if it is between 70% - 80%, then it is considered good, and if it is above 80%, then it is 
considered excellent. A low value of alpha could be due to a low number of questions, 
poor interrelatedness between items or heterogeneous constructs. Table 5.4 provides 
a summary of the reliability analysis. Table 5.4 shows that the alpha value for TPM 

No Item Number of statements Alpha 

1 TPM activities at LISCO 20 0.862 
2 TPM factors 60 0.842 

Total 80 1.704 

TABLE 5.4: Result of the reliability test 

activities is 0.862, and the alpha value for TPM factors is 0.842. Both of these values are 
above 0.800. Therefore, the adopted scales in this study are considered reliable with the 
collected sample and were achieved from the pilot study accomplished by the author. 
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5.4.2 Respondents’ profle (Unit(TS-4)) 

General characteristics of the sample in Unit(TS-4) is described hereinafter. The main 
purpose of this section is to describe the participants in this research who completed 
the questionnaire with respect to the following demographic variables: respondents 
qualifcation, respondents job, respondents experience, respondents origin, respon-
dents age, and respondents occupation in TPM program. 

(Nakajima, 1988) noted that it is important to give a description of the demographic 
characteristics of the research sample, even if the framework of the study does not test 
these variables. 

5.4.2.1 Respondents Qualifcation 

Table 5.5 below, shows the qualifcation distribution of the (TS4) respondents. The 
majority of the respondents are technicians and engineers, 56% and 40% respectively. 
The remaining 4% are employees. See Figure 5.1. 

No Qualifcation Frequency Percentage 

1 Engineer 20 40 
2 Technician 28 56 
3 Employee 2 4 

Total 50 100% 

TABLE 5.5: Respondents Qualifcations. 

FIGURE 5.1: Respondents Qualifcations. 



Total 50 100% 

TABLE 5.6: Respondents Job. 
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5.4.2.2 Respondents Job 

Table 5.6 shows the job distribution of the (TS4) respondents. The majority of the re-
spondent are operators forming 42% of participants, whereas, the maintenance per-
sonnel reached 14% of the total, and 14% are operation engineers, while 14% were 
maintenance engineers. Also there are 2% management respondents and 14% others 
that included trainers and health and safety members. See Figure 5.2. 

No Job Frequency Percentage 

1 Operator 21 42 
2 Maintenance Personnel 7 14 
3 Operation Engineer 7 14 
4 Maintenance Engineer 7 14 
5 Manager 1 2 
6 Other 7 14 

FIGURE 5.2: Respondents Job. 

5.4.2.3 Respondents Experience 

Table 5.7 shows the experience distribution of the (TS-4) respondents. Just the minority 
of the respondents summing to 4% have less than 3 years of experience. Whereas, 48% 
of the respondents have from 4 to 9 years of experience, and 34% of them have from 10 



TABLE 5.7: Respondents Experience. 
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to 15 years of experience. However, 14% of the respondents have more than 16 years 
of experience. See Figure 5.3. 

No Years of Experience Frequency Percentage 

1 <3 2 4 
2 From 4 to 9 24 48 
3 From 10 to 15 17 34 
4 >16 7 14 

Total 50 100% 

FIGURE 5.3: Respondents Experience. 

5.4.2.4 Respondents Origin 

Table 5.8 shows the origin distribution of the (TS-4) respondents. The majority of re-
spondents (48 out of 50, representing 96% of the sample) were locals. The remaining 2 
respondents (4% of the sample) were foreigners (Figure 5.4) which indicates that more 
local workers are represented in the sample than foreigners. this typifes the total pop-
ulation (350). 



2 Foreigner 2 4 
Total 50 100% 

TABLE 5.8: Respondents Origin. 

�

Chapter 5. Data analysis 105 

No 

1 

Origin 

Local 

Frequency 

48 

Percentage 

96 

FIGURE 5.4: Respondents Origin. 

5.4.2.5 Respondents Age 

Table 5.9 shows the age distribution of the (TS-4) respondents. The highest percentage 
of respondents’ age are people aged between 40 to 49 years, which represents 42% of 
the sample. This table also shows that the second highest percentage is for people aged 
between 30 to 39 years, which represents 40% of the sample. There are 16% of respon-
dents who are aged over 50 years old, and the lowest percentage of respondents’ age is 
2% representing people aged between 20 to 29 years old. See Figure 5.5. 



4 < 50 8 16 
Total 50 100% 

TABLE 5.9: Respondents Age. 
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No 

1 
2 
3 

Age (years) 

From 20 to 29 
From 30 to 39 
From 40 to 49 

Frequency 

1 
20 
21 

Percentage 

2 
40 
42 

FIGURE 5.5: Respondents Age. 

5.4.2.6 Respondents Occupation in TPM 

Table 5.10 shows the occupational distribution of the (TS4) respondents. As shown in 
this table, it is so clear that 44% of respondents are working as autonomous mainte-
nance members. Whereas, 20% of respondent are members of planned maintenance 
team, and 14% are members of focused improvement team. The education and train-
ing, and SHE have the lowest percentage which is 6% of respondents. The TPM direc-
torate committee has 10% of the respondents. See Figure 5.6. 
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6 TPM Dir. Comm. (TPM directorate committee) 5 10 
Total 50 100% 

TABLE 5.10: Respondents Occupation in TPM. 
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No Occupation Frequency Percentage 

1 JH (Autonomous Maintenance) 22 44 
2 PM (Planned Maintenance) 10 20 
3 KK (Focus Improvement) 7 14 
4 SHE (Safety, Health and Environment) 3 6 
5 ET (Education and Training) 3 6 

FIGURE 5.6: Respondents Occupation in TPM. 

5.4.3 TPM activities and monitoring receptivity, Unit(TS- 4) 

Table 5.11 illustrates the measures of TPM activities and monitoring receptivity of the 
participants. Twenty statements on a 5-points scale was used to identify to what extent 
respondents have agreed or disagreed with the given statements. 

Percentage 
No Item Description SD D N A SA Mean Std. D 

1 Dealt seriously with focus improvement projects. 18 44 14 12 12 2.560 1.264 
2 TPM reduced product wastes. 2 14 16 58 10 3.600 0.9258 
3 Autonomous maintenance is stepped perfectly. 0 26 24 40 10 3.340 0.9811 
4 TPM built more “ownership” for equipment. 0 18 26 50 6 3.440 0.8600 
5 No more breakdown maintenance. 16 36 20 26 2 2.6200 1.104 
6 TPM built teamwork spirit between operators and 0 4 26 60 10 3.7600 0.6861 

maintenance personnel. 
7 There is improvement in production quality due 2 14 22 54 8 3.520 0.9081 

to TPM. 
8 Loss of assistant material is becoming less. 2 12 16 54 16 3.700 0.9529 
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9 I received the proper training to do TPM tasks. 0 14 26 50 10 3.560 0.8609 
10 Skills of maintenance personnel and operators are 0 16 24 44 16 3.600 0.9472 

increased. 
11 TPM makes it easier to get the job done. 0 10 18 56 16 3.780 0.8400 
12 TPM is helping to improve equipment. 0 10 24 54 12 3.680 0.8191 
13 Your workplace is becoming safer and more com- 0 8 22 58 12 3.7400 0.7774 

fortable. 
14 Safety was stressed during training sessions. 2 6 26 44 22 3.7800 0.9320 
15 There are supervision supports TPM. 4 14 22 42 18 3.5600 1.072 
16 You are satisfed about the current performance of 4 14 24 46 12 3.480 1.014 

TPM directorate and steering committees. 
17 TPM should be expanded to other areas in my vi- 6 14 14 54 12 3.5200 1.073 

sion. 
18 Other people in my area support TPM. 0 18 22 56 4 3.4600 0.838 
19 I feel confdent doing TPM tasks. 0 10 22 58 10 3.6800 0.7931 
20 I liked the way TPM was implemented in my area. 0 10 24 58 8 3.6400 0.7764 

TABLE 5.11: TPM Activities and monitoring receptivity, Unit(TS- 4). 

The main indications that can be generated from the questionnaire results (frst part: 
TPM activities and monitoring receptivity) are: 

Relating to the focus improvement projects, 62% of the respondents (18% SD and 44% 
D) disagreed that there was a serious deal with the focus improvement projects, and 
68% of respondents (10% SA and 58% A) agreed that TPM reduced product wastes. 
Only, 50% of the respondents (10% SA and 40% A) agreed that autonomous mainte-
nance was stepped perfectly, and 56% of the respondents (6% SA and 50% A) agreed 
that TPM built more “ownership” between the equipment and operators. Nearly, 52% 
of respondents disagreed with the statement that said “no more breakdown mainte-
nance”. High percentage of respondents 70% (60% A and 10% SA) agreed that “TPM 
built teamwork spirit between operators and maintenance personnel”. About 62% of 
respondents (8% SA and 54% A) indicated that there was an improvement in the pro-
duction quality due to TPM. About 70% of respondents (60% SA and 10% A) showed 
that the loss of assistant material in unit (TS-4) is becoming less. Whereas, 60% of re-
spondents (10%SA and 50%A) believed that they received proper training to do TPM 
tasks. Skills of maintenance personnel and operators were increased, which was con-
frmed by 60% of respondents (16% SA and 44% A).72% of respondents (16% SA and 
56%) agreed with the statement “TPM makes it easier to get the job done”, and 66% 
of respondents (12% SA and 54%) believed that TPM is helping to improve equip-
ment. On the other hand, 70% of respondents (12% SA and 58% A) confrmed that 
workplace is becoming safer and more comfortable. Regarding the safety, 66% of re-
spondents (22% SA and 44%A) agreed that “Safety was stressed during training ses-
sions”. With regard to the supervision, only 60% of respondents (18% SA and 42%A) 
agreed that there was supervision that supports TPM. Very low percentage of 58% of 
respondents who were satisfed about the current performance of TPM directorate and 
steering committees. However, 66% of respondents (12% SA and 54%A) agreed that 
TPM should be expanded to other areas, and just 60% of respondents confrmed that 
the other people in their area support TPM. In relation to the feeling about TPM, 68% 
of respondents feel confdent about doing TPM tasks. About 66% of respondents like 
the way TPM was implemented in their area. 
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5.4.4 TPM Factors, Unit(TS-4) 

5.4.4.1 Top management commitment 

The top management commitment was measured through three questions. Respon-
dents were asked to rate their extent of agreement or disagreement with the given 
statement concerning their top managers who dealt with TPM on a fve-point Likert 
scale. 

Table 5.12 includes three statements that were grouped to examine the attitude of the 
respondents regarding ‘Top Management Commitment’ factor. It reports the means of 
respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Top management of organization has a clear un- 14 42 14 26 4 2.64 1.138 
derstanding of the concept of TPM. 

Q2 There is a top management support to TPM. 10 56 20 14 0 2.380 0.854 
Q3 Top management is willing to adopt the TPM con- 0 6 32 50 12 3.680 0.767 

cept. 
F1 Top Management Commitment. 

TABLE 5.12: Top management commitment, Unit(TS-4). 

Table 5.12 illustrates the extent of degree of top management commitment in TPM 
adoption in LISCO (TS-4). The frst statement “Top management of organization has 
a clear understanding of the concept of TPM ”, (56%) of the respondents (14% SD and 
42% D) disagreed with the statement with mean score of (2.64) and standard devia-
tion of (1.138). In the second statement “There is a top management support to TPM”, 
(66%) of the respondents (10% SD and 56% D) disagreed with this statement with mean 
of (2.380) and standard deviation of (0.854). The third statement “Top management is 
willing to adopt the TPM concept” had a (62%) of the respondents (12% SA 50% A) 
that agreed with this statement with mean of (3.680) and standard deviation of (0.767). 

5.4.4.2 Employee involvement 

Table 5.13 illustrates the statements, that were grouped to measure the attitude of the 
respondents regarding the ’Employee involvement’ factor. It reports the means of re-
spondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is employee involvement in management 10 42 16 30 2 2.720 1.069 
decisions. 

Q2 There is awareness of TPM among employees in 0 16 22 44 18 3.640 0.963 
the organization. 

Q3 TPM objectives are clearly identifed to employees. 2 8 26 52 12 3.640 0.875 
F2 Employee involvement. 

TABLE 5.13: Employee involvement, Unit(TS-4). 
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Table 5.13 shows that about (52%) of respondents (10%SD and 42%D) were disagreed 
with frst statement “There is employee involvement in management decisions”, but 
there were (62%) of respondents agree with the second statement “There is awareness 
of TPM through employees in the organization”. In the third statement “TPM objec-
tives are clearly identifed to employees”, where (64%) of the respondents (52% A and 
12% SA) see that TPM objective are clearly identifed to them. 

5.4.4.3 Motivation, Rewards and Recognition 

The scale of statement degree regarding this factor is displayed in Table 5.14, and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Employees are rewarded for the additional work- 12 18 14 46 10 3.240 1.221 
load. 

Q2 The organization has a motivation and reward sys- 6 28 16 40 10 3.040 1.029 
tem. 

Q3 There is a general sense of high morale in the or- 12 46 14 22 6 2.640 1.138 
ganization. 

F3 Motivation, Rewards and Recognition. 

TABLE 5.14: Motivation, Rewards and Recognition, Unit(TS-4). 

Table 5.14 shows that 56% of respondents (10%SA and 46%A) were agreed with frst 
statement “Employees are rewarded for the additional workload” , and there were 50% 
of respondents (10% SA and 40% A) agree with the second statement “The organization 
has a motivation and reward system ”. In the third statement “There is a general sense 
of high morale in the organization”, where 58% of the respondents (12% SD and 46% 
D) have disagreed with the statement. 

5.4.4.4 Time allocation for implementation 

Table 5.15 includes three statements that were grouped to examine the attitudes of 
the respondents regarding “Time allocation for implementation” factor. It reports the 
means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Suffcient time for implementation. 8 22 10 50 10 3.320 1.168 
Q2 There is a clear understanding of time manage- 16 44 36 2 2 2.300 0.839 

ment. 
Q3 Suffcient time for auditing TPM. 6 18 22 44 10 3.340 1.080 
F4 Time allocation for implementation. 

TABLE 5.15: Motivation, Rewards and Recognition, Unit(TS-4). 
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Table 5.15 shows that 60% of respondents (10% SA and 50% A) have agreed with the 
frst statement “there was suffcient time to implementation”, and there were 60% of 
respondents (16% SD and 44% D) that disagreed with the statement “There is a clear 
understanding of time management”. In the last statement in this factor, 54% of re-
spondents (10% SA and 44% A) agreed that there was suffcient time to auditing TPM. 

5.4.4.5 Resource allocation for implementation 

Table 5.16 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Resource allocation for implementation’ factor. It reports the 
means of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is availability of suffcient resources. 14 50 14 20 2 2.460 1.034 
Q2 Effective practice of resource and material require- 18 36 20 16 10 2.640 1.241 

ment planning system (MRP). 
Q3 There is availability of main resources in the form 22 46 22 10 0 2.200 0.903 

of method analysis tools. 
F5 Resource allocation for implementation. 

TABLE 5.16: Resource allocation for implementation, Unit(TS-4). 

Table 5.16 shows that 54% of respondents (14%SD and 50% D) disagreed about “There 
is availability of suffcient resources”, and 54% of respondents disagreed that there was 
effective practice of (MRP) in the organisation. Only, 68% of respondents confrmed 
that there is no availability of main resource in the form of method analysis tools. 

5.4.4.6 Alignment to company mission 

Table 5.17 includes three statements that were grouped to examine the attitudes of 
the respondents regarding the “Alignment to company mission” factor. It reports the 
means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The company business strategy align to TPM phi- 4 10 24 48 14 3.580 0.991 
losophy and principles. 

Q2 There is strategic vision for the future about TPM 0 10 22 54 14 3.720 0.833 
in the organization. 

Q3 Company policy committed TPM to meet cus- 8 16 18 48 10 3.360 1.120 
tomer requirements and continuous improve-
ment. 

F6 Alignment to company mission. 

TABLE 5.17: Alignment to company mission, Unit(TS-4). 

Table 5.17 shows that 62% of respondents (14% SA and 48% A) were agreed that the 
company business strategy align to TPM philosophy and principles, and about 68% of 
them believed that there is strategic vision for the future about TPM in the organisation. 
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58% of respondents were agreed with the statement “Company policy is committed 
TPM to meet customer requirements and continuous improvement”. 

5.4.4.7 Performance measurement of TPM 

The scale of statement degree regarding this factor is displayed in Table 5.18 and it 
shows the percentage of agreement and this agreement, mean, and standard deviation 
for each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 TPM performance is noticeable to all participants. 20 50 12 16 2 2.300 1.035 
Q2 There is TPM performance measurement. 38 32 16 10 4 2.100 1.147 
Q3 TPM results give good impact to the participants. 2 2 20 46 30 4.00 0.880 
F7 Performance measurement of TPM. 

TABLE 5.18: Performance measurement of TPM, Unit(TS-4). 

Table 5.18 illustrates that 70% (20% SD and 50% D) disagreed that TPM performance 
is noticeable to all participants, and 70% of respondents(38% SD 32%D) believed that 
there was not TPM performance measurement at the plant. The majority of respon-
dents (76%) think that TPM results gave good impact to the participants. 

5.4.4.8 Implementation plan and process 

Table 5.19 illustrates the statements that were grouped to measure the attitude of the re-
spondents regarding the ’Implementation plan and process’ factor. It reports the means 
of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is compliance with the master plan for TPM 10 52 22 14 2 2.460 0.930 
implementation. 

Q2 There is an effective practice of TPM support tools 10 50 26 12 2 2.460 0.908 
(e.g. OPL, visual control system, Why-Why analy-
sis, etc). 

Q3 The plan of TPM implementation does not confict 2 12 26 48 12 3.560 0.929 
with the general production plan. 

F8 Implementation plan and process. 

TABLE 5.19: Implementation plan and process, Unit(TS-4). 

Table 5.19 shows that 62% of respondents (10% SD and 52% D) disagreed with the 
statement “There is compliance with the master plan for TPM implementation”, and 
only 60% of respondents disagreed that there is effective practice of TPM support tools 
at the plants. Regarding the last statement in this factor, about 60% of respondents 
agreed that the plan of TPM implementation does not confict with the general produc-
tion plan. 
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5.4.4.9 Effective Communication 

Table 5.20 includes three statements that were grouped to examine the attitudes of the 
respondents regarding “Effective Communication” factor. It reports the means of re-
spondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Communication between departments is effective. 16 52 12 16 4 2.400 1.069 
Q2 There is a good communication from senior man- 12 46 26 16 0 2.460 0.908 

agement level to employees. 
Q3 There is an effective contact system between the 6 16 22 52 4 3.320 0.998 

company and customers. 
F9 Effective Communication. 

TABLE 5.20: Effective Communication, Unit(TS-4). 

Table 5.20 shows 68% of respondents(16% SD and 52% D) believe that the communi-
cation between departments is not effective. Only, 58% of respondents said that there 
isn’t a good communication from senior management level to employees. Very low 
percentage of 56% (4% SA and 52% A) were agreed that “There is an effective contact 
system between the company and customers”. 

5.4.4.10 Integration with other manufacturing management programs 

Table 5.21 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Integration with other manufacturing management programs’ 
factor. It reports the means of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Participants have knowledge about any other 10 52 24 12 2 2.440 0.907 
manufacturing programs. 

Q2 The integration with other manufacturing pro- 0 8 24 54 14 3.740 0.803 
grams has positive impact on successful imple-
mentation of TPM. 

Q3 There is a link between TPM and other manufac- 2 8 32 46 12 3.580 0.882 
turing programs. 

F10 Integration with other manufacturing manage-
ment programs. 

TABLE 5.21: Integration with other manufacturing management programs, 
Unit(TS-4). 

Table 5.21 shows that 62% of respondents (10% SD and 52% D) disagreed with the 
statement “Participants have knowledge about any other manufacturing programs”, 
and 68% agreed that The integration with other manufacturing programs has positive 
impact on successful implementation of TPM. In the last statement in this factor, only 
58% of respondent believe that there is a link between TPM and other manufacturing 
program. 
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5.4.4.11 Cooperation 

The scale of statement degree regarding this factor is displayed in Table 5.22 and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is cross-functional cooperation between de- 2 18 20 52 8 3.460 0.952 
partments. 

Q2 There is cooperation between the members of 4 22 24 38 12 3.320 1.077 
small group activity. 

Q3 There is a good cooperation from the company 10 48 18 18 6 2.620 1.085 
partners. 

F11 Cooperation. 

TABLE 5.22: Cooperation, Unit(TS-4). 

Table 5.22 shows that 60% of respondents agreed with the statement that said “There is 
cross-functional cooperation between departments”, and only 60% (12% SA and 38%A) 
were agreed that “There is cooperation between the members of Small Group Activity”. 
About 58% of respondents disagreed with the statement that said “There is a good 
cooperation from the company partners”. 

5.4.4.12 Coordination and leadership 

Table 5.23 includes three statements that were grouped to examine the attitudes of the 
respondents regarding “Coordination and leadership” factor. It reports the means of 
respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is an effective and expert leadership and co- 2 14 20 48 16 3.620 0.987 
ordinators. 

Q2 The promotion of managers in departments within 10 52 16 20 2 2.520 0.994 
the company is based on qualifcations. 

Q3 There are full-time coordinators for monitoring 0 10 22 46 22 3.800 0.903 
TPM. 

F12 Coordination and leadership. 

TABLE 5.23: Coordination and leadership, Unit(TS-4). 

Table 5.23 shows that 64% of respondents (16% SA and 48% A) agreed that “There 
was an effective and expert leadership and coordinators”, about “The promotion of 
managers in departments within the company is based on qualifcations”, 62% of re-
spondents were agreed with this statement. Moreover, 68% of respondents (22% SA 
and 46% A) agreed that there were full-time coordinators for monitoring TPM. 
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5.4.4.13 Cultural change, knowledge and beliefs and acceptance 

Table 5.24 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Cultural change, knowledge, beliefs and acceptance’ factor. It 
reports the means of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The receptivity to change of people towards TPM 2 16 20 42 20 3.620 1.047 
is acceptable. 

Q2 Implementation of TPM program does not 8 42 10 26 14 2.960 1.261 
threaten your job security and increases the work 
load. 

Q3 A bureaucratic culture is not prevalent in the orga- 30 42 18 8 2 2.960 1.261 
nization. 

F13 Cultural change, knowledge, beliefs and accep-
tance. 

TABLE 5.24: Cultural change, knowledge, beliefs and acceptance, Unit(TS-4). 

Table 5.24 shows that 62% of respondents agreed with this statement. Only, 50% of 
respondent believe that implementation of TPM program does not threaten your job 
security and increases the work load. About a bureaucratic culture, 76% of respondent 
see that a bureaucratic culture is prevalent in the organization. 

5.4.4.14 Availability of information and documentation 

The scale of statement degree regarding this factor is displayed in Table 5.25 and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The organization has clear rules for the use of han- 2 10 26 48 14 3.620 0.923 
dling and updating of the information. 

Q2 There is an effective practice of documentation 10 44 16 24 6 2.720 1.125 
system in the organization. 

Q3 The availability of information at the right time 14 42 20 22 2 2.560 1.052 
and right place. 

F14 Availability of information and Documentation. 

TABLE 5.25: Availability of information and Documentation, Unit(TS-4). 

Table 5.25 shows that 62% of respondents (14% SA and 48% A) believe that “The orga-
nization has clear rules for the use of handling and updating of the information”, and 
54% disagreed that “There is effective practice of documentation system in the orga-
nization”. In the last statement of this factor 56% of respondents were disagreed with 
this statement. 
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5.4.4.15 Empowerment 

Table 5.26 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Empowerment’ factor. It reports the means of respondents in 
the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Employees have been held more responsibility in 12 18 8 48 14 3.340 1.271 
their working environment. 

Q2 Participants are empowered to make change in 12 18 20 44 6 3.140 1.160 
their work whilst performing their duties. 

Q3 Giving power must be as much as holding respon- 4 8 22 44 22 3.720 1.030 
sibility. 

F15 Empowerment. 

TABLE 5.26: Empowerment, Unit(TS-4). 

Table 5.26 shows that 62% of respondents (14% SA and 48% A) were agreed that “Em-
ployees have been held more responsibility in their working environment”, and only 
50% of respondents were agreed that “Participants are empowered to make change in 
their work whilst performing their duties”. About 66% of respondents believe that 
giving power must be as much as holding responsibility. 

5.4.4.16 Formation of TPM offce and Steering committees 

Table 5.27 includes three statements that were grouped to examine the attitudes of the 
respondents regarding “Formation of TPM offce and Steering Committees” factor. It 
reports the means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Proper organizational structure has been devel- 18 44 16 22 0 2.420 1.031 
oped to implement TPM. 

Q2 An experienced directorate and steering commit- 16 44 12 24 4 2.560 1.145 
tees. 

Q3 There is interest of the committees about regular 20 40 16 24 0 2.440 1.072 
meetings. 

F16 Formation of TPM offce and Steering committees. 

TABLE 5.27: Formation of TPM offce and Steering committees, Unit(TS-4). 

Table 5.27 shows that 62% of respondents (18% SD and %44 D) disagreed with the 
statement “Proper organizational structure has been developed to implement TPM”, 
and 60% agreed that there were an experienced directorate and steering committees. 
Moreover, 60% of respondents said “There is interest of the Committees about regular 
meetings”. 
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5.4.4.17 Existing maintenance system, equipment and workplace conditions 

The scale of statement degree regarding this factor is displayed in Table 5.28 and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The condition of the equipment is appropriate to 8 26 12 46 8 3.200 1.160 
apply TPM. 

Q2 The condition of the workplace is appropriate to 8 42 22 22 6 2.760 1.079 
apply TPM. 

Q3 Suffcient technology and the existing mainte- 8 56 14 18 4 2.540 1.014 
nance system is good. 

F17 Existing maintenance system, equipment and 
workplace conditions. 

TABLE 5.28: Existing maintenance system, equipment and workplace condi-
tions, Unit(TS-4). 

Table 5.28 shows that 54% of respondents (8% SA and 46% A) agreed with the statement 
that said “The condition of the equipment is appropriate to apply TPM”, and only 50% 
believe that the condition of the workplace is appropriate to apply TPM. Moreover, 64% 
of respondents (8% SD and 56% D) disagreed with the statement that said “Suffcient 
technology and the existing maintenance system is good”. 

5.4.4.18 Training and education 

Table 5.29 illustrates the statements that were grouped to measure the attitude of the re-
spondents regarding ’Training & Education’ factor. It reports the means of respondents 
in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Suffcient quality training and education. 6 54 20 14 6 2.600 1.010 
Q2 The organization trains its employees with a clear 10 42 22 22 4 2.680 1.058 

purpose. 
Q3 Training targets in the organization are generally 4 18 22 52 4 3.340 0.960 

not achieved. 
F18 Training and education. 

TABLE 5.29: Training and education, Unit(TS-4). 

Table 5.29 shows that 60% of respondents (6% SD and 54% D) disagreed with the state-
ment “suffcient quality training and education”, and also 52% of them disagreed that 
“the organization trains its employees with a clear purpose”, 56% of respondents (4% 
SA and 52% A) agreed that “Training targets in the organization are generally not 
achieved”. 
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5.4.4.19 Union participation and acceptance 

Table 5.30 includes three statements that were grouped to examine the attitudes of the 
respondents regarding the ’Union participation and acceptance’ factor. It reports the 
means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The trade union has a strong impact in your com- 38 32 18 10 2 2.060 1.076 
pany. 

Q2 The acceptance of the union can ensure TPM suc- 6 36 36 16 6 2.800 0.989 
cess. 

Q3 The Union cares about the employee. 18 40 30 10 2 2.380 .966 
F19 Union participation and acceptance. 

TABLE 5.30: Union participation and acceptance, Unit(TS-4). 

Table 5.30 shows that 70% of respondents (38% SD and 32% D) disagreed with the 
statement “The trade union has a strong impact in your company”, and very low per-
centage of respondents 42% disagreed that “The acceptance of the union can ensure 
TPM success”. About 58% (18% SD and 40% D) disagreed with the statement that said 
“The Union cares about the employee”. 

5.4.4.20 Pilot project and gradual implementation on model machines 

The scale of statement degree regarding this factor is displayed in Table 5.31 and it 
shows the percentage of agreement and this agreement, mean, and standard deviation 
for each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The pilot project good results give confdence to 0 8 16 42 34 4.020 0.914 
the participants. 

Q2 Pilot implementation can save time and effort. 0 6 18 48 28 3.980 0.844 
Q3 Gradual implementation on model machines can 0 4 16 46 34 4.100 0.814 

be successful. 
F20 Pilot project and gradual implementation on 

model machines. 

TABLE 5.31: Pilot project and gradual implementation on model machines, 
Unit(TS-4). 

Table 5.31 shows that 76% of respondents (34% SA and 42% A) agreed that the good 
result from the pilot project gives confdence to participants. Also 76% of them be-
lieve that “Pilot implementation can save time and effort”. Also, 80% of respondents 
(34% SA and 46% A) agreed that “Gradual implementation on model machines can be 
successful”. 
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5.4.5 Evaluating the factors affecting TPM implementation (Unit(TS-4)) 

In reply to the question ’Please specify how important do you think the following fac-
tors to implement TPM successfully in your company?’, the results are illustrated be-
low in Table 5.32 showing the ranking of these factors in Unit(TS-4). 

Percentage 
No Factor SD D N A SA Mean Std. D Rank 

1 Top management commitment. 0 0 2.1 14.6 83.3 4.812 0.445 1 
2 Employee involvement. 2.1 0 4.2 43.8 50 4.395 0.764 3 
3 Motivation, rewards and recognition. 0 4.2 12.5 41.7 41.7 4.208 0.824 6 
4 Time allocation for implementation. 0 6.3 18.8 45.8 29.2 3.979 0.862 13 
5 Resource allocation for implementation. 0 0 25 41.7 33.3 4.083 0.767 8 
6 Alignment to company mission. 0 6.3 27.1 45.8 20.8 3.812 0.841 17 
7 Performance measurement of TPM. 0 0 18.8 39.6 41.7 4.229 0.750 5 
8 Implementation plan and process. 0 2.1 20.8 45.8 31.3 4.062 0.782 9 
9 Effective communication. 0 6.3 25 47.9 20.8 3.833 0.833 16 
10 Integration with other manufacturing manage- 0 14.6 22.9 50 12.5 3.604 0.892 19 

ment programs. 
11 Cooperation. 0 6.3 16.7 50 27.1 3.979 0.837 12 
12 Coordination and leadership. 0 2.1 18.8 54.2 25 4.020 0.729 10 
13 Cultural change, beliefs and acceptance. 0 2.1 27.1 41.7 29.2 3.979 0.811 11 
14 Availability of information and documentation. 0 4.2 27.1 45.8 22.9 3.875 0.815 14 
15 Empowerment. 0 2.1 27.1 54.2 16.7 3.854 0.714 15 
16 Formation of TPM offce and Steering committees. 0 6.3 39.6 29.2 25 3.729 0.916 18 
17 Existing maintenance system, equipment & work- 0 0 22.9 43.8 33.3 4.104 0.750 7 

place conditions. 
18 Training & education. 0 2.1 4.2 41.7 52.1 4.437 0.681 2 
19 Union participation & acceptance. 6.3 16.7 39.6 31.3 6.3 3.145 0.989 20 
20 Pilot project and gradual implementation on 0 4.2 14.6 31.3 50 4.270 0.868 4 

model machines. 

TABLE 5.32: Evaluation of factors in Unit(TS- 4). 
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5.4.6 Respondents’ profle (Unit(TS-5)) 

Similarly, the general characteristics of the sample in Unit(TS-5) is described here-
inafter. The main purpose of this section is to describe the participants of this unit 
in this research who completed the questionnaire with respect to the following demo-
graphic variables: respondents qualifcation, respondents job, respondents experience, 
respondents origin, respondents age, and respondents occupation in TPM program. 

5.4.6.1 Respondents Qualifcation 

Table 5.33 below, shows the qualifcation distribution of the (TS-5) respondents. The 
majority of the respondents are technicians and engineers, 64.5% and 29% respectively. 
The remaining 6.2% are employees. See Figure 5.7. 

No Qualifcation Frequency Percentage 

1 Engineer 14 29.1 
2 Technician 31 64.5 
3 Employee 3 6.25 

Total 48 100% 

TABLE 5.33: Respondents Qualifcations (Unit(TS-5)). 

FIGURE 5.7: Respondents Qualifcations (Unit(TS-5)). 



Total 48 100% 

TABLE 5.34: Respondents Job (Unit(TS-5)). 
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5.4.6.2 Respondents Job 

Table 5.34 shows the job distribution of the (TS-5) respondents. The majority of the re-
spondent are operators forming 45.8% of participants, whereas, the maintenance per-
sonnel reached 16.6% of the total, and 12.5% are operation engineers, while 10.4% were 
maintenance engineers. Also there are 2.1% management respondents and 12.5% oth-
ers that included trainers and health and safety members. See Figure 5.8. 

No Job Frequency Percentage 

1 Operator 22 45.8 
2 Maintenance Personnel 8 16.6 
3 Operation Engineer 6 12.5 
4 Maintenance Engineer 5 10.4 
5 Manager 1 2.1 
6 Other 6 12.5 

FIGURE 5.8: Respondents Job (Unit(TS-5)). 

5.4.6.3 Respondents Experience 

Table 5.35 shows the experience distribution of the (TS-5) respondents. Just the minor-
ity of the respondents summing to 8.3% have less than 3 years of experience. Whereas, 
54.2% of the respondents have from 4 to 9 years of experience, and 25% of them have 
from 10 to 15 years of experience. However, 12.5% of the respondents have more than 
16 years of experience. See Figure 5.9. 

http:Table5.35
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4 >16 6 12.5 
Total 48 100% 

TABLE 5.35: Respondents Experience (Unit(TS-5)). 
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No 

1 
2 
3 

Years of Experience Frequency 

<3 4 
From 4 to 9 26 

From 10 to 15 12 

Percentage 

8.3 
54.2 
25 

FIGURE 5.9: Respondents Experience (Unit(TS-5)). 

5.4.6.4 Respondents Origin 

Table 5.36 shows the origin distribution of the (TS-5) respondents. The majority of re-
spondents (48 out of 50, representing 95.8% of the sample) were locals. The remaining 
2 respondents (4.2% of the sample) were foreigners (Figure 5.10) which indicates that 
more local workers are represented in the sample than foreigners. 

No Origin Frequency Percentage 

1 Local 46 95.8 
2 Foreigner 2 4.2 

Total 48 100% 

TABLE 5.36: Respondents Origin (Unit(TS-5)). 

http:Table5.36
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FIGURE 5.10: Respondents Origin (Unit(TS-5)). 

5.4.6.5 Respondents Age 

Table 5.37 shows the age distribution of the (TS-5) respondents. The highest percentage 
of respondents’ age are people aged between 40 to 49 years, which represents 45.8% of 
the sample. This table also shows that the second highest percentage is for people aged 
between 30 to 39 years, which represents 35.4% of the sample. There are 12.5% of re-
spondents who are aged over 50 years old, and the lowest percentage of respondents’ 
age is 6.3% representing people aged between 20 to 29 years old. See Figure 5.11. 

No Age (years) Frequency Percentage 

1 From 20 to 29 3 6.3 
2 From 30 to 39 17 35.4 
3 From 40 to 49 22 45.8 
4 < 50 6 12.5 

Total 48 100% 

TABLE 5.37: Respondents Age (Unit(TS-5)). 
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FIGURE 5.11: Respondents Age. (Unit(TS-5)) 

5.4.6.6 Respondents Occupation in TPM 

Table 5.38 shows the occupational distribution of the (TS-5) respondents. As shown in 
this table, it is clear that 45.8% of respondents are working as autonomous maintenance 
members. Whereas, 22.9% of respondent are members of planned maintenance team, 
and 12.5% are members of focused improvement team. The education and training, 
and SHE have the lowest percentage which is 6.3% of respondents. The TPM direc-
torate committee has 6.3% of the respondents. See Figure 5.12. 

No Occupation Frequency Percentage 

1 JH (Autonomous Maintenance) 25 45.8 
2 PM (Planned Maintenance) 8 22.9 
3 KK (Focus Improvement) 6 12.5 
4 SHE (Safety, Health and Environment) 3 6.3 
5 ET (Education and Training) 3 6.3 
6 TPM Dir. Comm. (TPM directorate committee) 3 6.3 

Total 48 100% 

TABLE 5.38: Respondents Occupation in TPM (Unit(TS-5)). 
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Relating to the focus improvement projects, 56.2% of the respondents (20.8% SA and
35.4% A) agreed that there was a serious deal with the focus improvement projects,
and 66.7% of respondents (12.5% SA and 54.2% A) agreed that TPM reduced product
wastes.
Only, 52.1% of the respondents (8.3% SA and 43.8% A) agreed that autonomous main-
tenance was stepped perfectly, and 70.9% of the respondents (16.7% SA and 54.2%
A) agreed that TPM built more “ownership” between the equipment and operators.
Nearly, 58.4% of respondents disagreed with the statement that said “no more break-
down maintenance”. High percentage of respondents of about 66.7% (4.2% A and
62.5% SA) agreed that “TPM built teamwork spirit between operators and maintenance
personnel”. About 75% of respondents (12.5% SA and 62.5% A) indicated that there
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FIGURE 5.12: Respondents Occupation in TPM (Unit(TS-5)). 

5.4.7 TPM activities and monitoring receptivity, Unit(TS-5) 

Table 5.39 illustrates the measures of TPM activities and monitoring receptivity of the 
participants. Twenty statements on a 5-points scale was used to identify to what extent 
respondents have agreed or disagreed with the given statements. 

Percentage 
No Item Description SD D N A SA Mean Std. D 

1 Dealt seriously with focus improvement projects. 8.3 20.8 14.6 35.4 20.8 3.3953 1.2671 
2 TPM reduced product wastes. 2.1 8.3 22.9 54.2 12.5 3.66 0.8831 
3 Autonomous maintenance is stepped perfectly. 2.1 27.1 18.8 43.8 8.3 3.291 1.030 
4 TPM built more “ownership” for equipment. 2.1 12.5 14.6 54.2 16.7 3.708 0.966 
5 No more breakdown maintenance. 14.6 43.8 12.5 25 4.2 2.604 1.143 
6 TPM built teamwork spirit between operators and 0 8.3 25 62.5 4.2 3.625 0.703 

maintenance personnel. 
7 There is improvement in production quality due 0 8.3 16.7 62.5 12.5 3.791 0.770 

to TPM. 
8 Loss of assistant material is becoming less. 2.1 8.3 12.5 62.5 14.6 3.791 0.847 
9 I received the proper training to do TPM tasks. 0 10.4 22.9 54.2 12.5 3.687 0.829 
10 Skills of maintenance personnel and operators are 0 16.7 22.9 52.1 8.3 3.520 0.847 

increased. 
11 TPM makes it easier to get the job done. 0 6.3 20.8 62.5 10.4 3.771 0.721 
12 TPM is helping to improve equipment. 0 8.3 27.1 50 14.6 3.708 0.824 
13 Your workplace is becoming safer and more com- 2.1 10.4 18.8 54.2 14.6 3.687 0.926 

fortable. 
14 Safety was stressed during training sessions. 2.1 12.5 25 25 35.4 3.791 1.129 
15 There are supervision supports TPM. 2.1 14.6 16.7 47.9 18.8 3.666 1.017 
16 You are satisfed about the current performance of 2.1 8.3 31.3 47.9 10.4 3.562 0.872 

TPM directorate and steering committees. 
17 TPM should be expanded to other areas in my vi- 2.1 8.3 25 50 14.6 3.666 0.907 

sion. 
18 Other people in my area support TPM. 2.1 10.4 14.6 62.5 10.4 3.687 0.878 
19 I feel confdent doing TPM tasks. 2.1 10.4 16.7 60.4 10.4 3.666 0.883 
20 I liked the way TPM was implemented in my area. 2.1 8.3 25 52.1 12.5 3.645 0.887 

TABLE 5.39: TPM Activities and monitoring receptivity, Unit(TS- 5). 

The main indications that can be generated from the questionnaire results (frst part: 
TPM activities and monitoring receptivity) are: 

http:Table5.39


126 Chapter 5. Data analysis 

was an improvement in the production quality due to TPM. About 77.1% of respon-
dents (14.6% SA and 62.5% A) showed that the loss of assistant material in unit (TS-5) 
is becoming less. Whereas, 66.7% of respondents (12.5%SA and 54.2%A) believed that 
they received proper training to do TPM tasks. Skills of maintenance personnel and 
operators were increased, which was confrmed by 60.3% of respondents (8.3% SA and 
52.1% A). About 72.9% of respondents (10.4% SA and 62.5%) agreed with the state-
ment “TPM makes it easier to get the job done”, and 64.6% of respondents (14.6% SA 
and 50%) believed that TPM is helping to improve equipment. On the other hand, 
68.8% of respondents (14.6% SA and 54.2% A) confrmed that workplace is becoming 
safer and more comfortable. Regarding the safety, 60.4% of respondents (35.4% SA 
and 25%A) agreed that “Safety was stressed during training sessions”. With regard to 
the supervision, only 66.7% of respondents (18.8% SA and 47.9%A) agreed that there 
was supervision that supports TPM. Very low percentage of 58.3% of respondents who 
were satisfed about the current performance of TPM directorate and steering commit-
tees. However, 64.6% of respondents (14.6% SA and 50%A) agreed that TPM should be 
expanded to other areas, and just 72.9% of respondents confrmed that the other people 
in their area support TPM. In relation to the feeling about TPM, 70.8% of respondents 
feel confdent about doing TPM tasks. About 64.6% of respondents like the way TPM 
was implemented in their area. 

5.4.8 TPM Factors, Unit(TS-5) 

5.4.8.1 Top management commitment 

In like manner to what has been performed to TS-4 unit, the top management com-
mitment in TS-5 was measured throughout three questions. Respondents were asked 
to rate their extent of agreement or disagreement with the given statement concerning 
their top managers who dealt with TPM on a fve-point Likert scale. 
Table 5.40 includes three statements that were grouped to examine the attitude of the 
respondents regarding ‘Top Management Commitment’ factor. It reports the means of 
respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Top management of organization has a clear un- 6.3 50 14.6 22.9 6.3 2.729 1.086 
derstanding of the concept of TPM. 

Q2 There is a top management support to TPM. 4.2 56.3 18.8 20.8 0 2.562 0.872 
Q3 Top management is willing to adopt the TPM con- 0 6.3 39.6 50 4.2 3.520 0.683 

cept. 
F1 Top Management Commitment. 

TABLE 5.40: Top management commitment (Unit(TS-5)). 

Table 5.40 illustrates the extent of degree of top management commitment in TPM 
adoption in LISCO (TS-5). The frst statement “Top management of organization has 
a clear understanding of the concept of TPM ”, (56.3%) of the respondents (6.3% SD 
and 50% D) disagreed with the statement with mean score of (2.73) and standard devi-
ation of (1.08). In the second statement “There is a top management support to TPM”, 
(60.5%) of the respondents (4.2% SD and 56.3% D) disagreed with this statement with 
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mean of (2.562) and standard deviation of (0.872). The third statement “Top manage-
ment is willing to adopt the TPM concept” had a (54.2%) of the respondents (4.2% SA 
50% A) that agreed with this statement with mean of (3.520) and standard deviation of 
(0.683). 

5.4.8.2 Employee involvement 

Table 5.41 illustrates the statements, that were grouped to measure the attitude of the 
respondents regarding the ’Employee involvement’ factor. It reports the means of re-
spondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is employee involvement in management 4.2 43.8 25 25 2.1 2.770 0.950 
decisions. 

Q2 There is awareness of TPM among employees in 0 25 20.8 39.6 14.6 3.437 0.936 
the organization. 

Q3 TPM objectives are clearly identifed to employees. 2.1 18.8 25 47.9 6.3 3.479 0.967 
F2 Employee involvement. 

TABLE 5.41: Employee involvement (Unit(TS-5)). 

Table 5.41 shows that about (48%) of respondents (4.2%SD and 43.8%D) were disagreed 
with frst statement “There is employee involvement in management decisions”, but 
there were (54.2%) of respondents (14.6% SA and 39.6% A) agree with the second state-
ment “There is awareness of TPM through employees in the organization”. In the third 
statement “TPM objectives are clearly identifed to employees”, where (53.2%) of the 
respondents (47.9% A and 6.3% SA) see that TPM objective are clearly identifed to 
them. 

5.4.8.3 Motivation, Rewards and Recognition 

The scale of statement degree regarding this factor is displayed in Table 5.42, and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Employees are rewarded for the additional work- 4.2 12.5 22.9 52.1 8.3 3.479 0.967 
load. 

Q2 The organization has a motivation and reward sys- 4.2 20.8 22.9 47.9 4.2 3.270 0.983 
tem. 

Q3 There is a general sense of high morale in the or- 8.3 50 12.5 27.1 2.1 2.645 1.041 
ganization. 

F3 Motivation, Rewards and Recognition. 

TABLE 5.42: Motivation, Rewards and Recognition (Unit(TS-5)). 

Table 5.42 shows that 60.4% of respondents (8.3%SA and 52.1%A) were agreed with 
frst statement “Employees are rewarded for the additional workload” , and there were 
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52.1% of respondents (4.2% SA and 47.9% A) agree with the second statement “The 
organization has a motivation and reward system ”. In the third statement “There is 
a general sense of high morale in the organization”, where 58.3% of the respondents 
(8.3% SD and 50% D) have disagreed with the statement. 

5.4.8.4 Time allocation for implementation 

Table 5.43 includes three statements that were grouped to examine the attitudes of 
the respondents regarding “Time allocation for implementation” factor. It reports the 
means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Suffcient time for implementation. 6.3 25 10.4 45.8 12.5 3.333 1.172 
Q2 There is a clear understanding of time manage- 10.4 43.8 39.6 6.3 0 2.416 0.767 

ment. 
Q3 Suffcient time for auditing TPM. 4.2 25 16.7 47.9 6.3 3.270 1.046 
F4 Time allocation for implementation. 

TABLE 5.43: Motivation, Rewards and Recognition (Unit(TS-5)). 

Table 5.43 shows that 58.3% of respondents (12.5% SA and 45.8% A) have agreed with 
the frst statement “there was suffcient time to implementation”, and there were 54.2% 
of respondents (10.4% SD and 43.8% D) that disagreed with the statement “There is a 
clear understanding of time management”. In the last statement in this factor, 53.2% of 
respondents (6.3% SA and 47.9% A) agreed that there was suffcient time to auditing 
TPM. 

5.4.8.5 Resource allocation for implementation 

Table 5.44 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Resource allocation for implementation’ factor. It reports the 
means of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is availability of suffcient resources. 6.3 52.1 20.8 18.8 2.1 2.583 0.941 
Q2 Effective practice of resource and material require- 12.5 41.7 22.9 18.8 4.2 2.604 1.066 

ment planning system (MRP). 
Q3 There is availability of main resources in the form 12.5 50 27.1 10.4 0 2.354 0.837 

of method analysis tools. 
F5 Resource allocation for implementation. 

TABLE 5.44: Resource allocation for implementation (Unit(TS-5)). 

Table 5.44 shows that 58.4% of respondents (6.3%SD and 52.1% D) disagreed about 
“There is availability of suffcient resources”, and 54.2% of respondents disagreed that 
there was effective practice of (MRP) in the organisation. Only, 62.5% of respondents 
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confrmed that there is no availability of main resource in the form of method analysis 
tools. 

5.4.8.6 Alignment to company mission 

Table 5.45 includes three statements that were grouped to examine the attitudes of 
the respondents regarding the “Alignment to company mission” factor. It reports the 
means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The company business strategy align to TPM phi- 0 4.2 31.3 56.3 8.3 3.687 0.689 
losophy and principles. 

Q2 There is strategic vision for the future about TPM 0 4.2 29.2 54.2 12.5 3.750 0.729 
in the organization. 

Q3 Company policy committed TPM to meet cus- 4.2 14.6 27.1 52.1 2.1 3.333 0.907 
tomer requirements and continuous improve-
ment. 

F6 Alignment to company mission. 

TABLE 5.45: Alignment to company mission (Unit(TS-5)). 

Table 5.45 shows that 64.6% of respondents (8.3% SA and 56.3% A) were agreed that the 
company business strategy align to TPM philosophy and principles, and about 66.7% of 
them believed that there is strategic vision for the future about TPM in the organisation. 
About, 54.2% of respondents agreed with the statement “Company policy is committed 
TPM to meet customer requirements and continuous improvement”. 

5.4.8.7 Performance measurement of TPM 

The scale of statement degree regarding this factor is displayed in Table 5.46 and it 
shows the percentage of agreement and this agreement, mean, and standard deviation 
for each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 TPM performance is noticeable to all participants. 4.2 25 16.7 50 4.2 3.250 1.021 
Q2 There is TPM performance measurement. 27.1 35.4 29.2 6.3 2.1 2.208 0.988 
Q3 TPM results give good impact to the participants. 0 0 10.4 72.9 16.7 4.062 0.522 
F7 Performance measurement of TPM. 

TABLE 5.46: Performance measurement of TPM (Unit(TS-5)). 

Table 5.46 illustrates that 54.2% (4.2% SA and 50% A) agreed that TPM performance 
is noticeable to all participants, and 62.5% of respondents(27.1% SD 35.4%D) believed 
that there was not TPM performance measurement at the plant. The majority of re-
spondents (89.6%) (16.7%SA and 72.9%A ) think that TPM results gave good impact to 
the participants. 
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5.4.8.8 Implementation plan and process 

Table 5.47 illustrates the statements that were grouped to measure the attitude of the re-
spondents regarding the ’Implementation plan and process’ factor. It reports the means 
of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is compliance with the master plan for TPM 6.3 54.2 25 14.6 0 2.479 0.824 
implementation. 

Q2 There is an effective practice of TPM support tools 6.3 54.2 18.8 20.8 0 2.541 0.898 
(e.g. OPL, visual control system, Why-Why analy-
sis, etc). 

Q3 The plan of TPM implementation does not confict 2.1 25 22.9 43.8 6.3 3.270 0.983 
with the general production plan. 

F8 Implementation plan and process. 

TABLE 5.47: Implementation plan and process (Unit(TS-5)). 

Table 5.47 shows that 60.5% of respondents (6.3% SD and 54.2% D) disagreed with the 
statement “There is compliance with the master plan for TPM implementation”, and 
only 60.5% of respondents disagreed that there is effective practice of TPM support 
tools at the plants. Regarding the last statement in this factor, about 50.1% of respon-
dents agreed that the plan of TPM implementation does not confict with the general 
production plan. 

5.4.8.9 Effective Communication 

Table 5.48 includes three statements that were grouped to examine the attitudes of the 
respondents regarding “Effective Communication” factor. It reports the means of re-
spondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Communication between departments is effective. 6.3 47.9 14.6 29.2 2.1 2.729 1.026 
Q2 There is a good communication from senior man- 8.3 47.9 27.1 16.7 0 2.520 0.874 

agement level to employees. 
Q3 There is an effective contact system between the 2.1 14.6 20.8 52.1 10.4 3.541 0.944 

company and customers. 
F9 Effective Communication. 

TABLE 5.48: Effective Communication (Unit(TS-5)). 

Table 5.48 shows 54.2% of respondents(6.3% SD and 47.9& D) believe that the commu-
nication between departments is not effective. Only, 56.2% of respondents said that 
there isn’t a good communication from senior management level to employees. About 
62.5% (10.4% SA and 52.1% A) agreed that “There is an effective contact system be-
tween the company and customers”. 
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5.4.8.10 Integration with other manufacturing management programs 

Table 5.49 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Integration with other manufacturing management programs’ 
factor. It reports the means of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Participants have knowledge about any other 12.5 54.2 18.8 14.6 0 2.354 0.887 
manufacturing programs. 

Q2 The integration with other manufacturing pro- 0 4.2 16.7 60.4 18.8 3.937 0.726 
grams has positive impact on successful imple-
mentation of TPM. 

Q3 There is a link between TPM and other manufac- 0 4.2 29.2 58.3 8.3 3.708 0.682 
turing programs. 

F10 Integration with other manufacturing manage-
ment programs. 

TABLE 5.49: Integration with other manufacturing management programs 
(Unit(TS-5)). 

Table 5.49 shows that 66.7% of respondents (12.5% SD and 54.2% D) disagreed with the 
statement “Participants have knowledge about any other manufacturing programs”, 
and 79.2% agreed that the integration with other manufacturing programs has positive 
impact on successful implementation of TPM. In the last statement in this factor, only 
66.6% of respondent believe that there is a link between TPM and other manufacturing 
program. 

5.4.8.11 Cooperation 

The scale of statement degree regarding this factor is displayed in Table 5.50 and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is cross-functional cooperation between de- 2.1 8.3 20.8 66.7 2.1 3.583 0.767 
partments. 

Q2 There is cooperation between the members of 4.2 10.4 18.8 60.4 6.3 3.541 0.921 
small group activity. 

Q3 There is a good cooperation from the company 14.6 47.9 14.6 20.8 2.1 2.479 1.051 
partners. 

F11 Cooperation. 

TABLE 5.50: Cooperation (Unit(TS-5)). 

Table 5.50 shows that 68.8% of respondents agreed with the statement that said “There 
is cross-functional cooperation between departments”, and only 66.7% (6.3% SA and 
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60.4%A) agreed that “There is cooperation between the members of Small Group Ac-
tivity”. About 62.5% of respondents disagreed with the statement that said “There is a 
good cooperation from the company partners”. 

5.4.8.12 Coordination and leadership 

Table 5.51 includes three statements that were grouped to examine the attitudes of the 
respondents regarding “Coordination and leadership” factor. It reports the means of 
respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 There is an effective and expert leadership and co- 0 10.4 22.9 54.2 12.5 3.687 0.829 
ordinators. 

Q2 The promotion of managers in departments within 10.4 41.7 12.5 29.2 6.3 2.791 1.166 
the company is based on qualifcations. 

Q3 There are full-time coordinators for monitoring 0 6.3 27.1 54.8 20.8 3.812 0.841 
TPM. 

F12 Coordination and leadership. 

TABLE 5.51: Coordination and leadership (Unit(TS-5)). 

Table 5.51 shows that 66.7% of respondents (12.5% SA and 54.2% A) agreed that “There 
was an effective and expert leadership and coordinators”, about “The promotion of 
managers in departments within the company is based on qualifcations”, 52.1% of 
respondents were agreed with this statement. Moreover, 75.6% of respondents (20.8% 
SA and 54.8% A) agreed that there were full-time coordinators for monitoring TPM. 

5.4.8.13 Cultural change, knowledge and beliefs and acceptance 

Table 5.52 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Cultural change, knowledge beliefs and acceptance’ factor. It 
reports the means of respondents in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The receptivity to change of people towards TPM 0 16.7 12.5 52.1 18.8 3.729 0.961 
is acceptable. 

Q2 Implementation of TPM program does not 10.4 47.9 12.5 18.8 10.4 2.708 1.202 
threaten your job security and increases the work 
load. 

Q3 A bureaucratic culture is not prevalent in the orga- 25 45.8 20.8 6.3 2.1 2.145 0.945 
nization. 

F13 Cultural change, knowledge and beliefs and ac-
ceptance. 

TABLE 5.52: Cultural change, knowledge and beliefs and acceptance (Unit(TS-
5)). 

Table 5.52 shows that 70.9% of respondents agreed with this statement. Only, 58.3% of 
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respondent believe that implementation of TPM program does not threaten your job se-
curity and increases the work load. About a bureaucratic culture, 70.8% of respondent 
see that a bureaucratic culture is prevalent in the organization. 

5.4.8.14 Availability of information and documentation 

The scale of statement degree regarding this factor is displayed in Table 5.53 and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The organization has clear rules for the use of han- 0 4.2 20.8 62.5 12.5 3.833 0.694 
dling and updating of the information. 

Q2 There is an effective practice of documentation 10.4 47.9 14.6 25 2.1 2.604 1.046 
system in the organization. 

Q3 The availability of information at the right time 16.7 54.2 12.5 16.7 0 2.291 0.944 
and right place. 

F14 Availability of information and Documentation. 

TABLE 5.53: Availability of information and Documentation (Unit(TS-5)). 

Table 5.53 shows that 75% of respondents (12.5% SA and 62.5% A) believe that “The 
organization has clear rules for the use of handling and updating of the information”, 
and 58.3% disagreed that “There is effective practice of documentation system in the 
organization”. In the last statement of this factor 70.9% of respondents were disagreed 
with this statement. 

5.4.8.15 Empowerment 

Table 5.54 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Empowerment’ factor. It reports the means of respondents in 
the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Employees have been held more responsibility in 6.3 14.6 20.8 52.1 6.3 3.375 1.023 
their working environment. 

Q2 Participants are empowered to make change in 4.2 10.4 20.8 58.3 6.3 3.520 0.922 
their work whilst performing their duties. 

Q3 Giving power must be as much as holding respon- 2.1 8.3 22.9 52.1 14.6 3.687 0.902 
sibility. 

F15 Empowerment. 

TABLE 5.54: Empowerment (Unit(TS-5)). 

Table 5.54 shows that 58.4% of respondents (6.3% SA and 52.1% A) were agreed that 
“Employees have been held more responsibility in their working environment”, and 
only 64.6% of respondents were agreed that “Participants are empowered to make 
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change in their work whilst performing their duties”. About 66.7% of respondents 
believe that giving power must be as much as holding responsibility. 

5.4.8.16 Formation of TPM offce and Steering committees 

Table 5.55 includes three statements that were grouped to examine the attitudes of the 
respondents regarding “Formation of TPM offce and Steering Committees” factor. It 
reports the means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Proper organizational structure has been devel- 14.6 43.8 18.8 22.9 0 2.500 1.010 
oped to implement TPM. 

Q2 An experienced directorate and steering commit- 12.5 43.8 25 18.8 0 2.500 0.945 
tees. 

Q3 There is interest of the committees about regular 16.7 47.9 20.8 12.5 2.1 2.354 0.978 
meetings. 

F16 Formation of TPM offce and Steering committees. 

TABLE 5.55: Formation of TPM offce and Steering committees (Unit(TS-5)). 

Table 5.55 shows that 58.4% of respondents (14.6% SD and %43.8 D) disagreed with the 
statement “Proper organizational structure has been developed to implement TPM”, 
and 56.3% agreed that there were an experienced directorate and steering committees. 
Moreover, 64.6% of respondents said “There is interest of the Committees about regular 
meetings”. 

5.4.8.17 Existing maintenance system, equipment and workplace conditions 

The scale of statement degree regarding this factor is displayed in Table 5.56 and it 
shows the percentage of agreement, disagreement, mean, and standard deviation for 
each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The condition of the equipment is appropriate to 2.1 22.9 12.5 54.2 8.3 3.437 0.978 
apply TPM. 

Q2 The condition of the workplace is appropriate to 4.2 52.1 20.8 20.8 2.1 2.645 0.933 
apply TPM. 

Q3 Suffcient technology and the existing mainte- 8.3 56.3 14.6 20.8 0 2.479 0.922 
nance system is good. 

F17 Existing maintenance system, equipment and 
workplace conditions. 

TABLE 5.56: Existing maintenance system, equipment and workplace condi-
tions (Unit(TS-5)). 

Table 5.56 shows that 62.5% of respondents (8.3% SA and 54.2% A) agreed with the 
statement that said “The condition of the equipment is appropriate to apply TPM”, and 
only 56.2% believe that the condition of the workplace is appropriate to apply TPM. 
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Moreover, 64.6% of respondents (8.3% SD and 56.3% D) disagreed with the statement 
that said “Suffcient technology and the existing maintenance system is good”. 

5.4.8.18 Training and education 

Table 5.57 illustrates the statements that were grouped to measure the attitude of the 
respondents regarding ’Training Education’ factor. It reports the means of respondents 
in the sample regarding this issue. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 Suffcient quality training and education. 6.3 50 20.8 20.8 2.1 2.625 0.959 
Q2 The organization trains its employees with a clear 10.4 52.1 14.6 20.8 2.1 2.520 1.010 

purpose. 
Q3 Training targets in the organization are generally 4.2 29.2 14.6 45.8 6.3 3.208 1.071 

not achieved. 
F18 Training and education. 

TABLE 5.57: Training and education (Unit(TS-5)). 

Table 5.57 shows that 56.3% of respondents (6.3% SD and 50% D) disagreed with the 
statement “suffcient quality training and education”, and also 62.5% of them disagreed 
that “the organization trains its employees with a clear purpose”, 52.1% of respondents 
(6.3% SA and 45.8% A) agreed that “Training targets in the organization are generally 
not achieved”. 

5.4.8.19 Union participation and acceptance 

Table 5.58 includes three statements that were grouped to examine the attitudes of the 
respondents regarding the ’Union participation and acceptance’ factor. It reports the 
means of respondents in the sample regarding this matter. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The trade union has a strong impact in your com- 14.6 37.5 27.1 16.7 4.2 2.583 1.068 
pany. 

Q2 The acceptance of the union can ensure TPM suc- 2.1 10.4 22.9 56.3 8.3 3.583 0.8711 
cess. 

Q3 The Union cares about the employee. 8.3 47.9 27.1 14.6 2.1 2.541 0.921 
F19 Union participation and acceptance. 

TABLE 5.58: Union participation and acceptance (Unit(TS-5)). 

Table 5.58 shows that 52.1% of respondents (14.6% SD and 37.5% D) disagreed with the 
statement “The trade union has a strong impact in your company”, and very low per-
centage of respondents 54.6% disagreed that “The acceptance of the union can ensure 
TPM success”. About 56.2% ((8.3% SD and 47.9% D) disagreed with the statement that 
said “The Union cares about the employee”. 
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5.4.8.20 Pilot project and gradual implementation on model machines 

The scale of statement degree regarding this factor is displayed in Table 5.59 and it 
shows the percentage of agreement and this agreement, mean, and standard deviation 
for each statement. 

SD D N A SA 
No Statement % % % % % Mean Std. D 

Q1 The pilot project good results give confdence to 0 6.3 18.8 54.2 20.8 3.895 0.805 
the participants. 

Q2 Pilot implementation can save time and effort. 0 4.2 22.9 52.1 20.8 3.895 0.778 
Q3 Gradual implementation on model machines can 0 4.2 31.3 41.7 22.9 3.833 0.833 

be successful. 
F20 Pilot project and gradual implementation on 

model machines. 

TABLE 5.59: Pilot project and gradual implementation on model machines 
(Unit(TS-5)). 

Table 5.59 shows that 75% of respondents (20.8% SA and 54.2% A) agreed that the good 
result from the pilot project gives confdence to participants. Also 72.9% of them be-
lieve that “Pilot implementation can save time and effort”. Also, 64.6% of respondents 
(22.9% SA and 41.7% A) agreed that “Gradual implementation on model machines can 
be successful”. 

5.4.9 Evaluating the factors affecting TPM implementation (Unit(TS-5)) 

In reply to the question ’Please specify how important do you think the following fac-
tors to implement TPM successfully in your company?’, the results are illustrated be-
low in Table 5.60 showing the ranking of these factors in Unit(TS-5). 

Percentage 
No Factor SD D N A SA Mean Std. D Rank 

1 Top management commitment. 0 0 0 24 76 4.760 0.431 1 
2 Employee involvement. 2 0 10 28 60 4.440 0.836 3 
3 Motivation, rewards and recognition. 0 0 6 38 56 4.500 0.614 2 
4 Time allocation for implementation. 0 0 12 58 30 4.180 0.628 10 
5 Resource allocation for implementation. 0 0 12 62 26 4.140 0.606 12 
6 Alignment to company mission. 0 4 22 34 40 4.100 0.886 14 
7 Performance measurement of TPM. 2 0 10 42 46 4.300 0.814 5 
8 Implementation plan and process. 0 2 14 46 38 4.200 0.755 8 
9 Effective communication. 0 4 26 44 26 3.920 0.829 17 

10 Integration with other manufacturing manage- 0 6 26 42 26 3.880 0.872 18 
ment programs. 

11 Cooperation. 0 2 16 50 32 4.120 0.746 13 
12 Coordination and leadership. 0 2 12 50 36 4.200 0.728 8 
13 Cultural change, beliefs and acceptance. 0 2 18 36 44 4.220 0.815 7 
14 Availability of information and documentation. 2 2 12 64 20 3.980 0.769 15 
15 Empowerment. 2 0 18 58 22 4.240 0.921 6 
16 Formation of TPM offce and Steering committees. 0 2 38 40 20 3.780 0.789 19 
17 Existing maintenance system, equipment & work- 0 0 14 56 30 4.160 0.650 11 

place conditions. 
18 Training & education. 0 0 2 54 44 4.420 0.537 4 
19 Union participation & acceptance. 14 28 36 12 10 2.760 1.152 20 
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20 Pilot project and gradual implementation on 2 2 14 28 54 4.300 0.931 5 
model machines. 

TABLE 5.60: Evaluation of factors in Unit(TS-5). 

5.4.10 Rank and mean for both units (Unit(TS-4)& Unit(TS-5)) 

The purpose of this step is to rank and review the various critical success factors of 
total productive maintenance (TPM) in favour of Libyan manufacturing industries for 
improving product and process quality. In this concern. 

No Factor Mean Rank 

1 Top management commitment. 4.786 1 

model machines. 

place conditions. 

ment programs & acceptance. 

2 Training & Education. 4.428 2 
3 Employee Involvement. 4.417 3 
4 Motivation, rewards and recognition. 4.354 4 
5 Pilot project and gradual implementation on 4.285 5 

6 Performance measurement of TPM. 4.264 6 
7 Existing maintenance system, equipment & work- 4.132 7 

8 Implementation plan and process. 4.131 8 
9 Resource allocation for implementation. 4.111 9 
10 Coordination and leadership. 4.110 10 
11 Cultural change, beliefs and acceptance. 4.099 11 
12 Time allocation for implementation. 4.079 12 
13 Cooperation. 4.049 13 
14 Alignment to company mission. 4.956 14 
15 Availability of information and documentation. 3.927 15 
16 Empowerment. 3.917 16 
17 Effective communication. 3.876 17 
18 Formation of TPM offce and steering committees. 3.754 18 
19 Integration with other manufacturing manage- 3.742 19 

20 Union participation & acceptance. 2.952 20 

TABLE 5.61: Rank and mean of TPM factors - Units(TS-4 & TS-5). 

From the data analysis, it can be observed that each factor plays a critical role in suc-
cessful implementation of TPM in the manufacturing industries. 

Table 5.61 shows the rank of each factor given by the manufacturing industries. It 
shows that the ’Management Commitment’ factor is the prime objective of most of 
the respondents, then comes ’Training & Education’, ’Employee Involvement’, ’Mo-
tivation’, ’Rewards and Recognition’, ’Pilot Project and Gradual Implementation on 
Model Machines’, ’Performance Measurement of TPM’, ’Existing Maintenance System’, 
’Equipment & Workplace Conditions’, and ’Implementation Plan and Process’. 

At the end of this table comes the ’Union Participation & Acceptance’ factor (Fig-
ure 5.13), which has a very low percentage. This result agrees with what was found 
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FIGURE 5.13: Rank and mean of TPM factors - Units(TS-4 & TS-5). 

in the interview, where this factor has no effect on the Libyan manufacturing environ-
ment. 

In general, most of interview results were consistent with what has been found 
from the questionnaire results and document review, indeed this consistency works to 
enhance the research fndings. Hence, from the questionnaire results, the researcher 
generated a number of statements. Those occurring with the highest frequency across 
the majority of the classes of respondents are identifed. Selection was based on those 
statements where more than the half of the participants from one or both case studies 
addressed the issue as a concern. These statements were asked to assess the respon-
dents’ thinking on TPM implementation, common factors or obstacles were facing each 
organisation and, the main TPM activities’ supporting tools related to the program and 
its improvement in each case study organisation. 

5.5 Conclusion 

It was revealed through the study that there is a gap within the TPM research which 
was highlighted by investigating the implementation of the TPM principles. This chap-
ter contained complete briefng of the implementation of TPM and has also elaborated 
on how the organisational barriers limited or affected the implementation of TPM. 
The signifcance of management experience has been highlighted in the study such as 
strengthening the supervision of TPM and top management commitment, particularly 
considering the measures required at every step or level of implementation. Moreover, 
the results obtained through the study suggest that the hurdles faced at the individual 
level helped better in the prediction of the TPM program, and hence it can be said that 
the signifcance of such barriers and factors can be more than it is stated. Basically, 
the results suggested that the response of an individual to the TPM would be affected 
by the balance within the organisational and individual perspective, background and 
experiences. 
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The study, also, suggested or addressed the need for training of the managers specif-
cally within the Libyan Iron and Steel Company (LISCO). The study, also, highlighted 
the need for maintaining a positive relation within the organisational culture and em-
ployees. Further, consideration from the organisation is required for developing better 
training and practices for the TPM and its framework while considering the social and 
economic factors that would affect the implementation of TPM specifcally within Iron 
and steel company. 

The next chapter will demonstrate the discussion of all the data linking the results we 
have from the literature with the interviews, questionnaires, and documents survey. 
Some unique fndings about the implementation of TPM in Libyan environment will 
be discussed and summarised. Also, the list of obstacles and barriers to TPM in LISCO 
will be revealed. Furthermore, revising the theoretical framework and list of ranked 
TPM factors will be included. 



Chapter 6 

Discussions and implications 

6.1 Introduction 

This study, potentially, would have an important research outcome. Correspondingly, 
this Chapter discusses the research fndings and its connection to previous studies re-
lated to the same subject which was discussed in the literature review chapter. More-
over, the discussions in this Chapter would concentrate on the main aim and the related 
objectives of this research. 

6.2 TPM factors and activities 

6.2.1 Top management support and commitment to TPM 

Most of the interviewees believed that based on the level of education, experience and 
other criteria of job specifcations, the top notch position and vacancies occupied by 
those individuals who may not be fulflling the required mentioned criteria. Accord-
ingly, the leadership is not effective which results in unsuccessful management. 

In fact, both responses from the two units matched and agreed to the lack of presence of 
any effective and effcient management and leadership in there units. They, however, 
were not very eager to respond to the questions that pertain to the overall evaluation 
of their managers or leaders from the top management. Instead, most of them either 
avoided to answer or gave their answer in such a way that makes it sound innocent 
of blaming directly the top management being afraid of the consequences that might 
cause the loss of their jobs. This is also true due to the fact, as per the respondents, that 
most of the recruitment of the senior level is accomplished by the Ministry under the 
direct or indirect supervision of the government. 
In fact, this is caused by the deep rooted corruption where most of the seniors’ posi-
tions, decision-making and strategic positions are not occupied by those who may fulfl 
the required educational and experience criteria, but rather by those who have political 
relations or have been associated with the powerful people. 
Again, these responses matched when checked with the education records of the top 
management and that required as per job specifcation. 

Actually, within the country, the extent of decision making power in organizations de-
pends entirely on individual basis. In particular, this will solely depend upon the re-
lationship that the decision-maker enjoys with the Ministry, the Central Bank or those 
concerned within the government ranks. Further, when an individual is brought from 
outside and placed on the top at the helm of affairs, there is an increased probability 
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that he would lack the relevant experience and may even be lacking the required ed-
ucational background which may jeopardize the future of the organization both in the 
short and long run. Moreover, the reinstatement of such individual may even result in 
the lack of spirit in the same individual as he himself may not be motivated enough 
due to his inability to comprehend the situations because of his inexperience and lack 
of education. As a consequence for this basic and obvious question, many of technical 
staff have answered “do not know”. This could be referred to some neglect or lack of 
trust between employees and top management. Despite this shortcoming of most of 
the senior management, but they all have the desire to apply TPM system as well as all 
the interviewee agree with many authors such as Bamber et al. (1999), and Piechnicki 
et al. (2015) who mentioned that management commitment and support is one of the 
key factors for the success of TPM implementation. 

6.2.2 Understanding TPM and its benefts 

Based on this research it can be easily concluded that the top management was unable 
to deduce the fundamental purpose of the application of TPM within the workers and 
the departments at large. Instead of instilling the employee with the core understand-
ing of TPM and its applicability in the long run, the management was looking forward 
to seek the stamp of the TPM certifcation. This would prompt and enable them to 
trumpet and proclaim themselves as the one coming up with the new changed sys-
tem. However, they were not willing to continue and proceed with the same system. 
They would opt for the current quality system and certifcation but instead of imple-
menting and further improving on it, they would take it as an alternative to the entire 
Total Quality Management. Thus, it is only rational that managers of such organiza-
tions focus more on letting the people in the same organization and within the sector 
knows about their so called accomplishment of getting a certain certifcation. Accord-
ing to Jackson (1999) cited in Pomorski (2004), the Integration between TPM and other 
continuous programs such as TQM and JIT to achieve the greatest improvements in 
quality, reliability, cost, and time. This would help these managers in attaining high 
profle lucrative jobs in the higher management for a considerable stretch of time. 

There was a consensus among those responding that the application of TPM would 
enable and increase the effciency and effectiveness of the overall maintenance activ-
ities. This would be due to the fact that documenting and registering along with the 
likely superior communication, would enable both the employees and the department 
to breach another level of excellence. Thus, for getting better result with increased per-
formance, high quality and augmented productivity, it is only deemed necessary for 
the organization to continue with the application of TPM for a longer stretch of time 
for every department rather than using it as a quick fx and abstaining to continue the 
same after a while. 

Just for the sake of being involved in the survey, most of the participant from the high-
est tier of the management claimed that they were well acquainted with the manage-
ment principles inclusive of the TPM and TQM, while few, on the other hand, consider 
it unworthy of their calibre to even attend the relevant programs. Hence, it can be 
easily deduced that there was a complete or partial lacking on the realization of the 
managers belonging to the top tier of the organization and thus their inability to recog-
nize its benefts and advantages as well. However, the middle and lower tier seemed 
upbeat and ready to get instilled with the understanding of the TPM processes. 
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Hence, we can safely say that the bulk of the responses from both the organization 
pointed out that there was a lack of understanding and ample requirement for the or-
ganization to facilitate their employees in educating them with TPM. 

When asked, most of the respondents claimed that the higher management in their 
organization do not require any training or information concerning TPM. They do not 
place TPM as a necessity or priority to be understood and implemented. According to 
Piechnicki et al. (2015) providing the whole employee (managers and operators) with 
training and education is indispensable in the preparation phase of the implementa-
tion. This results in incomplete dedication of the top management in understanding 
and getting acquainted to the TPM; so far so that they do not propel the middle man-
agement in pursuing it as well. Since there is lack of understanding the benefts of 
TPM, they consider it as a certifcation to get it over with. They would rather consider 
it as a tool for the middle management to complete and apply for the promotion in the 
senior management cadre. Thus they pay little, if any, importance to the individual 
performance in TPM and how they tend to delegate and transfer it to other individual 
in the team, department and the organization for that matter. The top management 
would consider the dealing of the issues pertaining to TPM as the matters and job re-
sponsibility of the members and employees exclusively in TPM. For them it is never a 
matter for the managers to deal with; thus they would never consider it appropriate 
for the managers to be associated with such a change from the beginning of its imple-
mentation. 

According to the responses the recommendations and advices put forward by the TPM 
team was not even considered by the top management. This was in conjunction to the 
fact that they were however realizing the issues that were cropping up that needed 
timely TPM intervention. Even then there was lack of funding to the TPM. It was quite 
evident that although the top management was promising and giving words to intro-
duce and continue with the TPM, however there was not any sincere effort on records 
or planned in future to do so. 

6.2.3 Managing TPM activities 

The implementation process of TPM is usually represented in the form of a framework 
that has a certain pillars. This framework can act as a guide and it provides a structured 
way to achieve certain objectives. A review of literature revealed that different frame-
works of TPM pillars are available. Among these, very few frameworks were proposed 
by academicians, while most of them were suggested by consultants who have devel-
oped these frameworks based on their experience with different organisations. These 
frameworks of pillars are assumed to be generic in nature because the consultants will 
be providing maintenance consultancy to different types of industries in different parts 
of the world. Unless it is generic in nature, it cannot be applied uniformly to different 
types of industries. 

In this LISCO case study, four pillars out of eight have been applied in the TPM pro-
gram as recommended by the consultant, namely, focus improvement; autonomous 
maintenance; planned maintenance; safety, health and environment control, and re-
cently they have added the ffth pillar which is education and training. 
TPM teams have been formed in each plant to deal with the selected model machines 
according to the schedule indicated by the master plan. The structure of the application 
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(implementation committees and task forces) formed in accordance with the structure 
of pillars and implementation of the program in factories and units. This crosses with 
what was found in the literature review of this research. 

Mishra, Anand, and Kodali (2008) have shown a list of 20 different frameworks that 
have different pillars. These frameworks of pillars were compared and it was found 
that only few frameworks are unique while in others, the naming and the number of 
pillars/elements differ slightly. Also this research found that each framework has its 
own strengths and weaknesses. The literature review said that the entire edifce of TPM 
is built and stands on these pillars, which can be any number of pillars depending on 
the level of implementation and the target of your TPM award (Pomorski, 2004) (Ahuja 
and Khamba, 2008c). In accordance with the assessment criteria of JIPM, depending on 
the category of the reward, companies that have introduced TPM and are applying 
for TPM award, they must achieve eligibility and requirements for each category. The 
main two eligibility are: 

• They must have deployed an activity based on the 5 pillars of TPM focusing 
on the production site (focus improvement; autonomous maintenance; planned 
maintenance; education and development; safety, sanitation and environment 
control) for category B; 

• They must have deployed an activity based on the 8 pillars of TPM by all staff 
members of the plants (individual improvement; autonomous maintenance; planned 
maintenance; initial management; quality maintenance; administrative and su-
pervisory department; education and development; safety, sanitation and envi-
ronment control) for category A (JIPM, 2010). 

In fact, the middle managers and TPM interviewees see that the frst fve pillars that 
were implemented in LISCO are related directly to the productivity which was the 
main reason behind applying such program. Moreover, they believe that autonomous 
maintenance can give operators greater “ownership” of their equipment, increases op-
erators’ knowledge about their equipment, ensures that equipment is well-cleaned and 
lubricated, identifes emergent issues before they become failures, and frees mainte-
nance personnel for higher-level tasks. On the hand, some operators see that as an 
overload work, and some maintenance personnel see that as frst step to dispense with 
their service. 

The planned maintenance can signifcantly reduces instances of unplanned down time. 
It also, can enable most maintenance to be planned for times when equipment is not 
scheduled for production, and reduces inventory through better control of wear-prone 
and failure-prone parts. The majority of middle managers and TPM coordinators in-
terviewees have seen the focused improvement has small groups of employees work 
together proactively to combine the collective talents of a company to create an engine 
for continuous improvement, and its recurring problems are identifed and resolved by 
cross-functional teams. 
Also, TPM coordinators agree that, the training and education pillar can fll in knowl-
edge gaps necessary to achieve TPM goals, which applies to operators, maintenance 
personnel and managers. Most interviewees were looking at safety, health, and en-
vironment as additional activity that can eliminates potential health and safety risks, 
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resulting in a safer workplace, also it could specifcally target the goal of an accident-
free workplace (SMMT, 2014). 

There are a variety of tools and techniques that are traditionally used for improve-
ment. It provides an easy way of deploying activities through its TPM promotion or-
ganization involving the employees on a continuous basis. (Simo~es, Gomes, & Yasin, 
2011) referred to (Raouf and Ben-Daya, 1995) who mentioned that the literature review 
tended to confrm the importance of certain tools and techniques in relation to organi-
zational maintenance and its role. 
In Libyan Iron and steel company, TPM uses the following tools to analyze and solve 
the equipment and process related problems, these tools have been used as suggested 
by the expert, which was found in the document : 

• One Point Lesson (OPL); 

• Statistical process control (SPC–control charts); 

• Activity Board; 

• Cause-Effect diagrams and 5-why; 

• Plan Do Check Act; 

• Poka-Yoke systems; 

• 5S; 

• Computerised Maintenance and Management System (CMMS); 

• OEE; 

• Tagging. 

Regarding these tools, it has been found that there is a clear need for the use of 5S’s 
tool to focus on organization cleanliness and standardization to optimize proftability 
and effciency and safety and service. Visual controls play a key role in the 5S process 
by providing an effective tool to remove clutter and organize the workplace. 

In the case study, there where lack of use in activity boards which are a specifc type 
of visual control that is commonly utilized in TPM. JIPM refers to activity boards as a 
guide to action. They present the TPM team with a visual guide to its activities that 
makes the [improvement activities] so clear that anyone can immediately understand 
them (JIPM, 2010). Activity boards are posted so that the employees easily access them. 
They are typically located in the work area or common areas where employees meet 
(Pomorski, 2004). Another common visual control tool that is used in Autonomous 
Maintenance is the One Point Lesson (OPL), which was used in the case study, and it 
gave good result. It is one of the most powerful tools for transferring skills (Robinson 
and Ginder, 1995). Moreover, OPL is a tool to convey information related to equipment 
operation or maintenance knowledge and skills. 

The idea behind the yoke poke is to liberate the mind of a person to maintain repeated 
vigilance, which is often not feasible. That person can do the work without fear of mak-
ing mistakes, which can constructively contribute more value-added activities. The lit-
erature review introduced computerized maintenance management systems (CMMS) 
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that included many of the features required to support the maintenance management 
and performance measurement system (Labib, 2004). 

6.2.4 TPM performance 

The responses from the interviewees highlighted the fact that the performance indica-
tion reports which are used by the organization departments can be easily manipulated 
and formed by the person who is responsible for issuing them for the purpose of hid-
ing any inconsistencies or errors, and also these reports can be adjusted according to 
the managers’ intensions and wishes. For instance, this would be done to falsely high-
light the growth and performance appreciation in that particular department. In fact 
all respondents agreed that there was manipulation in the said reports making the per-
formance look at its best status. They also suggested that since the reports were based 
on the data that was attained using the already selected variables by the department, 
it would not comprehend how well the performance was, but rather it was only high-
lighting the current progress without any comparisons, and further, only those aspects 
which would make the top management look good would be put forward in these re-
ports. 

The main reason for the occurrence of the same strategy is because that reports, time 
sheets and job sheets are being used to measure the effciency and effectiveness that 
is brought about by the managers without actually measuring the real difference. On 
the other hand, the TPM processes would incorporate rational methods like OEE and 
other statistical techniques for measuring the performance. 

There was, yet, another accord between respondents represented in that the TPM per-
formance evaluation is performed individually which, however, is not feasible and ap-
plicable due to the fact that TPM is a joint process. The survey research, also, found that 
there was no measurement gauging system of any sort relevant to the TPM applicabil-
ity that would ascertain the performance of the same in the organization. This situation 
was same in both units. Hence, the respondents, also, promoted the idea of using the 
OPE or overall plant effectiveness and the total outcomes and results of the organiza-
tion as an indicator for TPM performance measure. Ironically, it was also mentioned 
that both the respondents from TS-4 and TS-5 units considered that the organization is 
not coming up with actual TPM performance and the respondents, at large, were un-
happy with the performance measurement of the entire organization. Shafeek (2014) 
said "What cannot be measured cannot be improved". 

The interview, also, implied that there was no acceptance to improve the quality of 
the program or to continue with the improvement program in the maintenance area of 
the organization. Moreover, the only tool available for measuring and evaluating the 
performance and comparing it with the previous ones, thus setting it as a bench mark, 
was the monthly and annual operating reports. However, even these reports would not 
highlight the performance of the company in terms of continuous integrated processes. 

The top management would not consider TPM as a priority but as a liability on the 
balance sheet and thus paying less heed to improve the processes. However, with the 
ISO 9000 certifcation for quality system, many managers try their best to implement 
and continue with the quality improvement processes. These managers have to cope 
up with other internal and external factors including environmental, political, social 
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and political factors and even lack of skills and qualifcations. Furthermore, the man-
agement should go against the traditional thought process where TPM was considered 
a costly process and try to consider it as an adding value to the systems and overall 
organizational output. 

Although there was difference in the time duration, both the TS-4 and TS-5 units suf-
fered a delay in production subsequent to the lack of performance in the maintenance. 
Therefore, the lack of resources and performance of the staff members in the main-
tenance department was put forward as the probable causes of the delay. Moreover, 
there were many issues, that were checked from the organization’s recorded docu-
ments, which required detailed supervision and planning to be in place to improve 
the performance. However, that was not the case, but instead, the lack of any mainte-
nance planning and procedures acted as a hurdle to improve the performance. One of 
the reasons is the lack of funds which also resulted in the resources being used for the 
on hand issues rather than focussing on the future planning. 

In both the TS-4 and TS-5 units, employees were not motivated enough to collect, an-
alyze, interpret and put forward the relevant data concerning the required improve-
ment in the maintenance and the issues to be tackled in front of the top management. 
Furthermore, the OEE was not used and hence making it impractical to measure the 
advancement. Further, the six big losses and other problems remained overshadowed 
since there was no work done to identify and tackle them effectively and effciently. 

6.2.5 The organizational policy and the socio-cultural impact 

The effect of the family ties, nepotism and personal relationships while hiring the top 
tier management was quite evident from the conducted research, and these social rela-
tionships do play a pivotal role in the management processes. It was even more striking 
that more than the one third of the respondents were actually hired through social or 
personal relationship. Hence, understanding socio-cultural aspects of the country be-
comes essential when trying to understand the management and quality function of 
the organizations. 

Regardless of the changes in the overall Libyan society and economy, the role of socio-
cultural factors, relationships, friendships, tribal connections and nepotism are still ev-
ident in their grassroot level. Moreover, since most of the employees themselves were 
offered job based on their connections and relationships, it can be assumed that issues 
like absenteeism, carelessness and corruption would only increase (Mohamed, 2005). 

The overall vision of TPM removes any “confict of interest” between maintenance and 
production departments. If the goal is to improve the performance of the production 
line, it is important to integrate the two activities in a comprehensive strategy (Graisa 
and Al-Habaibeh, 2010). It is expected that considerable diffculties will exist when 
TPM is implemented in factories in Libya due to the fact that, the TPM concept is alien 
to Libyan workers and managers in LISCO, and Secondly because the redefned roles 
of production operators and maintenance department require a fundamental change of 
the organizational culture. Aspinwall and Elgharib (2013) shows that culture change 
has been the main obstacle for implementing TPM. 
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When such relationships dominate the hierarchy and organizational setup of the em-
ployees, then it becomes diffcult to control and carry out the functions in a proper 
way that translates into peak performance. Eventually, the complete scenario could 
be summed up by understanding that although the organizations were over staffed 
against the number of jobs available, but individually and collectively they lacked the 
complete set of associated and required skill of the occupied jobs. Also, the state puts 
its infuence forward and posts their favoured people in the industry which is, regard-
less of all, part of the local inherited culture. Moreover, the worsened up situation was 
recognized by the employees as well but they also accepted the fact that certain norms 
of the socio-cultural environment can not be changed instantly. 

The lack of vision and leadership from the top management consequently resulted in 
the lack of employee motivation, involvement, and delegation and also resulted in dis-
continuation of the training, improvement and system maintenance programs, as per 
the responses from those who were interviewed. According to the middle, frst line 
manager and others involved in the survey, the top tier leadership did not take steps 
to encourage the employees to come up with solutions and motivate the workers with 
rewards. This, again, results in the work force would rather prefer to shy away from 
getting involved and getting empowered in the decision-making process of the organi-
zation. 

In fact, the interviews confrmed some major issues with regard to training, fnancial 
incentives, and measurements of pollution and shortage of social activities which con-
frms the fndings considered in the literature review (Pomorski, 2004). 

6.2.6 Management information system and communications network 

For any organization, availability of a good and updated information system is manda-
tory. This is because pertinent and timely information tend to improve the total quality 
and decision making processes. The MIS system would ensure that the timely provi-
sion of the changes that may incur or deliberately made will improve upon the systems 
in place and this will improve the overall quality and enhance the performance. How-
ever, the respondents responded with complain of poor sub-standard in-situ internet 
connections as well as about the typical paper-based traditional and out-dated systems 
used. Consequently, no support is gathered from the information system and the lack 
of a system here hinders the maintenance as well as the collection and analysis of the 
data that may be crucial for the organization in key decisions. Therefore, without any 
support from the information system, the quality of the decisions and equipment main-
tenance tends to deteriorate. 

Many of the benefts that would be part of the information system were missing from 
the case study due to the obvious lack of technology at the related two units. However, 
in order To work at the optimum best, the presence of information technology sys-
tem is of extreme importance to the maintenance department to complete their tasks 
effciently and effectively. It can be safely concluded that effective and workable com-
munication technology is of key importance to the process of change. If this would 
be in place, the system would ensure that all the processes initialized would be doc-
umented from the very beginning. Those involved in the process of change would, 
themselves, be all well informed about their development and advancement from the 
very beginning. Hence, it is of utmost importance to understand the communication 
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process comprehensively and continue it with intact integrity. Moreover, the interper-
sonal and communication skills are of importance when hiring a team to perform a 
certain task on the long run. 

The respondents also claimed that the communication as in the case of maintenance 
department was very poor and the relevant strategies, processes and methods were 
not communicated properly to the employees. 

6.2.7 Resistance to change 

Naturally, the resist to changes takes place in everyday situations at work place or 
in day life in general, especially when no previous knowledge exists regarding this 
change. Though, most of the interviewees rapidly accepted the idea of bringing im-
provement and success to their organisations. In the whole, TPM needs for facilitating 
improvement and change, and this belief can only be reinforced through education, 
awareness, training and practice. Thus, the TPM should take place in orientation pro-
gram for new production staff to consolidate change process. 

Moreover, continuous training at all levels of the organization will help to overcome 
the reluctance and resistance to TPM. Some operators neither had the aptitude nor the 
attitude to take up their new role properly due to the fact that in LISCO, operators did 
not receive any extra payment for the performance of TPM tasks. 

For most production employees, TPM means doing more work but without any more 
money. Cooke (2000) realized the same and found out that one major reason for oper-
ators’ resistance to TPM is linked to the compensation issues. The study revealed that 
there is a general resistance to change by operators and maintenance staff due to the 
new tasks assigned to them and the redefnition of the roles of each department. Fur-
ther, Cooke (2000) discovered that some operators take responsibilities in basic mainte-
nance tasks represents a unilateral practice teamwork and cooperation. Furthermore, 
Ahuja and Khamba (2008) and T. Bartz and Barth (2014) agreed that, it is diffcult and 
laborious to keep the program of implementation of TPM running successfuly in long 
term. This can be attributed mainly to cultural factors and the employee involvement. 
The production personnel considered that as unfair and one-sided act that they had to 
share the work with maintenance, but maintenance never shared operators work. 

In LISCO, it can be noticed that people did not accept the TPM concept as a conse-
quence of thinking that TPM will increase the workload of operators aiming to run 
the organization with fewer maintenance people. This can be attributed to the lack of 
TPM know-how and lack of understanding TPM principles which in turn produced 
a lack of interest and motivation. Considering the maintenance department, the ma-
jority of maintenance technician are reluctant to transfer skills and responsibilities to 
production operators. Moreover, maintenance technician are sceptical about the ability 
of operators to practice preventive maintenance, which led to the situation that tech-
nicians did not want production operators to get their hands on the equipment and 
preferred them not to touch anything. 
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6.2.8 Barriers and obstacles to TPM in LISCO 

The implementation of TPM is not impossible to succeed in many companies in dif-
ferent countries such as Japan and the United States, many European countries, India, 
Malaysia, and South Africa, but implementing this system coincided with the number 
of failures in some of these countries also. Discussing the results obtained from these 
countries can help in identifying barriers to effective implementation of TPM in Libyan 
manufacturing Companies. 

This section contains more elaboration of the hurdles faced during the implementa-
tion of TPM in LISCO. The results obtained would be brought under discussion in the 
light of the literature review to better understand the level of the barriers faced during 
the implementation of TPM and how much they resemble with the issues highlighted 
within Libyan Iron and Steel Company specifcally regarding TPM and its implemen-
tation. 

Considering the main objectives of the research and the methods and techniques stated 
to achieve those objectives, the perception of the employees and the management re-
garding TPM system have been evaluated at Libyan companies, in addition to the barri-
ers that the organisations have to face with TPM system and its implementation which 
mainly occurs when the organisations neglect the basic information and knowledge re-
quired or associated with TPM systems. Hence, to obtain and understand the fndings 
and results of the study, a framework was developed by the researcher. 

Graisa and Al-Habaibeh (2010) in their cement case study in Libya found that the vast 
majority of the fuctuation in the factories’ production was based on the change in shift 
hours, equipment failure and shortage of spare parts. The analysis showed that there 
was a clear indication that there is a need for TPM in order to keep the productivity on 
a stable and higher level. With regard to the above result from the document review, 
interviews and prior research such as Cooke (2000), Bamber, Sharp, and Hides (1999), 
and Ahuja and Khamba (2008c), the barriers and obstacles to TPM implementation are 
as follows: 

• The weakness of senior management’s support for the foundation for TPM im-
plementation; 

• The lack of top management commitment and understanding (e.g. allocation of 
resources, purpose of TPM); 

• The failure to allow adequate time for the evolution; 

• The inability to create a cooperation atmosphere between maintenance and oper-
ation, which is not conducive to the application of autonomous maintenance by 
operators; 

• The lack of wage systems and incentives to encourage operators to participate 
effectively in TPM; 

• The wage payment system based on production rates; 

• The proper training of employees to be able to implement this system. This train-
ing includes the training of operators and maintenance work to raise the compe-
tence and training of staff in general to make them aware of the benefts of TPM 
components and how they are applied; 
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• Introduction of TPM on too many machines at the same time; 

• Expecting very quick results. Usually it needs some investments in the beginning 
to carry out cleaning and rehabilitation to good condition, and then the results of 
these investments will come gradually thereafter in the form of reducing waste, 
increasing productivity and improving quality; 

• Lack of good metrics to measure the impact of the application of TPM; 

• Absence of strong structure and relationships to strategic needs; 

• Partial application of TPM; 

• Taking on more responsibilities and skills transfer generated resistance to change 
among employees. 

6.2.9 Some unique fndings regarding the implementation of TPM 

This research concluded some fndings which were extracted and summarized from 
the LISCO TPM monthly reports that the author was granted access to, and they are 
considered to be unique. These fndings are summarized hereinbelow: 

• Low participation of engineers’ partner (ISPAT) who are at productive sites in 
the follow-up and activation of the TPM implementation. Note that the expert 
partner who was mentioned in the Convention, has started work with LISCO as 
of summer 2010, which is considered as unique case; 

• Delayed implementation of weekly reports from some points of execution caused 
the delay in the preparation of the monthly report of the supervisory committee; 

• Accumulation of materials and equipment used at production lines. This issue is 
due to the urgent need of these parts, which has become diffcult to obtain from 
its maker as a result of aging. The need to continue to follow and monitoring the 
way of re-storing equipment parts that can take advantage of them, outside the 
work area and production lines in order to create an environment to work and 
reduce the cost of accidents and reusing these parts; 

• The diffculty of applying autonomous maintenance (cleaning) at some areas of 
the plants, because of the high proportion of calcifcation dust on equipment and 
props and contamination of ground factories around the equipment; 

• Need to embark on granting incentives (moral and material) to members in ac-
cordance with the methodology (to complete development of a proposed mech-
anism), and to reconsider the decision to cancel the annual benefts division of 
LISCO to workers; 

• The need to update the job description of the company’s employees in accordance 
with the methodology of the program of TPM; 

• The need to include activities (Total Productive Maintenance), weekly and monthly 
reports of the sections and departments and discussed within its regular meet-
ings; 

• The need for the implementation of workers and encourage them to provide and 
implement proposals to improve their work sites. 



vironment of the case studies subject of this research. 

This empirical study produced some fndings that showed signifcant consistency when 
compared to the initial framework. Howbeit, these fndings showed signifcant dif-
ferences in the TPM barriers and factors, and hence, the initial framework has to be 
revised and improved (Figure 6.1).  
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6.3 Revising the theoretical framework 

Most of the key elements constituting the TPM framework discussed earlier in Chap-
ter 3 , i.e. TPM pillars, TPM effectiveness, TPM foundations, and TPM targets (Fig-
ure 3.3). Moreover, the TPM defnition, main barriers of TPM implementation were 
discussed therein as well. Further, these topics were investigated in relation to the en-

FIGURE 6.1: Revised TPM framework. 

6.3.1 List of revised TPM pillars 

1. Focused Improvement; 

2. Autonomous Maintenance; 

3. Planned Maintenance; 

4. Education and Training; 

5. Safety, Health and Environment; 
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6.3.2 List of ranked factors affecting TPM implementation 

According to the fndings of this study, the ranked factors that directly affect the TPM 
implementation in LISCO are: 

1. Management Commitment (MC); 

2. Training & Education (TE); 

3. Employee Involvement (EI); 

4. Motivation, Rewards and Recognition (MRR); 

5. Pilot Project and Gradual Implementation on Model Machines (PPGI); 

6. Performance Measurement of TPM (PM); 

7. Existing Maintenance System, Equipment & Workplace Conditions (EMS); 

8. Implementation Plan and Process (IP); 

9. Resource Allocation for Implementation (RA); 

10. Coordination and Leadership (CL); 

11. Cultural Change, Beliefs and Acceptance (CC); 

12. Time Allocation for Implementation (TA); 

13. Cooperation (CN); 

14. Alignment to Company Mission (ACM); 

15. Availability of Information and Documentation (AID); 

16. Empowerment (ET); 

17. Effective Communication (EC); 

18. Formation of TPM Offce and Steering Committees (FSC); 

19. Integration with Other Manufacturing Management Programs (IMM). 

20. Union Participation and Acceptance (UPA). 

6.3.3 TPM tools and techniques 

According to the fndings of this study, the TPM tools and techniques that directly 
affect the TPM implementation in LISCO are: 

1. OEE; 

2. 5S’s; 

3. One Point Lessons (OPL); 

4. Activity Board (AB); 

5. CMMS; 
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6. Why-Why Analysis (WWA); 

7. YokE-PokE (YP); 

8. Tagging (TG); 

9. PDCA; 

10. SPC. 

6.4 The Cost Benefts and The Effectiveness of TPM frame-
work 

Cost beneft analyses usually uses monetary criteria to evaluate all considerations. This 
path works well in traditional economic analysis where most factors can be easily quan-
tifed. However, when non priced values are considered, the practice of valuing all 
inputs to a cost beneft analysis in monetary terms becomes unworkable. 

The adoption of Total Productive Maintenance is not easy, as it represents a radical 
change in the culture of organizations, because they require the management to change 
its program and let the staff learn from the experts during the performance of work, as 
the continuous improvement requires a new way to manage the work. This does not 
involve just issued orders to employees, but must ask them to think about, and partici-
pate in, the process of organizing the work, because all members of the organization, in 
accordance with the principle of TPM, may have been trained within the organization 
and therefore it is expected from them to analyze the processes and work together for 
the improvement and development, as well as to focus on autonomous maintenance 
and participation of employees. 

Successful implementation requires the participation of every person who has a di-
rect or indirect impact on the effectiveness of the equipment. Everyone should know 
the value and importance of the performance and reliability of the equipment and their 
role in this area. 

The fnal outcome of the comprehensive maintenance system shows that taking care 
of the equipment by the operators is of great importance. Moreover, the fndings also 
showed that the performance and reliability of equipment are the main pillars of the 
competitiveness in all activities, whether productive, commercial, residential or public 
services. As a result, it will increase equipment reliability and reduce operating costs 
and will enable the business forecast and makes humans focus on raising the overall 
effectiveness of the equipment. 

The achievement of all this comes through creating an appropriate environment for 
the application of this new concept with its new cultures, as well as, the promotion of 
the program by organizing lectures, conferences or training sessions to introduce the 
concept of TPM and its benefts to the organization. 

In fact, the costs of the implementation of TPM programs are diffcult to determine 
because of the overlap between the production process and the maintenance process. 
However, Ingalls (2013) talking from his experience and replying to the question "what 
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is the typical cost of TPM implementation?", he mentioned that, in particular as a con-
sultant to hundreds of plants since 1991, it has been shown that an expected start-up 
cost can be estimated to about 10-20% increase of budget in training and about 15% in-
crease in maintenance costs for the frst two years if a 10% plant coverage is attained by 
year one (20% by year two). This investment goes down signifcantly if only a couple of 
machine centres or units are piloted. In general, if the desire is to slow the integration 
of the frst year (1-3 pilots only), maintenance costs and training costs may be slight 
and can often be covered with only slight budget overruns. Here, it should be noted 
that most of the authors agreed that the costs of the implementation of TPM is con-
sidered not signifcant compared to the costs of not implementing TPM. However, the 
beneft of TPM effectiveness is the OEE. One of the ways to calculate this is the impact 
of taking critical equipment (could be 25-30% of the process) to 85-90% of the overall 
OEE, which includes, the availability rate, the performance rate and the quality rate. 

With this in mind, the supervisors of the company’s overall maintenance program in 
this study believe that TPM is achievable and the possibilities needed to implement 
this project mostly depends on the organizational, administrative and media side re-
quirements and this is simple when compared to the numerous benefts to be achieved 
through the application of the overall productivity of maintenance strategy, however, 
the costs of the application depends on the following: 

• The existing maintenance programs used in the plants; 

• The operational age of the equipment; 

• The frequency of implementation and operation conditions. 

As a promotion to the program, lectures should be organized, as well as conferences 
or training sessions to introduce the concept of TPM and its benefts to the organiza-
tion. In LISCO, about 2150 employees had been trained just by year 2008. This number 
increased to 3932 employees at the end of 2010. This was just about the awareness 
sessions. Furthermore, the TPM lessons, one point lessons (OPL), the transfer of exper-
tise between operators and maintenance personnel, were continuously made as needed 
during daily working hours. Table 6.2 shows the employees’ number for TPM aware-
ness sessions in 2008. Furthermore, the consultancy expenses were one of the TPM 
implementation costs within the company. The cost of the external consultant, who 
was hired to oversee the application processes, was about 2,000 Euros. The consultant 
visited the company eight times until the beginning of 2011, and each visit lasted from 
three to four days. These costs are excluding the accommodation expenses. 

Calculating the speed or performance losses as well as quality losses should be best 
done on equipment-based method and not on plant-based method. The procedure of 
removing the losses, bottlenecks, and constraints are other beneft of TPM implemen-
tation. Furthermore, increasing the reliability of equipment is a savings point to show 
lower costs from increasing the time between failures. 

As a result of the implementation of TPM in LISCO and according to the study on 
the framework and the steps referred to therein, it is evident that there is a marked 
improvement in production rate, stoppage time and the rate of defective and rejected 
items. The following Table 6.2 and Figure 6.2 and Figure 6.3 show the outputs of the 
year 2008 compared to the three proceeding years. 
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This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis 
can be viewed in the Lanchester Library Coventry University.

TABLE 6.1: TPM awareness sessions in LISCO ((LISCO, 2010)). 

This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis 
can be viewed in the Lanchester Library Coventry University.

TABLE 6.2: Key performance indicators longitudinal rolling mill plants 
in LISCO (Vorne, 2008) 
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This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis 
can be viewed in the Lanchester Library Coventry University.

FIGURE 6.2: Change rate of the defective and rejected production in TS-4 
& TS-5 ((LISCO, 2010)). 

This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis can 
be viewed in the Lanchester Library Coventry University.

FIGURE 6.3: The Impact of TPM on Production Time and Stoppages, 
2008 compared to 2005-2007 ((LISCO, 2010)). 



Chapter 7 

Conclusion and recommendation 

7.1 Introduction 

The study contains complete elaboration of the factors that affect the implementation 
of TPM. The main objective of the study was to evaluate and defne the factors that 
are specifcally faced within the manufacturing industries in Libya. The methodology 
adopted in this study is based upon phenomenology and research design of the case 
study and approach as well. An adequate amount of data from the relevant sources 
were collected for achieving the main objectives of the research. Secondary data were 
collected and has been discussed in the literature for understanding the basics of the 
TPM, its implementation and other associated factors. The primary data were collected 
through the interviews, questionnaires, document review and to identify and evaluate 
the factors and supporting tools that are limiting the implementation of TPM within 
Libyan Iron and Steel Company (LISCO). 

A theoretical framework was developed while considering the fndings of the relevant 
case study to shape the framework according to the need, which would further help the 
researcher in providing a dimension for achieving the objectives of the research. The 
research aims and objectives were also considered throughout this study. The frame-
work developed then helped in achieving the aims and objectives of the research and 
helped in highlighting the factors and barriers faced during the implementation of TPM 
and also helped in elaborating the techniques and methods adopted for implementing 
TPM. The interviews developed were semi-structures to completely evaluate the bar-
riers faced while implementing TPM in Libya. Questionnaires were also distributed 
among the people involved in the implementation of TPM to support and brief the 
fndings. Further, documentation reviews were also used to check how was the appli-
cation of the program and the tools and techniques used when applying TPM. 

The data or information collected through the responses of the individuals through 
questionnaires and interviews were analysed and discussed. This analysis was done 
to identify the factors that are highlighted overall through the responses as the factors 
that have an infuence over the implementation of TPM specifcally within LISCO, with 
complete identifcation of the factors and the TPM activities. 

7.2 Meeting the aims and objectives of the research 

The overall research question was answered through achieving the aims and objectives 
of this study. Hence, to “investigate the factors affecting the successful implementation 
of TPM in LISCO”, was the precise aim of this research. Ultimately, this aim has been 
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achieved successfully through the research objectives being fulflled. The specifc ob-
jectives of this research are defned accordingly as: 

First, to achieve a theoretical understanding of total productive maintenance, other 
type of maintenance and TPM supporting tools, and TPM pillars, a survey of relevant 
literature has been stated in chapter three. This chapter also reveals, defnition and phi-
losophy of total productive maintenance, TPM elements, TPM general barriers factors, 
TPM benefts, TPM implementations steps. , general factors affecting successful im-
plementation of TPM have been identifed. In this study most of the common factors 
affecting TPM, which were previously found by many authors, have been presented 
in the literature review chapter and, summarising the TPM key supporting tools, and 
summarising of common factors affecting TPM implementation in (table 3.4). Conse-
quently, identifying the general factors affecting successful TPM implementation has 
been successfully achieved. 

Second, this research has adopted systems and qualitative and quantitative approaches 
in order to gain a wider understanding of TPM activities, TPM factors, supporting tools 
in the case study organisations. It also strengthens the earlier emphasis from social re-
searchers for consistency between the purpose of research and its theoretical, method-
ical and methodological choices. Therefore, the objectives of this study " to assess the 
existing TPM activities within LISCO plants " has been successfully achieved. 

Third, this research found the extent to which the Libyan manufacturing environment 
suited to the implementation of TPM pillars, and TPM supporting tools. Furthermore, 
some other unique fnding regarding TPM implementation (presented in chapter 6 ) 
in the case study organisations. Consequently, examination the extent to which the 
Libyan manufacturing environment case study organisation suited to the implementa-
tion of TPM pillars and TPM supporting has been successfully achieved. 

Fourth, the theoretical understanding obtained from the literature survey, a theoreti-
cal framework of implementing TPM successfully was developed (Figure 3.3) and has 
been revised in Figure 6.1. Consequently, investigating the factors of TPM implemen-
tation and TPM supporting tools, and developing a generic framework of TPM imple-
mentation within Libyan heavy industry has been successfully achieved. 

7.3 Contribution to knowledge 

A signifcant amount of research was not conducted regarding TPM in general and 
specifcally this scarcity of research was observed for the under developed or develop-
ing countries including Libya. This study would act as an increment for the previous 
studies as this study contains either theoretical and empirical factors or aspects. The 
theoretical value of this research could be understood through following: 

• The key factors of TPM activities were summarised and tabulated (Table 3.4). 

• Common tools and techniques supporting the implementation of TPM system in 
the organisation were summarised and tabulated(Section 3.11 and Table 3.2). 

• A framework of implementing Total productive maintenance introduced (see Fig-
ure 3.3). It was revised and presented in Figure 6.1. 
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• The signifcance of the TPM system and the knowledge required for understand-
ing its advantages for the industrial sector and other companies within develop-
ing countries and Libya specifcally, has been shown empirically. It can help in 
increasing the knowledge or information regarding TPM system and its imple-
mentation. 

Basically, this research or study is the frst one that has evaluated TPM system and its 
associated factors specifcally in the context of the Libyan industrial sector. It has also 
highlighted the barriers that might be faced throughout the study. 

This study basically helped in flling the gap of knowledge and studies for Arabian 
countries and specifcally Libya. 

Consistency and resemblance were observed within the results obtained through this 
study and the relevant studies conducted by other researchers. Hence this study added 
to the reliability of other researches. 

Some of the result fndings were unique considering the Libyan culture and values 
as they have not been studied before, hence not addressed in the literature as well. 

7.4 Recommendations 

• Spread the concepts and principles of Total Productive Maintenance in the com-
pany and make it the responsibility of everyone. 

• Increase the skills and knowledge of the operators to carry out autonomous main-
tenance through their participation in training program. 

• To execute intensive awareness training courses for engineers, technicians and 
operators to identify the concepts and principles of TPM. 

• Adoption of the Information System Department based on scientifc grounds in 
documenting the data and information for all activities of Total Productive Main-
tenance. 

• Researcher recommends when making an assessment of TPM in the company 
that all managers participate. 

• Mainstreaming checklist to all branches of the maintenance department, all plants, 
department training, research and development, quality control, department of 
quality, safety and environment department and all other departments in the 
company. 

• Researcher recommends when applying the principles of Total Productive Main-
tenance, to work in light of the proposed improvement plan. 

• Spreading a culture of continuous improvement and to encourage employees to 
apply. 

• Encourage the small groups activities to study all the problems related with ma-
chines, equipment and environment and conditions work, and fnding solutions 
to those problems. 
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7.5 Future Work 

It would seem that one major trend for further study could be towards using the same 
framework of this study with other organisations which would extend the results and 
fndings of this study and would also contribute towards a wider frms, thus in part re-
solving its problems. In this direction further research can be undertaken for example, 
to: 

• Investigate and identify the barriers and factors affecting successful implementa-
tion of TPM in other industry. The methodology developed for the steel industry 
can be readily extended to other application areas within the continuous process 
industry. Based on the taxonomy developed, industries such as metal, pharma-
ceutical, textile and cement will be a good ft to adapt TPM or other lean tools 
that were developed for the steel industry. This could help make a comparison of 
real life practices between heavy and other organisations operating in Libya. 

• Replicate this study with similar frms in other countries in order to conduct a 
comparative analysis to facilitate the development of better understanding of the 
issues which have been investigated. The similarities and differences of environ-
mental and internal factors would permit further explanation of how the charac-
teristics of organisations, across different countries work. Such an investigation, 
in the context of similar organisation in different countries, would assess the va-
lidity of the fndings and conclusion reached by the present study. 

• The present study was conceived as an initial investigation into an area of to-
tal productive maintenance in Libyan organisations, but obviously it cannot deal 
with all of the ramifcations of the maintenance and management problems. There-
fore further studies can be conducted to investigate in depth other issues, includ-
ing for example, quality in maintenance and continuous improvement, manage-
ment and cultural transferability, managing change in maintenance, and etc. 

• Further studies can be conducted to test and evaluate the steps that were sug-
gested by many authors to implement TPM through the proposed framework. 

• Finally, as the present study has identifed factors affecting successful implemen-
tation of TPM, it would be very interesting and useful to study further how these 
factors and obstacles can be overcome by developing a suitable framework built 
on the fndings of this thesis. It is suggested to use the theoretical framework that 
was derived in this research (section 6.2, fgure 6.1) which could help with such 
future studies. 

7.6 The Research delimitations 

This research will be limited to explore Total Productive Maintenance and its factors 
at Libyan Iron and Steel company (LISCO) in the Libyan manufacturing environment. 
and the delimitations are: 
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7.6.1 Management Level 

The research was limited to TPM participant who are very close to TPM activities. They 
were distributed through three management levels: level one (LI) includes top manage-
ment and seniors of TPM. Level two (L2), includes TPM pillars’ chiefs, managers and 
supervisors. Level three (L3) includes the members of small activities’ groups. 

7.6.2 Business unit 

The research was limited to two plants only, Bars and Rods Mill (TS-4) unit, and Light 
& Medium Sectors Mill (TS-5) unit. They were selected due to their advanced stage of 
the implementation process of TPM. 

7.6.3 Geographical demarcation 

The components of this study is limited to the Libyan manufacturing environment, 
thus, one of the limitations of the case study is not being able to generalize the results 
obtained. Therefore, the research’s sample size was limited in terms of number, type, 
and location of participating organizations which may impact the generalizability of 
the fndings. However, it is possible to implement the results in other Libyan organi-
zations because of the culture similarity and work environment, as well as within the 
Arab countries and North Africa region. 

7.6.4 The effect of Libyan crisis on LISCO 

The Libyan Crisis refers to the ongoing confict in Libya, beginning with the Arab 
spring protests, which led to the frst Libyan civil war, foreign military intervention 
and the ousting and death of Muammar Gaddaf. The civil war’s aftermath led to vio-
lence and instability across the country, which erupted into renewed civil war in 2014. 
The ongoing crisis in Libya has so far resulted in tens of thousands of casualties since 
the onset of violence in early 2011. 

The Libyan Iron and Steel Company (LISCO) is caught up in this armed struggle that 
has enveloped the country as two rival governments vie for control four years after the 
ousting of colonel Muammar Gaddaf (Reuters, 2015). 

In August 2012 Libyan Iron and Steel Company has announced that it began to restore 
the productive effciency for the production of rebar after affected by the effciency of 
the operation of the company during the events in Libya in 2011, where the company’s 
production capacity of liquid steel of about 1.3 million tons and affected power supply 
to the company during the past period as well as the lines of communication and the 
restoration of part of the electric power company has been organized partly in oper-
ating iron production line moulded on the hot and the unity of the steel smelting and 
rolling lines (AISU, 2015). 

On the other hand, the Arab iron and steel union mentioned that power outages forced 
LISCO, which is one of the largest steelmakers in north Africa, to cut production and 
close one of its factories for melting iron. Moreover, the Libyan energy sector is wit-
nessing the worst unrest since the civil war broke out in 2011 as the impact of reduced 
production in the eastern gas felds needed to run power plants supplies (AISU, 2015). 
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The Reuters news report in May 2015 mentioned that the Libyan steel-maker (LISCO) 
is struggling to keep its mill rolling in a war zone. The power cuts off every night, 
shippers are reluctant to dock and foreign contractors are long gone. Moreover, LISCO 
Chairman, Mohamed Abdelmalik al-Faqih, may have an offce overlooking the Mediter-
ranean, but the steel plant in Misrata looks more like a military base where a tank 
guards the melt shops, mills and furnaces, and the nearby port is protected by anti-
aircraft guns. Furthermore, the position of the company is not good, even worse than 
2013 or 2014, but we are working, Faqih told Reuters in an interview. 
Moreover, power and gas shortages are perhaps the biggest day-to-day challenge for 
the energy-hungry steel business as more than a dozen oilfelds across Libya have been 
forced to shut due to protests, fghting and militant attacks (Reuters, 2015). 

As a consequence of such situation, the TPM implementation program is no longer 
the priority of the company and is considered to be placed on hold until the country 
stabilizes. 
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