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End-of-life

Remanufacturing is a product recovery strategy resulting in end-of-life products being returned to as
new condition or better and receiving a warranty at least equivalent to the original. To differentiate
remanufacturing from other forms of product recovery, a clear definition of a remanufactured product is
essential. At present two distinct methods for understanding end-of-life recovery strategies exist; a) the
use of tools and b) definitions. These current methods fall short however of categorically stating what is
and what is not a remanufactured product. Therefore, the responsibility of classifying a product as
remanufactured is left to individuals and organizations and so potential exists for products to be
incorrectly labelled. By firstly examining the problems associated with using existing methods to
determine the status of end-of-life product, and why product identification is important, this paper then
goes on to present a new simple innovative method to quickly and accurately determine the status of a
product which has undergone an end-of-life recovery strategy, by virtue of a bespoke tool. The tool
presented is the result of two rounds of academic and industrial feedback; an initial tool was presented,
and underwent critique, at the International Conference on Remanufacturing 2015 with an updated tool
then subject to another independent review from academic and industrial stakeholders. The main
benefits associated with this tool are, a) a quick way to identify the status of a product, b) a method for
researchers to quickly determine the best terminology for end-of-life products which have received a
recovery treatment, c¢) a quick and reliable method to check whether a remanufactured product is
labelled as something else, d) an additional way to ensure compliance with existing legislation and

standards, and e) an identification of only the essential characteristics of a remanufactured product.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

desirable and can lead to a variety of problems.
In remanufacturing, a notable problem with incorrect termi-

An end-of-life (EOL) product may be put back into the market
place as a result of being remanufactured, reconditioned, repaired,
or re-used, or may be recycled to create a new product (from this
point on known as a recycled product). All these processes are
distinct from one another, with different levels of product quality. It
is therefore clear that correct product terminology is extremely
important. Considering specifically remanufacturing, for a suc-
cessful industry to take root, an industry which can bring increased
employment opportunities, allow manufacturers to obtain product
failure information, deliver energy savings, and which can provide a
cheaper supply of products, (Giuntini and Gaudette, 2003; Lund
and Hauser, 2010), then any ambiguity in definition is not
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nology is the potential to overestimate the size or impact of the
industry; consider, Lund and Hauser (2010) who documented that
an earlier study, (Lund, 1996), had overestimated the size of the
remanufacturing industry in America by virtue of a very liberal
definition of remanufacturing and reliance upon external organi-
zations reporting their practices. Further, there is also evidence to
support the public’s desire to engage with remanufactured prod-
ucts, in terms of how much they are willing to pay, can depend on
issues such as ambiguity in remanufacturing process, (Hazen et al.,
2012), and also with branding and product category, (Abbey et al.,
2014; Hamzaoui-Essoussi and Linton, 2014). On a wider scale, a
similar study into customer willingness to pay for reuse and recy-
cled goods documented a similar complex relationship taking into
account issues such as brand and product type, (Hamzaoui-Essoussi
and Linton, 2010). Additionally, correct terminology not only pro-
vides a platform to allow for public perception and industry size to

0959-6526/© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://creativecommons.org/licenses/by/4.0/
mailto:David.a.paterson@strath.ac.uk
mailto:w.l.ijomah@strath.ac.uk
mailto:w.l.ijomah@strath.ac.uk
mailto:james.windmill@strath.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jclepro.2017.02.011&domain=pdf
www.sciencedirect.com/science/journal/09596526
http://www.elsevier.com/locate/jclepro
http://dx.doi.org/10.1016/j.jclepro.2017.02.011
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.jclepro.2017.02.011
http://dx.doi.org/10.1016/j.jclepro.2017.02.011

654 D.A.P. Paterson et al. / Journal of Cleaner Production 148 (2017) 653—664

be gauged more accurately, but also serves to allow organizations to
comply with existing and new legislation; consider for instance the
European Union’s strict recycling and waste treatment polices
(European Parliament and Council, 2012; 2008, 2000). Note, while
examining carbon fibre reinforced plastic (CFRP) Paterson et al.
(2016) expand on these themes and further discuss the impor-
tance of correct terminology.

Currently, there are two methods within literature to define EOL
recovery practices; one is by providing a written definition and the
other is via using tools. Despite these existing techniques some
researchers and industrialists who are involved with EOL recovery
(but who are not necessarily aware of the acute differences in the
various forms of EOL recovery) have been found to use both
incorrect and very liberal terminology to describe their practices.
For instance, it has been documented that researchers and industry
practitioners in the field of carbon fibre and CFRP product recovery,
routinely use remanufacturing, or re-manufacturing, to describe a
process that is not remanufacturing, while also using the termi-
nology recycled CFRP to describe a product that is not always
recycled (Paterson et al., 2016). Thus, a new tool has been devised to
help both researchers and industrialists from various sectors to
more accurately describe their practices and products. While the
existing tools and definitions of EOL processes provide much
insight into EOL recovery strategies, they fall short of explicitly
identifying a recycled, remanufactured, reconditioned, repaired or
re-used product. The tool presented in this work fills this gap in
knowledge, and for the first time within literature a clear identifi-
cation of a product in terms of which EOL recovery process it has
received is presented. Further, no knowledge of product or material
recovery is required prior to using the tool, and so researchers and
industrialists involved in product and material recovery now have a
very quick, direct and easy method to more accurately describe
their practices and products.

Moving forward within this text, the definitions used for recy-
cled, remanufactured, reconditioned, repaired and re-used are
presented to allow for a frame of reference to be established; this is
presented as section 2.1. Additionally, to allow for the gap in
knowledge, and ultimately the novelty, to become apparent, sec-
tion 2.2 presents a review of the current tools and techniques used
by industry and academia. Section 3.0 documents a research
methodology for the tool, which includes two rounds of indepen-
dent validation.

Section 4.0 presents the final tool (the contribution to knowl-
edge of this work), and also the discussion. The discussion identifies
the advantages and benefits of the tool along with while also
identifying the scope of the tool. Finally section 5.0 presents the
conclusion to this work.

2. Remanufacturing domain
2.1. Definitions

The practices defined in this work are formed from various
sources, which are listed in Table 1, and are all in keeping with the
United Kingdom’s national standards body, (BS 8887-2, 2009). This
British Standard definition was selected for various reasons, 1) the
definition is the official definition as adopted by Britain, noting that
members of British industry were partly used for tool validation 2)
the research was conducted at the University of Strathclyde, Glas-
gow, United Kingdom and 3) the BSI agrees for the large part with
wider remanufacturing definitions offered by powerful institutions,
such as the United States Government - Federal repair cost savings
act of 2015 (Federal Act, 2015) and with the European Union Action
Plan for the Circular Economy, (European Action Plan, 2015). It
should be noted however that although British standards are used

to provide a frame of reference, the scope of this work is not limited
strictly to Britain; additional definitions of practices/operations
from outside of the United Kingdom are presented as necessary. For
instance, case study 1 highlights feedback of the original work from
an American delegate at the International Conference on Rema-
nufacturing (ICoR) 2015; the critique in that instance being dealt
with by slightly altering the flow chart to allow for an American
definition(s) of a remanufactured product. It is also of merit to state
the term refurbishment is classed the same as recondition under
the standard (BS 8887-2, 2009), hence refurbishment is not dis-
cussed in this research. Looking at the definitions of practices in
keeping with (BS 8887-2, 2009) standards it should be noted that
only a definition of remanufacture has been directly taken from
literature, (Ijomah, 2002). Rationale as to why (BS 8887-2, 2009) is
not used directly for the remaining definitions is drawn from the
fact that using external references, in conjunction with British
standards allows the practices to be defined more succinctly. These
are given in Table 1.

It is important to highlight a small caveat. In this paper, no
distinction is made between re-use and repurpose. While going by
(BS 8887-2, 2009) re-use states that a product is used again for the
same purpose and repurpose is re-using a product for a different
purpose in a role that it was not originally designated to perform, in
terms of this work, there is no requirement to distinguish between
these two terms. Having now presented a frame of reference, in
that recycle, remanufacture, recondition, repair and reuse have
been explained, attention is drawn to the existing mechanism and
tools used to differentiate between these practices.

2.2. Existing mechanism and tools and contribution to knowledge

As stated, two clear methodologies, which are very often pre-
sented in conjunction with one another, are used to describe and
understand the differences between EOL recovery strategies; these
methodologies being a definition based approach and a tool based
approach. The definition approach, typically where the processes
involved in the different forms of EOL recovery are listed and may
be compared against each other, is almost ubiquitous for obvious
reasons and is by far the most favoured method found within
literature; attention may be drawn to section 2.1 for references in
this regard. The tool based approach, which leads to the contribu-
tion to knowledge of this work, is noted with not having any formal
written definitions of recovery practices, and thus is often used in
conjunction with the definition based approach. Further, there are
in general two different tools which are used to understand EOL
recovery processes. The first tool, as presented within the literature
by ljomah (2002), and which documents a hierarchy based system,
in which remanufacture sits atop, with reconditioning beneath
remanufacture and repair beneath recondition is presented as
Fig. 1. Table 2 highlights various authors who use this tool, or a
variant of this tool, and the rationale as to why they used the tool.

As seen from Table 2, even with the literature having a different
focus in each case, the tool is predominately used in the same way.
That is, when discussing remanufacturing, the tool is used to
highlight the differences between remanufacture, recondition and
repairing. The tool is clearly effective in doing so, but, it is indeed
the case that the tool does not inform the user as to whether a
product is remanufactured, reconditioned, repaired. The user,
would have to digest the available literature, including using the
tool outlined above and still have to form a decision themselves as
to the correct status of a product. Note however, the process of
allowing the user to independently form a decision allows for a
potential scenario in which a user could make an incorrect decision
to arise. An additional tool focused on highlighting the differences,
from a cradle to grave standpoint, between recycle, remanufacture,



D.A.P. Paterson et al. / Journal of Cleaner Production 148 (2017) 653—664 655

Table 1
Definitions of EOL operations.

Term Definition References

Remanufacture ‘remanufacturing is the only end of life process where used (BS 8887-220:2010, 2010; European Action Plan, 2015;
products are brought at least to Original Equipment Federal Act, 2015; Gray and Charter, 2007; Hatcher et al.,
Manufacturer (OEM) performance specification from the 2014; ljomah, 2002; ljomah et al., 2007, 2004; King et al.,
customer’s perspective and at the same time, are given 2006; Matsumoto and Ijomah, 2013; Nasr and Thurston,
warranties that are equal to those of equivalent new products’ 2006; Parker, 2010; Paterson et al., 2016; Steinhilper and
(Iljomah, 2002) Weiland, 2015; Sundin, 2004; Sundin et al., 2009)

Recondition Reconditioning involves taking a product and restoring/ (Gray and Charter, 2007; Ijomah, 2002; l[jomah et al., 2007,
replacing all components parts which have failed or are on 2004; King et al., 2006; Matsumoto and [jomah, 2013;
the verge of failure resulting in the product being returned Parker, 2010; Sundin et al., 2009)
to an acceptable standard (typically less than virgin
standard). Any warranties issued are typically less than a
warranty given to a virgin product. Recondition involves
less work than remanufacture but more than repair

Repair For a given fault within a product, if an operation has been (Gray and Charter, 2007; l[jomah, 2002; l[jomabh et al., 2007,
conducted to correct the fault the product has said to have 2004; King et al., 2006; Matsumoto and Ijomah, 2013;
been repaired. Almost certainly all repaired products are not Parker, 2010; Sundin et al., 2009)
restored to original standard and any guarantee issued will
generally only cover the corrected fault. This process
involves less work than remanufacture and recondition

Recycle Recycling is a series of processes where waste products are (European Commission, 2012; European Parliament and

collected, processed and returned to raw material format.
This process differs from all others in that the energy used to
create the pre-recycled product is completely lost. Future

Council, 2008, 2000; Gray and Charter, 2007; Ijomah, 2002;
King et al., 2006; Nasr and Thurston, 2006; Parker, 2010;
Paterson et al., 2016; Sundin et al., 2009)

products may be created from the raw materials and are
denoted as, in the case of a plastic bottle for instance, a

recycled bottle.

Reuse (denoted as re-use in this
work without loss of meaning)
product.

Re-use is the process of re-using a product for the same
purpose without conducting any significant repair to the

(European Commission, 2012; European Parliament and
Council, 2008, 2000; Gray and Charter, 2007; Ijomah, 2002;
King et al., 2006; Nasr and Thurston, 2006; Parker, 2010;
Paterson et al., 2016)

recondition, repair and re-use is also found within literature. Fig. 2,
documents this tool, with Table 3 identifying literature which uses
this tool.

Note, that not all the authors in Table 3 include recondition in
the tool, only (Khor and Udin, 2012; King et al., 2006; King and
Barker, 2007; King and Gu, 2010) incorporate recondition.

As with Table 2, upon examining Table 3, it can be seen that the
tool presented in Fig. 2 is used within literature in generally the

Work Content

Warranty Performance

Key:

Remanufacturing
Reconditioning
Repairing

Fig. 1. Highlighting the difference in content of remanufacturing reconditioning and
repair when considering work content, warranty and overall performance. Reproduced
with permission from ljomah, 2002, “A model-based definition of the generic remanu-
facturing business processes”, Plymouth University,

same way. That is, Fig. 2 is used to highlight the differences in EOL
recovery strategies with reference to a cradle to grave production
process. Further, similar to Fig. 1, no definitive answer as to whether
a product has been remanufactured, reconditioned, repaired, re-
used or recycled, is provided and therefore, the user must again
form a decision themselves as to the status of a product.

At this point it can be said that the tools in both Figs. 1 and 2
have been used in different ways; Fig. 1 has been used to high-
light the differences between reconditioning, remanufacturing, and
repairing, with respect to labour content, level of warranty, and
product performance. Fig. 2, on the other hand, has been used to
understand at which point recycling, remanufacture, recondition,
repair and re-use is implemented in the context of a cradle to grave
production process. It is therefore the case that both tools do not
explicitly state or determine if a product has been recycled, rema-
nufactured, reconditioned, repaired or re-used. That is, to deter-
mine the correct status of a product, the user must consult both
definitions and tools, and then use their own judgement. The tool
presented in this work fills this gap in knowledge and for the first
time within literature, a tool which accurately determines whether
a product has been recycled, remanufactured, reconditioned,
repaired or re-used is presented.

3. Methodology

The development process for the new bespoke tool is now dis-
cussed, with Fig. 3 documenting the approach taken. Following this,
an explanation of stages A, B and C is given. The strongest focus is
placed upon section C, the tool development phase.

3.1. Section A and B

A: Case study analysis which included speaking with/visiting
industrialists and academics, to find out how identification of used
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Table 2

—Literature, and focus of that literature, which documents the use of EOL tool presented in Fig. 1.
Focus of literature How tool was used Tool documented within literature
To determine a robust definition of remanufacturing To emphasis the differences between remanufacturing, (Iljomah, 2002)

reconditioning and repairing, in terms of labour content,
warranty and product performance.

To highlight alternative strategies for EOL waste See (ljomah, 2002) (King et al., 2006)
The role of remanufacturing in economic and ecological See (Ijomah, 2002) (Iljomah, 2009)
growth
A case study to explore how some Swedish companies See (I[jomah, 2002) (Sundin et al., 2009)
currently incorporate product/service systems into their
products, and identify new ways which they could do so,
with an additional focus on remanufacturing.
To discuss remanufacturing and problems facing See (ljomah, 2002) (Gurler, 2011)
remanufacturing
To identify remanufacturing and typical remanufacturing See (Ijomah, 2002) (Matsumoto and Ijomah, 2013)
processes
To investigate terminology surrounding CFRP recovery See (ljomah, 2002) (Paterson et al., 2016)
operations
V(irgin inputs B: Literature review to record state of the art and thus identify a
energy or. .
Materials) gap in knowledge.
Materials
% i . . . .
AT « Identification that to correctly identify the status of a secondary
Prodctiasseimuly market product, consumer is required to form their own deci-
Part bly |€ sion by using existing definitions or via existing tools.
Full re-assembly | | e Gap identified — lack of a method that can be used to easily
Part . . . . .
disassembly identify secondary market products that is easy and inexpensive
FPini;hed and does not require the user to have advance knowledge of the
roduct . .
= Consumer ~ Ful differences between the various processes
Re-tse disassembly
el T Note that consultation with industrialists and academics
i gl Remanufacture occurred both prior to and during the literature survey, hence, the
two way arrows documented in Fig. 3.

Recycle

Landfill

3.2. Section C

Fig. 2. Product cradle to grave tool highlighting end-of-life processes, adapted from

(King et al., 2006) and (Paterson et al., 2016).

products status/classification was undertaken.

e Companies visited — Mackie Automatic Transmissions Ltd,
Autocraft Drivetrain Solutions, Concept group, Cummins, and ZF,

3.2.1. Initial tool development

e Based on the information taken from the literature and case
studies, a prototype tool to determine if a product has been
recycled, remanufactured, reconditioned, repaired or re-used
was developed. The tool consists of both a question set and a

and Turbo guy flow chart. The question set details both the processes involved
Table 3
—Literature, and focus of that literature, which documents the use of EOL tool presented in Fig. 2
Focus of literature How tool was used Tool documented within literature
To identify and discuss remanufacturing, the processes of To present hierarchy of expected economic value associated (Lund, 1985)

remanufacturing and benefits of remanufacturing

Effect of fastening and joining mechanisms on
remanufacture

Product design that impacts on remanufacturing

To highlight that a key enabler to sustainable growth is to
close the loop on the manufacture to landfill production
cycle

To determine the views of remanufacturing academics on
various issues relating to remanufacturing

Environmental benefits of remanufacturing

Analysis of reverse logistics for electronic goods in Malaysia
with a focus on business performance in terms of EOL
recovery strategies

Development of a conceptual design framework which
incorporates EOL thinking

Design for multiple life cycles

with recycle, remanufacture, repair and re-use, in the
context of the a cradle to grave production process

To demonstrate the strategies available for products to (Shu and Flowers, 1995)
avoid landfill, in the context of a cradle to grave production

process

See (Shu and Flowers, 1995) (Shu and Flowers, 1999)
See (Shu and Flowers, 1995) (Nasr and Thurston, 2006)
See (Shu and Flowers, 1995) (King and Barker, 2007)
See (Shu and Flowers, 1995) (King and Gu, 2010)

To highlight the reverse logistics processes, in the context of (Khor and Udin, 2012)

a cradle to grave product production process

To demonstrate a conceptual framework for a more (Ribeiro and Gomes, 2014)
sustainable form of aircraft design
To highlight the consideration of material flow during (Go et al.,, 2015)

cradle to cradle design process
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Speaking with and observing | A and B
remanufacturing stakeholders

11

Literature review to record
current state of art within
literature and identify gap in
knowledge

l

Initial tool
development

l

Validation at ICoR 2015 by
remanufacturing stakeholders

l

Augmented tool
development

l

Second round of independent
validation by review

l

Final Tool
development

Fig. 3. Graphical depiction of the methodology adopted in this research.

in remanufacturing as documented by ljomah (2002) and the
essential characteristics of a remanufactured product; noting
that movement through the flow chart is via answering yes or
no to the questions provided. The initial tool is presented as
Fig. 4 and Table 4.

The principal behind the tool is that the user would start at

\ ) /|
Product is Product is Product is Product is Product is
recycled Re-used repaired Reconditioned Remanufactured

Fig. 4. Original flow chart presented at ICoR 2015

3.2.2. Validation at ICoR 2015 by remanufacturing stakeholders

e The prototype tool was presented at the ICoR 2015 (Paterson
et al, 2015). This venue was chosen for the initial validation
stage as demonstrating the tool at an international conference
on remanufacturing would allow for many members of the
wider remanufacturing and sustainability community to be
directly exposed to the tool and thus allow the authors to gauge
the general response to the tool. Further, the delegate list at this
conference was composed of academics and operational re-
manufacturers from various countries and backgrounds and so
feedback obtained from such a rich environment would of great
benefit to the development of the tool. As part of the initial
validation stage, verbal feedback was obtained from three con-
ference delegates, each from different vocations. Table 5 docu-
ments both the position and relevancy of each reviewer along
with the observations and concerns raised.

3.2.3. Augmented tool development

e As a result of the initial validation stage, it was found that no
changes were required for either the flow chart or the question
order. However, to incorporate the concerns raised in Table 5,
questions 1, 5, and 6 were updated. A detailed discussion of the
concerns raised in Table 5, along with the specific changes
required is given in appendix A. The augmented question set is
given in Table 6.

In comparison to Table 4, changes to question 1, question 5, and
question 6, may be found. Note the flow chart was unaltered and so
Table 6 may be used in conjunction with Fig. 4.

3.2.4. Second round of validation by independent review

e The augmented tool was then subject to another round of in-
dependent review. In this instance, the tool was reviewed by
representatives from research institutions who are engaged
with industrial bodies. With both academic and industrial af-
filiations it was envisaged that feedback obtained from these

position 1, answer yes or no to question 1, and then progress
through the flow chart and question set accordingly - noting that
each question only has a yes or no answer. In terms of Fig. 4, a yes
answer is denoted as a green arrow and a no answer is denoted as a
red (dashed) arrow.

reviewers would be well grounded from both an academic and
industrial standpoint. In this instance, the reviewers provided
independent written reviews of the augmented tool. Table 7
documents both the position and relevancy of the reviewer
along with the observations and concerns raised.
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Table 4
Original question set presented at ICoR 2015
Question Question
No
1 Is emergy (energy expired to create product from raw
materials) retained from original EOL product?
2 Does the product have a core?
3 Is core capable of being disassembled?
4 Has the core been disassembled?
5 Is warranty of product equal to or better than the original?
6 Have all core components been cleaned, inspected, replaced/
repaired to original standard and had its core reassembled such
that the product is in like new condition?
7 Have all major broken components and components on the
verge of failure been replaced or repaired?
8 Has the product been restored to an acceptable level in any

significant way (and core reassembled if applicable)?

3.2.5. Final tool development

e The concerns raised in the second validation process were taken
into consideration. Thus, a final new version of the tool, and
contribution to knowledge of this research, was developed;
section 4 documents and discusses this. Similar to the first
validation stage, the flow chart and order of questions were
unaltered. A detailed discussion of the concerns raised in Table 7,
along with the specific changes required to the question set is
given in appendix B.

4. Final tool and discussion

A bespoke tool to determine if a product is recycled, remanu-
factured, reconditioned, re-used or repaired is given as Table 8 and
Fig. 5 — with an alternative version of the final tool, which merges
Table 8 and Fig. 5 together, given as Fig. 6. The tool validation was by
‘review’ (Landry et al., 1983) technique. The validity of the tool was
ensured by the robustness of research design which included
thorough analysis by stakeholders on two occasions. The tool stood
up well to both rounds of validation in that only the wording of
some of the questions was altered and so the original interactive
flow chart and order of the questions was not changed during both
rounds of the validation process. It is also the case that no sug-
gestion that the flow chart or question order should be changed
occurred during the validation process, thus strengthening the case
that no definitions of processes were violated using this tool.

4.1. Discussion

As stated in section 2.2 the general method to determine if a

Table 5

Table 6
Augmented question set arising as an output from first validation stage.

Question No Question

1 Is emergy (see N.B.) retained from original EOL product?

2 Does the product have a core?

3 Is core capable of being disassembled?

4 Has the core been disassembled?

5 For British remanufacture - Is warranty of product equal to
or better than the original?

For American remanufacture - Is the product fully
warranted?

6 Have all core components been cleaned, inspected,
replaced/repaired to original standard and had its core
reassembled such that the product is in like new condition
or better?

7 Have all major broken components and components on the
verge of failure been replaced or repaired?

8 Has the product been restored to an acceptable level in any

significant way (and core reassembled if applicable)?

N.B. To create a product of out raw materials then various processes/actions have to
be performed. These various processes and actions all require (to some degree)
energy to be expired. The total amount of energy expired in creating a product is
known as emergy or embodied energy. When recycling a product, the product is
returned to raw materials and so this emergy is lost and therefore new energy must
be expired to create a new product from the raw materials.

product has been recycled, remanufactured, reconditioned,
repaired or re-used is to interpret the existing definitions of these
process and, possibly with the help of existing tools, come to a
conclusion by oneself as to the status of the product. This strategy
however, allows for the possibility of confusion, which can lead to
errors when forming a decision as to the status of a product. The
tool developed in this paper seeks to eliminate any potential
confusion and thus allows one to quickly and efficiently determine
if a product is recycled, re-used, repaired, reconditioned, or rema-
nufactured. Also, considering the negative role that ambiguity in
the remanufacturing process can have, also included in this tool is a
full definition of a remanufactured product. Put simply, this system
allows for clear identification of what type of EOL treatment a
product has received without having intimate knowledge of the
subtle differences between EOL treatments. For example, to
determine if a product is recycled, the system presented in this
work only requires one question to be asked, namely, ‘Is the emergy
retained from original product?’ That is, investigating whether
emergy has been retained or not gets to the heart of a recycling (in
that emergy has been lost) and so a quick determination of a
recycled, or not recycled, product is made. Noting that this system
allows for identification of a recycled product without entering into
any discussion regarding the particular processes involved in
recycling. Further, the concept of a core is also used to determine
quickly if a product can be reconditioned or remanufactured, for

Identifying the position and relevancy of reviewers, along with the observations and concerns raised in relation the initial tool, at ICoR 2015.

Reviewer Position

Relevance to subject matter

Observations from Reviewers

A Academic from G-SCOP laboratory within the
University of Grenoble France, whose research
interests including remanufacturing and
sustainability

B Representative of an American company
directly involved in the remanufacture of
hydraulic components

C Representative from a company involved in
large construction programme devised in
association with the British Government

Expert in the field of remanufacturing and
sustainability. Academic is not based in the
United Kingdom

American operational remanufacturer of
hydraulic components. Representative is not
based in the United Kingdom

Significantly large manufacturing based
construction programme which has its own
sustainability policy.

No direct mention of product being returned to
better than new quality and that this issue was
only implied.

In some instances, remanufactures in America
are on occasion unaware of the quality of the
original product. Thus by insisting that the
product should be returned to like new
condition then the scope of the research may be
limited to areas outside America

Emergy, while the correct term, it is an unusual
term from a public perspective and thus the
public may struggle to understand its meaning
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Table 7

Identifying the position and relevancy of reviewers, along with the observations and concerns that were raised during the validation process for the augment tool.

Reviewer Position Relevance to subject matter Observations from Reviewers
A Representative from a Government sponsored The remanufacturing body has a focus on Clarity required on whether all emergy or just
remanufacturing institution developing the remanufacturing industry some of emergy should remain
within Scotland It may be the case that not everyone is aware of

the concept of a core, and so clarity on the
difference between a product and a core, in this
context, is required

B Representative of a national manufacturing Institution involved in cutting edge Clarity required on question 2 as it was felt that

research institution

manufacturing processes and bridging the goals
between industry and academia

all products would contain a core if they are
returned as a whole. Further, it was also felt that
the way the question was written could imply
products were being returned in parts or in
component form. If this was the intention, the
question should be written to reflect this.
Clarity required on question 6, as the way in
which it is written would be perhaps too
ambiguous for manufacturers to answer. The
way in which the question is written possibly
implies that the remanufacturing steps should
mirror the manufacturing steps and that the
focus should be on a remanufactured product
being at least as good as original standard.

The term ‘significant way’ in question 8 was
possible vague

The word expire is not applicable in this context
Possible merge the question set and flow chart
into one tool to improve usability

example, question 2 inquires whether the product has a core, if the
answer is no, then immediately reconditioned and remanufactured
are eliminated and product must be at this point, re-used or
repaired. Considering now re-used and repair, the ruling out either
of these two treatments is not possible in the proposed system.
Why? Consider the following; examining the definitions of end-of-

Table 8
Final version of the question set.

Question No Question

1 Is the vast majority of emergy (see N.B.) retained from
original EOL product?

2 Is the product constructed through a manufacturing
assembly process involving different parts (such
products typically denoted as cores)?

Noting that items constructed from a single piece of
material, for example some hardware tools, do not have
to be assembled and thus are not classed as cores in this
instance.

3 [s core capable of being disassembled?

4 Has the core been disassembled?

5 For British remanufacture - Is warranty of product equal
to or better than the original?

For American remanufacture - Is the product fully
warranted?

6 Have all the core components been inspected and
subsequently rebuilt or replaced and been reassembled
and tested such that the overall product and core
components are at a standard equalling that of like new
condition or better?

7 Have all major broken components and components on
the verge of failure been replaced or repaired?

8 Has the product been restored to an acceptable level in
any significant way (and core reassembled if
applicable)?

N.B. To create a product of out raw materials then various processes/actions have to
be performed. These various processes and actions all require (to some degree)
energy to be consumed. The total amount of energy consumed in creating a product
is known as emergy or embodied energy. When recycling a product, the product is
returned to raw materials and so this emergy is lost and therefore new energy must
be consumed to create a new product from the raw materials.

life treatments, a case could be made that significant cross over
between remanufacture, recondition, repair and re-use exists,
which, if left unchecked, has the potential to greatly increase
confusion levels and possibly overcomplicate the flow chart. For
instance, while it is true that a reconditioned or remanufactured
product requires a product core, it is not true that a product with a
core is always required to be reconditioned or remanufactured, i.e.
products with cores can still be repaired or just re-used. This aspect
forces the flow chart to have a degree of flexibility such that, even
though a product has a core, the core cannot be used to eliminate
repair or re-use. Thus, after navigating question 1, owing to the
cross over between definitions of practices, from any stage in the
flow chart there is always a path back to question 8. For instance,
even though a product has a core and even though the core may
have been disassembled and reassembled, the product at hand may
still fall under repair or re-use. The cross over between remanu-
facture, recondition, repair and re-use leads to the realisation that
singling out individual product characteristics that a product must
have to be called re-used, repaired, reconditioned or remanufac-
tured is fraught with difficulty. However, the system presented in
this work manages to do so. It does so by virtue of asking leading
questions and using the definition of remanufacture to eliminate
recovery treatments leaving the only probable answer remaining as

Product is
Remanufactured

Product is Product is
Re-used repaired

Product is
recycled

Product is
Reconditioned

Fig. 5. Final version of the flow chart. Unchanged from original design.
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Is the product constructed
through a manufacturing
assembly process involving
different parts (such products
typically denoted as cores)?

(see *) A

Is core capable of
being
disassembled?

For British remanufacture - Is
warranty of product equal to or
better than the original?

For American remanufacture - Is
the product fully warranted?

N

Has the core been
disassembled?
[
I T TITTTFIITTTFIFITIFrS

l

Has the product been
restored to an acceptable
level in any significant
way (and core reassembled

Is the vast majority of
emergy (see N.B)
retained from original

Have all the core components been
inspected and subsequently rebuilt or
replaced and been reassembled and
tested such that the overall product
and core components are at a

Have all major broken
components and
components on the
verge of failure been

&z

EOL ? i i ? i i i
OL product if applicable)? replaced or repaired? standard equalling that of like new
I condition or better?
Product is Product is Product is Product is Product is
recycled re-used repaired reconditioned remanufactured

v Nf

* Noting that items constructed from a single piece of material, for example some hardware tools, do not have to be assembled and thus are not classed as cores in
this instance.

N.B. To create a product of out raw materials then various processes/actions have to be performed. These various processes and actions all require (to some degree)
energy to be consumed. The total amount of energy consumed in creating a product is known as emergy or embodied energy. When recycling a product, the
product is returned to raw materials and so this emergy is lost and therefore new energy must be expired to create a new product from the raw materials

Fig. 6. Flow chart (Fig. 5) and question set (Table 8) are combined to create an alternative version of the tool.

the recovery treatment performed. Thus, the issue highlighted with
existing methods, i.e. the user must always form their own opinion
as to whether a product has been recycled, repaired, re-used,
reconditioned or remanufactured, has been removed; the new
system presented here informs the user directly.

4.2. Scope of the tool

It is important to point out that the system devised in this paper
does not present a deep understanding of the various operational
requirements and processes involved in successfully recycling,
remanufacturing reconditioning, repairing and re-using products —
this analysis has been previously conducted in the many works
cited thus far. For instance, the system presented here omits the
fact that in order to successfully and continually remanufacture, a
company/organization would require a steady supply of cores and
that the product should fail from a functionality standpoint and not
from a dissipative standpoint. Specifically, the system presented in
this work is not designed to be used by companies or individuals to
form a decision as to whether they should begin remanufacturing
processes or if a product should be remanufactured. The goal of the
tool presented in this work is to allow for a decision to be made as
to which type of product treatment has been given, not as a tool to
determine which recovery is best suited to an organization’s needs.
Thus, by limiting the scope of the tool to one in which an identi-
fication of product status is the main focus, a simple and easy to use
tool is developed.

For a deeper knowledge on recycle, re-use, repair, recondition

and remanufacture, there are multiple texts presented in the
references.

4.3. Advantages and tool applications

Currently, both definitions of practices and existing tools have
been shown as legitimate ways to better understand product re-
covery and material recovery in terms of recycle, remanufacture,
recondition, repair and re-use. However, it has also been shown
that these existing mechanisms do not explicitly identify a recycled,
remanufactured, reconditioned, repaired or re-used product. The
novel tool in this work builds on existing knowledge and for the
first time within literature, a method to determine both quickly and
accurately whether a product has been recycled, remanufactured,
reconditioned, repaired or re-used is presented. Further, the tool
presented in this work is able to determine the correct product
status in situations in which the user has little or no knowledge of
EOL recovery (i.e. no knowledge of recycle, remanufactured,
recondition, repair or re-use) and thus has direct applicability to
various researchers and the general public. For instance, Paterson
et al. (2016) found that researchers involved in recovery strate-
gies for composites, but who were unaware of the specifics
involved in each recovery operation, were incorrectly, and inad-
vertently, labelling products as remanufactured. Considering that
global composite consumption is growing year on year (Kraus and
Kiihnel, 2015), if left unchecked this practice could give rise to the
impression as to the existence of a CFRP remanufacturing industry.
Using the tool presented in this paper, no such mistake would have
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occurred. That is, by using this tool, remanufacture would be
immediately eliminated as these products can neither be success-
fully disassembled nor reassembled. Thus, for an operational
recycler of CFRP with no knowledge of the subtle differences in
recovery strategies, this tool serves as a quick and easy way to
better articulate their final product. Similar to this, a key barrier to
the successful implementation of remanufacturing in the UK in
terms of consumer engagement is through the false labelling of
‘remanufactured’ products, (Spelman and Sheerman, 2014). Thus,
given that the definitions and remanufacturing practices used as a
basis to develop this tool, are in keeping with (BS 8887-2, 2009) and
(BS 8887-220:2010, 2010), the tool presented in this work may be
used as a quick, reliable and robust test to determine the correct
status of secondary market products by both consumers and
stakeholders involved in EOL recovery. Further, the tool identified
in this work may also be used along with existing methods as an
effective mechanism to help gauge the wider remanufacturing in-
dustry. That is, owing to the simple design and execution of the tool,
the tool may be sent to companies involved in EOL recovery pro-
cesses. In this way, a quick test of the products that are being
produced by the company would be enough information for a
researcher to determine if the company can be called a remanu-
facturer. This is of particular interest in the cases in which re-
manufacturers use different terminology to describe
remanufacturing. For instance, the term ‘overhaul’ in the aerospace
industry has been documented as being equivalent to remanufac-
ture (Gray and Charter, 2007). Using this tool, it would quickly and
effortlessly become apparent to both the company and the
researcher that overhaul and remanufacture can describe the same
process. Additionally, the literature identified in Tables 2 and 3,
noting that each work has a different research focus, has been
shown to use existing tools to develop the concept of remanu-
facturing or to highlight the different recovery strategies in terms of
a cradle to grave production process. Thus, these researchers now
have an additional tool, presented in this work, to assist them in
reinforcing the concept of a remanufactured product, while also
allowing the reader to interactively determine the difference be-
tween a recycled, remanufactured, reconditioned, repaired and re-
used product. Further, and focusing on the characteristics of a
remanufactured product, an additional benefit from the proposed
tool is that only the essential characteristics of a remanufactured
product are presented. Expanding on this point, attention may be
drawn to a list outlining the general characteristics that a rema-
nufactured product should have, (Andreu, 1995). This list is out-
lined below.

1. 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 which 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 cores is available.

. The product technology is stable.

8. The process technology is stable.

~N

Note that since its original publication, this list has either been
replicated or cited directly by various authors as a way to identify
the characteristics of a remanufactured product, (Barquet et al.,
2013; Go et al., 2015; Jjomah et al., 2007; Linder and Williander,
2015; Matsumoto and Ijomah, 2013; Sundin et al., 2009; Winkler,

2010).

Evaluating this list, it is the authors’ opinion that only points 1),
2)and 3) are truly indicative of a remanufactured product. That is, a
remanufactured product must by definition meet the first three
points only. From the authors’ perspective the remaining points are
not considered essential for a product to be remanufactured and are
only included in the list for reasons stemming from an economic
standpoint. Consider point 4) which focuses upon the economic
value of the core. This point has no bearing on whether a product
can be remanufactured — it only has a bearing of whether or not it
would be economical advantageous to remanufacture. Consider
point 5), again this finding has no bearing on whether a product can
be remanufactured and owing to evolving technology and pro-
cesses it may not be required at all even from an economic stand-
point. Points 6), 7) and 8) again are not relevant when considering if
a product can be remanufactured - they are only generally relevant
when forming a decision on the economic advantages of a rema-
nufacturing operation.

Thus the case is made that points 4—8) are best described as
criteria that one would expect from a product that has been
remanufactured from an economical/industrial view point. The
system presented in this paper states a remanufactured product’s
characteristics in isolation of whether it should or should not be
remanufactured, and from the characteristics that one would
generally expect from an economically driven remanufactured
product, a quality that the list by (Andreu, 1995) fails to do.

Removing the economically driven element from the list pro-
vided by Andreu, allows a less complicated list of the characteristics
associated with a remanufactured product to be expressed. That is,
an output from this tool is that a list of only essential product
characteristics, characteristics that are not debatable, can be pre-
sented within literature. Unlike the current list by Andreu, the new
list gets to the basis of a remanufactured product directly and may
be used as a more realistic and fundamental checklist to both
reinforce the concept of a remanufactured product and also to
identify a remanufactured product. For clarity, the essential quali-
ties of a remanufactured product as outlined in the question set and
flow chart are expressed, similar to that by Andreu, in a list. This list
is given below as points 1-5.

Essential Characteristics of a Remanufactured product.

. Product emergy is retained

. The product has a core

. The core is capable of being disassembled and reassembled

. The product has a warranty equal or better than original

. All core components have been replaced or restored to their
original standard.

UGN WN

5. Conclusion

It has been shown that the current tools and definitions within
literature, while providing much insight into EOL recovery, fail to
explicitly state the status of a product which has received a re-
covery operation. Thus, a reader must digest existing definitions
and tools and form their own opinion as to whether a product has
been recycled, remanufactured, reconditioned, repaired or re-used.
Therefore, a gap in knowledge was found for a tool which quickly
and accurately determines the status of a secondary market prod-
uct. The tool presented in this work filled this gap in knowledge,
such that, for the first time within literature, a tool to quickly and
accurately determine if a product has been recycled, remanufac-
tured, reconditioned, repaired or re-used, is presented. Addition-
ally, problems associated with using incorrect terminology to
describe secondary market products were also discussed,
including; the accurate gauging of the remanufacturing market, the
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benefits of a remanufacturing industry, an identification that am-
biguity in definition has an effect on consumer engagement with
secondary market products, and successful compliance with
existing, and possible involvement in drafting new, legislation and
standards. The tool presented in this work was shown to have
applicability in these areas, and was also shown to act as an easy
and quick method to check for a remanufacturing synonym such as
overhaul. Further, an additional output of this tool was that a clear
and inviolable list of the characteristics of a remanufactured
product was presented, a list that builds on existing knowledge and
which documents only the essential characteristics of a remanu-
factured product.

The tool documented in this work was born out of two inde-
pendent rounds of validation from both industry and academia. An
initial tool was presented at ICoR 2015 for validation, with an
augmented tool then presented to industry stakeholders. Both the
validation process and the tool development process are outlined in
this work - noting, that through both rounds of validation only the
questions were altered. That is, the original flow chart and ordering
of questions survived two rounds of cross examination, thus
strengthening the position that no definitions were violated using
this tool (i.e. no errors in product classification were recorded in the
validation process).
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Appendix A. Analysis of the observation and concerns that
were raised at ICoR 2015

An examination of the constructive feedback is now presented.
That is, discussion is provided on each issue raised with any
changes arising to the flow chart and question set also outlined.

In relation to comment from reviewer A

This point was taken on board with a decision, in this instance,
taken to rewrite question 6. Question 6 was rewritten as,

‘Have all core components been cleaned, inspected, replaced /
repaired to original standard and had its core reassembled such
that the product is in like new condition or better?’

In relation to comment from reviewer B

In relation to point 2, it was felt that no changes would be
initially made subject to an investigation into what currently could
be classed as a remanufactured product within the United States.
That is, working definitions of remanufacturing products were
consulted prior to altering the flow chart and question set. To this
end, two useful sources which documented existing working def-
initions of a remanufacturing product from an American perspec-
tive were consulted. The first sourced definition was from the
aforementioned American Federal Repair Cost Savings Act of 2015
(Federal Act, 2015) and the second source definition of remanu-
facturing was from the Remanufacturing Industries Council (RIC,
2016). Looking first at the federal repair cost saving act of 2015,
(noting that this act was signed into law on the 10/07/2015) a
remanufactured vehicle component is defined as,

“vehicle component (including an engine, transmission, alternator,
starter, turbocharger, steering, or suspension component) that has

been returned to same-as-new, or better, condition and perfor-
mance by a standardized industrial process that incorporates
technical specifications (including engineering, quality, and testing
standards) to yield fully warranted products”

Looking now at the Remanufacturing Industries Council, which
is an American National Standards Institute (ANSI) accredited
standards developer, and whose members compose re-
manufacturers such as Caterpillar and Xerox, the current remanu-
facturing definition put forward by them is given as,

“Remanufacturing is a comprehensive and rigorous industrial
process by which a previously sold, worn, or non-functional
product or component is returned to a “like-new” or “better-
than-new” condition and warranted in performance level and

quality.”

It can be seen that both definitions state clearly that a rema-
nufactured product must be returned to original equipment spec-
ification or better. Thus the point raised at ICoR i.e. ‘determining if a
product has been returned to like new condition is sometimes
impossible’, may be correct from certain members of the delegation
point of view, bears no relation on how a remanufactured product
should be defined. That is, official legislation and an ANSI accredi-
ted standards developer, the RIC, have both shown that American
remanufactured products are required to be returned to at least as
new condition. However, it is the case that the documented defi-
nitions for American products are slightly out of sync with the
British standard definition (BS 8887-2, 2009), when it comes to the
concept of a warranty. The British standard stipulates remanufac-
tured products should have a warranty that is at least equal to the
original, whereas the Federal Repair Act states that remanufactured
products should be fully warranted and RIC state that remanufac-
tured products should be warranted in performance level and
quality. Taking both the issue of like new condition and quality of
warranty into account, to allow for the range of this tool to cover
American remanufacture, the decision was made to alter question 5
of the question set. It should be noted however, this alteration is for
warranty purposes only, i.e. the like new condition issue raised at
ICoR 2015 has been shown not to affect the flow chart of question
set scope. Question 5, was rewritten, with the inclusion of the
following text,

For British remanufacture - Is warranty of product equal to or
better than the original?

For American remanufacture - Is the product fully warranted?

In relation to comment from reviewer C

This point was taken on board in this instance. As such, the view
was taken to provide an altogether more comprehensive explana-
tion of what emergy is. To facilitate this, question 1 is rewritten as,

‘Is emergy (see N.B.) retained from original EOL product?’

With, the N.B being included under question 8 and containing
the explanation of what emergy is, which is given as,

‘To create a product of out raw materials then various processes/
actions have to be performed. These various processes and ac-
tions all require (to some degree) energy to be expired. The total
amount of energy expired in creating a product is known as
emergy or embodied energy. When recycling a product, the
product is returned to raw materials and so this emergy is lost



D.A.P. Paterson et al. / Journal of Cleaner Production 148 (2017) 653—664 663

and therefore new energy must be expired to create a new
product from the raw materials.’

Appendix B. Analysis of the observations and concerns that
were raised during second validation stage

In relation to the first concern from reviewer A

Depending on the complexity of the product undergoing an EOL
process the term emergy can be a difficult concept to tie down. For
example, in reviewing the practices of CFRP recycling, Paterson
et al. (2016) stated that even though a composite recycling pro-
cess recorded small amounts of losses in terms of carbon fibre
emergy, the majority of the emergy remained and so the carbon
fibre could not in general be called recycled. Thus, the point is taken
on board with a statement that small losses of emergy are in gen-
eral ok included in the question set and also with the assumption
that in almost all cases the decision as to whether a product has
been recycled is a fairly simple one to make. Question 1 is rewritten
as,

‘Is the vast majority of the emergy (see N.B) from the original
EOL product remaining?’

In relation to the second concern from reviewer A the first concern
from reviewer B

Concerns surrounding the concept of a core were raised by both
Review A and Review B. The rationale behind question 2 was to
ensure that no single component items slipped through the net
such as, say a single piece of metal for instance. However, as both
reviewers expressed interest in question 2 both points are taken on
board in this instance and changes were made to the original
question. Question 2 was rewritten as follows,

‘Is the product constructed through a manufacturing assembly
process involving different parts (such products typically
denoted as cores)? Noting that items constructed from a single
piece of material, for example some hardware tools, do not have
to be assembled and thus are not classed as cores in this
instance’.

The rewritten question addresses both reviewers concerns. In
terms of reviewer A, any confusion over the terms product and core
have now been removed by identifying that cores are products
which have to be assembled using different parts. In terms of
reviewer B, the reason to why the question was asked becomes
apparent, i.e. to remove the possibility of products which are not in
general able to be described as a cores, i.e. a stand-alone plant pot
or a simple spanner or mug for instance, from slipping through to
the later stages.

In relation to second concern from reviewer B

The point is taken on board and the question rewritten to
accommodate the concern that was raised. Question 6 is rewritten
as,

‘Have all the core components been inspected and subsequently
rebuilt or replaced and been reassembled and tested such that
the overall product and core components are at a standard
equalling that of like new condition or better?’

The question now focuses less on specific remanufacturing
process such as cleaning and more on ensuring the global rema-
nufacturing characteristic of ‘like new’ performance.

In relation to third concern from reviewer B

The review suggested that the term significant was a vague term
to use in this instance. The review comment is noted, rational,
reasonable and totally understandable; however the decision taken
in this instance is that the term ‘significant’ should remain in the
question set. The reason that the term ‘significant’ remains in the
question set is that there is in general a grey area between repair
and re-use. For instance, after the publication of the Waste
Framework directive (European Parliament and Council, 2008),
additional guidance on this directive was also issued, (European
Commission, 2012). When describing re-use, point 1.4.3 of this
guidance allows for “some repairing” to be conducted on a re-used
product. Thus, the term ‘significant’ while not crystal clear, owing to
the already existing grey area, does allow for at least some
distinction between a re-used product and a repaired product.

In relation to fourth concern from reviewer B

The review’s point is taken on board in this instance. The
wording was changed from “expired” to “consumed”.

In relation to fifth concern of reviewer B

The review’s point was taken on board. Both the question set
and flow are indeed able to be merged into one document.
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