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ABSTRACT

Femandez, Isabel (2003). Reverse logistics implementation in manufacturing companies.
Acta Wasaensia No. 127,225 p.

European Directives oblige to recover a lot of products — durable goods, packaging, car
components, clectric and clectronic devices and so on. This fact along with some other
pressures ~ customers concerns, cconomical reasons — will imply in the very next future an
important modification of the operational processes in companies as well as the
opportunity for a new market (transport providers, warchousing, among others). The
outcome seems to be that the reverse logistics will strongly impact the companies and most
likely, will become one of the most growing businesses in the future coming.

Reverse logistics has been considered as the reverse version of the traditional logistics.
This view of perhaps the most recent sub-field within the logistics reveals to be quite
naive. Decisions about the implementation of efficient reverse logistics process pose
companies a series of difficult challenges. Although some corporations have already
succeeded in adopting the required practices, they are still scant in number cven when
talking in worldwide terms. Reasons behind this do not scem to be so apparent.

The aim of this thesis has been twofold. On the one hand, to contribute o the theorctical
framework as, duc to the short life of this emerging discipline, there is not yet a theory nor
extended netther unanimously accepted, as it will be demonstrated in the section devoted to
the concept review. On the other hand, such contribution was requested to be nurtured
from real settings. This line of work was what mainly defined the methodology to be used
along the most part of the investigation, being this qualitative research. More specifically,
focus group was firstly used with the objective of gathering information from experts on
the subject, The main problems that jeopardize the good end of reverse logistics procedures
and about which a deeper academia attention could be needed were enquired. Results
helped to better delineate the initial research question. In a second stage, we choose the
case study methodology so that several companies were deeply anatysed. When little is
known about a spccific topic, this methodology has proved to be one of the most
appropriatc to get decp insight. The main findings obtained were given the form of
propositions to be generalized in futurc rescarch. Finally, we resorted to AHP (analytical
hierarchy process) approach to extrapolate the previous results with a more ample sample.

Isabel Ferndandez, Faculty of Technology, Department of Electrical Engineering and
Industrial Management, University of Vaasa, P.O. Box 700, FIN-6510! Vaasa, Finland.
Email contact address: ifg@uwasa.fi ; bel@etsiig.uniovi.es

Keywords: Reverse logistics, chalienges, qualitative research, analytical hierarchy process
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1.  INTRODUCTION

1.1. WHERE IN SCIENCE IS REVERSE LOGISTICS

Science (from scientia, Latin for "knowledge”) has come to mean a body of knowledge, or
a mecthod of study devoted to developing this body of knowledge. Fields of study are often
distinguished in terms of hard sciences and soft sciences (Economics, Linguistics,
Etymology, Psychology, Saciology). Hard sciences are considered those, which rely solely
on the scientific method, this method being distinguished by its use of controlled

experiments and the requirement that results be reproducible.

Table I. Classification of sciences {(adapted from Uusi-Rauva, Haverila & Kouri
1994).
EMPIRICAL SCIENCES
FORMAL CULTURAL SOCIAL SCIENCES
. NATURAL
SCIENCES SCIENCES! (BEHAVIOURAL
SCIENCES
HUMANITIES SCIENCES)
RULES NATURAL
NO EMPIRICAL DECISION-MAKING
SYNTAXES PHENOMENA
ECONOMICS CHEMISTRY
LINGUISTICS
MATHEMATICS LAW SOCIOLOGY PHYSICS
LOGIC ' PSYCHOLOGY BIOLOGY
HISTORY
POLITICS EARTH SCIENCES

Another classification scparates formal sciences from empirical sciences (see table 1).
Formal sciences are deductive. They could be characterized by the following features: they
are derived abstractly (mostly without experiments), using law thought; they alone do not
tell us anything about the practical reality we live in and they usually ofter symbolic

systems to denote reality. Empirical scicnces however are inductive; they do investigate




14 ACTA WASAENSIA

reality and reliable knowledge is gained through practical (sensory) experience and

experiments.

Within social sciences category we found Economics, which focuses on society's allocation
of scarce resources to meet desires and wants, Its main premisc is therefore that resources
are in limited supply and that it is nccessary to choose between competing alternatives.
Eeonomics may be broken down in micro and macroeconomics. It is within micro-

cconomics that we find Industrial Management.

Industrial Management is the ficld of Economics that studies the behaviour of firms; also
referred to in some texts as Operations Management, i is more specifically concerned with
the systems, processes, and activities involved in the production of the goods and/or
services of an organization, Opcrations Management focuses not only in manufacturing but
also in service activitics including facilitics, systems and operations, management of
techneology, quality assurance, materials management, fogistics and supply chain manage-

meni.

Therefore, Logistics is an element within the more ample discipline of Industrial
Management. The origins of the word "logistics” lie many centurics in the past; in fact we
may go back as far as the Greek culture to find the term "logos" (intellect, arithmetic) as
the oldest relative of our newadays Logistics. However it is in the XVIII century when its
use adopted a closer meaning to the onc it holds today; at that time, in France, the position
of the "maréchal de logis” was created within the Napoleonic army for a person
responsible for providing sufficient supplies for the troops. Over time, this arca of
responsibility has shifted from military to civil context and has become more
comprehensive, adding to the mere supply function other functions such as the planning of

the transportation or, lately, the reverse logistics.

The history of Industrial Management is much more recent. Prior to 1750 products were

manufactured quite differently than they are today. Production before the advent of the
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Industnal Revolution could be characterised by direct contact between producers and
consumers, little mechanization, bespoke production, custom-made and personalised
products. It is in the late 18007s and early 1900s when the first snaps of a theory of
management appear as 1t is generally accepted that Tayior's theory supposed the start of
Operations Management. This starting point led to other posterior theories, methods and
studies of management, such as the Hawthorne studies', Just-in-time®, Decision theory’, or

Material requirements planning®, among others (see Annex 1 of this thesis).

During the evolving process of Industrial Management, science has been tracking down the
logistics techniques and applied them to civil companies. Transportation management and
materials management by companies were economic topics back in the 50's, although
research was still then normally restricted to just some of the aspects of today's
comprchensive understanding of logistics. Only in the last four decades has the modern
term "logistics” been used to describe business management issues: the right object, at the
right time, at the right location, in the right quality, in the right combination, at the right

cost ~including the related data-.

In the last two decades we have seen a momentous social and economic change, which
may suppose the next major step in the evolution of logistics, this step now beginning to
emerge. This change takes place, initially, as a consequence of the increasing
consciousness about sustainable development and environmental issues, from both

population and public institutions. Some of the regulations passed arc:

' (1930) A serics of experiments conducted by researchers from the Harvard Business School at Western Electric
Company’s Hawtheme unit wlhich dlustrated the importance of human aspects in delermining output and
productivity.

7 (1950s) An integrated set of activities designed to achicve high-volume production using minimal
inventories of raw materials, work in process, and {inished goods" (Chase, Aquilano & Jacobs 1998). In
simpler laymen terns it means, "producing the required items, at the right quality, and in the exact quantities,
precisely as they are needed.

* (1960s) Body of knowledge and related analytical techniques of different degrees of formality designed to
help u decision maker choose among a set of alternatives in fight of their possible censequences.

* (1970s) Logically related procedures, decision rules and records designed to transtate a master production
schedule into time-phased net requirements, and the plapned coverage of such requirements, for cuch
component inventory item necded to implement this schedule.
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o the Directive 2000/53/EC on end-of-life vehicles (EOLV), which establishes minimum
targets with respect to the quantitative re-use, recycling and recovery rates for ail
EOLV to be implemented no later than 01/01/06;

o the Directive 94/62/EC, which contains provisions on the prevention of packaging
waste, on the re-usc of packaging and on the recovery and recycling of packaging
waste: 80% of all packaging must be collected; of that, 90% of glass, tin & aluminium
and 80% of other packaging must be separated and recycled (Cairncross 1992).

e Directives 2002/95/EC on the restriction of the use of certain hazardous substances
(lead, mercury, cadmium, and hexavalent chromium among others) in new electrical
and clectronic cquipment put on the market from 1 July 2006, and 2002/96/EC on

waste electrical and ¢lectronic equipment (WEEE).

In most of these legislations, manufacturers and importers arc obliged to take back their
products (even at no charge) and they are responsible for achieving the high levels of
recycling, recovery and reusc. Therefore, although the involvement in reverse logistics
practices may still be considered today as an additional feature in corporations’
competitiveness, it 1s expected shortly to become, an essential and imperative prerequisite
for the comphiance with legislation and the success of firms in the market. Logistics
stratcgics in companies need to be adapted to the new conditions under which their
businesses have to operate and tailored according to the new characteristics. The
challenges for companies are to plan strategics specifically built upon logistics as a means
of achieving competitive advantage (Emerson & Grimm 1996, Sterling & Lambert 1989).
As a consequence of it, a new {icld of logistics has been developed: reverse logistics.
Although soeme firms may react reluctantly to the pressure the change inflicts on them,
some have already discovered the economical potential of an cfficient management of the

reverse logistics issue in their strategy.

In spite of the emerging nature of this discipline, the following numbers may give an idea
of the importance and the benefits from planning, implementing and controlling reverse

logistics activities;




ACTA WASAENSIA 17

* In the study carried out by Rogers & Tibben-Lembke (1999:5), reverse logistics costs
of the analysed companics represented approximately four percent of their total
logistics costs, which translated to the total U.S. GDP represented a half percent
{Rogers & Tibben-Lembke 1999).

» Within specific sectors (such as magazine publishing), returns percentages may reach
50% of the total sales (Rogers & Tibben-Lembke 1999:7; Meyer 1999), although a
significant variation in return rates oceurs by industry.

» Efficient management of the reverse process can cut as much as {0% from companies’
total annual logistics costs (Minahan 1998)

» Companies that sold merchandise on line were predicted to 1ake back $11 billion in
returns in 2002 (Richardson 2001).

e Companies involved in recovery activities may attain savings between 40 and 60% of
the completely new product production costs, while investing only 20% (Dowlatshahi
2000).

» The department of transportation in Pennsylvania saved more than $250,000 in only
one district by using recapped tires; also, American Airlines saved over $100,000 by
converting to 100% recycled paper (Biddle 1993).

e Estce Lauder was able to evaluate 24% more returned products, redistribute 130%
more of its returns, and save approximately $500,000 in annual labour costs after
building its own reverse logistics systems (Caldwell 1999; Meyer 1999).

o  AT&T also saved $30.000 from iis reverse logistics program (Dowlatshahi 2000).

The purpose of the thesis is to identify and systematize current industrial practices and
trends in this new scenario of the logistics field and therefore, contribute to the still scant
literature devoted to this topic. By deing so, a better understanding witl be provided with
which decision makers in this functional arca can more effectively decide. Given the far-

reaching of reverse logistics scope, to determine a specific focus within it was needed.




I8 ACTA WASAENSIA

1.2. RESEARCH APPROACH

Research approach refers to the strategy followed in order to produce new knowledge.
Reverse logistics s a new discipline in which not much theory has already been developed;
some works have contributed to its incipient development and their consideration is
valuable for the expertise and knowicdge poured on them. Nevertheless, incremental
approaches and further models and theory development are largely possible. On the other
hand, stemming again from the novelty of the discipline, the full universe of problems has
not yet still covered; therefore new arcas can be explored and materialized in new

coneceptual and/or mathematical contributions.

Based on that and according to the taxenomy proposed by Reisman (1988) of the strategies
for theory development in management and social science research, we have chosen a

combination of two of those for the development of this thesis:

a) The “Ripple strategy” which consists of developing current theories incrementally, and
b) The “Structuring Strategy”, which uscs observations in a previously uncxplored field to

build up new theory.

Therefore, the approach could be said to be basically of inductive nature in the sense that
the logic laying behind the investigation starts from the information gathered from
qualitative research methodologies to round it off afterwards with a more quantitative
approach in an attempt to reach the cxternal validity typically scant in the qualitative
methods. Given the little existence of theories on reverse logistics, the deductive process
part that could be assigned at the beginning of the process {reviewing literature and

analyzing the material gathered in the light of previous theoretical work) is modest.

The research approach put forward in this section is not new and is supported by Glaser &
Strauss (1999). In their “call for more theory” (p. 8) they make a “defense against
doctrinaire approaches to verification” (p. 7). Verification is, according to these authors,

driven by the influential logic-deductive theorizing style and was used to modify and
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reformulate already existing theories but hardly to question them, and thus generating new

theorics from data, that is, theories grounded in data, “grounded theories™ (p. 9-10).

It is possible to build theories by using different methods: plausible interpretation and/or
genuine verification of a well-codified set of propositions. The work showed in this thesis
docs not aim to be decisive test of existing theories but to suggest questions suitable for
further discussion and better understanding. The data collection process is coherent with
the research approach chosen. The basic questions in theoretical sampling, such as what
group does one turn fo, or, for what theoretical purpose, were poscd and responded to as
will be explained in next sections. Companies were chosen following the criterion of their
potential 1o help generate, to the fullest extent, as many propertics as possible. This idea
guided the sclection of organizations with international scope and the option of repairing
within their spectrum of recovery activities. “There is not definite, prescribed, preplanned

set of groups as there are for verification” (p. 31-49),

The qualitative rescarch methodologies chosen have been focus group and case studies,

both suitable and recommended when little is known about a particular problem or topic:

» The focus group technique was first meant to generate research questions that could be
submitted to further research by means of other research methods; sccondly, the focus
group was also utilized for screening the relative importance of the different issues that
arise when implementing reverse logistics practices. The targeted participants were
experts m logistics themes from different fields.

¢ Next step was to accomplish case studies. The case studics arc one of the best tools for
going deeply in the reverse logistics knowledge by approximating real scitings; they
provide the rescarcher with learning from companies’ doing, by gathering, processing

and analyzing information from the firms’ *“why" and “how” decisions.
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1.3. THE RESEARCH QUESTION AND ITS DEVELOPMENT

Although the research definition of this thesis should not be in the Introduction chapter if
the natural order of the rescarch were followed (see Figure 1), it was decided to include 1t
in order not to depart from the norm, as it is usual a clear definition of the research

question to be put forward in this chapter.

The reason for previous remark is that an ongoeing refining process of the problem
definition took place during a good while of the research. This is not utterly unusual if we
take mto constderation that while exploring the field, the initial proposal can be found too
broad, some of its aspects may have become irrelevant or some assumptions may fail apart

and need to be revised (Andersen, Borum, Kristensen & Karnoe 1993).

1.3.1. THE RESEARCH QULSTION

In this thesis an attempt is made to contribute to existing reverse logistics theory by
providing a deeper understanding on the surrounding circumstances under which certain
reverse logistics decisions are made. An important assumption behind is that the whole
universe of companies needed to be addressed in order to get a scamiess theory is
impossible to tackle with. On this basis the research question adopted the following

formulation:

“What are the characteristics of the reverse logistics practices in durable and assembled
goods manufacturing companies which include repair within their customer support
service? What factors may affect on their reverse logistics practices? How their businesses

are affected by this new discipline?”




ACTA WASAENSIA 21

1.3.2. THE DEVELOPMENT OF THE RESEARCH QUESTION

The first attempt of the research question resulted after a still modest literature review on
the topic. This review was needed to possess a prior picture (or scheme) of the empirical
world under study (the first step in the basic elements of empirical exploration proposed by
Blumer (1969)). The resulting question was a broad one due to the still little spread out
knowledge on reverse logistics practices, as a consequence of which, every facet of reverse
logistics was feasible for being further researched. A deeper literature review and the necd
of narrowing the scope of the future thesis work fed next to focus on just one of the

echelons within the supply chain: manufacturing companies.

The orientation of the work would be governed a that time by:

“What are the characteristics in the reverse logistics practices in manujacturing
compunies? What factors may affect on their reverse logistics implementation? How their

businesses are affected by this new discipline?”

The relative importance of the reverse logistics and their orientation was found 1o vary
ifrom industry to industry. The review of literature disclosed how reverse logistics practices
have been embraced by companies belonging more to certain sectors of activity than to
others. Electronic industry (including computers) and automotive industry clearly stood out
as pioneers. Therctore and at this time of the research, not all kind of manufacturing
companies was suspected to fit in the study. Further restrictions were required to better

delineate the research question.

The relative importance of the reverse ogistics and their orientation was also found to vary
from product to product. In low cost products or consumabie products, recovering did not

appear to be so important; thus, neither the linked reverse logistics. However, in the case of

* The remaining ¢lements are asking the questions and their conversion into problems; detennination of the
data to be sought and the methods to be uscd in obtaining them; processing the gathered information;
interpretation of the Andings.




[o
2

ACTA WASAENSIA

durable goods with a long life cycle or assembled products with parts subject to wear, costs
of maintenance/repairing may be even more important than initial product acquisition
costs; on the other hand, some modulcs, assemblics or parts still i1 good condition are
more likely entitled to be reused so that, added vaiue is recovered. The importance of the
reverse logistics activities in the latter case should play likely a bigger role. This justifics
the election of companies, which produce durable goods and assembled products within
the research question, as these kinds of products scemed to fit more within the reverse

flows.

By doing that, we also wanted to verify if the characteristics of the product could have
influence on the major or minor implication in reverse logistics operations. This idea
would translate into researching if characteristics of the product such as size, weight,
length of Life cycle, its technological complexity, etc. could constitute conditioning factors
for the manufacturing company to decide on being involved in the reverse logistics

systems nceded for handling with the product returns.

Still the rescarch question was not easy to tackle with. As a result a final feature was
included: the study will concentrate on manufacturing companics, which offer repairing

within their customer service pack (their customers could be end customers or not).

Why this repairing scenario? As it will be seen later in this thesis, the activity of repairing
implics that the company has previously deployed a certain degree of reverse logistics
processes (1f not in-house then by means of third party logistics providers). On the other
hand, the activity of repairing seems to have been carried out for almost as long as there
has been trade. In faet, there are a great number of pieces of work in literature, devoted to
apalyse the problems arisen as a result of its management, most of them focused on service
parts inventory management (Dekker, Kieijn & de Rooij 1998; Shibuya, Dohi & Osaki
1998; Hill, Omar & Smith 1999). However, the aim of this thesis is not the activity of
repairing in itself. Given that the author docs not share with other authors the idea of

including activities such as repainng (or remanufacturing or recycling) within the scope of
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reverse logistics, strictly speaking (see section of definitions) the object of the present
thesis i1s to focus on the unavoidable and previous logistics activitics, needed for the
repairing activity to be carried out. In this sense, for instance, the categorization of service
parts into repairable items (those, which are technically and economically repairable) and
consumable 1tem (those, which are not technically and/or economically repairable),
although important from inventory management perspective, is irrclevant for the purposes
of the thesis i.e. both may fall within the focus of interest from the reverse logistics

standpoint.

Repair is considered, especially recently, an important feature within the after-sales service
and within the competitiveness of a company. In a market characterized by fierce
competition and nearly identical products due to standard components and technologies
being used (Murthy & Djamaludin 2002), post-sale factors constitute important
differentiate factors (Porter 1998; Lele & Karmarkar 1983; Pfohi & Ester 1999; Botter &
Fortuin 2000} on which not only the product or service choice can be made but a customer
may be retained. Therefore, an improvement in their supporting reverse logistics would
make sense, because they would contribute to improve the competitive position of the
company in the market. However, in many organizations, consideration or design of the
support processes is still nowadays an after-thought. There does not seem to be yet a
generalized, holistic product development perspective” in which both design of support
processes along with the design of the product are simultaneously considered, This fact
may depend on the lack of a good understanding of the importance of several key
variables, such as the quality of service, the costs of service supplied, the potential of

effective reverse systems, etc.

As already mentioned, the choice of the reverse logistics procedures for the repairing
activity allowed for narrowing the analysis ficld. The focus on companies, which included
the repair of their products among their activities, eliminated the interest in other

companies also involved in reverse logistics but with other recovery goals. Therefore it has

¢ Some exceptions exist; see for instance, Hooks & Farry (2001: 176}
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10 be said that repairing activity was chosen, with the same likelihood with which any other
materials or value recovery activity could have been chosen. Why then repairing and not
remanufacturing, for instance? Given that this returns context is a relatively emergent one
and, conscquently, not yet sufficiently neither broadly impiemented in firms, we have
considered that repair, because of its longer history, would allow us to find a larger number
of cases on which to carry out the analysis of the adopted reverse logistics practices. In
spite of this apparent initial advantage regarding the possible population size among which
to choose the firms to study, we did not find a great number of companies directly involved
in the implementation of (in-house) reverse logistics processes. This initial finding was
striking, as from literature it scemed as if more companies were including these reverse
logistics systems in their strategies and day-to-day operations. It will be shown that, not
even in this case (and against what literature scems to point out) many companics exist

directly involved in the implementation of reverse logistics processes.

1.4. STRUCTURE OF THE THESIS

Chapter 2 has been denominated “Overview of reverse logistics™. Its contents aim at first,
providing insight into key aspects of this emerging discipline and offering, therefore, the
theoretical framework in which the subsequent work has been developed. Specifically,
Section 2.1 is devoted to review the reverse fogistics concept from a broad set of articles,
published mainly in the last decade. From these, the author detceted the lack of a
consensus on what constitutes reverse logistics, either on what the range of activities
should be included within its scope or how to denominate each of its close-related options

in a non-fuzzy way.

The clarification of the concept matters for several reasons. On the one hand, most of the
environmental regulations usually mention some objectives to be reached in certain periods
of time, 1n relation to some of the reverse logistics related activitics, As not only

consumers but also companies and municipalities are committed with these goals, it would
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be desirable to have a clear idea of what is meant by cach denomination and the

implications that each one may have.

On the other hand, having a definite guideline of this conceptual framework would allow
for some comparative studies about the different levels of implementation within the
members of the chain or between different channels, being more accurate and reliable. On
a literature review basis, the section concludes by providing a reasoned concept proposal

for this new part of the Logistics that will be used in the rest of this thesis.

The remaining sections of this chapter 2 put forward some dimensions affecting the reverse

logistics implementation and the unique characteristics of this new discipline.

Chapter 3 has been devoted to the empirical research developed to accomplish this thesis.
This chapter consists of four parts. The first is intended to give some insight in the
methodologies chosen and to justify why the qualitative rescarch is a valid tool to be used
in a discipline like Operations Management, a discipline which has been traditionally
deemed as the natural realm for quantitative technigues. Three different methodologies
were considered suitable for the study: the Focus Group, the Case Study and the Analytic
Hierarchy Process (AHP). The seclection of cach of them grounds on the different

objcctives pursued.

e The focus group was used as the first methodology to explore arcas of research interest
within this relatively recent sub-field of reverse logistics. From a broad review of
litcrature to date dealing with reverse logistics, several gaps where additional research
according to the opinion of the author was possible were identified. Making the most of
both these evident gaps and the opportunity provided by Focus Group technique in
arcas in which little is known, as is the Reverse logistic case, two meetings were

organized.
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As 1t will be shown in Section 3.2 the composition of the two focus groups was
planned to be different: In one of them, academicians in gencral Logistics and from
diffcrent European countries were invited. In the second one, characterization differs,
as the participants were managers with strong reverse logistics responsibility within the

local Finnish enterprises where they work,

Ideas from both groups were intended to be confronted, given the different nature of
source {rom where they stemmed, and to serve as initial point of a larger effort in
which deeper empirical analysis in several firms, running their business in different

sectors, would next take place.

The commandant Krulak (1997) stated that logistics, apart from being science, is an art,
As such, it includes the creative application of scientific knowledge through
judgement, experience and intuition to devise practical solutions. When circumstances
change, good logisticians arc expeceted to be flexible and ingenious in adapting to the
new situation. This 1s precisely what occurs now with the need for companies to take
back their products. Companics are facing nowadays a new scenario 1o which they
have to react and within which they have to find the best practices in order 1o survive in
the competitive market. Case study is one of the most adequate techniques to disclose
the ways firms are handling and coping with this new challenge posed in the arena of
the reverse fogistics. Furthermore, by using case study we are contributing to expand
its utilization within the Operations Management field, a field about which, according

to Meredith (1998), only few case studics have been published’.

Six cascs studies have been carried out, clustered in the thesis under three headings.

The first one is a case analysis about the links between repair activities, reverse

logistics and sustainable development. After a deep review of the literature focused on

7 The assessment is also corroborated, a5 far as logistics are concemned, by the review study made by Mentzer
& Kahn (1995). From the 235 logistics articles gathered, only 3.2% were performed by using the case study
method.




ACTA WASAENSIA 27

these three topics, a comparative analysis between two different companies aimed to
point out the key factors that explain the differences among them in refation to the
development of repair activities and reverse logistics. Besides, how they may influence
on the environmental performance in a company is shown. Some assumptions from this

casc analysis are drawn.

The aim of the second case study was to describe changes in purchasing patterns as a
result of recovery and reverse logistics practices. If in the past, purchasing managers
have been compelled to adopt new strategies to face different chalienges encountered
in normal business (competition, globalisation, periods of shortage, ctc.), nowadays the
increasing cnvironmental concerns {rom both public governments and customers pose
firms and, consequently purchasing exccutives the same need of looking for a new
strategy. Manufacturers are forced to take back previously shipped products, in an
attempt to reduce the amount of waste in landfills (c.g. from end-of-life items) or the
consumption of resources in production processes (in case of returns from which some
value is posstble to be recovered). In the later case, firms come across a new source of
components, parts or materials that need not be purchased. However, some degree of
complexity arises when 1t comes to purchasing planning. For example, the uncertainty
in supplies, inherent to the reverse process, 1s a unique characteristic of this scenario.
Managers need to cope with the lack of information regarding quantities of returns and
times when they will be recovered. On the other hand, not before disassembling the
returned product 1s possible to know about the avaiability of certain components and
without this information is difficult to order to suppliers within acceptable margins of

CITOr.

The study was carried out in two companics. Although the firms are still smoothly
involved in recovery activities, some steps have been given forward to react to this new
managerial demand. One important ssuce discussed 15 the need to accommodate
traditional techniques for estimating purchasing orders (such as Material Requirement

Planning) so that information regarding returns could be also taken into account. The
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convenience for the firm to shift from no recyclable to recyclable materials and to
modular designs, in order to facilitate the recovery process later and thus, the
purchasing management, is also discussed. Another issue relates to the use of the

information gathered from the returns as a supplier evaluation criterion.

Finally, the third case study aimed to go deeper in the relationship between the trend of
going green and the degree of reverse logistics implementation. Since the awareness
for cnvironment and sustainability burst in the 90's, the progress achieved in this side
has been remarkable, as some indicators may prove. Linked to the process of bigger
cnvironmental concerns, the irruption of reverse logistics has taken place. The bond
between both processes (going green and reverse logistics) seemed to be inevitable in
businesses since reverse logistics provides the logistics support needed for the desirable
value recovery to be a reachable environmental goal. The magnitude that scems to be
inferred from the most recent literaturc on the subjects pointed out a strong relation-

ship. However, the real magnitude needs to be measured.

To this end, a leading Europecan company was focused on and the reverse logistics
practices adopted with two of its main customers were deeply analysed. From the
study, some intercsting results were obtained. For instance, the abovementioned
rclationship did not seem to be so strong, since even if companies are fully
environmentally engaged, their reverse logistics implementation may still stand far
behind. On the other hand, an important unbalance in the role played by the different

recovery options was detected; legislation may be indirectly favouring this unbalance.

The analytic hierarchy process (AHP) was the third methodology used in this thesis.
From the previous six case studies, some determinanis of the differcaces in reverse
logistics implementation were detected. Their relative importance among a bigger
sampie of practitioners wanted to be analysed. The study attempted to verify the
differences over different businesses and two different echelons in the supply chain

{end product manufacturer, component supplicr). Resuits emphasise the momentous
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role played by customer pressure and characteristics of the product when decisions on
reverse logistics practices are taken. Furthermore a link between the extent to which
companies are involved in recovery activities and the degree of outsourcing reverse

logistics processes is established.

Finaily, Chapter 4 addresses the conclusions and suggests possible future lines of

investigation.

Two final remarks need to be added:

More interviews than the ones later commented in this document have been carried out.
Addressed companies include several recyclers, distributors and third party logistics
providers along with some additional manufacturers, The also valuabie information
gathered from the meetings may be diluted in the document but without specifically
referring to those particular companics. The reason is sometimes the amount of
information, not abundant enough to justify a separate section; some other times, the
motive roots in the still scant significance of reverse logistics practices in their day-to-

day operations.

The results of the work reflected in this thesis have already been translated into scveral
papers accepted and defended in six international conferences (NOFOMA in Qulu,
ICPR in Virginia, CISIM in Poland, QMOD in France, RSC2004 in India, ICPQR in
Miami); some articies have also already been sent to several international joumnals for

their appraisal.
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2. OVERVIEW OF REVERSE LOGISTICS

2.1, DEFINITION

2.1.1. INTRODUCTION

Reverse logistics 15 an issuc that has received growing attention in the last decades, due to
the occurrence and simultancity of severat situations. On the one hand, there is a verifiable
concern about environmental matters and sustainable development. In this sense, there are
several legal regulations that have been passed in a number of countrics, Germany (with its
obligatory taking-back of packaging materials and electronic devices regulations) and
Netheriands (with its stringent automobile laws) being perbaps the pioneers. However, the

cfiect has quickly spread out mainly along Europe, the USA and Japan.

On the other hand, economical reasons have also had their contribution in this increasing
importance of reverse logistics issues. If operations are a major source of value-added
(Porter 19835), by mcans of the returned products, companies stand the possibility of
recovering either constituent material (that would not longer need to be purchased in the
same quantities) or added value. Whether the savings come only from materials, labour
or/and overhead costs, some firms have already shown increasing interest in being

cfficiently involved as market competition shrinks the margins more and more.

Perhaps duc to 1ts rapidly growing importance, the concept of reverse logistics has not been
sharply defined. In fact, as several authors contend (Fleischman 2000; Mason 2002; Soto &
Ramalhinho 2002; Kivinen 2002) and {rom the review of literature made, there is not yet a
largely accepted consensus about defining reverse logistics in practice. There are also other
~ broad topics feasible of being covered by it, such as activities, products, points in the

- supply chain, ctc.
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All the facets of reverse logistics are not a blur, however. As we shali see, definitions
sometimes overlap in some of them. Some other aspects may be judged as giving only a
partial vision, whereas in yet other cascs, they may become controversial. For instance, if a
vendor 1s not able to sell a certain product to the initially appointed market and then decides
to send it to his own Distribution Centre, from where the unsold product may be resold to
another vendor or broker who will try to scll it in secondary markets, should the whole

operation be considered as “reverse logistics flow™?

The remaining part of the Section 2.1. is built as follows. In the next subsection, the above-
mentioned 1dea is reinforced by definitions extracted from the review of recent literature.
The sample of definitions chosen to be included from the existing literature does not aim at
being exhaustive (imore articles than the ones put forward were reviewed, although only the
ones considered as most representative for the objective of the analysis and more quoted in
literature were considered). By comparing the meanings provided by the different authors,
the lack of an overall agreement becomes clear. The third subscction is then concentrated
on the terms, which have been detected to be the main source for the different
interpretations. In the fourth subscction some beliefs and misunderstandings are discussed

before rounding off with putting forward a concept proposal in the fast subsection.

2.1.2. REVIEW OF LITERATURE

Beckley & Logan (1948), Terry (1869} and Giultinian & Nwokoye (1975) had already paid
attention to returns but without referring to them as reverse logistics flows. Murphy (1986)
is arguably one of the first authors in using the basic concept of reverse logistics. He used
Reverse Distribution as an equivalent term®; after him, the double terminology has also
been kept in some cases (Pohlen & Farris 1992; Barry, Girard & Perras 1993; Bloemhof-
Ruwaard, van Beck, Hordijk & Van Wassenhove 1993; Carter & Ellram 1998; Jayaraman,

Patterson & Rotland 2003). Murphy defines Reverse Distribution (1986: 12) as “ the

* According 1o Ballou {1992) Reverse Logistics is also referred as reverse distribution, due perhaps to the
initia} idemtification in the 19205 1o 1960s between physical distribution and logistics,
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movement of goods from a consumer towards a produccer in a channel of distribution™.
Therefore, this author does already touch upon the backwards direction of flows in order
for them to be considered as reverse logistics flows. Any good that may satisfy this
condition is considered then as taking part in the reverse logistics flows. The original
manufacturer is not necessarily the “producer” in this definition. As far as the distribution
channel is concerned, nothing is specified in the definition, Doubts may arise between the
two nmutin possibilities to be distinguished: the referred distribution channel being the

previously utilized (in the forward channel) or any other.

In 1992, Pohien & Farris drew the attention to the fact that the recyclable material does not
necessarily flow backwards through the same channel. The question that is raised now is
what they meant by “recyclable™. Is it so that only products whose destination is recycling
(see Section 2.2.3 of this thesis for meaning of recycling) use different channels to go
backwards? Or, arc they using the word “recyclable” in a very broad sense of the term

meaning any product that can be returned)?
. [=3

For Giuntimi & Andel (1995a: 73) reverse logistics is defined as “an organization’s
management of material resources obtained from customers™. With this definition, the
authors skip the problem of stating exactly the direction taken for the material resources.
Even more, they scem to stress just one aspect for a material resource flow to be considered
as a reverse logistics flow; this unique feature refers to its origin. As long as the item comes
from the consumer, the activities operated on it will be considered reverse logistics

activities.

In the same year 1995, Thicrry, Salomon, Nunnen & Wassenhove coin the term “Product
Recovery Management” (PRM) to describe “all thosc activities that encompass the
management of all used and discarded products, components, and materials that fall under
the responsibility of a manufacturing company. The objective of product recovery
management is to recover as much of the cconomic (and ecological) value as reasonably

possible, thereby reducing the ultimate quantities of waste” (Thicrry er al. 1995: 114).
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Figure 2, Thierry er al.’s integrated supply chain view (19953: 18)

According to them, products and materials can be sent back either to the original
manufacturer (therefore, in the same business chain), or to other companies involved in

other business chains, provided the activity of these companies consist of manufacturing.

They distinguish three categories of activities: service, product recovery and waste manage-
ment activities. Returned products and components can be resold directly, recovered, or
disposed of (incinerated or put to [andfill). Focusing only on recovery options, five

different further alternatives can be found: repair, refurbishing, remanufacturing, cannibali-

sation, and recycling, listed in order of the degree of disassembtly required *.

Although it has to be noted that these authors did not use the term reverse logistics, a

parallelism can be casily drawn from the mention of the activities included within the scope

?See Section 2.2.2. tor their delinitions.
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of PRM and the dircction followed by the recovered items in the Figure. Another
conclusion from their work is that Direct reuse/resale, Incincration and Landfilling are kept
out from the PRM coverage even if some backwards flow is also implied in these three

options.

Reverse logistics refers to the logistics management skills and activities involved in
reducing, managing and disposing of hazardous or non-hazardous waste from packaging
and products™ (Kroon & Vrijens 1995: 56). This definition makes evident the extent to
which, so far, confronting concepts can be found in the literature. If Thierry er al. have
discarded waste management from their PRM definition, these authors seem to focus on it.
Kroon & Vrijens’ article is concerned with the flows generated by the returnable
containers, which are a type of secondary packaging'” in the sense that they are susceptible

of being used more than once in the same form.

According to Stock (1998: 20), the term reverse logistics is used to refer to “the role of
logistics in product returns, source reduction, recycling, material substitution, reuse of
materials, waste disposal, and refurbishing, repair and remanufacturing”. Although the
majority of possible focuses, mentioned in the definition, have their correspondent
translation in Thierry ‘s terms, Stock (like Kroon & Vrijens and unlike Thierry er al.) also

mphasises the waste disposal aspect. Source reduction will be commented later in Section

e
2.1.34.

“Reverse logistics is a process whereby companies can become more environmentally
efficient through recycling, rcusing and reducing the amount of materials used. Viewed
narrowly, 1t can be thought of as the reverse distribution of materials among channel
members. A morc holistic view of reverse logistics includes the reduction of materials in
the forward system in such a way that fewer materials flow back, reuse of materials is

possible and recycling is facilitated” (Carter & Ellram 1998: 83). The fact of reducing

** Secondary packaging is packaging material used for packaging products during transport from a sender to a
recipient (pallets, shipsheets, ete), cither in retail or in indusiry.
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malerials used in the processes is according to some authors (Rogers & Tibben-Lembke
1998) considered as “green logistics™ and not “reverse logistics”, although the same authors
agree in that the boundary line between these both concepts is not always clear. On the
other hand, the definition of Carter & Ellram scems to require the same channel in which
the forward flow was generated, against the more broad view in which other companies

outside the business chain could be favoured from the returns flows.

Krikke, Harten & Schuur (1999) mention the need for the European Original Equipment
Manufacturers (OEM) to set up a reverse logistic system for their discarded products,
which, according to the authors, involves determining an optimal degree of disassembly
and assigning optimal recovery and disposal options. The OEM are in this case the point of

destination for the return flows,

“The process of planning, implementing and controlling the efficient, cost effective flow of
raw materials, in-process inventory, finished goods and related information from the point
of consumption to the point of origin for the purpose of recapturing or creating value or for
proper disposal” 1s the definition of reverse logistics given by Rogers & Tibben-Lembke
(1999: 2; 2001).

This definition 1s notably more ambitious, naming different types of items (no matter their
condition of new or used) along with an idea of direction followed by the matcrials flows.
However, solely the initial point of origin in traditional chain is accepted as destination of
these reverse flows. When arguing the reason why source reduction, in their view, belongs
more naturally to green logistics than to reverse logistics, they add the following (Rogers &
Tibben-Lembke 1999: 3): “if no goods are being sent “backwards”, the activity probably is
not a reverse logistics activity™. In spite of the comumnent, other possibilitics arc admitted
within their particular reverse logistics scope, such as secondary markets, outlets [“(in the
clothing industry) retailer’s only sales alternative channel™ (Rogers & Tibben-Lembke

1999: 82)], ete. even if these destinations are not the initiat “point of origin”.
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The later remark also applies to the definition given by Dowlatshahi (2000: 143) when he
contends that reverse logistics is ““a process in which a manufacturer systematically accepts
previously shipped products or parts from the point for consumption for possible recycling,
remanufacturing or disposal”. Therefore, he agrees with some previously mentioned
starting and final points of the reverse flows, these being respectively the point of consump-
tion and the original manufacturers. He differs however {rom other authors in discarding
returns coming from other partners than consumers. Disposal is accepted to be within the

scope of reverse logistics definition but secondary markets are not conceived within it.

Ritchic, Burnes, Whittle & Hey (2000) undertine that logistics does not stop with the
delivery of goods to customers, but also offers the opportunity for stocks to be returned to
supphers via a feedback loop. They point out the increasing frequency occurrence of
product recalls appear to have in the last years in private sector (as their article examine the
reverse logistics process within the Manchester Royal Infirmary Pharmacy; in this
pharmaceutical arena, the efficacy in expeditiously withdrawing the drugs from market, in
casc of need, is critical). Their perspective drives the attention again on the suppliers as
final destination of retumed products and thus, endorsing the backwards direction of goods

flows.

Fleischmann (2000: 6), one of the few authors aware of the confusion surrounding the
concept, conciudes that “the process of planning, implementing and coatrolling the
efficient, effective inbound flow and storage of sccondary goods and related information
opposite to the traditional supply chain direction for the purpose of recovering value or
proper disposal” is the content of reverse logistics. As he recognizes, municipal waste
collection is not accepted within the definition’s scope, as it does not concern flows
opposite to the traditional supply chain direction. On the other hand, “upstream flow”

substitutes the producer destination of returned goods stated in some other definitions.

“The logistics of return flows, called reverse logistics, aims at executing product recovery

cfficiently” (Hillegersberg, Zuidwijk, Nunen & Eijk 2001; 74). When the authors stress the
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meaning of return flows they only admit end of life (EOL) products either for customer use,
or for obsolescence in the forward supply chain. Apart from the activitics included by
Thierry er af. (1995) within the PRM, Hillegersberg er al. (2001), unlike them, admit also
energy recovered by incineration in the definition. The list of products susceptibic of

returning is in this case more restricted.

A research report by Kivinen (2002) brings yet another perspective. He writes that different
service providers must have different types of reverse logistics concepts. For instance, some
companics may speak only about the recycling of goods, which may actually include
sophisticated features of reverse logistics. His piece of advice is therefore to define clearly,
between the parties involved, how reverse logistics will be understood in their relationships,

as different persons will most probably have different views about reverse Jogistics.

To conclude this review, one more definition from the reverse logistics Executive
Council'’: “Reverse logistics is the process of moving goods from their typical final
destination to another point, for the purpose of capturing value otherwise unavailable, or for

the proper disposal of the products™.

Next section summarizes the main confusing terms detected from the review of literature.

2,1.3. SOME CONFUSING TERMS

The confusion detected in the definitions may be mainly due to some words that may have
a close meaning in certain contexts or double meanings of the words. In an attempt to
create a less arguabie definition for this work, we must also discuss the following in more

detail:

e what does “backwards” direction mean,

Y hupsdwww.uar.edudcobadlogisipaget. itml
gIs/pay
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e arcreverse flows equivalent to flows of returns,
e arc recovery and reverse synonyms,
e what is the difference between green and reverse logistics, and

» what position do disposition, recall and recycling have?

2.1.3.1. BACKWARDS DIRECTION

In accordance to the previous section, it is quite clear that no unanimity exists regarding the
direction products must take in reverse logistics, once they abandon the forward supply
chain, which may happen at any point/time within it. Some authors {Carter & Ellram 1998;
Dowlatshahi 2000; Ritchie et ol 2000; Guide, Jayaraman & Linton 2003) call a flow
“reverse” whenever the direction of flow is exactly the opposite (solid black straight arrows
in original channel in Figure 2) to the forward one used by the product in its trip to the final
destination. That means the product comes back through the same channel, sent by a
downstrcam supply chain partner (e.g. from retailer to distributor, from distributor to

manufacturer, from consumer to retailer or to manufacturer, cte.).

Other authors, however, admit the deviation of these returned products towards different
channels (solid black curved arrows in Figurc 2) as susceptible of being also considered as
reverse logistics (Thierry er of. 1995; Fleischmann 2000; Reverse Logistics Executive
Council). Recycling activities provide with a myriad of cases that are within this second
broader sense "reverse”, given that, on the one hand, recyclers interested in materials may
be different from the original manufacturers (about all in secondary recycling, explained
later). On the other hand, original manufacturers may not dispose of the specific equipment

required for recycling.

This facet of the definition of Reverse Logistics, still unclear (as it was shown in the
previous literature review), has straightforward conscquences on the conclusions drawn
from the research contain in those publications (conclusions about sectors of activity,

management, vertical integration, ctc.).
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2.1.3.2. LOGISTICS OF THE RETURNS VERSUS LOGISTICS OF REVERSE
FLOWS

Reverse logistics may refer to flows in reverse, that is, flows of goods that go in strictly
backwards direction through the channel (solid black straight arrows in original channel in
Figure 2). However, another more ample perspective was found in the literature
(Fleischman, Krikke, Dekker & Flapper 2000; Stavros, Costas & Theodore 2003), which
refers to the management of returns not only in backwards dircction but also, in forward
direction once returned products have been transformed (repaired, remanufactured, ete.)
and again come back to the markets (dotted green arrows in Figure 2). In this second sense,
all operations where products, once having been returned, are involved are also considered

within the reverse logistics scope.

Both perspectives coincide in considering Reverse Logistics flows those that are sent
backwards along the supply chain (for instance, from end consumers to manufacturers).
However, there i1s an obvious disagreement with regard to accept as Reverse Logistics
activities those performed in order to send to the markets returned products already trans-

formed.

2.1.3.3. RECOVERY VERSUS REVERSE

Polemic is also caused by the terms “recovery™ and “reverse”. Etymologically speaking, the
concepts of recovery and reverse are not equivalents. According to the dictionary, the term
recovery has its roots in the Latin term “recuperare” which means, “to take”. However, the
term reverse 1s the past participle of the Latin term “reversus™ which means, “to turn back”.
From the previous meanings, it may be casily inferred that the signification of the term
recovery is noticeably more ample than the onc inferred from the term reverse. It could
summarily be tustrated by stating that not all that is “'taken” has to or needs to be “turn

back”.
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In spite of their different meanings, both scem to be, in certain pieces of work, considered
synonyms {(as it also happens with a third term: “return™). As an example of the
interchangeability of these terms in practicat use, let us recalt the definition given by the
European Working Group on Reverse Logistics {Revlog) about reverse logistics. According
1o Revlog"”, “Reverse logistic stands, in a broadest sense, for all operations related to the
reuse of products and materials. The management of these operations can be referred to as
Product Recovery Management.” Using Reverse Logistics Management instead, the

misunderstandings intraduced with the term Recovery could have been avoided.

An attentive and detatled reading brings a more global scope to the term “recovery”. Within
recovery sense, a greater number of activities may be included than under the definition of

reverse logistics.

2.1.3.4. GREEN LOGISTICS VERSUS REVERSE LOGISTICS

Although these two terms have already been mentioned, it is worth to devote to them a

special thought.

The increasing number of laws being passed mainly in the last decade with regard to the
environment protection has been remarkable. Both the sheer number, but also the laws
becoming more stringent and demanding, may well have had a considerable influence for
the terms “green logistics” and “reverse logistics” being likened perhaps without a sound
basis. The fact that environmental management is drawing growing attention among
researchers and practitioners (not only from supply chain management field), is something
that can easily be verified. In this vein, Handficld & Nichols (1999) undetline the seminal
role that the “green™ issues will play in the future of this field. On the other hand, the

survey carricd out by Murphy, Poist & Braunschweig (1994) showed how 60% of the

managers interviewed considered environmental issucs to be very important in the business

2 hups/iwww. fbk.cur.nl/OZ/REVLOG/!
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of their companies. These examples serve to demonstrate the increasing weight of green

issues nowadays.

However, van Hoek (1999) contributes with his article to avoid mixing up reverse logistics

1Y

with green logistics. The term “green logistics” is coined to refer to those practices within
the supply chain that aim at reducing sources of waste and resources of consumption. They
are not necessarily specific of reverse logistics processes. For instance, disassembly is an
operation closely refated to reverse logistics; it is critical before deciding, in many cases,
what to do afterwards with the product {repair, remanufacture or recycle it). However, it
will be only finked to Green Logistics in the design process if the disassembly operations
are carefully thought for not going through destructive aperations, which implied at least a

lost of added value if not also materials. Furthermore, some forward logistics processes

from original manufacturer to original customer could be also "green™.

2.1.3.5. RECYCLING

Next, the focus is on just one of the options that have widely been accepted to lie within the
scope of Recovery options, the recycling. In the paper by Lave & Hendrickson (1999) the
lack of an agreement in U.S.A. when it comes to decide what constitutes the so called
Recycling of Municipal Solid Waste (MSW), or which part of the post-consumer waste has
to be included in it, is highlighted. The agreement has not been reached in spite of the

efforts carried out by the Environmental Protection Agency (EPA).

As alrcady pointed out in the introduction of the Definition section, the use of the term
ik, M [T > . . M . . -
recycling” may be a source of misunderstandings. The most commenly accepted meaning
15 that rceycling implies the fact of recovering materials, which take part in the composition
of the recyclable product. Recycling therefore involves the higher degree of disassembiy of
the item. However, it is not unusual to come across a more general use of the term that
implies any activity in the backwards process or any reusing option (scc Pohlen & Farris 11

1992; Guide er al. 1997; Azzone & Noci 1998 as some examples). The European
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Commission, in preparing its proposal for the 6" Environmental Action Programme, is
already conscious and is faced with the same problem: “We also want to develop a better
definition ~feedstock is considered recycling in some member states but as energy recovery
in others-: a classification is needed” (Villalba, Scgarra, Ferndndez, Chimenos & Espicll
2002).

Reeycling has been the target of quite a few acts, the EU Directive on Packaging and
Packaging Waste 94/62/EEC being perhaps the one with broadest impact. The Directive
addresses the need to conform to the EU waste management hicrarchy, i.c. to minimise the
generation of waste and to increase reuse, recovery, and recycling of waste (although no
consensus exists either in how to measure this reeyclability). The Directive sets recycling

and recovery targets®”, which must be achicved by specific deadlines.

It must be said that when the Directive refers to recycling, two different kind of recycling
meanings (not always familiar in common usc) have been used. These are primary
recycling” and secondary recycling®, But the Act also mentions the term of “recovered” in
the first target. In this context, recovery means “any of the applicable operations provided
for in Annex 11 B of Dircctive 75/442/EEC” and the recovery options listed in this Annex
arc: “use as fuel, recycling, recovery of components (used for poilution abatement or from
catalysts), and land treatment”. This perspective of the recovery options is much more

restrictive than the one used by scholars and practitioners, as already discussed in Section
3.1.1.3.

Y 1n the implementation of the Directive, two of the three objectives are stated as;

s “not later than 3 years from the date by which this Directive must be implemented in national law,
between 30% as a minimum and 63% as a maximum by weight of the packaging waste will be
recovered.

e within this general rarget and with the same time limit, between 25% and 45% (by weight} of the
tetal amount of packaging materials contained in packaging waste will be recycled, with a minimum
of 13% by weight for each packaging material. ”

" Primary recycling means that the constituent material of a product can be transformed into a product on the
same value-level as in the first cycle of its usage (e.g. the glass recovered from glass bottles may be used to
produce glass bottles again; recycled gold value does not deercase along with recycling times).

" In secondary recycling, recovered materials are used for lower-value applications (c.g. polyurethane foam
material from car seats can be transtonned into carpets under-layers),
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The concept of recycling usually is, on the other hand, timely linked with the final s1age of
the product lite cycle, 1.e. when the final consumer discards the product. But recycling may
also take place at any other stage of the life of the product and that is the reason why the
term of “pre-consumer recycling” has been coined referring to the recycling that may
occurs during the manufacture of the product. In fact, the data, from Greenpeace confirms
not only the fact of residuals are produced at more points than the one corresponding to the
final consumer but also, the importance of the Figures and consequently the need for a
solution which according to their words should be to foster the recyceling. According 1o
these Figures, for each ton of waste gencrated at the end of the supply chain there are
another five tons created during the manufacturing process and another twenty in the

extraction point.

2.L3.6. DISPOSITION

Looking up the term “disposition” in the dictionary provides with two different meanings

that apply in the present context:

1. The act or means of getting rid of something. In this case, the word disposition is taken
as a synonym of the term disposal. Therefore, if the company should decide the
disposition of its products, it should determine the final destination for the items. The

two options within this kind of disposition will be incineration or landfill.

[

The state or the manner of being arranged (Meyer 1999; Krumwiede & Sheu 2002).
Words such as arrangement will be considered as equivalent. The alternatives for a
company included under this sccond meaning are more numerous ranging from
repairing, remanufacturing, refurbishing and recycling, to reselling or disposing of the

product (in the first sense).

The usc of the word “disposition™ may then scem a bit tricky if the context does not provide

further hints to distinguish between the two mentioned meanings. A company may
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“dispose™ a product in the second sense without, at the same time, “disposing of™ it in the
first meaning. This leads to definitions such as “at the simplest level, it [reverse logistics]
can be described as the disposition of returned goods™ (Tan & Kumar 2003), which
basically can lead to reverse logistics flows being no flows at all, The remark on the
utilization of this word does not intent to be critical with the users. Actually, the word has
been correctly used by all of them. However, given that the meaning may be quite ditfferent
depending of the context, it would be advisable to choose it only when the sense does not

drive to ambiguitics or misunderstandings.

2.1.3.7. RECALL

Recall 1s one of the motivations one product may be returned for in the supply chain

(although 1t 1s not an reverse logistics activity).

Recali 1s also a confusing term. Sometimes the word recall is used to refer the reverse
process of consumer goods, which could potentially endanger the customer, Efficient recail
strategy 1s, in this sense, concerned with minimising public risk, getting back as many
faulty products as possible and minimising cost and inconvenience for the customer and the
company (Smith, Thomas & Quelch 1997; Rogers & Tibben-Lembke 1999; Ritchie er al.
2000; Mutfatto & Payaro 2003). However, the term may be also found implying a more
general perspective; in this case, recall a product equals to repossess the product by the

manufacturer (Jayaraman ef al. 2003).

2.1.4. DISCUSSION

The fact of a product coming from the end of the traditional logistics chain, that is, from the
consumption point does not entitle it straightaway as an item belonging to the reverse flow
chain. Not all products provided by the consumer take part of the backwards channel. One

cxample could be the following: one consumer does not longer require a product, and
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consequently he decides to put in motion a process of sale by his own by means of ¢-
commerce (e-commerce makes nowadays, at least theoretically, this possibility be
accessible to anyone). Another consumer acquires the item. This operation has had no
backwards direction at al}; therefore, in our view, there is no sound reason to call it reverse

logistics.

On the othier hand, it is nor absolutely required to be part of the reverse logistics chain that a
product, which is taken the backwards direction in the channel, has been initially sent
backwards by the consumer. Different participants involved in the chain might, at any

moment, send back the products.

A third characteristic is that reverse logistics products do not have to be “used” neither
must to have reached their end of their usable life (EOL). A defective product soid to a
consumer or even detected at the retailer store before being sold may be sent back to the
manufacturer to be repaired, without having been used and consequently, with the faintest
possibility of having cxhausted its life cycle. For instance, a product damaged in transit
from the manufacturer warehouse to a distribution centre does not satisfy cither of the two

conditions (being used or an EOL product).

Within the reverse logistics lexicon, the most important words begin, according to Giuntini
& Andel (1995b) with “R”. One of this "R™ stands for Re-engineering (the rest are
Recognition, Recovery, Review, Renewal and Removal). Re-engineer the reverse stream
implies, for these authors, to reduce (one more R) the amount of material, which will end
up as waste. And, indeed (as stated in the introduction), onc of the perhaps most powerful
drivers for the implementation of reverse logistics practices has been the problem generated
from waste; waste is nowadays an important problem in many countries duc to the
increasing volumes and the lack of landfilis where to dispose of it (Fernandez 2003c).
However, reverse logistics activities are not dircctly concerned with reducing waste or/and
reducing the need for raw material (as green logistics may be), although these reductions

may be side effects of adopting them.
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2.1.5. CONCEPT PROPOSAL

Given the previous disparate views of the reverse logistics definition, this author feels that
the time to reach a unanimous agreement on the scope of this discipline has come. Up to
now, and although some rescarchers noticed it before and did some comments in passing,
no article has been strictly devoted to try to clarify the concept neither to draw the attention

of the rest of the community working on the subject of reverse logistics.

As stated by Fleischmann, Bloemhof-Ruwaard, Dekker, van der Laan, van Nunnen & van
Wassenhove (1997), products may return 1o its original producer or may be diverted
towards a third party. In fact, it seems to be verified that it is common practice to carry out
remanufacturing activities in-house whereas recycling is more often being performed by

specialized companies (Thierry 1997).

Figure 3 shows, indicated by arrows all the possible movements a return product may
follow. The dotted arrows (in the original channel) represent the traditional forward
logistics flows used by new products. The dotted arrows (outside the original channct)
stand for several ways the returned items may take, once the required operations have been

performed on them.
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Figure 3. Different issucs for returns.

There 1s no polemic approach in considering the solid straight arrows as reverse logistics,
All of them represent backwards flows within the original channel through which the
product was originally sent to_the market. The conflict appears when looking at cither the
curved arrows (i.c. when other channels are involved) or the dotted arrows (representing
returns already reprocessed in most of the cases, disposed of or deviated to another

markets).

If we think, for instance, on the retailer from the original chain and we think that a product
has been sent back to this retailer from his customer with the package intact (because the
customer did not open it), and the retaiter decides to sell it to another retailer, who may be
able to sell the product to another customer or market, the prime retailer could be seen as a
wholesaler regarding the sccond retailer, and the idea from here on still is about the {orward

chain. Nothing goes back from the retailer on in this flow case,
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A similar case is pesed when coping with buy-outs. Buy-outs, according to Rogers &
Tibben-Lembke (1999), happen in logistics sense, when one manufacturer purchases a
retailer’s entire supply of a competitor’s goods. If a manufacturer from another channel
buys from the retailer this kind of stocks, again the retailer could be seen as another
middleman in the channel. Hems from the shelves of retailer’s facilities go to another
destination {manufacturer in licu of customer). Unlike the previous case, there is a
movement, which could be seen as backwards 1f the partners in chain are thought in the
order manufacturcr-distributor-retailer, but not within the same channel neither with

materials or added-value recovery aims (plain competition driver).

Something different happens when this manufacturer happens to be a recycler. The recycler
needs the return of the product in order to get access to its constituent parts and materials.
Recyclables may have their origin in househoid waste (final customers who discard
products for one reason or another), retailers, distributors or the very original manufacturer.
The recycling was not the original destination for the product, which was aimed at reaching
the market where the final customers would use it. In this case, there is indced an intention

of recovering materials.

On the previously discussed basis, reverse logistics is proposed to be defined as:

The management of any tvpe of items (used or not, finished products or just components,
parts or materials), which, for different reasons, are sent by one member of the supply
chain to any other previous member of the same chain. In addition, flows raking place out
of the original chain, whose origin is located in the original supply chain, are also included
provided they are consequence of activities of repairing or recovering added value or

material.
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2.1.6. CONCLUSIONS

A comprehensive review of the literature from the last decade drove to appreciate the lack
of a not widespread accepted concept of reverse logistics. The sample of definitions
collected here do not, in general terms, contradict themselves. In fact, allt of them refer to
the same process, although, from them, one seems not to be able to draw strict conclusions
cither to the products that may take part in the reverse logistics flows nor their ultimate
destinations. After analysing the different definitions and applications (type of work not
found hitherto in the literature reviewed), some blurred terms, ilf defined and cven, in a few
cases contradictory, visions were detected. An attempt of disclosing the sources of possible
misunderstandings was followed, as final contribution, by a proposal of a concept, kept at

the same time, concise but comprehensive,

In what scems to be no conflict at all is the acceptance that, in a market situation like the
one¢ the companies have to face nowadays in which issues such as product quality,
competitive price, customer service, and fulfilment of due times arc, among others, factors
already internalised by the majority of companies, the reverse logistics is set up as the last
diffcrential element, the competitive advantage, the key question with which to go further

in cfficiency and as possibly the last frontier to achieve the goal of reducing costs.

2.2. REVERSE LOGISTICS DIMENSIONS

2.2.1. TRIGGERS IN REVERSE LOGISTICS IMPLEMENTATIONS

The development of recoverable manufacturing systems has been driven by one or more of
the reasons (Guide, Jayaraman, Srivastava & Benton 2000; Tan & Kumar 2003; Tan, Yu &

Kumar 2003) cxplained briefty in the following.

Legisiative mandates: In the last decades a great number of acts have been passed

rcgulating the amount of products to be put to landfill and stimulating different levels of
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reuse. The path to full harmonizing and conscnsus among countries regarding the terms has
not been effortless, as Cairneross (1992) points out. However, several European countrics
have already dictated and passed laws making (and even prohibiting in certain cases) the
dumping of industrial residuals and scrap more difficult. These laws also substantially
increase the costs derived from their disposition and appoint the manufacturer as the final
responsible for us products. In Europe, some examples can be mentioned. In Germany, a
stringent policy addresses nowadays the packaging material. Furthermore, in The
Netherlands white and brown goods are regulated (Fleischimann, Beullens, Bloemhof &
Wassenhove 2001). Other examples may be found in the rest of the world: automobile
sector 1s regulated in Taiwan, as the electronic equipment and durable goods sector is in
Japan (Inoue 1994). USA, Canada, Korea are countrics where government action has also

been notable.

Among the different policy tools considered by public institutions, the following options
can be found: voluntary agreements or covenants with industry to achieve waste targets,
deposit refund schemes, product disposal charges, end-of-life take-back requirements, eco-

labelling, ete. (Gertsakis, Morelli & Ryan 1998).

The reaction of corporations to these legislative requirements has not been uniform. For
example, the car industry seems to have taken, at least in principle and with some notable
exceptions like BMW for instance, a defensive stance. This attitude consists of observing
the passcd laws, above all those dispositions characterized by increasing in the least their

costs.

Growing environmental concerns both among the consumers and the businesses.
“Environmentalism has been characterized as the most significant force shaping the
economy, as well as the most important issue facing business during the 1990s” (Murphy er
al. 1994: 90). On the one hand, to achicve a “green image” may produce important profits
and good market share, since some customers will see satisfied their exigencies in this fieid.

The implication of some member of the supply chain in environmental initiatives spur and
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drag other member too. One example of it is the increasing number of companies that
adhere to international certification standards such as 1SO 14001, and EMAS (Eco-
Management and Audit Scheme); see, for example, Melynk, Stroufe, Montabon, Catantone,

Tumala & Hinds (1999) or da Cuna & Giacomucci (2002).

Environmentalism and logistics are closely related and influence each another.
Environmental 1ssues are a factor to be considered nowadays when adopting logistics
decisions of diffcrent kinds, e.g. facility location, sourcing of materials, transport means,
cte. (Wu & Dunn 1995). One of the impacts of the environmentalism on logistics
management is to broaden the scope of logistics from the perspective of forward distri-
bution to reverse distribution; return goods handling emerges as one of the three most
impacted logistical functions (Murphy et al. 1994). At the same time, logisticians “are best
able to influence and/or manage environmental issues dealing with pollution, the

conservation of resources and congestion” (Murphy & Poist 2003).

Profitability. Even if responsibility faced by manufacturing firms for complying with
product take-back policies forced them to assume certain kind of costs i.c. disposal costs
(Klausner & Hendrickson 2000), profits may also be derived (Ayres, Ferrer & Van

Leynseele 1997) from scveral sources, such as:

= A smaller amount of new materials required for production, as not only materials but
also added value have been recovered. The cost of purchased parts and components is
a very large fraction of direct manufacturing costs (Ayres ef al. 1997: 5337); returns
may represent a cheaper source of items.

»  Reduction in landfill and disposal costs (another cost element that has been increasing
very rapidly, partly becausc scarcity of landfill sites and partly because the increase in
costs of those landfills still in opcration),

e  Better market share as a consequence of a better environmental image,

. Reduction in pollution taxes as gaseous and solid pollutants are reduced,

o Reduction in the energy consumption {(as 1t 1s shown in the following table).
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Table 2. Comparison of eneray consumption {Falicnneyer 1972).
ay i y

Steel Aluminium Cooper

Encrgy required in pounds of coal
to produce one pound of material
* from virgin ore 1,11 6,09 1,08
* from recycled materials 0,22 0,17-0,26 0,11
Percent reduction in energy

) ) ] 80 96-97 04
requirements with recycling

The data offered by Lund (1998) with regard to the 73.000 companies in remanufacturing

businesses only in United States gives an idea of the economical importance of this activity.

Marker forces. Reverse logistics can be used to free customers from obsolete or slow
moving inventories so that they can buy newer goods with a capital otherwise captive
{Andel 1997). It benefits also the supplier who is able to, firstly, give rotation to new
launches and, secondly, get information about market trends and react accordingly. On the
other hand, order cycle times have dramatically declined (Montgomery, Manrodt &
Holcomb 2002); Reverse logistics may also contribute to deal with this new requirement of

the market.

Shortening product life cyeles. Apart from the globalisation and fierce competition, one
feature that characterizes actual markets is the shrinkage in product life cycles. Computer
industry stands for a good example of it. Markets mature quicker than they used to
(Christopher 1997) and new designs are brought on to them at an ever-faster pace (Tan ef
al, 2003). The price for consumers enjoying a greater varicty and choice of products as well
as improved performance is the increased amount of unsold products, returns, packaging

materials, and more waste (van Hoek 1999).

Therefore, shorter product life cycles have increased both the volume to be dealt with by

reverse logistics networks and, also, the cost of managing them (Giuntini & Andel 19953a).
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Extension of logistics services gamut. O’Sullivan (1997) surveyed 300 multinational
companies operating in Europe about their expectations in logistics. According to the
survey, the most important factor influencing development in European logistics is the
demand by customers for improved levels of customer service. Customer service, when
utilised cffectively, is a qualifier for competitive survival (Cohen, Heng & Agrawal 1997)
and a key factor in creating demand and retaining customer loyalty (Kyj & Kyj 1994).
Companics, awarc of it, strive for keeping their actual customers faithful to them and for
attracting new ones. According to Sum & Teo (1999), logistics management is strongly
focusing on customers. A strategy adopted in some organizations consists of diffcrentiating
their products or services from their competitors. The offering of new logistics services,
such as return allowances, is a factor some segments of customers will react to in a positive

way.

New divect channels of distribution. New channels render different and more agile modes
of acquiring products from markets (Tan et al. 2003). However, direct channels (like e-
commerce) add pressure on the reverse togistics activities (Autry, Daugherty & Richey
2000) as they increase the likelihood of returned produets, as a result of damages in transit,

abuscs from customers, ete.

New source of information. Although from the review of the literature, this driver does not
scem to be important enough to persuade a company to be involved in the reverse logistics
activities, it 1s indeed a side effect that should not be ignored. Doubtless, a first hand
information about a product that is not being sold as cxpected, permits the company to

quickly react to this fact and increase its activitics to the market.

Finally, a last driver could be added, perhaps of not casy quantification in monetary terms
but, not for that less impertant; the absolute self-satisfaction of knowing that, independently
of external pressures or conditionings but by own decision, the activity undertaken by the
company 15 contributing to maintain the state of the environment or even to improve it. The
fact of being able to reduce water consumption in steel industry, 10 restraint the emission of

air-pollutant residuals in a chemical industry, or to streamiine the vse of raw materials in a
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paper industry, are reasons with enough importance so as to consciously orientate processes
to recovery. As an example let us have a look to the following picce of information: a ton
of paper from recycled pulp saves at least 14 trees, three cubic feet of landfill space and
7.000 gallons of water. Fibres can be reused 4 or 5 times before it is no longer suitabie for

paper manufacture. (Anonymous 2000)

This, let us calt it, satisfaction is the same as the one some authors (Elkington 1994,
Dowiatshahi 2000} astribute to those final consumers who will be willing to pay a bigger
price for the products, if they knew for sure that by doing so, both the society and the
environment would benefit. This kind of altrwistic behaviour found in final consumers has
not yet been reinforced empirically to exist in companies. Participants in a survey carried
out by Knemeyer, Ponzurick & Logar (2002) argue that the environmensal benefits did not

represent enough appeal to use recycled or refurbished products in their companics.

A corporation that manages to satisfy the legal requirements, at the same time favouring the
enviromment, succeeding morcover in positively mecting the expectations and demands of
115 customers, and being finally able to get improved results as a consequence of its actions,

1s definitely running a win-win-win strategy (Maslennikova & Foley 2000).

2.2.2. TYPES OF ITEMS TAKING PART OF RETURN FLOWS

The items that may be object of taking part in the material flows of the reverse logistics

process are:

- Scrap: residues left from production processing,
- By-products: products obtained during the manufacture of the principal product.
- Waste: surpluses from the inefficient use of production machinery, carelessness and

poor purchasing.

- Obsolete products or equipment,
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Damaged stocks or equipment: sent backwards whether in exchange cores contract
terms (organization sends rebuilt unit and customer sends broken unit), or for repairs
and/or remanufacturing, for inspection and/or recalibration (i.e. safety regulatory
mandated calendar time requirement) or for product upgrades (Lamar & Dobler 1995),
Return goods for credit.

Return goods due to conunercial agreements (supplier/retaiier or retailer/customer i.c.
warranty returns).

Short-term rental returns.

Long-term lease returns.

Reusable containers (Kroon & Vrijens 1995),

Take-backs (thc best known relating to packaging materials (see an example in
Bloemhof-Ruwaard, van Nunen, Vroom. & van der Linden 2001)).

Recalls: a preduction error, a design failure or even a case of deliberate sabotage may
cause the need to isolate and return all units of a given production lot to ensure the
safety of the consumer (Giuntini & Andel 1993a).

End-of-use returns': denote flows of goods that are disposcd of after their use has been

completed. They typically originate from customers (Fleischman 2000: 20).

Table 3 summarizes some industries were reverse logistics studics have been already

carricd out.

* End-of-life in some textg, although they are not exactly equivalent terms.
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Table 3. Industries focused by reverse logistics literature.
Ashayeri, J., R, Heuts & AL Jansen (1999)
Knemeyer A., T, Ponzurick & C. Logar (2002)
Personal Krikke H., A. Harten, P. Schuur (1999)
computers Fleischmann, M., J. van Nunen, J. & B. Gritve (2002)
Tan, A, W. Yu & AL Kumar (2003)
White, Ch., E. Masanet, Ch, Rosen & S. Beckman (2003)
Vehicles Belimann, K. & A. Kohre (2000

Purohit, D. (1992)

Packaging &

Bloemhel-R., J.. J. van Numen, J. Vroom & A, van der Linden (2001)

Del Castilio & Cochran (1996)

Duhaime, R., D. Riopel & A. Langevin (2000)

containers

Giuntini, R & T. Andel (1994)

Kroon L. & G. Vrijens (1995)

Ammons 1., M. Realff & D. Newton (1997)
Carpet

Louwers, D, B. Kip, E. Peters, F. Souren & S. Flapper (1999}

Power tooi

Klausner, M. & C. Hendrickson {2000)

de Ron, Ad. & K. Pency (1993)

Electronic -

Fleischmann, M.; Beuliens, P_; Bloemhof, J.; Wassenhove, L. (2001)
cquipment

Masiennikova, L. & D. Foley (2000)
Domestic _

Krikke H., J. Bloemhof-R, & L. Wassenhove (2003)
appliances

Madu, Ch., Chi. Kuei & 1. Madu {2002)
Paper

Ficischmann, M.; Beuilens, P.; Bloembhof, J.; Wassenhove, L. (2001)
Plasue Pohlen, T. & M. Farris (1992)

Medical equipment

Ritchie L., Burnes B., Whittle P, Hey R, (2000}

Rudi, N. (2000)

Batteries

Stavros E., P, Costas & G. Theodore (2003)
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2.2.3, RETURN FLOW OPTIONS THAT REQUIRE AND JUSTIFY THE
EXISTENCE OF REVERSE LOGISTICS

The options why a product may enter the reverse logistics channel can be categorized in
three main different groups: 1) those, which extend the product life span, ii) those, which

allow an enlargement of the material life cycle and iii) other options.

1) Options that span product life

a. Direct reuse: apart from some cleaning or minor maintenance, neither materials, nor
parts are replaced. The product is put into available usable stock “as is™. This option
may fit unsold scasonal clothes re-sent to secondary markets. It is also applied to
returnable containers, crates or refillabic bottles used, for instant, in dairy sector and/or
in soft drinks.

b. Resale or transfer the ownership (Giuntini & Andel 1995b). This option can be included
also in the second category (material life-cycle extension).

c. Repair: it implies to restore failed products to “working order”™, though possibly with a
loss of quality.

d. Refurbishing: Although Thicrry et af. (1995) consider this option with enough entity to
deserve a special denomination, some authors include it within the following onc of
remanufacturing (Guide, Kraus & Srivastava 1997). The option of refurbishing implies
more disassembly than repairing. Its purposc is to bring used products up to specified
quality and, eventually, technologically upgrading them, by replacing outdated
modules. A five-year old computer may gain in processing speed or in memory just

installing a new module in its configuration.

L]

Remanufacturing: “industrial process in which worn-out products are restored to like-
new condition. Through a series of industrial processes in a factory environment, a
discarded product? is disassembled completely. Usable parts are cleaned, refurbished

and put into inventory. Then the new product is reassembled from the old and, where

" Although Lund {1983) scems to focusB only on discarded products, Guide et al. (1997} contend hat a
preduct does not have to be discarded in order to be considered for remanufacturing.
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neeessary, new parts to product a unit fully equivalent, sometimes superior, in
performance and expected lifetime to the original new product” (Lund 1983: 19).

Upgrading: products undergo some operations aiming at giving them not only eriginal
functionality but also new features. Sometimes in the literature, this option is inctuded

11 refurbishing and remanufacturing option.

11) Options that extend material life cycle

a.

Cannibalisation: it implies to selectively disassembly and recover, from used products
or components, a limited sct of reusable parts, which may be reused in repairing,
refurbishing, or remanufacturing of other products and components (see Rudi, Pyke &
Sporsheim 2000 for an example). The result may be the achievement of some savings
stemmed from the fact that the company docs not need to buy or produce these parts
although other costs are playing in (fabour cost of the selective disassembly, storage of
the remaining unwanted parts, the disposal of those, etc).

Recycling denotes material recovery without conserving any product structures
(Ficischiman 2000). It may be primary or sccondary recycling®®. From an environmental
perspective, recycling is always a preferable solution when compared to the disposal
options (Jahre 1995: 39). However, recycling may be capital intensive for certain goods
{(1.c. some voluminous durable asscmbly products) (Krikke, Harten & Schuur 1998);
consequently and from an cconomical standpoint, recyclables should be able to compete

with primary materials both in pricc and in quality (Belimann &Khare 2000).

ii1) Other options

.

b.

When any of the previously listed options is cligible, only one remaining option is left:

disposition. Disposition usually implics one of the following forms:;

Incineration {(sometimes referred as “cnergy re-use™),

(Open or protected) landfill disposal.

Y See Section 2.1.4.5, for definisions.
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In many situations an old product can be reused in different ways, cach yiclding different
costs and profits: upgrading, pure restoring, disassembly and reuse major modules, and so
on. These options are mutuatly exclusive and differ with respect to the costs incurred
during the reprocessing and the revenues generated by each option. The selection of these
options is one of the main Operations Management problems associated with recovery

1ssues (Inderturth, Kok & Flapper 2001: 131).
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Figure 4. Adaptation from Thicrry ef «/.(1995) made by Rudi er al. (2000).

A CLOSER LOOK TO REPAIR ACTIVITY

The concept of repair is not new in the same meaning as reverse logistics or remanu-
facturing concepts may be considered "recent". The repairing activity has traditionally
played a role and has very frequently been assigned to the customer service department,
where consumers with, warranted or not but, defective products ofien would return them to
their suppliers (Mcade & Sarkis 2002). However, the new drivers in the market, alrcady

discussed, have led the companies to contemplate the reverse logistic and repair services as
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an option to additionally comply with legislation and maintain full control on the product in

a tough competitive environment (Blumberg 1999).

Repair 1s included within the post-transaction heading of the customer service
categornization referred by Christopher (1998). The aim of repairing a product is to return it
to uscable condition, although the fact of giving it back a “working order” status does not
mean giving it back the quality it had when it was new (Thierry er al. 1995). Repair of
specific failures is instead one of the possibilities of extending product life (Shu & Flowers
1995). Repair, then, should not be mixed up with remanufacturing since products in
remanufacturing scenario are totally disassembled and all parts are returned to like-new
condition (Guide 2000). Unlike remanufacturing or recyeling, the fevel of product
dismantling that is required for carrying out the repair tasks is usually minimized to the
broken/faulty part that needs to be replaced. The remaining parts of the product are as far as
possible kept untouched (although, in last instance, the final degree of disassembly will
strongly depend on the type of the failure detected). In general terms, if recovery may be
executed at four levels (product, module, part and material), repair implies recovery at the

product level (Thierry er al. 1993).

When talking about the activity of repairing, different actors may be involved. When the
term repair is used, one usually tends to think of a business-to-consumer scenario. In this
scenario, customer may send back products, during or beyond of warranty period, to be
repaired, whenever the performance of the product is not within the tolerances promised or
expected by the standard or when a defect or breakdown prevent from the normal use.
However, final consumer 1s not always the one who return back products to previous
participants in the forward logistics chain. A retailer or a distributor may also face the need
of having some products repaired if these do not satisfy the proper conditions to be sold in

the market.

This activity is doubtless the onc among the spectrum of recovery options that has a more

direct effect on customer perception of the service quality of the company. The level of
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reverse logistics impiementation may therefore play a seminal role in improving that per-
ception. Whether a product is recycled or remanufactured, disposed of in landfills or burnt
up for energy, the customer loses track of it because, in those cases, he is not expecting to
baving it back, at least not the very same unit. 1t is not a matter of having to wait. The
customer has got rid of the product and no further worries remain for her, whereas as far as
repairable items are concerned, the customer will expect to have another item (with the
same characteristics, which will replace immediately the repairable one), or to have the
product repaired and in condition of “as new”. The speed in taking the (replace or repair)
decision and the time in which this decision is translated into action are two key variables
that define the perceived service offered by the company to its customers. The urgency of
returning the product to normal operation is bigger in maintenance/repairing than in other
activities such as remanufacturing (Shu & Flowers 1995)-. That is why Dowlatshahi (2000)
considers the activity of repair as onc of the aspects, within the strategic factors in reverse
logistics systems where to capitalize in customer service. Furthermore, Hillegersberg er al.
(2001) points out the trend of growing perception of physical products as part of scrvice
package, in which repair and maintcnance contracts may be included among others.
Companies, deeply aware of the long-term benefits gencrated by the loyalty of their clients
to their brands, have shifted from a simple customer-service-oriented policy to a complete

customer satisfaction strategy (Mason, 2002).

As in other recovery options, a cost analysis should be accomplished in order to know

when:

1. Excessive repair requirements make the repairing not an option (and the disposal or

rceycling should be chosen instead), or

b~

If the product is valuable cnough, the refurbishing option is preferred because the resale
price witl further offset the cost incurred, or

3. The repairing option is the most advisable one.
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"Repairables inventory” systems are considerably more complicated than traditional
"consumables inventory” systems (Guide & Srivastava 1997). These kinds of systems have
drawn the attention of some authors. Panisset (1988) applics MRP I to a workshop
operated by the West Australian Government Railway. Moffat (1992) focuses on the repair
and maintenance systems within the Royal Air Force. Furthermore, Richter (1996) study
the EOQ model when both newly made products and repaired used products are utilized 1o
mect stationary market demand, and Diaz & Fu (1997) analyze the repairable inventory
model for the Caracas subway system. Guide & Srivastava (1997) make a review of the
literature, examining various models. Biumberg (1999), by means of a survey, analyses the
size and dimension of reverse logistics and repair service market and identify its future
trends. Finally, Donker and Van der Ploeg (2001) study the case of repairable service part
of telephone cxchanges. Despite the papers listed here, the number of publications
regarding the issue of repairing is remarkably smalier than when other return rcasons or
options arc taken into account despite the requirements ISO 9001 systems and other
criteria put on management of customer-owned products since the 1980s. De Brito et al.
(2002) attribute this fact to the difference mainiy in the contractual side. However, this may
be only a temporary situation. Progressive environmental demands and the ever more
demanding legistation are producing a remarkable change in attitudes. What before was
designed to be discarded and disposable, is now looked at as a potential, modular products
arc substituting more compactly-designed ones, repairing an used item is less hannful from

an environmental viewpoint than producing a new unit, etc.

The 1ventory of repairable items, as it usually happens with any other kind of inventory,
implies, if not managed carefully, the investment of handsome amount of money. Repair
service providers (OEM or others) face the problem of uncertainty, already mentioned.
Good customer service demands either a deployment of a very effective and efficient
logistics system so as to guarantee the ordering and delivering in time of the required parts,
or a good assortment of spare parts on their facility shelves, waiting for the presence of the
customer in their premises to know exactly what precise spare part is needed. The latter

condition may lcad to excess stocks of parts and components to guarantee the service, the
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more so if the {inal product traded is a complex one, in the sense of being assembled from a

big number of parts.

Of course, the nature of products may reduce slightly this uncertainty as a suitable design
may facilitate the forecast of the defective return flows. Thierry e al. (1995) conclude that
“clectronic components tend to follow a random failure pattern over time, whereas

mechanical components often tend to wear out with age”,

The uncertainty makes the decision making process regarding the number, size and
capacity of the repair centre locations difficult as well. These facilities, cquipped with
spectahized personnel, are devoted to handle repairable items in a centralised and quicker
manner, avoiding, on the other hand, these return flows to go further backwards in the

reverse logistics chain.

On the other hand, repairable items may present different states, such as the “serviceable”,
“unserviceable”, or “'in the process of repairing” stage (Tan & Kumar 2003), This multitude
increases the level of holding costs with more likelihood than if only one category would
exist. Furthermore, the need for an adequate information system that facilitates numbering,
tagging and tracking both items that belong to those three categories and the parts waiting
for others to be repaired in order to be again reassembled, poses an additional burden to the

system (Guide er al. 2000).

Fipally, addcd-value recovery is a common feature among the repair and remanufacturing
activitics when relatively high value assembled products are concerned. Repair is usually
choscn when high costs are involved, long-life goods where it is cheaper to repair the item
than to discard it and buy a ncw onc instead. (Guide & Srivastava 1997). Under these
circumstances, the repairing is usually taken care of by the OEM —or their authorized
representatives- since deep knowledge about the product is required (Fleischmann ef al.

2000).
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2.3. SOME UNIQUE CHARACTERISTICS THAT STEM FROM THE
BACKWARDS FLOW

Reverse logistics systcms cannot be considered as the reverse version of forward logistics
system (Fleischmann er al. 1997} even if some authors (Zikmund & Stanton 1971) have
suggested so in the past. Even though an common environment obviously connects both the
forward and reverse logistics disciplines (both are affected by strategic issues such as
stratcgic costs, overall quality, customer scrvice or by operational issues such as, supply,
transportation, warehousing, etc.) and some techniques may be to a certain extent,
translated from one to another with reasonably little effort in adaptation, the transiation is
far from being totat and straightforward. Several specific features of recovery environments
make it difficult to adopt traditional tools and techniques from conventional manufacturing
systems. Guide, Srivastava & Spencer (1997) point out, for instance, the difficulties in

applying traditional methods of manufacturing planning and control.

The following discussion of these factors is based on the study of Guide er al. (1997).

2.3.1. UNCERTAINTY

Uncertainty is related to when (time), how many (quantity), what kind (diversity) and in
which condition returns will take place (see also Koster, Vendel & de Brito 2001). Uniike
the traditional supply chain where supply is organized according to the manufacturing
process needs, supply in reverse context is in most of the cases random. The consequent
mismatch between supply and demand may easily result in excess in inventory of some
unwanted certain units (Veerakamolmal & Gupta 2000) coupled with shortages of some
required units, Demand from markets is nearly always subject to uncertainty, so this
statement applies to both new products and reprocessed ones. The difference lies in that the
company 1$ not able to refuse the excess of a certain component in inventory becausc this

excess Is irremediably united to the possibility of meeting another component demand, both
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components obtained simultaneously {rom the disassembly of a returned product. Finally,
the uncertainty about the condition of the returned product (known only after a proper
disassembly, inspection and testing) makes it extremely difficult to organize the operational

tasks to be performed, as the appropriate recovery option cannot be clucidated beforehand.

One useful tool for reducing, to a certain extent, the level of uncertainty is the Life Cycle
Analysis'” (LCA). The role of this concept has become prominent over the last two decades

in environmental decision-making. According to Fava (1991: 19.):

LCA is an objective process used 1o evaluare the environmental burdens associated with
a product, process or activity. This is accomplished by identifying and quantifying energy
and material usage and environmenial releases. The data are then used to assess the
impact of those energy and material releases on the environment, and to evaluate and
implement opportunities to achieve environmental improvements. The LCA includes the
entire lifecycle of the product, process or activity, encompassing: extracting and
processing of raw materials, manufacturing, transportation and distribution, use/re-

use/maintenance, recycling and final disposal.

The life cycle of a product (and its separate parts an components) is often long and very
complicated to define. It covers all the areas from the extraction of natural resources,
through their design, manufacture, assembly, marketing, distribution, sale and use to their
cventual disposal as waste. At the same time, it also involves many different actors such as
designers, industry, marketing people, retailers and consumers. Additionally, any life cycle
interrelates with many other life cycles (Gray, Bebbington & Walters 1993); therefore, an
LCA analysis needs a previous demarcation of its boundaries. Finally, LCA is affected by

subjectivity i the analysis as it is usually conditioned by the goals of the organization

iy " o . . . - .

¥ LCA also stands for Life Cycle Assessment. However quite other many names can be found in literature to
refer to it or with similar mecanings: cradle to grave analysisfassessment, eco-balance assessiment, resource
analysis, environmental impact assessment, cic,
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conducting 1™, One example of its application in repairing environment can be found in

Fortuin & Martin (1999: 931).

2.3.2. LAYOQUT OF THE REVERSE LOGISTICS NETWORK

An immediate consequence of the previous feature is the difficulty to decide on the reverse
logistics network. The layout of this network should be such that returns transport and
warchousing operations will be operated in an efficient manner and capable of capturing
the relationships among the various parties involved (Gungor & Gupta 1999; Philipp 2000).
Decisions have to be made regarding whether reverse logistics procedures should be carried
out in-house (that 1s, deploying the company’s own infrastructure) or if all these activities

should be outsourced to a third party logistics provider.

The decision about which of these two options to adopt belongs to the long-terim strategic
sphere and therefore, special care should be devoted to it. Two key aspects should be taken

into consideration regarding this decision (Dunn 1999):

= To what extent the reverse logistics activities arc important for the company from a
strategic standpoint, i.e. which option guarantees a strategic competitive advantage?
» Which of the two options best contributes to the company profitability and provides a

cost-cffective customer service?

* One example is the disposable dispers -related debate between Procter & Gamble and the Landbank
Consultancy, an independent organization which conducted, at it's own expense, a life-cycle analysis. The
Landbank Consuitancy used P&G's own data 1o arrive at startting different conclusions. Disposable diapers;
Produce 60 times more cnergy

Use three times more energy

Consume between 10 and 20 times more raw materials

Consume two times as much waler, even when cotton growing is factored in.

4o L b e

{Sce more details in atp:www.dy-dee.com)
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Another scenario to be studied is the convenience of integrating both of the logistics chaing
(forward and reverse) or keeping them separate; in the prior case, coordination of both
processes is critical to avoid capacity problems and excess of stocks {(Inderfuth & Teunter
2001). Besides, the network shouid be flexibie enough to give adequate answer to the many
possible exceptions, which may come up. Questions on how to perform the collection from
usuaily a great number of small volume supply points, where to locate the inspection
centre, how to organize subsequent operations scheduling depending on the product
destination chosen according to the condition of the return, or the internal routing and

handling, may arisc among others.

2.3.3. AMOUNT AND SCOPE OF THE ACTIVITIES PERFORMED

Intakes in the recovery of products involve a greater number of logistics activities to be

performed than for the traditional logistics. Some of these activities are:

- Collection, which includes all those operations necessary to pick up used products from
a certain point in the chain so that they can be shipped further to another point in the
chain (Fleischman ef «f. 2000: 657; Ficischman 2000: 44). In collection, not always the
consumer is the starting point. I this however is the case, different schemes may be
found ranging from bring schemes to kerbside collection, from co-collection to

segregated schemes™ (Jahre 1995).

- Transportation is one of the largest contributors to the total reverse logistics costs (30%-
50% according to Kopicki, Berg, Legg, Dasappa & Maggioni 1993). Problems derived

from orgamizing transportation of returns mainly affect to thosc companics that have

! Although the author of this thesis has also accomplished some studies in this field (Fernandez 2003c¢;
Fernindez, Gareia, Puente & Mitre 2003), because the focus of this thesis was Reverse Logistics practices in
manufacturing companics, the results from these previous pieces of work were not included in the present
docmuent.
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adopted in-house solution™. The complexity stems from different sources: first, the
variety of products to be handled of (including their packaging materials); sccondly, the
fact that the product may be sent back without the protective, standard size package
with which was scnt forward. Additional questions to take into consideration are
whether to combine product returns and forward flows or not, simultancous or separate
delivery and pick up, the trade-off between the optimal exploitation of the trucks and

carriers and the increase of complexity of the operations, and so on (Koster ef af. 2001).

- Storage: reverse logistics poses onc of the 21" century warechousing challenges
mentioned by Brockmann (1999:38). He states: “As the amount of reversed flow goods
entering the warchouse increases, the successful organization must develop cost-
efficient and cffective methods to control the increased labour associated with freight,

receiving, claim processing, credit notification and disposai™.

- Inspection, which 1s a set of operations whose aim is to assess the condition of the

returned product. The subsequent activity will be then sorting.

- Sorting: According to the results of the inspection, the products will be grouped in

different categories mainly defined by their next recovery destination.

- Disassembly. This i1s a distinct characteristic of the recovery environments. Most of the
recovery activities require a certain degree of disassembly (Johnson & Wang 1995).
After the products have gonc through the previous operations, the disassembly is the
activity that opens the possibility for other recovery activities to take place. Quisourcing
this activity from 3* party logistics operators usually poses a big challenge given the
lack of concrete specifications provided by the OEM about how to do it. The lack of
concern about designing for disassembly in the stages previous to the taunch to the

market make this task one of the most critical one of the recovery process. The causes

** Several 3PL providers (third-party logistics providers) were enquired about this subject. They assessed that
their business key was having flows to carry and not paying much attention to the kind of flows they carry,
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for this are the different levels of disassembly that may be required depending on what
15 wanted or what 1s the condition, the high qualification nceded in most cases 1o
execute this activity without damaging the architecture of the product, etc. The reason
behind the criticality of this tssue is that in most of the cases, only after fulfilling the
disassembly of a product, the decision about the next destination for it can be made. It is
for instance possible that the failure which provoked the product to be sent back for
being repaired, is so serious (whether technically or economically) that repairing is not

longer considered and remanufacturing or recycling are deemed instead.

Several 1ssues are posed when facing the disassembly decision. First of all, the Jocation
where the disassembly should take place is important. The decision of carrying out the
disassembly in the same facility to which the materials were first brought after
collection, in a central facility, at the original manufacturing sitc or in the third-party
provider’s premises has direct effect on transportation costs, storage, sorting, etc. in
short, on total reverse logistics costs. Closely linked with this, the second issue is the
decision to be made about coliaborating with other firms, cven with competitors, in
order to obtain economies for disassembly. Linked with this question lies how to
perform the disassembly, either at a single workstation (disassembly cell) or on a

disassembly line (Wiendhal, Lorenz & Biirkner 1998).

A third important question refers to the knowledge about if the profitability of the
operation. The operation of disassembly has traditionally been a labour-intensive task.
According to Johnson & Wang (1995), the answer is obtained after pondering the
mportance of the following three variables: the reclamation value, the savings of non-
disposal and the disassembly costs. When the sum of the first two is superior to the

dismantling costs, then the disassembly should be performed.

Additional questions focus on what to disassemble, what is the economical optimal
level of the disassembly planning process for material recovery or what are the most

efficient disassembly sequencing plans.
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Figure 5. Unique challenges posed by returned products.

2.3.4. VOLUMES OF THE FLOWS

Leaving aside the end of life items, which in the most optimistic scenario will imply fairly
the same amount of units within the forward and the backward chain, the remaining types
of backwards items represent logically a tiny portion of the ones shipped forward,
Manufacturing processes are designing to produce high quality units; otherwise the
company could any longer compete in the market. Defaults, failures, etc. may happen
because materials, equipment and labour are not infallible resources. However, companies
try to minimise these undesirable margins of crror or at least, to keep them within certain
acceptable tolerances. Therefore, when talking about reverse logistics volumes, it should be

kept 1n mind that they never reach the levels of traditional logistics.
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2000: 131),

Differences between traditional and recoverabie environment (Guide er al.

. ‘RECOVERABLE
JANUFACTURING . -
ENVIRONMENT.

“TRADITIONAL
ANUFACTURING
ENVIRONMENT:

Environmental focus

Seeks to prevent postproduction waste

Environmentally conscious design and
manufacturing, focus on pre-production

Logistics

Forward and reverse flows
Uncertainty in timing and quantity of
relurns

Supply-driven flows

Only fonvard flow

Demand-driven fows

Production planning
and controt

Need o balance demands with reterns

Stochastic routings and processing

NCS e
Manufacturing system has three major
components; disassembly,

remanufacturing, and reassembly

No such need

Manufacturing system has twe major
components: fabrication and assembly

Forecast both core availability and end-

Forecast only end producis

Forecasting ~ |-\—-=-¢ SRl NS A SRR e et R AT A EEEEEECEEERELE

Must forecast part requirements because . "

, . No parts foreeasting needed
material recovery rates are uncertain
Highly uncertain materiaf requirenients . . .
. Material requirenients deterministic

5 . due to variable recovery rates
Purchasing — Jroqrte e L e e s

Cores and parts and components,
replacement parts, components

Raw materials, new parts, and
components

Inventory conlrol and
managenent

Fypes: cores, remanufaclured parts,
new parts, new and remanufactured
substitute parts, original equipment

Must track and provide accounting for

all part types

Types: raw materials, work-in-process,
tinished goods

Must track and provide accounting for
work-in-process and finished poods

Another question is if all the items susceptible of entering the backwards chain actually do.

It scems that the answer is negative. The effect of environmental legisiation is to avoid the

deviation of thesc kinds of products but still volumes could be notably raised. Some of the

factors that affect the volumes of reverse flows are the contract clauses between the

manufacturer and the customer, the follow-up of life cycle stage of the products, the

cnvironmental legislation, the cultural factors that influcnce environmental awarencss

(Hofstede 1994), and technological change rate. (Ayres er al. 1997: 558-9).
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2.4. SYNTHESIS OF THE CHAPTER

Although some authors such as Ackerman (1997) claim that returns have always taken
place and, consequently, their management should not pose any new complexity, some
other authors acknowledge that the reverse logistics special characteristics make its
planning and organization not only different but also more intricate than the traditional

Jogistics.

This chapter has iflustrated the main features of this emerging discipline. First, a proposal
of a concept was made, based on the lack of a unanimous vision of the field and its main
concepts. Then, the main forces that may justify the interest for companies in the adoption
of reverse logistics practices were listed and explained. Their importance varies, but
perhaps the three first drivers in the list are the ones with more influence. This part of the

chapter constitutes the concept-analytical part of this work and is a contribution in itself.

The description of the state of conceptual and practical state of the research field was
followed by a discussion of the types of physical items that most often take part in the
reverse flows, in order to build the empirical approach of this work. Next, the recovery
options connccted to reverse logistics activities were briefly mentioned, making a
distinction between those that extend product life and those that extend the material life,
From a sustainable standpoint the prior are the more desirable. However, when for once
reason or another, these alternatives are not technically, technologically or economically
viable, the latter will be always preferable to the disposition of the items. Reverse logistics
plays a critical role in accomplishing these recovery options, giving operational support
from the point of origin to the point of destination. The option of repair was analysed in
more detail as manufacturing companies that practice it were chosen as the focus of this

thesis.
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3. EMPIRICAL RESEARCH

This chapter is structured in four parts. The first one (Chapter 3.1.) briefly revises some
theoretical aspects of the selection of research methods used in the empirical part of this
thests and gives a justification for their utilization. Two of these research methods (Focus
Group and Case Study) belong to the category of the qualitative rescarch, which is
discussed in Section 3.1.1., whereas the third one (Anatytic Hierarchy Process) is

considered in some texts as a guantitative research technigue (see Section 3.1.2)),

In the remaiming three parts (Chapters 3.2, 3.3 and 3.4), the empirical applications of
previous techniques in this thesis and its research questions are presented. Each part starts
with an introduction to the specific topic analysed, then continues with corresponding
review of literature, the particularities encountered in the design and application of the
research technique, and {inally ends the chapter with the results obtained, discussion and

concluding remarks.

3.1. METHODOLOGY

3.L.1. QUALITATIVE RESEARCH: SOME NOTES

Although research methods can be categorized according to different criteria, one of the

most common distinctions is between qualitative and quantitative research methods.

- Quantitative research methods, originally based in the natural sciences to study natural
phenomena, arc nowadays also utilized in social sciences. They include survey
methods, laboratory experiments, formal methods (e.g. econometrics) and numerical

methods such as mathematical modelling.
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- Qualitative research methods focus on social and cultural phenomena that cannot be
quantified. Examples of qualitative approaches are action research, case study research
and cthnography. Qualitative research involves the use of qualitative data, such as
interviews®™, documents®, and participant observation data, among others (see Patton
1936, for a broader description), to understand and explain social phenomena. Some of
these are also possible to quantify, but this changes the setting, For example, Kaplan &
Maxwetl (1993) argue that the goal of understanding a phenomenon from the point of
view of the participants and its particular social and institutional context is largely lost

when textual data are quantified.

Since qualitative research methods are those mainly used in this thesis, some additional

features are provided (Sykes 1991):

1. Qualitative rescarch is usually conducted in small samples;

b

Samples are non-randomly sclected. Rationale lying behind is that the goal is not to
cover the most of individuals, characteristics, ctc. as it could be in quantitative
research;

3. Neither are sampies haphazardly selected. Systematic procedures are followed.

4. Qualitative rescarch is data-driven, that is, conclusions stem directly from the data.

3.1LL1 FOCUS GROUP

The focus group method has been defined (Krueger 2000) as a carefully planned discussion
designed 1o obtain perceptions in a defined arca of interest in a permissive, non-threatening
environment. This technique is therefore designed to collect information about an issuc

from a small group of sefected people through group discussion. Although the origins of

“ Interviews are an example of what is calied “primary resources™; generally speaking, primary sources are
those data which are unpublished and whicl: the researcher has gathered from the people or erganization
dircetly

* Secondary sources refers to any materials (books, articles cle.) which have been previously published,




76 ACTA WASALENSIA

this methodology are claimed to be in the evaluation of audience response to radio
programs in 1941 made by the social scientists Robert Mcrton (Stewart & Shamdasani

1990), today’s applications arc found in a broad range of fields.

Focus group techniques have the potential to provide rich information and focus
respondents’ thinking and reflection on salicnt aspects under investigation. In contrast to
Delphi groups, where consensus is the desired outcome, the aim of focus groups is to get a
range of views on an issuc. When focus group is compared to a group interview, it is found
that the first emphasises dynamic group interaction. A group interview in qualitative
research can mean a set of individual interviews conducted in a group setting. A focus
group however, encourages a conversational approach, the researcher playing essentially a
role of moderator. Thus, many views are acquired, which is especially suitable to

structuring not so well known issues and topics.

Merton, Fiske, & Kendall (1990: 137) suggest that "the size of the group should manifestly
be governed by two considerations: it should not be so large as to be unwieldy or to
preciude adequate participation by most members nor should it be so small that it fails to

provide substantially greater coverage than that of an interview with one individual”.

In other words, group size needs to be small enough to ensure that everyone can participate
but large cnough to provide a range of perspectives. Regarding the number of questions to
be posed Krueger (2000) suggests less than ten questions (often around five or six);
coincidently, Stewart & Shamdasani (1990) propose “fewer than a dozen questions™.
Finally, questions should be unstructured, open-ended questions so the respondents could

answer them from a variety of dimensions and viewpoints.

For a successful development of the focus group, Lederman (1989) considered five

conditions, which the method should be based on (sce also Byers & Wilcox 1991):

a. Pcople arc a valuable source of information
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b. People can report on and about themselves, and they are articulate enough 1o verbalize

their thoughts, feelings and behaviours

)

The faciiitator who “focuses™ the interview can help people retrieve forgotten
information
d. The dynamics in the group can be used to generate genuine information, rather than the

group think phenomenon

&

Hearing a group 1s bester than interviewing an individual.

10 guidelines are proposed by Axelrod (1975) in order to ensurce successful performance
and concrete results for a focus group (see also Angell & Klassen 1999; Byers & Wilcox
1991}

i. A clearly understood objective
1.  Homogeneity within the group
ni.  Effective recruiting of participants
iv. A relaxed atmosphere
v.  Active listening
vi. A well prepared moderator
vii.  Free-flowing dialogue
viii.  Restrained group influence
ix.  Skilled analysis

x.  Competent researchers,

As a concluding remark, some pros and cons of this technique are highlighted. The major
advantage of conducting focus groups could be considered its ability to obtain in-depth and

detailed information through group synergy™.

** Group synergy occurs when one participant says something that triggers an idea from another participant.
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On the other hand, the disadvantages are threefold:

1. Because the participants are not chosen randomly, outcomes and opinions can be biased

in a way that restricts the value of the findings;

b

The sample size is usuaily kept small (between 8 and 10 members) which also leads to
possible restriction in the scope of opinions;

3. Organising the groups may be expensive.

Although Focus groups can be used at any point in a rescarch program, this technique was
planned to be used in this thesis for generating research questions that could then be
submitted to further research and testing by means of other approaches. Furthermore, due to
the relative immaturity of the research area, this approach was also useful for screening the
refative importance of problems with implementing reverse logistics procedures in

companices. It was, therefore, the first empirical research technique used in this work.

3.1.1.2. CASE STUDY

The case study was defined by Yin, in 1984, bricfly as a possible research strategy but in
1989, in more detail as an objective, in-depth examination of a contemporary phenomenon
within some real-fife context about which the investigator has little control over events.
Given the nature of the reverse logistics topic and the, so far, small amount of research on
it, the present author has in this thesis adopted the case methodology in an attempt to study

this unfamiliar situation (Voss, Tsikriktsis & Frhlich 2002).

Yin (1989) also mentions the case study to be an appropriate tool when “why™ and “how”
questions are to be posed to the phenomenon™, “why™ looking for understanding and “how”

for explanation (Meredith 1998).

“* The survey or the archival analysis were at this stage of the investigation dismissed since our interest is not

focus on “how many”, “who™ or “where™, questions mere oriented to describe frequencics or incidence of a
phenomenon, History strategy was also discarded, as the focus is not on a “dead” past; still alive managers
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Case studies can either be explanatory, descriptive or exploratory, each of these types
having differcnt orientations. According to Yin (1998: 230), exploratory case studies arc
the preferred orientation “when the avaitable literature or existing knowledge base is poor,
offering no clues for conceptual frameworks or notably propositions™. This scems to

adequately fit to reverse logistics arena.

Regarding the number of cases the study should embrace, there is no unanimous agreement
between academics (Eisenhardt 19915 Dyers & Wilkins 1991). A case study may be about
single or multiple cases. It is possible to generalise from single cases (in some analytic
way) but multiple-case studies can strengthen or broaden such generalisations (similar to
the advantages of multiple experiments). From reviewing the literature, exampies of both,
single and multiple, case studies can be found (Harris & Sutton 1986; Leonard-Barton
1988, Drumwright 1994; Handfield, Walton, Scegers & Melnyk 1997). Although Dyer &
Wilkins (1991} believe that two cases at the most might already be enough, Eisenhardt
(1989} however recommends a number between four and ten cases as appropriate. The
choice of fewer cases could jeopardize the extraction of a grounded theory from them,
whilc a bigger number could make complex the processing of the information gathered.
Only when iterative triangulation is to be applied, the number of cascs would be increased

to 20-30, according to Lewis view (1998).

Six case studies were analysed in this thesis. The cases were selected along the following

criteria.

» Firstly, cascs were chosen so that theoretical replication was achieved, in other words,
contradicting resuits could be found but for predictable reasons. The purpose was to be

ablc to better delineate contrasting features in reverse logistics practices.

will be interviewed in our study as one of the possible sources of information. Experiments did not fit in our
scheme as we were not interested in manipulating behaviour directly and systematically,
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e Secondly, Goffin (1999) stated “the need for a wider investigation of customer support
(within which the repairing activities are included), covering scctors other than
computing and electronics”. It was of interest to know what the reverse logistics
patierns were, also in scctors different to those alrcady mentioned by Goffin, According
to this idea, the sample was designed so that the presence of companies operating in
some of the key scctors of Finnish industry was ensured. However, the sample was

enriched with the participation of other firms operating in different markets.

¢ Finally, a feature present in most of the companies selected was their international
orientation and their leading position in the worldwide markets. Even if the percentage
of returns from total sales in these businesses usually is small (except for c-business
markets where this percentage considerably increases), the big inveicing volume of
these leading companies seemed, at least a priori, to guarantee & certain critical returns
mass. This, together with the complexity of the worldwide market, would mean that in
these companies implementation of reverse logistics processes would be justified. The
size of the company was understood in terms of geographical scope, total sales and

workforce,

From the five methodological options for the construct of a case study mentioned by Barnes
(2001) — ethnography, interviews, strategy charting, questionnaires and documentation-
interviews and documentation were the ones used in this work. Therefore, after having
selected the companies, the most suitable personnel were sought for the interviews (given
the nature of the theme, usually logistics managers or after sales managers). In most of the
cases, the main points to be addressed were sent in advance to the intervicwees via
clectronic mail, while making clear that the questions stood more as open guide for the
meeting (“focused, open-ended interview™) than an structured plan to be tightly adhered to
(“structured interview”). Apart from the information gathered during the interviews, other
sources of data, such as annual reports, brochures, press news, internal studies, ete. were
consulted whenever possible. The bulk of information however was obtained from the

interviews.




ACTA WASAENSIA 81

Before carrying out any case study, Yin (1989) suggests answering to the following points:

D

2)

3)

What is the topic or area to be investigated?
What is the aim of the research?

Which are the criteria to judge the success of the investigation?

The previous work accomplished in the thesis up to this point {review of literature, focus

group) gave the necessary support to respond to the first two questions. With respect to the

third, four tests are relevant and were used as explained in the following:

Construct validity, which refers to the operational measures taken for the topic being
studied. Construct validity was sought by a) utilizing multiple sources of evidence in
the data collection phase, b} establishing chain of evidence by transcribing interviews in
real time and by entering evidence sources into customised object-oriented database and
¢) having the cases studies reviewed by the respondents and by presenting them in

conferences for an audience of feliow researchers.

Internal validity, which rclates to establish causal relationships, i.e. how to demonstrate
that some outcome was caused by independent variables (Ellram 1996). In the data
analysis phase, a pattern matching technique (Campbell 1975) was used to identify
common features across the respondents' responses to questions, with whicl to do some

clustering and some explanation building across the cases,

External vahidity, which implies the definition of the domain to which the study’s
findings can be generatized. This was attained through repiication in the research design

phase and by testing the propositions further by applying the AHP,

Reliability, which aims to demonstrate that the procedures used can be repeated, with

the same results. Although the use of a tape recorder was known to improve the
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reliability of interview data (McCutcheon & Meredith 1993: 246), none of the
respondents were especially willing to be recorded; consequently, this option was
dismissed. Instead, the same data collection procedure was followed for cach case and
interview transcripts and other pieces of information were dircetly entered into the
database. There has also been an attempt to "richly” report the data collection methods

and the responses behind the proposed results (Sykes 1990:8-9).

3.1.2. QUANTITATIVE RESEARCH: ANALYTIC HIERARCHY PROCESS

The Analytic Hierarchy Process (AHP) is a multi-attribute modelling methodology first
mtroduced by Saaty (1980) to establish the weight factors between alternatives in decision-
making, Jt has been successfully applied in industry, government and research
establishments ever since (sce Saaty 1990). A comparison of five methods for determining
welghts in additive utility models by Schoemaker & Waid (1982) found AHP to be the best

technique.

AHP is onc of the most adequate tools to transform the impressions drawn from the case
studics into arguments upon which future decisions can be made. This is possibie because
the subjective impressions can be quantified and processed in an objective fashion.
Although AHP has been criticised for inducing a rank order when none exists
{Schenkerman 1997), or for modifying the ranking of a set of alternatives when a so-cailed
irrelevant alternative is introduced (Dyer 1990), AHP advantages seems to far offset its

weaknesses.

AHP consists of a serics of steps. The first of these is structuring the problem information,
usuaily in a decision tree form, so that a hicrarchy is obtained. Secondly, the mcthod
establishes priorities among the clements of the hierarchy from the judgements from a
group of expert members, by means of a tailor-made questionnaire. Then, aggregating the
individual priorities yields a sct of overall priorities. Consistency of these judgments is

checked.
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Judgements in AHP technique are the result of comparing pairs of individual elements,

Respondents will be asked to assess which of the two clements in each pair is more

important regarding a specific criterion, and how much more important it appears to be.

Values for measuring this importance will range from 1 to 9 to both directions, according to

the scale shown in Table 4 and Figure 7,

The responses to the questionnaire were translated to matrix format (see Figure 6), which

facilitates the posterior estimation of the priorities for each respondent. Comparisons are

always made by evaluating the clement in the left-hand column of the matrix in its relation

to the clement in the top row. The matrix is triangular in the sense that the reciprocai value

1s automatically obtained.

Table 5. Value scale used in AHP.
INTENSITY OF P
TANC EFINITION
-IMPORTANC T
. Both elements contribute equally to the
1 Equal importance S quatly
criterion
A ) Experience and judgement slightl
3 Moderate importance P and Juds sy
favour one element over another
- Essential or strong .
5 . ) = Strongly favour
importance
7 Very strong Strongly favour and its dominance is
importance demonstrated in practice
Evidence favouring one clement over
9 Extreme importance | another is the highest possible order of
affirmation
2,4,6,8 Intermediate values
: When element i compared to f is assigned one of the above
Reciprocals )

numbers, clement / compared to 7/ will get the reciprocal
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CRITERION | Element1 } Element2 | ..c..ccvv.u.. | Element n
Element 1

Element 2 B et v T

S U DURU R I oo

Elemeatn | | | B
Figure 6. Matrix format in AHP.

The so-calted “priority vector” of cach respondent gives his priorities among the n elements
in the matrix. This vector is calculated as the eigenvector for the largest eigenvalue of the
matrix. Then, the overall consistency of his judgments is measured by means of a
consistency ratio (CR). CR can go from zero (true consistency of the input) to a very large

positive number. CR threshold values depend on matrix’ size (Saaty 1994) and the criteria

is shown in tabie;

Table 6. Consistency Ratio threshold valucs.

3x3 matrix 0,05
4x4 matrix 0,08
Larger matrices 0,1

Only judgements found to be consistent were entitled as candidates to be aggregated. The
method utilized was the so-called “aggregation of individual priorities”, AIP* (Forman &
Peniwati 1998). The aim of the aggregation process was to obtain overall priorities.
Although in the AIP context both the arithmetic and the geometric means are meaningful,
Saaty (1989) suggests using the latter. In such a case, and having n individuals, the

geometric mean will be obtained as the n' root of the product of the n individual priorities.

* Since respondents to the questionnaire have no connection at all among them, respondents were treated as
independent entities and therefore overall priorities resuited from aggregating individual priorities instead
individual judgements.
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Given that the evaluation procedure may result to be highly repetitive and lengthy and may
therefore discourage the willingness of mostly busy respondents to collaborate with the data
collection, the emphasis was put to gather 4 blocks of information, each of which
corresponded to one critical criterion found. Within each of these blocks, respondents were
invited to compare pairs of alternatives with influence on those criteria. The format first
chosen to gather their responses was a questionnaire (see Figure 7). The number of
comparisons differed in cach block; e.g. the first block (a 9 dimension matrix) contained 36
pairs whereas the last block (from a 3 dimension matrix) comprised only 3. The remaining
cases comprised 4 and 6 dimension matrices. The complexity stemmed from the high
numbers of comparisons, above all in the first block, made us fear for the consistency of the
answers; this is because permanently keeping track of the previous answers is more
difficult when the amount of comparisons increases. Actually, literature warns not to
exceed matrix dimensions of 5 (Bodin & Gass 2003), as the human capacity to tackle with

more 1ssues scems to be subject to some limitations (Miller 1956).

B) Please, sclect which is the most important ACTOR in each of the following pairs when it comes
1o EXTERNAL PRESSURES TO BE INVOLVED IN REVERSE LOGISTICS PRACTICES

Customers

............................................

Supplicrs

Figure 7. An example of the type of question utilized in the AHP analysis.

Respondents were asked to select one of the two options in each pair and to assign a value
according to the importance given. This format was used as a pre-test in a company; oral

explanation about how to fill the questionnaire was found 1o be feasible. After collecting
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the information and processing it in the computer by using three different methodologies
(the one proposced by Saaty in his book, the Expert Choice program and Matlab software),
the level of inconsistency was found to be so high that it invalidated the information. The
inconsistency results were 0,3 in first question (9x9 matrix), 0,11 in second question (4x4

matrix), 0,106 in the third (6x6 matrix) and 0,03 in the last one (3x3 matrix).

While analysing these test, a doubt about the adeguacy of the questionnaire arose. The
alternative was to resort to the matrix format proposed by Saaty. Although the scale value
10 be used still holds, the way it is used is not exactly the same, therefore a file containing
basic explanations on how to proceed was provided along with the questionnaire. The
question in Figure 7 was then transformed into the matrix in Figure 8, in which only the

shaded cells had to be filled by the respondents.

EXTERNAL . ,
PRESSURES Government Customers Suppliers Competitors

Government

Customers

Suppliers

Competitors

Figure 8. Matrix format for the AHP study.

The number of comparisons to be made was the samc, that is (n*[n-1]/2). However, the fact
of having the information much more compacted could case the process of keeping track of
the previous judgements; this was thought to increasc the consistency. This format was sent
to logistics managers of 86 different companies (chosen from the Logistics Association
yearbook), via email. Only 3 scat it back. None of them tuned up with an acceptable

consistency ratio in the four questions (matrices) poscd.

The results led us back to the first questionnaire although to a restructured version of it.
Instead of displaying the questions in the same logical order imposed by the rows of the

matrix (from left hand side to the right and from the top te the bottom), the questionnaire
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was now re-configured in triples: if first question referred to the pair (a, b) and the second
question to the pair (a, ¢), the subsequent guestion was m¢ant 10 assure the transitivity, i.e.

the pair (b, ¢} should be asked. Question in Figure 7 was modified as shown in Figure 9.

This new questionnaire was sent to another 86 companics (none of the same as the initially

cmailed ones) by normal post. The response rate in this case was a bit higher (15%).

B) Please, select which is the most important ACTOR in cach of the following pairs when it comes
to EXTERNAL PRESSURES TO BE INVOLVED IN REVERSE LOGISTICS PRACTICES
----------------------- 9. : Customers o
------ : Suppliers
Suppliers
* Customers i Competitors
bt Competitors
SoLDIIIIITIILLIIiTEIIITIIIICIzZoozIzII:: ::.._: Z‘t::::::::::::::::::'.::::::::2:::::::::::::::
Government 9 : Competitors
Figure 9. Excerpt of modified questionnaire utilized in the final AHP analysis.

Next section is devoted to the empirical research in which previous methodologies were

utilized.

3.2, FOCUS GROUP TECHNIQUE APPLICATION

3.2.1. INTRODUCTION

Already 1n 1995, Mentzer & Kahn put forward that qualitative research did not seem very
well accepted in the fields of logistics, operations research and material management.

However, in recent years we have witnessed an increasing prominent role {or at least, a
2 o
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bigger demand of it) of research methods based on field study, in spite of the fact that these
methods may, in some circles, still be contemplated with certain degree of suspicion. This
is because some weaknesses have been unfairly imputed to them, such as the lack of both
scientific rigor and objectivity, along with insufficicnt precision, perhaps given the small

number of sampies, nonreplicable efforts, etc. (Goodyear 1990),

However, the growing demand for qualitative research does not respond to any whim but to
an imposing reality, which can no longer be ignored. This reality is characterized, as
pointed out by Lewis (1998), by the great number of changes which also both management
methods and technology go through. On the other hand, these changes are taking place
more and more often and at a higher speed. The reaction of the research community with
the 1ncreasing interest in this kind of methods is nothing but the necessary answer from
theoretical world to the ever-changing reality. The working information about this reality
was about to be outdated in certain cases. It was urgeat to collect new information, in order
to updatc the old to fit the new circumstances, reducing the abyss between the theoretical
and the practical world (Ellram 1996). This was all the more the casc since in the academic
world the prior (theory) is supposed to explain the latter (praxis) and, therefore, both to

develop in parallel.

Qualitative research plays an important role in accessing and gencerating discussions with
key decision makers in organizations and with industry experts {(Wright 1996). That is the
reason why this methodology scrves at bringing closer theorcticians with practitioners,

helping to create a body of knowledge based on empirical observations.

In lin¢ with McCutcheon & Meredith (1993: 239) and Glaser & Strauss (1999), and against
some research currents, we agrec that empirical field-based research is one of the main
means of developing well-grounded theories and that it is a truly scientific research. One
fact that backs this perspective is that the validity of field rescarch has been made evident,
during a long period of time, by being used both in social field applications (history,

cconomics, etc.) and in other more practice-oriented fields (urban planning, management,
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¢te.). On the other hand, the fact of being utilized as a valid and accepied research
methodology in quite a number of theses, along with the strategy considerations in our
actual situation, offer in our view ¢nough guarantees to be considered as a instrument to be

used in the present work.

Reverse logistics is a relatively new field. As Zeller & Carmines (1980) stated, when little
15 known about a particular problem (and this fully applies to reverse logistics), the focus
group may be the appropriate research design to provide a basis for formulating research
question and hypothesis. Quite many authors have pointed out the need for further research
in this emerging field (Pohlen & Farris 1992; Guidce er al. 1997; Johnson & Wang 1995;
Gungor & Gupta 1999; among others). The focus group technique plays an important role
in this kind of new investigation fields and that is the reason why it was chosen in this

work,

an mtroductory insight about the Focus Group methodology; Section 3.2.3. puts forward
how the technique was adapted to the special purposes of the research; in Section 3.2.4. the

resulis obtained from it are explained; finally, some conclusions arc drawn in Section 3.2.5.

3.2.2. FOCUS GROUP TECHNIQULE

Marketing arcna seems to have been the natural field in which focus groups found most of
its applications. Focus groups have appeared cither as the topic of a great deal of
marketing-practical oriented research articles (e.g. Cox, Higgenbotham & Burton 1976;
Welch 1985; Morganosky & Cude 2000), or the topic of a number of publications in
Journals of marketing nature (Calder 1977; Fern 1982; Goldman 1962; Wells 1974), as a
method of gathering qualitative data. However, it has been virtually ignored in areas other
than marketing (Bycrs & Wilcox 1991). Only rccently have researchers started to recognize

and endorse the research potential of this method.
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The focus group has the potential of providing a methodology of exploration, which allows
participants to express their concerns within a context that is useful to the scientific

community (Zeller & Carmines 1980).

Three different approaches can be adopted when working with focus group, as listed by
Calder (1977): the exploratory, the clinical and the phenomenological approach. The
exploratory option may be used to identify and structure new research questions raised by
ihe group as important points to be covered and cven to derive a guideline for future
research (Angell & Klassen 1999). This approach is the one chosen in this work, as it is the
intention of the author to expand the rescarch in the reverse logistics field starting from the
hints obtained from the Focus group. As Morgan (1997) has stated, the focus group
interview can be part of an on-going, multi-method study when used in conjunction with
individual interviews, surveys, experiments, or participant observations. Morgan & Spanish
(1984: 253) suggested that focus groups “can add to other qualitative or quantitative data

collection strategies”.

3.2.3. FOCUS GROUP APPLICATION

The reason for using the Focus Group technique was to use it for orientating the research in
the next stages, which could be conducted according to other methodologies, such as case
study methodology, survey, etc. That choice would be made afterwards. Given that within
reverse logistics the scope of aspects susceptible of deeper research are numerous, we tried
to focus the attention, to obtain valid hints on the points of bigger interest, but also hints
that were the outcome of knowledge and expertise of people with different perspectives and
backgrounds. “Without a research focus, it is easy to become overwhelmed by the volume
of data” (Eisenhardt 1989: 536.); there is an ever-present danger of "death by data
asphyxiation™ (Pettigrew 1988). This nced for concentrating efforts in one direction was
what induced us to adopt, as a preliminary and necessary step, the organization of a focus

group.
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Two different focus groups were intended, being guided by a holistic aspiration. The
traditional way of handling the organization of a focus group within the reverse logistics
field should have been to gather a group of peopie, intimately related with the particular
and specific topic. They could come from several areas: they could teach it in their
Faculties or education centres, they could devote their research time to the topic, their
working life could directly demand from them to take decisions and responsibilities within

the companies where they perform their professional activity, ete.

However, sometimes the membership, for a major or minor period of time, to a certain field
may limit or constraint our capacity to objectively judge a specific issue. Sometimes a

strong specialization restraints the ability to analyse an issue from a broaden point of view.

Therefore, our idea was to complement the traditional way of composition of the group,
with also gathering information from another, different cluster of people, who although
may not be so deeply related to the reverse logistics in particular, were strongly involved in
other Logistics fields, with which the reverse logistics is related, is influenced and
influences irremediably and necessarily. For instance, how could the return of products take
place from the point of consumption to the point of origin otherwise than by using transport
means? Counting on highly qualified people in transportation (qualification objectively
recognised according to their professional carrier in transport field) would entail the chance
of qualitatively extending the possibilities of obtaining different views, which could enrich

and expand the perspective of the results.

Once this decision was made, the practical composition of the groups had to be worked out,

We thought of two different ideal types:

e On one hand, scholars, people typically from Universities and devoted to rescarch.

Their particular ficld, although it should be within Logistics field, could or could not
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coincide with the more specific one of the reverse logistics due to the newness of the
field.

¢ On the other hand, we chose to listen to practitioners, people not linked with theoretical
views but with the problems that they faced day after day, forcing them to take
decisions. In this case, a more direct and deep relation to the reverse logistics was

required.

At the same time, we thought that an international connection {c.g. within the European
Union) was desirable, as the participants will be carriers of first hand local information,
which doubtlessly will enrich the views of the other participants and thus, the outcome of
the group. Therefore, the scholar group was given a pan-European nature, whereas the
practitioners group was sct to be local (some prior personal contact on the part of the

University would simplity the access to the sites and people).

In the following, a brief description about the components of each group is given:

Descriptive profiie of the first group participants:

Participant #
* Professor of Industrial Management
+ Rescarch in Finland

e Area of interest: Quality Management, Product Development

Participant 5#2
s Professor of Logistics
s Research in Germany

o  Area of interest: Production
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Participant #3
* Professor of Preduction Operations
o Research in Sweden

» Arca of interest: Business Processes, Logistics, Performance Measurement

Participant #4
» Professor of Physical Distribution
o Research in Denmark

» Area of interest: Logistics and Freight Transport

Participant #5
» Professor of Engineering Logistics
* Research in UK

» Area of interest: Engineering Logistics and Industrial Process Design

Participant #6
¢ Assistant Professor of Operation Management and Logistics
¢ Research in Spain

e Arca of interest: Reverse Logistics, Costs

Participant #7
» Professor of Industrial Management
s Rescarch in Finland

» Arca of interest: Production Operations, Layout

Descriptive profile of the sccond group participants

Participant #1

» Position: Transport, LSCM and Commodity Manager
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¢ Industry: Elcctronic

Participant #2
* Position: Logistics Manager Assistant

+ Industry: Customer-made yachts

Participant #3
» Position: Materials and Logistics Manager

¢ Industry: Chemical

Participant #
» Position: Logistics Manager

» Industry: Fumniture and House Equipment

Participant #5

e Position: Logistics Director

e Industry: Electronic

Participant #6
¢ Position: Distribution Manager

e Industry: Food

Participant #
» Position: Materials Manager

e Industry: Pulp and Paper

Participant #8
* Position: Logistics and Distribution Manager

* Industry: Beverage
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In both groups the monitor (a person external to the chosen group members) disposed of a
guideline prepared in advance, where some key questions to be proposed for discussion
were included, while the author acted as the observer and secretary. However, afier putting
the talks in motion, his attitude was intended 1o be unobtrusive, so that the group would

develop the topic autonomously.

Only two participants were unable to attend to the meetings. The basic questions were then
sent by e-mail with the request of having them answered for the Focus Group meeting, so
that their opinion could be debated for the rest of the members. Another consideration to be
made was the time limitations for the Focus Group (one day) to touch a broader range of

topics. In spite of the limitations, valuable insight was obtained.

3.2.4. FOCUS GROUP RESULTS

3.2.4.1, COMMENT ON THE FIRST FOCUS GROUP

In spite of the goodness inherent to the idea of joining experts from other logistics fields
different to the specific one of the reverse logistics, the results drawn in this particular
occasion were not too encouraging in the traditional sense of results expected from a Focus

Group.

Although the evident willingness of the group was to actively contributc to this study, few
of the professors had cven previously heard about the term “reverse logistics” (probably
because the specialization in their own research fields and areas of interest) and far less

knew cxactly what was implied.

One participant identified the meaning of the term with plain Recycling. When the meaning
of the term was explained and the activities within its scope listed by the author (Repairing,

remanufacturing, refurbishing, recycling, ete.), another participant, referring specifically to
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Repairing stated that such activity has been done for acons and, therefore, he did not

understand what was special now for dedicating such attention nowadays.

The positive result that stemmed from this experience was, from the author's standpoint, to
verify the fact that reverse logistics, in spite of the increasing attention received during the
last decade, is a still an unknown term in many circles, not a familiar term, not even among

closely related professionals.

3.2.4.2. COMMENT ON THE SECOND FOCUS GROUP

Components of the second focus group were all involved with reverse loeistics activities in
I g it

their respective companies.

In the following the main results are commented:

L. Firstly, the focus group members were asked to rank a list of five aspects according to
the perspective they thought their customers might have. Quality of service surfaced as
the facct, which according to the participants’ opinion, customers would rate highest out
of the whole list. This first feature was immediately followed (in this order of
importance) by “speed of delivery” (which could be considered as an aspect within
guality service, therefore a degree of consistency can be drawn from these two

LA BN Y

assessments), “variety of products”, “price” and finally, “the return policies™.

If we take into account that many clients could consider the policies implemented by
the company regarding returns as an additional feature of the customer service, the
abovementioned results pointed to the fact that companies have not yet internatised the
advantages they can themselves get from an effective reverse fogistics implementation.
Some companies still seem to ignore that return policies might result in substantive
means of improving the service they offer to their clients, getting in return bigger

impact in customer loyalty and, consequently, in sales. By making it casier for
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customers to deal with returns, there is often more willingness to complete the initial
sale (Daugherty, Myers & Richey 2002:86). This link between the implemented return
policies and benefits from customers’ performance would be enhanced, the more so
when a liberal™ and efficient return policy is backed by good capability of tracking the
returned products. This, so-called “visibility” enables for accurate information at any
time (e.g. Amazon.com’s "where's my stuff” web-based tracking service). H customers
may feel deceived for having got a commodity that must be returned, it will be
advisable to avoid deteriorating the relationship even more by not providing good

information about the status of the product.

A research attempt, in this case, could be devoted to confront the perceptions
companics have about what consumers may expect, with the expectations from these
consumers. The aim will be to detect misunderstandings between the parts involved in
the service (the provider and the receiver). As a consequence of it, conpanies could

more cfficiently assign resources to the places that better please their customers.

In spite of the little importance given to the return policies in this first question
(compared to the other four options), most of the practitioners in the meeting described

the return policy in their companics as liberal.

Secondly, they were asked for the attitude of companies regarding reverse logistics. In
their view, there is a sort of inertia in the corporations. Even if they are nowadays
engaged with reverse logistics operations, this is admitted mainly to be as a
consequence of a reactive stance. Environmental legislations passed in recent years
have shifted the responsibility on producers for taking back their products, putting
pressure on them. Therefore, they have implemented reverse logistics procedures in
order to adhere to the legal obligations rather than to adopt a proactive performance.

Some other drivers were mentioned in the meeting, such as "customer requirement” or

* Liberal policy means that the company has not set a lot of constraints for the retums to be send back.
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"to recapture value", although these reasons were not as common among the

participants as the legislation was,

In the same vein, the lack of a specific resource atlocation within the companies for
reverse logistics purposes (except for one of the companics represented) was
mentioned. This fact is another symptom of the passiveness stated in the previous
paragraph. The fact of the responsibility of reverse logistics matters being spread out
over several departments within the companies (purchasing, forward logistics group,
after sales service, production department, ete.) enforces the same idea. It is probably
important to say that the Logistics responsibility was also typically shared out among
purchasing, import/export, shipping/receiving, operations, ete. Therefore it was not a

wonder if reverse logistics was divided too.

The claimed lack of high corporate priority in this arena is another sign of indifferent
attitude; in fact, not having specific resources devoted to reverse logistics activities
enforces this lack of priority. This result is in line with the results obtained from a
survey to 311 logistics managers by the reverse logistics Exccutive Council (Bayles
2000:261) in which, the 14% of the managers interviewed considered the topic of
“relative unimportance”, refusing therefore to reckon any important priority to it. They
do not concede credit for reverse logistics efforts to translate into reduction of costs,
increase in profitability or enhancement of relationships with other channel members

(Daugherty e al. 2002),

Another future research direction that rosc from this Focus Group could investigate the
reasons why there is this lack in corporate self-motivation or emphasis when it comes to
face return products management. Possible hypothetical reasons include lack of
information, lack of perceived or achievable economical advantages, high costs,
organizational barricrs, cultural constraints, sector of business, ctc. The predominant

view secms to be that reverse logistics poses a burden on the organization, generating
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moreover additional costs from the specific operations needed (collection, sorting,

storage, etc.).

The question of costs was tackled next. A noticeable unanimity was observed regarding
the tack of accurate information about reverse logistics costs. Koster ¢f al. (2001)
detected the lack of attention paid in literature on financial matters regarding reverse
logistics. Some participants underlined the fuzziness regarding the concept of reverse
togistics itself and thercfore the difficulty to assign costs to the right reverse activities.
Some others drew the attention to the lack of a responsible-of-returns person, under
whose authority the tasks, and so, the costs, could be concentrated or referred to. In
Meyer’ s article (1999), the president of one of the most important third-party providers
of reverse logistics states how often in organizations everybody is involved in returns
but nobody is in charge. The same idea holds in some more recent pieces of work
(Richardson 2001). Among the experts gathered in the Foecus Group, the majority

agreed that this assessment still reflected the actual situation, regardiess of the sector.

Finally, in line with the assessment made by Goldsby & Closs (2000), some members
agreed with the mystery in which remains about the true cost of reverse logistics,
although this fact could maybe also be extended to other parts of the finms. Suffice it to
say, that, of the companics represented by the managers taking part in the Focus Group,
five did not use any cost accounting system for keeping track of costs generated by the
reverse logistics activities, while the remaining three companies used an “approximate”

method. None of them was recognized to be utilising, for instance, ABC.

Connccted to the costs information was also the decision about whether to undertake
the reverse logistics processes in-house or to outsource them. It is difficult to adopt any
sound solution without being able to evaluate third party or in-housc options for reverse

logistics management on a costs information basis.
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Consequently, it seems critical to find out what are the main obstacles for the
companies to implement costing methods, which would enable managers to adopt
different operational and even strategic decisions. Also the potential benefits derived
from them influence the decisions. These benefits should also be categorized and
analysed in further research. Only after knowing the financial implications of each
activity, process, or decision, the company will be able to focus effectively on reducing

costs and trying to increase benefits.

Information about tracking the items, their status, their value, their final point of
consumption, etc. was considered another strong constraint in returns management.
Although lack of control on these issues may pose a company with serious risks, most
of the representatives confessed not to be using any technology (seftware or hardware)
to assist in the returns handling -only EDI and bar codes were used by two companies.
On the other hand, there is not yet commercial software specific for reverse logistics
available. The software some of the respondents had heard of was a proprietary

software system, tailored for each of a very few companies that were having it in use.

Returns information is valuabie both for the supply chain members and for their
customers. It may help to reduce abuse from customers when companies adopt a more
liberal return policy. Historical databases also allow for casy analyses on defects
coming from the same suppliers, periods of the year in which returns take place more
frequently (information that also helps to reduce forccast errors and it is also necessary
for reducing uncertainty in inventory management) and so on. From the customer point
of view, ICT produce more accurate order status knowledge at any time, considered by
some as an additional customer service feature. Internet was a tool thought to be poorly
utilized according to the experts, who manifested their trust on future increase of
applications. Without this computerized information is difficult to get reliable indicators
by means of which to detect easily which variables stand out and why. Another
drawback pointed out was the use that could be given to this information for evaluating

reverse logistics performance, so that measures could be taken against detected
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icfficiencies. No evaluation was made in most of the companies represented in the
mecting, and the reduction in raw materials was the sole indicator followed in those

where any evaluation attempt was made.

Generally it seems that software programming geared to tackle the returns should be
cncouraged as an important future issue. On the other hand, other technologies already
available should also be promoted so that information flows could support reverse

activities in a reliable way.

Although most of the representatives dealt with long return processing cycle times, only
one thought shortening the entire life cycle of the product as a sound reason for being

involved in reverse logistics practices.

Life Cycle Analysis is a powerful tool, which is also receiving increasing importance as
a consequence of environmental concerns. However, its usc is not yet fargely spread.
More rescarch needs to be conducted to specifically address this issue in different

sectors and industries.

Finally, when major challenges in performing reverse logistics activities were tackled,
two main problems were mentioned: the difficulty in achieving economies of scale and
forecasting the right quantities of returns and periods of time in which the returns wil
take place. Literature has already been sensitive to both problems (Guide er af. 2000;

Koster et al. 2001).

Although the percentage of returns has been estimated in some studies (e.g. Rogers &
Tibben-Lembke 1999), on average, as 5% on the sales figure (their estimate "may be as
high as 25-30% in somec business segments, even up to 50 % in magazine publication"),

companies represented in the Focus Group agreed in general upon far smalier rate.
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Therefore volumes may be insignificant for some businesses to reach economies of

scale, although stifl a possiblc arca where to cut costs down,

Some companies impose fees on customers, which may be a deterrent to get customers
involved in returning products so that increased volumes could be reached. This
situation did not apply to any of the companies that intervened in the group though. The
quest for not achicving economies of scale should be imputed to other sources {possibly
positive ones: i.c. good quality of products). All the same, the attention was driven to
means by which cconomies of scale could be reached. Fostering collaboration among
different partners in the chain was the straightforward option. Partnerships among firms
within the same industry (as it alrcady happens within the beverage industry in Finland,
or DSD¥ in Germany) or among firms whose products could be compatible of being
managed together were some of the hints given. Centralized Return Centres run by

several partners arc an example of this collaboration.

Third party logistics providers are expected to more easily reach economies of scale as
they may aggregate returns from several customers and gain superior expertise and

information, which all may translate into lower costs (Razzaque & Sheng 1998).

3.2.5. CONCLUSIONS

By means of the Focus Group technique, some experts cxplored the future research arcas
within the new field of reverse logistics. Although its growing importance is remarkable, its
role does not yet seem to be fully recognized in certain circles. As a consequence, further
research shouid be devoted to explore what is impeding reverse logistics knowledge and
what are the mechanisms by means of which the technology spread could be accomplished

most cfficiently.

* Duales System Dewtschland: the German organization responsible for collecting and reeycling consumer
packaging,
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However, involvement with reverse logistics practices also needs to be fostered. In this line,
some relevani obstacles have also been revealed; the urgency for methods, which provide
with accurate costs information, given the critical role costs play when it comes to take
decisions within companies. In spite of a lack of these methods, a strong feeling exists that
reverse processes are costly, discouraging a proactive stance. Thus, it is necessary to find
solutions that would case the calculation of these costs (or, alternatively, ways to increase
the revenues to offset the costs), allowing to reduce and to manage them. Neither do
measures devoted to evaluate reverse logistics performance seem to be largely used.
Generally, what is not measured, cannot be improved. Other shortcomings, as the lack of
computer programming support or the life cycle analysis, were made evident. Specific
reverse logistics software or 1T solutions would be valuable in understanding this cost
information, although it would not be the only benefit. Eventually, it would also facilitate
both the use of the LCA (making the follow-up of products and the forecasts of returns

easier) and the increase in customer service (providing more accurate information).

Each of the points considered were posed along with proposals for future research areas, so

that companies could be helped to overcome chailenges of this emerging discipline.

3.3. CASE STUDY APPLICATION

Under the heading of “Case study application™ different casc studies arc comprised b
g y app [ b
means of which various clements inherent to the impiementation of reverse logistics have

been explored:

1. The first case study (Section 3.3.1) focuses on the role played by reverse Logistics in
two companiecs, which offer the recovery option of repairing within their customer

support pack of services. The purpose was to understand the extent to which
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organizations internalise the potential benetits of reverse logistics practices in order to

mmprove their strategies in the market.

b

Because environmental management practices introduce changes in operations policy of
organizations (Azzone, Bianchi, Mauri & Noci 1997), two additional case studies
{Section 3.3.2) were carried out in order to understand the impact and significant
outcomes in procurement policies that may have resulted from the involvement in

reverse logistics practices.

3. Finally, we wanted to examine what were the induced effects on reverse logistics
decisions from the degree of previous involvement in environmental standards. By

nieans of an additional case study, these effects were tracked (Section 3.3.3).

In summary, the overall purpose of these studies was to explore and evaluate the reverse
logistics phenomena in real world settings in order to confirm or adjust the framework

given by liferature.

3.3.1. REVERSE LOGISTICS IN REPAIR CUSTOMER SUPPORT. A CASE
ANALYSIS.

3.3.1.1. INTRODUCTION

Customer support enhances the value of the purchases (Goffin 1999), contributing to the
good reputation of a company and the achievement of customer satisfaction (Emerson &
Grimm 1996; Pfohl & Ester 1999; Botter & Fortuin 2000). A multitude of services may be
included under the umbrella of customer support (installation, user training, documentation,
telephone/on line support, inspection, maintenance, daily assistance, parts supply, repair,
upgrading, performance optimisation, disposal, ete.}. One important facet within the scope

of customer support is the activity of repairing. We focus on those characteristics that,
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within reverse logistics, facilitate the repairing activities in a company, given the role

played by Logistics in customer scrvice (Schary 1992; Kearny 1994).

A major difftculty when this topic was planned was that both disciplines (customer support
and reverse logistics) necessitate further efforts in research (Pohlen & Farris 1992; Hull &
Cox 1994; Johnson & Wang 19935, Guide er af. 1997; Ashayeri, Heuts & Jansen 1999;
Goffin 1999; Gungor & Gupta 1999). As far as customer support is concerned, several
authors have admitted its importance from different perspectives: as a source of revenues,
as a means to achicve customer satisfaction, as a tool providing competitive advantage and
as a information source for new product development. Nevertheless, Hull & Cox (1994)

still state it to be a neglected area, where only a small number of publications exist.

As what regards reverse logistics, we have already remarked how this discipline is
increasingly being recognized as an important rescarch field. However, many areas do still
require further investigation, and there is practically no previous research on the repair

activity (Ferrer & Whybark 2001a).

With this section we intend to reduce the gap in these ficlds by a study conducted in two
different companies, n different sectors of activity, but linked by both offering the repair
option within their after-sales service. The aim of the study was to investigate the cxtent of
their reverse logistics deployment in repairing context. In addition, we aim at identifying
the inducing factors when it comes to choosing the reverse logistics channel. On the other
hand, we analysed the circumstances that facilitate the internalisation of environmental

legislation regarding value recovery.

Although for companies that eperate worldwide the problem becomes even more compiex
and important (Ashayeri ef al. 1999), the case study shows how these companies have
reacted to this need of adaptation and to their customer demands and how and why these

rcactions may vary from one to another.
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3.3.1.2. REPAIR, PRODUCT, REVERSE LOGISTICS AND SUSTAINABLE
DEVELOPMENT

Not all products do have identical needs regarding repair services nor, therefore, do
companics require the same infrastructure design for offering such a service. In certain
cases, depending on the typology of the product, repair costs may exceed the disposal and
replacement costs, whereas in other cases the situation may be quite the opposite. Lele
(1997) categorizes products in four after sales scgments according to the types of cost
(fixed and variable regarding the duration of equipment downtime) the customers face

when the product fails (sec Figure 6).

According to this modcl, the option of repairing is more appropriate for products such as
personal computers and their peripherals, large household appliances, ete., in which, fixed

costs arc high relative to variable costs generated from a failure.

A

High

REPAIRABLE
FIXED
COSTS

RAPID
‘DISPOSABLE ~ RESPONSES.

Low

Low High

VARIABLE COSTS

Figure 10. After-sales service segments (adapted {rom Lele (1997)).

Repair s also an option when variable costs are important if compared to fixed costs {¢.¢. a
photocopy machine). Knecht, Lezinski & Weber (1993) contend that if equipment fails, fast
and efficient repair is essential in many markets because downtime costs run typically at
anywhere from 100 to 10.000 times the price of spare parts or service. With these numbers

in mind, it is casy to infer that customers will not be willing to take risks. This holds true
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unless either the supplier is able to guarantec the availability of a replacement unit while
the faulty is being repaired, or the logistic chain is designed in such a way that the repairing

15 cxpeditiously made (either in the customer premises or in the company’s facilitics).

When both categories of costs are low, the option of disposition scems to be the most cost
effective (the decline of acquisition costs, shorter life cycles and increased reliability
shifted some PC models to the disposable group). Finally, there are products in which the
option of failure is not affordable and, consequently, contemplated. In this last case, only

on-sitc repatr personnel carry out repair,

From the previous classification, we have focused on those products eligibie for repairing
activities, i.e. repairable and rapid responses products. In fact, companies dealing with this
kind of products nced sometimes put strong emphasis on this facet of customer support in
order to reach competitive edge regarding their competitors (Lele & Sheth 1987; Hull &

Cox 1994).

Apart from the type of product, there arc more factors that influence the support channel
decisions (Goffin 1999). These include the need to resort to additional income sources
(derived from repair service offer), the desire to control the quality of the service (Mallen

1996), and the high costs from the implementation of own channels.

The manner enterprises organize reverse logistics channels oriented to repairing activities
varies depending on the cases. Loomba (1996) stated the existence of five different kind of
channels: direct support from the factory; direct after-sales network; channel inter-
mediaries; authorized, independent third parties; and, finally, some combination of the four
previous possibilitics. In addition, Loomba (1996) contends that the election of customer

support distribution channel is closely linked to a company’s sales channel.
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Although case studics may be found in literature, they do not pointing out (as is the
objective here) the inductor factors for each model. Hull & Cox (1994) studied the role of
customer support in six US companies in the electronics and computing sector. Since ali six
companies used the direct channel, this study provided no information on the role of
different channels in customer support. However, it provided six examples of successful
use of a direct channel and demonstrated the importance of good information exchange and
parts management. Fortuin & Martin (1999) also make a distinction between three types of
technical systems that require service parts: technical systems under client control
~machines in production departments and transport vehicles in a warchouse—, technical
systems sold to customers —compuiers and medical systems in hospitals— and end products

being used by customers —TV sets, PCs, motor cars and vacuum cleaners.

It 1s maybe in its place to note here that the names of the case companies are for
confidenuiality purposes invented by the author, and, despite the possibility that there might
be companies with similar namces, these are NOT the real names of the companies
descnibed. Any similarity with eventual companies in existence with the same names is

purcly coincidental.

3.3.1L.3. CASE STUDIES

Casc 1. DomesticA

The company DomesticA, located in a Nordic country, is part of a global corporation. This
group is one of the world's fargest producers of powered appliances, which fali under the
catcgory of repairable products, already explained in precedent section, Group sales take
place in more than 150 countries around the world. The group’s customers are retailers and
final customers whose range varics notably from professionals to institutions, either
national or international. The group is fully engaged in improving its environmental
performance, as proven by the following indicators: approximately 58% of the company's

factory arca was 1SO 14000 certified at the end of 2001; all sites with at lcast 50 tcam
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members are required te implement EMS and to pass the ecxam for the international ISO
14001 certification; newly acquired units have three years from acquisition to accomplish
the process. Recent WEEE® Directive, which cstablishes producer responsibility for
financing of recycling and final disposal of many electrical goods, affects almost all
household products manufactured by the company, this corporation being one of the

promoters of the equipment makers responsibility.

As far as reverse logistics are concerned, and as a general rule, products sold by DomesticA
are never sent back to the factory. Only does the company accept responsibility for
collecting and taking back to the factory appliances, when they have been damaged on
transit or when they are still covered by warranty period. If any of those two conditions are

satisfied, the company docs not take part in returns.

During the fifetime of the product, local authorized service points are in charge of ali the
white-ware being repaired. According to the manager of one of these district scrvice points
—a private company-, “about 999 of these appliances out of 1000 are possible o repair”.

The one that is not possible to repair is sent for scrapping locally.

At the end of the product life, the customer is usually the one who gets rid of the item
locally. The company contemplates only two exceptions at this point of the lifetime of the
product: firstly, when products contain chlorofluoracarbon gases (CFC); the second
exception applies only in the few extremely rare cases where the breakdown of the machine
has caused personal injury to the uscr. In the latter, the machine is sent to the factory with

the aim of being checked and studied by the risk management department,

The lifetime of these products is a question difficult to respond to because, although
technically their lifespan may be estimated to last a certain period of time (between 7 and

15 ycars on average), the utilization from customers considerably affects their effective life.

**Waste Eleetrcial and Electronic Equipment.
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On the other hand, 1n actual markets, technical cycles far overcome market cycles, as new
models are launched in iess than 10 years. In the 80% of the cases, customers face the need
of getting rid of the old unit because they bought a new one (market is becoming more and
more a substitution markct (Gertsakis er ol 1998)). In this situation, when the retailer
delivers the new purchase, he collects at the same time the unit to be replaced, although it is
the customer who bears the costs for scrapping it by paying 27 curos. Once the retailer
premises house an amount of 80 units (in case of washing machines or refrigerators), the
retailer phones to the company. The company then sends a third party fogistics provider
who collects the products from the retailers’ store and takes them to his own warchouse,
From there, products are shipped to a central warchouse that the company has operating for
the whole East Europe arca. From there, whether by train or by truck, returned products are
sent further to the central European recycling centre in Germany. The flow from a country

like Finland to this centre is about 80-100 units per year.

Although the manufacturer has not yet any legal responsibility 1o take back his products
(not before the 13th August, 2004), the company started in 1999 to recycle them. At that
time, recycling this sort of products was not yet possible in Finland (as it is today).
Therefore and in spite of transport to Germany not being exempt from bureaucratic

obstacles, a German recycling centre was chosen (sce Figure 11 for the whole process).

German
recycler

Central
Warehouse

Factory . > Retailer » Cuslomer Disposal

A A Damaged in ransit,

wnder warranty A B
. Authorized independent

service points

Caunscd infuriey (EOL}

Figure 11, Organization of flows at different stages of product fife.
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For all the transports described above, third-party logistics providers’ services are used.

Apart from the material rccovery achieved by means of the recycling activities (not
operated in-house), the company has until recently discarded the possibility of establishing
the dismantling of used appliances as a regular source of spare parts. Some possible reasons

may have been behind this posture:

1. On one hand the products manufactured by this company fall under the end products for
which clients are anonymous and the demand process of required service parts needed
for repairing activities is an erratic process. These facts make very risky and costly the

organization of a complete structure for supporting returns.

-2

On the other hand and according to one of the managing director intervicwed,
houschold appliances do not respond to the type of product that could be considerced as
complex product; they are quite simple. The clectrical motors or compressors that could
be recovered at the end of the lifetime of these appliances, are no longer interesting
because of their worn out condition. The remaining components have usually a much
shorter life-time: scratches or dents, produced during the utilization by the consumer are
worthless to fix, the more so since these defects often are in the external parts of the
product; these external parts happen to be the most quickly fashion-changing parts
(colours, models, change fast). As a consequence of it, they were in most cases led to a

metal recycler.

As a result of exiensive research o minimize the impact of its products, apart from
recyciing activities, the company has recently included the remanufacturing/refurbishing of
old appliances as an extension of its product take-back program. The introduction in 2001
of refurbishment of white goods as a pilot experiment was an important sicp towards
mininuzing the environmental impact of appliances. More than 4,000 damaged or used
products that otherwise would have been scrapped have been refurbished and resold to

consumers. This offers them the choice of cheaper apphances while optimising material use
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and generating profits for the Group. After a first experimental project, three other similar

remanufacturing/refurbishing plants have been put in operation worldwide.

Case 2. PowerS

PowerS manufactures power plant stations and marine engines. It has presence in 140
countries: subsidiaries in 60 countrics [production plants in 3 of them, sparc part
warchouses 11 other 3 and workshops in more than 50] and local service network offices™
in the remaining 80 countries. In addition, there is an after sales centre in Finland that gives
worldwide coverage when local service offices are not enough. The company does not

work with independent service poiats.

PowerS takes care of the design (the manufacturer is increasingly looking for modular
solutions™ and casy disassembiy procedures), manufacturing of critical parts (the rest are
purchased), assembly, sales and maintenance of the products. One key element of the
company’'s customer support 1s that it offers not only a total installation service, but also a

full range of customer 1ailored after sales solutions.

Although, no far ago the strategy of the company service focused on selling spare parts,
today’s view has changed towards offering a good repairing and reconditioning service®,
Tlis shift to service has also translated into recent acquisitions of former, very specialized
service competitors, creating a solid worldwide net for this kind of services. The main
driver behind this change in the company strategy has been customer demands. Customers
benefit from lower pricing in reconditioned items while the same quality as new is

guarantced. The outcome of this process has been an increase not only in amount of

*' Difference between workshops and service network offices mainly stems from gualification of personnel
{basic knowledge in service network offices, more skillful in workshops) and the varicty and amount of spare
parts kept in stock {bigger in worksheps). However in both of them, activities of repairing and
reaconditioning are carried oul.

¥ Company profile 2001, p. 7.

* Only in Service division work 5.644 people world wide: some are engineers who travel 1o customer's sites,
others take responsibility on spare part stock and the rest are technical people.
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repaired or reconditioned items but also in a more ample range of items being subject to
these activitics. Customers may however resort to free service offices. Prices of parts and
services are lower than from PowerS; however, these free service offices do not offer

warranty at ail.

Service 15 therefore a strong focus of the company. “The total scrvice concept and the
company’s in depth knowledge of its customers further increase its competitiveness™ .
Customers are not anonymous. The size of products and their high price are factors that
influcnce on the yearly total sales (there is not a massive consumption of this kind of
items). On the other hand, the highly customized service solutions allow for a close relation

all the product life cycle long (10-15 years).

The Environmental Management System used™ by 2/3 of the subsidiaries (PowerS
included) 1s in accordance with the SO 14001. Environmental matters are a subject of
concern for both marine and power plant owners. It also complies with International
Maritime Organization (IMO) and ISO 9001:2000 standards. Environmental issues are
taken carc of by Quality Department. Reverse logistics operations are concern of After-

sales Department.

PowerS responds quickly and repairs engines on-site. When a breakdown occurs, the
necarest scrvice unit (capable of giving the needed scervice) sends their service personnel.
Except in very exceptionat cases (only two engines were sent back last year), because of the
size of the items, the product is not sent to the service offices or workshops (leaving alone
to the manufacture plant). The service personnel are qualified in every casc to disassembly
the item but not always arc they capable of accurately evaluating the importance of the
damage. This represents a big challenge for the company which sometimes assumes the risk
of taking back the old critical parts and replacing them either with new or with

reconditioned ones (the choice entirely rest on the customer).

* Annual Report 2002, p. 27,
* By September 2002,
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The company 1s not interested in “not critical parts”. The costs of transporting them back
far overcome the value that could be recovered from them. The disposal of those is at
customer expenses. No regulations have still shifted the responsibility for taking back EOL

products to the wanufacturer.

OIld critical parts are sent to the service office premises were the assessment on their final
condition will be made. The uncertainty around the state of the used parts was highlighted
as the most challenging task posed by taking back operations. The examination at customer
premises is visual and based on the expertise and business view of the service personnel,
Once in the service office facilities, personnel are supported with special equipment for

accomplishing the task. Reconditioned parts are resold at lower prices.

When the reconditioning is not possible, parts will be discarded. Because of their high
metal content, recycling is the solution chosen. Recyclable items will be pile up outdoors
till volume allows a full load truck. Revenues from selling scrap to the local recycler are

offset by transportation costs.

Complexity of product, as far as critical parts are concern, is important. Under this
circumstance, the need for exerting control of the chain is bigger and the channel chosen is
a combination of direct support from the factory and direct after-sales network. It could
also explain why, even if some modules need to be sent on PowerS suppliers, the module is
first chipped to PowerS so that the after-sales service can keep trace of the performance of
every component in their engines. In addition, this constitutes a valuable source of
information both for purchasing department (suppliers evaluation) and for R+D department

(future product enhancement).

Transportation scrvice providers operate shipments of parts.

Another important aspect within the customer support policy relates to information transfer.

The traditienally paper-based communication is progressively being substituted by other
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cheaper, quicker and more flexible platforms, mainly Internet-based. With this system data
are much more casily and comprehensively collated, which is crucial for early recognition

of product problems.

3.3.L4. DISCUSSION

Next we accomplish a comparative analysis between both companies. As differences are
stated 1n relation to different factors, we will formulate propositions, which will be tested in

future large-sampic studics.

The typc of product affects the reverse logistic design alternative chosen for supporting the
customer service of the firm. Thus, in the first case, in which households” appliances do not
respond to the type of product that could be considered as complex product, the
manufacturer does not need to exert a tight control over the logistics needed to support the
customer service {Armistead & Clark 1992). From the st of five different channels stated
by Loomba (1996}, the after-sales channel that fits and is usually used in this kind of
sttuation is authorized, independent third party. That was also the solution adopicd by
DomesticA. In the second case, products become more complex and the channel finally

chosen is a different alternative. This resuits in the following proposition:

Proposition 1. The externalisation of repairing activities heavily depends on the

complexity degree of the product.

According to the categorization made by Lele (1986), both companies manufacture
products of different nature: “repairables” in DomesticA and “rapid response” product in
the case of PowerS. Qur observations coincide with what was suggested by literature in the
sense that the type of product and the likelihood of outsourcing the repairing activities are

correlated (Guide ef al. 2000). From it the following statement is derived:
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Proposition 2: Qutsourcing-repairing activities is more likely in repairable products than

in rapid responses products.

A Key characteristic for rapid response product to be considered different from repairables
15 that customer service is seminal (Lele 1986). This service is critical when it comes to
define internalisation level of repairing activities. Thus, in the first case study these
activities were mostly outsourced whereas in the second case the control exerted on them is

grecater. From this we stem the following proposition:

Proposition 3: The lesser critical is the customer service in a company, the bigger the

likelihood of outsourcing its repairing activities.

Although the second company shows a bigger tendency to internalise, the first also adopts
this strategy when there is a risk of its image resulting damaged and therefore, its future
market share (CFC products, items whose breakdown has injured the customer). Literature
has also conceded that internalisation is more likely when conscquences may affect the
normal development of the business strategy (Rondinelly & Berry 2000). This idea docs
not however preciude the fact that third logistics providers perform most of the shipments.
For instance, Quinn & Hilmer (1994) observed that other firms might better accompiish
activities with environmental implications such as the handling, storing and transporting of
hazardous materials, because these tasks fail outside the competency of most companies.

From previous discussion, the following proposition is derived:

Proposition 4: Manufaciuring companies usually internalise those repair activities linked

with products, which could potentially deteriorate the company image.

A characteristic of the reverse logistics and repair service cycle is the uncertainty of
supplies: usualty buyers do not know when a ‘line’ item will be coming back, nor do they
know its condition (Blumberg 1999). In our first case, given that customer are anonymous,

the impiementation of a complex reverse logistics structure is highly risky. However, for
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local retailers the characteristics of the returning process may be less uncertain.
Consequently, it scems these local retailers to be more conveniently prepared to take care
of these tasks. In the second case, however, the deep customer knowledge is key for the

company competitiveness. This justifies the following proposition:

Propesition 3: The bigger the uncertainty about volume and condition of repairable
returns the bigger the probability of outsowrcing the repairing service and the related

reverse logistics.

A characteristic of the reverse logistics and repair service cycle is the customer specific
focus: the provider of reverse logistics services must really know and understand the
characteristics of its customer base (Blumberg 1999). Actually, this knowledge about the
customers stands in the retailers. Conseqguently, it would be convenient to make the most of
their specialization regarding this knowledge. However, in the second case, the company
itsclf conducts the repairing of the returns since it has a decp knowledge of them, its

competitiveness being based on it. This rational [cad us to the next proposition:

Proposition 6: The outsourcing of repairing activiries in a company is more likely if the

knowledge about its customers is scant.

Both companies have modular designed products. This verification coincides with
assessments found 1n conceptual literature in the sense that, value recovery activities (and
within them, repair activitics) arc favoured by the utilization of modular designs (Ayres ef

al. 1997). From it, we derive the following proposition:

Proposition 7: Companies with strong involvement in value recovery as a consequence of

an advanced environmental connnitment, introduce modular design in their products.
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Product characteristics influence on the choice of the value recovery alternative (Ferrer &
Whybark 2001a). Thus, in the first case, technical life of components is shorter than
economical life. In PowerS case, however, some materials characteristics make recycling
the most appropriate option and respondents pointed out this reason as the justification for

deing so. I'rom it, we formulated the following proposition:

Proposition 8: Recycling is an adequate value recovery option for those products with
specific technical characteristics and for those where technical life of their components is

shorter than economical life of the whole.

3.3.1.5. CONCLUSIONS

The goal of our case studies was to analyse the interrelations among repairing activities and
reverse logistics. With this aim in mind, two companies were chosen, manufacturers of

products with different characteristics regarding their repairing needs.

We have verified that the type of product, of their components, the strategic implications
and the relations with customers, among others, defincate the reverse logistics networks
adopted by the companies, the importance conceded 1o repairing activities and the way they
prevail on other recovery activities. Confronting these findings with previous literature, we
have drawn scveral propositions, which intend to be empirically verified in subsequent

large-sample studics.

Although this work allowed us to get significant deeper insight of the topic, some related
limitations may be formulated. On the one hand, its external validity, which will be avoided
in future large sample based studies. On the other hand, companies mirrored in this analysis
were the ones witling to collaborate out from a great number of them. Thus, the results
obtained could be affected by an optimistic bias since those companics which did not want

participate could enjoy a disadvantageous position,
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3.3.2. EFFECTS ON PURCHASING FUNCTION AS A RESULT OF RECOVERY
ACTIVIES

3.3.2.1. INTRODUCTION

The importance given to purchasing function seems to have been subject to certain cyclical
patterns (Farrell & Heinriiz 1981), going from stages of unobtrusiveness to others in which,
given the circumstances of the markets, it has played a critical role in the corporate
development. Purchasing function, however, should play a major role in corporate strategic
planning (Heberling 1993), the more so, in the last decades, as the recognition of both
scholars and scnior managers demonstrates (Keough 1994; Humphreys, Mclvor &

MvAleer 2000; Zsidisin & Siferd 2001 ).

Over its last century history, purchasing has adopted several strategies to face the different
challenges encountered in normal business, such as compctition, globalisation, periods of
shortage, ctc. The critical influence of purchases on the final costs of goods (costs, which
may casily represent the lion’s share in many industrics (Leenders, Fearon & England
1989)) or the involvement of purchasing department with the formation of trading

partnerships, among others, were some of the drivers behind.

Next future scenario seems to be challenging too. Green supply-chain management
constitutes one of the seven trends in international logistics in the years coming as Skjoett-
Larsen (2000) underlines and this rapidly-spreading phenomenon will have to be fully
intemalised in corporations management which, undoubtedly will affect on their purchasing

strategies.

Improved environmental performance, demanded from both public institutions and
customers over the last decades, compels firms to take responsibility of the environmental
impact of their products and technologies. This social and economical momentous change

may suppose the next major step in the evolution of supply management, this step being
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stifl in its infancy. If first business’ attitude to these environmental issues was described as
“reststant adaptation” (Walley & Whitehead 1994), firms are slowly but increasingly
recognizing the competitive advantages that may stem from environmentally friendly
practices (Winsemius & Guntram 1992). In this process, finms and within them, purchasing
managers, are prompied to reassess their current purchasing strategy (Min & Galle 2001).
Not doing so may prevent them to comply with an essential prerequisite for their conduct in

the fulure market.

Because the topic of environmental and recovery issues is relatively new, published
academic research do not still cover full range of these aspects. The fink of these two issucs
with purchasing is even more recent research topic. These circumstances make case based
rescarch methodology a successful tool to gather valuable information upon which
grounded theory can later be built. This is therefore the research method chosen for

analysing the effects on purchasing patterns of two real companies.

This 3.3.2 Section is structured in six sub-scctions. After the first one having been devoted
to provide an introductory approach to the subject, sub-section two narrows the topic by
focusing on the reasons why the involvement in recovering manufactured products affects
the normal activities of purchasing personnel in a company. Third sub-section serves at
gathering, from a literature review, some of the answers companies have responded with,
and, what effects these responses have cast on buyer/suppliers relationships. The
methodology utilized and its justification are explained in sub-section four. The field
research carried out in two manufacturing plants is expounded in sub-section five to finish,

in sixth sub-section, extracting some conclusions and suggestions for future research.

3.3.2.2. OVERVIEW OF RECOVERY ACTIVITIES INFLUENCE ON PURCHASING
FUNCTION

The activities carried out as a consequence of the recovery process arc found in literature,

associated with the terms: Product Recovery Management (PRM) and reverse logistics. In
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Section 2.1.2 we already put forward Thicrry er al. (1995: 114) definition of PRM as all
those activitics that encompass the management of all used and discarded products,
components, and materials that fall under the responsibility of a manufacturing company
with the objective of recovering as much of the economic (and ecological) value as
reasonably possible, thereby reducing the ultimate quantitics of waste. Five different
alternatives were distinguished within PRM’'s scope: repair, refurbishing, remanufacturing,

canmbalisation, and recycling (see Scction 2.2.3 for their purpose).

Reverse logistics (or reverse distribution) could be interpreted, to certain extent, as the
operational side of the PRM (Belimann & Kahre 2000). Reverse logistics focus on product
retumns flows™ sent by one member of the supply chain to any other previous member of the
same chain. In addition, flows taken place out of the original chain, whose origin is located
in the original supply chain, are alse included provided they are the antechamber of

activitics of repairing or recovering added value or material (Fernandez 2003a).

Regardless the feasible option to apply to a specific item, purchasing department needs to
work tight with other departments, direct or indirectly, involved with returns. Justifications
come from two different perspectives. On one hand, if a returned product requires to be
repaired, refurbished or remanufactured it is likely that some parts or modules are needed to
be replaced and so, provided, to complete the process of respectively, fixing or bring used
products up to specified quality standard. Purchasing has the responsibility of guaranteeing
the procurement of the new components or materials needed for these operations when
inventory on hand run out of them. Consequently, these return-related activities represent a
new source of demand to be satisfied, in addition to the demand from the market.

Purchasing has a role to play in it

On the other hand, if the returned unit is entitled only for cannibalisation, again purchasing

department should be informed on the amount of reusable components that are entitled to

* and related information.
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be recovered and thus available for putting into inventory, as this supply will reduce the
nced of external purchases. Recycling pose a similar situation although in this case, the
amount of raw materials will be affected instead. In these two latter cases, firms come
across a new source of either components or materials supply that need not be purchased. A
side cffect aiso observed in some cases is that recovered parts may also be sold as spares,

therefore a second new source of demand may also appear to be handled with,

Purchasing employcees require good information flows to adjust the needs that must be
satisfied from cxternal suppliers. Using the terms identificd by Ballou, Gilbert &
Mukherjee (2000} regarding coordination in the operations management, intra-functional
coordination (as several different actors are involved: purchasing, material control,
production, sales, distribution) if always advisable is, in this case, critical, leaving alone if

the purchasing decision-making process is centralized.

When returns were not taken into consideration, the flow of materials within the firm could

be represented as in the following Figure:

WAREIOUSE | R

————  \WAREHOUSE —
A CTURING WAREHOUSE :

Supplicrs ;--—~> m;:::::ls —h PROCESS _—-—y finished -—; Cuslunu‘rsf
: modules : products N
Figure 12. Matcrial flows in traditional context.

Complexity of traditional purchasing planning stemmed from factors such as, sales
forecasts, processing times, inventory management techniques, delivery times, etc. The task
was not yet easy to cope with. However, the inclusion of returns implics a remarkable
increase in its inherent planning complexity. It suffices to look at the following Figure,
which tllustrates the additional material flows generated from the inclusion of returns

considerations:
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Figure 13. Material flows when returns are considered.

The higher number of flows does not only provoke the increment in complexity. So far,
nothing has been still mentioned about the uncertainty surrounded the process. Uncertainty
in returned product supplics, inherent to the reverse process, is a unique characteristic of
this scenano. Uncertainty is twofold: firstly, managers need to cope with the lack of
mformation regarding quantities of returns, variety, wear state of items and times when
they will be recovered; secondly, return units need, in most of the cases, to be
disassembled. Only after getting access to the interior of the returned product is it possible
to know about the condition and thus, the availability of certain module or part. This
information is required to know the stock on hand and therefore to order extra needs to

suppliers within acceptable margins of error.

Under certain circumstances, the described level of uncertainty may be reduced. For

instance, companies whose core business consists of leasing and renting are able to forecast
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more accurately, when and how many of their products will come back (Ayres et al. 1997).
Another situation, in which uncertainty diminishes, takes place when the fact of returning
the products is subject to the concession of a Return Material Authorization (RMA) by the

Original Equipment Manufacturer (OEM).

Apart from these special cases, returns convert inventory planning in a difficult task and
conscquently, incorrect purchase decisions may drive company to disastrous economical
and organizational performance: not enough material to feed production process, to many
stocks on selves getting obsolete along with important sums of capital invested on them,

etc.

Next section tackles with some responses, changes, strategies and reactions that academics
point out In literature, regarding purchasing function within the emerging environmental

and recovery scenario.

3.3.2.3. RESPONSES AFFECTING PURCHASING FUNCTION, A REVIEW

The belief, in many companies, that purchasing personnel should perform clerical tasks is
fortunately progressively abandoned (Humphreys et «f. 2000; Carr & Pearson 2002). To
successfully face some of new mentioned challenges, people in purchasing function need to
be deeply involved with company strategic goals and accordingly trained professionals, on
a par with those in other arcas of the company (Messner 1982). Busincss, interpersonal and
technical skills must be present in the purchasing professional (Kolchin & Giunipero 1993),
but more precisely training should focus on basic related topics such as environmental
1ssucs, ad-hoc legislations and regulatory controls, valuation, cultural differcnces, technical
knowledge, the potency of the relationship between environmental programs and supplier

selection, etc. (Murphy & Herberling 1994; Min & Galle 2001).

Needless to say, good tools back good results. Therefore, purchasing people nced to be

provided with information technologies, which help to streamline the handling of reverse
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logistics products and supporting the ordering activities. Traditional tools for production
planning and inventory conirol systems are impacted by the presence of returns. Although
no much research has been devoted to examine the use and performance of MRP, OPT or
IT in recovery context (Wassweiler 1993}, the current use of these technigues appears to
require some adaptations to keep on being effective as a tool, among others, for planning
orders. It seems not to be an agreement about how far should these modifications go, but
their need is not questionable as special features characterize recovery context, not present
in traditional scenarios, which affect directly to input information required for using these
tools. Some of the complicating factors include highly variable processing times needed to
perform required repair operations, probabilistic material substitution, highly uncertain
nature of lead times for internally created inventories, ete. (Guide er al. 1997); master
production schedule or data required for obtaining the explosion of materials needs fall
within the area of influence of these factors. Examples of some attempts to give an answer
in this vein are the studies of Panisset (1988), who discusses changes introduced in MRP 11
system to comply with specific issues in an Australian locomotive repair/refurbish industry,
or Ferrer & Whybark (2001a) who propounds a material management system to determine,
among others, how many and which cores to buy in the open market in an vehicle

component remanufacturing facility.

Environmental qualification will be also required because, although steps to green
purchasing practices are yet small, they are growing in number, above all, in some pioneer
sectors such as, the automotive and electronics sector, Min & Galle (2001) already
postulated big size companies to have bigger degree of involvement in green purchasing
than their smaller counterparts. One indicator of this increasing in importance trend is
found 1n the parallel mounting number of companies certified in environmental standards
such as, ISO 14001, EMAS, ctc. (da Cunha & Giacomucci 2002). Something similar
happens in academia: environmental issucs in purchasing are a relatively recent research

topic but mounting in given attention.
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Green purchasing” includes the acquisition of recycled content products, cnvironmentally
preferable products and services, bio-based products, energy- and water-efficient products,

alternate fuel vehicles, and products using renewable energy™,

Purchasing function may play a strategic role in approaching company position to a more
environmentally friendly posture. In fact, the integration of environmental factors is usually
taking place within traditional sourcing roles, namely, purchasing managers and guality
assurance staff. The adoption, within procurement policies, of environmental tools such as,
Life-Cycle Analysis (LCA) perspective allows, for instance, to look beyond purchase price.
1t also considers costs and environmental impacts over the lifetime of a product or service
{manufacturing, packaging, transport, cnergy consumption, maintenance, disposal). A more
precise estimation as regard real cost of a specific item should guide purchase decisions
more wisely. Sometimes, a narrow perspective of the involved costs may give the wrong
impression of a new component being cheaper than a recovered one; the same may happen
with raw materials. A more thorough and ambitious view of costs along the whole life of
the product may easily change the decision. Furthermore, LCA helps purchasing managers
to reduce margins of error in forecasting future needs, as the stage of the product and
conscquently its probable condition is also considered. Other advantages of this approach
may include a lower purchase price {(e.g. material costs from supplicrs also committed with

environmental issues, remanufactured products).

“Fum’s strong environmental commitment may reduce the pool of qualified suppliers due
to stricter environmental quality standards™ (Min & Galle 2001: 1223). Environmental
stance is a new supplier selection factor and evaluation performance criterion. Only thosc
suppliers with high environmental and quality standards in opposition to those whose
products present high defect rate or not environmental friendly composition or design will

not be dismissed.

7 Also called "Affirmative Procurement,” "Envircnmentally Preferable/responsible Parchasing.” and
¥ 8.

"Environmental Purchasing”

* hups/iwww,ofee.gov/gp/gp.im
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A step forward in the environmental commitment is the integration of suppliers into their
customers environmental management process (Lamming & Hampson 1996; Waiton,
Handfield & Meinyk §998) so that, some synergies could be reached. After screening
suppliers for environmental performance, integration initiatives range from working
collaboratively with them on green designs or helping them to build their environmental

management capacity, etc. (Lippman 2002).

Integration with suppliers also takes place at product design level (Azzone & Noci 1998b).
The design stage in the life cycie of a product may be critical for its posterior performance
in the remaining stages. Before, these stages spanned “from cradle to grave™. This
cxpression has been currently substituted for “from cradle to reincarnation”; many OEM
arc already spurring their R&D departments to get products designed having reincarnation
in mind. This includes environmental issucs and the disassembly for remanufacturing,
repairing or recycling. “Reverse logistics starts in the product development phase, where is
important to consider which materials to use in production in order to minimize
consumption of materials and the cost of a later separation and recycling of components”™

(Skjoett-Larsen 2000: 383).

Purchasing executives can play a key roie in the design stage. Working together with the
designer, they can positively influence the product’s availability for remanufacturing or
recycling by, for instant, selecting the most appropriate materials. The speed with which the
company 1s able to quickly retrieve the parts and have them repaired may, in certain cascs,
represent months of supply that can be reduced. This reduces new buys and increases
mventory turnover. Purchasing people have deep knowledge about materiais properties and
their availability in the market. Therefore, their judgement on materials is valuable. This is
one example of how fluent communication between other departments of the company and

purchasing department may render in improved overall performance.
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From the design point of view, some outcomes have been a gradual shift to modularity and
commonality in order to, among other objectives, mitigate the effecis of uncertainty,
Regarding modularity, one consequence to highlight on the purchasing side, is the
increased trend for outsourcing more and more of the final product. On the other hand,
higher levels of commonality make purchasing function casier. Several reasons contribute:
first, commonality reduces the gamut of items to be supplied as, complexity in bill of
materials decrease”; as a result, it reduces the need of information about a broad pool of
suppliers; finally, 1t increases negotiation power as the required stocks of common parts

mcrease,

One more aspect, as regards company relations with suppliers as a result of recovery
activities, derives from reduction in the amount of new matcerials or components. The
ability of the firm to efficiently reuse parts, modules or materials from the returns, offers
savings in procurement of items that would otherwise have to be purchased. The
straightforward implication is the shift from lesser dependency on external suppliers to

bigger dependency on downstream supply chain members.

3.3.2.4. METHODOLOGY

For choosing the sample, some criteria were taken into consideration. First, if the influence
of returns on purchasing patterns was objective of the research, companies should be
necessarily involved in recovery activitics. Companies selected carry out repairing and
refurbishing tasks; recycling is also conducted in one of them. Second, key-purchasing
managers should be approachable to get first hand information on their practices;
companies were then sclected having had some prior personal contact on our part with
them. Third, size of the companies was thought to be a reliable indicator of their purchasing

significance; therefore, big size companics were chosen.

** Rank-Xerox, for instance, has redesigned some parts in order to reduce the number of different plastics they

contain; |7 ditferent plastics formerly used in toner canridges hinve been actually reduced to 6 nowadays
(Avres of af. 19973
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The utilization of several sources extends the possibilities of gathering a more
comprehensive information and increases the possibility of obtaining a triangulation, which
will give more compactness and robustness to the study. Taking it for granted, the
following sources of data were used: some internal memorandums and articles in the mass
media, direct observation and finally “open-ended nature interviews™ with key persons,
who no only answered the questions but collaborated in giving valuable information.

Petailed data, concerning for instance costs, was not provided.

Interviewers manifested their concern about confidentiality and a commitment about not
revealing the company name was made. Therefore, letters will substitute companies’

1dentity: company A and company B.

3.3.2.5. PURCHASING IN THE COMPANIES ANALYSED

The cases chosen for the analysis are both local plants of bigger corporations characterized
by the international scope of their businesses and their big size (size referred to both the
number of employees in workforce and their turnover), Their position in the supply chain is

11 both cases manufacturer.

Company A

Its businesses are within clectronics sector. Production is characterised by high mix and
relatively low volume. As in any other company, objective is to keep inventory as low as
possible and inventory turnover at satisfying level. Nowadays purchascs follow JIT
philesoplhy although inaccurate demand forecasts, market changes on component lead times
and not always rchable information about inventory on hand, introduce some difficulties in

JIT purchasing fuifilment. At the moment, even if elecironics is one of the scctors in which
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more environmental legislation has been passed and in spite the global scope of the

company, the plant 1s not yet involved in the recovery of end-of-life products.

The only reverse logistics activities carried out are a consequence of damaged of faulty
items. One of the following three options may apply depending on the extent of a damage:
1) the whole product has to be scrapped and a new unit manufactured, 2) part of the preduct
has to be scrapped and some of the components or parts may be reused (cannibalisation) or,

3) product can be fixed by replacing some components (repairing, refurbishing).

The need for components, above all in the first case, can cause problems to purchasing
personnel due to their unexpected need. In this situation, the degree of components
standardization plays a critical role on lead-times: the more specific the component the
greater the likelihood of a longer Icad-time of a new purchase. Because the need must be
satisfied in the right time, purchasing personnel have eventually to resort to the services of
brokers, normally paying 2 to 5 times the price (fact also pointed out by Guide 2000), The
lack of the required component may even halt the production line, which harmfully affects
to the service level offered to the customer. In this situation, the possibility of procuring
thosc components by means of an effective reverse logistics system combined with the
disassembling of the recovered products could bring a remarkable not only lead-time

reduction (Brennan, Gupta & Taleb 1994) but also acquisition cost reduction.

Usually parts that are worth disassembling for re-use purposes arc box-building mechanics,
cables and other valuable parts that arc casy to disassemble. Component boards® are also
good candidates due to large amount of different modules assembled in them, and therefore
the value recovered. Electronics fails in the type of industry, Ayres ef al. (1997) referred to
when stated that if the models are changing rapidly, possibility of using recovered parts in
new models 1s lesser. This occurs with boards: If revision D was the latest version at the
time of manufacturing a certain component board, the fatest version at the time of product

return can be already E or I. The recovered component board cannot be reused in a product

* Printed circuit boards with components
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asscmbly. Purchasing personnel need to keep trace of models technical description to

decide 1f new purchases are then required.

Reverse policy with suppliers only applies with fauity or incorrect components that are
returned to suppliers at their cost or, scrapped locally and credited by supplier. Company
keeps record of these incidents as supplier evaluation relies partiatly on them. Suppliers’
performance is measured regularly in order to have an update record of its trade relation
history. Monthly ratings arc based mainly on on-time delivery status and quality of
incoming materials to prevent customer product rejections. Given that the company has
included in its actual purchasing strategy the objective of reducing the number of suppliers,
quality of the delivered components and service will heavily influence on final supplier
selection. No backwards consideration is assessed. Foster co-operation with the final

chosen suppliers is established in another section of the suppliers-related strategy.

The environmental management system is based on international standard 1SO 14001, The
company has integrated environmental issues into the quality assurance applied by the
company to its suppliers. Key suppliers are informed about the environmental supplier
requirements and they are also asked to provide a self-assessment of their operations in the
light of these requirements. It also promotes suppliers to adopt the principles of its policy,
and, where appropriate, requires improvements in their environmental practices and

performance.

Most of the company units use Baan software system in material requirements planning,
inventory and production control. Less consumption of new components, as a result of
recovered stream, could translate into lesser burden in purchasing work. However, it is so
only if the information of used components is transferred to the MRP system, and therefore,
the resulting ordering planning is reliable enough. The disassembly and repairing staff not
always communicate inventory variations; they may simply respectively put or take the

parts to or from the warehouse, and in the worst case, not make any corrections to the
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system. Even if, at the moment, reverse items play a quite small role, and the effect of
neglecting inventory corrections is not crucial, not accurate information about on-hand
mventory in the system can lead to obsolescence/shortage of components, since MRP

generates purchase proposals based on it.

In summary, effects in purchasing patterns in this plant as a result of reverse logistics
implementation arc not substantial nowadays. The only observed changes derive from
adhering to environmental standards. This is mainly, not because company had
implemented a good system to handle with returns but because the amount is not yet
significant and because managers seem not to be aware of returns potential; on the other
hand, legislation does not push company performance in this direction. In spite of it,
repairing of returned products was admitted to occasionally cause disturbance to the

material supply for the production, not big enough though to give it more thought,

Company B

Company B is a local machine tools manufacturer plant that belongs to a big corporation,
which operates in more than 100 countries and employs around 139,000 pcople. The
machine tool could be useful for 30-30 years with reasonable maintenance. Some of its
components arc designed to have a long last live. However, since automation broke up in
the 70’s, capacity, technical or quality requirements become old-fashioned in a much sorter

period.

Mainly to better meet customer rcquirements on the market, the company has chosen a
modular product range strategy. Modularity according to Carliss, Baldwin & Clark (1997:
84) consists of “building complex product or process from smaller subsystems that can be
designed independently yet function together as a whole™, This strategy broadens the
number of alternatives for customers to choose from. However it also facilitates the tasks of

disassembly and recovery of old modules and retrofitting new modules to carlier delivered
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machines after a new need appears (refurbishing). The trade-off when compared to serial

production may be the cost-cffectiveness, which can represent its Achilies’ heel.

The company accepts the old machine as part of the contract and offers a replacement to
customer, only if updating is not available at a competitive cost level. The old machine will
usually be sent to the factory, where decision wilt be taken on repairing, remanufacturing,
or cannibalising 1t. Recycling will be the last resort; apart from the control unit, the whole
machine has been designed for being fully recyclable and purchasing personnel was

consulted to know the availability of the required materials in the market.

Thus, modutfar strategy selection has resulted to serve at environmental and recovery aims
too. The company, since first started 7 years ago, has implemented the 1SO 14001 in 98%
of the total number of plants affecting to 80% of the operations. Environmental concerns
are slow but progressively sinking in the corporation (after 5 years, 2001 was the first in
which a report on in-house recycling and reusing on its products and processes was made).
Also suppliers, above all major suppliers of direct materiais and scrvices, i.e. those that go
directly into manufacturing, are strongly encouraged to implement environmental
management programs, in particular, ISO 14001; the company openly confesses to favour
them. However, at the samc time, the company recognizes that its role may be substantially
improved and therefore, admits the need of benchmarking with more experienced

companies in that ficid.

Onc of the biggest challenges for purchasing personnel regarding returns is strongly related
io the long life of products. R&D department takes measures to ensure compatibility and
substitutability between old machines and the most recent ones, which is critical for
refurbishing the otd machine. This demands from purchasing staff important endeavours to
keep updated knowledge about the models, their components and suppliers for them.
However, 1n certain cases, it may not be enough as some suppliers decide to give up

production at a specific date with very short notice to react. The need for disposing of a
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stock of these components force purchasing decision makers te either make a guess for a
presumable amount of components (usually very expensive above all in high tech modules)
or risking their business not being able to carry out refurbishing activities because of the

lack of components.

3.3.2.6. CONCLUSIONS

To become fully involved in these recovery/reverse processes will in short time be, not
longer an option to embracc but a compulsory issuc to comply with for many
manufacturers. The take-back scheme not only may not posc an additional burden on the
company costs but also 1t may be self-supporting; even more, opportunities for savings and
competitive advantages can be drawn whenever this process is efficiently run. Yet, for
achicving both efficiency and increased value added, a full range of supply chain activities

must be committed, purchasing being one of them.

The cases shown in this Section 3.3.2. arc cxamples of the still scant degree of actval
reverse logistics implementation in corporations, Apart from specific pioneers in some
sectors (PC, printers, automotive) in which this practice has been more extensively adopted,

reality appears to point out those to be more an cxception than the rule.

Of the two cases presented, Company B seems to be in a more advanced position than
Company A regarding the level of consciousness and implications of reverse logistics
influence on the firm. The adoption of a modular design has cased the disassembly (activity
unavoidable for any posterior recovery activity), and has reduced the times of transmitting
information about recovered parts to the system, information required for the purchasing
department when planning its materials orders and lead times. These cases empirically
reinforce how modularity and standardization greatly contributes to better reverse logistics
performance, seeming to be important design features to adopt, The explicit importance of

design department in envisaging returns is strengthened by working in conjunction with
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purchasing department (company B procedure responded more to this cross-functional

integration than company A).

On the other hand, the degree of involvement in recovery activities is also superior as the
company includes cannibalisation and recycling as altemative sources of respectively parts
or materials that need not be purchased. The option of scrapping faulty products in
company A prevents it from parts which have to later be not always casily sourced.

Purchasing personnel are in this latter case subject to unnecessary, additional pressure.

Environmental certification seems to positively predispose firms to future progress in
reverse logistics systems. Annual reports show an increasing commitment to environmental
sustainability; this could be taken as a symptom of initial steps being given. On the
purchasing side, one common effect is its translation into increased commitment with green
purchasing practices (cven if, according to Kitazawa & Sarkis (2000) the cffect is not
immediate unless cultural changes take place in the organization). A second effect is a more
stringent evaluation criteria (because of added environmental requirements) to their
suppliers. Environmental certifications by itself is however not cnough for integration with

supplicrs to be fully achieved.

Finally, all abovementioned effects seem to respond more to external stimulus either from
customers (when they return faulty products), or competitors (adoption of green practices).
There i1s not an attitude to actively recover units (for instance, at the end on their lives). A
major implication of this finding is that the importance high executives assign to reverse
logistics issues as a means of reducing purchasing costs, increasing customer service, or
reducing lead times is still very low. Neither systematical approach nor future projections

seem o have been made.




136 ACTA WASAENSIA

3.3.3. TRACKING THE BOND BETWEEN ENVIRONMENTAL ISSUES AND
REVERSE LOGISTICS. 1S 1T SO STRONG?

3.3.3.1. INTRODUCTION

Since the awareness for environment and sustainability boomed in the decade of 90’s, the
progress achieved in this scnse has been noticeable. The statement is not arbitrary; apart
from the number of companies certified in some environmental standards, already
mentioned, some additional indicators firmly support i, such as, the great variety of
ecolabels faunched by manufactures in their products in order to show to the market their
commitment with environmental matters; the growing utilization of the Life Cycle Analysis
(LCA) approach as a basic tool for estimating the environmental impact of their products
(Bloemhot, Nunen, Vroom & van der Linden 2001; Stavros et al. 2003), the adoption of
green procurement as a new strategy for relationships with suppliers (Zsidisin & Siferd

2001; Drumwright 1994), etc.

This trend of increased responsibility with the environment has not been excmpt from some
resistances. Leaving aside the innovative companices, which adhered to the process from its
inception, the rest reacted refuctantly at the beginning, as their impression was that the
change would bring a raisc in their costs. This initial resistant posture from some
companics gave rise to a more resigned attitude maindy as a result of environmental acts
and mandates passed (Walley & Whitehead 1994). Recently, regulatory compliance is
mcreasingly being substituted by more proactive holistic approaches, having companies

realized of the potential for resource efficiency and commercial opportunities.

The success of leading organizations in addressing green processes together with
environmental lcgislation and customer demands have had as a result an effect of pulling
some others, which were still unwilling to become involved. These latter firms have
discovered that, not only the costs generated from going green can be (if efficiently
managed) largely offset by benefits from the green image, but also they may obtain

competitive edges (Winsemius & Guniram 1992). In addition to the previously mentioned
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rewards, the fact of being invelved in sociable responsible activities may, in a not far away
future, constitutes a suppiementary requirement for playing on in the market, and not an

competitive advantage as it is still today,

The bond between the processes of going green and reverse logistics appeared to be
mevitable. If 1) society, in general, demands a guarantee for environmental sustainability
for the safety of future generations and if 2) legislation passed to that end a) stimulates/
obliges to reduce resources utitized in production processes and to protect landfills from
actual and future wastes, and b) makes manufacturers responsible for their products, any
recovery activity would be seminal to achieve those objectives (Krikke er af. 1999; Goldsby
& Stank 2000). Reverse logistics could provide the fogistics support needed for the value
recovery to be a reachable goal (although other complementary tools may be also utilized
such as Design for environment, or the Life Cycle Analysis). This link would be consistent
with the assertion made by Porter & van der Linde {1995) according to which, as the en-

vironmental commitment goes further in a company, environmental decisions are not taken

autonomously but tightly considering other decisions that affect other functional areas.

Numerous are the authors (Biddle 1993; Ayres ef af. 1997; Maslennikova & Foley 2000)
who so far, in their publications relate experiences of companies (generally leading
companies) that have followed, for one or another reason, in a way or another, practices of
reverse logistics as an additional ingredient in their strategies. However, from this statement
to the one saying that the reverse logistics procedures have been adopted by a great

majority of companies (Tan & Kumar 2003), there is a subtle difference.

Going deeper in this relationship between environmental issucs and reverse logistics
practices is the aim of the work presented in this scction, We want to know if the reverse
logistics field has, at the present time, the important magnitude that seems to be inferred
from the most recent literature on the subject. Are companies implementing reverse

logistics activities so extensively? Are they including them in the daily processes and
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stratcgics? Do recovery activitics play such an impoertant role within the overall
performance of companies so as, big developments in reverse logistics may be expected in

the future? Are all the recovery activities equally significant for companies?

The remaining of this Section 3.3.3. is structured as follows. Next subsection aims at
getting closer to the environmental and recovery situation of companies, narrowing the
focus towards a specific industry; some hints are given about how these issues are adopted
by the electric and electronics industry. Subsection three explains how the case study was
accomplished. This is followed by the case study itself, carricd out in a European leading
company within this sector; its actual practices are disclosed. Ideas derived from the
previous analysis are discussed in fifth subscction. Finally, some conclusions are drawn and

future rescarch areas are suggested in subsection sixth.

3.3.3.2. EXAMPLES IN PRACTICE. A GLANCE AT ONE SECTOR

In a number of countries is possible today to find initiatives whose aims lic in making
aware of and fostering companies to tumn towards environmental issues, so that these issues

are internalised in their business thinking and stratcgies.

Although in the coming years every industry could expect to be involved, at the moment,
only some are subject to the more stringent regulations with regard to the Extended
Producer Responsibility™. These include automobiles, electrical and electronic equipment,
packaging, tyres, batteries, plastics, cte. Leading companics in different industries, such as
XEROX, IBM, Hewlett-Packard, 3M, Intel, Electrolux, Gillette, General Electric, AEG,
Philips, Bosch, Sony, BMW, Volvo, General Motors, Nokia, AT&T, Coca-Cola, Kodak,

Estée Lauder and so forth, have been the focus of different studies because of their serious

* Principle according to which manufacturers and importers of products should bear a significant degree of
responsibility for the cnvirenmental impacts of their products throughout the product life-cycele including
impacts from the selection of materials, the production process and from the vse and disposal of the products.

(OECD 1997)
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commitment in scarching new processes and technologies, by means of which to reduce the

environmental impact of their activitics and products.

Since it was not the aim of this thesis to cover all the industries, the attention was focused
for this piece of work in only one of them as an example. To that end, we have chosen one
industry especially represeatative according to the two foltowing criteria: first, environ-
mental legislation has been passed, affecting directly to the products obtained, and sccond-
ly, the activity of the companies has a worldwide scope, what could guarantce its general
comparison. Three types of industries satisfied these two requirements and therefore could
be deemed as candidates for a closer analysis: automobile indusiry, packaging industry and
electric and electronic industry (Fleischman et ¢f. 2000). The remaining witl concentrate on

the latter.

The recovery of value in an industry such as the electric and electronic industry is not just a
duty, but also a need, as stated by Hillegersberg et al. (2001), given the shortening of the
Iife cycle of its products. Also Veerakamolmal & Gupta (2000) point out this need for
recovery as they include the consumer electronic goods and houschold appliances among

the products generating the bulk of the scrap along with cars and computers.

This nccessity is reflected in what is still a proposal for a Directive on Waste Elcctrical and
Elcctronic Equipment™ (WEEE) and a proposal for a Directive on the restriction of the use
of certain hazardous substances (ROHS) in electrical and electronic equipment. These
proposals are designed to tackle the fast increasing waste stream of electrical and electronic
equipnment and complements European Union measures on landfill and incineration of
waste. Producers will be responsible for taking back electrical and electronic equipment
and complying with the recycling targets established for this kind of products, these targets

ranging from 50 to 80%. Consumers will be stimulated to contribute to the process by

* Electric and clectronic equipment is gathered around 10 categories: large and small houschold; 1T &
Telecommunications; consumer cquipment (e.g. products that reproduce sound and image); lighting
cquipment; clectrical and clectronic toels; toys, leisure and sponts equipment; medial devices; menitoring and
control instnunents; automatic dispensers.
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being able to return their equipment free of charge. The role of the retailer is likely to be to

assist in recovering electrical products from the consumer.

The proposed Directives have not been without controversy. For instance, some producers
state that recycling targets of 30 % are unrealistic for most of the small electrical and
clectronic goods including clectrical toothbrushes, coffee machines, mobile phones etc.,
which can include a variety of plastic types due to technical requirements. For these
applications, energy recovery (after shredding and metal separation) would be the preferred
option. In spite of this controversy, in 2002, mandatory elcetronics recovery laws were
already 1n force in Belgium, Denmark, aly, Netherlands, Norway, Sweden, Switzerland,
Portugal, Japan and Taiwan. By 2007, 30 countries are expected to have enacted clectronic

Fecovery m andates.

Therefore the environmental issucs arc strongly linked with this industry. From this it could
be inferred that companies operating in this industry will result deeply involved in adopting
strategies to become eanvironmentally friendly and in deploying the required reverse
logistics practices so that the recovery and recyeling legal targets are fulfilled in an efficient
manner. The implementation of reverse logistics processes will take place whether in-house
or outsourced to a third party logistic provider who, according to Mcade & Sarkis (2002),
seem to specificaily be targeted to products and industrics in which electronics and

appliances are included.

Qbviously, companies may face the need of customizing the implementation of recovery
processes with other complementary policies, depending on what their situation is (Helms
2002). For instance, in the example provided by Meyer (1999), an clectronic products
manufacturer after realizing that half of the amount of praducts sent back by customers was
not returned for being defective or end-of-life products®™ (returned products were actually

in perfect conditions) decided to adopt a policy consisting of launching simpler product

* Similar high retumn percentage can be also found in a survey carried out among 63 consumer clectronics
manufacturers (RLEC, 1999); in lus survey the 45,03% of the returns were because of defeetive reasons,
whereas the rematning 54,95% belonged to the non-defective category.
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manuals with which installation by customer was easier. Some other companies are
allocating important resources in their R+D and product development departments, and
notable efforts in improving their designs, in search of new approaches with which to
achieve improved environmental performance along with commercial success. Several
authors have addressed this issue (Johnson & Wang 1993; de Ron & Penev 1993; Gungor
& Gupta 2002). Another means to avoid returmns may be to usc online helpdesks where
customers are welcome to ask questions regarding any aspect of the installation process (de
Brito et al. 2002); software pre-installation and casy-of-installation practices may constitute
a via to be considered in personal computer and computer systems (Haug 1990; Cespedes
1995). Another possible strategy consists of developing and improving the information
support necded by logistics managers in order to enhance visibility of products and forecast

the required reverse logistics operations (Daugherty er al. 2002).

The foliowing paragraphs gather some information related to recovery activities in electric

and electronic industry found in literature,

A) Regarding repair, Fortuin & Martin (1999) state how in electronic customer products,
replacement seems to be a more popular option for OEM than repairing. This is so, among
others, because the difficulties in the service parts management, as the demand for parts is

fully random.

B) As regards refurbishing, clectronics is a technology that lends itself to comparatively
easy upgrades (Goffin 1999; Rogers & Tibben-Lembke 1999). Actually, practices as DD
~design for disassembly- or DIE -design for environment- are not unusual as can be seen
from the review made by Moyer & Gupta (1997). Hillegersberg et @f. (2001:75) contend
that refurbishing to upgrade a product to a specific but less-than new quality is offered by
many electronic marketplaces. In a survey carried out by RLEC (1999), one fourth of the
returned products went through remanufacturing in order to be resold in second markets.

But, is _ of the amount a satisfying result?
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C) Finally, as far as recycling is concerned, electric and electronic equipment, along with
white and brown appiiances, paper and glass is being collected in Netherlands, one of the
carliest supporters of environmental legislation (although similar performance can be found
in other countries across Europe), for the purpose of recycling (Lister & Dekker 2001).
Recycling is also the option for the packaging materials utilized in consumer electronics.
As far as packaging 1s concerned, probably the option of recycling is the better vatue
recovery option, but is 1t so for clectric and electronic products too? When the above-
mentioned survey is recalled, recycling of returns products exceeds the remanufacturing
option: 35.34% were recycled. Some electric and electronic products, such as computer or
brown goads, contain precious materials (gold, platinum, palladium), which are recovered
by the recycling process. However, they also contain highly demanded parts that could be
reused in refurbishing or remanufacturing, even in cannibalising, producing by means of

these three last options a bigger value added recovery.

Recycling is however the one that less recovered added vatue implies. With this in mind, it
15 casy to infer that it this option is the prevalent, society may not be optimising all the
resources devoted to improve the environmental performance. This result has an obvious
influence on the reverse fogistics policy. The requirements to accomplish recyceling are less
demanding than those needed to fulfil refurbishing, remanufacturing or cannibalisation
tasks. Suffice to think that avoiding these latter activitics, companies get free from the

thorny returns inventory control, diminish the scheduling complexity, etc.

3.3.3.3. METHODOLOGY

The analysis of reverse logistics impiementation in Electcompa was conducted as a case
study in order to disclose the ways the firm is using to handle and cope with this new
chalienge posed in the arena of the reverse logistics. The scope was limited to the reverse

operatiens between two main customers {customer R and customer S) and Electcompa.
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In order to reach reliability and to improve validity through triangulation several sources of
information were consulted {multiple respondents within the organisation or multiple data
coilection methods). Yet, the bulk of the information gathered was obtained from
interviewing four different people of Electcompa: two managers (Technology Manager and
Quality manager) and two Products Specialists. These four people were chosen for being
the most directly related, in one way or another, to the reverse logistics in the company:
Technology manager is the head of repairing services in the company; Quality manager is
responsible for environmental issues; finally, Product specialists take care of the practical
issues in the repairing and reverse logistics. Several appointments were arranged to
successively, get the first impressions on the subject, check the information processing

results, and give green light to the final document.

The manner interviews were conducted adopted the so-called “open-ended™ nature, in
which no specific list of questions was asked. Interviewer had previously prepared the
meeting, writing down some key points to be discussed and not to be missed. However, a
relaxing atmosphere and the chance of letting in, in the conversation, different views or

facets from the people interviewed, were given priority.

Besides of interviews, a recent Bachelor’s Thesis describing the return and repairing
process for customer S was provided by the company after proper request, since it is a
confidential document done for Electcompa. Annual reports were also handed over by the

personnel of the company,

The company was promised anonymity; therefore a trivial name was chosen to refer to it:
Electcompa. For similar reasons two main customers will be referred to as Customer R and

Customer S.

* A product specialist is responsible for technical fonctionality of products assigned 1o him or her,
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3.3.3.4. CASE STUDY: ELECTCOMPA
General Information

The parent company of Electcompa is one of the largest electronics manufacturing services
companies and onc of the leading companies in its ficld. The corporation focuses on
communications technology products, providing design and manufacturing services
together with after sales service support (after sales includes product analysis, repairing of
the products, updating old products that are still in use, and logistic services). Customer’s
typology varies from product companies or brand owners to network operators or
manufacturcrs of cellular networks; company clients may be found in any of the 12

countries comprised within three different continents,

Electcompa operates in Finland. It was established in 1998 when the corporation acquired a
part of customer R businesses. Currently there are approximately 160 persons in the
workforce in Electcompa. As Electcompa is a relatively small unit with restricted resources,
the two production lines (PL1 and PL2) are forced to partially share some resources.
However, both product lines have their own management and support functions, such as

sales assistants and product specialists.

Electcompa was certified to ISO 14001 in 1998 gaining also 1SO 9002:1994 certificate in
the year 1999 and 1SO 9001:2000 certificate in 2002, For efficient application of its en-
vironmental policy and its adaptation to local conditions, each corporation unit has its own,
independent environmental management system (the group has articulated mechanisms to

guarantee effective global coordination).
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Figure 14, Two environmental parameters used by the corporation. Source: the web

page of Electcompa.

Within 1ts cnvironmental commitment, the company is involved in several research and
development projects aimed at, for instance, adopting a lead-free manufacturing process.
The group monitors 25 environmental parameters on a quarterly basis, Some of them are

. . q
shown in Figure 14"

45 Lo S :
How these indicators were translated for Electcompa was asked. However the records in the database

seemed not 1o be valid (something that was evident when the technology manager tried to calculate different

percentages of repaired and retumed products). Had the chanis been obtained from actual database, they

would be very fauity.
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Main Custonmers

Since the establishment of Electcompa, customer R has been its biggest customer, re-
presenting nearly 80% of the Electcompa sales (products sold are mainly relays and control
systems). Tius main customer is at walking distance from Electcompa. Almost the whole
production from production line, PL1, is assigned to this customer. As far as the second
biggest customer is concerned, the second production line, PL2 (mainly heavy and quite
large in a size modules), is mostly used for his products; since this customer, S, operates in
several locations worldwide, products sold to him arc shipped to several locations (from

USA to China). Apart from two additional customers located in the same local area with

Electcompa, the remaining customers are located further (for instance, in Sweden).

Forward logistics with the neighbour customer R is quite simple; most of the every day
outbound logistics use post couricr deliveries in metal or hard plastic carts. Modules sent to
customer S use transportation in a freighter (waterway). Products to be shipped to Sweden
arc taken care of by chosen forwarder (tfransportation means are airfreight, in urgent cases,
and trucks, in normal cases). When it comes to China and USA destinations, the forwarding

can happen cither on land, waterways or by air.

Although the amount of returned preducts from the two main customers is significant when
compared to other customer’s rcturns, reverse logistics is implemented in Electcompa in a
quite limited scale. The percentage of returned products from customer R is estimated to be
bejow 1% of the sold products. In spite of this, the importance of total retumns (and thus the

reverse logistics) 1s expected to grow due 1o two reasons:

¢ Anincrease in the manufactured volumes;

e Lifc cycle span; the expected life-time for the company products is normally longer
ithan the time the company has been operating in the market; if the legislation and/or
customer pressure demand to take end-of-life products back, this will start to happen in

the years coning,
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One of the reasons for such a reduced returns rate may be found in the high quality
standards and controls. Most products are comprehensively tested before being sent to
customers, what reduce to a minimum pereentage the number of returns due to functional
defaults. Quality controls are thoroughly performed (unless customer for some reason
insists on an opposite procedure), the more so if customers are at a long distance because in
those cascs transportation is more complex and expensive. Among the products not

submitted to test by Electcompa, the percentage of defective products is higher.

At the moment customers do not send end-of-life product to Electcompa to be recycied or
appropriately disposed. Products go backwards, from consumers to Electcompa, mainly as
a result of production defects or after sales service support. Depending on the condition,

one of the following options will be taken:

a. to send the product to a disposal company, which assures appropriate disposition
according to the legislation,
b. to obtain some components or parts for re-use purposes or

c. to fix it by replacing the damaged components.

The main, in volume, added value recovery activity carried out nowadays in-house in the
company is the repairing activity. Repairing a functional defective unit is undertaken
mainly for cconomical reasons (by fixing it, the company avoid the replacement by a new

unit). However, certain degree of cannibalisation also takes place.
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Reverse logistics and recovery activities with customer R

The short distance between the
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cation and daily businesses rela-
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[iOI]S. Tl}c 1)T0dUCt S]‘JCCiﬂIiSt de- Figure 2. Relumn policy with customer R

fines this parameter trying to Figure 15. Return policy with customer R.
concifiate both customer’s wishes

and the workload of repairing

staff. Once this urgency criteria is set, specific order for repairing cach product is decided
according to two other variables: customer importance, and particular fixing process
characteristics. Finally, product specialist and technology manager organize repair activi-
tics. The repairing staff assigned to the whole company also performs products repairing

activities.
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The implementation, since September 2002, of Information technology to support flow
information (formerly maintained in paper form) is expected to bring substantial improve-
ment in the returning process. Actual records are saved into joint database kept by
Llectcompa and the customer. Both partics have author rights in the database what allows
for very often updating. Old way of proceeding was to collect faulty products into large
boxes and accumuiated them at the customer premises to be returned at once. This
procedure caused heavy sudden load for the repairing department, which had also to cope
with its normal workload from internal processes. Nowadays defective returns are returned
soon after the faults are discovered, as long as, customer R does not repair them by
themselves or scrap them (thesc tasks usuaily accomplished when customer is responsible

for the fault).

If the returned product cannot be fixed and it will be scrapped unless, as it happens very
seldom, certain components can be advantageously obtained and reused again. According
to one of the managers’ believes “re-using electronic parts will never be an issue, although
1t may be for mechanic parts instead; in fact, mechanical components are the most re-used
parts {within a limited extend) at the moment in Electcompa. The reasons why very rarely
components are detached from the whole unit, are the required activities to do so, being
time conswming (cleaning of the components can take a long time) and risky (if the
components are not damaged while still on board, they can be damaged during the
disassembly). On the other hand and in addition, the cleetronics components are not re-
usable in a beneficial manner because intensive re-testing the parts is not worth; first, since
most of the components on a board cost 0,00X € and retesting cost will far overcome the
recovered cost; sccond, because more sophisticated components (the ones that will render
big recovered added value) require specific tester (in other words, bigger investment in
cquipment). Therefore, some recovered expensive components cannot be tested before they
are re-assembled to a printed circuit board (PCB). This means that there is a risk of being
using a damaged component in the assembly of a new PCB since verification of its

functionality was not possible. That is the case for example, with integrated circuits (ICs),
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which are very difficult to test while not a part of component board; on the other hand,
some memories that have been programmed for one unit cannot be programmed again. All

these facts discourage the cannibatisation activity,

Only mechanics 1n box-built modules are re-usable, if not fatal damage occurs in transit or
by customer. If the product is box-built, their components may be included in the top 10 of

the most expensive parts.

Consequently, if a returned product from customer R has to be scrapped, usually the whole

product will be scrapped. The general procedure for scrapping products is to put them in a
16 . . . .y .

locked™ waste bin. The locked bin is transferred to a recycling company specialized in

recovering metal constituents,

Defective returns from customer R come back to Electcompa in the empty carts in which
new products were previousiy shipped. These carts come back (whether with faulty
products or not), once the customer has emptied them (see Figure 14 for the whole decision

making process).

Reverse logistics and recovery activities with customer S

The differences in reverse logistics policies utilized with customer S and customer R stem
from scveral reasons, the distance and the dispersion of a number of the different customer
locations being the most relevant ones. The distance between Electcompa and customer S is
far longer than the distance between Electcompa and customer R. In addition, the products
of customer S are shipped to multiple locations, which implies that they also come from
multiple locations worldwide. The reverse logistics operations from customer S or customer
S's customers are arranged and paid by customer S. The reverse logistics process

implemented by customer S for returning modules and component boards is probably

* The reasons for the bin being locked are twotold: the material includes information that cannot be scen by
outsiders (design, components, ctc.} and the material is also so-called problem waste that cannot be disposed
to a normal dump.




Cust. orders product

v

Electrocom delivers

v

Customer: introduces product

ne

Customer seods
feedback form

v

Elcctrocom replaces
product

v

yes

Llectrocom invoice for product
and freipht

v

Customer retums
faulty product

!

. Electrocom dévides on

recovery option

Figure 16.

ACTA WASAENSIA

Mo actions

Return policy with customer S.

151

conducted, according one
of the managers inter-
viewed, in a much more
organized manner since
the longer distance trans-
lates into higher costs and
since the volume of sales

has recently increased.

Testing of the modules
before sending them to
customer 1n worldwide
locations is also in this
case fairly comprehen-
sive, resulting in small
percentage of returned
products due to manu-
facturing faults. Customer
S owns the test equipment
and it is therefore his
responsibility to provide
rightly functioning testing

cquipment.

The procedure 18 more

complex than with custo-

mer R (see Figure 16): customer S sends a feedback form reporting the defect to

Electcompa. This feedback form is an electrical document that includes all the necessary

technical information of the faulty product and the quantity so that Electcompa can send a

replacing unit to the customer.
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Depending on the customer S's wish the replacing module/part 1s delivered directly to the
location where it will be used (customer’s customer, end user of the product) or to customer
S. Electcompa also sends an invoice for the product and its freight to customer, Once the
replacement unit 1s in the appointed destination, the faulty product is returned to
Electcompa. The return transfer is at customer S expenses. One in Efectcompa premises,

the procedure is simitar to the one explained for customer R.

Faulty product is cither credited to customer or property of Electcompa without liabilitics,
depending whether the warranty is in force and on who 1s responsible for the defects. Quite
often, end users (customers of customer S) have caused the damage through incorrect
assembly or mcorrect handling. If the module is property of Electcompa, the option of
reusing some parts will be analysed. Figure 17 shows the internal decision-making process

with products from customer S,

The problem encountered often is that verstons of some of the component boards change
quite frequently and therefore they cannot be used for remanufacturing new products. On

the, other hand updating used ones may be feasible but at cost too high.

3.3.3.5. DISCUSSION

From the previous casce study some propositions can be drawn.

Proposition 1 is stated as follows: physical distance benween directly connected members
in the supply chain has a crucial influence on the integration of Forward Logistics with

Reverse logistics: the lesser the distance the greater the likelihaod of integration.

The fact of customer R being located at a walking distance from its manufacturer facilities
facilitates the incorporation of rcturned product in daily practices in a remarkable way,

Carts used for transporting new manufactured products are used, once empty, in their way
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back to bring defective returns. Returns from R to Electcompa scem to coexist on daily
basis with forward flows, fcading to the integration of both processes (forward and reverse).
When focusing on the faraway customer S, the return policy is quite different and more
intricate in the sense that several steps have to be covered: filling of the form and the
subsequent replacement of the faulty unit need to be accomplished to have the defective
product back to Electcompa. Reverse logistics process is, in this sccond case, completely

independent of the forward flows.

Proposition 2 is formulated as follows: short physical distance between directly connected

members in the supply chain increases the speed of returns transactions.

Defective product returns from customer R are seat backwards to Electcompa as soon as
the faulty product is detected. Not only physical flows but also the related information is
available quicker. Costs considerations make more likely the utilization of economic
inventory policies when distances to cover are significant. In such a case, transportation and

eventuatly warchousing costs may deter companies from expediting individual units.

Propesition 3 contends the following: the mumber of locations from where returns are sent
back 1o the manufacturer is positively correlated with the required Reverse logistics

FesSourees.

While customer R shipped defective products from a sole location using carts for
transporting them back to Electcompa, customer S, with multiple locations worldwide,
needs to resort to an increased variety of transport means to handle with returns. The latter
is also likely to imply different kind of service contracts and relationships with different
3PL’s. For the same reason, not only reverse logistics processes but also the subsequent

redistribution processes wil be more intricate.

Proposition 4 15 stated as follow: Characteristics of the product strongly affect the reverse

logistics channel configuration.
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Characteristics of products have also a remarkable influence on the c¢hoice of the recovery
option, making individuat decision not possible to be exirapolated from one category to
another. White, Masanet, Rosen & Beckman (2003) give prove of it when computer market
15 compared to other durable good markets. In the case analysed size and weight of

products notably constraint the way products are transported.

Proposition 5 is stated as follow: Scant returns volumes may favour the preference for one

recovery alternative (more specifically, recycling} against other alternative options.

The case analysed in previous section fall under the characterization of a low return volume
company (only 1% from the biggest customer); therefore, Electcompa is not urged to react
to the need of accommodating its procedures in order to cope with big flows of returns,
Repairing 1s conducted as a traditional customer support service. Leaving aside this option,
recycling represent the biggest recovery action. Some cannibalisation was carried out very
seldom both for technical and costs reasons; on the other hand, the number of re-usabie
parts docs not reduce material-purchasing costs significantly. In a survey of 65 major
electronic and electrical manufacturing American companics, an average returns rate of
8.46% was reported (RLEC 1999). The costs of designing and putting in motion the
required reverse channel together with the costs of planning and organizing the subsequent
activities, may not be offset by the flow size needed to pay it off. Bellman & Kahre (2000)
recognizes that industries such as electronic product industry may not generate enough
volumes. In this vein, Mason (2002) mention the case of 3M, company that manufactures,
among other products, clectronics telecommunications; this company has been accepting
products manufactured by competitors in order to reach volume. The marketing director of
one of the technical services, exclusive of important mobile phones manufacturers in Spain,
admits the challenge of the business to be in reaching volume; to get scale economies is

cssential (Schell 2003).
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Proposition 6 1s formulated as follows: Without appropriate DID, Complex product
returns may discourage implementation of reverse logistics practices with focus on

refurbishing, remanufacturing and cannibalisation, favouring recyeling instead.

Bellman & Kahre (2002) includes the electro-technical goods (domestic ¢lectronics,
appliances, measuring instruments) as examples of complex products, in the sense that
various and different components and materials take part in their composition. In the survey
conducted by Armistead & Clark (1992), these authors found that, on one hand and, as far
as customer support of compiex products is concerned, this type of goods require a bigger
support; on the other hand, manufacturers, in gencral terms, want logically exert a
maximum control which is achieved by organizing a direct customer support channel.
However, it should keep in mind that this type of control implies higher costs, what may be
deterrent for certain companies. As complex products cannot be disassembled and
recovered by companies without the appropriate know-how, if the manufacturer refusce to
directly take part in the recovery, other companies cannot do anything but shredding them
and try to obtained the precious materials they may contained. The cases showed how the
phasc of disassembly implied the risk of destructing the product, discouraging the recovery
of parts. If no special resources on Design for Environmental (or Design for Disassembly)
arc allocated, the activities of refurbishing, remanufacturing and cannibalisation may not be
cconomically affordable, being once more, the activity of recycling the next in the Hst, in

order to comply with legistation without badly affecting the revenues of the company.

Proposition 7 contends the following: The life cyele of electric and electronic products has
influence on the choice of recovery activity wtilized and therefore on the reverse logistics

solution implemented.

Especially in this kind of products, both market cycle and technological cycles have
amazingly been reduced in the last decades. If the possibilities of technologically updating
them would have been taken into consideration i the carly stages of product development,

the option of refurbishing the returned product could result viable. Otherwise, as it happens
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in the analysed case study, product may result damaged in the disassembly process, leading
to refurbishing not being the best solution. On the other hand and as regards remanu-
facturing or cannibalising, it may alse happen that when the product is sent back, only a
fraction of 1ts components are eligible for remanufacturing because the short life cycle

madc obsolete the majority of its components,

These propositions answer the questions posed in the introduction section. Reverse
logistics, in general terms, are not yet fully internalised within companies’ strategies and
procedures. Only under certain circumstances, returns management is a part of natural
every day activities. Apart {rom the prominent role that recycling scems to play when it
comes to returns, repairing is also carried out; however, more for after-sales service support
reasons than for recovering value and /or environmental reasons. The remaining recovery

opiions seem to have a low profile.

3.3.3.6. CONCLUSIONS AND FUTURE RESEARCH

Even if Electcompa is a part of a big corporation in which the involvement in
environmental issues scems to be taken quite seriously, the implementation of reverse
logistics practices stiff remains at very low levels. The bond between both processes (going
green and reverse logistics) is not yet fully consolidated. The main recovery activities
carried out by the company fall under the traditional scope of after-sales customer service

{repair) or recycling, being the remaining options undertaken very seldom.

The environmental certification of the company shows a certain commitment with green
issues. However, the fact of being certified appears not to be enough guarantee (Fernandez
2003b) for the company to accomplish, in a deeper way, value recovery activitics or 1o
devote resources to deploy the required structure to support them. One question that arises
at this point is the responsibility of public institutions for this outcome. Usually, legislation

mainly cstablishes recycling targets, although in certain cases, recovery targets are also




158 ACTA WASAENSIA

, a7, . . . . .

mentioned™” Is it possible that these legal terms induce companies only (or mainly) towards
recycling focus? May the companies get the impression (at least, those legislation-driven)
that by complying with the recycling targets, not further efforts in alternative value

recovery options are required?

Legislation has proved to be a powerful driver for companics to get involved with
environmental concerns. If customer requirements (another potent driver) are considered
when deciding how deep to green the company, costs of doing so may curb certain
companies’ initiatives. Legislation however may impose actions to be taken even if they are
costly. In spite of it, 1t scems, broadly speaking, that compulsory terms are not sufficient
) : . - A8,
enough to succeed in engaging companies further than mandatory terms establish

Alternative means should be studied.

This case study also showed how the same company has set different reverse logistics
procedures for different customers according mainly to two parameters: distance to

customer location and number of customer locations.

3.4. TOWARDS REVERSE LOGISTICS THEORY BUILDING BY MEANS
OF AHP APPROACH

This section presents a AHP study based on the state-of-the-art review along with the

results obtained from the exploratory case studies introduced in previous sections,

" Let us take the packaging legislation (Cairncross, 1992):

Gernmany According te packaging ordinance passed in 1991, 80% of all packaging must be collected
and of that, 90% of glass, tin and aluminum and 80% of other packaging must be separated
and recycled.

Italy Has set recyeling targets of 50% for plass and metal drink containers and 40% for plastic to be
meet in 1993

Austria Has set targets for recuperation —refitling or recycling- of up to 90% of drink containers by
1994

France A committee of the 20 largest packagers, retailers and manufacturers suggested to recycle,

refili, compost or incinerate with energy recovery _ of all packaging waste
“ One of the managers pointed owt that Electcompa has been functioning only for some five years. For him
this could be one of the reasons why Reverse Logistics was not implemented in a greater extent. The idea
behind was that during this time the company’s main concerns were others: forward logistics, quality,
compliance with envirommental legislation, ele, tasks which the company deems as more eritical.
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3.4.1. INTRODUCTION

To succeed, corporations need to respond to external and internal changes in a timely and
effective manner (Wu & Dunn 1994; Montgomery ef al. 2002). Because Logistics acts as a
critical interface along the supply chain, connecting its different echelon members, it may
be eftectively utilized to respond to the new challenges posed by markets and times. Within
the logistics organization, the improvement of the quality of the logistics chain seems to be
the main concern, regardless the length of the planning horizon (Korpela & Tuominen
1996). One recent way of achieving this goal is to broaden logistics scope by effectively
undertaking reverse logistics activitics and by incorporating the natural environment into
strategic and operational decisions (Thierry ¢r al. 1995; Sarkis 2003). Slowly but gradually
managers and policy makers arc realizing that good reverse logistics practices can
positively influence on corporate performance. Benefits such as the development of a
sustainable business strategy, improvement of customer service, increase of profitability,
reduction of cycle times, and a cut down in purchasing costs, are already mentioned in the
hiterature (Schary 1992; Kearney 1994; Dawe 1995; Phelan 1996; Dowlatshahi 2000;

Hillegersberg ef al. 2001) and in this work.

If, according to Lambert & Cooper (2000: 65.), “there is a necd for building theory and
developing normative methods for successful Supply Chain Management practice”, this
fully applies to reverse logistics, field where little prior theory exists which could serve as a
framework for decision-making. Carter & Ellram (1998) pointed out the lack of
theoretically grounded and holistic view of reverse logistics. Dowlatshahi (2000)
acknowledged this same deficit. Knemeyer er ¢f. (2002) missed an in-depth understanding
of the complexity of factors affecting the reverse logistics activitics but they only addressed
the problem for EOL computers. Mason (2002) notes littte demand of knowledge in this

field. Essues like:

* What is the real implementation of these practices in companies,

* What are the most common decisions regarding reverse logistics channel configuration,
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e Under which circumstances in-house implementation results in a more strategic sofution
than outsourcing,

e  Which is the extent of the problems that hinder backwards activities adoption,

»  Which of the external pressures is more credited by organizations,

e What arc the factors that favour the integration of forward logistics with reverse
logistics chains,

¢ How corporate environmental commitment affects the reverse logistics put in motion

process,

are only examples of questions that have arisen without not yet a clear answer.

This study focuses on the challenge of drawing a deeper insight on the topic, with which
future reverse logistics theory could be further developed. To do so and bringing together
conclusions drawn from previous literature and the case analysis put forward in previous
scctions, we propose the use of the Analytic Hicrarchy Process (AHP) as a tool for

screening and assessing the relative importance of various detected traits.

Yor over nearly 30 years since the publication of the first papers, individuals with different
background (scholars, managers, governments) have used AHP as a support tool for
analysis, synthesis and justification of complex decisions and evaluations (Wasil & Golden
2003). Its versatility has alrcady covered a wide range of application areas including
supplier evaluation, production and operations management, formulating marketing
strategy, human resource management, product pricing decisions, ctc. In spite of some
criticisms (Dyer 1990; Schoner & Wedley 1989; Schenkerman 1997; Barzilai 2000), AHP
approach is still very frequently uscd nowadays. However, AHP has not yet been

extensively used in the area of reverse logistics.

The remaining of the Section 3.4 is structured as follows. In subscction 3.4.2, we briefly
summarize the key attributes of reverse logistics later considered in the AHP analysis.

Subsection 3.4.3 describes how the AHP approach was delineated for this work. Subsection
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3.4.4 preseats the resuits. Finally, in subsection 3.4.5 some concluding remarks are

addressed along with suggestions for further rescarch.

3.4.2, SUMMARY OF THE MAIN REVERSE LOGISTICS ATTRIBUTES

A holistic analysis of the effective implementation of reverse logistics systems should
consider both external and internal factors (or actors) with power to shape the process
(Carter & Elram 1998; Knemeyer er of. 2001). External actors include: government and
interested groups, which may exert influence on regulatory bodies (lobbyists, consultants,
etc), customers, suppliers and competitors (among those competitors retailers, recyclers,
and competing companics may be found). Among the objectives pursued by these four

actors the following can be mentioned:

a) reduction of generated waste (Dowlatshahi 2000),

b) better utilization of resources ~iabour, raw materials, encrgy (Ferrer & Ayres 2000a) at
national level,

¢} environmental protection (Stock 1998),

d) reduction of areas of disposal (Knemeyer et al, 2001),

e) reduction in prices while maintaining the quality level (Knemeyer er al. 2001),

f) extension of life cycles of products, and

g} increase the market share.

Internal actors have to do with the companies themselves. The reverse logistics-related
objectives behind companies’ practices may be also split in two different categories:
strategic and opcrational (Dowlatshahi 2000). Among the strategic objectives, several
authors (Stock 1992; Giuntini & Andel 1995; Witt 1995; Wu & Dunn 1995; Phelan 1996;
Maslennikova & Foley 2000; Hillegersberg er al. 2001) have pointed out the oncs

summarily listed as:
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a) Increase the offered customer service, thus, customer satisfaction and consequently,
improve the company image in the market;

b} Augment profitability;

¢} Reduce strategic costs -specific equipment, qualified employees, and warehouse facilities
ameong others-;

d) Shrink cycic times;

¢) Incorporate environmental concerns into business strategy;

1) Comply with ad-hoc legislation;

2) Keep quality standards;

I} Keep control, ete..

Operational goals (Murphy 1986; Kopicki er al. 1993; Andel 1995; Ayres et al. 1997,
Stock 1998; Licb & Randall 1999) are related to:

a) Transportation — truck, rail, routing, etc. -, which usually represents the largest reverse
logistics costs;

b} Warchousing —private or 3PL; size, etc.- and

¢) Supply management.

It is easy to realize/comprehend that some of the objectives previously mentioned may be in
conflict and therefore, the effective power of each of the four forces will transiate into
different reverse logistics outcomes. So far, any analysis has made an attempt to measure

the relative influence of these four factors as far as reverse logistics issues are concerned.

Nevertheless, although some conflicts may arise among the objectives targeted by different
actors (Handfield et af. 1997; Majumder & Groenevelt 2001), the overall aim should be that
the benefits from an effective reverse logistics implementation would be complimentary;
for instance, extending product’s normal life cycles leads to reduction in the needs for new
resources utilization (Melbin 1995) which favours simultancousty both the companies and
the environment; other examples of benefits for multiple actors may be found in Biddle

1993; Ayres et af, 1997; Blumberg 1999; Savaskan 1999 or Bowen er al. 2001,
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Recovery activities may be highly profitable —which does not imply that then it would be in

any situation (Klausner & Hendrickson 2000). However it may be long before an

organization deals effectively with reverse logistics (Dowiatshahi 2000). The reason behind

thus argument 1s that the accomplishment of previous objectives by implementing reverse

logistics practices ts not exempt from problems, from both within and outside the company

(Tan & Kumar 2003). Some of them, pinpointed in our state-of-the-art revicw and previous

work, are the following:

4)

5)

6)

7)

8)

Distance from customers: (Fernandez & Korpildhde 2003; Tan & Kumar 2003);
Number of customer locations (Femindez & Korpilihde 2003);

Characteristics of the product -size, weight, cost of its components, etc.- (de Brito et
al. 2002);

Complexity of the product -number of constituent parts, degree of modularity, degree
of standardization of its componcents, cte.- (Ayres ef al. 1997; Ferndndez 2003b);
Scant volumes, difficultics to reach cconomies of scale: (Stock 1998; Pohlen & Farris
1992);

Lack of knowledge of company’s customers: (Ayres er al. 1997; Blumberg 1999;
Fernandez & Junquera 2003);

Uncertainty: the difficuitics in forecasting quantity, guality, location and timing of
returned products is doubtless one of the most-accepted characteristic of reverse
logistics systems (Ayres ef al. 1997; Guide er al. 2000; Hillegersberg 2001; Ferrer &
Whybark 2001a; Fleischmann er af., 2001; Guide & Wassenhove 2001; Mason 2002;
Ferndndez & Junquera 2003); although some efforts have been made in providing
tools with which to increase the accuracy of forecasts (Krupp 1992), and suggestions
have been given to “attempt to sccurc input streams” (Knemeyer er al. 2002),
uncertainty is stili a hard point in effective reverse logistics implementation;

Lack of managerial commiiment: the number of products ending in landfiils would
drastically diminish if companies were famibiar with the social and cconomical
advantages that could be drawn from rccovering value or materials from them;

however, it is a fact that many managers have discarded this business arca (Thierry er
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9)
10)

1)

13)

14)
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al. 1995; Rogers & Tibben-Lembke 1999; Meyer 1999; Goldsby & Closs 2000;
Walker 2000; Stock 2001; Fernandez 2003b);

Lack of design for environment, for disassembly, for recycling, etc.;

Costs related to high value recovery option. Knemeyer (2001) found that “skilis
requircd by cmployees and storage space requirements made strategic costs to
increase dramatically as the focus shifts from recycling to refurbishing™;

Existence of markets for reprocessed products (Biddle 1993; Thierry ¢f al. 1995);
although Purohit (1992} asscrts that “any product category in which technology
changes rapidly or consumers turn products over before they wear out suggest the
existence of a secondary markets”, examples can be found where recovery systems
have failed because remanufactured products could not be sent to market destinations;
although greening procedures are often linked to reverse logistics procedures, the fact
of having verified an increase in the demand of green products which is not parallel to
the increase in reprocessed products, shows that both processes are not equivalent;
Scarcity of developed cost information systems (Mason 2002) with which to get
insight on both the costs generated from the reverse logistics activities and the cots
savings stemmed for performing those activities (as an example, in the case study
presented by Handfield (1997), none of the five companics analysed had a cost
system implemented);

Lack of performance measurement systems; in the literature reviewed only two
attempts are mentioned: Distribution overhead (Tan & Kumar 2003) and Return to
available (Lambert & Cooper 2000);

some myths or misconceptions, such as, thinking that reprocessed products and lower
quality are coupled (Biddle 1993) or that costs related to reverse logistics activities
are comparatively much higher that traditional oncs (Sarkis ef af. 19935; Min & Galle
1997).

Because, as already mentioned, to become involved in the reverse processes will be shortly

a compuisory 1ssuc to comply with for many corporations, companics arc faced with the

challenge to effectively adopt an important scries of decisions. Probably one of the first

ones consists of deciding which recovery option to perform. Some options {i.¢. direct reuse,

repair, refurbishing or remanufacturing) extend the product life span, whereas others (such




ACTA WASAENSIA 165

as cannibalisation or recycling) allow an enlargement of the material life cycle (Thierry et
al. 1995; Ferrer & Whybark 2001b). Each option demands a deployment of logistics

infrastructure and means with peculiar characteristics (Ammons ef af 1997).

Once the recovery option has been determined, the subsequent decision would be on
whether if the required activities are more conveniently carried out in-house or, on the

contrary, they are better left to third party logistics providers.

At this fevel of the decision-making process, another question that arises is related to the
design of the network that will support the return flows along the chain (Fleischman et al.
1997): should it be integrated with the forward logistics chain? Or, given the special
characteristics of the reverse logistics activities (Guide ef al. 2000}, should an independent

channel be used (Ginter & Starling 1978)?

The content of this section has been gathered in the Figure18.

3.4.3. AHY?
3.4.3.1. ABOUT THE METHODOLOGY

The AHP 1s a muiti-attribute modeliing methodology first introduced by Saaty (1980).
Although other multicriteria approaches (ELECTRE™, MACBETH™, MAUT!, SAW™,
TOPSIS*, among others) could have been considered, the fact that some papers (Zanakis,
Solomon, Wishart & Dublish 1998; Salomon & Montevechi 2001) had shown the goodness
of AHP method over the aiternative methods and the fact that thousands of previous AHP

appiications have been successful, drove us to conduct the analysis with AHP.

* Elimination and Choice Translating Reality {for more details see Benayoun, Roy & Sussman 1966)

* Measuring Atiractiveness by a Categorical Based Evaluation Technique (for more details see Bana ¢ Costa
& Vansnick 1994)

' Multi-Auribute Utility Theory

# Simple Additive Weighting

* Technique for Order Preference by Similarity to ldeal Solution (for more details see Hwang & Yoon 1981)
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On the other hand, AHP is one of the most adequate tools to transform the impressions
drawn from the case studies into argumicnts upon which future decisions can be made. This
is possible because the subjective impressions can be quantified and processed in an

objective fashion. Therefore, the methodology fitted within our pumposcs.
The analytic hierarchy process consists of:

o first, structuring the probiem information (usually in a decision tree form, so that, a
lnerarchy is obtained);

+ secondly, establishing prioritics among the clements of the hierarchy; to do that,
judgements from a group of expert members are usually collected by means of a
tarlor-made questionnaire and translated into the form of relative measurements with
a ratio scale;

e third, checking the consistency of these judgments; finally, aggregating those

priorities, which result from consistent judgements to yield a set of overall priorities.

3.4.3.2. ABOUT THE APPLICATION IN THIS CASE

The questionnaire was developed from the key insights drawn from previous rescarch
work. In order to himit the sample more precisely, coupled with keeping in line with
previous studies, attention was focused on two echelons of the supply chain: finished
product manufacturers and part suppliers. Gathering information from different sectors and
from companies operating in different markets (since some are end consumers oriented
whereas others are sclling to manufacturers) were relevant factors so as to expect the

decision patierns to be significantly different.

The questionnaire was first mailed to 86 companies (in AHP matrix format) and sent to
another 86 by normal post (in traditional question format). Whenever possible, the targeted

respondents were the logistics managers and/or after sales managers. The composition of
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the respondents sample bearing in mind the position of the respondents’ companies within

the supply chain, is reflected in the Figure19*:

OManufacturer [ Distributor BRetailer [3PL

Figure 19, Composition of the sample.

Duc to the fact that no connection between companies was assumed, the respondents were
treated as independent entities and therefore, their individual judgements were aggregated
using the method called “aggregation of individual priorities”, AIP (Forman & Peniwati
1998). Individual priorities were obtained by means of the eigenvector associated with the
maximum eigenvalue of cach matrix; the components of the cigenvector represent the
weights (or priorities) of the alternatives contain in the matrix. Matlab 6.5 was used to
carry out these calculations. Although in AIP context both arithmetic and gecometric mean

are meaningful, Saaty (1989) suggests using the fatter™,

344, RESULTS AND DISCUSSION

From a samplc of 192 (Statistical Yearbook of Finland 2002), we were pleased at receiving

16 guestionnaircs. Nevertheless, only a number of 90 companies would have permitied to

** Although the focus of the study was on manufacturers, some of them resulted to also play a second role.
* In such a case and having n individuals, the geometric mean will be ebtained as the nth root of the product
of the n individual prioritics,
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extend the resuits to the total population of 1467 Finnish manufacturing companies™.

Being not the case, conclusions must be taken as suggestions for future studies.

One of the drawbacks in practice of the AHP application is that respondents should
demonstrate thorough attention to keep some degree of consistency in their answers by
remembering previous comparison values. In the study, a rather high percentage of the
responses had to be dismissed due to the high inconsistency ratio. The influence of the
number of comparisons 1o be made in ecach block on the inconsistency was statistically
tested; the aim was to examine if the questionnaire design could have affected to the level
of inconsistency obtained. The null-hypothesis, H,, was that there is no difference between
the percentages of unacceptable responses obtained from cach of two blocks [Hy: pi — p; =
0}. Based on the 95% confidence interval, we found that null-hypothesis couid not be

rejected’ (as the 0 is comprised in al] the intervals™ as is shown in table 6).

Table 7. 95% Confidencce Intervals.
Block I Block ¢ Block d
Block a [-0.137; (,L,537] {-0.201; 0.467] -0,260; 0,394]
Block b R s 10421 0,287] [-0481; 0,214]
Block ¢ 0411, 0,277)

The results suggested that the size of the blocks did exert no influence on the results of the

questionnaire.

* The iormuld for finite populations (size lesser than 100.000 items) is: (Z7*Np*p*(i-p)) / ((Np-
1}‘k'iz’ *n*(1-pY) where k stands for the error and Np represents the population size. When applicd to our
study: 11467*0,5%0,5 / (146 7*K*+Z7%0,5%0 L3) it gives a value of 90 companies (being k= 10% and taken
95% as conllch.nm. level). 16 comparies represent an error of 19%5 and a confidence level of 88%)

*" This test assumes that both n; and n (the sample sizes) are bigger than 30; it also recommends both p; and
Py to be close 10 0.5 (never lesser than 0,1 or bigger than 0,9). Although the first assumption is not satisfied,
the second is.

* The intervals were caleulated bu wsing the following expressions: [(pi-pi}-Za/2* SQRT({pi*{1-
pi¥nF(pi*(L-pi¥ng): (pi-pi)+Z2w2*SQRTHpi*(1-pi¥niy+{pi*(1-pi)/e)] where Za/2 is the abscisa of the
N(0,1} that leaves on its right a/2 of probabiliy.
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3. 441, RESULTS FROM GENERAL QUESTIONS

Out of the six recovery options (value or material recovery) mentioned in the hierarchy, the
Recycling option was the one most of the companies in the sample adhered to, as is shown

in Figure 20. This result was expected to certain extent.

Figure 20. Recovery options accomplished by companies.

Figure 21 shows the percentage of companies that were involved in how many options.
From it, it scems that companies have not yet fully internalised the recovery process as

most of the companies are involved in only one or two out of the six possible recovery

options,
8 5 4 3 2 1
Number of options adhered
Figure 21. Percentages of involvement with different number of recovery options.
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The degree in which these companies carry out in-house or outsource the logistics

activities required for the return flows is depicted in Figure 22:

Figure 22. Level of reverse logistics activities outsourcing.

From this Figure, it can be easily appreciated that the majority of companies rely on third

party logistics providers to accomplish part or the totality of their reverse logistics

activities. Only a 13% carry them out in-house. This could be explained in one (or more) of

at least four ways:

a)

b)

Financial resources: the current outsourcing trend in businesses seems to be not only
onc means for companics cutting costs down. It is also a strategic initiative to make the
most of not affordable (most likely, in small size firms) technological advantages and
skilled human resources with the aim of restructure the organization's operating model
{Razzaque & Sheng 1998; Cottrill 2000; Wharton universia 2003).

Transaction costs: outsourcing may be a viable solution in organizations where the
risks -legal, financial, ctc.- are not very important (Maltz 1994); when these kind of
risks are significant, transaction costs arc usually greater and the trend is rather to
vertical integration instead.

Priorities: according to the Winsemius & Guntram {1992) categorization of the stages
of environmental awarcness (reactive, receptive, constructive and proactive), compa-
nies with reactive posture will resort more often to outsource since they scem to use
specialists to implement solutions they are required to, without internatising these

competencics. Such companies could be instead dealing with other higher priority
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challenges (according their own scales), still not solved, such as time or flexibility
(Azzone & Noci 1998b).

Figure 23. Relation between degree of outsourcing and number of recovery options
carried out,

d) Elapsed time: the environment in which organizations operate has a big influence on
their practices. However, companies usually do not start firmly with an environmental
activity. It is only in a second phase, above all, if an external force presses them, when
companies start to use environmental activitics as a competitive weapon. Reverse
logistics s a recent field and the results scem to confirm that most companies did not
reach yet this second phase. This impression is reinforced by interrelating information
from previous charts. The Figure 23 shows the relation between the commitment with
recovery options (expressed by the number of adhered recovery options) and the degree

of outsourcing,

The bigger the commitment with recovery options, the lesser the degree of outsourcing.
Although the correlation ratio between these two variables (degree of outsourcing and
commitment with recovery) is not impressive (0,42), certain degree of correlation cannot
be denied. Assuming that this correlation exists, the rcason behind could be found in the
necessity of keeping a bigger control of the process. Thus, it is quite frequent that
companies only involved in recycling and/or disposal rely on third party logistics providers

to accomplish these tasks; this seems to especially be truc when it comes to the collection
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and transportation of the products or materials to the recyclers or landfills. By doing so,
their businesses are not deviated from their core businesses. Benefits from carrying out
these marginal recovery options in-house are not substantial enough to motivate the
trouble, not in volume neither in range. In general terms, the situation could change if
higher added value was recovered from returns. Let us take remanufacturing as an
cxample. One company involved in remanufacturing needs to tune its production
operations to combine traditional flows with returned flows. Thus, there is extra motivation
to control the flows arrival rate to the company facilities, both in guantity and in time; this
need of mastering the process could lead to the preference for not outsourcing the process

or at least, not totally.

Although different schemes of outsourcing are possible, among the reverse logistics
activities, transportation was the activity most often outsourced (35%), followed by

warchousing (24%).

Figure 24, Percentage in which reverse logistics activities are outsourced.

1t is probably not unreal to think that the financial risk posed with the investment needed
for executing these activitics, may deter companies from implementing them in-house,
Actually, outsourced transportation was found to be notably more frequent in companics

only involved in recycling and disposal.
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Figure 25. Level of integration between forward and backward chains.

Companies were also asked about the intcgration between forward and backward chains.
4/5 of them presented integration in some extent (whether total or partial). In _ of them
o _— L)

integration was only partial.

When integration is plausible without too much complexity, it is obviously a preferred
solution for efficiency reasons. However, the specificity that the handling of returns
requires, in most of the cascs, makes easier to resort to resources and proccdures

mdependent from the forward chain, than to integrate both,

Finally, the situation of the company as regard its environmental certification was inquired
as from previous rescarch work a certain relation was detected in the sense that positive
environmental stance could predispose companies to greater degree in reverse logistics
activities involvement. Next Figure shows the percentages of companies that were certified
according to some environmental standard. From this Figure we can see how 2/3 of the

sample are not certified in any environmental standard nowadays.

Figure 26, Environmental certification,
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Even 1t reverse logistics is certainly a term managers are still nowadays unfamiliar with,
the future perspective does not seem to be much more optimistic considering the amount of
companics not yet environmentally certified. Environmental concerns both from public
institutions and from customers have been the main driver for companies adopting reverse

logistics practices. However, it scems that a long way needs still to be covered.

The relation between the fact of being certified in some environmental standard and any of
the vanables previously studied (outsourcing level, level integration or number of recovery

options accomplished) could not been numerically supported.

3A4.2. RESULTS FROM AHP BLOCKS

As far as the AHP priorities given by the respondents is concerned, the following serics of

charts show the results.
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Figure 27. Prioritics among problems when performing reverse logistics.
Priorities depicted in Figure 27 illustrate the prominent influence of product characteristics

on the problems to face when considering implementing reverse logistics practices.

Product characteristics weight stood out clearly from the rest factors considered in this
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icvel of the hierarchy (nearly 0,3). The finding regarding the great number of customer
locations having influence on reverse logistics decisions was strongly confirmed in this
AP study as this factor was given a sccond position in the ranking with a priority of 0,15,
only a half way however from the product characteristics. Quite surprisingly, the
uncertainty element did not come in the first place; literature has pointed out this feature as
one of the most characteristic in reverse logistics environments and as one from which the
majority of problems come from. In this analysis, respondents gave it a third position with
an aggregated priority of 0,135, On the other side of the ranking, factors such as the scant
return volumes or the lack of managerial commitment, both also highlighted in literature,

only received 0,05 cach.

The remarkable difference in the preduct characteristics priority seems to suggest that any
design or decision related to reverse logistics implementation should first consider the

restrictions imposed in ¢ach casc by this variable.

The priorities given to the sccond set of elements were somehow also surprising. The aim
of this block of questions was to determine the ranking of importance among for possible

sources of external pressure when taking decisions on facing reverse logistics practices,

Customers influence was, already a priori, expected to be important but it resulted an
element of extremely great significance, given that the priority assigned to this factor was
0,533 (the priorities of the remaining three factors together do not even level customers
given priority). When this result is compared to the priority obtained by customer service
in previous block of answers (0,060), the difference could, at first sight, seem
contradictory. A more attentive consideration reveals that it is not. The study confirms how
customers are the main driver to trigger companies towards their involvement in reverse
logistics systems; customer concerns condition companies’ stance in a specific direction,
However, when it comes to the configuration of the backwards chain, consumer
considerations keep a lower profile because if the chain has to be effective needs to be
designed to meet products needs in first place; only by doing so, will customer needs be

also satisfied.
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Figure 28. Priorities given to external pressures,

A second surprising result was the prionity given to competitors, as from literature review

and from the case studies the influence of this actor was far exceeded by the role played by

governments. This fact could be the result of at feast two reasons:

!\J

Following the widely known model provided by Wheelwright & Hayes (1983) for
manufacturing strategics (internally neutral, externally neutral, internally supportive,
externally supportive), this finding would locate companies in the second of the four-
stage scale. In this second stage companies try hard not to lose parity with other
competing companies, benchmarking their procedures and systems. This would make
sense in industries where reverse logistics has already been internalised by the leading
companies. The remaining players would need to imitate them to be cqually qualified
in the market.

The second explanation is that reverse logistics represents still a competitive advantage
duc to the lack of a pervaded implementation. Its adoption may offer 1o the organiza-
tion an opportunity for devcloping a differentiation strategy, strategy measured in
relation to what competitors do. Improved customer support or shorter cycle times may

tead to better markct share or new market niches (Goffin 1994),

Finally looking at the results from an overall perspective, it seems that the direction of

influence is weaker when it comes from upward echelons in the chain, as suppliers stand

the smaller priority. This finding could be taking as a symptom of the immaturity of the
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reverse togistics internalisation process in companies. In a co-operative relationship among
the members within the supply chain, reverse logistics could contribute to overall

economic value creation.

In the third block of comparisons benefits or advantages stemmed from implementing
reverse logistics processes were addressed to. Typical financial reasons, such as increase
profitability and reduce costs, seem to strongly motivate organizations to go ahead; both
together make roughly 0,5. Increasing customer service could also translate, in long-term,
inio better cconomical results and in this sense it is not wonder that this factor appears in
the third place in the ranking. We could even add in this group the compliance with

cnvironmental legislation as, doing so, companies avoid penalties and therefore costs.

0,250+

0,200+

0,150+

0,1004 -

0,050

0,000 - - - - — :
Increase Increase Reduce cosls Reduce Keep controt  Comply with
customer profilabibly production  of the product envirohmental
service cycle limes legislations

Figure 29. Prioritics among objectives to reach by means of reverse logistics procedures.

Only 0,3 is left for not financial reasons. Financial perspective appears to be the most
important consideration. This is in line with the results obtained by Montgomery et al.
(2002) in their Logistics Report but as they point out, attention should be paid to aveid this

financial perspective to jeopardize a more strategic view.

From previous block we have verified how important it is for companies to improve their

economical position (priority bigger than 0,7). According to the last block of questions, the
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promise of better financiat results does not offset the problems posed by returns, The
difficulties that respondents associate with the implementation of reverse logistics
processes got a priority of ncarly 0,5 (Figure 30). Their fecling about this criterion
ituitively seems to be far more dissuasive than persuasive. Assuming this result to be true,
the need to put more cffort in informing companics and convincing them about the
advantages is quite apparent. On the other hand, knowing that organizations give
considerable credit 1o the pressure form external factors (second in the ranking with a
priority of 0,3), the goal of spurring and fostering bigger commitment from companics

should be kept in mind in governments and stakeholders” agendas.

0,500+
0,400+ .
- 0.3004

0,200+

0,100-

0,000+ :
Problems to Objeclives 1o Pressure from
overcome achieve externat actors
Figure 30. The priorities regarding the reasons affecting the decision on how to operate

the reverse logistics practices.

The need to keep control of the product that surfaced as an important factor in a previous
casc study seems not to hold when a more ample number of companies are considered.
Already some authors (Kearny 1994; Azzone & Noci 1998b) stated the impossibility to
excrt control over the entire product life cycle. In the light of Figure 29, companies seem to
have assumed that fact as this objective was ranked the last. Only in special situations,

such as products involving a certain degree of risk, the control would become a necessity.

Notice that external factor weight nearly one third of the 100%. It is the authors’

e

interpretation of this result that, in general terms, companies bave overcome the first stage
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in their environmental awarcness according to the framework given by Winsemius &
Guntram (1992). The stance in which corporations react aseptically to external stimuli, that
13, looking just for legal compliance has been termed as reactive. From the sampie
represented in Figure 30, some other considerations are to be regarded when delineating

their reverse logistics strategy.
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Figure 31. Weighted preferences.

Finally, the weighted preferences are represented in Figure 31. In it, a more comprehensive
view of how all the considered attributes are related among each other is given. It is worth
noticing that the position held by the first objective (increase profitability) appears behind
six other attributcs, or that the pressure from customers seems to be even more important

than the significant problems posed by the characteristics of the product.

However, the fact of considering most critical criterion the one with the highest priority
may be misleading according to Triantaphyllou & Sanchez (1997). One of the sensitivity
analysis proposals of these authors is to mcasurc the variation in weight needed for the best
altcrnatives to change positions in the ranking. The smaller the variation the bigger the
criticality. Our calculations (not included here) confirmed the pressure of external factors
and the problems being more critical than the advantages from reverse logistics

involvement.
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3.4.5. CONCLUDING REMARKS

The work presented in this Section 3.4. is intended to aid in further development and
enrichment of the reverse fogistics conceptual framework. The main contribution of the
present work has been to bridge a possible refation between the level of commitiment withy
recovery activities and the level of outsourcing of the required reverse logistics activities.,
In this line and although intermediate stances are also considered, two categories of
companics according to the reverse logistics and outsourcing policies adopted seem to
stand out: companies fully committed with reverse logistics and companies where
involvement is not so strong. The first type usually corresponds to big companies in size,
where financial resources do not hinder in a significant way reverse logistics implementa-
tion. They are also commonly more involved and have a longer history in environmental
issues; for them reverse logistics practices have disclosed to be an additional strategic tool
1in several senscs: guarantee of better control of product, means of added value recovery,
source of important information, extension of their customer service and weapon to
succeed in market. Consumer requirements and product characteristics are present in their

design stages. This first type of companies tends to outsource less often than the second

type.

The link described in previous paragraph, although weak due to the size of the sample
used, provides evidence of directions pointed out by Dunn (1999) for better decision
making in “in-house versus outsource” context and will be further tested in future research

work keeping in mind the following considerations.

Recalling the theory constructed by Withiamson (1979) on transaction costs, three are the
primary sources for such costs: transaction specific assets, uncertainty and frequency. The
theory posits that the higher the level of these three variables the higher the probability for
a company fto internalise functions otherwise available from the market. One particular
characteristic of returns is the uncertainty, what could lead to operate reverse logistics
activities in-house. On the other hand, returns are not sent back on frequent basis what
could point out to outsourcing as the best option between the both considered. It seems that

a conflict arise when only the transaction costs approach is taken into consideration in the
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analysis. Therefore, we believe that other forces may play an important role in the final
decision. For instance, the company strategy: a cost leadership strategy could orientate
company to outsource reverse logistics activities, providing this option is cheaper, whereas
differentiation strategy would lcad to keep them in-house (Maltz 1994); size of companies
where the hikelihood of integration is found to be bigger (Williamson 1983); value of the
items, being high value and company direct involvement positively related (Lalonde &

Cooper 1989); the type of industry (Maltz 1994).

On the other hand, and as far as the authors know, there are no previous studies where the

relative importance of key variables in reverse logistics implementation is measured.

The adoption of environmental management systems (EMS) with which organizations are
mainly invited to continuous source and waste reduction programs increase the interest in
reverse logistics. However it seems that reverse logistics is rather driven by other factors.
Organizational reverse logistics-related practices scem to be enforced by randomly patterns

as far as previous environmental commitment is concerned.

Another interesting finding is related with the decision companies should adopt regarding
their reverse logistics design. Figure 31 illustrates not only that both customers and
characteristics of product were the two main influencing factors but also the disparity in
relative weight when compared to others factors (they both roughly represent up to 30%
out of the whole scale considered in this study). By conciliating these two leading aspecets,
corporations could more likely reach competitive advantages, as a strategic aspect of their
policy (customers) would be harmonized with an operational one (product). It has been
already stated how conformance with customer expeciations is an order winning criterion
{(Hill 1994). This potential could be strengthened by jointly considering customer and

reverse logistics future needs specifications in the product development phase,

Given the muitiple interrelations that may be established among the aspects surrounding a
reverse logistics system implementation (objectives, actors, problems, etc.) and given also

the fact that AHP only considers onc-way lierarchical relationships among the factors, the
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possibility of applying ANP to the problem should be considered as an extension of this

work.

Previous studics have found that demographic variables account for differcnces both in
corporate environmental efforts (Murphy ef af. 1993) and in logistics strategies (van Hoek
& Commadeur 1998; Montgomery er al. 2002). From the small sample of companies
included in this study, differences in reverse logistics practices could not clearly be
observed among sectors of activity, position in the supply chain or firm size. Although
some evidence was pointed out when explaining the reasons for outsourcing reverse
logistics activities, the influence of these parameters on reverse logistics activities along
with, other variables such as the organization culture, administrative heritage, managers'

values, financial resources, human skills, etc. should be considered in futurc studies.
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4. CONCLUSIONS

Opcrations strategy is crucial when it comes to the effectiveness of total strategy and thus
corporate success (Porter 1995; Hayes & Upton 1998; Pilkington 1998). The linkages of
Operations Management and Environmental Management render new possibilities for
companics to recover and create value (Newman & Hanna 1996). Forward-looking
companies have already taken measures regarding aspects such as Innovation and Design
for Environment/Disassembly, specific arrangements for facilitating products collection
and take-back, extension of product life (by highlighting repair, refurbishing and/or
remanufacturing), and so on. They are conscious of the possibility of losing market against
national or international competitors with superior performance. This process is thercfore
taking place although not yet to a great extent. It is the right time for observation,

documentation and deeper understanding of sucl an organizational phenomenon.

This thesis has represented an attempt to satisfy that objective. In this vein, the relevance,
priority in implementation and the degree of utilization of reverse logistics practices in
companies was investigated. Its main contributions are presented in the next section
followed by a section devoted to the limitations that should be kept in mind when assessing

them. Finally, suggestions for future research are given,

4.1. CONTRIBUTIONS AND MANAGERIAL IMPLICATIONS

This research provides a number of valuable findings and implications about reverse
logistics management in manufacturing companies. The first contribution encountered in
this thesis 1s however the proposal of a concept of the reverse logistics. Even though a
more precise concept may not have special transcendence in daily reverse logistics
operations, it 1s our vicw that it is a must for academia to have clear theoretical frameworks
and to reduce fuzziness from the polemic, disparate and sometimes confronting views
about this topic found in literature. In the same line of search for clarification, we hope to

have also contnibuted to better discern between green/environmental logistics and reverse
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logistics practices. Although some connections may in certain cases be found, they should

not be used as equivalent concepts.

Then, after adopting an inductive approach to come closer to the actual reverse logistics
practices in real settings, valuable information about the initial rcscarch questions
{characteristics of the reverse logistics practices in durable and assembled goods
manufacturing companies which include repair within their customer support service,
Sactors that affect on their reverse logistics practices and how their businesses are affected
by this new discipline) was gathered and analysed so that theory building (“grounded
theory™ in terms of Glaser & Strauss 1967) could be later possible. Latent and manifest
variables were identified and their influence measured; some construcis were also

pinpointed.

We shall start this discussion by recalling the main factors that were found to have
influence on the reverse logistics practices. The first factor could be referred to as “the
starting point” of the company, that is, what is what the company has already achieved and
what is still left to achieve {van Hock & Commandeur 1998). Reverse logistics was found
to be a low priority in companies that still have other more basic chalienges, such as order
fulfillment or flexibility, unsolved. Making a comparison with Maslow’s hierarchy of
necds (see e.g. Filley, House & Kerr 1976:184), reverse logistics do not belong to the
lowest level of the pyramid (it is not a basic need for the company), rather to any other
level but the lowest one. In this sense, reverse practices were more often implemented in
well-established companies, with consolidated market sharcs and solid organizational
procedures where basic challenges have been already faced; it was usual that these kind of
companics were already concerned with environmental and sustainable issues. Their
environmental sensitiveness was a factor that positively predisposed them to adhere to
further commitments, such as reverse practices. Nevertheless, we have noticed a more
femperate relation berween the degree of environmental commitment of a company and its
level of involvement in reverse logistics processes than the one that could be expecied from

literature.
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Although there is no doubt that organizations nowadays are, in general terms,
environmentally speaking more seasitive than in the past, it is prudent not to talk, at the
sight of the results put forward so far, of a clear prevalence in advanced reverse logistics
operations neither in full commitment with sustainable practices. The theoretical review of
the concept did already provide a foundation, from the very beginning of the investigation,
on how new this discipline was. Therefore some more time is probably needed for these
new practices to be adopted in normal companies life. Although some reverse logistics
implementation examples exist worldwide, they do not yet seem to constitute the rule in
actual businesses. Throughout the empirical work carried out in this thesis we have
illustrated and provided some evidence of this condition. The implication for firms is to
realize that an increase in environmental and reverse issues responsiveness is possible
given their actual positions; from there it is possible to attain better performance and added

advantage.

Among those firms already invoived in Reverse Logistics procedures, it was also possible
10 determine which seem to be the most important paramelers to affect the reverse logistics
implementation; it was also possible to propose their relative importance from the
companies’ point of view. The customers and the characteristics of the product were
momentous determinants when it comes to reverse logistics decisions in our case
companies, even exceeding the financial issues. It was also found that their influence was
not at the same level. The customers have to be taken into consideration in the formulation
of the reverse logistics strategy, whereas the product composition and architecture were

seminal for the operational implementation of reverse logistics.

A fundamental issue in most debates about the nature of the strategy process is the extent
to which strategy arises from whose intentions? Admitting that the most likely answer
implies somce kind of combination of different factors, this thesis has corroborated
cxplicitly {rom the Focus Group and AHP work the primacy of customers' influence on
company strategic decisions on reverse logistics policies. From the four types of external
pressures, the customers stand out as the clearly most important from the remaining three
from companies’ standpoint. To succeed in future markets, organizations may need firstly

to fully understand the criteria that define customers’ requirements. The voice of the
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customer has been proved to help organizations better delineate their strategics. According
to Hill (1994) the criteria that define customers’ requirements are divided in two
differentiated groups. The first one is order-winning criteria (OWC) — eriteria for which the
customers decide on purchasing a specific product. The second type is qualifying criseria
(QQC), those that simply qualify the company to be in the market; as such they constitute
sine gua non conditions. Some companies already involved in reverse logistics practices
have realized how the incorporation of these practices have brought the differentiation or
competitive advantage needed for gaining market share to their businesses. This favourable
position will not last forever, so the adoption of the reverse logistics practices will
probably become a simple qualifying criterion in a ne far future. The implication for firms
15 to become aware of the time span they have to realize the benetits from the early
implementation of reverse logistics practices; competitive edge is usually only available
for those companics who move first. Anyway, organizations should also take for granted
that the movement 1s unavoidable as the changes in markets oricntatc more and more to

customers, and their demands require sustainable and cost effective practices.

With regards to the second determining factor, the characteristics of the product, they were
also Investigated in more detail. Not only the physical features such as volume, size,
weight, but also the risk, complexity, modularity, value, ete. should definitely be highly
considered before adopting any final decision on the design of the reverse logistics
systems. Firms should be fully conscious that some reverse logistics decisions belong to
the strategic sphere of the company. Therefore, these decisions should be carefully made
so that they are integrated in the other goals and policies of the organization in a cohesive

way, without jeopardising resources or futurc actions.

After understanding that reverse logistics may be an order winning criteria, companies
need to make the relevant decisions. As in total quality management implementation,
managerial commitment 1s first needed for streamlining the process. Quite often it may
even happen that the group in charge of developing reverse logistics programs or of
deciding on them is not even a logistics related group (Stock 1998). The cases studied in
this thesis seem not to cast a very optimistic view of the reality: returns do not yet seem 1o

represent an area to which managers would pay much attention, Several reasons may




188 ACTA WASAENSIA

explain this attitude. Firstly, there is a lack of a full body of knowledge to which managers
could resort to get familiar and to find framework for possible solutions. Secondly, and to
certain extent related to the previous reason, there seems to be a resistance to changes and
to incorporate modifications in the actual logistics systems (due to the emerging nature of
the reverse logistics, managers may feel uncertain how to cope with it). Finally, for making
sound decisions reliable information is needed. During this work, the evidence reinforced
the idea that decision-makers were not yet properly supported. The challenge, in most
organizations involved with returns, is finding reasonably accurate data with regard to
several areas. On the one hand, the lack of rcliable forecasts makes it difficuls to
compensate the uncertainty inherent to returns regarding quantities, times, condition,
variety. On the other hand, lack of ad-hoc software makes it difficult to track the returns,
their location, customers who sent them back, suppliers of the returned product
components, ete. There is also a need 1o develop performance measures and finally, a
necessity of fighting against the absence of costing methods with which being certain of
the tradeoffs among different options or decisions. Although one appropriate tool for
accurate decision-making could be to use Life Cycle costing approach, decisions are still
made without accurate information, assuming high risks of adopting wrong decisions, with
sometimes adverse and expensive results. Sometimes the problem is not cven that
information is not accurate but that simply it does not exist (Tan, Yu & Ho 2001). Firms
are more likely to better manage changes and increase in their overall performance if

accurate information on abovementioned topics is timely provided.

Another research question poscd in this thesis referred to how the businesses are affected
by this new logistics discipline (or how they are reacting to it). The organizations analysed
in this work, in gencral terms, do not seem to be affected neither to be adopting particular
measures to react in any special way. The apparent little dircct impact of returns in
corporate results and the legislation not yet in full power seems to cause companies to
neglect this aspect of their businesses. The only decision observed has to do with
outsourcing. In this sense, another important contribution of the present work has been o
bridge a possible relation between the level of outsourcing of the required reverse logistics
activities and the level of commitment with recovery activities. Justifications were also

given based not only in transaction costs theory; it was argued hosw this theory did not
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Jully explain reverse logistics outsourcing decisions mainly due to the peculiarities of this
reverse environment, Kokkinaki, Dekker, de Koster & Pappis (2001:7) contend that “in-
house reverse logistics seems appropriate for those [companies] who can capitalize on their
previous experience on returns management” but they do not provide a taxonomy that

could heip to recognize them with even some likelihood.,

As pointed out in Section 3.4. and in answer to the third research question, we have
detected two main categories of companies according to the reverse logistics and out-
sourcing policies adopted. The size, their financial resources, environmental stance,
strategic consideration of their reverse logistics practices, the importance assigned to their
customers, and the considerations of the future reverse logistics needs in the early design
stage of their product development are features that seem to clearly differentiate these two

basic types.

This catcgorization could also explain the role played by competitors in shaping
companies’ strategies. In our opinion the leading companies pay more attention to their
competitors than reactive companies. These companies find in their on-par competitors a
stimulus not to lose opportunities in the market. At the same time, when comparing
themselves to non-threatening competitors, they try to keep distance so that to maintain

their competitive advantage from a more advanced or innovative procedures.

A final contribution refers to the characterization of not a sole company but the whole
supply chain. It was revealing fo verify the different weight conceded to upstream members
of the supply chain when compared to downstream supply chain, the latter being clearly
more significant when decisions on reverse logistics systems have 1o be made. This fact
corroborated the immaturity in the actual reverse logistics internalisation process in
companies and could be attributed to the short sight of potential created value and benefits

that could be derived from a more co-operative and co-ordinated chain.
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4.2. LIMITATIONS

The limitations of the study presented in this thesis have been already mentioned in the
respective sections, these limitations being mainly derived from the methodologies used
for the empirical work. Two typical and important disadvantages regarding the case study
methodology when compared to quantitative research are the difficulties for replication
and for generalization. These limitations are derived for inherent features of the case
studies: relative subjectivity, small size sample used in the study and lack of a “random”
selection. While these limitations arc unaveidable in the application of the methodology,
the preliminary results can be later supported with investigations involving a more ample

sample.

One could argue that the empirical part of the thesis could have been broader than what it
actually is. Regarding this potential remark the following facts should be kept in mind.
Firstly, as it was already mentioned, more companies than the ones reflected in the text
were indeed contacted as possible candidates for a greater number of case studies. Their
low involvement (or non-involvement) in reverse logistics practices in some cases, and the
little significance given to their reverse flows in some other, drove us to not explicitly
considered them in separate sections although insight from their experiences was
embedded in the text. Secondly, the AHP questionnaires were sent to nearly 200 firms.

Answers were expected to be much higher in amount than they were.

One possible reason to back the logic behind could be the paucity of theoretical models. 1t
has been already pointed out the emerging character of the reverse logistics discipline.
Theoretical framework needs more research contributions to expand the knowledge and the
understanding of reverse logistics in industry (Krumwicede & Sheu, 2002), If practitioners
benefit by being provided with a deep understanding of the strategic processes at work
within their organizations (Barnes 2001: 1078), without an appropriate framework, it
would be understandable that managers may not feel cager to discuss openly about the
topic. Third, if according to Griggs (1987) large samples are not necessary to guaranice

generalizability, a term linked with quantitative rescarch where verification is pursued,

large samples should not be expected in qualitative research where small samples arc a
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characteristic feature of the method. On the other hand, findings from research need only
be probable not necessarily probative (Overhoiser 1986). The significance levels in bigger-
sample qualitative studies also mean that there is only a probability that the resuits arc
correct within the sample - and most of the samplcs are just approximations of a real
normal distribution curve. Thus, at least in business studies, the research results are

practically never fully true but a probable representation of reality (Kekéle 2001: 557-558).

With respect to the AHP, higher levels of consistency could have been reached by insisting
on explaining to managers how the assessments should be made and therefore obliging
them to spend a precious time that they were already reluctant to spend the first time. On
the other hand, the interconncctions among different factors and criteria were not

considered.

4.3. SUGGESTIONS FOR FUTURE RESEARCH

Reverse logistics scrves at different purposes. On one hand, it takes an indispensable part
of a broader event, the Recovery Management, as regards to which both population and
governments are more and more concerned from a sustainable standpoint. On the other
hand, it has been said to be the fast frontier for companies to cut down costs. However,
because it 18 such a recent rescarch field, the possibilities for further research are still

many.

Although it has been suggested on environmental grounds, it fias not yet empirically been
addressed whether the extent to which a firm strategy is proactively committed to reverse
logistics affects its capacity to create additional value, Studics with positive results in this
direction would be more than welcome to have obiective instruments with which convince
companics to open to this new functional arca in their businesses. One suggestion, not yet
seen in literature and which combines the previous goal with a research area indicated in
the focus group, would be to use the ServQual Methodology (Parasuraman, Zeithaml &

Berry 1988). This methodology has proved to be a valuabie tool for organizations to betier
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understand what customers’ value and how well their current organizations are meeting the

needs and expectations of the customers.

Additional areas for further research proposed by the Focus Group would include to
investigate the rationale for the lack in corporations’ self motivation when it comes to face
product returns management (also evident in the case studies). Furthermore, the Focus
Group emphasised studying the ways to foster the use of LCA, innovative methods to
achieve economics of scale, and new methods to improve accuracy of forecasting mainly

times and quantities in which returns will take place.

One feature that has been highlighted in scveral parts of this document has been the
necessity for reliable information on the costs linked with rettrns, as one of the key tools
for decision-making processes. Yet, there is not unanimity on how those returns should be
valued neither on the criteria to incorporate them to the accounting systems. Because their
cause may be rooted in hidden, remote areas, without reliable information is impossible to

fully understand their business impact.

Several authors have claimed that the reduction of transaction costs as a consequence of
the utilization of information technologies sponsor further outsourcing (see list in
Kakabadse & Kakabadse 2000:672). Hence, also the interest in investigating how
decisions, such as shifting from owtsourcing reverse logistics activities 1o in-house
practices, or twisting from one reverse distribution channel to ancther, have been
triggered from adopting better communications systems, implementing www technologies,
etc., is related to the information topic. In other words, 1t would be of value to know how
these information technologies have contributed to alter previous managerial strategics and

to which extent.

Literature also provides with works stating that when a service (or product) reaches a
“commodity” status and loses its differentiated advantage, providers resort more fo
outsource them (Venkatraman 1997; Murray & Kotabe 1999). A follow-up of the future

reverse Jogistics evolution 1n markets could bring evidence to confirm or refute this
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reiationship. As far as the authors are concerned no previous work has focused on the

contractual terms used with outsourcing companies in the reverse logistics context,

We have in this thesis focused mainly on companies that occupy the position of
manufacturer in the supply chain, companies involved in only one of the possible range of
recovering activities (repair) and companies that satisfying the two previous conditions,
produce and operate with durable goods. From these three constraints, three possible
directions in which further research would be desirable result obvious. As more actors
intervene in the process and contribute to its overall efficiency, their inclusion in future
studies woutd bring not only a deeper knowledge about their individual role and problems
but also a better integral perspective of the whole chain. Although some studies have
already been published covering other recovery options different from repairing, they are

still a few.

We also miss a greater number of specific case studies by means of which more evidence
about companies’ responses could be gathered. This affirmation connects to another
limitation of this work. Although the AHP study was accomplished with the participation
of a bigger sample of companies, offsetting the small number of them included in the case
studics, the resuilts cannot yet been fully extrapolated so as to build a really robust theory
from them. Only if the incorporation of a large number of companies, activities and
products occurs, 1t will be possible to sufficiently prove the correctness of such a theory,
This also goces along with quantitative approaches. In this thesis we have mainly used
gualitative tools to collect the information and to process it. The use of complementary

methodologies would bring synergetic outcomes to the ones already obtained.

When applying the AHP in this thesis, we came across to an approach similar in objectives
but a more ambitious, which is called “Analytical Network Process” (ANP). The advantage
of using ANP is that, where AHP only considers one-way hicrarchical relationships among
factors, AND allows the inclusion of these interdependencies, or internal feedback among
the elements in the hicrarchy, bringing out more accuracy and consistency in the analysis
(Sarkis & Talluri 2002). This feature was found to be very useful when it comes to reverse

logistics as many aspects are interrelated. It was not used in this work because the
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computational and data requirements of the ANP approach, in practical applications, make
the analysis task too cumbersome and the desired test resuits could more casily be reached
by AHP. Nevertheless, the author is convinced that its use could positively contribute to

refine the previous results.

Another topic that would be challenging to study are the mechanisms by means of which
co-operation between different functional teams within a firmt or between different actors
in the chain, mainly those engaged in the reverse chain, could be effectively motivated and
stimulated. Additionally, to investigate the reasons behind the wnbalance conceded to
upstream members when compared to downstream members in reverse logistics would be

of great interest.

Because the design stages both in product development and in the reverse logistics network
planning 1s scminal, we feel that Taguchi methods have being neglected in reverse logistics
context. These methods (also together with some other methodologies called "Robust
Design" methods; see e.g. Gitlow, Gitlow, Oppenheim & Oppenheim 1989:491-509 for a
short introduction} atlow companies to rapidly and accurately acquire technical
information to design and produce low-cost, highly reliable (products and) processes.
These methods focus on quality problems related to their design stage, ensuring better
performance and expressing it in monetary terms. This is accomplished by explicitly

considering the outside influences over which company has little or no control.

Finally, different research paradigms can possibly be addressed in reverse logistics arena.
Given that certain analogies do exist between forward and reverse logistics, the adoption of
the so labeled as "Transfer of technologies strategy” could be used to transpose what is
known in traditional logistics in order to better model reverse logistics domains. In the
same line, the so-called “Creative application strategy” could also bring knowledge and

applications from other arcas.
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APPENDICES

Appendix 1. Brief History of Operations Management. Adapted from Russell & Taylor

(2002)
STAGE | TIME I PERSON
Industrial Revolution
v Steam engine 1769 James Wal
¥ Division of labour 1776 Adam Smith
v Interchangeable parts 1790 £l Whilney
Scientific Management School
v ihc Principles of Scientific 1911 Frederick W. Taylor
Management
v Tinwe / motion study 1911 Frank & Lillian Gilbreth
v Scicmiﬁ_c managenent tiechniques 1913 Henry Ford
in factorics
v Activity scheduling chart 1914 Henry Gant
Human Relutions School
v Hawthomne studics 1930 Elon Mayo
Motivational 19403 Abrakam Maslow
theorics
¥ Motivation 1950°s Frederick Herntzberg
theories ,T‘hcory X: and 1960°s Douvglas McGregor
Theory ¥
Theory Z 1970s William Ouchi
Management Science
¥ Linear progranuming 1947 George Damzig
v Digital computer 1951 Remington Rand
¥ Simulation, PERT/CPM 1960 Rescarch eroups
¥ Queuing theory
v :\1{;1;:;1)&15 Requirement Planning 1960°s Joseph Orlicky, 1BM
Cuality Revolution
v JustIn Time {JIT) 1970's Taichi Ohno, Toyota

W, Edwards Deming
Joseph Juran et ol

¥ Recengineering 1990°s Hammer &Champy (1993)
Information Age

¥ Total Quality Management (TQM) | 1980's

Numierous individuals and

v E Data Interchange (EDD, EFT 1970’s )
companics

v" Computer integrated manufacturing .

(CIM) 1950
v Artificial Intelfigence (AD) 1990°s
v internet Tim Berners-Lee

Globalization

Y Worldwide markets 1990°s Numerous individuals and

COmpamcs

Supply chain management
Electronic commeres
Nass customization

N NES
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Appendix 2. Summary of references related to methodology, recovery options and

reverse logistics.

o —— T e

METHODOLOGICAL

e e ]

TYPE OF METHODOLOGY

Quualitative rescarch (in general)

AUTHOR(S) APPROACH FIELD
Axclrod M. (1975) Methodological
Giaser B. & Strauss AL (1999) Methodological
Goodyear M. (1990) Methodological
Griggs S. (1987 Methodological
Overholser C. (1986) Mcthodological
Pation M. {1986). Methodological
Methodological

Reisman AL (1988)
T

Kaplan B. & J. Maxwell (1993)
Wright L. {1996)

dotogi

Empirical
Empirical

Information systems

Marketing

TYPE OF METHODOLOGY Focus group

AUTHOR(S) APPROACH FIELD

Byers P. & Wilcox 1. (1991) Methodological

Calder B. (1977 Methodotogical

Fern E. (1982) Methodological

Goldman A. {1962) Methodotogical

Krueger R. (2000) Methodological

Lederman L. (1989) Methodological

Moerton et al. (1990) Methedological

Morgan D. (1997) Methodological

Morgan D. & M. Spanish {1984) Methodological

Stewan D. & P. Shamdasani (1990) Methodological

Cox et al. (1976)
Welch J, (1985}
Wells W, (1974)

Empirical
Empirical

Mcethodology and application

M arkélihg
Marketing
Marketing
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TYPE OF METHODOLOGY

AUTHOR(S)

Case und field research

APPROACH

FIELD

Andersen ef al. (1993
Campbell D. (1973)
Dyer W. & Wilking A. (1991)
Eisenhardt K. (1989)
Eisenhardt K. (1991)
Ellram L. (1996)
Leonard-Baron I, (1988)
Lewis M.W. (1998)

Yin R, (1984)
Yin R. (1989)

Methodological
Methodological
Methodological
Methedological
Methodological
Methodological
Methedological
Methodological
Methodolegical
Methodological

McCutcheon D. & Meredith J. {1993}
Meredith J. (1998)
Pettigrew A. (1988)

Voss et al. (2002)

Methodology and application
Methodology and application
Methodology and application
Methodelogy and application

Operations Management
Operations Management
Strategy
Operations Management

TYPE OF METHODOLOGY Multi-attribute decision making methods

Hwang C. & Yoon K, (1981)

Metodology and application

GENERAL |
Bana ¢ Costa C.AL & Vansnick ).C, {1994) Methodological MACBLETH
Benayoun et al. (1966) Methodological ELECTRE
Triantaphyllou E. & Sdnchez A, (1997) Methodological Sensitivity analysis
S & Tr b] 3 AT
Zanakis et al.(1998) Methedologiceal ELECTRE, TOPSIS, MEW,

SAW, AHP

Lconemic systems

Schocmaker P. & C, Waid (1982)
Schoner B3, & W. Wedley (1989)
o WasilE.&B. G 2

Koi‘ﬁcla J. & M. Tuominen (1996)
Salomen V. & J. Montevechi (2001)

i

AHP |
Bodin L. & Gass S.1. (2003) Methodological
Dyer 1.8, (1990) Mecthodological
Forman L. & K. Peniwati {1998) Methodological
Saaty T. (1980) Methodological
Saaty T. (1989) Mecthodological
Saaty T. (1990) Methodological
Saay T. (1994) Methodological
Schenkennan S. (1997 Methodolopical

Methodological
Methedological
Review

Empiricai -
Methodology and application

Logistcs
Fast fooed chains
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2
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Sarkis J. & Tallur S. (2002)
Sarkis J. (2003}

Methodology and application

Methodology and application

Supplier selection
Gireen supply chain
management

[ ———— e ——

| OPTION FOCUSED

e e e

TYPE OF FOCUS:

RETURNS IN GENERAL

Carter C.R. & Ellram L.M. (1998)
Daugherty et al, (2002}
de Brito ef el. (2002)
Dowlatshahi S, (2000)
Ferrer G, & Whybark C. (2001b)
Fleischman er af. (2000)

Fleischman ef af. (1997

Fleischimann ef af. (2001)
Giuntini R, & Andel T. {1995)
Giuntini R. & Andel T, (1995)

Guide of al. {2000)

Gingdr A. & Gupta S.M. (1999)
Helms MM, {2002}
Hillegersberg ef al. (2001)
Koster er o, (2001)
de Koster of of. (2002)
Lambent D. & Cooper M.
Mason 5. (2002)

Meyer H. (1999}
Richardson H.L. (2001)
Rogers D.S. & Tibben-Lembke R.S.
(1999)

Rogers D.S. & Tibben-Lembke RS,
(2001}
Skjoett-Larsen T. {(2000)

Soto J.P.& Ramalhinho 11. {2002)
Stock LR, {2001)

Tan A. & Kumar A. (2003)
Thierry er al. {1993)
Tibben-Lembke R,S, (2002)
Tibben-Lembke R.5. & Rogers D.S.
(2002}

model
theoratical work
theoratical work
theoretical work
theoretical work
theoretical work

theoretical work

modcl
theoretical work
theoretical work
theoretical work
theoretical work
theoretical work
theoretical work
theoretical work

theoretical work
theoretical work
theoretical work

theoretical work

thearetical work

theoretical work

theoretical work
model

theorctical work

theorctical work

theoretical work

thcoretical work

strategy

strategic/operational

network design
inventary control,
distribution planning
and production
facility location

strategic/operalional
network design

trend anadysis

slritegy
production planning

strategy

strategy

strategy

. kA . STRATEGIC/ P .
AUTOR FRAMEWORK OPERATIONAL METHODOLOGY
Brockmann T. (1999) theoretical work  warchousing (irends) journalistic

revicw
inlervicws/survey
review

review

review
evicw

MILP
jounalistic
jounalistic

evicw

case study

journalistic
review
Survey

SUCVEY

simulation/optimization

survey
case study

LC

differences
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TYPE OF FOCUS:

ACTA WASAENSIA

DISASSEMBLY

(1996)

Fortuin L. & Martin H. (1999)

Goffin K. {1999}
Keamey AT, (1994)

Kivinen P.(2002)

Kyj L. & Kyj M. (1994)

Lele MUM. (1986)
Lele MUM. (1997)
Loomba A. {1996)

Murthy D. N. P. & Djamaiudin 1.

(2002)

Plohi 11.C. & Ester B, (1999)

Phelan er al (2000}

Sum Ch. & Teo Ch, {1999)

Tan et al.. (2003)

theoretical work

theerctical work

theoretical work
theoretical work
theoretical work

theoretical work

theoretical work

theoretical work

theoretical work

coordination sirategy

inventory
management

distribution channet

dimensions of
excellent logistics

stratepy

stralegy

henchmarking

strategy: oulsourcing

strategy:
Teengineering

. . STRATEGIC/
AU FRAMEW 4 . METE o y
AUTOR FRAMEWORK OPERATIONAL METHODOLOGY
Brennan et al. (1994) operations planning
Giingdr A. & Gupta S.M. (2002) model” operational simulation/optimization
Johnson M. & Wang M.H. (1993) model operational simulationfoptimization
Krikke et al. (1998) madel operational optimization, case study
Tang ef al. (2003} model operations planning,
cosls
Teunter R. model mventary simulation/optimization
l]]ill!llgcl]]cll[
Veernkamolmal P& Gupta S.M. inventory . . L
) model simulation/optimization
(2000} management
TYPE OF FOCUS: SERVICE
- - STRATEGIC/
£ FRAMEW X METL: §
AUTOR FRAMEWORK OPERATIONAL METHODOLOGY
Blumberg D.17. (£999) theoretical work strategy survey
Botier R. & Forwin L {2000) moxdel tventory casc study
managenient
Dawe R. {1993} theoretical work warchousing
Emerson C.J. & Grimm C.M. interfunciionat

survey

review of cases
case study

survey

SUTVEY

casc study

survey

SUrvey

case study

# Model” refers whether to theoretical o mathematical model.
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TYPE OF FOCUS: REPAIR
. STRATEGIC/ .
AU TRAMEW Y AT vy
AUTOR FRAMEWORK OPERATIONAL METHODOLOGY
Ashaveri of al. (1999) mode! tventory case study
management
Brimer R.C. (1993) thearetical work joumalistic
Dunn S. (1999 theoretical work strategy
inventory

Guide D, & Shrivastava R. (1997

Panisser B.ID. (1988)

model

theercucal work

management
inventory
management

simulation‘optimization

case study

Richier K. (1996) maodel inventory simulation/optimization
management
TYPE OF FOCUS; REFURBISH
. STRATEGIC/ .
T A AN M T g h v "
AUTOR FRAMEWORK OPERATIONAL METHODOLOGY

Jayaraman et al. (2003) model distribution networks heuristics

Rudi ¢f al. (2000) model operational case study

TYPE OF FOQCUS:

REMANUFACTURING

AUTOR

FRAMEWORK

STRATEGIC/
OPERATIONAL

METHODOLOGY

Ferrer G. & Ayres R.U. (2000)
Ferrer G, & Whybark C. (2000)

Ferrer G. & Whybark C. (2001)
Guide D. (2000)
Guide e af. (1997)

Guide o1 al. (1997

Guide D. & van Wassenhove LN,
(2001)

Inderfurth ef af. (2001)

Klausner M. & Hendrickson C.T.
(2000)

Krupp J. {1992}
Maiumder P. & Groenevelt H.
(2001
Savaskan R, C. (1999
Shu L.H. & Flowers W.C. (1995}
White ef af. (2003)

theoretical work
theoretical work

muodel

theoratical work

maodet

mode!

moddel

model

maodel
model

model

model

theorctical work
theoretical work

inventory
management
production planning
operational: capacity
planning
operational:
scheduling
operational

inventory
management

take-back policy
operational
strategy

distribution nerwork
strategy

INPUT-OUTPUT

simulation/eptimization
survey
stmulationtoplimization
ANOVA
Economic Value Analysis
simulation/optimization
simulation/optimization
valuation
CGames Theory

case study
case study
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RECYCLING

AUTOR

FRAMEWORK

STRATEGIC/
OPERATIONAL

METHODOLOGY

Bellmann K. & Kahre AL (2000)

Biddle D. (1993)
Caimcross . (1992)

de Ron Ad & Penev K. (1995)
Ginter P. & Swarling 1. (1978)
Goldsby T.J. & Closs D.J. (2000)
Knemeyer ef al. (2002)

Krikke et al. (1999)

Listes O. & Dekker R, (2001)

Liv et af. (2002)

Pohlen T.L. & Farris M.T. (1992)

Ritchie ¢t al (2000)

Stavros f af. (2003)

Villatba et al. (2002)

theoretical work

theoretical work

theoretical work
maded

theoretical work
theoretical work

theoretical work
model

model

theoretical work
theoretical work

maoicl

madel

strategy
slrategy
operational
distribution channel

strategic/operational
strategy
network design

strategy

inventory
management
aperational

CCOnoMIc issues
joumnalistic
Journalistic

DSS

case study

qualitative
simuiation/optimization
simufationfoptimization

Artificial Neural
Networks, ease study
survey
case sludy

case study

TYPE OF FOCUS:

ENVIRONMENTAL ISSUES

AUTOR

FRAMEWORK

STRATEGIC/
OPERATIONAL

METHODOLOGY

Angell L. C. & Klassen R.D,

(1999)

Azzone G. & Noci G, (1998)
Azzone G. & Noci G. (1998)

Elkington J. (1994)

Handficld et al. (1997)
Kitazawa Sh. & Sarkis I, (2000)
Maslennikeva L & Foley D. (2000)

Meade L. & Sarkis 1. (1998)

Melvnk of af. (1999)

Newman W, R, & Hanna M.D.

(1996)

Rondinetly D. & Berry M.

Sarkis ¢f af. (1993)

Walley N & Whitchead B, (1994)

madel
theoretical work
theoretical work
theorcetical work
theoretical work

theoretical work

theoretical work

theoretical work

theoretical work
theoretical work
theoretical work

strategy
strategy
operational
strategy
strategy
Logistics strategy
assesment

operational

sirategy

slrategy
slrategy

case study
case study
case study
case study

ANP

case study
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Bowen e al. (2004) theoretical work stralegy survey
Drumwright M. (1994} theoretical work casc study
Handfield er af, (2002) AHP, pilot tests

Lamming R. & Hampson, J. theoretical work strategy case study
{1996) | = o
Min H. & Galle W.P.{2001) theoretical work strategy survey
MufTatto M. & Payaro A, (2003)  theoretical work case study
Murphy D. & Herbeling M. (1994)  theoretical work
Walton et al. (1998) theoretical work survey
Zsidisin G. & S. Siferd (2001) theoretical work
WiTH LOGISTICS
Ayres er af. (1997) theoretical work strategy case study
Goldsby T. & T. Stank (2000) theoretical work revicw
Murphy e al. (1994) theoretical work survey
Murphy P.R.& Poist RF. (2003)  theoretical work survey
van Hock (199%) theoretical work strategy
Wu H-J. & Dunn 5.C. {}995) theoretical work
TYPE OF FOCUS: WASTE MANAGEMENT
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