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Process

Abstract

Remanufacturing is a process of bringing used products to a “like-new” functional state by
rebuilding and replacing their component parts. The practice has a low profile in world
economies, however, studies indicate that it obtains cost savings in the region of 20% to
80%, as well as quality similar to that of an equivalent “new” product. In fact, in excess of
73,000 firms are engaged in some sort of remanufacturing in the United States alone. The
key remanufacturing issues are the ambiguity in its definition and the scarcity of its analytic
models. The objective of the research was to address these issues, and was achieved using a
3-Phase research approach that followed Eisenhardt’s (1989) case study methodology.
Initially, the research examined remanufacturing operations in order to unambiguously
define it. Following this, the remanufactuning business process was modelled to define
remanufacturing in the context of its total system.

The research contributions are a robust definition of remanufacturing and a comprehensive
generic model of the remanufacturing business process. The research beneficiaries are
industry and academia, because the unambiguous definition permits remanufacturing to be
differentiated from alternative secondary market operations for the first time. This assists
researchers to explicitly understand remanufacturing so they can undertake effective
remanufacturing research and correctly disseminate their findings. The generic model is a
remanufacturing-specific, analytic error-reduction tool to reduce risk in remanufacturing.
The research originality is that for the first time remanufacturing has been analysed from a
business process perspective, an unambiguous definition of remanufacturing is determined

and a generic model of the remanufacturing business process has been established.
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Glossary
Build
Build describes the assembly or reassembly of components to obtain the remanufactured

product or sub-product.

Rebuilding

Rebuilding is the undertaking of work on a product or component. Bringing an undersized
shaft back to the required dimension by metal spraying would be described as the rebuilding
of that shaft. Extreme examples of rebuilding include reconditioning, remanufacturing and

repairing because they return the used product to the required specification.

Reclaiming
Reclaiming describes the prevention of a used product or component from becoming waste.
Thus all operations such as remanufacturing, reconditioning and repairing are reclaiming

operations because they return used products to a condition that allows their reuse.

Refurbishing,

Refurbishing is used to describe the rebuilding of a used product or component back to a
range of satisfactory working condition. The working condition may be below the original
specification depending on the customer’s requirement. Extreme examples of refurbishing

include repairing and reconditioning and even remanufacturing,

Reverse engineering
Reverse engineering refers to the situation where a remanufacturer analyses a correctly
functioning product to obtain information with which to rebuild it to the required

specification on its failure. Remanufacturers resort to reverse engineering when Original
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Equipment manufacturers (OEMs) refuse them the product information that they need to

rectify used products.

The contract remanufacturer

Contract remanufacturers operate under licence to onginal equipment manufacturers
(OEMs). The requirements and obligations of the contract depend on agreements between
the parties involved. For example, some contract remanufacturers can undertake some
simple redesign of the OEM product. Others may substantially limit costs by having the
OEM train their personnel in the more difficult aspects of remanufacturing or fund in-house
design and development of remanufacturing equipment. However, they will have restrictions
placed on them by the OEM company. These may include having to use only the OEM’s
genuine spares (parts) for the remanufacturing operation. They must also allow the OEM to

evaluate their processes and product quality frequently and sometimes at short notice.

The non-contract remanufacturer

The non-contract remanufacturer is independent of the OEM manufacturer. Such
remanufacturers acquire used products that they did not design, build or develop themseives
and remanufacture these for resale. These independent remanufacturers ofien experience
great difficulty in obtaining the design information that they require to undertake
remanufacturing because OEMs regard them as potential competitors and therefore

withhold information from them.

Original Equipment manufacturers (OEMs)
OEM:s is a term that describes the companies that design and develop products. Some such
companies may also remanufacture those products at the end of their life. Many OEMs

regard remanufacturers as competitors and withhold product information from them as a
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means of prohibiting the remanufacturing of their used products. Other OEMs may chose to
form contracts with remanufacturers. This allows them to easily keep control of their brand

name and collect valuable design information.

Intellectual property rights restriction (IPR) problems

(IPR) problems describes the set of problems that non-contract remanufacturers experience
because OEMs are often unwilling to release product information to them. These include
inability to undertake some remanufacturing jobs because the design information required to

undertake the jobs is unavailable to them.
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Chapter 1: Introduction

1.1 Introduction

As early as 1935 geologists noted that since the beginning of the last century the world has
exploited more of its mineral resources than in all preceding history (Vandermerwe and
Oliff, 1991). It is estimated that 4 billion tons of primary metals were used for production
between 1900 and 1950, but that 5.8 billion tons of metals were used between 1980 and
1990 alone. Many kinds of metals are used for manufacturing, but most of the rare metals

are discarded at the end of a product’s life without any form of reuse.

Because the world’s waste has grown exponentially each year from the 1950s onwards,
disposal methods such as landfills are becoming increasingly expensive as they are being
exhausted. The issue of scarcity and therefore high costs of raw materials and landfills has
prompted the rise of organisations that aim to link economic growth and ecological

concems.

Such organisations follow sustainable development ethics, which believe that excessive
plundering of the earth’s resources will alter the balance of the earth’s ecological system to
the extent that it will become unable to support life. The two general components to
sustainability are, living within the critical limits of the ecosystem and balancing social,
economic and ecological goals (Yamamoto, 1999). Industries considering the adoption of
sustainable development principles include agriculture, architecture and manufacturing

(Hormozi, 1996).

Manufacturing generates about 60 % of all non-hazardous waste per year (Nasr and Varel,

1994). In this area, asset and product recovery management (A&PRM) is being used for
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addressing the issues of sustainable development. Product recovery processes are forms of
A&PRM that can be used to address consumer, economic, and environmental concerns
(Hormozi, 1996). Product recovery processes are defined as industrial operations that
reclaim whole products or their component parts for reuse in the production process and

include repair, reconditioning, and remanufacturing.

This research acknowledges the importance of remanufacturing to sustainable development,
but it has sought to understand remanufacturing as a business process in contrast to most

earlier work that has investigated it largely from design and ecological perspectives only.

This initial chapter gives a brief overview of this thesis. This involves:

¢ Introducing the remanufacturing concept.

¢ QOutlining the economic importance of remanufacturing

e Stating some key remanufacturing problems

¢ Briefly explaining the significance of the research

¢ Identifying the domain of the research

o Qutlining the objectives of the research.

e Explaining the research questions.

¢ Stating the deliverables, originality and beneficiaries of the research.
¢ Explaining the research methodology.

e Describing the structure of the thesis.

1.2 The remanufacturing concept
Remanufacturing is the process of bringing used products (called cores) to “like-new”
functional state by rebuilding and replacing their component parts (Haynesworth and Lyons
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(1987)). The practice is particularly applicable to complex electro-mechanical and
mechanical products which have cores that, when recovered, will have value added to them

which is high relative both to their market value and to their original cost (Lund, 1984).

1.3 The significance of remanufacturing

Remanufacturing is important because researchers including Ferrer (1996), Hormozi
(1996), Ayres et al (1997), Guide (1999), Lund (1996), and McCaskey (1994) have shown
that it is an economically significant industrial activity. Although the industry’s scope in the
UK has not been analysed, research by Guide has revealed that there are in excess of 73,000
remanufacturing companies in the USA alone and that their combined sales exceed $53
billion per year. Haynesworth and Lyons (1987) proposes that remanufacturing can obtain
such economic benefits because its concept is to reclaim old components and use these in
the production process. According to researchers such as McMaster (1989), Guide, (1999)
and Lund (1984) this reduces the quantity of new material and the level of processing
involved in production so that production costs are lower in comparison to conventional

manufacturing.

1.4 Some key remanufacturing problems

Researchers such as Melissen and Schippers (1999), Ferrer (1997), and Nasre and Varel
(1997) propose that remanufacturing is poorly researched and misunderstood. The key
problems they identified include the insufficiency of remanufacturing knowledge leading to,
for example, its confusion with the alternative product recovery operations of repair and
reconditioning. They also state that there are problems associated with the scarcity of
remanufacturing-specific tools and techniques as well as the insufficiency of
remanufacturing research and publications. These research and the problems that they

identify are dealt with in more depth in chapter 2.

23



1.5 The significance of the research

This research is significant because it has addressed the major remanufacturing problems.
For example, obtaining a robust and unambiguous definition of remanufacturing helps to
resolve problems, such as the insufficiency of remanufacturing research, that result from the
shortcomings of current definitions of remanufacturing. This would allow academics to
conduct valid remanufacturing research, as they would understand remanufacturing
explicitly, and will be able to correctly disseminate their findings. Also, by developing a
generic and comprehensive model of remanufacturing, that can be used to analyse
remanufacturing operations, this research will allow the resolution of the inadequacy of
remanufacturing-specific tools and techniques. These developments could be used to help
to improve the efficiency and effectiveness of remanufacturing operations, as well as the

inadequacy of remanufacturing knowledge.

1.6 The domain of the research
The research lies in the domain of Production and Operations Management (POM) because
of the reasons given in section 3.6.2 and the phenomenon being investigated is the

mechanical and electromechanical sector of the UK remanufacturing industry.

1.7 Objective of the research
The aim of this research was to address the key remanufacturing problems that were

detailed in section 1.4. This involved achieving the following objectives:

1. Unambiguously defining remanufacturing.
2. Developing a standard flow-chart of the remanufacturing operation.
3. Identifying the key problems of the remanufacturing operation.

4. Validating the research findings.
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5. Articulating the findings in a format that remanufacturers and academics can use

easily.

1.8 Research question

The major research questions answered to satisfy the objectives of this research were:

e What is remanufacturing?

¢ How is remanufacturing undertaken?

e  What are the key problems of the remanufacturing operation?

¢ Is the new knowledge valid and useful?
For this research the validity issue was particularly important because there was an
inadequate body of literature to compare the authors results against. Hence the research
was designed to include rigorous testing of research evidence and findings.

¢ How can the new knowledge be made useful to others?

1.8.1 What is remanufacturing?

This question was key to the research, because successfully answering it permitted
remanufacturing to be differentiated from repair and reconditioning, and thereby paved the
way for remanufacturing problems to be effectively addressed. To answer this initial question,
the author investigated the remanufacturing operation through literature survey, and
observation of remanufacturing companies supported by interviews with key company
personnel. The unambiguous definition is presented in chapter 7 where it is also compared

with repair and reconditioning.

1.8.2 How is remanufacturing undertaken?
It was important to answer this question s in order to provide information with which to

illustrate how the remanufacturing operation functions. Answering this question involved the
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author observing remanufacturing operations at first hand and also interviewing
remanufacturing practitioners to obtain a list of company-specific flow charts of the
remanufacturing operation. These flow charts were then compared so that similarities
between the operations could be drawn out and used to develop generic flow charts. Two
generic flow charts were obtained, one for contract remanufactures and another for
independent (non-contract) remanufacturers. These generic flow charts are presented in

figure 6.7 in chapter 6.

1.8.3 What are the key problems of the remanufacturing operation?

It was necessary to answer this question in order to identify the causes of inefficiency and
ineffectiveness in remanufacturing operations so that effort could be focussed on them.
Here valid answers were obtained mainly by observing remanufacturing operations and
discussing them with practitioners. This was critical in order to obtain information that was
valid to the research domain and thereby ensure that the results would be firstly, valid to

them and, secondly, address their most pressing needs.

1.8.4 How can the new knowledge be made useful to others?

This question was important in order to ensure that new knowledge obtained from the
research was presented in a format that both academics and remanufacturers could
manipulate to solve their remanufacturing-related problems. This involved identifying a
method that could be used to effectively articulate complex information, but that would also
be comprehensible and easily accessible to remanufacturers and academics. This led to the
development of a robust model of the remanufacturing business process. Because the model
displays the resource required in all areas of the remanufacturing business process it can be
used as an analytic remanufacturing-specific tool for improving the efficiency and

effectiveness of remanufacturing operations. This model addressed the need for a
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remanufacturing-specific tool. Also, because the model is easy to understand and use

practitioners would be able to manipulate it to improve the performance of their operations.

1.8.5 Is the new knowledge valid and useful?

It was important to answer this question in order ascertain whether the research had
succeeded in obtaining correct results that would be useful to practitioners. This question
was answered by having a carefully selected panel of practitioners use the “validation by
review” method (Landry ef al. 1983) to assess whether the model satisfied the “The needs
of practitioners” (Thomas and Tymon, 1982). The validating criteria were the usefulness,
sufficiency and clarity of the model. The usefulness of the research findings is illustrated by
its ability to help academics and practitioners in the ways indicated in the beneficiaries of the

research in section 1.10.

1.9 The deliverable and originality of the research

The principal deliverables of the research were:

1. A flow chart of the remanufacturing operation.
2. A robust and unambiguous definition of remanufacturing.
3. A comprehensive generic model of the remanufacturing business process.

The research is original because the literature indicates that it is the first time that:

1. Remanufacturing has been analysed from a business process perspective because
earlier research has largely examined it from an engineering design and ecological
viewpoint. This permits it to be recognised as a unique business process with great

economic significance, and with problems that require specific solutions.
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A robust and unambiguous definition of remanufacturing has been determined,
which for the first time allows that process to be differentiated from repair and
reconditioning, and thereby help to alleviate confusion between secondary market
operations.

A comprehensive model of the generic remanufacturing business process has been
developed. The model is also an analytical tool that can be applied to solve problems
that are unique to remanufacturing and so help to resolve the problems associated
with the scarcity of remanufacturing-specific tools and techniques.

It is the first time that a standard flow chart for the remanufacturing operation has
been determined.

The research has determined that there are two standard remanufacturing flow
charts. One for remanufacturers that have contracts and another for independent
remanufacturers (those without contracts).

The “investigate core” sub process has been identified as a critical element of the
remanufacturing process.

The processes of assessing the suitability of components for reuse, the “assess
component” activity has been identified as the complicating factor in core

investigation.

1.10 The beneficiaries of the research

The main beneficiaries of the research are industry and academia.

In the case of academia, current remanufacturing research and literature is insufficient and

inadequate. This is said to result from the scarcity of analytic models of remanufacturing

(Guide and Gupta 1999) and the ambiguity in the definitions of product recovery processes

such as remanufacturing (Mellissen and Schippers, 1999).
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The robust definition of remanufacturing would help to alleviate the confusion in the
definitions of secondary market operations because it would permit unambiguous
description of remanufacturing for the first time. This would enable researchers to correctly
understand remanufacturing so that they could undertake effective remanufacturing research
and also clearly and explicitly describe and disseminate their findings. Also, the
comprehensive model of the remanufacturing business process is a tool that could be used
to analyse and describe remanufacturing operations and businesses so that they can be better
understood. These developments could help to address the inadequacy of remanufacturing

knowledge.

In the case of industry, practitioners require remanufacturing-specific tools because they
believe that the scarcity of effective remanufacturing tools and the shortcomings of
remanufacturing research are key threats to their industry. These issues are described
through the work of researchers such as Guide and Srivastaval999c; Mellissen and
Schippers, 1999; Weindahl and Burkner, 1999, Farley and Fourcaud, 1992; Guide, 1999;

Whybark and Ferrer, 2000 that are presented in chapter 2.

The model displays the resources required in the sub processes of the remanufacturing
business process, including the remanufacturing operation. This could help to alleviate the
ignorance and confusion surrounding the practice of remanufacturing, so that
remanufacturing expertise could be enhanced. When used as an analysis tool it could help
remanufacturers to improve their operations and to easily design effective and efficient

remanufacturing operations.

1.11 Methodology

The design of this research is based on the qualitative paradigm. A multiple case study

29




approach was selected and Eisenhardt’s (1989) case study theory building framework was
used as an effective structure for undertaking the tasks specified in the research design. The
eight activities of Eisenhardt (1989) methodology are; getting started, selecting cases,
crafting instruments and protocol, entering the field, analysing data, shaping hypothesis,
enfolding literature and reaching closure. The main reason for using the Eisenhardt
framework was that it is a user-based research mechanism and therefore is highly likely to

obtain findings that truly address the needs of remanufacturing practitioners.

1.12 The structure of the thesis
The structure of the thesis is illustrated in figure 1.1. The contents of its eleven chapters are

described below.

Chapter 1 provides a brief overview of the research. It presents the reasons for undertaking

the research as well as its beneficiaries, originality and contribution to knowledge.

Chapter 2 provides the background to the research. It presents information about the
remanufacturing concept and the remanufacturing industry. This involves stating the
working definition of remanufacturing, outlining the origins of the remanufacturing concept
and describing some charactenstics of the remanufacturing industry. Also, it uses the
literature to illustrate the significance of remanufacturing in terms of its ability to obtain
profits for the producer. Additionally, it examines the scope of current remanufacturing
knowledge and uses the literature to identify gaps in remanufacturing research and thereby

explain the case for the research.

Chapter 3 is concerned with the design of the research and discusses the philosophical

paradigm upon which it is based. It explains the rationale for the choice of research methods
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and the research methodology. Also, it describes how the selected research methods were

used as well as the measures taken to ensure the validity of research findings.

Chapter 4 describes the Phase 1 case studies and presents their overall structure. Also, it
presents each individual case and their conclusions. The Phase | case studies were the series
of one-day observational studies that studied the remanufacturing operaticn to define

remanufacturing.

Chapter 5 is concerned with the combined conclusions of the Phase 1 cases and describes
the current remanufacturing practices that they revealed. This includes the flow chart of the
remanufacturing operation that the author has developed. This chapter also describes the
characteristics of typical remanufacturing operations and explains their primary production

control issues.

Chapter 6 is concerned with the Phase 2 case studies which are the in depth studies that
were used to validate the Phase 1 findings. It provides the overall structure of these case

studies and presents the individual cases.

Chapter 7 presents the author’s new robust definition of remanufacturing that will allow
remanufacturing to be distinguished from repair and reconditioning for the first time. This
involves explaining the new definition by comparing remanufacturing with repair and
reconditioning. It highlights the differences in quality standards between products obtained
from these alternative secondary market operations by placing them on a hierarchy based on

the performance of their products as well as the work content that they require.
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Chapter 8 uses the literature and personal experience to explain the rational for using the
[DEFO technique to model the remanufacturing business process. IDEFO is a process
modelling technique that provides a picture of the activities and flows of a process or

system (Smart ef al. 1995).

Chapter 9 is concerned with the building of the generic model. It explains the modeiling of
the remanufacturing business process using the IDEFO technique. This involves describing
the Phase 3 case study. During the Phase 3 case study a company-specific mode! was
developed for use as a foundation for developing the generic model of the remanufacturing

business process. This chapter also explains the usefulness of the model.
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Chapter 10 describes the validation of the model. The “validation by review” method
(Landry ef al. 1983) was used to assess the model in terms of its ability to satisfy the needs
of the practitioner (Thomas and Tymon, 1982). It also provides details about the evaluating

panel and records some of the uses that they have proposed for the model.

Chapter 11 is the conclusion and therefore summarises the research and its findings. It also

identifies some remanufacturing issues that require further research.

The Appendices has eight sections. There are separate sections for the following
information:

The company specific model of remanufacturing that was used as a foundation for
developing the generic model, IDEFO information leaflet, the prototype gen'eric model of
remanufacturing ( the generic model prior to its validation), the model description manual,
the completed initial feedback sheets, the completed secondary feedback sheets, the
Biffawards (the award that a government body gave for the research results) and the

validated generic model.

1.13 Summary

The objective of this chapter was to introduce the research. It stated the purpose of the
research and identified its deliverables, beneficiaries and originality. It also presented the
major research questions and the research methodology. Additionally, it has described the

structure of the thesis.

The following chapter explains the importance of the remanufacturing concept.
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Chapter 2: The significance of remanufacturing

2.1 Introduction: Objectives of the chapter

This chapter sets the context for the research. It provides basic information about the
remanufacturing concept. This involves stating the author’s working definition of
remanufacturing, outlining the origins of the practice and describing some characteristics of
the remanufacturing industry. It explains the significance of remanufacturing in terms of its
ability to obtain profits for the producer. Also, it examines the extent of current

remanufacturing knowledge and identifies gaps in the literature to justify the research.

2.2 The definition of remanufacturing initially adopted by the research

Currently there are many interpretations of the term remanufacturing. Researchers such as
Krupp (1992) define remanufacturing as “Refurbish or rebuild”. However, refurbish s used
to describe a range of operations that are used to reclaim used products including repair and
reconditioning. Others, for example Boyer (1992) and Dreckshage (1992) have even
questioned the existence of significant differences between remanufacturing and

conventional manufacturing,

Haynesworth and Lyons (1987) published one of the first definitions of remanufacturing
when they described it as “a process of bringing a product to like-new condition through
replacing and rebuilding its component parts”. The definition is very similar to that favoured
by many of the better-known researchers such as Lund (1984), Amezquita ef al. (1996) and
Guide (1999). The author initially adopts the definition of remanufacturing proposed by
Haynesworth and Lyons (1987) as a working definition that may be altered as the research
uncovers further information. Later chapters will explain whether the working definition

should be amended.
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2.2.1 Other remanufacturing-industry definitions used in this thesis

In order to be able to effectively discuss the research with practitioners the author adopted
some terms that are commonly used in the remanufacturing industry. These are used often
in this thesis and include build, rebuilding, reclaiming, refurbishing and reverse engineering.
With the exception of reverse engineering these terms are used interchangeably within the
industry and therefore can apply equally to remanufacturing, reconditioning and repair. This
sttuation illustrates the scale of confusion that exists in the definitions of secondary market
operations. The definitions of these terms adopted in this thesis is provided in the Glossary

on page 19

2.3 History of remanufacturing

The principle of remanufacturing is not new. In fact many old industries such as the vintage
car market have always relied on it. In Britain, for example, J and E Hall Ltd., until recently
a member of APV Holdings Group Ltd, was remanufacturing its own compressors at its
Dartford site as far back as the 1940s. What is new is the concept of remanufacturing on a

mass scale and involving products that the remanufacturer did not originally build.

In the U.S, the first record of remanufacturing by an independent operator is credited to
Albert Holzwasser who formed The Arrow Automotive Industries in Boston in 1929
(Haynesworth and Lyons 1987). According to Clegg and Williams (1995) the major cost of
producing complex products results from the material and processing resources.
Haynesworth and Lyons (1987) and Lund (1984) among others claim that remanufacturing
lowers production costs so that products can be offered to customers at much lower prices

in comparison to conventionally manufactured alternatives.
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2.4 The remanufacturing industry
The remanufacturing industry can be discussed in terms of the characteristics that make a
product remanufacturable, the sectors of the remanufacturing industry and the types of

remanufacturer.

2.4.1 Characteristics of remanufacturable product
While conventional manufacturing is relevant to products of any material composition,
remanufacturing is applicable only to a subset of durable products. Andreu (1995) gives the

following list of the essential characteristics of remanufacturable products:

I. The product has a core that can be the basis of the restored product. A core is the used
equipment to be remanufactured.

2. The product is one that fails functionally rather than by dissolution or dissipation.

3. The core is capable of being disassembled and of being restored to original specification.

4. The recoverable value added in the core is high relative to both its market value and its
original cost.

5. The product is one that is factory built rather than field assembled.

6. A continuous supply of such cores is available.

7. The product technology is stable.

8. The process technology is stable.

2.4.2 Sectors of the remanufacturing industry
The remanufacturing industry embraces a diverse range of products. According to Petrakis,
(1993) these fall into four main sectors: industrial, commercial, automotive and domestic

products.
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The industrial sector is concerned with products that are frequently custom-made such as
hydraulic products, heavy-duty diesel engines and process valves. Examples of products
from the commercial sector include office machinery, refrigeration compressors, vending
machines and communication equipment. The automotive sector is by far the largest sector
of the remanufacturing industry. The largest numbers of automotive remanufacturers serve
the replacement parts businesses for vehicles. There is a large variation in the complexity of
remanufactured products in this sector ranging from motor rewinding to remanufacturing of
complete diesel engines. Lund (1984) has stated that the domestic sector is the smallest sub-
group and that business in this area is primarily confined to appliances such as power tools
and lawn mowers. He explains that consumer prejudice towards used goods has hampered

the expansion of this sector of the remanufacturing industry.

2.4.3 Types of remanufacturing practitioners
Lund (1984) has identified three types of remanufacturing practitioners. These are the
original equipment manufacturer (OEM), the independent (non-contract) remanufacturer

and the contract remanufacturer.

2.4.3.1 The original equipment manufacturer (OEM)
The original equipment manufacturer (OEM) makes and sells both new and remanufactured

versions of its own products.

2.4.3.2 The non-contract remanufacturer

Non-contract remanufacturers are independent of the OEM manufacturer. Such
remanufacturers acquire used products that they did not design, build or develop and
remanufacture these for resale. Lund (1984) states that these independent remanufacturers

often experience great difficulty in obtaining the design information that they require to
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undertake remanufacturing because OEMs regard them as potential competitors and

therefore withhold information from them.

When OEMs refuse to release product information, independent remanufacturers often
attempt to obtain required technical information by reverse engineering or by resorting to
industrial espionage. In this instance reverse engineering refers to the situation where a
remanufacturer analyses a correctly functioning product to obtain information with which to
rebuild it to the required specification on its failure. Both of these are poor choices. The
former is expensive, time consuming and often ineffective while the latter can result in

substantial financial penalties.

2.4.3.3 The contract remanufacturer

These remanufacturers by-pass intellectual property rights restrictions (IPR) by
remanufacturing under licence to OEMs. Contract remanufacturers operate very much as an
extension of the OEM company and can often substantially limit training costs by having the
OEM train their personnel in the more difficult aspects of remanufacturing. The research
has identified additional benefits that contact remanufactures enjoy and these are explained
in section Chapter 4 for example under “Effects of contracts on level of uncertainty” as
detailed in “The author’s observations about Company E”. This issue of the advantages of

contracts is also discussed in chapter 5 in Section 5.5.

Research by Lund (1984) has revealed that, although the remanufacturing market is
dominated by OEMs and contract remanufacturers, the majority of remanufacturers are
independent small-scale operators. The research identified that there are differences in the
operations of contract and non-contract remanufacturers. These differences can be

appreciated by reading the descriptions of the case studies presented in chapters 4, 5 and 6.
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2.5 The major remanufacturing drivers

The major remanufacturing drivers are environmental concerns, legislation and cost
reduction (Amezquita ef al. 1996). Because this research is primarily concerned with
exploring remanufacturing as a business process this thesis will not discuss the specifics of
the environmental and the legislative remanufacturing drivers but rather refer the interested
reader to the extensive literature available in those areas. With regards to the environmental
and legislative remanufacturing drivers researchers such as Vandermerwe and Oliff (1991),
Yamamoto (1999), Hormozi (1996), Nasre and Varel (1994), Guide (1999), Lund (1996),
Lund (1984), Clegg and Williams (1995) and Tullip (1997), have written about the need to

reduce waste during production and the benefits of remanufacturing to that cause.

2.6 The cost reducing characteristics of remanufacturing
According to Lund (1996) and others such as Guide (1999), McCaskey (1994), Ferrer

(1996), Hormozi (1996) and Haynesworth and Lyons (1987) remanufacturing can obtain
significant profits for producers because normally the cost of conventional manufacturing
far exceeds that of remanufacturing. Studies by McMaster (1989) for example indicate cost
savings in the region of between 20% to 80% as well as quality comparable to that of an

equivalent “new” product.

Research by Lund (1984), Haynesworth and Lyons (1987), Guide and Gupta (1999) and
Hormozi (1996) among others indicate that the profits obtained through remanufacturing
result from its requirement for reduced levels of labour, energy, materials and disposal costs

in comparison to conventional manufacturing.

2.6.1 Reduced labour costs
Lund (1984) reports that remanufacturing is labour-intensive and simple to master and
therefore creates employment for low to moderately skilled workers. He states that 60% of
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the labour force of a typical remanufacturing company is semi-skilled or unskilled and,
specifically for the automotive sector, 32% of the workforce is unskilled. These conclusions
are supported by the findings of more recent studies. For example, Nasre et al. (1998) (in
Guide and Gupta, 1999) report that 85% of remanufacturing firms use manual conventional

equipment to process material.

The use of low-skilled workers can help to reduce production costs because such employees
require less remuneration in comparison to highly skilled labour. This assertion is supported
by research evidence. For example, studies by Hormozi (1996) have shown that a
remanufactured gasoline engine provides 33% savings in labour costs in comparison to a

conventionally manufactured alternative.

2.6.2 Reduced energy costs.

Lund (1984) proposes that the energy required to remanufacture a product is significantly
less than that required for conventional manufacturing because remanufacturing can capture
much of the energy originally used in making the product. That conclusion is supported by
the findings of many other researchers. Hormozi (1996), for example, states that a
remanufactured product requires 50% to 80% less energy to produce than a new product
and gives the example of remanufactured gasoline engines providing 50% savings in energy

costs when compared to conventionally manufactured alternatives.

2.6.3 Reduced materials costs.

Ayres ef al (1997) report that, in 1995, remanufacturing obtained material cost savings in
the region of $69.4 million for ARO Ltd. Also, researchers such as Lund (1984) and
Hormozi (1996) state that remanufacturing obtains these savings because more than 85% of

the weight of a remanufactured product is obtained from used components. Lund (1984)
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further explains that 12-15% of core weight in material is typically lost during conventional
manufacturing and that, when this is taken into account, the ratio of used to new
components in a typical remanufactured product may be as high as 9:1 for the more efficient
remanufacturers. The use of used products (cores) as a supply of material in production can
obtain savings because the cores are inexpensive (see for example Lund, 1984). In fact in

some instances remanufacturers can obtain cores free of charge.

2.6.4 Reduced disposal costs.

Research by Nasr and Varel (1994) and Vandermerwe and Oliff (1991) for example, has
shown that disposal methods such as landfills are increasingly expensive because available
sites are being exhausted. Hormozi (1996) reports that in the USA disposal costs were
estimated at $30 billion in 1992 but were predicted to rise to $75 billion by the year 2000.
Ayres et al. (1997) report that disposal costs represent 2% of direct production costs for

laser printers, 3% for cars and 12.5 % for refrigerators and freezers.

According to Clegg and Williams (1995) European (EU) regulations already require
companies to take back certain types of their waste and it is expected that the range of
products covered by these “take back™ laws will continue to increase. Ferrer (1996)
proposes that if firms become responsible for their used products, remanufacturing can help
reduce the financial penalties resulting from this. This is because remanufacturing uses
reclaimed components and therefore can provide companies with a profitable avenue for
“disposing” of their used products and components. Also, remanufacturing extends the life

of products and therefore delays their final disposal.

2.6.5 Examples of the profit and cost savings obtained from remanufacturing,

Hormozi (1996) proposes that remanufacturing can obtain profits in two major ways.
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Firstly, the cost of remanufacturing is lower than that of conventional manufacturing so the
remanufacturer makes profits from the cost saving obtained. Secondly, the company with a
broken product can sell it as a core (used product to be remanufactured) to a
remanufacturer, thus generating revenue while simultaneously avoiding disposal costs.
However the profits obtainable from selling cores is substantially less than that of
remanufacturing. This is because the price of cores must be low in order to support a viable
remanufacturing operation. For example, because the condition of the components of a core
cannot be accurately determined prior to its purchase, remanufacturers typically would not
purchase cores unless their price was low enough to warrant the risk of obtaining an

unusable core.

Studies by Haynsworth and Lyons (1987) and others indicate that remanufacturing has been
a viable economic activity for many decades. Many researchers including Hormozi (1996)
and Ferrer (1996) have documented the scale of profits obtainable through remanufacturing.
For example, Lund (1996) in Guide (1999) has shown that there are more than 73,000
remanufacturing firms in the United States and that the majority of them have annual sales
of at least $21 million while their combined sales exceeds $53 billion per year. Figure 2.1

illustrates the scale of savings and profits that are typically attributed to remanufacturing.
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publications by researchers such as those named in this paragraph for elaboration on these

additional remanufacturing benefits.

2.8 A comparison of remanufacturing and related production processes.
Conventional manufacturing, reconditioning, remanufacturing and repair are related in so
far as that they are all value adding industrial processes. All four convert material into
higher value products and have assembly as a sub-process. The following section examines
remanufacturing by comparing it firstly with conventional manufacturing and, secondly,

with reconditioning and repair.

2.8.1 Remanufacturing versus conventional manufacturing,

The major distinction between remanufacturing and conventional manufacturing is that
remanufacturing uses worn-out, discarded, or defective products as a primary source of
material while conventional manufacturing uses newly produced components (Lund, 1984).
This factor affects not only the production processes employed but also the contractual
relationship with customers, who may also be suppliers. Other differences observed by
researchers such as Guide (1999) and Whybark and Ferrer (2000) include testing and
inspection methods, the extent of design and development activities, the nature of inventory

and the degree of control over the operation.

Guide and Gupta (1999) have compared the testing and inspection needs of

remanufacturing and conventional manufacturing. The results of their analysis indicate that
in remanufacturing inspection must be rigorous and on a 100% basis because the incoming
material, the core, is known to be defective in some way therefore “cores are disassembled
to the part level before any decisions may be made about the required processing, or if the

part must be replaced”. That is in contrast to manufacturing where sampling plans and
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supplier assurance are the norm.

Other researchers for example, Lund (1984) and Andreu (1995) have analysed the extent of
design and development activities involved in conventional manufacturing and
remanufacturing operations. They state that in general, remanufacturing organisations will
engage in little if any design and development work. This is because research by Lund
(1984), Haynesworth and Lyons (1987) and Amezquita ef al. (1996) have shown that
remanufacturing rebuilds used products to like-new condition so original specifications are
used regardless of any evident design flaws. Manufacturing on the other hand is concerned
with design and development either for new product introduction or else to improve
existing products. As a result, in comparison to the remanufacturing operation conventional

manufacturing involves a much greater degree of design and development activity.

With regards to the nature of inventory, research by Lund (1984) and others have shown
that conventional manufacturing inventory is composed only of new component stock while
remanufacturing obtains a high proportion of its materials from used products so its
inventory stock will consist of both new and old components. Studies by researchers
including Guide (1999) as well as Guide and Srivastava (1997b) propose that
remanufacturing environments suffer from greater levels of uncertainty than conventional
manufacturing. They state that this makes production planning and control more difficult in
remanufacturing. For example, Devore (1992) proposes that “while the manufacturer has
blueprints and material specifications, remanufacturers must create the bill of materials
(BOM) by reverse engineering products with unknown quality levels”. In this instance
reverse engineering refers to the situation where a remanufacturer analyses a correctly
functioning product to obtain information with which to rebuild it to the required

specification on its failure.
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The degree of control that the practitioner has over their operation has also been compared
for conventional manufacturing and remanufacturing. Many researchers including Lund
(1984) state that because of the extreme levels of uncertainty in remanufacturing, the
remanufacturer generally has less contral over its operation than the manufacturer. The list
of causes of uncertainty in remanufacturing published by researchers such as Guide and
Srivastava (1997b), Guide (1999), Whybark and Ferrer (2000) include variability in demand
volume, core quality, core availability, variety in product type and availability of technical
knowledge. For example, remanufacturers typically accept all orders and cores offered but,
because of the high variety of product types, until cores are disassembled, it is never certain
whether there are appropriate resources to fulfil orders. Also, OEMs (original equipment
manufacturers) can create barriers to remanufacturing by refusing to sell replacement parts
to remanufacturers and by withholding the design and specification information that they
require to remanufacture (Lund, 1984). Guide and Gupta(1999), Guide and Srivastava
(1997b) among others state that such extreme uncertainty has significant implications for

scheduling, capacity planning and shop-floor control.

2.8.2 Remanufacture versus reconditioning and repair.

Remanufacturing, repair and reconditioning can all be described as product recovery
processes (see for example Melissen and Schippers, 1999). They share similar processing
structures including disassembly, test, rebuild and reassembly and according to Wiendahl

and Burkner (1999) have disassembly as an essential and initial activity.

Table 2.1 presents the definitions of the three processes proposed by Amezquita ef al.
(1996). It can be seen from this table that only remanufacturing is required to bring used
products to “like new” condition while repairing and reconditioning only need to get the

product “up and running” again.
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processes remanufacturing can benefit from some of the issues addressed by ecodesign

research.

For example disassembly is an essential activity of the remanufacturing operation (Wiendahl
and Burkner, 1999) and many products cannot be economically remanufactured because of
the excessive resource required to disassemble them. By reducing the resource required to
disassemble products the methodologies developed through ecodesign research can help to
increase the quantity of remanufacturable products in the future. Work in this area has been
extensively documented by researchers such as, Ishii and Lee (1996), Chiodo (1999),
Chiodo (1999b), Chiodo and Goldberg (1998), Berry (1996) and Amezquita et al. (1996).
Because this research is solely concerned with the process of rather than the context of
remanufacturing, this thesis will not elaborate on the specifics of ecodesign. However, the
interested reader is encouraged to refer to the work of the researchers mentioned earlier in

this paragraph for additional information on that subject.

2.9.2 Remanufacturing specific research.
Remanufacturing-specific research falls into two main groups, examination of
remanufacturing practice and studies to develop methods for improving the efficiency of

remanufacturing operations.

2.9.2.1 Examination of remanufacturing practice.

Lund (1984) undertook the first and most comprehensive analysis of remanufacturing. That
research examined the scope of remanufacturing in terms of the range of products covered
and the types of remanufacturing practitioner. Also, it identified the benefits of
remanufacturing in both environmental and economic terms and documented its benefits to

the developed countries, in particular to the U.S A, as well as its advantages to the Third
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World. It also identified one of the barriers to the expansion of the remanufacturing market
as consumer prejudice towards used goods coupled with their inability to differentiate
between remanufactured products and products from related secondary market production

Processes.

The information obtained by that work has been augmented in recent years. Guide and
Srivastava (1999) for example, undertook a comparative evaluation of remanufacturing and
repair operations. The study determined that remanufacturing differs from repair and that
one of the most important differentiating characteristics between the two processes was the
requirement of remanufacturing for a higher degree of work content in comparison to repair
operations. Guide and Gupta (1999) examined the difficulties of developing models for
studying remanufacturing operations. Lund for his part supplemented his earlier work by
investigating the number of companies involved in remanufacturing and remanufacturing-
related processes in the U.S.A as well as their contribution to the USA economy (see for

example Lund, 1996 and Lund, 1998 in Guide, 1999).

2.9.2,2 Research to improve the efficiency of remanufacturing operations.

Research to improve the efficiency of remanufacturing operations can be divided into three
main groups. These are the examination of the sufficiency of current remanufacturing
knowledge, the development of tools and techniques for remanufacturing and the

assessment of the adequacy of current remanufacturing tools and techniques.

With regards to the examination of the sufficiency of current remanufacturing knowledge,
the paucity of current remanufacturing knowledge 1s an issue that has been noted by many
researchers. Nasre and Varel (1997) for example, conclude that remanufacturing is a

misunderstood and poorly researched production process. Two key issues here are the
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ambiguity of current definitions of remanufacturing, (Ferrer, 1997), and the scarcity of
published research on remanufacturing, (Mellissen and Schippers, 1999).

The sufficiency of remanufacturing definitions has been analysed by researchers. Melissen
and Schippers (1999) report that a variety of expressions are used to describe different
recovery activities because the field of recovery processes is a relatively new and
unexplored area (refer also to Ferrer, 1997 and Lund, 1984). The conclusion of Melissen
and Schippers (1999) is that the field of recovery processes urgently requires further
research to develop tools specifically for them and also to define and distinguish between

different recovery processes.

Other researchers have assessed the extent of remanufacturing research. For example,
Guide (1999) proposes that a detailed analysis of -all the operational aspects of
remanufacturing is required because present research has failed to address many issues that
are important to successfully plan and control remanufacturing operations. Research by
Melissen and Schippers (1999) concluded that companies find remanufacturing problematic
because the literature gives them little support in setting up effective and efficient operations
and that generally current quality practice in remanufacturing-like environments is mainly
detection oriented. They propose that addressing this problem will require introducing

control systems using experience and knowledge gained from such environments.

The author’s literature survey revealed that current research to develop remanufacturing
tools and techniques is generally concerned with planning and control. One of the reasons
for this is that Wiendahl and Burkner (1999) have shown that effective planning and control
can greatly increase the profitability of processes that involve disassembly because it

improves information, supports decision making and minimises non-value-added work.
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Because many researchers agree with Deckshage (1992) and Boyer (1992) that
remanufacturing is very similar to any other manufacturing business, the main thrust of
studies to develop remanufacturing tools has been to adapt the tools of conventional
manufacturing to the remanufacturing environment. Bothe (1992) for example, contends
that statistical process control (SPC) can be adapted for remanufacturing operations. The
areas of the remanufacturing operations for which the tools of conventional manufacturing
have been adapted include performance measurement and scheduling. Notable research in
performance measurement for remanufacturing environments include Boyer (1996), Ptack
(1996) and Pool (1992). With regards to scheduling researchers such as Turek and
Hansford (1992), Farley and Fourcaud (1992) and Boyer (1992) have addressed the use of

manufacturing resource planning (MRP) to assist remanufacturing.

The third method that researchers have used to try and improve the efficiency of
remanufacturing operations is to assess the adequacy of current remanufacturing tools and
techniques. Here notable research includes Farley and Fourcaud (1992), Guide (1999),
Nasre ef al. (1998), Guide and Gupta (1999), Melissen and Schippers (1999), Wiendahl and

Burkner (1999), Guide and Srivastava (1997b) and Whybark and Ferrer (2000).

The studies can be divided into two main groups. These are research to determine whether
the tools of conventional manufacturing are appropriate for the remanufacturing
environment and work to judge whether remanufacturing and repair require similar

production planning and control systems.

With regards to comparing the production planning and control needs of remanufacturing
with that of conventional manufacturing Guide (1999), for example, concludes that

remanufacturing would benefit from the development of remanufacturing-specific tools and
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techniques because such firms must manage complex tasks that are significantly different
from those of traditional manufacturing. In fact, 60% of the remanufacturing executives
polled in that research identified the greatest threat to industry growth as the increased
pressure to continuously reduce remanufacturing lead times while 30% cited the lack of
formal systems for managing their businesses. This is in agreement with the findings of
Guide and Gupta (1999) who report that a number of models of various aspects of
remanufacturing systems have been reported in the literature but that none were analytic
models. They propose that this is due to the complex nature of remanufacturing added to
the lack of detailed studies of relatively simple systems for managing remanufacturing

operations.

As far as comparing the production planning and control needs of remanufacturing to that
of alternative secondary market processes is concerned, Guide and Srivastava (1999), for
example, evaluated whether repair and remanufacturing operations could be performed with
the same production planning and control systems. The research concludes that the level of
dissimilarity between the processes demands their use of different systems. The issue of the
need for remanufacturing-specific tools to enhance the effectiveness and efficiency of
remanufacturing operations is a theme that has been aired by many researchers. Farley and
Fourcaud (1992) for example, propose that the benefits of concurrent development
concepts are particularly applicable to the repair and remanufacturing environment because
of the scarcity of commercially available MRP II software that supports them. Also,
Melissen and Schipper (1999) report that there is urgent need for research to develop tools

for remanufacturing-like processes.
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2.10 The case for the research

The author’s literature survey, presented in the previous paragraphs, has identified two key
remanufacturing issues. These are the inadequacy of remanufacturing knowledge, for
example the shortcomings of current definitions of remanufacturing and the lack of models

for analysing remanufacturing operations.

This research is significant because its objective is to address these issues firstly, by
determining an unambiguous definition of remanufacturing and, secondly, by developing a

robust model of the remanufacturing business process.

An unambiguous definition of remanufacturing is required because Lund (1984) has shown
that one of the biggest obstacles to the growth of remanufacturing in some product sectors
is consumer prejudice against used products coupled with their inability to differentiate

between remanufacturing and related secondary market processes.

Also, researchers such as Guide (1999) have documented that remanufacturing practitioners
perceive the scarcity of effective remanufacturing tools as a key threat to their industry and
that this situation is caused by the shortcomings of remanufacturing research. This is in
agreement with the conclusion of Nasre and Varel (1997) that remanufacturing is a
misunderstood and poorly researched production process. At the same time, Mellissen and
Schippers (1999) report that currently, it is extremely difficult to undertake remanufacturing
research and also to disseminate remanufacturing knowledge because of the confusion in the

definition of remanufacturing and that of other secondary market processes.

The unambiguous definition of remanufacturing developed through this research would help

to resolve these problems. This is because it would enhance remanufacturing knowledge
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because it would for the first time permit remanufacturing to be explicitly differentiated
from repair and reconditioning. This development would help to improve the effectiveness
of the dissemination of remanufacturing knowledge. It would also help to pave the way for
productive research into remanufacturing operations so that appropriate tools and

techniques can be developed specifically for them.

The second research objective is to use the new definition as a foundation for building a
comprehensive model of the remanufacturing business process. A robust model of the
remanufacturing business process is required because research by Guide and Srivastava
(1997) among others has shown that currently, there are no analytic models of
remanufacturing. However, according to many researchers such as Kubeck (1997) and
Wang et al. (1993) models are proven methods of conveying information. For example,
Mertins ef al. (1996) recommend modelling for analysing business processes because they
can overcome communication problems such as ambiguity that are associated with
conversational languages. Also, Ould (1995) states that business process modelling is useful
where “there is a need for a shared understanding of what the business does and also where
information is required to assist improvement change programs”. Refer also to Smart ef al.
(1995), and Bennett ef al. (1995) who report that their use of the IDEFO process modelling
technique to develop business process models helped companies to improve their
understanding of their processes so that improvements could be determined and

implemented.

A robust model of the remanufacturing business process would comprehensively display the
resource required in all areas of the remanufacturing business process and as a result may be
used as a tool for planning and controlling remanufacturing operations. The key advantage

of the model would be that it could be used to help to design and implement effective and
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efficient remanufacturing businesses as well as to improve the efficiency and effectiveness of

existing remanufacturing operations.

2.11 Summary

This chapter has set the context of the research by presenting essential information about
the remanufacturing concept and the remanufacturing industry. This involved explaining the
economic significance of remanufacturing in terms of its ability to obtain profits for the
remanufacturer. It has detailed the main remanufacturing drivers and it has discussed the
sources of savings obtained through remanufacturing. Also, it has examined the extent of
remanufacturing research and used the literature to illustrate the need for a robust and
unambiguous definition of remanufacturing as well as a comprehensive model of the

remanufacturing business process. The following chapter describes the research design.
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Chapter 3: The research design

3.1 Introduction

The previous chapter explained the significance of remanufacturing and the need for the
research. This chapter discusses the research design. It describes the remanufacturing
operation as a type of human activity system (HAS) known as a business process,
(Davenport and Short, 1990). It explains the choice of research methods and tools and

describes the research methodology.

3.2 The philosophical paradigm and research design

The two major paradigms that are the basis of research design are the qualitative and
quantitative paradigms and these have their roots in the philosophical thinking of
phenomenology and positivism respectively (Easterby-Smith ef al. 1993 and Creswell,
1994). Gummesson (1993) proposes that phenomology and positivism have five
distinguishing assumptions, (ontology, epistemology, axiology, rhetoric and methodology),

that impact on research design.

3.2.1 Ontology

Ontology is concerned with the nature of reality (Creswell, 1994 and Gummesson, 1993).
Because of this the perspective on ontology taken by a particular paradigm will determine
what is fact and, therefore, what type of information must be collected and how. The
ontological assumption will also determine how data is analysed and to some degree how
results are presented. For this reason the validity of research findings can be assessed by the
researcher’s ability to demonstrate that the information gathered (i.e. the reality consulted)
to obtain those findings are consistent with the view of reality (the ontology) supported by

the philosophical stance of the research design. Gummesson (1993) states that quantitative

37




research takes a positivist outlook where reality is seen as objective and independent of the
researcher. Here, only data with primary qualities (i.e. non-subjective data) are gathered to
obtain knowledge. Qualitative research, on the other hand, has a phenomenological outlook
and here it is assumed that reality is subjective and constructed by the individuals involved
in the research. In this case the term “the individuals involved in the research” refers to the
researcher and those being researched. Creswell (1993) proposes that with the qualitative
paradigm, each one of these individuals will have their own interpretation of the situation.
He further proposes that because all of these perceptions of reality are equally valid in the
phenomenological stance they must all be considered to obtain valid results in qualitative

research.

3.2.2 Epistemology

Creswell (1993) and Meredith et al. (1998) propose that epistemology is concerned with
the nature of knowledge and the things that can be known. It therefore determines the
relationship between the researcher and those being researched because close involvement
will influence the researcher and vice versa. The quantitative paradigm believes that
knowledge should be obtained using proven rules and logical reasoning. As a result, in
quantitative research, the researcher remains distant and independent of those being
researched because in such situations the evidence is more likely to be assessed objectively.
Qualitative research, on the other hand, requires the researcher to interact with those being
researched. The reason here is that such circumstances would permit the researcher to more
easily obtain understanding from the subjective and objective opinions of those being

researched as well to develop his or her own perceptions of the reality being investigated.

3.2.3 Axiology

According to Creswell (1993) axiology is concerned with the role of values in the research.
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In the case of quantitative research, the researcher’s values are kept out of the study in
order to maintain the integrity of research information. In contrast, the qualitative

researcher admits the value-laden nature of the research and reports his or her own biases as

far as possible as well as those of the researched.

3.2.4 Rhetoric

Creswell (1994) proposes that rhetoric refers to the language of the research.

Quantitative research measures objective data. Because these are precise and concepts and
vanables are well defined, it uses impersonal and formal language based on accepted
conventions. As a result quantitative research findings can often be expressed

mathematically.

In the case of qualitative research data is subjective and may have different values for
different individuals. As a result the language of qualitative research may be informal and
personal and subjective terms such as “understanding”, “discover” and “meaning” are used.
Because of this the findings of qualitative research cannot be explained using mathematical
laws, but the rich data obtained can be used to build diagrammatic and verbal images that

can help to enhance understanding.

3.2.5 Methodology

Methodology describes the research process. Easterby-Smith e al. (1993) state that the
purpose of research methodology is to act as an effective structure for undertaking the tasks
specified in the research design. Creswell (1994) propose that the methodology must
complement the philosophical assumptions of the paradigm upon which the research design
is based. In quantitative research the objective is to develop generalisations that contribute

to already existing theory and thereby enhance knowledge about a phenomenon. With the
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quantitative approach generally, deductive logic is used to test theories and hypotheses in a
cause-and-effect order. Concepts, hypotheses and variables are chosen prior to the research
and remain fixed throughout. In the case of qualitative research, inductive logic is typically
used and hypotheses and concepts can emerge from the research, rather than being
predetermined. Such subjective information provides a rich picture that helps to form
theories to describe and explain the phenomenon rather than to contribute to existing

theories about it.

Where methodology is concerned, the ontological issue is by far the most fundamental of
the assumptions. This is because once a decision is taken about what constitutes reality, that
belief will control the type of data collected, the data gathering method as well as the
method of interpreting and presenting the research findings. Effective research design must

therefore ensure that a consistent thread runs through all five philosophical assumptions.

3.3 Rationale for adopting qualitative paradigm

The main reason for basing this research on the qualitative paradigm was the nature of the
problem. The research objective was tc obtain a robust definition of the remanufacturing
operation. However, researchers such as Meredith (1998) and Kirk and Millar (1991)
propose that human activity systems (HAS) are too complex and subjective to be effectively
studied entirely by objective means. Checkland (1981) defines a system as a set of elements
connected together to form a whole entity, that exhibits the combined properties of the
whole, rather than the properties of its individual component parts. He describes a HAS as a
system that has human beings as some of its elements, for example a company or a sports
team. Because a remanufacturing system falls within Checkland’s definition of a HAS the
research objectives must be achieved through qualitative research. A company is a special

type of HAS known as a business process. Davenport and Short (1990) define a business
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process as “a set of logically related tasks performed to achieve a desired business
outcome”. Childe (1995) proposes that the business process “starts and finishes with the
external or internal customers who are served by the process” and that “the process
perspective encourages a holistic view of the activities that are needed to satisfy a customer
requirement”. He states that a key advantage of the process perspective is that it recognises
that improving one part of the process in isolation may not significantly improve the overall
process because the processes are interdependent. Having selected the qualitative paradigm,
the author chose to undertake the research using the case study approach. Yin (1989)
defines a case study as an “empirical inquiry that investigates a contemporary phenomenon
within its real life context, when the boundaries between phenomenon and context are not

clearly evident, and in which multiple sources of evidence are used”.

3.4 Rationale for the case study approach

The case study method was selected because Creswell (1994), Meredith (1998), Chetty
(1996) and Eisenhardt, (1998) propose that it is effective for qualitative research. Refer also
to Yin (1984) who states that “case studies are needed where there is a need to understand
complex social phenomena” and that “case studies allow an investigation to retain the
holistic and meaningful characteristics of real-life events such as organisational and
managerial processes”. Also, Romano (1989) and Lang and Heis (1994) propose that the
case study approach offers many advantages for theory-building purposes, for example, the
use of multiple data collection techniques and the constant testing of the emergent theory
during its development. For this research the latter ts particularly important because
remanufacturing is a novel field for which there is a paucity of data and publications against
which to assess the research findings. The constant testing of results permits in-depth and
sustained assessment of findings and therefore increases the possibility of obtaining valid

results.
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Yin, (1989), Gummesson {1993), Romano (1989) and Chetty (1996) propose that multiple
sourcing of information permits the phenomenon to be analysed from a variety of
perspectives so that large quantities of information can be obtained and used to develop a
rich picture of its nature. Because case study research can be an iterative method, the
emergent theory is constantly tested and amended during its development so that a chain of
evidence from different sources is obtained to support the research findings. Eisenhardt
(1998) proposes that this characteristic is likely to make case study results more accurate

than findings obtained from alternative approaches.

Yin (1984) describes three types of case studies, exploratory, descriptive and explanatory
cases. He defines the exploratory case as one ““ where the goal is to develop pertinent
hypotheses and propositions for further inquiry” and proposes that the descriptive case as
one “where the objective is to describe the real-life context in which the investigation has
been undertaken”. Also, he states that explanatory cases are concerned with “answering
how” and “why” questions™ because “their goal is to identify causal relationships”.
Gummersson (1993) observes that case study types are not mutually exclusive and using the
definitions of case study type provided by Yin (1984) this research can be described as
being simultaneously exploratory, descriptive and explanatory. This is because the aims of
this research include:
¢ Developing a definition that would be foundation for further remanufacturing research
o Describing remanufacturing so that others will understand it
e Explaining the causes of the remanufacturing problems so that methods could be
developed to resolve them thereby enhancing the effectiveness and efficiency of

remanufacturing operations.
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The author undertook the case studies primarily using the descriptive data collecting tools
of observation and qualitative interviews of key informants (Gummesson, 1993 and
Eisenhardt, 1998). The advantages of these methods are that they permit non-verbal
information such as artefacts and company data to be collected and that they support close
interaction with the research domain. In such circumstances, the author was able to develop

an individual understanding of the phenomenon.

Also, it was decided that a multiple case study approach (Romano, 1989; Yin, 1989 and
Chetty, 1996) would be the most appropriate method for the task because Eisenhardt
(1998) and Romano (1989) propose that they provide greater generalisability and have
greater capability for creating theory than single cases. They state that this is because
evidence from individual cases can be compared, firstly to draw out similarities that can help
to develop a universal perspective of the phenomenon and, secondly, to test emergent
theory and thereby avoid chance associations. Whilst there appears to be no consensus on
the number of cases required to undertake a multiple case study, Chetty (1996) and
Romano {1989) recommend a figure of between four and ten. They propose that this
permits adequate data to be obtained to support the generalisation requirement of theory-

building while simultaneously avoiding information overload.

Eisenhardt (1998) and Gummesson (1993) propose that additional cases are not required
once theoretical saturation has been attained. In this research the point of theoretical
saturation was established by systematically testing results at conferences and trade fairs and
by reviewing results with case study companies until it was clear that significant new

information had ceased to emerge from additional cases.
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The research sought to take a holistic approach to describing the remanufacturing
operation, by comprehensively describing the remanufacturing business process, so that the
remanufacturing operation could be effectively understood and defined in the context of its
total system. The reason for this is that the remanufacturing operation is a sub-process of
the remanufacturing business process which is very complex. Researchers such as
Gummersson (1993) have stated that the sub-processes of complex systems cannot be
effectively understood as isolated entities because of their intricate inter-relationships. Also,
researchers such as Guide and Srivastava (1997a) propose that recoverable manufacturing
systems require system-oriented solutions rather than optimisation of systems’ sub-
processes. In this context recoverable manufacturing systems describe production
techniques such as remanufacturing that process used products with the aim of recovering

them or their components and/or materials (Mellissen and Schippers, 1999).

3.5 The legitimacy of the research

Gummersson (1993); Holloway (1997); Lang and Heis (1994) and Easterby-Smith et al.
(1993) stress the importance of criteria such as validity, reliability and generalisability in
establishing the validity of a piece of research. The importance of these criteria as key
concepts in effective research design is a concern shared by case study researchers such as
Yin (1981) and Eisenhardt (1998). Yin (1994) proposes that four logical tests, construct
validity, internal validity, external validity and reliability are particularly applicable to case
study analysis. Construct validity and reliability are concerned with data collection quality
control and the methods used to improve these criteria in this research are described in
sections 3.5.1 and 3.5.2. External validity measures the quality of research design and
according to Yin (1984) is concerned with “establishing the domain to which a study’s
findings can be generalised”. Replication logic was used to test the external validity of the

research and this issue is discussed in section 3.5.3. He also proposes that internal validity is
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suitable for explanatory cases only because it is concerned with establishing a causal
relationship, whereby certain conditions are shown to lead to other conditions. In this case
study pattern-matching was used to establish causal links. This involved the use of methods
such as case-to-case comparisons and selection of categories to analyse the research

information as described in section 3.7.5.

3.5.1 Construct validity

Triangulation (Romano, 1989; Gummersson, 1993 and Holloway, 1997), establishing a
chain of evidence and key informants review of the case study reports (Yin, 1994) were
used to test the quality of research information and thereby to strengthen the validity of the

overall research.

However, there are some discrepancies about the exact definition of triangulation. Although
it is agreed that triangulation requires the use of multiple sources of evidence, researchers
such as Romano (1989) state that there is no consensus among researchers on the number
of different methods required for effective triangulation. He further insists that triangulation
requires a minimum of three different methods. This research uses the definition of
triangulation proposed by Romano (1989) and the triangulation technique employed was
between-method-triangulation. This involved collecting data from case study companies via
semi-structured interviews, direct observation and participant observation. Also the author
interviewed employees from three different levels of each case study company. The
individuals interviewed were senior personnel (e.g. manufacturing directors), middle

management (e.g. line managers) and operators.

To establish a chain of evidence, field diaries were kept so that information that could help

to prove or disprove the emergent definition would be documented. For example, diagrams
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of the remanufacturing operations for each company were drawn and documented with the
relevant case study report so that the information obtained from individual companies couid
be more easily compared. In the case of key informants review of case study reports, the
author ensured that the case study reports were examined by at least the pnincipal
interviewees in each company so that errors and misunderstandings could be identified and
corrected. These procedures facilitated the documentation of anomalies so that they could
be noted for further analysis while events that appeared to support the emerging definition

were easily noticed, classified and, where possible, rechecked to ensure their reliability.

3.5.2 Reliability

Reliability is concerned with the ability to obtain similar outcomes on repeating the research.
Because of this researchers such as Yin (1994) propose that reliability techniques should
help to ensure that errors and biases are minimized in a study. The reliability techniques
used in this research include asking informants the same question in a variety of ways to
ensure that they understood the researcher’s meaning and rephrasing the informants’
answers before repeating them back to ascertain that their meaning had been understood.
Also, investigations were undertaken in companies to ascertain that they practised their
stated doctrine. Such investigations led to the removal of companies with less than fifteen
employees from the study. The main reason for this was that it became apparent that very
small companies undertook a variety of secondary market production processes but
generally did not isolate their remanufacturing data so that it was difficult to establish their

true remanufacturing practices and remanufacturing-related problems.

3.5.3 External validity
External validity is concerned with the extent to which the research findings can be applied

to other instances of the phenomenon (Yin, 1994). This factor can be used to judge the
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quality of research design because effective research design should dictate where the
research findings should be applicable. Creswell (1994) states that case studies rely on
analytical generalisation which he describes as the situation where the researcher is striving
to generalise a particular set of results to some broader theory. He further proposes that
generalisation is not automatic and that the theory developed must be tested through
replication in at least one other instance where the theory has specified that the same result
should occur. He also states that once replication has been made, the results might be
accepted for a much larger number of similar neighbourhoods, even though further
replications have not been performed. This research is investigating the electromechanical
sector of the UK remanufacturing industry. The measures taken to ensure the external
validity of the research findings include testing the new definition in new remanufacturing
companies and also having the generic model assessed by non-case study companies and
academics. The testing of the definition and that of the model are described in chapters 6

and 10 respectively.

3.6 The issues considered in the choice of research methodology

The author had already decided that the research should be undertaken by case study
approach because of the reasons explained in 3.4. Hence, the requirement was now to select
a research methodology that supported and complemented case study analysis and, in
particular, theory inducting by case study analysis (Gummersson, 1993). At the same time,
the methodology must be appropriate for use in the research domain and must be able to

obtain results that satisfy the needs of remanufacturing practitioners.

Eisenhardt (1998) describes a method of structuring research that has been shown to be an
effective model for building theory from case studies. The following sections illustrate the

suitability of this structure by considering issues such as the researcher’s involvement, the
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domain of the research and the needs of the practitioner (Thomas and Tymon, 1982).

3.6.1 The researcher’s involvement

The researcher was not employed by any of the case study companies during the research.
However, the epistemology of the qualitative paradigm requires the researcher to interact
with those being researched (please refer to 3.2.2). Eisenhardt’s methodology (1998)
supports such requirements because it demands close association with the research domain

and this would facilitate interacting with remanufacturing employees.

3.6.2 The domain of the research

Voss (1984) has stated that Production and Operations Management (POM) is concerned
with the integration of procedures, processes, operating decisions, company policies and
technologies to maximise the competitiveness of the company. The objective of this
research is to determine a robust and valid definition of remanufacturing and thereby help to
enhance remanufacturing knowledge so that effective and efficient remanufacturing
operations can be more easily designed and implemented. For this reason, the researcher
believes that the work lies in the domain of POM research. The research methodology
selected for the work must therefore be suitable for POM research. Eisenhardt’s case study
framework (1998) is suitable for this research because it has been specially developed for

organisational research and POM research is a subgroup of such research.

3.6.3 The needs of the practitioner
Thomas and Tymon (1982) define the practitioner as “Any line manager, staff specialist,
consultant or any organisational actor”. They propose that, for any new knowledge to

satisfy the needs of the practitioner, it must fulfil the following five needs:
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1. Descriptive Relevance. This can be described as the accuracy with which the research
has captured the problem or phenomena that the practitioner encounters. Descriptive
relevance is concerned with the generalisability of the research findings. It can also be
described as external validity (see for example Lang and Heis, 1994; Campbell and

Stanley, 1965 and Holloway, 1997).

2. Goal Relevance refers to the ability of the new knowledge to deliver results that are
relevant to the practitioner. For example, the new knowledge should be capable of

helping the practitioner influence the problem in his or her organisation.

3. Non-obviousness describes the originality of the new knowledge in the sense that the
new knowledge must be greater than the common sense observations and practices

already available to the practitioner.

4. Operational Validity is concerned with the ease and convenience with which the

practitioner can access and apply the new knowledge.

5. Timeliness is a measure of the punctuality of the new knowledge because to be truly

useful the new knowledge must be available to the practitioner at the time that he

requires it.

Taking into account the needs of the practitioner detailed above it is evident that the new

knowledge derived from the research must:
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o Be correct and generic to practitioners from the electromechanical sector of the UK
remanufacturing industry irrespective of their specific organisational characterstics, for
example, size and product type (Descriptive relevance).

o Be easy to understand and manipulate so that practitioners can use it (Operational
validity).

e Be able to help remanufacturers and others to gain an in-depth understanding of the
remanufacturing operation so that its effectiveness and efficiency could be more easily
improved if required (Goal relevance).

e Exceed the common sense resource currently available to remanufacturers (No#n-
obviousness).

¢ Be available at the time that remanufacturers require it in order to help resolve their
problems such as the shortcomings of current remanufacturing definitions as well as

paucity of remanufacturing knowledge and research (Timeliness).

Platts (1993), Chase (1980), Susman and Evered (1978), Buffa (1980), Hill (1987) and
Meredith ef al. (1989) contend that too much emphasis has been placed on research

" methods and techniques while the needs of the company have been insufficiently considered.
Because of this the methodology chosen must be capable of structuring the research so that
its findings would be beneficial to remanufacturing practitioners. Eisenhardt’s theory-
building approach (Eisenhardt, 1998) is a user-based research mechanism. As such it is
ideally placed to satisfy the practitioners’ needs because its empirical evidence and therefore
its findings are grounded in the practitioners’ reality. For example, it permits the research
focus to be amended in consideration of the practitioners’ most pressing needs. Eisenhardt
(1998) states that this non-prescriptive feature is one of its major strengths because it makes
it extremely flexible. The following paragraphs describe Eisenhardt’s (1998) framework and

explain how it was used to structure the research.

70



3.7 Eisenhardt’s (1998) case study theory building framework

The eight stages of this framework are getting started, selecting cases, crafting instruments
and protocol, entering the field, analysing data, shaping hypothesis, enfolding literature and
reaching closure. Although these stages are clearly defined, the boundaries between them
often merge. In fact, the data collection, data analysis and theory-building processes occur
simultaneously in an iterative fashion. However, this is one of the framework’s major
advantages because many established researchers such as Glaser and Strauss (in Eisenhardt,

1998) believe that data collection and analysis should be joint processes in research.

3.7.1 Getting started

Literature search was used to determine the scope of remanufacturing knowledge. This
involved obtaining a working definition of remanufacturing as well some nitial hypothesis
about its nature and its key problems. The definition helped to focus the work by specifying
the type of companies that were probable remanufacturers so that the research effort could

be geared toward them.

3.7.2 Selecting cases

The next activity was to use the working definition to identify practitioners who could help
further the research by supplying information for developing the new definition or by being
used to validate the research findings. This was achieved using a theoretical sampling plan
where practitioners were selected on the basis that they were members of the
electromechanical sector of the UK remanufacturing industry. This was necessary, for the
reasons of validity that were previously discussed, to limit excessive variation so that effort
is restricted to potentially useful cases and to increase the possibility of obtaining results

that truly addressed the needs of remanufacturing practitioners.
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3.7.3 Crafiing instruments and protocol

This activity involved using the validity and reliability techniques that were discussed in
Section 3.5. to strengthen the grounding of theory. The main theme here was to ensure that
the true meanings of informants’ statements were understood and also to reduce the
opportunity for unintentional tainting of research information because of the author’s bias

and other research anomalies.

3.7.4 Entering the field

This activity sought to speed up analysis and reveal helpful adjustments to data collection. It
also permitted the author to promptly use the information from the empirical evidence to
augment the emergent theories and deftnition, to improve the definition and theory
development processes and to enhance the usefulness of the research to practitioners. The

author achieved this objective using detailed field notes.

3.7.5 Analysing data

Here, the case study information was analysed to develop initial definitions from the
empirical evidence. Analysis was achieved using within-case analysis and cross-case pattern
searching because Eisenhardt (1989) proposes that such techniques facilitate thorough
evaluation of research evidence. A common advantage of the data analysis techniques used
in this research was that they provided a mechanism for coping with the vast amount of

information because they permitted their analysis to be performed in manageable “chunks”.

In the case of within-case analysis detailed write-up and analysis was undertaken for each
case study so that the author understood each one as a stand-alone event. Also, within-case
analysis facilitated cross-case pattern searching because information from current cases

could be documented and compared to those obtained from new and preceding ones.
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Cross-case pattern searching involved considering the research information in divergent
ways. An advantage of this technique is that it heips to reveal research disturbances such as
subjective bias thereby enhancing the validity and reliability of the information gathering and
analysis. Cross-case pattern searching was achieved using case-to-case comparison and
selection of categories. In the case of case-to-case comparison, cases were paired and
differences and similarities between the cases were identified, studied and noted for further
analysis. This overlapping of the data analysis and data collection processes helped to
promote understanding so that, for example inappropriate cases could be quickly identified
and removed from the research. Details on the removal of inappropriate companies are

given in Section 3.5.2.

For the selection of categories, cases were paired on the basis that they belonged to one of
five groups, OEM, contract, independent, small and large remanufacturers (Lund, 1984)
and were analysed for differences and similarities. The differences and similarities were then
compared to those exhibited by different groups so that common similarities between all five
groups could be pulled out and used as a basis for developing a generic remanufacturing
model. This facilitated the development of hypotheses about causal links, for example
identification of the causes of complexity and problems in remanufacturing operations in
general. It also helped to develop hypotheses about the relationship between the type (or
group) of remanufacturer and the remanufacturing practice adopted. Chapter 5 presents two
standard remanufacturing operational flow charts and explains that the operation followed

by a remanufacturing company depends typically on the group to which it belongs.

3.7.6 Shaping hypotheses
Eisenhardt (1989) proposes that the objective of shaping hypotheses is to enhance the

validity of the emerging hypothesis and this can be achieved in two ways. The first method,
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“sharpening construct” is concerned with establishing construct validity, the second, is
concerned with internal validity. The author enhanced the validity of the emergent theory by
improving the quality of the data gathering process using construct validity enhancing
methods such as triangulation that were discussed in section 3.5.1. The internal validity of
the research findings was enhanced using for example, “case-to-case comparison” and

“selection of categories” and these are described in section 3.7.5.

3.7.7 Enfolding literature

This activity sought to increase confidence in the research findings by linking the emergent
theory with extant literature. Here, literature asserting that remanufacturing was dissimilar
to repair and reconditioning was sited to illustrate that a genuine phenomenon was being
investigated. At the same time, literature that contradicted the definition of remanufacturing
obtained by the research was examined to demonstrate the insufficiencies of current
definitions of remanufacturing and thereby to explain the contribution of the research to
knowledge. Also, literature on modelling techniques was analysed to substantiate that an
IDEFO generic model of the remanufacturing business process could effectively describe the

research findings.

3.7.8 Reaching closure

In this research the decision on when to close the research was taken according to two
criteria, the possibility of obtaining increased understanding from additional cases and, that
of theory improvement through further iteration between theory and research information as

explained in Section 3.4,
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3.8 The overall structure of the case study research
The nine activities.of the case study research are illustrated on figure 3.1.and described in

the following paragraphs.

3.8.1 Literature survey

At the beginning of the research, a literature survey was undertaken to investigate the extent
of remanufacturing knowledge and research. This is described in.chapter 2. The
remanufacturing issues identified include the paucity of remanufacturing research and
publications, the scarcity of analytic models of remanufacturing and the ambiguity of current
remanufacturing definitions. It was also identified that models are proven methods for
describing complex systems such as remanufacturing and that the IDEFO modelling
technique is effective for assisting the description and understanding of business. processes.
In the absence:of a universally accepted definition of remanufacturing, the author adopted
the definition proposed by Haynsworth and Lyons (1987). This working definition would be
used to identify remanufacturers but may‘be amended as the research uncovered additional

information.

3.8.2 Obtaining case study companies

It was.extremely difficult to identify remanufacturers using common sources such as the
Yellow Pages and Trade Directories because generally, the term “remanufacturing” is not
used in the UK. The author therefore obtained case study companies using an approach
consisting of a two-stage survey and telephone interview. In the first stage of the survey,
the author faxed the project description to in excess of 150 secondary market (used
products) companies from the Midlands to the Southwest of England and asked them
whether they understood the meaning of the term “remanufacturing”. They were also asked

to identify any remanufacturing companies known to them. This approach revealed 50
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potential remanufacturers, The second stage of the survey narrowed the search down to
companies that were most likely to be “genuine” remanufacturers. This involved asking the
50 companies whether their remanufacturing practices conformed to Haynesworth and

Lyons (1987) definition of remanufacturing.

Using this approach, 25 companies were selected on the basis that the surveys indicated that
there was a high probability that they adhered to the adopted definition. The next step was
to use telephone interviews to identify the “genuine” remanufacturers among them. This
involved discussing the remanufacturing operation with the 25 companies by telephone to
gain further information about their remanufacturing practices and also to obtain willing
collaborators for the research. Thirteen case study companies were identified from the
telephone interviews, together with a list of proposed remanufacturing problems and an
initial flow chart of the remanufacturing operation. The next step was to select a research

method that would obtain in-depth, accurate information.

3.8.3 Research design
In this instance case study analysis (Chetty, 1996; Romano, 1989) was selected. The
rationale for adopting the qualitative paradigm and using case study approach is presented

in section 3 .4.

A 3-phase research methodology was adopted. This involved dividing the thirteen case

study companies into three groups, one group for Phase 1 case studies, a second group for

the Phase 2 and the final group for the Phase 3.
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The Phase 1 case studies are described in chapters 4 and 5 and were one-day observational
studies that analysed the remanufacturing operation so that a robust definition could be
obtained for it. The Phase 2 case study companies were the in-depth cases that validated the
new definition and are presented in chapter 6. The Phase 3 case study is described in
chapter 9 and sought to understand the remanufacturing business process so that the
remanufacturing operation could be defined in the context of its total system. The reason
here was to provide a vehicle for accurately describing the research findings so that others

could use it because they would explicitly understand the meaning of remanufacturing.

3.8.4 Developing a robust new definition of remanufacturing

Because of the geographical distances involved it was decided to limit the number of visits
to individual companies. As a result detatled information was collected from the companies
during case study visits lasting one full working day. Necessary, additional information was
obtained by telephone and fax. During the Phase 1 case studies it became apparent that 5 of
the companies undertook a variety of secondary market production processes but did not
isolate their remanufacturing information. The companies were removed from the study on
the basis that their remanufacturing practices were unclear. This stage also involved testing
the results by discussing them with non-case study practitioners at conferences and trade
fairs. The research question during the phase 1 case studies was “what is remanufacturing”.

Their major outputs were:

1. An adapted definition of remanufacturing.
2. A flow chart of the remanufacturing operation.
3. Identification of some key production control issues of the remanufacturing operation as

well as their causes.
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3.8.5 Validating the new definition

The Phase 2 case studies were undertaken to confirm the new definition because researchers
such as Eisenhardt (1998) propose that one of the main strengths of case studies is their
capability to develop theories and hypotheses that are likely to be testable. Also, Yin
(1994) and Gummersson (1993) maintain that a piece of research is proved genuine if it can
be shown that the research results can be extended to other occurrences of that
phenomenon. The research question here was “ Is the new remanufacturing definition

correct?”. The main output was validated Phase 1 case study results.

3.8.6 Analysing the new definition

Here the new definition was analysed by comparing actual remanufacturing, repair and
reconditioning practices. The research question here was “ What are the deficiencies of
current remanufacturing definitions and how does the new defimition overcome them?”” The
output of this activity was clear illustration of the shortcomings of the working definition
and explanation of how the new definition augments the working definition. This 'analysis is

presented in chapter 7.

3.8.7 Examining the IDEF0 modelling technique

Here the author used the literature and personal experience to assess the process modelling
capabilities of the IDEFO technique. The research question here was “ Does the IDEF0
technique have proven qualities for such business undertaking?” The output here was
identification of the successful use of the IDEFO modelling technique for related business
undertakings as well as documentation of its advantages over some better-known modelling

methods.
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3.8.8 Making the research findings useful to others

For this activity the Phase 3 case study examined the remanufacturing business process $o
that the remanufacturing operation could be described in the context of its total system. The
rational for this was that researchers, for example, Checkland (1981) and Meredith (1998)
propose that it is impossible to effectively study one component of a complex system in
isolation. The research question here was “What constitutes the remanufacturing business
process and what is the relationship between the remanufacturing operation and the other
sub-processes of the remanufacturing business process?” The output here was a
comprehensive IDEFO0 generic model of the remanufacturing business process. This model

development stage of the research and the Phase 3 case study is described in chapter 9.

3.8.9 Validating the model

This final stage of the research sought to test the model’s validity. To satisfy the
requirement of replication logic a panel consisting of roughly equal numbers of case study
companies and non-case study companies from the electromechanical sector of the UK
remanufacturing industry, as well as remanufacturing academics, was asked to test the
research findings. The testing method was the qualitative technique of validation by review
(Landry et al. (1983)) and the validation criteria were the model’s sufficiency, accuracy,
clarity and usefulness as a representation of the remanufacturing business process. The
purpose here was to show that, if the research findings were applicable to both case study
and non-case study practitioners, then there was a good chance that it may also apply to
other remanufacturers. Here, the research question was “Is the model generic, useful and a
valid representation of the remanufacturing business process?” This validation process is
explained in chapter 10. Its outputs were a validated generic model of the remanufacturing

business process and a list of proposed uses for the model.
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3.9 Summary

This chapter has discussed the research design. It has attempted to justify the choice of the
qualitative paradigm as a basis for the research design. It has also explained the choice of
the use of the multiple case study approach. Finally, it has summarised the research

methodology.

The following chapter describes the Phase 1 case studies.
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Chapter4: The Phase 1 case studies

4.1: Introduction

The previous chapter explained the research design: This chapter déscribes the Phase. 1:case
studi‘eg that soughtto define rémanufactiifing. Five companies, A, B, C, D and E'wefe
involved in these:oné-day:observational studies of theiremanufacturing operation. The first

pait ofithis chaptei-describes the overall procedure used ito/undertake the studies whileithe

second presents:the individual cases.

4.2:The Phase 1:case;study,procedure

The Phase 1 icase:studies had the four stagés illustrated in Figure 4.1
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4.2.1 Key personnel interview.

This activity sought to document the companies’ views of the remanufacturing operation.
This involved using semi-structured questionnaires to interview key company personnel
such as production and line managers. The results of the key personnel interviews are given

with the individual case studies in section 4.3.

4.2.2 First-hand information-capture

Here the author sought to understand the individual companies’ remanufacturing practices.
This involved observing and interviewing operators on the remanufacturing operations and
recording the information obtained. That information was then compared with those from
the key company personnel interviews so anomalies could be discussed and resolved with
high level management. The assessed information was then used to develop company-
specific flow charts of the remanufacturing operation. These flow charts are provided with

the individual cases in section 4.3.

4.2.3 Interpretation of information

Here the information obtained from all the Phase 1 cases was combined and analysed
together. The reasons for this were firstly, to identify and remove inappropriate companies
so that research validity would be increased. In this research companies were considered
inappropriate if their remanufacturing information was unclear making it difficult to
ascertain their true remanufacturing practices. Chapter 3 provides information on the
removal of inappropriate companies. The second reason was to permit the author to more

easily identify characteristics that were shared by all the Phase 1 companies so that:

a) A remanufacturing operational flow chart that described the common remanufacturing

practices of the companies could be drawn.
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b) Shortcomings in the working definition could be noted and used to help develop a new
robust definition of remanufacturing. Here, the working definition was assessed in terms

of its ability to differentiate remanufacturing from repair and reconditioning.

The plan was now to ensure that the author’s conclusions about the remanufacturing
operation reflected the practices of the Phase 1 companies and this was achieved by having
the Phase 1 companies assess the author's understanding of remanufacturing. This involved
having the companies examine the recorded remanufacturing information in the fashion

described in section 4.2.4 below.

4.2.4 Refine/amend recorded information

The case study results were presented for assessment to the general and line managers of
the companies so that any misunderstanding could be debated and final amendments made
to the conclusions. At the same time, telephone discussions were used to discuss the
information between all the Phase 1 case study companies. These procedures ensured that

the recorded remanufacturing practices were common to all the Phase 1 companies.

The outputs of the refine/amend recorded information activity were:

1. Phase 1 case study companies’ approved new definition of remanufacturing.

2. Phase 1 case study companies’ approved information about the remanufacturing
operation.

3. Phase 1 case study companies’ approved generic remanufacturing operationat flow

chart.

These final conclusions of the Phase 1 case studies are presented in chapter 5. The following

section describes the individual Phase 1 case studies.
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4.3 The Phase 1 remanufacturing operations.

4.3.1 Company A

Company background

Company A rebuilds rolling stock. Its capabilities range from remanufacturing (rebuilding to
at least original specification from the customer’s perspective) to reconditioning and
repairing (rebuilding back to a range of satisfactory working condition that may be below
the original specification). The rebuilding option selected depends on the customer’s
requirements and financial circumstances. This company has three UK sites and has a
worldwide market. Because of its contractual relationship with its major customers
company A can often predict the type and quantity of work that it will obtain and often even
when these will arrive. It has approximately 350 employees and a turnover of £17 million

per year.

Company A’s train remanufacturing operation

Company A’s remanufacturing operation occurs through the eleven activities shown in
figure 4.2. With the exception of exterior painting, blasting and train test each of the
activities has a specified place on the factory floor. Also, the exterior painting and blasting
activities are subcontracted. The activities of company A’s remanufacturing operation are

described in the following paragraphs.

Pretest/Sluice.
The rebuilding program begins with the cleaning (sluicing) of the train to facilitate accurate
assessment of rectification needs. This is followed by an initial fault analysis that is carried

out in the presence of the customer or his representative. Faults are divided into two
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groups, core work (tasks that the company is obliged to perform as part of its
remanufacturing program) and non-core work (rebuilding tasks that the company has no
obligation to undertake). Examples of non-core work include modifications that are not in
the original specification but that occur as standard in more recent models. Following pre-
test the customer is given a list of the non-core work along with their estimated rectification
costs but those tasks are undertaken only at the customer’s request and provided that job
costs have been agreed. Pretest/sluice also involves the decoupling (separating) of the train

into its individual vehicles so that they can be worked on individually.

Strip

Strip describes the dismantling of the vehicles. Here the interior of each vehicle is
completely gutted. Worn components are sorted into groups depending on whether they are
discarded as standard (replaced what ever their condition) or can be reclaimed (rebuilt to
the required standards and reused). Examples of components that are discarded as standard
include curtains, pelmets and toilet linoleum. Typically, such components are listed on a
mandatory replacement document because they undergo extenstve wear and are also
inexpensively replaced. More expensive but easily rebuilt components such as luggage racks
are sent to the appropriate section for internal rebuilding. Sub-assemblies requiring
extensive rebuilding programs such as seats and roof racks are rebuilt by external
subcontractors and are removed during the strip activity and placed in containers at their

holding area until they are collected by or sent to the external subcontractor.

Blast
The blast activity describes the shot blasting of the vehicle to remove contamination such as
rust and old paint and create a good repainting surface. This activity is carried out at night

by internal subcontractors (other members of the company).
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Lift

Lift is the lifting up of the vehicle from its bogies (wheels). Following their removal the
bogies are sent away to be examined and remanufactured while the underside of the train is
analysed and rebuilt. Tasks completed during lift include the removal of the brake modules,

vacuuming of the vehicle skirts and painting the underside of the vehicles.

Corrosion
Corrosion is the identification of corrosion and rectification of corroded subassemblies.
Tasks performed at this stage include the removing of doors and windows for analysis,

rebuilding to the specified performance standards and cleaning,

Build

By the time the vehicle reaches the build stage all the components removed during the strip
activity will have been reclaimed or else their replacements will have been purchased. The
build stage involves the reassembly of the vehicle using new and rebuilt parts. Examples of
tasks performed at this stage include the introduction of replacements for discarded as

standard components such as toilet linoleum and table tops.

Interior and exterior paint
Two types of painting, interior and exterior painting are undertaken. Interior painting
describes the painting of the insides of the vehicles while exterior painting is the painting of

their outsides.

Vehicle test
This activity includes the complete testing of individual vehicles. Any final cleaning or

amendment will also be undertaken at this point. Tests undertaken at this stage include the
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examination of the communication system. Operators carry out detailed examination of the
vehicle and note any omissions on snag sheets. Snag sheets are key accompaniments to the
work record documents and list unsatisfactory work prior to the final assessment of the
rebuilt vehicle. Once operators have completed rework of the tasks recorded in the snag
sheets to their satisfaction they will turn the vehicle over to management for final

assessment.

Final inspection, customer inspection and amendments
A final inspection of the vehicle is carried out by management. If the vehicle is satisfactory
the customer is called to make his own assessment. Any work that the customer finds

unacceptable will be analysed and corrected.

Train test

This is a whole system test and occurs when both the customer and the company are
satisfied with the vehicles. It involves the recoupling of the vehicles and the testing of the
whole train. If this final test is successful then the rebuilt train is dispatched with the relevant

warranty.

Control

Inventory management

To limit inventory, time wastage and overheads, Company A’s train rebuilding process does
not support a stock room. A type of two-bin system is used to manage the inventory
required for the train rebuilding process. All bins are open to enhance visibility and are

placed at their point of use however the method used to control the two-bin system depends
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on the cost of the component. For example the bins used for expensive components are

colour-coded but those for inexpensive components are not.

Inexpensive components

In the case of inexpensive components, for example, nuts and bolts the component bins are
regulated by local suppliers who visit the company twice a day. Typically, these visits occur
once in the moming to note which components must be replenished, and again in the

afternoon to deliver the required components.

Expensive components

Expensive components are divided into two groups, 100% items which have predictable
usage and those where usage cannot be anticipated. 100% items are controlled by scheduled
call off system while small quantities of unpredictable items are held in bins at their point of

use “just-in-case”.

For expensive components the bins contain the minimum required component quantities.
Each expensive component has two bins, a major bin and a minor bin and the major bin is
placed immediately behind the minor bin. Also, all major bins for expensive components are
green irrespective of the sub-process they belong to but minor bins have a colour that is
specific to the activity in which they are used. This is to help suppliers and the workforce to

identify the different components.

Operators take components as required from the front (minor) container but only material
controllers and suppliers may remove or put components in the back (major) containers.
Each sub-process has a material controller who issues components from the back container
to the front container and also ensures that suppliers replenish the back containers at
appropriate intervals.
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The material controller

The material controller is assisted in his task by the material action board. This board is
available beside all activity stations and details the description, catalogue number, shortage
quantity and required date of components. Operators complete the board when shortages
occur and material controllers must state when the required components will be available.
Management check the board regularly to identify the reasons for any shortages that have
occurred. Also, if the material controller is unable to provide required components by the
date that he has promised, management must investigate the reasons for the failure.
Company A has a policy of rating suppliers and these boards play a part in the company’s

vendor assessment program.

Production scheduling

QOutput is managed via production schedules that are placed at the activities’ notice boards.
The notice boards also contain each activity’s team member’s photograph and details such
as their respective skills, training and trade. Operators have autonomy over their tasks and
must self inspect their work and to be vigilant for errors from the other activities.
Additionally, each notice board has a tasks booklet that lists all the tasks and assessments
that must be completed by that activity. Operators and the team controller must sign off
tasks as they are performed. Apart from helping to ensure that no tasks are omitted, the
booklets ensure that completed jobs are assessed at least twice, They also assist new

recruits to carry out their duties with minimum supervision.

Two meetings, one quality and one risk analysis are held every fortnight and their purpose is

to help the company to enhance product quality and to assess training needs.




Incentive schemes

A three-action group bonus scheme is used to enhance productivity and increase lead time.
The company operates a two-shift system that must complete a train rebuild every twenty
days. Operators are given a bonus for every train completed on time, an additional bonus is
available for completing ahead of schedule and a third bonus can be obtained for every extra
train completed above the required level within a two week period. The bonus system was
designed to help boost shop floor moral and to ensure camaraderie. For example operators

will automatically assist slower work mates, if only to ensure the group bonus.

Major problems

Company A believes that uncertainty is a greater problem for remanufacturing businesses in
comparison to conventional manufacturers. The main reasons given were, the unknown
quality of incoming work, lack of knowledge regarding the availability of required
components and ignorance and confusion about the suitability of components given changes
in legislation. Other problems include difficulties in reducing the supplier base. The reason
in this case is that producers of components for some old train designs are scarce. Company

A is therefore tied to these suppliers no matter how inconvenient the situation may be.

Major needs
Company A believes that one of its greatest needs is to have a flexible workforce. This is
because the company believes that profitability and productivity can be better enhanced by

“working smarter rather that sweating harder”.

4.3.2: Company B
Company B was formed in 1992 and rebuilds quarrying equipment. It has only one UK

plant but its products are exported to many parts of the world. This company can provide a
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wide variety of engineering services to suit the needs of most companies. This includes
individual assignments, production runs of mechanical components and fabrications. The
company also provides a parts repair and remanufacturing service. In this company
remanufacturing involves bringing the used product at least to original specification and is
more expensive than repair and reconditioning because remanufacturing involves the use of
comparatively greater resource than the other two processes. Company B has no competitor
for its complete package, defined as the range of services that it offers but has competitors
for the individual branches of its business. Its turnover is £1.5 M per annum and it has 20
permanent staff. The company’s representatives during the case study were some

supervisors as well as the general manager who also owns the company.

The information given under critical issues, key problems and overall management view in
the paragraphs following are direct reports of Company B’s representatives and do not

represent the author’s views of that company or remanufacturing companies in general,

Critical issues

According to Company B the order qualifier for remanufacturers is quality because
customers do not want to buy substandard products but the order winner is cost. The
company believes that critical issue is how to reduce operating costs whilst simultaneously
increasing product quality. The company tries to minimise the lead-time between order
receipt and job completion because short remanufacturing lead-time generally reduces
production costs and also frees up company resources. The company stated that the most
important task of remanufacturers is obtaining the correct blend of technical skill, product
knowledge and product history. It also believes that there is a great need for flexibility in

remanufacturing businesses because this can help to increase worker productivity.
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Key problems
The company stated that uncertainty makes planning difficult. For example, it cannot
precisely forecast the number of assignments that will be received in any given period and

therefore must ofien subcontract to stay abreast of its schedules and satisfy customers.

Although the company has a list of good quality free-lance workers it believes that
subcontracting in and out can have adverse results. It stated that this is because in such
circumstances operational control is far mere difficult and requires significantly greater
effort. The company stated that the time between giving a quote and receiving the order
varies considerably, and can be anything from a day to a year. It stated that at times this has
exceeded a year or the customer has declined but has not informed the company. Company
B stated that its inventory costs are extremely high because it has to stock high quantities of

remanufactured and newly manufactured components “just in case”.

Overall management view

To successfully compete for assignments a remanufacturer must have the technical skills
required to produce high quality products. However, to win orders the remanufacturer must
offer both lower product price and shorter lead-time in comparison to competitors. Balancing
these two requirements often appears impossible. This is because in order to produce high
quality products extensive testing of components and the finished product is required but at
the same time high inspection levels extend remanufacturing lead-times. Also, expensive
testing equipment such as ultrasonic machines may be required. There are no tools that can
determine how much to test, when to test and often what constitutes a “good enough”
component. It is all down to the expertise of the operator. The lack of remanufacturing

guidelines and tools added to the complexity of component testing results in losses.
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Typical examples of the type of loss that the company has sustained as a result of inadequate

component assessment include:

Jaw crusher re-build

The product was remanufactured, assembled, tested and sent to the customer. After only
three months in service the main shaft broke and the product was returned under warranty.
When the product was stripped, it was discovered that the shaft had been cracked for some
time. The shaft had been crack tested at the initial investigation but the crack had been
missed. A new shaft was fitted and the product was assembled, tested and returned to the
customer. The cost of poor investigation in this case was £12,000 in addition to the cost of

lost production.

Cone cruncher

A 13 ton (small) cone cruncher failed at test. The cost to the company of stripping the
product and re-testing was £315 (3 men working for 2 full days). In addition, a faulty gear
was found and replaced at a cost of £2424. The total cost to the company of reworking this

small cone cruncher was £2667. The margin on this job was significantly reduced.

Dumper transmission

The product was assembled and when on test it was found that the 5th gear would not
engage. The fault had to be found and rectified. This involved stripping the gearbox
completely because the 5th gear was packed first into the casing and hence had to be last
out. The fault was found to be a crack in the aluminium housing which should have been
identified at the component investigation stage. The cost to strip the product, repair the

fault and reassemble the product was £880.
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The author’s observations about Company B

The company reiterated the views of other remanufacturers for example, the need for
flexibility, the issues of uncertainty and how to balance the contradictory needs for low cost,
short remanufacturing lead-time and high quality. In addition the company data illustrates
the extent of adverse repercussions that remanufacturers encounter because of the difficulty

of component assessment.
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4.3.3: Company C

A supplier of remanufactured products for the soft drinks and brewing industries, company
C has three UK sites and customers worldwide. It operates in a niche market and has
approximately 220 employees at its main site. Its annual turnover is approximately £14 -
15million. Formed in 1979 company C initially began by buying and selling redundant or

surplus brewing plant and products, mainly from British sources.

Operating from Portakabins the company quickly built up a reputation for prompt and
efficient removal of plant and also for the ability to meet brewers’ plant needs from stock.
Rapid growth led to the company acquiring purpose built workshops and offices. To meet
an increasing demand for the overhaul and modification of tanks, the company built up its
engineering capability enabling it to undertake multi-million pound “turnkey” projects for
brewing and beverage plants. The company’s core activity is the supply of fully
remanufactured process and packaging lines in the brewing and soft drinks industry

worldwide.

In recent years company C has begun to supply new products to supplement the traditional
remanufactured used plant. The new products that the company can now produce include
silverstream fillers, carbonisation systems, high level depalletisers, flash pasteuriser and
conveyors. The main interviewees for the case study were the manufacturing and general
managers as well as some supervisors. In this company remanufacturing refers to rebuilding
to “as new” standards while reconditioning and repair refer to lesser scale of rebuilding that
require less expenditure because the work undertaken is less extensive. Company C’s
remanufacturing operation occurs through the 8 activities that are shown in figure 4.4 and

described below.
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Get core

A used bottling plant is selected from company C’s stock of cores.

Initial inspection

Initial inspection is composed of three sub-activities, visual appraisal, identification of
specification and determination of a parts list. The purpose of the visual appraisal is to
identify the product’s faults and is considered the most critical activity in the
remanufacturing operation. Initial inspection is performed by senior personnel because the
company believes that shop floor workers do not have adequate experience and breadth of
vision to effectively undertake that task. The objective of specification is to transfer detailed
information from point'of sale to pdint of production. The parts list simply describes and
quantifies of the components required to remanufacture the product and will be updated

weekly to reflect the product’s position in the remanufacturing operation.

Develop List
This activity describes the transforming of the result of the initial inspection into a series of

detailed documents that divides the parts lists into subassembly requirements.

Strip core (& quote if required)
This activity is the disassembly of the core and occurs once the build list is created. As soon
as the core is disassembled the company’s spot checking operation begins. This company

only quotes when undertaking non-contract work or in order to renegotiate a contract.

Clean, remanufacture and paint components

Following disassembly all components are cleaned, brought to at least the original
specification from the customer’s perspective and painted. Components that cannot be
brought back to original specification from the customer’s perspective are replaced with

new alternatives.
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Assemble product
Product assembly describes the re-assembly of the product using an assortment of new and
remanufactured components. This activity occurs when all components are available and at

the correct specification.

Test product

This describes the testing of the product to the required specification.

Final control test and SGS inspection
This is the final activity of the remanufacturing operation. It is a visual assessment of the
product and may include an SGS inspection at the customer’s request. SGS inspections are

tests administered by a certified independent assessor on the customer’s behalf.

The information given under critical issues, key problems and overall management view in
the paragraphs following are direct reports of Company C’s representatives and do not

represent the author’s views of that company or remanufacturing companies in general.

Critical issues

The critical issue for remanufacturers is cost control and this is an important purpose of
decision making. For example, what effective strategies can a remanufacturer adopt in order
to reduce production cost given that the remanufacturer relies on his reputation for quality,

reliability and speed of delivery in order to survive?

Key problems
Company C believes that in comparison to independent and new remanufacturing

companies, uncertainty is not a major hurdle for well established remanufacturers. The
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Company stated that this is because typically, well established remanufacturers have a
wealth of historical data and experience and generally, these advantages provide them with
scope to deal with anything that the market can throw at them. Additionally, many such
companies have contracts either formally or informally (i.e. there is nothing written on paper
but X will always come to us), as a result many orders are repeats or at least similar enough

not to raise too many eyebrows.

The key remanufacturing problem area was the decision making process especially
regarding cost reduction. For example, the range of prices at which a remanufacturer can
sell his product is predetermined by the market since customers will not usually purchase a
rebuild unless it is at least 25% less expensive than a new alternative. The remanufacturer
must therefore give a low quote for a job, normally prior to initial inspection of the core and

then work back from that price to break-even and make a profit.

Important decisions to be taken regarding cost reduction include:

» How to price the product prior to inspection and yet stand a good chance of not losing
the customer nor making a substantial loss?

e Having accepted the order, what criteria can be used to assess the condition of
components to simultaneously minimise the use of new components as well as the risk
of producing poor quality products?

e Given the importance of quality and reliability plus the high cost of inspection and
testing, what is the minimum cost and type of quality control and quality assurance

acceptable to the company?”
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One of the main reasons that many customers choose remanufactured products is their
shorter lead time. Lead time is defined as time elapsing between placing of order through to
the completion of the product. How can the remanufacturer reduce his lead times without

sacrificing his product quality?

Other problem issues include intellectual property rights restrictions. OEM’s are often
unwilling to provide remanufacturers with technical information about their products and
the reverse engineering this situation necessitates can ramp up the cost of rebuilds.
Company C stated that [PR-related problems exist but are not one of its major hurdles

because it has at least three engineers engaged in reverse engineering at any one time.

In this instance reverse engineering refers to the situation where a remanufacturer analyses a
correctly functioning product to obtain information with which to rebuild it to the required

specification on its failure.

Overall management view

According to Company C the major problem for the remanufacturer is in the decision
making process. For example, how can he enhance the effectiveness and efficiency of
decision making so that production costs are limited without sacrificing product quality? All
major remanufacturing problems are related in some way to this main issue. For example
one area of problem is in communication both within the company as well as between the
company and its customers. To obtain orders the sales force must be able to precisely
determine what the customer wants and this requires sound communication between the
company and customers. At the same time to successfully fulfil the details of the contract
the customer specification must be clearly understood and this requires good

communication between the sales force and the production department. Ideally Company C
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would prefer to carry out an initial inspection prior to accepting an order but the speed of

response required in order acceptance does not allow it this privilege.

The author’s observation about company C

The interviewer’s impression is that the main issue for this remanufacturer is cost control
and that this is determined by the efficiency and effectiveness of the decision making.
However, the decision making process is complicated because of the need to reconcile and
balance contradictory requirements. For example, it must reduce both production costs and
the level of new components used and simultaneously enhance product quality. Consider
also the need to limit inspection, testing and other processing costs and yet enhance product
quality. It would appear that it is from research into the decision making process in
particular with regards to component assessment that the remanufacturer can gain the most

benefit.

The company also confirmed that the major savings in remanufacturing occur through vastly
reduced research and development costs in comparison to conventional manufacturing in
addition to their reduced ievels of bureaucracy. These advantages are said to result from the
absence of extensive design, development and “actual” manufacturing activities in

remanufacturing operations.

4.3.4: Company D

Company D is a transmissions remanufacturer with three UK sites and customers mainly
from the U.K. It employs approximately 20 people and has a turnover of £0.5million per
year. The general manager, supervisors and operators were the key informants during the
case study. This company undertakes all three processes of remanufacturing, repairing and

reconditioning, depending on the used product as well as on the customer's requirements
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and financial circumstances. Where remanufacturing is concerned the used product is
brought back to at least the OEM performance specification from the customer’s
perspective and is given an equivalent warranty. In the case of reconditioning and repair the
work content is less extensive and the warranty given is also decreased to indicate this fact.
Reconditioned products have an increased length of warranty than repair because they

involve more work than repairing.

Company D’s remanufacturing operation

In company D remanufacturing is undertaken on a jobbing basis and typically, one worker
completes all the tasks required to remanufacture a transmission. This is because the
company is very small and does not obtain adequate quantities of similar transmissions to
warrant the use of batch processing. When a used product arrives it is given an initial
examination to determine an approximate rebuilding cost. The customer is given a quote for
repair, reconditioning and remanufacturing depending on his requirements. If the quote is
accepted then company D begins the rebuilding program according to the activities shown
in figure 4.5 and described below. Company D’s remanufacturing operation can be divided

into two groups, stages 1 and 2 activities.

Stage 1 activities

Stage 1 activities describe all the activities involved in cleaning and disassembling the core
as well as initial component assessment and discarding obviously irreclaimable ones. It also
involves thorough cleaning of potentially reusable components and their detailed analysis
and rebuilding to the required specification. In this instance the component rebuilding is a
term used by remanufacturers to describe the undertaking of repair-oriented tasks on

components.
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Stage 2 activities

Stage 2 activities describes the re-assembly of the transmission using an assortment of
purchased new components and remanufactured components. It also includes the testing of
the resultant product to ensure that it has been successfully remanufactured. The output of
company D’s remanufacturing process is a transmission that matches the OEM original
performance specification from customers’ perspectives. The company is not involved in
“pure” manufacture but it may manufacture some very simple items to rapidly process a job,

however, these instances are rare.

The information given under overall management view in the paragraphs following are
direct reports of Company D’s representatives and do not represent the author’s views of

that company or remanufacturing companies in general.

Overall management view

Because the success of remanufacturers depend upon their reputation for product quality,
quality control is crucial throughout the remanufacturing process. All workers should be
trained at least in elementary inspection techniques and should be alert for faults on parts
that are being used. However, training is difficult because many remanufacturing tasks are
experienced based. It is very difficult to ensure that your workers can all work to the same
level and have been trained in exactly the same way because so many remanufacturing
procedures are not documented and workers are trained on the job by copying more

experienced staff.

In some remanufacturing organisations workers are expected to identify their work, for
example, by colour or stamp to assist rapid fault tracing and training needs. Spot checking

occurs frequently through out the process and critical components may be tested both
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before input into stores and before recall to the shop floor. In a bid to develop expertise, a
remanufacturer will limit complexity by specialising in a particular product or even class of

product.

The key problem for remanufacturers is how to balance the contradictory needs for low
cost, high quality and short lead time. These priorities are much more difficult to
simultaneously obtain in a remanufacturing environment than in a conventional
manufacturing operation because the remanufacturer is working with disused products and

often with out the original design specifications.

Other issues that complicate remanufacturing are the unavailability of tools and standards
especially to assist effective component assessment and training. The problem is that the
remanufactured product is simply what is inside it. If the components have not been
evaluated properly, then you would not be able to remanufacture them properly because
you don’t know what is wrong with them. When you put them all together, to make up
your product it just would not work properly and you end up making losses. It would help
if there were some guidelines or even a commonly accepted idea of what remanufacturing is

or should be.

The author’s observations about Company D

This non-contract remanufacturer normally accepts whatever appears on their door.
Because every job is different each must be assessed on its own merit so that an appropriate
quote is given. Because of this the company is subjected to immense uncertainty. In addition
to problems of maximising the reclaiming of parts, it has additional complications related to
quoting speed and accuracy. This is because oversight in initial inspection and therefore in

quoting can result in severe financial penalties whilst quoting latitude can lead to
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opportunity loss. It makes very little use of IT because of two reasons. The first of these is
financial constraints. There are few remanufacturing tools and software available
commercially and company D lacks the financial acumen to design and develop such tools
in-house. The variety of products it receives is immense so that it rarely obtains adequate

batches of similar used products to make automation economically viabie.

4.3.5: Company E

Company E specialises in the remanufacturing of open and semi-hermetic compressors for
the refrigeration industry. It has three UK sites, each of which has approximately 25
permanent employees. Because its market is seasonal it uses part time and temporary
workers to significantly increase its work force and in peak season each of the branches may
accommodate up to 75 workers. It has customers worldwide mainly in Europe, Middle East
and South Africa and a turnover of between £8 and £10 million per year. It has 2
distributors and holds 3rd position in its market in the UK where its share of the market is
17%. The general manager, supervisors and operators were the key informants during the

case study.

Company E divides its compressors into two groups, “stock compressors “ and “customers’
own compressors”. Stock compressors are built for the company’s stock and are stored
until purchased. Customers’ own compressors must be remanufactured and returned to the
customer and have priority over stock compressors. Company E undertakes mainly
remanufacturing jobs which it defines as returning the used product at least to OEM
performance specification from the customers perspective. All company E’s remanufactured

products are given warranties that are equal to that of the original OEM product. Company
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E’s remanufacturing process is illustrated in Figure 4.6. It is composed of the following

activities.

Identification and introduction into company’s system

Typically, each core will undergo initial cleaning and examination to determine basic
information such as its condition, model and year of manufacture. The core is then tagged
for identification and core details will be translated into the company’s nomenclature. The
information obtained here is entered unto the company database along with customers’
stated complaints where such information is available. At this point the compressor will also
be identified according to its status i.e. “return under warranty” (returned by customers
because its performance is below the expected standards), “customers’ own compressor ”
(to be processed and returned to sender), or “build for stock” (to be processed and stored

ready for resale).

The compressor’s status determines the priority given to it as well as the costing and
processing method that will be employed. For example, the processing for customers’ own
compressors begins with a customer fault report and price quote. If the customer accepts
the quote, the company waits for a written job order before remanufacturing the
compressor. Generally, costs for customers’ own compressors are proportional to the
compressors actual remanufacturing costs. Build for stock compressors, on the other hand,
are given a nominal price irrespective of their remanufacturing costs and fault recording is

undertaken simply to create or access experience data.

Typically, “return under warranty” and “customer own” compressors are processed by
jobbing method and also have priority over build for stock compressors because their needs

are more urgent. For example “customers’ own” compressors must meet agreed delivery
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Disassembly and cleaning

Following their input into the company system, identical cores are grouped into batches and
disassembled. Disassembly of large compressors may occur in stages: first by subassembly
and then into smaller components. With the exception of components that are always

discarded (e.g. gaskets), every component is thoroughly cleaned.

During disassembly and cleaning visual inspection is used to identify obvious damages and
flaws. Components that survive visual inspection are sorted by part number and are

remanufactured.

Remanufacture components and input into inventory stock

In this company component remanufacturing is also called refurbishment and describes the
sum total of treatment required to return components to their original specification. It is
different from remanufacturing which describes the bringing back of a complete compressor
to specification. This activity is an essential part of the remanufacturing operations and may

involve:

® Surface treatment, for example blasting or rolling in abrasives to restore the surfaces of

discoloured, corroded or painted components.
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e Mechanical and electrical treatment, for example metal spraying, welding and machining
to build up worn parts to original dimension. Distorted holes may be enlarged to take an
insert with the correct internal diameter and bent shafts may be hammered or coaxed into

shape.

Other component remanufacturing activties include resetting of internal gauges and

rewinding of motors. Subcontracting may be used to reduce costs or improve quality.

In the interest of economy, the process chosen for the remanufacturing program will depend
on the type of compressor and the volume of work involved. However, some customers’
own cores and warranty returns may be processed by jobbing irrespective of their work
content. The reason here is to ensure accuracy and consistency of fault reporting and

costing,

Rebuilt parts that pass the mechanical and electrical tests are labelled and put into parts
inventory in stores. Generally the inventory record does not differentiate between
remanufactured parts stock and new purchased parts because these are considered equal in
quality. Replacements for items that must be discarded are ordered from suppliers and these

are also put into the inventory stock.

Testing, measurement and quality control

The testing, measurement and quality control methods used are similar to those of the
original manufacturing. The only difference is that remanufacturing requires 100%
inspection because in remanufacture all parts are presumed faulty until proven otherwise.
Once all required components are available in stores assembly kits are prepared in st(.)res

using an assortment of remanufactured and purchased components according to the
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production schedules. These kits are called out to the assembly area as required for
subassembly and final assembly. Assembly is followed by whole system testing of the
compressor to ensure that its performance standards are equivalent to the OEM original
specification from the customer’s perspective. If the compressor passes the testing process

then it is painted and labelled in a way that clearly distinguishes it from a new compressor.

Finally it is given a warranty that is equivalent to that of the original compressor and is
shipped to a customer or else put in finished goods stock to await purchase.

The information given under critical issues, key problems and overall management view in
the paragraphs following are direct reports of Company E’s representatives and do not

represent the author’s views of that company or remanufacturing companies in general,

Critical Issues

The priorities for the business are:

e High reliability and quality to be able to compete in the market.
e Speed and consistency of delivery as well as low cost to be able to beat competitors and
secure orders. Also secondary market products whether reconditioned or

remanufactured must be much lower priced than new alternatives to attract customers.

The business depends on its reputation for service to survive so if resource is not available it
will purchase new components and remanufactured ones from its competitors rather than
disappoint a customer. On occasions it has been forced to purchase remanufactured
compressors to fulfil accepted orders and incur losses rather than risk losing the favour of

its customers.
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Key Problems

The major remanufacturing problem is uncertainty. Even when contracts are available it is
impossible to precisely forecast the quantity and type of cores that will be received. For
example, although the company has contracts it is still impossible to predict when
customer’s compressors will fail and this makes it impossible to plan resource requirement.
This company tries to forecast resource requirement based on past experience. Also, like
many compressor remanufacturers it keeps a bank of casual and temporary labour because
its market is seasonal. Even with all these precautions, it can never accurately predict the

quantity of work offers it would receive.

For example in a recent two-months period we were forced to turn away more than
£65,000 worth of trade because we were not expecting them and no matter what we did
there was no way that we could get together the stuff we would need to complete them on
time. It is impossible to guarantee a customer that a similar replacement for his equipment
will be in stock ready for shipping or even that the body, spares and labour will be available
for remanufacturing an appropriate equipment on demand. Also, product history is normally
unavailable and this increases the effort and time that remanufacturing would otherwise

require.

Overall management view

Customers demand short delivery times, low product cost and high product quality but it is
difficult to meet all these requirements at the same time because the methods you use to
improve one requirement may also reduce your performance in another. For example,
reducing component testing and inspecting time may reduce production cost and
remanufacturing lead-time but may also reduce product quality simply because if you get it

wrong with the component you get it wrong with the whole product. It is also difficult to
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introduce effective training and performance measures because remanufacturing is an
experience-based process and documentation and tools are few and far between. For
example, it would be impossible to measure scrap levels unless individual workers are
willing to own up when they damage components. It seems impossible to effectively predict
acceptable scrap level when a business is working with scrap. Each core is different because
outward appearance and age cannot accurately dictate the condition of the internal
components and their extent of wear. Tools are often made in-house and vary between
companies and sometimes between individual operators within a given company. There are
few guidelines so the attitude in this business is if it fits use it. Cost reduction is a great
problem for remanufacturers. The simple fact is that no matter the quality of a used product,
no one in his right mind is going to be willing buy it for the same price as a new alternative.
We simply have to charge much less than OEM companies if we want to get the customers.

The problem is how can we do this and still consistently offer at least the same quality.

The author’s observations about Company E

In this company a test was undertaken to assess the effectiveness of component evaluation.
This involved putting discarded components back into the production process. The test
results was that, following re-inspection of the discarded components operators passed a

significant proportion of the components that they had previously failed.

Other observations include:

Effect of contracts on the level of uncertainty

Contracts act as buffers against uncertainty for this company by:
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e Reducing the variety of product types or at least making known the variety of products
that would normally be received. This is because a contract generally states the product

types it covers.

e Specifying the type and level of work that must be carried out on particular components.
For example there may be a list of components that must always be discarded what ever
their condition. This determines in advance the prognosis for a significant proportion of

components and therefore reduces the number of decisions that company E must make.

In comparison to an independent remanufacturer uncertainty is less of an issue for this
contract remanufacturer. It knows the types of units that will be received and often the
guantities and time of arrival of products. It also knows in advance how much it will charge
for the rectification of particular machines because the contract stipulates an agreed sum.
The quoting activity is omitted in its remanufacturing operational diagram. Additionally,
because its clients often are oniginal equipment manufacturers, it can easily obtain spares. In
fact, the OEM insists that only its genuine spares are used in remanufacturing its used
products. Because of this the contract obliges the OEM to release spares as and when
required to company E. The main source of uncertainty for company E is ignorance about
the quality of cores prior to their disassembly. Its major problem is how to effectively and
consistently judge the suitability of reclaimed parts for reuse. That is having disassembled
the product what strategies can and should be used to ensure maximum reclaiming of parts

as well as limited operation lead-time and high product quality.

4.4 Analysis of the Phase 1 case study evidence

The Phase 1 case studies revealed two types of remanufacturing business issues. The first of

these are the key problem causes in remanufacturing operations and are shown in Table 4.1.
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The second is the characteristics that remanufacturers believe that they require in order to

stand a good chance of succeeding and are presented in table 4.2.

4.4.1 Contract and independent remanufacturers

It was observed that contract remanufacturers, for example Company E typically do not
have the quoting activity in their remanufacturing operational flowcharts. Such companies
quote only when they undertake non-contract jobs. Independent remanufacturers, for
example Company D typically have the quote activity in their operational flowcharts. Non-
contract remanufacturers also appear to experience difficulties in obtaining parts from
original equipment manufacturers and, generally, they operate via jobbing process because

of the variety of product types that they serve.

4.4.2 The key remanufacturing problems

Table 4.1 illustrates the range of remanufacturing problems recorded during the Phase 1
case studies from these it can be seen that the major ones are uncertainty, lack of
remanufacturing-specific tools and guidelines and over reliance on experience. In fact
evidence from the companies indicate that over reliance on experience is a direct result of
problems related to the paucity of remanufacturing tools and guidelines and that these two
problems also cause inconsistency in training. The evidence given in Table 4.1 also

indicates that component assessment is critical in remanufacturing operations.
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Additionally, flexible workers may also help to lower production costs because they are
capable of undertaking a wide range of tasks and this may help to reduce the number of

workers that the company requires.

4.5 Summary

This chapter has presented the Phase 1 case study method as well as each of the Phase 1
case studies. It has presented the remanufacturing operational flowcharts of the companies
and it has described each company’s remanufacturing procedure. It has also summarised the
main remanufacturing problems of the companies as well as the characteristics that they
believe that they require in order to succeed. The chapter also recorded that the operational
flow charts for contract and independent remanufacturers are different. This is because
evidence from the Phase 1 case studies showed that independent remanufacturers typically
have the quote activity in their operational flow charts. In the case of contract
remanufacturers the quote activity is absent and is only introduced when the contract

remanufacturers undertakes non-contract jobs or wishes to renegotiate an existing contract.

The following chapter presented in the conclusions of the Phase 1 case studies.
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Chapter 5: Overview of remanufacturing practice

5.1 Introduction
The previous chapter presented the individual Phase 1 case studies. This chapter describes

the conclusions of those studies. This will involve:

1. Presenting and describing a standard flow chart of the remanufacturing operation
that the author has developed through the research.
2. Describing the characteristics of typical remanufacturing operations.

3. Explaining the primary production control issues in remanufacturing operations.

5.2 The generic remanufacturing operational flow chart

From the descriptions of the remanufacturing operations of all the Phase 1 case study
companies, it can be seen that remanufacturing begins with the arrival of a used product
(called a core) at a specialist facility (the remanufacturer’s). In this factory environment
cores pass through a series of industrial stages which include disassembly, cleaning,
component remanufacturing, replacement of unremanufacturable parts, re-assembly and

testing to produce the remanufactured product.

The importance of quality assurance to successful remanufacturing is shown by the
dominance of inspection and test procedures as indicated in the process diagrams of
companies A, B, C, D and E. Even without including the inspection procedures carried out
by non-inspection staff, inspection and test account for a significant proportion of

remanufacturing activities.
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Of the five classical process choices (Hill, 1996) it would appear that only two, batch and
jobbing are available to the remanufacturer. The case study recorded no instances of the use
of the project production method. This may be because typically that method requires the
job to be a one-off and often too large to be moved whereas remanufacturing appears to
prefer products that are factory built rather than field assembled. Line processing also
appears to be inappropriate because it is generally used to process high volume products
with stable processing needs. Remanufacturing however, would typically not provide such

large numbers and stability.

Figure 5.1 illustrates a generic flow chart of the remanufacturing operation that the author
has determined through the Phase 1 case studies that were described in chapter 4. It consists

of the following activities.

5.2.1 Receive core

The Phase 1 case studies described in the previous chapter have indicated that typically, in
remanufacturing operations, the core undergoes initial cleaning and examination to
determine basic information such as its model and year of manufacture. If the company has
access to a sound information system the cores will be tagged for identification and core

details will be entered into the company database.
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5.2.2 Clean and strip core
Following its receipt the core is disassembled. With the exception of components that are
always discarded (for example, low cost items or items specified in an OEM mandatory

replacement list), every component is thoroughly cleaned.

5.2.3 Investigate core and quote

All components are assessed to determine their extent of wear and to specify rectification
solutions. A parts list is produced detailing the type and quantity of required new parts. The
parts list is given to administration along with the details of rectification requirements. This
information is used to determine an appropriate rectification strategy and product quote. If

the quote is accepted then the remanufacturing of the core can commence.

5.2.4 Remanufacture components

Component remanufacturing (also called component rebuild) consists of the treatments
required to bring component parts to at least the original OEM specification from the
customers’ perspective. This may involve surface treatment (for example, blasting to restore
the surface of corroded parts) or mechanical and electrical treatment (for example, building
up worn parts by metal spraying or welding). In the interest of economy, the process chosen
for the component remanufacturing programme will depend on the type of product and the
volume of work involved. Subcontracting may be used to reduce costs or to improve

product quality.

Remanufactured parts that pass the appropriate mechanical and electrical tests are labelled

and put into parts inventory in stores. Generally the inventory record does not differentiate

between remanufactured parts stock and new purchased parts because these are considered
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equal in quality. Replacements for items that must be discarded are ordered from suppliers

or made by the remanufacturer. These are also put into the inventory stock.

5.2.5 Assemble and test

Once all required components are available in stores, assembly kits are prepared using an
assortment of remanufactured, purchased and manufactured components according to the
production schedule. These kits are brought out to the assembly area as required for
subassembly and final assembly. Assembly is followed by whole system testing of the
product to at least the original OEM performance specification from the customers’
perspective. If the product passes this final test then it is surface finished, (for example, by
painting). Following this, the product is labelled in a way that clearly distinguishes it from a

product newly produced by conventional manufacturing.

Finally the remanufactured product is given a warranty which is at least equal to that of an
equivalent product at the OEM original specification and is shipped to a customer or else is
put in finished goods stock to await purchase. The testing, measurement and quality control
methods used are similar to those employed during the original manufacture. The only
difference is that in remanufacturing inspection is much more rigorous. In fact inspection
must be on a 100% basis because in remanufacturing all parts are presumed faulty until

proven otherwise.

The following sections will describe some characteristics of remanufacturing operations that

were revealed by the Phase 1 case studies.

127




5.3 Characteristics of remanufacturing business operations
The case studies revealed that the major problems facing remanufacturers are caused by
uncertainty, intellectual property rights restrictions (IPR) as well as the complexity of the

decision making process.

5.3.1 Uncertainty

The main source of uncertainty in remanufacturing is ignorance of long and short-term
requirements. An example of long-term requirements would be the level of resource that
would be required in a particular future period. Short-term requirements describe issues
such as predicting the level of resource that would be required to remanufacture a core that
the company has received but has not disassembled. This situation is caused by problems
such as the inability of remanufacturers to predict the quantity and quality of in-coming
products as well as problems related to intellectual property restrictions (IPR). These

complicating factors are explained below.

5.3.1.1 Inability to predict the quantity of cores that will be received

The Phase 1 case study companies, for example company B, state that it is usually
impossible for them to determine when customers’ products will fail, therefore they cannot
precisely forecast resource requirements. Company E stated that it had been forced to reject
trade offers worth more than £65,000 because their unexpected arrival did not allow it
scope to obtain the resource it needed to process the job orders. This problem is even
greater for remanufacturers that have no contracts. These companies face significant

uncertainty regarding the product types that they will receive.

According to company E, even when the remanufacturer has contracts, it will still obtain

jobs from other sources and it cannot forecast this non-contract work. Additionally,
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forecasts of contract work may not be accurate because of unforeseen circumstances and
communication problems. The Phase 1 case study companies indicate that a common
problem in this area is the unexpected arrival of products and the arrival of products

differing significantly from the expected versions.

5.3.1.2 Inability to predict the quality of incoming cores

According to the Phase 1 companies, for example companies E and A, the quality of a core
is determined by its service history and operating condition rather than by its age or
cosmetic appearance. However, information on the product’s service history is often not
available. They state that because of this remanufacturers are unable to determine the
remanufacturing needs of cores prior to their disassembly and inspection (i.e. the start of the
remanufacturing operation) and that this makes it difficult for them to plan resource

requirement on the basis of accepted jobs.

5.3.1.3 Intellectual property rights

The case study findings, for example the information from companies C and D indicate that
OEM'’s are often unwilling to provide remanufacturers with technical details about their
products and the reverse engineering that this situation necessitates can increase both
remanufacturing cost and production lead time. In this context reverse engineering describes
the situation whereby a remanufacturer analyses an OEM product in order to determine a
specification that can be used when the product fails in order to return it to OEM original
performance specification from the customer's perspective. According to company A
remanufacturers may also have difficulties in reducing their supplier base. This is because
producers of components for some old product designs are scarce. The remanufacturer is
therefore tied to these suppliers no matter how inconvenient and unreliable the supplier may

be.
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5.3.2 Pricing

According to company C for example, customers would not usually purchase a
remanufactured product unless it is at least 25% less expensive than a new product.
Company E states that this is because in order to win customers, secondary market products
such as remanufactured goods must be low priced in comparison to new alternatives.
Therefore the market predetermines the range of prices at which a remanufacturer can sell
its products. The remanufacturer must give a low quote for a job and then work back from
this price to break-even and make a profit. All the Phase 1 case study companies believe
that pricing strategy is one of the most important and difficult decisions for a
remanufacturer. Companies D, B and E believe that the reason for this is because core
inspection is time consuming and costly, especially if the customer later declines the quote.
At the same time remanufacturers are often forced to quote prior to core inspection because

customers expect high speed of response in order acceptance.

Companies B and C indicated that remanufacturers would prefer to inspect cores prior to
quoting, however the speed of response required in order acceptance and the loss that
would be sustained if the customer declined the quote following a detailed core analysis do
not usually allow them this luxury. Remanufacturers therefore experience difficulty in

quoting prior to inspection without incurring substantial losses.

5.3.3 Core assessment criteria

All the Phase 1 case study companies state that generally, remanufacturers have great
difficulty in evaluating the suitability of reclaimed parts. They state that this is because there
are few standards and methodologies to aid consistent and accurate core assessment. This
problem reduces the effectiveness and efficiency of production and ultimately has a

profound impact on the profitability of remanufacturing businesses.
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5.3.4 Quality control

While poor quality will be disastrous to a remanufacturer excessive testing and inspection
can have adverse effects such as long production lead-time and high production costs and
both of these can result in bankruptcy. As a result remanufacturers have difficulty in
deciding how to balance the needs of high quality and reliability with the requirement for
low cost products and short production lead-times as has been illustrated from the

information obtained from companies B, E and D.

5.4 Primary production control issues in remanufacturing.
The main production control issues highlighted by the research relate to the “investigate

core” activity and its “assess component” sub-process.

5.4.1 The “investigate core” sub-process.

As has been shown by the Phase 1 case studies, for example company C, the “investigate
core” activity is the key fault analysis stage in the remanufacturing operation. This activity
consists of a series of component assessment sub-processes where components are
evaluated to determine their extent of wear and to specify their rectification requirements.
The “investigate core” activity also involves producing a list of the types and quantities of
new parts that must be purchased or manufactured to replace components that cannot be
brought to the required specification. Additionally, the information obtained by this activity

is used to determine an appropriate job quote.

Because of these reasons, the “investigate core” activity requires effective and reliable

systems for gathering and evaluating data. It demands effective trouble-shooting to ensure

that valid rectification solution and accurate cost estimates can be ascertained.
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The case studies have shown that a crucial element of the remanufacturing operation is the
ability to effectively diagnose the faults of failed products, i.e. effective product failure

analysis.

All the companies surveyed could cite examples where financial losses occurred as a result
of inadequate initial analysis. This can be illustrated through the experience of company B, a
remanufacturer for the quarrying industry as described in the previous chapter in section

432

5.4.2 The “assess component” activity

The “assess component”™ sub-activity is a fundamental component of the “investigate core”
activity and is critically important to the overall economic viability of the remanufacturing
operation. This sub-process is the making of decisions regarding the suitability of

components for reuse. This was shown in companies B, C, D and E.

The case studies have revealed that this sub-activity underpins the “investigate core” activity
and adds significantly to its complexity. This is because core investigation involves the
examination of the quality of the components that make up that core. Inadequate
component assessment can have significant negative financial repercussions, for example

through the discarding of good components and the use of inappropriate labour.

Despite the significant adverse consequences of performing the “assess component” sub-
process insufficiently, there appear to be few guidelines to assist accurate component
evaluation. As a result, important decisions regarding component quality rest almost entirely
on the expertise and good will of operators. Companies B and D, for example, stated that

they are extremely reliant on the experience of their workers because there are few tools to
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available to assist effective component assessment. Also, company B gave examples of the
extent of loss it has incurred because of inadequate performance in that sub-process. Some
of the problems resuiting from this lack of standard policies and procedures include
inconsistency of component inspection, excessive waste, poor performance monitoring and
inadequate training. In the case of inadequate training, company D, for example indicated
that it found it difficult to give workers the same training because so many remanufacturing
procedures are not documented so that training consists of new recruits simply copying
more experienced workers. As far as excessive waste and poor performance monitoring is
concerned company E, for example, stated that the paucity of guidelines and documentation
makes it difficult to monitor performance and predict acceptable scrap levels unless workers

are willing to own up when they make mistakes.

Performance monitoring is inadequate because without a company wide accepted and
documented work approach it is difficult to select appropriate criteria against which to
measure the work of operators. Training is often ineffective and inefficient because in the
absence of clear documented criteria and standards, poor component assessment practices
may be passed on to new recruits. This was shown in companies B, D and E.

Other observations made by the Phase 1 case studies relate to the influence of production
volumes and contracts on remanufacturing operations and also to the relationship between

manufacturing and remanufacturing companies. These issues are explained below.

5.5 Effect of production volume and contracts on remanufacturing operations

The research determined that volume of activity has great influence on the production
process adopted by remanufacturing concerns. Large quantities normally increase the
opportunity to obtain generous batches of similar units. It can thus permit cost reduction

strategies such as line processing, automation and tasks deskilling. On the other hand, the
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immense variety that typically characterises small scale remanufacturing would render such
schemes impractical if not impossible. Small volume remanufacturing therefore generally
necessitates jobbing process and relatively skilled labour because each operator must

process a variety of machines to completion without supervision.

Contract and non-contract remanufacturers have diverse requirements. As the choice of
business system is directed by business needs the operational diagrams for both types of
remanufacturer are dissimilar. An example of an obvious difference is the omission of the
quoting activity in the operational flowcharts of contract remanufacturers. For example,
Company B undertakes both contract and non-contract work. When contract work is
undertaken the quoting activity is omitted because the contract stipulates an agreed job
cost. However, in the case of non-contract jobs, the company undertakes a preliminary
examination to determine a job cost. This cost is given to the customer as a quote and the
remanufacturing operation does not begin until the customer sends the company a job order

to indicate that the quote has been accepted.

With regards to organisational size and production volume the research information
indicates that large remanufacturers commonly have greater volumes of activity than their
smaller rivals. The evidence also suggests that large remanufacturing companies tend to be
those that either have contracts or else operate in a niche market. In fact it would seem that
the acquiring of contracts leads to increase in both organisational size and production
volume. Additionally, because of their greater production volume, superior financial
position, and often support from OEMs, larger remanufacturers are likely to have greater IT
resource than independent remanufacturers. This can be dlustrated by comparing the
remanufacturing operations of companies D, E and C. Company D is an independent

remanufacturer that does not operate in a niche market. It is small and makes little use of IT
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partly because of financial constraints and also because it rarely obtains adequate volumes
of similar products to make automation viable. Company E is a contract remanufacturer.
Because of the large quantity of jobs that it receives through its contracts it has adequate
resource to implement IT techniques. Its contracts also guarantee it large volumes of similar
products and this makes economies of scale such as batch production and automation
viable. Company C on the other hand operates in a niche market. Its customers have few
options and often compete for its services simply because it has few competitors. As a result
it also receives many jobs and large volumes of similar products. Because of this it also is a
large remanufacturer that can afford to purchase new technology and take advantage of

economies of scale.

5.6 The relationship between manufacturing and remanufacturing companies

From the author’s observations it would appear that once a remanufacturer attains a certain
size and remanufacturing expertise it may become capable of designing the products it
remanufactures. In such instances the remanufacturer typically moves into the
manufacturing arena thus challenging the OEM manufacturer on two levels. This was
shown in companies B and C. Even more disastrous for the manufacturer is that such
remanufacturers inevitably bring with them all the benefits of remanufacturing experience
such as expertise in limiting research and development costs, for example, reverse
engineering and the “ability to understand and interpret the whole picture when given a few
threads”. Such skills are thrift based and ensure the remanufacturer’s capability to severely

undercut conventional manufacturers.

5.7 The major source of savings in remanufacturing operations
The companies also confirmed that the major savings in remanufacturing occur through

vastly reduced research and development costs. The operational charts of the
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remanufacturing companies illustrated that typically remanufacturing companies do not
undertake research and development. This is also shown on the manufacturing V
remanufacturing operational charts on figure 5.2. The remanufacturing companies
interviewed indicated that the absence of extensive design, development and “actual”
manufacturing activities in remanufacturing operations gives them additional advantages

such as reduced levels of bureaucracy.

5.8 The new definition of remanufacturing

The proposed new definition of remanufacturing is that it is a process of returning a used
product to at least OEM original performance specification from the customers’ perspective
and giving the resultant product a warranty that is at least equal to that of a newly
manufactured equivalent. This is because evidence from the Phase 1case studies indicate
that remanufacturers not only return the used product to at least OEM original performance
specification from the customers’ perspective but also give that product a warranty that is at

least equal to that of a newly manufactured equivalent.
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5.9 Summary

This chapter has presented an overview of current remanufacturing practice observed by the
Phase 1 Case studies. This included a description of the generic remanufacturing operational
flow charts that the author has developed using the information from the research. The
generic flow charts showed that remanufacturing operations share some key activities.
These are disassembly and cleaning, component rebuilding and replacement of
unremanufacturable parts and finally re-assembly and testing to produce products that have
similar performance specification to the original OEM product from the customer’s

perspective.

The case studies also showed that remanufacturing operations can be characterised by their
major production control issues and that these are related to uncertainty of their
environment and the complexity of the decision making process. These production control
issues are discussed in Section 5.4. Other observations made by the Phase 1 case studies
relate to the influence of production volumes and contracts on remanufacturing operations
and also to the relationship between manufacturing and remanufacturing companies. These
issues are explained in Sections 5.5 and 5.6. This chapter also presented a proposed new

definition of remanufacturing.

The next procedure was to validate the Phase 1 case study results. This was achieved by
discussing them with academics and non-case study remanufacturers at conferences and
trade fairs and also by comparing them with the findings from the study of a second group
of remanufacturing operations. Details of these second case studies, the Phase 2 case

studies are presented in the following chapter.
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Chapter 6: The phase 2 case studies

6.1: Introduction

This chapter describes the phase 2 cases. These are the in-depth four-week cases that were
used to validate the Phase 1 case study findings.. Because all the case studies of this
research were undertaken using similar overall procedures, this chapter presents only the
individual Phase 2 cases. However, the reader is urged to refer to chapter 4, section 4.2 for

a description of the case study procedure if this is required.

Before these studies, the Phase 1 case study results were confirmed by discussing them with
remanufacturing practitioners at trade fairs and conferences. Organisation G was chosen for
these case studies because at its UK head quarters it has five remanufacturing operations as
well as a sister company, company H, in close proximity. All these operations are
independent and have different characteristics. For example, there were large and small
companies as well as contract and independent ones. These dissimilarities permitted the
author to explore the operations of a range of remanufacturing practitioners over an
extended period with relative ease. Company F was selected because it is unrelated to
organisations H and G and also rebuilds an unrelated product. Organisations H and G are
concerned with transmission and related products such as transmission converters but
company F rebuilds only refrigeration compressors. This precaution helped to ensure that
organisation and product-specific factors would not influence the outcomes of the validation

of the Phase 1 case study results.
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6.2 The Case study organisations

Company G

Company G is an international supplier of new and remanufactured transmissions systems,
electronic control units (ECU’s) and replacement parts. The company has markets in the
UK, U.S.A, Europe, Far East and Middle East. It has six branches, three in the UK and one
each in France, China and Holland. The company has 180 employees at its UK head office
and an annual turnover of £8M. It has both ISO 9002 and QS 9000 and at the time of the
case study was planning to pursue ISO 9001 provided that its design work continued to

expand.

Company G began life in the UK in the mid 1960’s as an automatic transmissions re-
manufacturer. Because of its professional approach and heavy investment in specialised
equipment the company grew rapidly. By 1980 a separate division was introduced to service
the growing demand for high quality industrial and off-road equipment remanufacture.

Trading bases were also established in France, Holland and China.

The company’s steady growth and solid reputation prompted its appointment as a major
remanufacturer for several original equipment manufacturers. Company G became the
European distributors of new automatic transmissions and trans-axles for the
Chrysler/Acustar Corporation of Detroit and it regularly adapt their products for special
uses like city buses, airport ground support vehicles, tracked vehicles and construction
equipment etc. From the initial design and development to the manufacture and final
installation of complete transmission systems, Company G is well known for the quality and

reliability of workmanship that today’s vehicle manufacturers demand.
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The introduction of electronics into the automotive industry brought many significant
changes to the modern motor vehicle and Company G embarked on major reorganisation to
meet this challenge. For example, a company dedicated to the remanufacturing of
automotive electronic systems, was added to the group and is now established as a major
authority on the subject. Their expertise and unparalleled knowledge of all types of vehicle
electronics is also available world-wide via their unique, on-line diagnostic system known as
Network 500 Ltd. Company G guarantees to complete jobs within 30 days, irrespective of

the numbers of cores involved and provided that required components can be obtained.

During the case study company G’s representatives were the Chairman and vice-chairman,
the manufacturing director, the supervisors of the five operations studied, the quality

manager and some operators.

6.2.1 Overview of Company G’s UK headquarters

At its UK headquarters Company G has four operations, G1, G2, G3 and G4 that are
devoted to the remanufacturing of non- industrial transmissions. Operation G1
remanufactures only the major customer’s forward drive transmissions, operation G2
remanufactures various transmissions, operation G3 remanufactures the major customer’s
rear wheel drive transmissions and operation G4 remanufactures the major customer’s

manual drive transmissions.

All these operations are independent of each other. Each remanufacturing operation has a
unique cost centre because of differences in the nature of their inventory. For example, the
costs associated with operation G1 must be isolated from that of the other operations firstly,

because it has bonded inventory and, secondly, because of its contractual obligations. For

141




example, its customer insists on an extensive mandatory replacement list plus the use of his

own genuine spares for remanufacturing his cores.

They also use different production processes because of dissimilarities in the variety and
volume of the transmissions types that they receive. For example, operation G1 receives
large quantities of similar transmissions from a unique customer and can economically use
line production processing while operation G2 that serves a diverse set of transmissions and

clientele must operate via jobbing process.

Converter subassemblies from transmissions being remanufactured at all four operations are
remanufactured by G5, a torque converter remanufacturing operation. G5 is also owned by
Company G and is responsible for all the converter remanufacturing needs of all the
remanufacturing operations at Company G’s UK headquarters. It uses batch production and
is located in close proximity to the four transmission remanufacturing operations but is

independent from them.

6.2.2 Brief description of Company G’s remanufacturing operation

Required transmission cores are taken from the received cores area and split into converter
sub-assemblies and main transmissions sub assemblies. Converters are labelled according to
their type and stocked at the received converter storage point at the back of the received
cores area where they are held until they are collected for processing by operation G5
employees. The main sub assemblies, the transmissions, are similarly labelled by production
control but are delivered to the appropriate transmissions remanufacturing operation.
Converter sub-assemblies and the main transmissions sub-assemblies are remanufactured
and examined independently in their respective remanufacturing areas. They are then

delivered, again separately to the test rig where test personnel couple (assemble) them prior
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to whole system testing. Transmissions that pass whole systems testing are sent to dispatch

or stores while failed ones are returned to rebuilders for analysis and rework.

The following paragraphs describe the remanufacturing operations at Company G’s UK

headquarters.

6.3 Operations G1, G3 and G4 (The main transmissions sub-assembly)
remanufacturing operations

Operations G1, G3 and G4 remanufacture known ranges of transmission type, on a
contractual basis and for unique customers. Because they receive large quantities of similar
transmissions they can use line production. Their remanufacturing operations are similar and

are illustrated in fig 6.1, and described in the following paragraphs.
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Receive core

The remanufacturing operation begins with the delivery of cores to the operations by
production control personnel. A teardown sheet is attached to each core to identify it by
part number, (transmission type), and serial number, (internal identification code to allow
traceability). The operations’ workers also receive schedules of requirement that state the
types and quantities of required transmissions along with their receipt and due dates. The

teardown sheets and the schedules of requirement are also issued by production control.

Clean core

This activity describes the thorough cleaning of the core’s externals. It begins with a three-
stage preparation to improve the effectiveness of the cleaning agents. This initial procedure
consists of firstly, emptying the core of oil for operational and health and safety reasons. An
example of operational reasons would be preventing wet shot while that of health and safety
would be avoiding slippery factory floor. Secondly, plugging the box (covering all the
core’s orifices) to ensure that the steel shot blast cannot get in and, finally, spraying

degreasant over the core to enhance the effectiveness of grease and grime removal.

Following this preparation the core is cleaned and dried. This involves washing off loose oil
and grime with hot water jet; drying the core with compressed air, and shot blasting it to

remove rust and paint.

Strip core
Here the core is disassembled so that its internal components can be examined to identify

their remanufacturing needs.
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Initial component assessment

Initial component assessment describes the visual inspection of components by operators.
Obviously flawed and obsolete, (superseded) ones are discarded along with those such as
rubber parts and steel plates that appear on the customer’s mandatory replacement parts

(MRP) list.

Clean components

This activity involves the degreasing of components with a paraffin type solvent; washing
off the degreasant with a corrosion inhibiting cleaner and removing silicone sealant from
covers. It also involves painting the transmission’s covers. However, this last task is
subcontracted because of space constraints and the capital expenditure that bringing the

task in-house would necessitate.

Remanufacture components
Components are put into the subassembly area by trolley. Here they are grouped into six
processing types, pick (small parts), evaluation (main parts such as cases and gears),

solenoid, pump, input clutch and valve body.

The components are thoroughly inspected and tested. Dated and out of specification ones
are built up to the required performance specification according to the instruction on build
sheets. This is followed by operators” documentation to indicate, the tasks completed on the
component, the operator’s name, the types and quantities of new parts used in
remanufacturing the subassembly and the description of and results of any tests carried out.
This evidence stays with the core until it leaves the remanufacturing area and are

subsequently passed to production control.

146



Unlike other subassemblies, the valve body is both stripped and remanufactured inside the
subassembly build area. This is because the valve body consists of small parts that have, in
the past, tended to “disappear” or become damaged during the normal washing in the
teardown area. Inspected components are collected and transferred by hand (or by rollers in

the case of evaluation subassemblies) to their holding areas.

Parts that are ready for delivery to assembly are packaged to facilitate their ease of
identification. Their packaging may be colour-coded and item-specific containers may also
be used. For example the 24 and 22 spline (teeth) clutches are virtually identical but prudent
packaging is used to ensure that they are impossible to confuse. A unique colour has been
assigned to the documentation that accompanies each of these clutch types and they also
have specific holding containers. Even if a mix up were to occur in their documentation,
they are still easily identified because the retaining slots built into their holding containers

are not interchangeable.

Assemble transmission
This activity describes the re-assembly of transmissions with an assortment of new and

remanufactured components according to build sheet information.

When each task is finished, documentation is completed to indicate this along with the name
of the operator concerned and the description of and conclusions of any tests performed.
Following this, the assembled transmissions are placed at the completed transmissions

holding areas until they are transferred, normally in batches, to the test rig.

147




Test transmission

Here transmissions are coupled with the appropniate converters and evaluated against the

customer’s requirements. Tests carried out include:

¢ Functional analysis to ascertain that the transmission is operational to the specified
requirement. This typically occurs through simulation of the transmission’s working
conditions inside a vehicle. It may be performed by bolting the transmission onto an
engine to ascertain that correct gear ratios can be obtained.

o Integrity examinations to assess the quality of materials and workmanship. Such

assessment includes leakage testing by immersion in water.

If the transmission passes final appraisal then it is sent to dispatch where all the
documentation attached to it is transferred to production control so that any components
issued from stock for its remanufacturing can be deleted from the company’s inventory
system. Failure at the test rig results in the transmission being returned for analysis and

rectification in the rework area.

6.4 Operation G2’s transmissions remanufacturing operation
Operation G2 remanufactures automatic and manual transmissions for an assortment of
customers. Because this operation remanufactures a wide variety of transmissions in very

small batches it operates very much like a job shop.

In operation G2, only two or three employees are involved in the remanufacturing of
individual transmissions. When two employees are involved, one operator has total
responsibility for tear down and the other for building. In the case of three employees, one
of the employees strips and remanufactures the valve body for the remaining two who must

undertake all the other remanufacturing tasks required for that transmission including its
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re- assembly.

G2’s remanufacturing operation is very similar to that of G1, G3 and G4. The main
differences are that G2 operates via jobbing process as opposed to line process. Also,
because G2 costs each job separately on its own merit and charges the customer
accordingly, its remanufacturing operation has a quoting activity. G1, G3 and G4, on the
other hand have contracts that stipulate a pre-agreed job cost and therefore the quoting

activity is omitted in their remanufacturing operational charts.

G2’s remanufacturing floor area is divided into three areas, tear down, valve body and re-
build. Operation G2’s remanufacturing operation is illustrated in Figure 6.2. The mechanism
used to schedule shop floor work in operation G2 and the tasks undertaken in the tear

down, valve body and re-build shop floor areas are explained in the following paragraphs.

Scheduling

The shop floor scheduling mechanism is operated using two main items, builders metallic
name tags and schedule aid boards. There are two schedule aid boards, the time board that
indicates the time by which stripped cores must be available for individual builders, and the

unit-type board that shows the transmission type required.

Both schedule-aid-boards are located the front of the teardown area. The time board has the

hours of the working day listed on it in chronological order and each numeral has a metallic

peg protruding from it. The unit-type board however, is blank.
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Each morning the departmental supervisor tells each builder the type of transmission that he
is to build. The builder uses the average build time for that transmission to compute when
required components must be available. He takes his name-tag to the schedule aid boards
and hooks it on the time board, against the hours that he wishes to collect stripped cores.
Following this he writes his name on the unit-type board and against this the type of

transmission that he requires.

Tear down

The two scheduling boards enable tear down workers to process work according to
schedule. Name-tags are picked in chronological order from the time board and matched
against the names written on the unit-type board. This identifies the type of stripped core

required by individual builders and also when these cores must be ready for collection.

Tear down operators obtain the required cores from the holding area. These are Cleaned,
shot blasted and dried. Then they are stripped and any obviously flawed parts are discarded.
The surviving components are put through an extensive cleaning program. First components
are cleaned with a paraffin-based solvent to remove surface dirt, next they are placed in
appropriate washing baskets and are put through an automated cleaning machine. The
cleaned components are dried by compressed air, placed in large holding trays with their
completed build sheet and left in their holding area to await collection by subassembly

builders.

Valve body and re-build areas
Because many valve body components are delicate and small, the valve body builder will
both strip and build this subassembly in the valve body build area. Machine build operators

complete their tasks then obtain the completed valve body from valve body builders to
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re-assemble the transmission. Re-assembled transmissions are placed in the completed
transmissions holding bay. When an appropriate number (normally eight) of similar
transmissions are available, test rig operators collect these for assessment at the test rig.
Passed transmissions are dispatched while failed ones are returned to the builders for

analysis and rectification.

6.5 Operation G5

Torque converter remanufacturers work in operation GS and are responsible for the
remanufacturing of all torque converters entering company G’s headquarters. This includes
torque converters taken from transmissions from operations G1, G2, G3 and G4 as well as

those delivered unannounced or otherwise by the general public.

When transmissions arrive at the factory their torque converters are removed and labelled to
indicate their type but not the vehicle or transmission that they came from. Labelled
converters are stacked according to their type at the back of the received cores area.
Company G’s major customer’s converters have specific service requirement and are

therefore isolated from that of all the other clients whether contract or otherwise.

Operation G5 can remanufacture approximately 350 converters a week. Dirty and
completed converters are stored in different areas of operation G5. Dirty converters are
placed near the transmission splitting area while completed ones are stored near the test
rigs. Both categories of converters are managed via a kanban system and specific converters
have particular holding quantities. There is a chaser who alerts operators if converters are
approaching minimum quantity levels. At any period the sum total of converters in the
completed converter holding area is equal to that in the dirty converter holding area.

Likewise the numbers of particular converter types in the two sectors.
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G5 also has a monthly order that is used for scheduling contract work. The monthly order
lists the types and quantities of torque converters that must be remanufactured each month.
This figure is transformed into weekly requirements. Once these known obligations are
achieved any excess time is allocated to non-contract work. Generally, operation G5 is
unaware of any short term changes in the converter needs of company G’s headquarters as a
whole and of individual operations at the headquarters. However, it is able to satisfy
company production needs through the chaser. Each operation G5 employee self inspects
his work and also completes documentation detailing the quantity of tasks he completes
each day. The process used to remanufacture torque converters at operation G5 is shown in

Figure 6.3 on page 156, and can be described as follows:

Obtain work

Obtain work includes the “marking” and draining of the converter. The converter is taken
from its holding area and is marked on two sides of its diameter to facilitate ease of re-
assembly (i.e. the mating of the impeller and the back cover once all internal and external
rectification are complete). The converter is drilled and left hole down on a drainage trough
until it is empty of oil. The drainage trough is attached to a pipe that pumps the oil away at

regular intervals.

Splitting converter and initially clean components

This describes the removal of the empty converter’s seam weld with a lathe to separate the
impeller from the back cover, and reveal the converter’s internal components (the stator,
turbine and lockup clutch). At this stage obviously poor and mandatory replacement
components are discarded. The surviving components are washed in a solution of water and

general degreasing powder.
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Sort components, Wash / Blast, rebuild internal parts, Balance internal parts

The various components of the converter have specific requirements and following their
drying with compressed air, they are divided into three groups, impeller, internal
components and back cover. They will remain in these groups through intensive testing and
cleaning and in fact until they are reunited for re-assembly at converter build. This stage also
involves attaching a converter record card to the back cover to identify the type of
converter it belongs to. The operators sign and mark off tasks on the record card as the

subassembly progresses through the remanufacturing operation.

o  The impelter
The impeller is sent straight to intensive wash and shot blast. Once dried it is sent to the

impeller build area for light machining at the most, then from there to converter build.

. Back cover

The back cover requires greater attention than the impeller. For example, the back spigot
will be checked with a Go-No-Go gauge. If the spigot passes freely through the gauge then
it must be built up before use or else discarded. Other tasks performed on the back cover
include the machining off of the clutch lining. Once all required back cover operations have
been completed the component is sent for intensive wash and shot blast. Once dried the
back cover is sent to the bonding shop where it receives a new clutch lining, This

component is now ready to join the impeller in the converter build section.
¢ The internal components

These require the most intensive treatment. After turbines and pistons have been assessed

and rebuilt with the assistance of build sheets and computer instructions they are balanced
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to ensure concentricity in operation. This may involve welding metal weights to under-

weight components. Following this the internal components also are sent to converter build.

Converter build

Converter build is the assembly point where passed components are reunited with
appropriate parts (not necessarily the parts they came with). Once the converter is
reassembled, the tasks carried out on the various components are indicated on the converter
record card. This involves transferring the work record documentation on the various

components unto the converter record card,

Weld/leak test
Following assembly the cover and impeller are again welded together and leak tested by

dunking (immersion in water and degreasing agent).

Foot grind

This is simply the smoothing of the weld with a grinder.

Converter balance test

Now that the converter is complete it is balance tested. This may involve welding metal to
the converter to ensure concentricity. At this stage the converter is filled with oil and the
pump drive is covered with a plastic cap to prevent contamination of the oil. Following this

the converter is left in the holding bay to await collection by inspection staff.
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Inspect converter

Inspection staff are responsible for testing each unit. They visually inspect the converters in

the holding bay before taking them in batches to the test rig.

Test rig

Here the converters are united with appropriate newly completed transmission sub-
assemblies for whole system testing. Whole system testing is carried out on individual
converters and entails the simulation of the converters’ normal working condition for
approximately thirty minutes. Test rig examination computer printouts are then attached to
the converter and remain with it until they are removed at dispatch and forwarded to
administration. These test documents serve as work certification and are kept by the

company for several months.

Quality control

In an effort to maintain high product quality, quality control employees regularly remove an
agreed number of transmissions that have passed test rig assessment for detailed
examination. The company does not support spot-checking and all operators are required to
self inspect their work. New recruits can take part in the building process only when quality
personnel and departmental supervisors are satisfied with the standard of their work. To
facilitate training and performance measurement, all operators identify the tasks they
perform and their record sheets are collected each week. Transmissions cleaners must also
verify that cores have been shot blasted and this evidence is collected for each core once it
has been remanufactured. Departmental meetings are held once a month and there are
weekly management quality meetings. All company G’s operations also operate suggestion

schemes.
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Shop Floor Inventory control

All Company G’s operations try as far as possible to place components in close proximity to
their point of use. Components are divided into three groups according to their cost and
requirement frequency. Two of the component groups, inexpensive components
(components costing less than £0.14) and medium expense but frequently required
components are stored in the build area close to the operators. However, the two groups of
components have dissimilar control mechanisms. The later set are managed by a two bin
system while the former are in single containers that are replenished regularly with three
months supply of components. The third group of components consists of very expensive
and medium value but scarcely required components. To obtain these, operators complete
stores requisition sheets that must be counter signed by the operations supervisor before

stores can issue the requested component.

Contracts, product costing and injection rate.

To negotiate a new contract, typically the customer is asked to provide several of his cores.
These are stripped to determine on average the quantities and types of components that
must be replaced during remanufacturing (the injection rate). The injection rate is combined
with other remanufacturing costs to ascertain contractual details such as job costs. Along
with parts delivery lead-time the injection rate is also used to forecast reorder levels and
quantities. Operators’ documentation of quantities and types of components used during

remanufacturing are used to assess and revise contracts.

Company G’s overall management View

The view of company G’s management is that the key to cost effective remanufacturing is

the ability to reduce operating costs and lead-time while simultaneously maintaining high
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product quality. This is summarised by their Chairman whose motto is “what makes me

money is what I don 't put in rather than what I put into my products”™

The author’s observations
During the research, investigations were undertaken to determine whether discrepancies and
errors typically occur during the “assess component” sub-process. The following examples

illustrate the level of inconsistency observed in company G.

Example 1

The researcher found that line managers were unable to identify the flaws on discarded
components. Although the operator who had discarded those parts gave various reasons
why the components were unfit for reuse, neighbouring operators were willing to use a

large proportion of the rejected components.

Example 2

Following re-inspection of discarded components operators passed almost 30% of the
components that they had previously failed. The organisation stated that this can occur
because of three principal reasons. Firstly, new recruits are instructed by their more
experienced peers who have themselves been trained through word of mouth and without
the benefit of clear written instruction. Secondly, poor practices can be passed on to new
recruits because their instructors have lost some of their knowledge over the years. Thirdly,
experienced workers may have insufficient time to teach or may be unwilling to lose their

positions as the company experts.
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Example 3

The chairman of organisation G inspected a selection of expensive components from the
disposal bin. He passed many of these because he recognised that the faults in those
components could not affect their functioning inside the product. He stated that such
situations arise because operators are frequently under pressure to work accurately and
rapidly. In the absence of clear documented assessment criteria and procedures they may
often discard reclaimed components and resort to new alternatives rather than risk

outputting poor quality products or falling behind their quotas.

6.6 Company H

Company H is company G’s sister company and remanufactures large industrial
transmissions very close to company G’s UK headquarters. Company H operates
independently of company G but its converter remanufacturing tasks are subcontracted to
operation G5. Company H does not have contracts with its customers who may arrive
unannounced with an assortment of cores. Because the company cannot control the variety
and quantity of orders it receives, it is prone to feast and famine periods. Inventory control
is difficult and generally managed on the basis of "guestimates". For example, large

quantities of old cores are bought and held in stock “just in case”.

Because the quality of a used transmission is governed by its life history rather than by its
make or age, company H cannot judge the condition of received cores prior to their
disassembly. Every core is appraised and costed on its own merit. Typically, the
transmission is split (separated) from its converter subassembly and the converter is sent to
operation G5 who assess its remanufacturing costs. At the same time, company H
disassembles the transmission and evaluates its components to determine an approximate

remanufacturing cost. The total job cost is taken as the costs involved in remanufacturing
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both the transmission and its converter sub-assembly and this cost is sent to the customer as

the quote for the job.

Although customers may take more than three months to respond to a quote, company H
will not begin remanufacturing a transmission without written certification. If the customer
declines the quote he receives back his core disassembled and without fault analysis details,
however, he is not charged for the job estimation costs. Company H keeps a stock of
remanufactured transmissions and prefers customers to select from these because the

customer’s core can then be remanufactured for stock at the company’s leisure.

Company H makes little use of automation and IT and cores are processed on a jobbing
basis. Operators are responsible for the quality of their output and self inspect their work.
Also, each employee is expected to single handedly complete all the tasks required to
remanufacture a transmission. The activities involved in remanufacturing transmissions at

company H are illustrated in figure 6.5, and are described in the following paragraphs.

Receive core

When a core arrives at the factory it is identified and two tickets are attached to it. These

are:

e The job card that identifies the type of the transmission, the customer’s name, receipt
date and the accessories that it came with.

e The route card. This ticket also identifies the core by its type and customer and stays

with the transmission until it leaves the factory.
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Drain core

This is simply the removal of any oil inside the core. All cores must be empty prior to
processing because of operational and health and safety reasons, for example, prevention of
wet shot and slippery factory floor. Because customers often neglect to empty their

machines company H must carry out this task.

Split core
The transmission is separated from its converter subassembly which is subsequently
subcontracted to operation G5 for assessment of its remanufacturing costs (as well as its

actual remanufacturing if company H and the customer agree an acceptable job cost).

Assess transmission’s remanufacturing needs

The transmission is completely disassembled and all its components are evaluated to
determine extent of wear and remanufacturing solutions. The operator produces a parts list
specifying the type and quantity of required new parts. This list will contain parts that
cannot be brought up to specification or that are replaced in any case, (for example

gaskets).

Estimate cost
The parts list is given to administration along with the details of converter remanufacturing

costs. This information is used to determine an appropriate job quote.

Quote
Company H sends the customer details of the transmission’s total remanufacturing
requirements and the job quote. If the customer declines the quate, company H returns the

core back in its disassembled state.
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This is because core disassembly and evaluation is expensive and company H is unwilling to
spend further resource on the re-assembly of a core when it has nothing to gain by doing so.
In the case of an accepted quote the customer sends the company a job order. On receipt of
the job order, company H begins the remanufacturing operation according to the following

plan.

Clean and strip transmission
This activity describes the thorough cleaning of the externals of the transmissions by steam
cleaning and shot blasting. It begins with the following three-stage preparation to improve

the effectiveness of the cleansing agents.

1. Minor re-assembly of the box (core), to protect the internals of the core and also to
assist proper cleaning of the case (body of the compressor).

2. Plugging the box (covering the orifices of the core), to ensure that the steel shot cannot
get in.

3. Spraying degreasant over the core to assist grease and grime removal.

Following the preparation the core is put through the cleaning process which involves
washing off loose oil and grime with hot water jets; drying the core with compressed air,
and shot blasting it to remove rust and paint. Once the externals of the core are cleaned and

dried, it is stripped and attention turns to its internal components.

Clean and remanufacture components
Here the components are cleaned and rebuilt to the required specification. The cleaning of
the components involves their degreasing with a paraffin type solvent, the washing off of the

degreasant with corrosion inhibiting cleaner and the removal of silicone sealant from covers.

164




Following their cleaning the components are thoroughly inspected and tested. Dated and
damaged parts are built up to at least original OEM performance specification from the
customer’s perspective while components that cannot be brought to the required
specification are replaced with new or remanufactured equivalents. During this activity the

operators also paint the covers either manually or with spray guns.

Assemble transmission

This involves the re-assembly of the transmission using an assortment of new and old parts
according to build sheet instructions. This is followed by operators’ documentation to
indicate the tasks performed on the transmission, the name of the operator who
remanufactured the transmission, the types and quantities of new parts used as well as the
description of and results of any tests undertaken on the components and assembled
transmission. Once all these tasks are completed the operator delivers the transmission to

the test rig for functional testing.

Test

Here the assembled transmission undergoes rigorous examination against the customer’s
requirements. If the transmission passes final evaluation then it is packaged ready for the
customer or else is put into stores to await purchase. Failure results in its return to the

operator for reassessment and rectification.

The two tests carried out are, as for company G:

1. Functional analysis to ascertain that the transmission is operating to the required
specification. Typically, this involves simulating the transmission’s working environment
inside a vehicle. For example, the unit .would be bolted unto an engine to test whether

the correct gear ratios can be obtained.
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2. Integrity examination to assess the quality of the workmanship and the materials used.
Examples of integrity examination include leakage test by dunking, (immersion in

liquid).

Test results are again noted and attached to the list of documentation. This evidence stays
with the transmission until it leaves the remanufacturing area and is subsequently given to

production control.

Inventory control

Inventory control is purely by guesswork because company H is uncertain of the types and
quantity of transmissions that it will receive. Small quantities of frequently used components
are held in stock “just in case”. Company H actively seeks and purchases old transmissions
because it is difficult to obtain spare parts for them. These old transmission models are kept
in stores and are cannibalised (used as a source of components) to fulfil orders when the

need arises.

Quality control
Each operator self inspects his own work and transmissions cannot be dispatched without
thorough evaluation at the test rig. Although quality is paramount to company H, there

appeared to be no methods of monitoring warranty.

The information given under critical issues, key problems and overall management view in
the paragraphs following are direct reports of company G and company H’s representatives
and do not represent the author’s views of either or both companies or remanufacturing

companies in general.
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Critical issues

The managements of companies G and H stated that in the remanufacturing market the main
order qualifiers are quality and reliability because high profile customers would not purchase
inferior goods no matter how inexpensive. This is because such customers would not wish
to compromise their reputations by allowing the incompetence of others to hinder the

effectiveness of their own production processes.

They also stated that the remanufacturing order winners are cost and lead time. They stated
that low cost is attractive to their customers because typically they are other business
concerns who hope to lower their production costs by purchasing low cost plant and
machinery. They also stated that short lead time and reliability is important to their
customers because every extra minute an industrial transmission spends at the

remanufacturer’s factory is often an extra minute less in the running of expensive machinery.

Key problems

According to companies G and H the major remanufacturing problems result from the

following;:

¢ Difficulty in evaluating the appropriateness of reclaimed parts.
The main reasons given by the companies for this situation is that in remanufacturing
few standards and methodologies are available to assist consistency and accuracy of
component assessment. Because of this operators may give vastly incompatible and
inconsistent opinions regarding the suitability for reuse of particular components. This
problem reduces the effectiveness and efficiency of production and therefore has

profound impact on the profitability of remanufacturing concerns.
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¢ Ignorance regarding long and short term requirements.
The companies claim that because it is impossible to determine when customers’
machines will fail precise inventory and labour requirements cannot be forecast. This
problem is even greater for independent remanufacturer such as Company H because
they have no contracts and therefore are unsure of the product types that they will

receive.

o Inability to predict customer requirements,
Because the internal conditions of machines are determined by their service history and

operating conditions the remanufacturer cannot determine the service requirements of

received products prior to their disassembly and inspection.

Company H’s management’s observation

The main problem for the remanufacturer is how to reduce operating cost. In
remanufacturing, as in all business, cost reduction is governed largely by the efficiency and
effectiveness of organisational decision making. Remanufacturing decisions should be
geared towards maximising the reclaiming of used components and this involves optimising

the productivity of processes and people.

The author’s observations

As in company G the author carried out experiments to assess the consistency of component
testing. This involved asking the director of company H to inspect a selection of expensive
components from the disposal bin. He passed many of these because he believed that they
were fit for reuse. He stated that his employees are frequently under pressure to work
accurately and rapidly but because there are few documented assessment criteria and

procedures they often rely on their experience. He believed that as a result of this, when
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they are faced with a component that they are not very familiar with they would prefer to

err on the side of caution rather than risk producing a poor quality product.

6.7 Company F

Company F remanufactures compressors for the refrigeration industry. It was the second
company to begin remanufacturing on a large scale in the UK and is recognised as the first
compressor remanufacturer to open a network of locations in mainland Europe. Company F
has 5 sites and 18 distributors in the UK. It has markets in the UK, Europe and Overseas
and in 1996 held 32% of the UK compressor remanufacturing market. The company has
approximately 35 employees at its UK headquarters and its strength includes its capability
to complete a remanufacturing program within 24 hours. In more recent years it has merged

with a larger international organisation that in 1996 had a total turnover of £120M.

During the case study, company F’s key informants were the process and general managers

as well as some supervisors.

Company F’s remanufacturing operation

When a customer has probiems with his compressor, the customer, subcontractors or
company F’s specialist site team removes it from his premises and bring it to company F.
Company F remanufactures the core (used compressor) according to the activities shown in

Figure 6.5 and explained as follows.

Book in
When the core arrives at company F, it is given a unique code that is entered into the
company database to enable efficient tracking of its progress. This procedure is referred to

as “booking in” and indicates which loop, warranty, stock replacement, or urgent
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remanufacturing route that the core will take. Using this information the computer raises a
worksheet so that detailed records can be kept. The core is then assigned to a qualified fitter
and is loaded onto his work station. If the core is a warranty return the customer is supplied

with an alternative from stores.

When an alternative is not available, or the customer requests the return of his own

compressor, company F will carry out urgent remanufacturing of the core.

Strip and report

The most significant aspect of the strip and report activity is a basic assessment to gbtain an
initial quantification of the core’s problems and that is undertaken in the customer’s
presence. Details of tasks identified by this examination are recorded on the rectification
requirement report. Strip and report includes draining oil from the compressor and then
disassembling it. Once all parts are stripped from the compressor the windings are dropped

out (removed), using a custom built induction heater.

Clean and check

The purpose of this activity is to help to ensure that the compressor is of the highest quality
when it leaves the company. The first stage of this activity is a visual examination to
discard components that are on a mandatory replacement list or that are obviously damaged
beyond rebuilding. Such components must be replaced with remanufactured or new
alternatives. This stage may also involve the placing of a purchase order to obtain required
components and even subcontracting out of tasks. Other tasks undertaken at this stage
include the cleaning of all potentially reclaimable components to assist their accurate testing

and qualification. Clean and check also includes cleaning the compressor body to improve
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Remanufacture components

Component remanufacturing describes the treatments required to bring used components
back to at least original OEM performance specification from the customer’s perspective.
For example windings are thoroughly tested to assess their suitability for use and this
involves rigorous examinations to ascertain that no electrical abnormalities are present. If

the winding fails, then a tested pre-wound motor will replace it.

Some component remanufacturing tasks require specialised processing and are carried out
in a specialist machine shop facility. Such tasks include crankshaft re-metalling and

polishing, machine re-boring, as well as oil pump and valve plate rebuilding and testing.

Assemble compressor

Once the compressor parts have passed the required quality checks the compressor can be
rebuilt using an assortment of requalified (remanufactured) and new components. Company
F’s policy requires the fitter assigned to the compressor to continually double check the

standard of work including the quality of components.

Test

Before the compressor is despatched four groups of tests are carried out. These are:
® Flash tests to ensure electrical correctness of the remanufactured compressor.

® Dynamic test to measure suction and discharge and thereby ascertain the capability of the

compressor to function correctly.

® Pressure testing, heating and vacuuming of the compressor. This occurs immediately

before the painting and injection of nitrogen into the compressor.

¢ Visuall inspection to check the cosmetic appearance of the rebuilt compressor.
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In addition to the above quality examinations, workers self-inspect their work and also two
full time quality inspectors carry out spot checks throughout the remanufacturing operation.
If the compressor passes all the relevant tests it is despatched to the customer or else put

into stock to await purchase.

The information given under critical issues, key problems and overall management view in
the paragraphs following are direct reports of company F’s representatives and do not

represent the author’s views of that company or remanufacturing companies in general.

Critical issues
Company F believes that people are the key to its success and that the critical issues for its
industry are quality, service and delivery. It attempts to meet these requirements through the

following strategies.

e  Quality

The company has a rigorous quality control system and is ISO9002 accredited. Recently
company F embarked on an exercise to strengthen its management team by bringing in
highly skilled personnel such as quality and technical liaison officers. It has a training
program to try and ensure that its workforce has the level and type of skills it requires.

There is also a general consensus that workforce flexibility is desirable.

e Service and delivery

The company believes that service and delivery are customer driven. It attempts to gauge
the product time cycle (remanufacturing lead-time) of its products by dividing compressors
into three classes, large, medium and small. An estimate of the time required to

remanufacture each product class is obtained by taking an average of monthly values.
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Because it is impossible to reduce the number and complexity of tasks involved in
remanufacturing, the company strives to limit cycle time through effectiveness and
efficiency. The tactics that the company employs to meet this goal include sound factory
layout and stocking of correct components. Additionally, the company offers a network of
distributors through out the UK. This scheme reduces product price by limiting distance-
related costs such as carriage and travelling expenses. Additionally, it enhances response
time for obtaining goods and services. In the future the company expects to add the
forecasting of component demand and the use of external sales teams to this list of

improvement schemes.

Key problems

The company believes that the main problem for remanufacturers is the difficulty of
effective decision making and proposes that this situation is caused mainly by the
uncertainty of the remanufacturing environment. According to company F, problematic
decision-making issues include make or buy decistons, component inspection decisions and

choice of component stocking levels.

Overall management view

Company F’s overall management view is that there are many complex issues involved in
remanufacturing and that difficult trade-offs have to be made. The company believes that to
be competitive and profitable it must excel in its performance on service, price and quality.
It also believes that price is a function of market perception and the service offered. It
accepts that product price is greatly influenced by the level of repeat business. This is
because generally one-off orders have order winning costs such as telephone and cold

calling expenses, contract negotiation costs and so forth.

174




The author’s observations

During the discussion the interviewer was surprised to note that the company uses an
unusual definition of remanufacturing and repairing. This definition considered the
importance of product control and in fact gave it a chronological value (one year) and by
inference a monetary value. The most surprising aspect of this definition was that it

appeared to place repair above remanufacturing.

The author had classed company F as a remanufacturer because it rebuilds used products (in
this case compressors) back to original OEM performance specification from the customers’
perspective. However, during the interview, the interviewee stated that the company gives
repaired compressors a guarantee of two years (double that of a new compressor), yet its
remanufactured compressors are given a guarantee of one year (exactly that of a new

COMpressor).

When questioned further the interviewee explained that company F’s compressors are
rebuilt to similar standards and therefore should all operate correctly for a minimum of two
years. However, because the functioning of a compressor can be influenced by the quality of
its installation, the company will give two-year guarantees only to remanufactured

compressors that it personally installs.

He went on to explain that when products pass directly from the company to the customer
they are referred to as repairs. Such rebuilds will carry a two-year guarantee because they
will be commissioned (installed) by the company. Remanufactured products, on the other
hand, are installed by middlemen (the subcontractors) and therefore are given the minimum

one-year guarantee to protect the company. This is shown in figure 6.6 following.
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difficulties in obtaining parts from original equipment manufacturers and they operate via

jobbing process because of the variety of product types that they service.

Operations G1, G3, G4 and G5 work mainly on contractual basis and were ideal examples
contract remanufacturer. All four operations had characteristics that were similar to that of
the contract remanufacturers from the Phase 1 case studies. For example, they enjoyed large
output volumes, decreased levels of uncertainty and also made greater use of IT. They also
operate the line process and their operational diagrams had no “quote” activities except
when they undertake non-contract jobs. Their characteristics are similar to that observed in
contract companies suich as companies C, E and A of the Phase 1 cases. Figure 6.5 shows
the generic models.for contract and non-contract remanufacturers that has now beeii

validated.
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The major production control issues in remanufacturing

The major remanufacturing problems for all the Phase 2 case study operations result from
difficulty in evaluating the suitability for reuse of reclaimed parts and ignorance regarding
long and short term requirements. Investigations were carried out in the remanufacturing
operations of organisation G and company H. The investigations illustrated the
inconsistency and inefficiency of component assessment. For example, it was shown that
operators often discarded reusable components and resorted to new alternatives in
remanufacturing products. This can have an adverse impact on the profitability of
remanufacturing companies because new components are significantly more expensive than

remanufactured alternatives.

The chairman and director of the companies stated that this is because few standards and
methodologies are available to assist the consistency and accuracy of component assessment
in remanufacturing operations. As a result different operators may give vastly dissimilar

opinions on the suitability of a particular component.

From the above discussion it can be seen that the findings of the phase 2 case studies are
similar to those of the Phase 1 case studies. This can be taken as validation of the Phase 1

results including the new definition.

6.9 Summary

This chapter has presented the Phase 2 case studies. Because the findings of these cases
support that of the Phase 1 studies it was accepted as sound validation of the Phase 1 case
study findings. For example, all the Phase 2 remanufacturing operations had the same basic
structure observed in the Phase 1 case study operations. Also, the organisations involved in

the Phase 2 case studies had difficulties in assessing the suitability of components for reuse.
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Finally the Phase 2, operationsiillustrated that non-contract:and independent reinaniifactiirers

had some:dissimilar characteristics: For example:the quote:activity. is:omitted!inithe

operational charis of contract remanufacturers. .

The. following chapter compares;remanufacturing to theialternativeisecondary:market:

processes ofirepair and'reconditioning.
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Chapter 7: Comparison of remanufacturing, repair and reconditioning

7.1 Introduction

This chapter is concerned with the issue of inadequate understanding of remanufacturing.
Chapter 2 presented a case for developing a robust and comprehensive definition of
remanufacturing that would help to differentiate and distinguish it from alternative
secondary market processes. Chapters 4, 5 and 6 provided descriptions of remanufacturing
operations and remanufacturing practices. Those chapters identified that remanufacturing
requires greater resource than repair and reconditioning and produces products that have
greater warranty than the two alternative operations. These conclusions are in agreement
with recent research that illustrate, for example, that remanufacturing obtains comparatively

superior products to the repair and reconditioning operations (Guide and Srivastava 1999b).

The author would contend that problems such as the inadequacy of remanufacturing
knowledge and the scarcity of remanufacturing tools and techniques, identified in chapter 2
are related to the shortcomings of remanufacturing definitions. Chapter 2 also explained that
confusion in the definitions of secondary market operations has helped to hinder
remanufacturing research and the dissemination of remanufacturing knowledge. This is
because it is very difficult to carry out effective research on an operation that is not clearly
defined or listed in dictionaries or trade directories. For example, there was not a great
body of literature to refer to and there was little academic support because there was not a
community of researchers to discuss the research with. The author has sought to resolve the
problems caused by the ambiguity in remanufacturing definitions by developing a robust

new definition of remanufacturing,
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This chapter describes the shortcomings of popular current definitions of remanufacturing.
It presents the author’s new comprehensive definition that will allow remanufacturing to be
distinguished from the alternative secondary market processes of repair and reconditioning
for the first time. Also, it highlights the difference in quality standards between products
obtained from the three operations by placing them on a hierarchy based on the performance

of their products and the work content that they require.

7.2 Shortcomings of popular current definitions of remanufacturing.
The inconsistency in the definition of secondary market processes and the ambiguity of
remanufacturing definitions can be illustrated by examining two of the most popular

definitions of remanufacturing that are currently used by researchers.

7.2.1 The Amezquita ef al. (1996) definition of remanufacturing
Amezquita et al. (1996) describe remanufacturing as:
“The process of bringing a product to like-new condition through reusing, reconditioning,

and replacing component parts".

In the same paper they describe reconditioning as a process that is different from
remanufacturing and, in fact, one that produces products that are inferior in quality to those
produced by remanufacturing. However, since practitioners (see chapter 4) state that the
quality of a product is governed by the quality of its individual components, a product that
has within it reconditioned components can be described as remanufactured only if

remanufacturing and reconditioning describe the same process.

If on the other hand, as proposed by Amezquita ef al. (1996), remanufacturing is indeed

superior to reconditioning, then a product that has reconditioned components (1.e.
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components that are below the quality standards of remanufacturing), must itself be below
the standards of the remanufacturing process. Such a product can therefore not be described

as remanufactured.

Because the definition above has not differentiated remanufacturing from reconditioning the
author believes that Amezquita et al. (1996) have provided an ambiguous definition of

remanufacturing.

7.2.2 Haynesworth’s definition of remanufacturing
In 1987, Haynesworth and Lyons published one of the first definitions of “remanufacturing”

when they described the concept as:

“The process of bringing a product to like-new condition through replacing and rebuilding

component parts”

They go on to explain that:
“Products that have been remanufactured have quality that is equal to and sometimes

superior to that of the original product”.

The implication of this sentence is that remanufacturing involves upgrading the used
product to or above the specification of the OEM’s original model. The case studies
undertaken during this research are described in chapters 4,5 and 6 and indicate that this
bringing of remanufactured products to af least OEM original specification is one of the
important factors that practitioners use to distinguish remanufacturing from repair and
reconditioning. Because of this, the author believes that Haynesworth and Lyons (1987)

have proposed one of the most precise definitions of the remanufacturing operation.
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However, this definition does not provide a method for the purchaser to easily recognise
that remanufactured products have higher quality than repaired and reconditioned
alternatives, or that remanufactured products have similar quality to new alternatives.
Because of this the author believes that the definition proposed by Haynesworth and Lyons

(1987) is also insufficient.

According to organisations such as the Department of Trade and Industry (DTI) and
Federation of Automotive Transmission Engineers (FATE) the legal performance
requirement for secondary market products, where such regulations exist, stipulates
guidance about minimum quality levels only and producers are held to account on the
warranty that they give their products. Also, the case studies that were discussed in chapters
4, 5 and 6 have shown that practitioners believe that a warranty serves as a guide to a
product’s quality. They say that they give their remanufactured products at least the same
warranty as the OEM equivalent because it is a method of indicating that the quality of their
product is similar to that of the OEM equivalent. In fact some remanufacturers such as

company F give their product twice the warranty of the equivalent OEM alternative.

When interviewed about their opinions about the three types of operations all the
practitioners believed that remanufacturing, repair and reconditioning are not synonymous
because they involve dissimilar work content and produce products of dissimilar quality that
are given different warranties. It can also be seen that practitioners believe that between the
three operations, remanufacturing obtains the highest quality of products followed by
reconditioning, while repair produces the least product quality. They also agreed that the

three operations could be differentiated using two factors. These are:

1. The level of quality of the secondary market product when compared to that of an
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equivalent new product.
2. The standard of the warranty of the secondary market product in comparison to that

given to the equivalent new product.

7.3 The author’s new definition of remanufacturing

The author’s new comprehensive definition of remanufacturing augments that of
Haynesworth and Lyons (1987) by introducing the practioners’ quality indicator of
warranty as a product quality identifier. This development allows remanufacturing to be
clearly differentiated from repair and reconditioning on the basis of the quality of its

products relative to that of the equivalent OEM product.

This new definition is presented in Table 7.1 along with the author’s definition of repair and

reconditioning.
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7.3.2 Reconditioning

Reconditioning involves less work content than remanufacturing, but more than that of
repairing. This is because reconditioning usually requires the rebuilding of major
components to a working condition that is generally expected to be inferior to that of the
original model. All major components that have failed or that are on the point of failure will
be rebuilt or replaced, even where the customer has not reported or noticed faults in those

components.

7.3.3 Repair

Generally, the quality of repaired products is inferior to those of remanufactured and
reconditioned alternatives. When repaired products have warranties, they are less than those
of newly manufactured equivalents and may apply only to the part that has been replaced or

worked upon.

Figure 7.2 presents the three operations on a hierarchy based on the work content that the

typically require, the performance that should be obtained from them and the value of the

warranty that they normally carry.
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2. The requirement for remanufactured products to have similar warranty to that given

to equivalent new products.

The second factor is the more important because as has been stated previously, producers
are held to account by the warranty they give their products and practitioners believe that
the warranty can act as a guide to a product’s quality. Because the warranty indicates that
the quality of remanufactured products is similar to that of new equivalents it permits
remanufacturing to be differentiated from reconditioning and repair. Also, the warranty is an
additional selling point for non-contract remanufacturers because it “validates” the quality

of their services and products.

The following chapter discusses process modelling. Its objective is to demonstrate that a
generic model of the remanufacturing business process could be used to effectively describe
the remanufacturing operation so that others would understand remanufacturing, It also
describes the IDEFO modelling technique and explains why it was selected for building the

model of the remanufacturing business process.
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Chapter 8: Process modelling

8.1 Introduction
The previous chapter presented the author’s new robust definition of remanufacturing. The
requirement now was to find a way of accurately describing that new knowledge so that it

would be useful to others.

Chapter 2 presented the case for using an unambiguous definition of remanufacturing as a
platform for developing a comprehensive model of the remanufacturing business process.

The rationale given there was that:

1. There is a need for analytic models of remanufacturing-like processes, (Guide et
al. 1999¢).

2. Modelling overcomes communication problems such as ambiguity that are
associated with conversational language and as a result are recommended for
analysing business processes (Smart et al. 1995, Mertins et al. 1996, Kubeck, 1997).
They are also said to be useful where there is a need to for a shared understanding of
what a business does and where information is required to assist improvement

change programs (Ould, 1995).

The research information presented in Chapter 2 has shown that there is a need to share
information about the remanufacturing operation so that remanufacturing knowledge could
be enhanced. Also, the conclusions of the case studies were presented in chapter 5. There
and also in chapters 4 and 6 it was illustrated that practitioners require information with
which to improve their management of some key problem areas of the remanufacturing

operation.
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This chapter addresses these issues by demonstrating why a generic model of the
remanufacturing business process that has been developed, using the IDEFO modelling
technique, could be used to effectively describe the remanufacturing operation so that
others would understand remanufacturing and also improve that operation if required. It is
important to develop methods for improving the management of remanufacturing
operations because this research has shown in chapters 4, 5 and 6 that there is a paucity of
tools for remanufacturing operations, and that remanufacturers incur costs because of their
difficulties in undertaking some critical remanufacturing activities. IDEFO is a process
modelling technique that has proven advantages in business process modelling, because it
provides a picture of the activities and flows of a process or system (Smart ef al. 1995). A
generic business process model displays only characteristics that are common to members of
the business type that it represents. For example, a generic model of a manufacturing
company will exhibit only those traits that are common to a series of manufacturing
companies and will show no features that are unique to a particular manufacturing
organization. According to Bennett at al. (1995) generic models can help to improve
understanding because they provide accurate descriptions of the characteristics of typical
members of the business type that they represent. However, to make a model a suitable

modelling technique must first be identified.

8.2 The characteristics of appropriate modelling techniques

According to Smart ef al. (1995) a technique with good process modelling capabilities must
be able to provide a complete, concise and consistent description of the activities and flows
that form a system or process. Weaver (1995) proposes that it is possible only where the
modelling technique is:

o Easy to use

¢ Usable for generic models as well as specific company models
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From table 8.1 it can be seen that many researchers believe that IDEFO has the
characteristics of an appropriate modelling technique and therefore is an effective method

for understanding a process and communicating ideas and viewpoints.

Researchers such as Zgorzelski and Zeno (1996) believe that better-known alternatives to
IDEFO such as flowcharts and DFDs are too primitive and inadequate when used for serious,
large scale business process modelling activities. They recommend the use of IDEF0 because
they believe that it is a more sophisticated method that has been used extensively and
successfully in many areas of business process undertakings. In the case of DFDs they state
that such methods are inadequate for developing a sound representation of business processes
because they use only data inputs and outputs and cannot distinguish between activity inputs,
outputs, controls and mechanisms. They also state that DFDs cannot be effectively used for
analysing the processing of real world objects such as products, parts and services, and that
the use of DFDs is limited to information processing systems because their main function is to

describe how data is processed.

From the author’s experience flowcharting is unsuitable for representing complex systems.
Initially, flowcharting was used to gather and document research information as can be seen
from the flow charts of remanufacturing operations presented in chapters 4 and 6 However, it
was found that the technique could not support decomposition (representation of the system

and its components at various levels of detail).

The ability to decompose is a basic characteristic of an effective modelling technique because

it permits the building of models that can represent the complexity of a system at whatever

level is appropriate for the required purpose (Doumeingts ef al., 1993, Aguiar ef al., 1993).
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For example, a high level model of the system may be used to help top-level managers in
strategic decision-making. For such personnel detailed information about process activities
would be added complexity that is unnecessary to their tasks. Operators on the shop floor, on
the other hand, would require in-depth information about operational activities because their
task is to perform those activities correctly. Although flowcharting could be used to model
either of these only a technique that is capable of decomposition could be used to integrate

both.

Also, from the author’s experience of using flowcharting to describe remanufacturing
operations during the research, the way in which flowcharting displays information is less
concise in comparison to IDEFO. This would make the model it produced appear to be
excessively complicated in comparison to the IDEFO alternative, simply because of the
excessive quantity of paper that it would require. Because of these reasons the author
believes that flowcharting would be much less effective for describing the remanufacturing

business process in comparison to the IDEFO method.

8.4 A description of the IDEF0 modelling technique

IDEFO is a process modelling technique that illustrates the component activities and flows of
a system. Its main advantage is its ability to provide a complete picture of a process in a
concise and consistent manner (Smart e al., 1995). An IDEF0 model is composed of up to
five main parts: node index, context diagram, activity diagram, for exposition only (FEQ)
diagram and glossary (FIPS PUBS 183, 1994, Dorado and Young 2000, Bennett ef al. 1995,

Sullivan D. 1994).
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8.4.1 The context diagram
The context diagram determines the limits and objective of the model. This is because it
identifies the process’s boundaries with the outside world and also is the basis for

decomposition and the formulation of process hierarchies.

8.4.2 The node index

In the IDEFO notation an activity may be referred to as a node. The node index is simply a
directory of all the activities that make up the process. It shows all the process activities in an
indented list and provides both a written summary of the hierarchy of the process and a way

of swiftly identifying specific activities.

8.4.3 Activity diagrams

An activity diagram is a graphic presentation of all or part of an IDEFO activity model. The
context diagram is an example of an activity diagtam. The main components of the activity
diagrams may be viewed in terms of the notation used, and the means by which

decomposition to lower order detail in the diagram is achieved (Bennett et al. 1995).

8.4.4 For exposition only diagrams (FEO)

“For exposition only” (FEQ) diagrams do not conform to the normal IDEF(Q syntax. FEOQ
diagrams can provide further information about parts of the process that the modeller believes
are important. FEQO diagrams can also be used to abstract information to help with the

understanding of diagrams.

8.4.5 The glossary
The glossary is simply a dictionary that describes and defines all the activities and arrows of

the model. This allows the text on diagrams to be kept to a minimum to aid clarity.
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8.5 IDEFO building blocks
IDEFO uses boxes to represent activities and arrows to link the activities. IDEFO has four

types of arrow: inputs, outputs, controls and mechanisms.

The diagrams of the model define the process. The arrows represent real objects or
information that are transformed by the activity. Arrows connect boxes and represent
interfaces or interconnections between them. An arrow may split (branch) or join together
(bundle). This indicates that the kind of data or object represented by the arrow may be used
or produced by more than one activity (FIPS PUBS 183, 1994, Chen M., 1999, and Sullivan

D., 1994).

In IDEFO the side of the activity box to which an arrow may enter or leave depicts the

meaning of the arrow. This is illustrated in Table 8.1 below.

Figure 8.1: Activity box and arrows (ICOMS)

Control

{noun)

Input — Output
(noun) —> Activity — (noun)
(verb)

Mechanism
(noun)

e The inputs (things transformed into output by the activity) are shown on the left side of

the activity box. The input arrowhead points towards the activity box to indicate that the
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input data or object is going into the activity.

¢ The outputs (the transformed inputs) are shown on the right side of the activity box. The
output arrowhead points away from the activity box to indicate that the flow is emerging

from the activity.

¢ Controls are inputs such as constraints or rules that govern the conditions of the
transformation. These are indicated at the top of the activity box and their arrowheads

point towards the activity box.

e Mechanisms are the means by which the activity is performed and are illustrated below
the activity box with their arrowhead pointing towards the activity box. Examples of

mechanisms include robots, conveyors or most commonly people.

8.6 Decomposition

IDEF0 shows a top-down decomposition from the context diagram. The first level
decomposition breaks the context diagram (A-0) down into subordinate activities. These
subordinate activities may also be decomposed in the same way. There is no limit to the
number of levels of decomposition. However, it is recommended that there should be
between three to six subordinate activities on each diagram. This is because less than three
activities on a diagram would convey so little information that the diagram would seem
trivial. Having more than six activities on the other hand would produce an overly complex
diagram. However, IDEFO allows the recommended number of activities to be overridden
and this may be done to enhance the clarity or usefulness of the model. An example of this is
shown in the level A2 model of the remanufacturing business process that is presented in the

appendices. In that case the remanufacturing operation was decomposed into nine

197
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Chapter 9: A generic model of the remanufacturing business process

9.1 Introduction

The previous chapter explained the rationale for using the IDEFO modelling technique to
describe the remanufacturing business process. This chapter explains the model development
process and the usefulness of the model. It also describes the Phase 3 case study that obtained

a company-specific model that formed the basis for the generic model

9.2 Background to the model development process
The CIM-OSA standards AMICE (1989) divide business processes into three main areas:

manage, operate and support. These are illustrated in Figure 9.1.

o “Operate” processes are those which are directly related to satisfying the
requirements of the external customer. For example the logistics chain from order to
delivery.

« “Manage” processes are concerned with strategy and setting direction, as well as
with business planning and contro}.

» “Support” processes exist to support “operate” and “manage” processes.
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applicable to organisations other than manufacturing. For example a university’s
undergraduate activities may be considered as a business unit. The university, within its
Undergraduate Business Unit, will have to develop new courses (Develop Product), get
students to apply for these courses (Get Order), deliver these courses to these students over
3, 4 or 5 years (Fulfil Order), and support students through references, enquiries etc once

they have graduated (Support Product).

The above discussion indicates that the CIM-OSA Business Process architecture can be
applied to remanufacturing, because remanufacturing is also concerned with
undertaking a variety of business related-activities in order to satisfy the requirements of

an external customer.

9.2.1 The boundaries of the model

This research requires a model of the process containing the activities that lead directly
to the fulfilment of the external customer’s requirement for a remanufactured product.
That is the logistics chain, from the customer ordering a remanufactured product,
through to the company producing that remanufactured product, to the delivery of the
product to the customer. This fits into the definition of the “operate” process described
above. The research is not concerned with the activities involved in setting the strategy
and direction of the company or its business planning. Likewise it does not require the
analysis of the activities involved in supporting the “operate” or “manage” processes.
Because of these reasons developing models of manage and support processes is
outside the scope of this research. The boundaries of the model developed by this
research therefore begin with the activities involved in the customer ordering a

remanufactured product, goes through those involved in the company producing that
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remanufactured product, and ends with the activities of delivering the product to the

customer.

In their development of a reference model for manufacturing Smart et al. (1999) state that

the “operate” process is composed of four sub processes:

» “Get order” which is concerned with getting the order from the customer.

+ “Develop product” which is transforming the actual or perceived customer
requirements into a design that can be manufactured.

» “Fulfil order” which takes the order and manufactures and delivers the product to
the customer.

» “Support product” which provides support to the customer after the order has been

fulfilled.

Vernadat (1996) and Smart et al (1999) describe a reference model as a model which is not
fully instantiated, and which can be reused and customized by business users for building

their own particular models.

The model developed by this research was based on the “operate” process of the Smart et al
reference model. This involved comparing the requirements of the “operate” process for
remanufacturing to the information in the Childe et al reference model (1999) and altering

that model until it represented the “operate” process for remanufacturing companies.

9.3 The model development process
A key part of the model development process was the use of a Phase 3 case study to

develop a company-specific model of the remanufacturing business process. Once a model

203




that satisfied the Phase 3 company was obtained it was assessed against the practices of the
Phases 1 and 2 case study companies to implement any alterations that would make it valid
for a wider range of remanufacturers. The reason here was to enhance the model’s

probability of being generic.

The Phase 3 case study had a four-week duration and was undertaken in company F,
Details of company F and its remanufacturing procedure is provided in chapter 6. As far as
company F is concerned this chapter will explain only the undertaking of the Phase 3 case
study and the results obtained from that task. However, the reader is urged to refer to

section 6.7 for additional information on that company if this is required.

Company F was used to develop the company-specific model because of three main
reasons. Firstly, its duration provided adequate time for the detailed study and modelling of
a complex process. In contrast, each of the Phase 1 case studies had duration of a single
working day, and it would have been very difficult to obtain the depth of information
needed to model the remanufacturing business process during one of these case studies.
Secondly, basing the model initially on information from only one company permitted the
author to control the research information in manageable chunks. The third reason was that
company F was one of the companies that validated the Phase 1 case study results. Because
of this it is an identified genuine remanufacturer that should contain all the remanufacturing
operation information that was available through the Phases 1 and 2 case studies. These
reasons imply that a model that accurately represents company F’s remanufacturing
practices is likely to have a high proportion of the characteristics of a generic model.

The model development process is illustrated in figure 9.3. It has three activities, the phase

3 case study, assess model and refine model. These are described below.
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9.3.1 The Phase 3 case study
This in-depth direct observation case study obtained information about the remanufacturing

business process using the five activities shown in figure 9.4 and described below.

9.3.1.1 Key personnel interviews.

Key company personnel such as the general managers, quality, logistics, sales, accounts and
works managers were interviewed to record information about the remanufacturing business
process. This provided an initial list of the sub processes of the remanufacturing business
process as well as documentation of their interactions. This included the inputs, outputs and
constraints (flows) of each sub process as well as the relationships between the sub
processes. These were used to develop a high-level model of company F’s remanufacturing

business process that would be augmented as more information was obtained.

9.3.1.2 Information capture

The objective of this stage was to record detailed and accurate information about the
remanufacturing business process and was achieved by first hand study of the company’s
process. The information capturing activity involved following some used products from
their entry into the company through to their remanufacturing and delivery to the customer.
Additionally, personnel involved in the various sub-processes of the remanufacturing

business process were interviewed and observed.
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identify any anomalies. Secondly, they helped the author to gain greater insight into the
inter-relationships between the internal sub-processes of company F’s remanufacturing

business process.

Examples of such sub processes include, “remanufacture core”, (bring used product’s
components to the required quality standards) and “clean core” (wash the used product).
Both of these sub processes are found inside the “operate” remanufacturing business
process which is the process being modelled in this research. Following this the author spent
some time at each sub-process to record the information and resource they use and supply,
and also to document their relationships with the other sub-processes of the

remanufacturing business process.

During this activity the author’s work was presented every second day to the line managers
and every week to the general manager to assess the validity of the recorded information.
Weekly group meetings were also held with all the departmental managers to discuss any
anomalies. This served principally to ensure the removal of departmental bias and also to
establish whether there was a consensus view of remanufacturing practice within the
company. The information documented at this stage includes the activities and components
of each sub process and their respective flows and interrelationships. This information was
used to supplement the information and high-level IDEF0 model obtained from the key

personnel interviews.

9.3.1.3 Augment documented information
Once the company approved the recorded information including the IDEFO model was
augmented with any customer and supplier-related information that may have been

overlooked because the remanufacturing business process was analysed exclusively from the
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perspective of a remanufacturing company. This involved interviewing the company’s
customers to understand the customers’ perspective of the remanufacturing business

process as well as to obtain a better insight into the “external” sub-processes.

External sub-processes occur completely or partially outside the company’s premises. They
include “Obtain core” (acquire a used product) and “Support customer” (assist the

customer through services ranging from technical assistance to honouring warranty).

Augment documented information also involved interviewing and observing company F’s
employees that deal with external parties on a regular basis. Examples of such employees
include sales, purchasing, stores and technical support staff. The opinion of these
employees about the information obtained from customers and suppliers was also sought so
that dissimilarities between customers’ and company F’s views of remanufacturing business

practice could be analysed.

9.3.1.4 Assess documented information

The documented information and augmented IDEF0Q model was presented for assessment to
the general, line and departmental managers as well as to some regular customers and
suppliers at the weekly meeting. Anomalies were debated to allow final amendments to be

made.

The final outputs the Phase 3 case study was an IDEFO model of company F’s

remanufacturing business process. That company-specific IDEF0 model is shown in

Appendix 1.
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The flow chart and the IDEFO0 diagram of company F’s remanufacturing

operation.

A flow chart of Company F’s remanufacturing operation had been previously obtained as

part of the Phase two case studies and is shown in Figure 6.5 in Chapter 6. However, the

author decided that the Phase 3 case study would be more effective if the IDEFO diagram of

Company F’s remanufacturing business process was drawn afresh without consulting Figure

6.5. This was because excessive resource would be required to turn the flow chart of

figure 6.5 into an IDEFO diagram of Company F’s remanufacturing operation and also there

was little opportunity of obtaining a satisfactory result by doing so. The major reasons for

this were;

1. Figure 6.5 had been drawn to help understand and describe Company F’s operation as a

stand-alone event rather than as a basis for developing a generic mode). Because of this
care was not taken to describe activities using terms that had good chance of being
generic, for example. Had Figure 6.5 been used in the Phase 3 case study, many
activities would have to be renamed so that non-Company F employees would easily
recognise and understood them. For this research it was crucial that the IDEF0 model
of Company F’s remanufacturing business process is easily comprehensible because
non-Company F employees must scrutinise it to identify company F-specific details.
Flow charting was used to produce figure 6.5 therefore the rules of the IDEF0
technique had not been observed. For example, Figure 6.5 has ten activities while the
IDEFO notation recommend a figure of between three and six activities per diagram.
Any attempt to use Figure 6.5 would require its detailed analysis and redrawing. Even
if it were possible to obtain a good outcome from that course of action it would
probably require more resource than developing an IDEFO diagram of the

remanufacturing operation from scratch.
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This issue has led to dissimilarities between the diagrams of company F’s remanufacturing
operation shown in figure 6.5 and that found in the company specific model given in the
appendices. For example, Figure 6.5 shows ten activities. On the other hand, The IDEFO
version shows eight activities to more closely reflect the limit of six activities per diagram
recommended for the IDEFOQ technique. This was achieved by bunching up the activities so
that only the most important ones are shown. When the activities are decomposed to show
more detail, the lesser important activities would be revealed at the lower levels of the
hierarchy. Also, while Figure 6.5 uses the term “compressor”, the IDEF0 version uses the

term “products” which is more likely to be.

Having obtained the company-specific IDEFO model of the remanufacturing business
process the next activity was to examine that model and identify modifications that would

make it valid for the Phases 1 and 2 case study companies also.

9.3.2 Assess model

For this activity the prototype model was assessed initially by the author’s colleagues for
correct use of the modelling technique. Following this it was assessed by the Phases 1 and 2
case study companies, this time for accuracy and sufficiency of the information that it
presented. The companies also identified aspects of the model that they believed were
specific to company F. This stage also involved putting the model into computer-readable
format to increase its ease of use and aesthetic qualities. The output of the assess model

activity was a list of amendment suggestions as well as a computer-readable model.

9.3.3 Refine model
The final part of the model development phase was to discuss the proposed amendments

with the Phase 3 company before including them in the model. The types of amendments
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suggested include changes to the names of activities and the addition of colour, and are
explained in chapter 10. The output of the refine model activity was a validation-ready
model that represented at least the remanufacturing practices of the case study companies.
This model’s validity would be assessed by a group of independent practitioners during the

final stage of this research.

9.4 Use of the model

Chapter 2 presented a case for developing a robust definition of remanufacturing that would
help to differentiate and distinguish it from alternative secondary market processes. That
chapter also showed that there is a paucity of remanufacturing-specific tools and techniques.
The rationale for this was evidence showing that the tools of conventional manufacturing
were not ideally suited to remanufacturing. It was also identified that most current
remanufacturing-specific tools had been designed in-house by the remanufacturer, but that
most remanufacturers are small practitioners who could not afford the expense of such an

undertaking.

The case study evidence presented in chapters 4 and 6 indicates that remanufactured
products must be o-f high quality and reliability, as well as low priced, to compete
successfully against alternatives such as reconditioned and new products. However, with
current remanufacturing practices, high levels of inspection and testing are required to
obtain high quality products and this normally equates to higher production costs and longer

production lead-time.

Chapter 5 provided an overview of current remanufacturing practices. Chapters 4 and 6
provided examples of the scale of financial losses that remanufacturers typically suffer when

undertaking the “investigate core” activity, a key but complex element of the
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remanufacturing operation for which no guidelines are currently available. Both chapters
also documented that practitioners require tools that would help them to improve the

consistency and effectiveness of training.

9.4.1 The model as a remanufacturing-specific error-reduction tool

The author’s robust model of the remanufacturing business process documents
comprehensively and unambiguously the resources required to undertake the sub-processes
of the “investigate core” activity. It also displays the inter-relationships between those sub-
processes as well as the relationship between the “investigate core” activity and the other

activities of the remanufacturing operation,

If the model is used as a guiding manual during the remanufacturing operation it can help to
reduce the level of guesswork and complexity involved in remanufacturing because the
resource required by the activities of the remanufacturing operation are clearly detailed in a

logical and easily accessible manner.

9.4.2 The model as a tool for enhancing the consistency and effectiveness of training
The model is a comprehensive document that could facilitate effective training. This is
because it unambiguously displays the activities of the remanufacturing business process,
including the activities of all its sub processes such as the remanufacturing operation, as

well as the interrelationships between those activities.

When used in this manner the model could help to promote a consensus view of the
remanufacturing operation and the remanufacturing business process. This development
would help to reduce the problems related to over reliance on experience as well as

inconsistency and ineffectiveness of training that were identified by the case studies in
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chapters 4 and 6, so that that employees could more easily work to a pre-agreed company-

wide procedure.

The model may also help to reduce training costs. According to the evidence presented in
chapter 5, currently, in remanufacturing companies, training is undertaken hands-on with
the more experienced employees teaching newer recruits. The model could be used as an
off-site training facility for the more simple remanufacturing tasks. This would help to
reduce the amount of time that expensive time served workers spend on training so that
they could perform the tasks for which they are employed. It is also likely that the model,
when used in this manner, could reduce the losses that result from errors made by new

recruits in their attempts to copy their more experienced peers.

9.4.3 The model as an aid for disseminating remanufacturing knowledge

In chapter 2, the research identified that remanufacturers and academics face many
difficulties because of the inconsistency in the definitions of secondary market operations. In
the case of academics, the model could be used to help them to unambiguously and
accurately describe remanufacturing. This development would help them to undertake
effective remanufacturing research and also to disseminate their findings. With regards to
practitioners this comprehensive model can be used to help assess the validity of existing
remanufacturing operations, to improve the management of existing ones, as well as to

facilitate the design of effective remanufacturing operations.

Weaver (1995) proposes that specific business processes models can be built from existing
generic models. He states that this involves comparing the existing generic model to the
business process for which a model is required and adapting the generic model so that it

displays the characteristics of the business that requires a model.
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According to Smart ef al. (1995) generic models that can be used as a basis for developing
other models are known as reference models. The literature indicates that currently there are
no generic models of the remanufacturing business. In fact the output of the research is a
reference model for remanufacturing businesses that can help to disseminate

remanufacturing knowledge.

9.5 Summary
This chapter has explained the development of the model of the generic remanufacturing
business process. It has also summarised the need for the model and explained its use as a

remanufacturing-specific tool.

The output of the model development phase of this research was new knowledge in the
form of a model that appeared to display visibly and unambiguously the information and
resource needed in each area of the generic remanufacturing business process including the
remanufacturing operation. However, because the new knowledge has been developed from
subjective observation and experience of a limited number of companies the next step of the
research was to test the validity of that model for a wider range of practitioners. That issue

is addressed in the following chapter.
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Chapter 10: Validating the model

10.1 Introduction

The previous chapter described the development of a generic mode! of the remanufacturing
business process. The model was assessed and found satisfactory by the case study
companies. This chapter describes the testing of the model by the validation by review
method (Landry ef al. 1983). The purpose of the validation is to ascertain firstly, whether
the model is an accurate representation of the business practices of a wider range of
practitioners and, secondly, whether it is useful. As discussed in chapter 3 the usefulness of
the model would be most appropriately assessed in terms of its ability to satisfy the needs of
the practitioner (Thomas and Tymon, 1982). The criteria used to assess the model were its

usefulness, clarity, sufficiency and accuracy.

This chapter also details the uses that the evaluating panel has proposed for the validated

generic model shown in Appendix 8.

10.2 Criteria for testing the success of the research

Thomas and Tymon (1982) list five key needs that should be used to assess the success of
research projects in organisational science. These criteria can be applied to this POM
research because POM is a sub-set of organisational science. For this research Thomas and

Tymon put forward (1982) five key needs:

a) Descriptive relevance — is the model a sufficient representation of the remanufacturing

business process?

b) Goal relevance — is the model useful to remanufacturers and academics?

216




c¢) Operational validity — Is the model presented in a format that will allow remanufacturers
and academics to use and manipulate it?

d) Non-obviousness — is the model new knowledge rather than simple common sense
already available to remanufacturers?

e) Timeliness — is the model available at the time that remanufacturers required it?

According to the literature evidence provided in chapter 2 remanufacturing practitioners
and academics both require models of remanufacturing. The model’s ability to meet the
needs of practitioners can be most successfully judged by assessing its ability to satisfy the
requirements of these two sections of society. If practitioners or academics found the
model insufficient (a poor representation), unclear (incomprehensible) or inappropriate
(unusable) then the research would have failed because the model would have been unable

to fulfil the purpose for which it was developed.

10.3 The validating panel

All members of the validating panel were independent of the research and the researcher’s
university. The validating panel consisted of roughly equal numbers of academics, case-
study companies and of non-case study companies. Case study companies were represented
because of two main reasons. Firstly, this situation provided an ideal opportunity to confirm
again that the case study companies agreed with the information that had been captured by
the researcher and, secondly, that they were satisfied with the researcher’s interpretation of
their information. Non-case study companies were required in the validation to ascertain
whether the model could be generalised to a series of remanufacturers that were
independent from the research. Additionally, the occasion provided ideal opportunity for

case study and non-case study practitioners to debate remanufacturing practices and reach a
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consensus opinion in the event of anomalies being identified in the model by either group of

practitioners.

Practitioners involved in the testing process were all either members of the electromechanical
sector of the UK remanufacturing industry or academics in remanufacturing-related
disciplines because the research was geared towards them. Also, participants were drawn
from middle management and above to ensure that they had adequate knowledge of the
remanufacturing business process required to undertake proper assessment of the model.

Table 10.1 presents some information about the validating panel.

10.4 The validation process
Prior to the validation the author held telephone discussions with the participants and sent
them information describing the research, the function of the validation and the author’s

requirements from them.

The model was validated at the author’s university so that the participants would not be
disturbed or distracted by their normal work duties. Also, the close proximity permitted the
author to monitor their understanding of the IDEFO modelling method and also to guide the

discussion to ensure that the validation was systematic and rigorous.
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10.4.1 Distribution of validation documents

On the day of the validation participants were given two information booklets, A and B.

Booklet B was for use during the session while A was to be taken away by the participants.

Both booklets contained the following five documents:

1.

IDEFQ information leaflet to briefly describe the IDEFO modelling technique and is

given in Appendix 2.

A manual of the complete generic model containing all the diagrams of the model.

This prototype model is presented in Appendix 3.

A generic model description manual with written interpretation of the generic
model. This document supported the diagrammatic generic model and helps the
participants to become accustomed to interpreting the model correctly. This

document is shown in Appendix 4.

An initial feedback sheet with twenty-two questions. This document was used for
recording participants’ assessment of the generic model as a whole. The participants
were asked to assess the model in terms of three criteria; clarity (C), sufficiency (SF)
and suitability (ST). This involved asking the participants the same question about
each of the criteria in seven different ways. The reason for this was to test the
participants understanding of the model and also to ascertain that they had a clear
understanding of the question being asked. The last question (the 22nd) was a
comment box to record any additional comments that participants wished to make.

The example of the initial feedback sheet illustrated in tables 10.2 and 10.3, details
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suitability and sufficiency, of that diagram. Each secondary feedback sheet had four
comment boxes. Figure 10.2 illustratés a typical secondary feedback sheet. ‘Table 10.4
summarises theicomments and amendment siiggestions that:the evaluating;panel gave on
their secondary feedback sheets. Theicompleted secondary feedback sheets are;available

in"Appendix 7.
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10.4.2 Demonstration and description of IDEF0

The validation procedure began with a description and demonstration of the IDEFO
modelling method. This was followed by detailed demonstration and interpretation of the
generic model. Both of these measures helped to give the participants experience and

expertise of the IDEFO technique so that they could assess the model effectively.

10.4.3 Assessment of individual model diagrams

Following the demonstration, each diagram of the model was displayed and described
independently. Each time the practitioners were asked to discuss the diagram as a group
before giving both their individual and group assessments. The author recorded the group
verdict on each diagram and the participants were asked to record their individual opinions

on the appropriate secondary feedback sheet.

10.4.4 Assessment of the total model

Once all of its diagrams were assessed the model was analysed as a whole. At this point the
participants were asked to record their impresstons of the complete model on their initial
feedback sheets. Before leaving, the participants handed in the initial feedback sheets but
retained the secondary feedback sheets. The secondary feedback sheets pack would be
returned to the author with details of any further improvement suggestions that may emerge

when the participants had discussed the model with their work colleagues.

10.4.5 Analysis of validation results
Once all secondary feedback sheets had been returned, the information from the validation
exercise was combined and used to enhance the model. The following sections record the

practitioner’s opinions of the model.
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10.5 The results of the validating panel’s assessment of the model

The validating panel believed that the model was very accurate in the way that it represents
the remanufacturing business process. This is shown by the information given in their
validation sheets. For example in the initial feedback sheets, shown in tables 10.2 and 10.3,
it can be seen that all the members of the validation panel either strongly agreed or agreed
that the ‘model captures the major information flows and activities of a remanufacturing
business process’ and that the ‘model is an adequate representation of the remanufacturing
business process’. At the same time they all disagreed or strongly disagreed that ‘the model
does not reflect the remanufacturing business process to any great extent’ and that they ‘do
not recognise this model as being that of a remanufacturing business process’. Copies of the
completed initial feedback sheets are provided in Appendix 6. They also found the model
easy to understand and felt that it could help satisfy their requirements. For example, from
the initial feedback sheets they all strongly agreed or agreed that ‘they find the model easy
follow’ and at the same time they also disagreed or strongly disagreed that they ‘would not

use this model to give a basic description of the remanufacturing business process’.

The amendments that they suggested, from the secondary feedback sheets, (shown in
Appendix 6), and the action taken by the author, are summarised in table 10.4. The changes
to sufficiency and suitability of the model are shown in table 10.4, and relate to the names of
activities and flows. The validating panel indicated that most of these changes would not
enhance the model’s accuracy or sufficiency. However, there was one cause for concern
when some remanufacturers felt that the cleaning process indicated on a diagram was
specific only to a cross section of the electromechanical sector of the UK remanufacturing
industry. That issue has now been resolved, as excessive cleaning has been removed,
because it is specific to products such as compressors. In Table 10.5 the alterations that the

panel suggested to enhance the clarity of the model are shown, along with the action taken.
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model” and that they “found the model easy to comprehend” also the majority either

strongly disagreed or disagreed that they “found many details in the model ambiguous”

10.5.2 Descriptive relevance

The validating panel believed that the model was a sufficient representation of the
remanufacturing business process and could be used to describe it. For example from their
inittal feedback sheets they either strongly disagreed or disagreed that “the model is a poor
representation of the remanufacturing business process” and they either strongly agreed or
agreed that they “would consider using the model to describe the remanufacturing business
process”. They recommended some alterations but felt that these did not indicate any great
errors in the model, but may help 1o enhance its clarity and, as a result, its ease of use. The
alterations that they recommended and the action taken by the author are detailed in tables

10.4 and 10.5.

Company F offered to use the model as a marketing tool that illustrates the validity of their
remanufacturing operation. Company K was keen to base their new remanufacturing facility
on the model and has since successfully used the model to obtain government funding to
conduct further research that will lead to the establishment of a national network of
effective remanufacturing operations. Details of this award are in Appendix 7 and the author
is currently employed as research manager on that project. The project has since been
expanded to include the use of the model to address the incoming waste limitation laws by,
for example, increasing the scope and effectiveness of remanufacturing of components as

well as whole products.
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10.5.4 Operational validity

Operational validity describes practitioners’ ability to use the new knowledge easily. This
requires that the new knowledge must be firstly, understandable to practitioners and
secondly, presented in a format that enables them to manipulate it easily. The completed
initial feedback sheets indicate that they understood the model because the majority of them
either strongly agreed or agreed that they “find the model easy to follow”. The feedback
sheets also indicate that the model was presented in an easy to use format because they
either strongly agreed or agreed that they “can analyse the information flows and activities
of the remanufacturing business with this model” and also they all either strongly disagreed
or disagreed that they “would not consider using this model to describe the remanufacturing
business process”. Also, they all took away copies of the model and were able to explain
and discuss these with work colleagues who did not attend the session. These reasons
indicate that practitioners can understand and use the model easily. This can be taken as

evidence of its operational validity.

10.5.5 Non-obviousness

Prior to the validation session, none of the practitioners was familiar with the IDEFO
technique this can be taken as clear indication that they would not have considered using the
generic model for documentation purposes or for identifying efficiency and effectiveness
enhancement measures. They also believed that “walking through” and discussing the model
highlighted problem issues that they had been unaware of or that they had incorrectly
assumed to be “the normal play of things”. The academics for their part felt that the model
helped them to gain a much clearer idea about the concept of remanufacturing, how it is
undertaken as well as the complexities of the process. The difference between the reactions
given by the academics and remanufacturers result from the fact that both groups of

practitioners had dissimilar requirements from the research. The academics came because
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they were looking for understanding, while the remanufacturers required methods to help

them improve their operations.

10.5.6 Timeliness

During the validation no questions were asked about the timeliness of the model. However
chapters 2, 4, 5 and 6 illustrated that practitioners require the model. Also, the fact that the
practitioners and in particular practitioners from distant areas of the UK came to the
validation could be taken as evidence that the model is required now. Also the fact that
practitioners were willing to pay the author to undertake part of her research at their
companies may also be taken as evidence of the need for the model. Likewise the ability to
obtain substantial funding to extend the research from a government body may be taken as

evidence of the timeliness of the research.

The generic model is timely because the validating panel believed that it addresses the key
remanufacturing problems. For example, it provides an unambiguous definition of
“remanufacturing”. Also, it could help to improve the efficiency and effectiveness of
remanufacturing operations when used as an integral part of their design and

implementation. Table 10.6 presents the practitioners’ proposed uses for the model.
10.5.7 Negative points of the evaluation

Two negative observations were observed from the validation. These were inconsistent

answer by one company and two panel members finding the model details ambiguous.
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e Inconsistent answer

A representative of one of the case study companies was the only member of the evaluating
panel that gave inconsistent answers. For example, from Table 10.3 this individual
“strongly agrees that the model is extremely difficult to follow ” and also “strongly
disagrees that generally, this model is logical in the way that it describes the
remanufacturing business process”. However, the same table shows that all the validating
panel “disagree or strongly disagree that they would not use this model to give a basic
description of the remanufacturing business process”. Therefore this individual has

contradicted his earlier answers.

The reason here could be that because the representative was new to the company he may
not have had adequate understanding of his new company’s process. In this instance there
had been a major reorganisation in that case study company. The middle manager that was
previously selected for the validation panel had left the company and the company had
selected the new management recruit as replacement at short notice. Also, as the
representative did not have a remanufacturing background it is possible that he had
volunteered to come because he saw the validation session as an easy way to obtain
remanufacturing information because this would help him more easily adapt to his new

company.

¢ Ambiguous model details

Two members of the panel believed that the terms used to describe information flows was
ambiguous. This relates to the naming of some activities and flows. For example the use of
the word “bin” was felt to be inappropriate because it implies the discarding of components

and products rather than a holding are for non-suitable items until a decision is taken about

234



what should be done with them. These issues relate to diagrams A22, A23 and A 234 and

have now been resolves in the ways indicated on Table 10.4.

10.6 Conclusions of the validation exercise: validity of the model

A panel of nine evaluators assessed the model using the validation by review technique
(Landry ef al. 1983). The validation criterion was its ability to satisfy the needs of the
practitioner (Thomas and Tymon, 1982). All members of the evaluation panel reported that
from their experience and knowledge of remanufacturing, the mode! was a valid
representation of the remanufacturing business process. They also indicated that the model

would be useful to them.

As far as the usefulness of the model is concerned chapters 4, 5 and 6 illustrated that
remanufacturers require remanufacturing-specific tools to help them enhance the
effectiveness of their operations. Chapter 2 explained that academics require an
unambiguous definition of remanufacturing as well as analytic models that will help them to
understand remanufacturing so that they can effectively research that concept and also
correctly disseminate their findings. The generic model is useful because the validating panel
believed that it addresses these problems. For example, the initial feedback sheets indicate
that practitioners believe that it can be used to provides an unambiguous description of
“remanufacturing”. Also, the usefulness of the model to practitioners can be illustrated by

the uses that practitioners have proposed for it. This information is presented in Table 10.6.

In the case of the validity of the model the results obtained by this research can be

considered valid because of two main reasons. These are, firstly, the quality of the research

design and secondly, the fact that it has passed the test for replication logic.
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e Quality of research design
Gummesson (1993); Holloway (1997); Yin (1981); Eisenhardt (1998); Lang and Heis
(1994) and Easterby-Smith et al. (1993) stress the importance of criteria such as validity,

reliability and generalisability in establishing the validity of a piece of research.

Yin (1994) proposes that four logical tests, construct validity, internal validity, external
validity and reliability are particularly applicable to case study analysis. Construct validity
and reliability are concerned with data collection quality control and the methods used to
improve these criteria in this research were described in sections 3.5.1 and 3.5.2. External
validity is concerned with “the extent to which the research findings can be applied to other
instances of the phenomenon”. According to Yin (1994) this factor can be used to judge the
quality of research design because effective research design should dictate where the

research findings should be applicable.

This research investigated the electromechanical sector of the UK remanufacturing industry.
The measures taken to ensure the external validity of the research findings include testing
the new definition in new remanufacturing companies and also having the generic model
assessed by non-case study companies and academics. These new groups of practitioners

also found the research results valid and useful.

¢ Replication logic

Creswell (1994) states that case studies rely on analytical generalisation which he describes
as the situation where the researcher is striving to generalise a particular set of results to
some broader theory. He further proposes that generalisation is not automatic and that the
theory developed must be tested through replication in at least one other instance where the

theory has specified that the same result should occur. He also states that once replication
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has been made, the results might be accepted for a much larger number of similar
neighbourhoods, even though further replications have not been performed. Replication
logic was used to test the research results through the validation by review technique and
the information provided in the validation panel’s feedback sheets as well as the uses
proposed for the model in Table 10.6 indicate that its results held true. By the laws of
replication logic those results can be accepted as valid for a much larger number of similar
neighbourhoods, the neighbourhoods in this case being the electromechanical sector of the

UK remanufacturing industry.

10.7 Summary

This chapter has described the validation of the generic model of the remanufacturing
business process using the validation by review technique (Landry ef a/. 1983). The model
was assessed according to its ability to satisfy the needs of the practitioner (Thomas and
Tymon 1982). The evaluating panel of nine remanufacturing experts were drawn from case

study companies, non case study companies and academia.

These people were confident that the model was a true and comprehensive representation of
the remanufacturing business process. They indicated that they believed that the model was
useful, unambiguous and relatively easy to comprehend. This generic model is presented in

Appendix 8.

The following chapter presents the major conclusions of the research.
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Chapter 11: Conclusion

11.1 Introduction

A.ccording to Haynesworth and Lyons (1987) remanufacturing is the process of bringing
used products (called “cores”) to “like-new” functional state by rebuilding and replacing
their component parts. Lund (1984) proposes that the practice is particularly applicable to
complex electro-mechanical and mechanical products which have cores that, when
recovered, will have value added to them which is high relative both to their market value
and to their original cost. Studies, by for example, McMaster (1989) indicate cost savings in
the region of between 20% to 80%, as well as quality comparable to that of an equivalent

“new” product.

Although remanufacturing has had a low profile in all world economies, studies by
researchers including Hormozi (1996), Ferrer (1996) and Ayres ef al (1997) indicate that
remanufacturing has been a viable economic activity for many decades. This is confirmed by
Guide (1999), who demonstrated that in excess of 73,000 firms are engaged in some sort of

remanufacturing in the United States alone.

This research has sought to understand remanufacturing as a business process in contrast to

most earlier work that has investigated it mainly from design and ecological perspectives.
It has examined the scope of current remanufacturing research and analysed

remanufacturing practices and problems. This analysis has identified the need to undertake

research to address some key remanufacturing problems.
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11.2 The key remanufacturing problems

The major remanufacturing problems include the insufficiency of remanufacturing
knowledge that has led to its confusion with the alternative product recovery operations of
repair and reconditioning, and the scarcity of remanufacturing-specific tools and techniques,

which causes inefficiency and ineffectiveness of remanufacturing operations.

The research has developed a robust and unambiguous definition of “remanufacturing”, a
standard remanufacturing operational flowchart and a comprehensive model of the
remanufacturing business process. These developments are new knowledge that can help to
resolve the above problem. For example, the comprehensive model acts as a method for
unambiguously describing remanufacturing, as well as an analytic remanufacturing-specific
tool that would facilitate the design of effective remanufacturing operations and the
dissemination of remanufacturing knowledge. The robust definition permits remanufacturing
to be unambiguously differentiated from repair and reconditioning. This permits effective
remanufacturing research to be undertaken and also for findings to be correctly

disseminated.

11.3 The significance of the research

The research is significant because it has tackled the major issues that must be addressed to
improve the efficiency and effectiveness of remanufacturing operations, as well as the
inadequacy of remanufacturing knowledge. These issues include the shortcomings of
current definitions of remanufacturing and the inadequacy of remanufacturing-specific tools

and techniques (Melissen and Schipper, 1999).
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¢ Inadequacy of remanufacturing-specific tools and technique

Guide and Gupta (1999), Melissen and Schipper (1999) and Wiendahl and Burkner (1999)
propose that remanufacturing operations require tools and techniques that have been
specifically developed for their needs, because the tools of conventional manufacturing are
not ideally suited to the remanufacturing environment. Farley and Fourcaud (1992) have
observed that typically, remanufacturers develop and build tools in-house because there is a
scarcity of remanufacturing-specific tools. However, Lund (1984) has shown that the
majority of remanufacturers are small independent practitioners. Typically, such companies
lack the resources to undertake the extensive research and development that is required to

build remanufacturing-specific tools in-house.

¢ Shortcomings of current definitions of remanufacturing

Nasre and Varel (1997), among others, have shown that remanufacturing is a
misunderstood and poorly researched production process. Melissen and Schipper (1999)
propose that a key problem here is the confusion and ignorance that arise from the
ambiguity in current definitions of secondary market operations. This is in agreement with
Lund (1984), who states that one of the barriers to the growth of remanufacturing in some
product sectors is consumer prejudice against used products coupled with their inability to
differentiate between remanufacturing and related secondary market operations.
Researchers, including Melissen and Schipper (1999), report that there is urgent need for
research into remanufacturing-like processes to develop tools specifically for them and also
to define and distinguish between the different processes. Specifically, in the case of
remanufacturing, practitioners perceive the scarcity of effective remanufacturing tools as a
key threat to their industry. Researchers such as Mellissen and Schippers (1999) propose

that these problems are caused by the inadequacy of remanufacturing research.
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This research has addressed these issues in two ways. Firstly, it has helped to enhance
remanufacturing knowledge by obtaining a robust definition of remanufacturing that for the
first time permits it to be differentiated from alternative secondary market processes.
Secondly it has developed a comprehensive generic model of the remanufacturing business

process that can be used as a remanufacturing-specific error-reduction tool.

11.4 Objective of the research
The aim of this research was to unambiguously define remanufacturing and also to help to

alleviate the problems that result from the paucity of remanufacturing knowledge.

This involves satisfying the following objectives:

1. Unambiguously defining remanufacturing.

2. Developing a standard flow-chart of the remanufacturing operation.
3. Identifying the key problems of the remanufacturing operation.

4. Articulating the findings for use by remanufacturers and academics.

5. Validating the findings.

11.5 Research question

The major questions that were answered to satisfy the objectives of this research were:
e  What is remanufacturing?

¢ How is remanufacturing undertaken?

e What are the key problems of the remanufacturing operation?

e How can the new knowledge be made useful to others?

e s the new knowledge valid and useful?
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11.6 Contribution to knowledge and originality of the research

The principal deliverables of the research were:

1.

2.

3.

A robust definition of remanufacturing.
A flow chart of the generic remanufacturing operation.

A comprehensive generic model of the remanufacturing business process.

The originality of the research lies in the fact that the literature indicates that it is the first

time that:

Remanufacturing has been analysed from a business process perspective. This is because
up to this point it has only been examined from an engineering design and ecological
viewpoint. The results of this research allows it to be recognised as a unique business
process with great economic significance, and with problems that require specific
solutions.

A robust and unambiguous definition of remanufacturing has been determined, which
for the first time allows that process to be differentiated from repair and reconditioning,
and thereby help to alleviate confusion between secondary market operations.

A comprehensive model of the generic remanufacturing business process has been
developed. This allows remanufacturing knowledge to be explicitly disseminated; it is
also an analytical tool that can be applied to resolve problems that are unique to the
remanufacturing environment.

A standard flowchart for the remanufacturing operation has been determined.

The research has determined that there are two standard remanufacturing flowcharts.
One for remanufacturers that have contracts and another for independent

remanufacturers (those without contracts).
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6. The “investigate core” sub process has been identified as a critical element of the

remanufacturing process.
7. The processes of assessing the suitability of components for reuse, the “assess

component” activity has been identified as the complicating factor in core investigation.

11.7 Beneficiaries

The main beneficiaries of the research are industry and academia.

o Benefit to academia

Mellissen and Schippers (1999) have stated that the confusion in the definition of secondary
market processes makes it difficult for researchers to undertake research and disseminate
their findings. The unambiguous definition of remanufacturing developed through this
research would help to resolve this problem because it would permit remanufacturing to be
conclusively differentiated from related secondary market processes for the first time. This
development would help to improve the effectiveness of the dissemination of
remanufacturing knowledge. It would also help to pave the way for productive research into
remanufacturing operations so that appropriate tools and techniques can be developed

specifically for them.

Guide and Gupta (1999) have stated that there is a paucity of analytic models of
remanufacturing. The generic model can help to address this problem because it can be
used to analyse the remanufacturing operation and other sub processes of the

remanufacturing business process so that they can be understood and improved if required.
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¢ Benefit to industry

In the case of industry the comprehensive generic model of the remanufacturing business
process concisely and logically displays the resource required in all areas of the
remanufacturing business process and as a result may be used as a tool for planning and
controlling remanufacturing operations. The key advantage is that it could be used to help
to design and implement effective and efficient remanufacturing operations businesses, as

well as to improve existing remanufacturing ones.

11.8 Research methodology

The main research tools were literature search and the qualitative research method of case
study analysis. Eisenhardt’s case study approach (1998) was used to structure the research
because it is a powerful user-based methodology that could guide the research to ensure
that its output satisfied the needs of the practitioner. The research design and the structuring

of the research were explained in detail in chapter 3.

11.9 Areas of further research
The research has identified four aspects of remanufacturing that require further analysis and

these are described in the following paragraphs.

11.9.1 Use of the research findings to develop additional remanufacturing-specific
tools

Following the research it is expected that the error-reduction guidelines will be used to
develop tools and techniques, including software-based tools, which will enable

remanufacturers to improve the efficiency and effectiveness of their operations.
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11.9.2 Research to facilitate contracts between OEMs and remanufacturers

The research has shown that the most successful remanufacturers are those that have
contracts. The case studies detailed in chapters 4 and 6 have illustrated the many advantages
that contracis offer. For example, typically, contract remanufacturers are large, have
national or international status and can afford expensive in-house developed tools and
techniques. This can be taken as an indication of their wealth and therefore their success.
Independent practitioners on the other hand are small regional operations that typically
cannot afford to develop these tools and techniques. This can be taken as an indicator of

their comparatively modest income.

From the validated generic model presented in Appendix 8, and case study evidence, it can
be seen that core supply is an important constraint in remanufacturing operations. This
evidence indicates that one of the main reasons for the relative wealth of contract
remanufacturers in comparison to independent practitioners is that contract remanufacturers
have a ready supply of cores. In other words it is not the contract in itself that helps to
increase the wealth of a remanufacturer, but the supply of usable cores that the contract
brings. This is because the remanufacturing operation cannot begin without a used product
to rebuild. Therefore, a remanufacturer may have abundant contracts, but if it obtains no
cores then the business is unlikely to grow. In fact, contracts bring additional benefits that
help to enhance remanufacturers’ profitability. These include access to product design
information from the OEM, as well as a ready market because core suppliers are also often
customers. In the case of product design information, the case studies described in chapters
4, 5 and 6, and indicated in table 4.2, showed that independent remanufacturers face many

difficulties because of Intellectual Property Rights restrictions (IPR).
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From the above discussion it can be seen that remanufacturers would benefit from new
research to establish methods that facilitate contracts between OEMs and remanufacturers.
This development would benefit remanufacturers because they would have access to the
cores, and design information, that they need to undertake effective remanufacturing. It may
also reduce their operational costs because it would limit the need for reverse engineering.
OEM companies may also benefit from this research as it provides them with some control
over products bearing their brand name. It also permits them to obtain product failure

information that can assist product design improvements.

11.9.3 Research to encourage the adoption of the new definition

This research has obtained new knowledge in the form of a new robust definition of
remanufacturing. This research has also shown that academia and industry would both
benefit from new research to identify methods that can be used to assist rapid and
unanimous adoption of the new definition. This is because such a development would help
to resolve the problems caused by the confusion in the definitions of secondary market

operations.

11.9.4 Research to use the new knowledge

The research has also developed a generic model of the remanufacturing business process.
From the research findings it can be seen that practitioners would benefit from new research
to document the model’s effectiveness when used as a reference model in an actual

remanufacturing operation.
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11.10 Limitations of the research
The research had limitations related to the population of remanufacturing practitioners
consulted during the case studies as well as the number of practitioners and academics

involved in the validation of the research findings.

¢ The number of case study companies

Because of the difficulties involved in identifying remanufacturers, described in Chapter 3, a
limited number of remanufacturing companies were consulted in this research. However,
one of the difficulties associated with qualitative research is dealing effectively with the
great amount of information that it yields. As only one person undertook this research and
time and resource were key constraints, involving a greater number of practitioners would
have resulted in information overload. However, it is possible that the research findings
could be scrutinised in greater detail by undertaking further analysis of remanufacturing
using a greater number of researchers and case study companies. The outcome of the new
research could be compared to those of this research to identify and explain any dissimilarity

and if possible to augment the information obtained from this research.

¢ The number of practitioners involved in the validation.

The number of practitioners that assessed the validity of the research findings was fairly
limited. Because these expert users believed the research findings were sufficient and useful,
there is good indication that a wider range of practitioners would also hold that opinion.
However, the research could benefit from further assessment by a greater number of

practitioners. This would help to assess whether the limitation in the number of validation

panel had influenced the research outcomes.
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11.11 Summary

This chapter has summarised the research and its findings. It has explained the economic
significance of remanufacturing in terms of its ability to obtain profits for the practitioner. It
has stated that the rational for the research was the need to determine new knowledge that
addressed problems such as the scarcity of remanufacturing-specific tools and the paucity of
remanufacturing knowledge. It has explained that the research has seven angles of
originality. For example, the literature indicates that this represents the first instance where
remanufacturing has been analysed from a business process perspective. In addition, the
literature indicates that it is the first time that a robust and unambiguous definition of
remanufacturing has been obtained. The literature also indicates that this is the first instance
where a generic model of the remanufacturing business has been developed. It has stated
that the key deliverables of the research were a robust definition of remanufacturing and a
comprehensive generic model of the remanufacturing business process. It has explained that
the main beneficiaries of the research are industry and academia because the research has
addressed key problems that they face, for example, the ambiguity of remanufacturing
definitions. Four opportunities for further remanufacturing research have been identified.
These are; using the research results as a basis for developing additional remanufacturing
specific tools, determining methods to encourage the establishment of contracts between
OEM and remanufacturing practitioners, developing methods to assist the universal
adoption of the new definition, and using the generic model as a reference model in a real

life remanufacturing operation.
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Appendices

'l The company speécific imodel of remanufacturing
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