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A model of the operations concerned in remanufacture

Abstract

Remanufacturing is a process of bringing used products (known as ‘cores’) to
‘like-new’ functional state by rebuilding and replacing their component parts.
Remanufacture has long been used in many industries for high capital cost equipment,
but it represents a new kind of business process for companies in other industries that,
for a mixture of cost, regulatory and environmental reasons, wish to adapt to this mode
of operation. The primary objective of this research was to develop a model of the
business processes used in remanufacture. The methodology used included a review of
candidate modelling techniques, case study work with companies, and evaluation work
with a panel of experts based on the necessary properties of relevant research of Thomas
and Tymon (1982). The outcome of the research was a model that has been validated in
the electromechanical industry. The paper presents several diagrams to illustrate the
structure of the model and concludes with some proposals for further work to build
upon this understanding of this key business process for sustainability.

Keywords: remanufacture, business process, IDEFO, electromechanical industry

1. Introduction: The case for modelling remanufacturing

The practice of remanufacturing is particularly applicable to complex electro-
mechanical and mechanical products which can, when recovered, have value added to
them which is high relative both to their market value and to their original cost. Studies
indicate cost savings in the region of between 20% and 80%, when compared to the cost
of new manufacture, while providing quality comparable to that of an equivalent,

current, all-new product (Lund 1984). Although remanufacturing has had a low profile,
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it has been a viable economic activity for many decades. Research records in excess of
73,000 firms engaged in some sort of remanufacturing in the late 1990s, in the United
States alone (Lund 1998).

Remanufacturing has not been well defined or codified. Major remanufacturing
problems include the insufficiency of remanufacturing knowledge (Nasr and Varel
1997) and the lack of models for analysing remanufacturing operations so that it can be
better understood and improvements made to its operational processes if required. The
motivations for developing tools and techniques specifically for remanufacturing are:

1) There are few analytic models of remanufacturing (Guide and Srivastava
1997) and remanufacturing practitioners perceive the scarcity of effective
remanufacturing tools and techniques as a key threat to their industry (Guide 1999).

2) Remanufacturers incur great financial losses because of difficulties in
undertaking some critical remanufacturing activities, for example, the ‘investigate core’
activity, a key but complex element of the remanufacturing operation for which no
guidelines are currently available (Ijomah ef al. 1999).

3) Practitioners require tools that would help them to improve the
consistency and effectiveness of training (Ijomah 2002).

4) Remanufactured products must be of 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
leads to higher production costs and longer production lead-time (Ijomah 2002). A
better understanding of the business processes involved could lead to cost reductions

and quality improvements.
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5) Tools of conventional manufacturing are not ideally suited to
remanufacturing because planning, controlling and managing operations are
significantly different from traditional manufacturing production control (Guide 1999).

6) Most current remanufacturing-specific tools have been designed in-house
by large remanufacturers, (typically, contract remanufacturers), that obtain the
necessary expertise and even more importantly, immense financial investments that
such projects demand from their original equipment manufacturer (OEM) partners.
Because remanufacturing is a secretive industry and because such remanufacturers wish
to obtain a competitive edge they are unwilling to share knowledge of their tools with
potential competitors, in fact, very often their contracts with their OEM supporters
would not allow them to do so (jomah 2002). Most remanufacturers, being small
practitioners (Lund 1984), cannot afford the expense of such an undertaking (Ijomah
2002), thus these tools are unavailable to the bulk of the industry.

The objective of the research upon which this paper is based was to address these
issues by developing a comprehensive model of remanufacturing. Models are proven
methods of conveying information (Kubeck 1995; Wang er al. 1993) and also are
recommended for analysing business processes and enhancing understanding (Smart et
al. 1995; Bennett et al. 1995) because they can overcome communication problems
such as ambiguity that are associated with other ways of understanding operational
situations (Ould 1995). Thus an acceptable model of remanufacturing operations would
allow the exchange of information between companies, such as to discuss problems or
exchange good practice and simplify the analysis of processes within a company.

2 Existing models of remanufacturing

Many existing descriptions of the remanufacturing process are part of other

models relating to material re-use and sustainability, such as the model by Guide et al.
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(1997) shown in Fig 1. While useful in defining context, such a model has little
significance for a company wishing to improve its actual activities.

[ Take in Fig 1 near here ]

Krikke et al. (2004) show how the remanufactured products can fit into alternative
supply chains. This work is valuable in pointing out the closed loop in which material
can circulate many times before disposal. However, the activities involved in
remanufacture are all contained in one box.

A generalised description of the processes involved in remanufacturing can be
found in Guide (1997) (Fig. 2) who distinguishes between disassembly and re-assembly
operations, a similar view to that taken by Tang et al. (2004) (Fig. 3) who also describe
the closed loop. Interestingly, these writers see the remanufacturing activities as not
including disassembly and re-assembly, thus broadly equating it with repair of

components.

[Take in Fig 2 near here. NB Elsevier’s copyright permission calls for a footnote

with the figure — it is with the figure]

[Take in Fig 3 near here]

A more detailed model produced by Goggin and Browne (2000) shows the

distinct stages of remanufacturing that form part of the reverse supply chain (Fig 4).

[Take in Fig 4 near here]
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Okumura et al. (2003) show the flow of cores for remanufacturing from functional
failure or physical failure from a production economics standpoint.

Specific work has been done for particular cases, producing more detailed but not
generally applicable models. For example the flow chart of refrigerator supply loops by
Krikke et al. (2003) includes the activities of disassembly, inspection and rebuilding

that form part of remanufacturing (Fig. 5).

[Take in Fig 5 near here.]

Other specific diagrams include the reverse supply chain for Hewlett Packard’s
desktop PCs by Guide et al. (2005) and engine remanufacturing by Seitz and Peattie
(2004). .

These models are valuable in identifying the context of remanufacture and the
major stages involved, and in fact their purpose has been largely concerned with the
definition of remanufacturing itself. Much more detail is required to provide a basis for
analysis and development of operations within remanufacturing companies. This would
be difficult without adopting a more formal modelling scheme. The aim of this research
was to produce a detailed yet generic model of remanufacturing activities that would be
of relevance and utility to managers in industry.

3. Methodology

To ensure manageability of the research, its scope was limited to the mechanical
and electromechanical sector of the UK remanufacturing industry. The key research
techniques were literature search and observational case studies. The model has four

key foundations:
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1. The definition of remanufacturing as ‘The 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’ (Ijomah 2002, I[jomah et al. 2004) was used as a
foundation for developing the comprehensive model of the remanufacturing business
process.

2. The ‘Operate’ process of the manufacturing reference model (Smart et
al. 1999) and

3. The CIM-OSA Manage-Operate-Support business process architecture
(CIM-OSA 1989). These two pieces of work serve to delineate the concept of the
“operate” process and to distinguish it from the “manage” and “support” activities.

4. The IDEFO modelling technique (IEEE 1998). IDEFO is a well accepted
modelling technique based upon the activities carried out in a business system under
examination. Its appropriateness for this application is examined by setting out the
requirements that would be fulfilled by a suitable technique and comparing IDEFO to
two other widely accepted conventions, data flow diagrams and flowcharts (section 3.2).

The model development process was adapted from the author-reader cycle
proposed in the original IDEFO Architect’s Manual (Ross ef al.1980). It involved three
activities: the development of a company-specific model of remanufacturing through an
in-depth case study; assessment of the model for correctness and accuracy by the host
company and by manufacturing and IDEFO experts independent of the research; and
refinement of the model by assessment against other remanufacturers in order to
implement alterations that would make it valid for a wider range of remanufacturers.
This was followed by validation of the model. This was achieved by exploring whether

the research had obtained correct results that would be useful to practitioners. In this
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instance practitioners were remanufacturers and academics because they sought
remanufacturing knowledge and expertise. This involved having a panel of
practitioners, consisting of case study companies, non-case study companies and
academics use the ‘validation by review’ method (Landry et al. 1983) to assess whether
the model satisfied the ‘needs of practitioners’ (Thomas and Tymon 1982). The
validating criteria were the suitability (or usefulness), sufficiency and clarity of the
model. Steps taken to strengthen validity of the research include ensuring quality of
research design by:

1. Ensuring proper data collection quality control. Techniques used here
include between-method and within-method triangulation, establishing a chain of
evidence and key informant review of case study report.

2. Testing for replication logic by testing results with members of the
electromechanical sector of the UK remanufacturing industry who were hitherto
unconnected with the research.

3.1 A systems approach to modelling remanufacturing

Many small improvements can be made to a business process at the detailed level,
but when considering the design of whole business processes (such as the processes of
manufacture or remanufacture) it is necessary to understand the process as a whole. A
systems view sees the process as a whole system, containing a set of sub-systems that
are controlled and which communicate (Checkland 1981). The whole-system
understanding sets a context for evaluating or even removing lower level activities
while allowing the analyst or user to concentrate on the performance of the whole. This
is pointed out by Guide and Srivastava (1997) in relation to recoverable manufacturing

systems, which require system-oriented solutions rather than optimisation of systems’
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sub-processes. The detail can be decided upon for the circumstances of each specific
company.

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. Because a remanufacturing system falls
within Checkland’s definition of a human activity system (HAS), the research
objectives must be achieved through qualitative research. A company can be seen as
consisting of HASs of a type known as business processes. A business process is ‘a set
of logically related tasks performed to achieve a desired business outcome’ (Davenport
and Short 1990). Childe et al. (1994) propose 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’. 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.

3.2 Process modelling

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 not show features that are unique to a particular
manufacturing organization. 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 (Bennett et al. 1995). However, to make a model, a

suitable modelling technique must first be identified.
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The required modelling technique must be able to provide a complete, concise and
consistent description of the activities and flows that form a system or process (Smart et
al. 1995). Weaver (1995) proposes that it is possible only where the modelling
technique is:

e Easy touse

e Usable for generic models as well as specific company models

e (Capable of supporting decomposition (i.e. different levels of detail)

e Able to be integrated into a set of modelling techniques supporting all phases
of a design and implementation project.

e Re-usable in a wide range of applications.

Modelling techniques that were considered to be candidates for this work were
IDEFO, data flow diagrams and flowcharts.

IDEFO has proven advantages in business process modelling, because it provides
a picture of the activities and flows of a process or system (Smart et al. 1995). The
suitability of the IDEFO modelling technique can be assessed in terms of, firstly, its
ability to satisfy the characteristics of appropriate modelling techniques and, secondly,
by comparing its capabilities against those of some better-known alternatives.

According to the Architect’s Manual (Ross et al. 1980), IDEFO satisfies all the
criteria above. In addition, its ease of use is described by Smith and Wang (1988).
Maull et al. (1995) and Childe et al. (1996) point out that IDEFO can be used for both
generic and company-specific models. IDEF0’s properties of decomposition are
identified by LeClair (1982) and by Bennett et al. (1995). LeClair (1982) and Smart et
al. (1995) show that IDEFO is part of a set of modelling techniques that support all
phases of a project.

The most obvious alternatives to IDEF0O were data flow diagrams and flowcharts.
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Data flow diagrams (DFDs) model a system at any level of detail with a graphic
network of symbols showing data flows, data stores, data processes, and data sources
and destinations. They were introduced and popularized for the structured analysis and
design of data processing systems in the late 1970s (Gane and Sarson 1979). They are
effective for illustrating how information flows through a system and are used in the
preliminary stages of systems analysis to help understand the current system and to
model the required system. For large systems, DFDs can become cumbersome, difficult
to translate and read, and time consuming to construct. DFDs can become confusing
because different modellers use different symbols, for example, circles and rectangles to
represent entities.

DFDs are weak at describing the activities performed, focussing principally upon
the flow of data between activities and stores. They do not easily adapt to the modelling
of the flow of material or of the control of activities.

Flow charts represent graphically the sequence of operations and storage activities
in a process, for example, movement, delay, decision and inspection. Flowcharts use
standardized symbols to represent the operation types and processes being undertaken.
They are effective for documenting processes and interrelationships between process
activities and can help to identify problems and improvement opportunities.

Initially in this study, flowcharts were used to document research information but
the level of detail to be managed was a problem with a technique that could not support
decomposition. 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 of detail is appropriate for the required
purpose (Doumeingts et al. 1992; Aguiar et al. 1993). Flowcharts may be used at the

lower, more detailed levels of diagrams together with other techniques such as IDEFO to
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manage the hierarchy.
For further discussion of alternative modelling techniques the reader is referred to

the useful review by Aguilar-Savén (2004).

3.3 The IDEF0 background and concept

IDEFO is a process modelling technique that illustrates the component activities
and flows of a system thereby helping the modeller to identify what activities are
performed, the circumstances regulating and controlling the activities, and the material
and information flows between activities. It can also show the ‘mechanism’ (such as a
person or a machine) that performs each activity in any particular case, although this is
not relevant in a generalised model where different companies may use different means
to perform the same activity. Limitations of space prevent a full explanation of the rules
of IDEFO, for which we refer the reader to FIPS PUB (1993) or Colquhoun et al.
(1991). For the present paper we provide a reminder of the familiar IDEFQ activity box

showing the four arrow types identified by the side of the box to which each connects.

[Take in Fig 6 near here]

4. Development of the model

This research requires a model of the logistics chain, from the customer ordering a
remanufactured product, through the company producing that remanufactured product,
to the delivery of the product to the customer. This fits within the definition of the
‘operate’ process described in the CIM-OSA standard (CIM-OSA 1989). We are not
concerned here with the activities involved in setting the strategy and direction of the
company nor its business planning. We do not consider the analysis of the support

activities facilitating the ‘operate’ or ‘manage’ processes. The boundaries of the model
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therefore encompass the activities involved in the customer ordering a remanufactured
product, those involved in the company producing that remanufactured product, and the
activities of delivering the product to the customer.

The model development process began with an in-depth, four-week duration case
study to develop a company-specific model of the remanufacturing business process.
Basing the model initially on information from only one company permitted the authors
to control the research information in manageable sections. The first company was
involved in remanufacture of complex electromechanical products. Data collection was
through four activities: key personnel interviews, direct examination of the process,
augmenting documented information with staff and customers and verifying
documented information. Once a model that satisfied that company was achieved, it
was assessed against the practices of three other case study companies to implement any
alterations that would make it valid for a wider range of remanufacturers. This covered
the three types of remanufacturer identified by Lund (1984); OEM, Contract and
Independent. It also included both large and small companies. The validation of the

model will be described in Section 6.

5. The generic remanufacturing model

The model consists of a series of nineteen nested diagrams where top-level
diagrams give a basic overview of the system and lower level diagrams give
increasingly more detailed information. Top-level diagrams give the macro-view of the
remanufacturing process that top-level managers need to facilitate their strategic
decision taking. The lower level diagrams provide detailed operational information to
support shop floor workers in their everyday tasks.

Figure 7 shows the A-O diagram, ‘Run remanufacturing business’. The A-0O is a

diagram of the context of the remanufacturing business and shows the interaction of the
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business with its environment. It shows, for example: inputs such as technical
assistance request, sales and warranty requests from customers; outputs such as

remanufactured products and warranty; and controls such as industry standards.

[Take in Fig 7 near here]

This A-O diagram can be decomposed to give the AO diagram, Run
Remanufacturing Business, shown in Figure 8. This shows the four major activities that
make up the remanufacturing business process:

¢ Obtain raw material: purchase externally supplied parts that are needed to
remanufacture products. These include ‘cores’, conventionally manufactured
components and externally remanufactured components.

e Remanufacture product: Return the core to at least Original Equipment
Manufacturer (OEM) latest specification.

e Sell product: Give the remanufactured product to a customer in return for
money.

e Support customer: Help the customer through services such as warranty
obligations, technical assistance (e.g. installation and help in choosing an appropriate

product).

[Take in Fig 8 near here]
Each of these major sub-activities is shown with its various flows (inputs, outputs,
controls). Each is also decomposed to reveal more detailed remanufacturing

information. For example, Figure 9 shows the A2 sub process, which is the detail of the
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A2 subprocess in the AO diagram. The A2 diagram represents the remanufacturing
operation itself. It is concerned with returning the used product (core) to current OEM
specification and is composed of the following major activities:

1. Get core from store: selecting the required core from the

remanufacturer’s store.

2. Strip core: reduce the core to its components.
3. Remanufacture parts: bringing the components to current OEM
specification.

4.  Store parts and Kkit: put the remanufactured parts into inventory store
and assemble all the component types required to produce the finished product.

5. Assemble product: put the parts contained in the kit together to build
the remanufactured product.

6. Test product: Carry out the assessments required to ascertain that the
product is of current OEM specification.

7. Final inspection & paint: visual inspection for cosmetic reasons and
painting to original colour.

8. Store Product: Put product in finished goods store to await sale or
dispatch to customer.

9. Store production documents: File the papers that relate to the job.

[Take in Fig 9 near here]

Although the rules of IDEFO recommend a maximum of 6 activities in a diagram,

this nine-box structure was the one with which users in remanufacturing companies felt

happiest. Activities such as ‘store product’ which could have been hidden at this level
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were felt by users to be important enough to justify the extra boxes. (For example the
question of what and how much to store is important in remanufacture where core
supply is often uncertain.) The structure of the model is therefore more intuitive to the
industrial users, at a cost of some increase in the complexity of the diagram.

Figure 10 shows the A22 Preprocess & strip core sub process which is concerned
with dismantling the core to its component level and involves:

e Ascertaining that the correct core has been picked (e.g. use of documentation
such as OEM manual).

¢ Dismantling the used product (core) to its components

e Visual inspection to eliminate obviously non-reusable parts (e.g. parts that are
obviously damaged beyond remanufacturing, obsolete parts and parts where the cost of

remanufacturing exceeds the cost of purchasing new).

[Take in Fig 10 near here]

Figure 11 shows the A23 subprocess; remanufacture part, which is concerned with
bringing component parts at least to current OEM specification. This is the most crucial
part of remanufacturing operation. It makes or breaks the remanufacturer because it
determines the issues of cost and quality and these are the essential measures of
competent remanufacturing. This activity has four main elements:

e A231: Sort parts. This requires detailed inspection of the components to sort
them according reclaimable and non-reclaimable groups then further sorting by type or
size for example to facilitate effective cleaning.

e A232: Clean parts: This is the removing of dirt and contamination such as rust

from the components.
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e A233: Bring parts to current specification: This involves gauging the parts,
deciding how best to bring them to current specification and finally remanufacturing
them. Parts that have not been successfully remanufactured are put back into the system
as rework and will keep on going through the rework and test cycle until they are

adequate or else a decision is taken that they are beyond remanufacturing.

[Take in Fig 11 near here]

6. Validation of the generic model

6.1 Procedure and participants

The model was validated by the review method (Landry et al. 1983) to assess its
ability to satisfy the needs of practitioners described by Thomas and Tymon (1982). If
they 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. The validating panel
was drawn from the electromechanical sector of the UK remanufacturing industry and
academics in remanufacturing-related disciplines. This was necessary in order to satisfy
the requirement for external validity (Yin. 1994) and replication logic (Creswell 1994).

Participants were drawn from middle management and above to ensure that they
had adequate knowledge of the remanufacturing business process required for proper
assessment of the model. The four companies used for the detailed case studies were
represented by manufacturing and/or general managers and directors, thus 4-8 people at
each meeting. To ensure objectivity as far as possible the panel also included director-
level representatives and others from four companies engaged with remanufacturing,

one of which was the UK trade body for remanufacturers in the automotive transmission
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industry, thus a further 4-8 people. Most of these representatives, especially the latter,
had wide experience in many companies. Care was taken to include only people who
understood the remanufacturing process and environment in depth because they dealt
with it on a regular basis. Directors were only allowed if they were still actively
involved. In addition to the practitioners, the panel included two academics specialising
in remanufacturing from universities not linked with the research. Each meeting
included between 12 and 18 attendees, with all participants, and their colleagues,
eventually seeing the model. The geographical spread of the validating panel was wide,
including Scotland, the Midlands and the South West of England. .This format
permitted case study and non-case-study practitioners to debate remanufacturing
practices, and reach a consensus opinion in the event of anomalies being identified in
the model. The model was presented in stages, and after each stage feedback was
collected from participants. Initial feedback sheets were completed immediately (on
general issues such as ease of understanding) and secondary sheets were returned later
to provide detailed corrections following use, discussion and further reflection. Use of
the secondary feedback sheets allowed participants to share and discuss the model with
colleagues, which besides allowing time for careful reflection ensured that further
individuals could contribute as required.

6.2 The results of the validating panel’s assessment of the model

The model satisfied the validating criteria of usefulness, clarity and sufficiency.
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, 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
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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’.

The respondents 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 to 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’.

6.3 IDEF0 as a modelling technique

Prior to the validation all the participants were unfamiliar with the IDEF0
modelling technique. However, none found the concept too difficult to understand and
all very quickly became competent with the technique. All members of the evaluating
panel were of the opinion that the IDEFO modelling technique would be an ideal
method for disseminating remanufacturing information because it presents information
in a consistent and concise manner. For example, they all strongly agreed or agreed that
firstly ‘generally the model is logical in the way that it describes the remanufacturing
business process’ and secondly they ‘would consider using the model to describe the
remanufacturing business process’.

6.4 Ability to satisfy the needs of the practitioner

Thomas and Tymon (1982) propose that, for any new knowledge to satisfy the
needs of the practitioner, it must satisfy five needs: descriptive relevance, operational

relevance, goal relevance, non-obviousness and timeliness.
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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 initial 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 using secondary feedback sheets but felt that these did not indicate any great
errors in the model.

Goal relevance All members of the panel believed that the model would be an
effective tool for enhancing the efficiency and effectiveness of new and existing
remanufacturing facilities. For example, its use as a reference model could help
practitioners to analyse their operations so that they could enhance their understanding
and implement improvements if required. It could also be used as a framework for
discussion of best practice, training and improvement activities.

Operational validity Operational validity describes practitioners’ ability to use
the new knowledge easily. This requires that the new knowledge must firstly be
understandable to practitioners and secondly, must be 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’.

http://mc.manuscriptcentral.cozr%/tprs Email: ijpr@lboro.ac.uk

Page 20 of 43



Page 21 of 43

©CoO~NOUTA,WNPE

International Journal of Production Research

Non-obviousness The practitioners 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 and how it is undertaken as well as the complexities of the process.

Timeliness Recent research (Ijomah 2002; Guide and Srivastava 1997) illustrates
that practitioners and academics require analytic models of remanufacturing to help
enhance its understanding and effective management. The generic model is seen as
timely because the validating panel agreed that it addresses these pressing
remanufacturing problems.

6.5 Discussion: validity of the model

All members of the evaluation panel reported that from their experience and
knowledge of remanufacturing, the model was a valid representation of the
remanufacturing business process. They also indicated that the model would be useful
to them.

Criteria such as validity, reliability and generalisability are important in
establishing the validity of a piece of research (Gummesson 1993; Holloway 1997; Yin
1994; Eisenhardt 1989; Lang and Heis 1994 and Easterby-Smith et al. 1993). Construct
validity and reliability (Yin 1994) were strengthened by using techniques such as
triangulation to enhance data collection quality control. External validity was ensured
by testing ‘the extent to which the research findings can be applied to other instances of
the phenomenon’ (Yin 1994). The measures taken to ensure the external validity of the
research findings include having the model assessed by non-case-study companies from
the electromechanical sector of the UK remanufacturing industry and academics

studying remanufacturing.
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Replication logic (Creswell 1994) was used to test the model through the
validation by review technique. By the laws of replication logic the model 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.

7 Uses for the model

We propose three main uses for the model. After the initial feedback from the
workshops, companies validated the model in use, reporting their findings using the
secondary feedback sheets. They all reported that they were able to use the model to
explain remanufacturing and its activities to new recruits and to their suppliers and
clients. This led to their proposal for the model to be used for both on- and off-site
training and it was suggested that it could be used in place of written training manuals
and perhaps presented in a multimedia system. They also felt that it helped them to
understand their own activities better. One company adopted the model as a marketing
tool.

7. 1 Error reduction

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 activities of the remanufacturing operation are clearly detailed in a logical
and easily accessible manner. Those activities requiring assessment and evaluation can
be identified and suitable controls and procedures can be applied. This is of particular
importance in the activities related to investigating cores and components.

7.2 Enhancing training

The model is a comprehensive document that could facilitate effective training.

This is because it unambiguously displays the activities of the remanufacturing business
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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 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 Ijomah et al.
(1999) and Jjomah (2002) 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 Ijomah er al. (1999), in remanufacturing companies, training is often
undertaken hands-on with the more experienced employees teaching newer recruits. The
model could be used as an off-site training facility.

7.3 A reference model

Literature and case studies have shown 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
question the validity of existing remanufacturing operations and to improve the
management of existing ones, as well as to facilitate the design of more effective
remanufacturing business processes.

Weaver (1995) proposes that specific business processes models can be built from
existing generic models. 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
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displays the characteristics of the business that requires a model. 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 output of this research is a reference model for
remanufacturing businesses that can be used to disseminate remanufacturing
knowledge.

8 Areas for further research

Two main areas for further research have been identified.

8.1 A basis for establishing contracts between OEMs and remanufacturers

The model makes clear the extent to which the business process depends upon the
continuing reliable supply of cores for remanufacture. In contrast with manufacturers
who can source supplies with guaranteed delivery and quality, remanufacturers often
have to depend upon disparate and unreliable sources, such as service engineers, users,
manufacturers, etc. Other research, for example [jomah (2002), shows that the most
successful remanufacturers are those that have contracts for the supply of cores. 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.

The role of the model in the establishment of contractual arrangements is in the
identification of the activities to be carried out by various parties. For example, third
parties may perform initial disassembly and manage the supply of parts, or alternatively
arrangements may be made for complete units to be passed to the remanufacturer. More
research is needed, for which the model provides a base. In the context of take-back
laws, the subcontracting (or not) of responsibilities may become a very important

strategic question. OEM companies who do not become remanufacturers may

http://mc.manuscriptcentral.c02#1/tprs Email: ijpr@lboro.ac.uk

Page 24 of 43



Page 25 of 43

©CoO~NOUTA,WNPE

International Journal of Production Research

nevertheless 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.

8.2 Research to extend the model into an ISO-type standard for
remanufacturing

Remanufacturing industry is poorly regulated with no universal benchmark for
assessing remanufacturing operations. There is perceived to be a lack of trust in
remanufacturers and remanufactured products among the general public and also among
OEM companies. Two key problems result from this. 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 (Lund 1984). Also, Original Equipment
Manufacturers are often unwilling to form contracts with remanufacturers and allow
them to remanufacture their used products because they are unsure of the quality of their
work and do not wish to risk tarnishing their brand names (Ijomah 2002). The
remanufacturers that validated the model indicated that they would welcome its
extension into an ISO-type standard for remanufacturing.

This development would help to improve quality and consumer confidence in
remanufactured products. Also, because it gives a clear description of the companies’
processes, it would provide OEMs with a cost-effective method of assessing the work
practices of particular remanufacturers and this would help to enhance their willingness
to form contracts.

9 Conclusions

The originality of this paper lies in the approach of analysing remanufacturing

from a business process perspective. This paper demonstrates that the generic model of
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the remanufacturing business process that has been developed could be used to describe
a remanufacturing operation so that others would understand remanufacturing and also
improve that operation if required. It provides a step forward from the existing models
mentioned in Section 2 by providing a level of detail suitable for the analysis of
practices in industry. The model was tested via a review technique (Landry et al. 1983)
and assessed according to its ability to satisfy the needs of the practitioner (Thomas and
Tymon 1982). The evaluating panel from industry and academia were confident that the
model was a true and comprehensive representation of the remanufacturing business
process and believed it would help them to addressing key remanufacturing issues.

Two main directions for further remanufacturing research have been identified.
These are: using the research results as a basis for contracts between OEM and
remanufacturing practitioners; and using the generic model as a reference model in real
life remanufacturing operations. The output of the research is a reference model for
remanufacturing businesses that can help to disseminate remanufacturing knowledge
and encourage the effective and economic use of this important technique for
sustainability.

Acknowledgement The authors thank Chris McMahon and Mark Errington for

their help and advice in the preparation of this paper.

References

Aguiar M W, Weston R H and Roberts S (1993) “Model based approach supporting the
life cycle of integrated manufacturing enterprises”, Proceedings of the
international conference on computer integrated manufacturing, September,

Singapore

http://mc.manuscriptcentral.cozr%/tprs Email: ijpr@lboro.ac.uk

Page 26 of 43



Page 27 of 43

©CoO~NOUTA,WNPE

International Journal of Production Research

Aguilar-Savén R S, (2004) Business process modeling: review and framework,
International Journal of Production Economics, 90, 129-149

Bennett J P H, Weaver A M, Smart P A, Maull R S, Childe S J, (1995) Different types
of manufacturing processes and IDEF0O models describing standard business
processes, Working paper WP/GR/JJ5010-6, EPSRC Grant GR/J95010, August
1995, University of Plymouth, UK

Checkland P (1981) Systems Thinking, Systems Practice, London, John Wiley & Sons

Childe S J, Maull R S, Bennett J, (1994) Frameworks for understanding business
process re-engineering, International Journal of Operations and Production
Management, Vol.14, No.12, 22-34

Childe S J, Smart P A, Weaver A M (1996) “The use of generic process models for
process transformation” in Doumeingts G and Browne J (Eds) Modelling
techniques for business process re-engineering and benchmarking, (Proceedings
of IFIP TC5/WG5.7 International Workshop18-19 April, Bordeaux, France,
London: Chapman & Hall, pp. 51-62.

CIM-OSA Standards Committee (1989), CIM-OSA Reference Architecture, AMICE
ESPRIT [Now available as] CIMOSA (1993) - Open System Architecture for
CIM; ESPRIT Consortium AMICE, Springer-Verlag, Berlin (ISBN 3-540-
56256-7), (ISBN 0-387-56256-7)

Colquhoun G J, Baines R W and Crossley R (1991) A state of the art review of IDEFO,
International Journal of Computer Integrated Manufacturing Vol. 6 No. 4: 252-
264

Creswell J W (1994) Research design: qualitative and quantitative approaches,

London: Sage

http://mc.manuscriptcentral.cozr%/tprs Email: ijpr@lboro.ac.uk



©CoO~NOUTA,WNPE

International Journal of Production Research Page 28 of 43

Davenport T and Short J E (1990) The new industrial engineering: information
Technology and business process redesign. Sloan Management Review; Summer

Doumeingts G, Chen D, Marcotte F (1992) Concepts, models and methods for the
design of production management system” Proc. ATPMS’92, International
Seminar on Advanced Technologies in Production Management Systems, May
5-8, Beijing China

Easterby-Smith M, Thorpe R and Lowe A (1993) Management research: an
introduction; London: Sage

Eisenhardt K M (1989) Building theories from case study research, Academy of
Management Review, Voll4 No 4, 532-550

FIPS PUB (1993) Integration definition for function modelling (IDEFO0), Federal
information processing standards publication 183, National Institute of
Standards and Technology, USA (see IEEE 1998)

Gane C and Sarson T (1979) Structured Systems Analysis. Englewood Cliffs, NJ:
Prentice-Hall

Goggin K and Browne J (2000) The resource recovery level decision for end-of-life
products, Production Planning & Control 11(7): 628-640

Guide V D R (1997). Scheduling with priority dispatching rules and drum-buffer-rope
in a recoverable manufacturing system, International Journal of Production
Economics 53(1): 101-116

Guide V and Srivastava R (1997), Recoverable manufacturing systems: a framework for
analysis, Proceedings of the 1997 Portland International Conference on
Management of Engineering and Technology (PICMET ’97), pp. 675-678

Guide V D R, Srivastava R, and Kraus M E (1997), Product structure complexity and

scheduling of operations in recoverable manufacturing, International Journal of

http://mc.manuscriptcentral.cozr%/tprs Email: ijpr@lboro.ac.uk



Page 29 of 43

©CoO~NOUTA,WNPE

International Journal of Production Research

Production Research, vol. 35, no. 11, pp3179- 3199

Guide V (1999) Remanufacturing production planning and control: U.S industry best
practice and research issues, Second International Working Conference on Re-
use; Eindhoven, pp101-114

Guide V D R, Muyldermans L, Van Wassenhove L, (2005), Hewlett-Packard company
unlocks the value potential from time-sensitive returns, Interfaces Vol. 35 No. 4:
pp281-293

Gummesson E (1993) Case study research in management: methods for generating
qualitative data, Stockholm University, Department of Business administration.
Preliminary Script edition 2

Holloway I (1997) Basic concepts for qualitative research, Malden, MA: Blackwell
Science

IEEE (1998) IEEE Standard for Functional Modeling Language-Syntax and Semantics
for IDEFO0, Standard No. 1320.1-1998 (Replaces FIPS PUB 183.) Institute of
Electrical and Electronics Engineers, Inc. USA (http://www.ieee.org)

[jomah W, Childe S J and McMahon C (2004) Remanufacturing: A Key Strategy for
Sustainable Development, Proceedings of the 3rd International Conference on
Design and Manufacture for Sustainable Development, 1-2 September, 2004,
Loughborough, UK

[jomah W (2002) A model-based definition of the generic remanufacturing business
process, Doctoral thesis, University of Plymouth, UK

[jomah W, Pearce J and Bennett J P H (1999) Remanufacturing Evidence of
Environmentally Conscious Business Practices in the UK, EcoDesign’99: 1%
International Symposium on Environmentally Conscious Design and Inverse

Manufacturing, February 1999, Waseda University, Tokyo, Japan

http://mc.manuscriptcentral.cozr%/tprs Email: ijpr@lboro.ac.uk



©CoO~NOUTA,WNPE

International Journal of Production Research Page 30 of 43

Krikke H, Bloemhof-Ruwaard J and Van Wassenhove L N (2003) Concurrent product
and closed-loop supply chain design with an application to refrigerators,
International Journal of Production Research, Vol. 41(16) pp3689-3719

Krikke H, LeBlanc I, van de Velde, S, (2004) Product modularity and the design of
closed-loop supply chains, California Management Review, Vol.46, No.2: pp23-
39

Kubeck (1995) Techniques for Business Process Redesign, 1st Edition, John Wiley &
Sons, Inc., ISBN0-471-05295-7

Landry M, Malouin J L, Oral M (1983) Model validation in operations research,
European Journal of Operational Research Vol.14, pp207-220

Lang G and Heis G (1994) A practical guide to research methods, University Press of
America, Inc.

LeClair S R (1982) IDEF the method, architecture, the means to improve manufacturing
productivity, SME Technical paper MS82-902, Society of Manufacturing
Engineers, Michigan USA

Lund R T (1984) Remanufacturing: the experience of the USA and implications for the
developing countries, World Bank Technical Paper No. 3

Lund R T (1998) Remanufacturing: an american resource, Proceedings of the Fifth
International Congress on Environmentally Conscious Design and
Manufacturing, June 16 & 17 1998, Rochester Institute of Technology USA

Maull R, Weaver A, Childe S, Smart A, Bennett J (1995) The application of BPR to
SMEs, Proceedings of the 2™ International Conference of the European
Operations Management Association, University of Twente, Netherlands 28-31
May, pp305-313

Nasr N and Varel E (1997) Lifecycle analysis and costing in an environmentally

http://mc.manuscriptcentral.cgr%/tprs Email: ijpr@lboro.ac.uk



Page 31 of 43

©CoO~NOUTA,WNPE

International Journal of Production Research

conscious manufacturing environment, APICS Remanufacturing Symposium
Proceedings, USA pp44-47

Okumura S, Morikuni T, Okino N, (2003) Environmental effects of physical life span of
a reusable unit following functional and physical failures in a remanufacturing
system, International Journal of Production Research Vol.41 No.16 pp3667-
3687

Ould M A (1995) Business processes: modelling and analysis for re-engineering and
improvement, London; John Wiley and Sons

Ross D T, Brackett ] W, Bravoco R R, Schoman K E Jr (1980) Architect’s Manual,
ICAM Definition Method IDEF0, Document DR-80-ATPC-01, CAM-I,
Arlington Texas 76011 USA

Seitz, M A, Peattie, K (2004) Meeting the closed-loop challenge: The case of
remanufacturing, California Management Review 46 (2) pp74-89

Smart P A, Weaver A M, Childe S J, Maull R S, Bennett J (1995) Guidelines for linking
activity and information models of business processes-IDEFO to IDEF1x,
EPSRC Grant GR/J95010, working paper WP/GR/J95010-7, University of
Plymouth, UK

Smart P A, Maull R S, Childe S J (1999) A reference model of 'operate' processes for
process-based change, International Journal of Computer Integrated
Manufacturing, Vol.12, No.6, pp471-482

Smith G and Wang M (1988) Modelling CIM systems- Part 1I: the generic functions,
Computer Integrated Manufacturing Systems, Vol.l No.3, 169-178

Tang O, Grubbstrom R W and Zanoni S (2004) Economic evaluation of disassembly
processes in remanufacturing systems, International Journal of Production

Research, Vol. 42, No. 17: 3603-3617

http://mc.manuscriptcentral.cgr%/tprs Email: ijpr@lboro.ac.uk



©CoO~NOUTA,WNPE

International Journal of Production Research Page 32 of 43

Thomas K W and Tymon W G (1982) Necessary properties of relevant research:
lessons from recent criticism of organisational science, Academy of Management
Review, Vol. 7, No.3, 345-352

Vernadat F B (1996) Enterprise Integration: on Business Process and Enterprise
Activity Modelling”, Concurrent Engineering: Research and Applications,
Vol.4, No.3, p. 219-228

Wang W, Popplewell K and Bell R (1993) An integrated multi-view system description
approach to approximate factory modelling, International Journal of Computer
Integrated Manufacturing, Vol. 6, No.3. pp165-174

Weaver A. M. (1995) A model-based approach to the design and implementation of
computer aided production management systems, PhD Thesis, University of
Plymouth, UK

Yin R (1994) Case study research: design and methods; 2" Edn. London; Sage

Publications.

http://mc.manuscriptcentral.cgr%/tprs Email: ijpr@lboro.ac.uk



Page 33 of 43 International Journal of Production Research

Figures for
A model of the operations concerned in remanufacture

REVISED VERSION of TPRS-2005-1JPR-0184-R1

by Ijomah and Childe

©CoO~NOUTA,WNPE

24 f—————- b e :
Recycle : Remanu facture, Repair
Overhaul, and

Upgrade

I
|
| i
| |
I i
28 ¥ Y Y

Used
Product
Returns

Parts andior
E. Product

Component -

. Manufacture
31 Material Manufacture

Product
32 Demand

Consumer

33 A

35 New Parts/Components
36 Required for Replacement
37 of Non-Recoverable Items

41 Recoverable Manufacturing System

Disposal
(Minimized)

43 Figure 1 - The Recoverable Manufacturing System (Guide ef al. 1997)

http://mc.manuscriptcentral.com/tprs Email: ijpr@Ilboro.ac.uk



©CoO~NOUTA,WNPE

International Journal of Production Research Page 34 of 43

A
;",."‘ * . L
- | WC3|, :'._ WC 4
—_—- — Tw i L ———————m —-
L g | '
Y " ,
‘ \ :
o |WCS | wWoi
Disassembly :  Remanufacturing Reassembly Shop
Shop . Shop n Paris
m Units . iShops, m Units
n Parts k Routings

Figure 2 - Elements of a Remanufacturing Shop (Guide 1997)
Copyright 1997, reprinted with permission from Elsevier"

* Reprinted from International Journal of Production Economics, Vol.53, Guide V D R, Scheduling with priority
dispatching rules and drum-buffer-rope in a recoverable manufacturing system, Pages 101-116, Copyright (1997), with
permission from Elsevier

http://mc.manuscriptcentral.com/tprs Email: ijpr@Ilboro.ac.uk



Page 35 of 43 International Journal of Production Research

Disposal C*,E’ ﬂ
b T disassembly A" |
BewmaRifactieD .(_\{);‘ Disassemibly A \ H EE
o

10 Manufacture I» —}\W Return rate e

©CoO~NOUTA,WNPE

13 ‘\__,l_:; Demand (A}
Assembly A ———» »

16 Figure 3 - Material Flow of a Disassembly / Remanufacturing System (Tang et al. 2004)

http://mc.manuscriptcentral.com/tprs Email: ijpr@Ilboro.ac.uk



©CoO~NOUTA,WNPE

Outsourecin

r==-= "'f“"‘ i |
: Process 4 :
1| Disassembly

1 i
1 I
1 [ ]
: Process 5 :
] Testing ]
1 ]
1 I
1

2 Process 6 L
i Assembly 1
| I

International Journal of Production Research

Processes 3a, 3b, 3c

Process 1

Freight to Assessment

Process 2
Assessment

Freight to Processing Locatio

3
o b

Processes 12a, 12b
Freight to Dislpg_s_l_tlup_

= -————y

Process 10
Disposition

Process 8
Disassembly

Process 9

Process 11

Freight to Assembly

1

¥ .

1 Reclamation
1

Remanufacturing

Processes 7a, 7bh

:r—E"“I"I""

Freight to Customer

Reclamation

Figure 4 - Routes and Processes in the Value Cost Model for a reverse supply chain

(Goggin and Browne 2000)

http://mc.manuscriptcentral.com/tprs Email: ijpr@Ilboro.ac.uk

Page 36 of 43



Page 37 of 43 International Journal of Production Research

product flow (o)

module flow (t)
component FIOW (A), oo

©CoO~NOUTA,WNPE

A p3: module .
material flow (m) p2: warehousing

_____________ assembly
product
1 & !
0 ; . A

p2: warehousing ] pd product
12 > components h 4 assembly

13 A p2: ware- g

: housing

14 material | » pl:component n;odul:‘:‘% Y

15 supply (s} manufacturing : : ; i

) 4 A A use (c)

16 A pa: l |

17 ' IL
18 p9: material R e
thermal recycling A

19 recycling ;
| | v

(d) . S
21 i — | inspection S___ po: disassembly

p5: repair

22 diSposal | — PR
23 (d)

25 Figure 5 - Closed Loop Supply Chain for the Refrigerator Case (Krikke et al. 2003)

http://mc.manuscriptcentral.com/tprs Email: ijpr@Ilboro.ac.uk



©CoO~NOUTA,WNPE

International Journal of Production Research

Control

(noun)

'

Input Activity Output

(noun) (verb) (noun)

T

Mechanism
(noun)

Figure 6. IDEF0 box and arrow conventions

http://mc.manuscriptcentral.com/tprs Email: ijpr@Ilboro.ac.uk

Page 38 of 43



International Journal of Production Research

Page 39 of 43

~HIARNKN

SSSANSNT ONIFNLOYANINTWIE NS g

300K

ol a a3
yodel AJUELER
- yodag Yz 2us .
E_”._._Ew Jainbuz Auevem
- Jepuo aseyund 3
- JaUo}sna 0}
210U fuanEp =}
- : SSEANISNE ONISNLIFANNAEY NN funbus sajes
" BIUEISISSE [EUIUYIET E
- sped :
T B|QEINSENUEILLE
Ul -
= ENICoRAIE e 1=anbzg A0UBISISSE [EDIUYDA]
=i} = 7
1anpoud pRUnioEfRUBLLES:
sued
SpIEPUELS payddns 20D | zumwEdnbEg
AlEwEe fayod |eudes sbipaqmouy | JFRI0 I
AREPUL | Sgepene | fuedwos | SI9ENERE paungs | Seles |fdunuoddo | BiqE|EAE eS|
MO 20780nd oL 6 % 2 9%+ £ T 1 5310M
_H__HU_|_| nEl L EL AeE: BuunioaEnuELED U U0IENpEd
Livdad SOEOED 3 ¥=U oy sauEping poddns uniseag 103rodd
ECEE ] E N H43 w3 m_z_v_mn_:_._.._“__“_.__h_“_.__u_ = Ri| YEWal ] sudm, HOH L L 135N

ANMITON OO

O ANMIETUOHOMNWOO
A A A A A A A A A AN

A NMILOON0D
NANNNNNNNN

o
o m

<
(90]

IO~ O
MmOHMmMOmOMmIT <

NI WO 0
ST

o
Lo

iness’

bus

ing

Context of ‘Run manufactur

Figure 7. A-0 diagram —

—
[fe]

http://mc.manuscriptcentral.com/tprs Email: ijpr@lboro.ac.uk



Page 40 of 43

International Journal of Production Research

MIENNN SSSANISNE DMNIEN LY NN INTS N 3101 300N
" yodzg AuELEM ¥ 0F
=t nod=d usin a9 13NN fainbua AuevEm
= — paddns L
BIUEISISSE |EDNDEL: 15anbau aoUBISISSE [EOUYSE]
B - e 03
10hpod pRINGOENUELLE b3 B
- JapuE] % -
os fiEDEm 1 < anpoud 1onpoud fainbua sajEs
ot - i 2= PEUNIOENUEILR] padols
Jaliolsng a1 2100 fuanEp B3 -
apo
Fuuniae nuewa) B: x4 24
qz 03
|“”...m...
H 1anpoud
" M _ Hempegnuewsy
sped 3/QEINISENUELE] Uou koS RS S
F ] F i F 3 ﬂw._n_n. pad0s m l o3
1 m” S|ELRIEWL g
EuEd|paseyund pauols u=a|
- {]- ] - —1= 5 UIEL]D
Jzpan aseyund AP ry i
saes | (||
- - | == sped
- — palddns
Al =
Janipoud a|depgne
ST LT epupls | Aoiod afipagmouy |ENdes 204
|efiz e e L _w.,m_h_.,_._um_.__u_.__ uedias pRunls SQEIERE  iyunpaddo |qE|IENE
0+ NOIL20Tdnd 0L 6 849 %+ £ 2 1 5310N
I 030H3MNOD3H BuunioE jnuUEwWEd Ul uaianpad
L4wd0 0T ha0 A3y N=Q Joy sauyEpind poddns umEiRg 1a3rodd
IHFINOD | 3%0 43T m_z_u_m_u_.;:.. 002081 390 yewoli 7 A, - OHLTY A a3sn
O NMNMTSTUOLOMNMNOMOO A ANMNMTLULONODODOAANMTITUOONODOANMITLONWOO
ANNMTOOOMNODAAAAAATAATAANNNNNNNNANNOOONONHMOOOOISTITITTITTT T

o
Lo

—
[fe]

Figure 8. A0 diagram ‘Run remanufacturing business’

o
Lo

™
Lo

<t
Te]

Lo
Lo

©
Lo

~
Lo

o
Lo

(©2}
Te]

o
©

http://mc.manuscriptcentral.com/tprs Email: ijpr@lboro.ac.uk



International Journal of Production Research

Page 41 of 43

http://mc.manuscriptcentral.com/tprs Email: ijpr@lboro.ac.uk

“HIANNN Jonpodd ainjoejnuellsy =N 300N
WELnaop Aol
WEuodwog
: 1onposd
Ly ELRINIIE LB
M ‘l /—v _u
et Janpod
prunipenligwzg 3 ﬁ'm o] pessed
u_w._n.mm npop AI0LsIE .-
ey L vawy
Hbihiad p LS CEETTETY o B
104 EYanpud ﬁ Y YY BB =
e 151717177 I 2 =
NI L W — . Jonpoud s1anpoud paxomad
F 1213 —|-[—]= = =ed uonoadsu j=s
awradp ol Wetupaa i i
SaoEy puFuidiucs 44 e _“_u.ll
napp ), s
o
| _|{#Heasy wehoduiba 7 iz e (A
1onpotid papey : i sued PNz
] Wape
Wawhpdp fuolsithed ag:
piofiad 10} SHE] piguodiog
..m| i p— R )| - -] -
Eed ajqeanioes npelua ou w=wnaap|
W
alcah
—_— . . ) : Y
b I v Aup AN I - 5
J— Ju.lﬂ.m_u -l= _
sawsdnbag paseyund B TEpIE PUEpUELS =0d | hayodpBpagmouy
|efiz| pRlols HBMIAENUELLE faEnpu pauos fdedwes’ | paaols
O - L) NOILF217and oL 68 L8 %+ 5T 1 5310N
u = 03 qHIMN0 I3 Buunioe RUBLLIE Ul U0IoNpEd
Lawdd| | pomaaios e w0y saueping peddns unsiag L23royd
LEF1IM02 ALY d 43 T3y m_z_v_m_u::-_n_ﬁ_.m_u._.m_‘.m_._.{n_ yewall 7 suugn, HOHLTS | e 0350
O ANMITOLOMNMNVOOO AdNMITULOMNOVDOTdANMSTL O~ D
A ANMNMTOLOMNMNOD A A A A A AAAAANNNANANNNNANNOOOOOOOOO®M

Figure 9. A2 diagram ‘Remanufacture product’
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