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Abstract

Reverse Logistics, the process of managing the backward flows of materials from a point of use
to a point of recovery or proper disposal, has gained increased industry acceptance as a strategy
for both competitive advantage and sustainable development. This has stimulated a growing
number of researchers to investigate Strategic management issues relating to the set up and
control of effective and efficient Reverse Logistics systems.

This paper systematically reviews the most important works in this field, with a focus on papers
that concentrate on the strategic decision making process involved in the design and operation
of a Reverse Logistics process with remanufacturing. The review found that: the majority of
work is primarily focused on OEM specific issues; the sectors receiving the most attention are
the ones under the greatest pressure from environmental legislation; and previous research
findings from Rubio et al. (2009) and Fleischmann et al. (2000) are reaffirmed that the Reverse
Logistics field is growing, but characterised by mainly quantitative, mathematical models.
Future research efforts should be focused on the empirical investigation of the Reverse
Logistics design process for all types of remanufacturers.

Introduction

The Reverse Logistics research field has received an increasing amount of attention from
researchers and academics in recent years. This growing interest can largely be attributed to by
the introduction of Extended Producer Responsibility (EPR) legislation, together with a
growing spirit of environmental consciousness and social responsibility that has emerged across
governments, businesses and society as a whole. Moreover, the concept of ‘Remanufacture’, an
emergent product recovery strategy, has added impetus to this growing research area. Many
businesses in industries such as the Automotive, Computer, Aerospace and Telecommunication
sectors, are now implementing joint Reverse Logistics and Remanufacture processes to collect
and recover products that have reached the End of their Life. This increased industry acceptance
coupled with calls from leading researchers in the field (such as, Fleischmann et al. 1997;
Dowlatshahi, 2000; Guide & Van Wassenhove, 2009; Srivistava 2007) has led to more stress
being placed upon the investigation of strategic management issues in Reverse Logistics. In
particular, a growing number of contributions have centered on examining the strategic decision
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making process and the consequential implications for managers. This particular area of
Reverse Logistics forms the major focus of this paper, for which the purpose is to examine and
understand the evolution of the Reverse Logistics research field through an in depth analysis on
the characteristics of the strategic decision making research field. The paper concludes with an
agenda for further research, for which investigations have already begun.

Reverse Logistics

According to The European Working group on Reverse Logistics, REVLOG. Reverse Logistics
can be defined as: “The process of planning, implementing and controlling flows of raw
materials, in process inventory, and finished goods, from a manufacturing, distribution or use
point to a point of recovery or point of proper disposal.” (de Brito & Dekker, 2002). In simple
terms, Reverse Logistics

can be thought of as the process of collecting and transporting used or unwanted products from
a customer or retailer site to an appropriate facility where the remaining product value can be
recovered. The types of returns involved in Reverse Logistics vary from customer returns such
as end-of-life, end-of-use and warranty returns, to Distribution returns such as product recalls
and commercial returns (de Brito & Dekker, 2002). Key activities in the process include
transportation, warehousing, distribution and inventory management, but can be stretched to
include inspection, separation and disassembly activities. These activities can be further
organised into three primary stages of flow: collection, sort-test and processing (Fleischmann et
al. 2004; De Brito et al. 2003; Flapper, 1996).

Reverse Logistics has become a fundamental activity in modern supply chains, with global
companies such as BMW, Xerox, IBM and Caterpillar all adopting Reverse Logistics
programmes. According to the Reverse Logistics Executive Council, India firms spend more
than an estimated $35 billion annually for handling, transporting, and processing returned e-
products, and this figure continues to grow (Meyer, 1999). A growing amount of researchers
have begun to move away from much of the earlier operational optimisation models on
inventory control and capacity planning, and have started to place a greater stress on the
strategic importance of Reverse Logistics. Blackburn et al. (2004) state that Reverse Logistics
should be given as much attention at the corporate level as forward supply chains and should be
viewed and managed as a business process that can create value for the company. Likewise,
Stock et al. (2002) states that Reverse Logistics should not be viewed as a ‘costly sideshow to
normal operations’ but as an opportunity to gain competitive advantage. This growing
recognition of the strategic importance of Reverse Logistics can be further attributed by papers

from Thierry et al. (1995); Dowlatshahi (2000) Toffel (2003) and de Brito (2004). The purpose
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of this literature review is to summarise this emergent stream of research by identifying
patterns, themes and issues, and to identify the theoretical content of the research field.

Methodology

According to Tranfield et al. (2003), “Traditional ‘narrative’ reviews frequently lack
thoroughness, and in many cases are not undertaken as genuine pieces of investigatory science”.
Moreover, they can lack rigour as the review is often made biased by the researcher. To ensure
an accurate representation of the research field is achieved, a systematic approach to the review
has been taken.

Altogether 120 relevant articles were found during the search for papers on Strategic decision
making in Reverse Logistics, appearing in 46 different scholarly journals in the fields of
Operations Research & Management Science, Business, Management and Environmental
Sciences. The databases of I1SI Web of Knowledge, ABI/Inform (ProQuest), Science Direct,
Emerald, IngentaConnect and Google Scholar were used to gather and access relevant articles
published between 1995 and 2010. The terms ‘Reverse Logistics® AND ‘Decision-making’,
‘Reverse Logistics® AND ‘Decision’, and ‘Reverse Logistics’ AND ‘Strategic’ were searched
in the title, abstract and keywords of the published papers. As one might expect, this search
returned several articles that were deemed out with the scope of the research (For example,
articles relating to broad strategic issues in reverse Logistics but not specifically addressing
decision making). Accordingly, the irrelevant articles were taken out as they would only distort
the findings. Each article was classified by analysing the title, abstract, keywords and main
body of the paper against a number of predefined research questions.

The research questions are as follows:

1. What are the themes and patterns from the Meta data analysis? (e.g. number of articles,
research methodology, etc.)

2. What decisions are actively being addressed by researchers? What are the most popular
decisions under investigation?

3. Are the decision models generaliseable or specific to a particular industry? What industries
are receiving the most attention?

4. Are the articles specific to a particular business type? (e.g. OEM, IR, CR)
5. What are the areas in need of future research?
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Literature Review findings
A growing Research field

In this paper’s concentration of the chain of strategic decision-making research in Reverse
Logistics, the first paper to be found on the subject was published in 1995 (Thierry et al. 1995).
Since then, the field has blossomed, initially growing in a staggered fashion as it has gathered
momentum, to a more consistent, year on year growth from 2004 onwards. At the time of this
review, the number of papers published in 2010 was 20 articles, the most on any year.

Primarily quantitative and Mathematical models

The analysis of data collection methods (Figure 1) shows that the use of quantitative approaches
in the study of strategic decision-making in Reverse Logistics, holds the significant majority
(53%) over mixed methods (25%) and qualitative approaches (22%). Papers that employ
mathematical models, mixed integer programming models, numerical models, survey’s and a
portion of the mixed-criteria decision making models have been classified under a
‘Quantitative’ data collection approach; while case studies, literature reviews and theoretical
based work have been categorised into ‘Qualitative’. Papers that adopt a number of different
methodologies, such as the development of a mathematical model together with a case study to
verify the results (as in Krikke et al. 1999; Sharma et al. 2007) have been grouped under ‘mixed
methods’, as have a number of the Multi- criteria decision making models that utilise both
Quantitative and qualitative variables. These findings correspond to the results of Srivistava
(2007) and Fleischmann et al. (1997),who found that much of the work relating to research in
the general Reverse Logistics field has utilized mainly quantitative approaches. The results
from this analysis show that the subset of strategic decision making is also characterised by
mainly quantitative models.

H Quantiative
Qualitative
Mixed Methods

=

Figure 1: Data collection
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Most popular Decisions

It was found that papers addressing the decision in the determination of the number and location
of Recovery/disposition facilities had received the most amount of attention with 20%. Papers
included in this category address a number of different issues pertaining to where recovery
facilities should be placed and how many are needed for optimal efficiency. A key objective of
these models is to minimise the distance, costs and transportation time between locations. Table

2. provides a summary of decisions and a classification of articles against each decision.

Decisions on the type of Recovery/disposition strategy (e.g. Remanufacture, Recondition,
Reuse, Recycle, sent to Landfill) to use were found to be the second most popular with 18%.
See Table 1. for a summary of the available recovery options. The choice of product recovery
strategy largely depends on the product type and the quality it is returned in. From an
environmental and economic standpoint, direct Reuse is usually the preferred option as it
requires the least amount of energy to bring back to a working function, however the end
product will not be ‘as good as new’, as in the case of Remanufacture. Recycling is generally
the least preferred option as it requires an intense amount of energy to smelt the materials back
down into their raw state, but is sometimes the most economical option, depending on the
condition the product is returned in.

Tablel.
Summary of Recovery options (adapted from Ijomah, 2002)

The process of returning a used product to at least OEM original
performance specification from the customers’ perspective and

manufactured equivalent

Remanufacturing giving the resultant product a warranty that is equal to that of a newly

The process of returning a used product to a satisfactory working

the resultant product has a warranty that is less than that of a newly
Reconditioning ma?ufactured equivalent. The warranty applies to all major wearing
parts

condition that may be inferior to the original specification. Generally,

Repairing is simply the correction of specified faults in a product.
\When repaired products have warranties, they are less than those of
Repair newly manufactured equivalents. Also, the warranty may not cover
the whole product but only the component that has been repaired.

Journal of Interdisciplinary and Multidisciplinary Research
Email:- researchjimr@gmail.com, https://www.jimrjournal.com/
(An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.)

495



# b Journal of Interdisciplinary and Multidisciplinary Research (JIMR)
E-ISSN:1936-6264| Impact Factor: 8.886| UGC CARE II
JIMR ) 19 Issue 04, April- 2024
,;\F Available online at: https://www.jimrjournal.com/

(An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.)

Decisions relating to the company’s engagement in Product Recovery and Reverse Logistics are
the third most popular with a 14% share. Papers that address the strategic decision over whether
to engage in reuse or whether to outsource; the decision to make the company responsible for
Reverse Logistics or to contract the collection and transportation to a 3rd party logistics
provider; and a company’s selection over Reverse Logistics projects and policies; have been
categorised under the umbrella term of ‘Product Recovery engagement’.

The selection of 3rd party logistics providers is another popular decision with an 11% share.
According to Meade & Sarkis (2002), factors that should be evaluated during selection are
based on the life cycle position of the product, organisational performance criteria e.g. time,
quality, cost etc., the provider’s capacity to carry out Reverse Logistics functions, and its ability
to organise the recovery through different end-of-life strategies. Many researchers have
employed Multi-criteria

decision making methodologies to deal with the multitude of factors in making an assessment,
including Kannan et al. (2009); Ravi et al. (2005); Lu et al. (2007); Cheng & Lee (2010);
Meade & Sarkis (2002).

Avrticles that take a broader approach to addressing decision making in Reverse Logistics have
been categorised under ‘General Reverse Logistics’, and make up 14% of the total published
literature. These are papers that consider a number of different decisions and considerations in
unison with each other and are generally more theoretical in nature. Other decisions that have
been identified, but have not received as much attention include: inventory control and
production planning (9%), the selection of an appropriate Acquisition strategy (4%); Pricing
(4%); Routes in network design (4%); and Product lifecycle (2%).

Business focus

There are 3 main types of businesses engaged in Remanufacture. These are: Original
Equipment Manufacturers (OEM’s), Contractual Remanufacturers (CR’s) and Independent
Remanufacturers (IR’s), Lund (1983). In the analysis, it was found that OEM’s have received
significantly more attention from researchers (Figure 2), making up 52% of the total papers
published. This is a staggering figure considering that most companies engaged in
remanufacture are small,

Independent companies (Lund, 1984; Thierry, 1995). It is however understandable, when you
consider that OEM’s are in a primary position to achieve completely Closed loop supply chains,
from the production of the original products, through to the collection of the same products at

the end of their life, recovery of parts and finally the redistribution out onto the market, thus
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establishing a truly sustainable business process. The analysis also finds that 32% of the models
are generalisable to all companies engaged in Remanufacturing. These are papers that address
more of a universal recovery problem such as the type of recovery/disposition strategy to use,
rather than product recovery engagement issues such as whether to engage in reuse or not,
which is more applicable for OEM’s. Papers specific to 3rd party remanufacturers (independent
and contractual) were found to hold a 9% share of total papers with authors such as Matsumoto
(2010), Seitz (2007), Min & Ko (2008), and Krumwiede & Sheu (2002) all providing valuable
contributions to the field.

HOEM
g9 4% 3%

H All Remanufacturers

U 3rd party
Remanuafcturer

i Recycler

Figure 2: Business focus
Industry focus

Next, we look at the applicability of these models to specific industries and analyse which
sectors have received the most amount of attention from researchers. We find that out of all the
papers reviewed, 42% are case specific to a particular industry and the remaining papers (58%)
are generic to the Remanufacture industry as a whole. Out of this 42%, we find that sectors
under severe legislative and environmental pressure from governments and consumers, are the
ones receiving the most amount of attention from the Academic community (Figure 3). In
particular, we have witnessed a wealth of papers published that address the WEEE directive. In
total, 23% of the case specific papers were focused on the general Electrical and Electronic
Equipment sector; Shevtshenko & Wang (2009); Achillas et al. (2010); Gameberinni et al.
(2010); Wang et al. (2007). Similarly, with a 21% share, the more specific Computer and IT
equipment sector was found to have also received a large proportion of academic treatment, a
result of the pressure from the WEEE directive; Ravi et al. (2005); Krikke et al. (1999); AW.T.
Kwan & Kumar (2006); Guide et al. (2005). In the automotive industry, producers are being
coerced to collect and recover end-of-life vehicles from customer sites under the End-of-Life

Vehicles (ELV) directive; consequently resulting in more papers being published on the subject
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with a 17% share (Subramoniam et al. 2009; Alvarez-Gil 2007; Richey et al. 2004; Seitz, 2007).

Other sectors that have received attention from the academic literature include: the
remanufacture and recovery of Tyres (6%), Copiers and ink cartridges (4%), Televisions (4%),
Mobile phones (4%), recovery of batteries (2%), cutting tools 2%), wheel chairs (2%) and
refrigeration (2%).

Agenda for Research

There is a need for further investigation into the business practices of Independent and third
party remanufacturers. It is the smaller, independent businesses that make up the majority of the
Remanufacturing and Reuse industry, but surprisingly, it’s the OEM’s that have received the
majority of attention from researchers and academics. These Independent remanufacturers can
be categorised under Small to medium sized enterprises (SME’s). According to Shrader et al.
(1989), it is important to understand that these companies are not just smaller versions of larger
OEM firms. Their needs and often their decision making processes differ significantly from
those of larger firms. Seitz & Peattie (2004) and Ostlin et al. (2008) have suggested that OEM’s
do not usually adopt remanufacturing as a profitable business endeavor; instead they will often
engage in remanufacturing to deter independent remanufacturers from reusing their products; or
as part of long-term corporate strategies, such as moral and ethical responsibility; or in securing
the spare parts supply market. Whereas, in the case of Independent and contractual
Remanufacturers, making a profit from remanufacturing is a prerequisite in order for their
business to survive (Matsumoto, 2009). It is clear that the two types of Remanufacturers differ
considerably in their strategic focus.

Further to this, the literature available on the types of decisions that Remanufacturing managers
need to make when designing (and redesigning) the Reverse Logistics process is still relatively
sparse. With regards to network design (location, number, transport routes, logistics company
selection, etc.), much of the existing research is primarily focused on the physical flows of
material between actors in the reverse supply chain and not enough on the flow of information.
It has been well documented that Remanufacturing is a process that is riddled with uncertainty
and requires timely information to be made readily available to help remanufacturers predict the
timing and quantity of used cores, forecast the quality in which the core will arrive in and
balance supply with demand. Appropriate Information and Communication Technology (ICT)
systems need to be designed into the Reverse Logistics and Remanufacture process in order to
help limit this uncertainty and thus provide greater visibility of the whole supply chain.
Consequently, further research needs to be conducted in the examination of appropriate ICT
systems to be implemented into the Reverse supply chain.
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We also echo the findings of Rubio et al. (2009) and Dekker et al. (2004) that much of the

existing Reverse Logistics literature is characterised by mostly mathematical, numerical and
simulation models. For a research field with its roots in Operations Research, this is no great
surprise. However, many of these models have been criticised as being too distant from the
reality of actual Remanufacturing practices and fail to assess industry relevant issues under
realistic conditions. Guide & Van Wassenhove (2009) sum this trend up particularly well: “we
have seen a wealth of manuscripts focused on slight technical refinements to existing OR
models or that address artificial problems.... A focus on technical extensions can trap research
in a cycle where each successive model yields a more elegant solution but with little or no
connection to the larger business issues”. Hence, we conclude that there is a need for more
empirical research in the investigation of the current industry practices of remanufacturing
companies so that the information from which can be induced and subsequently fed into future
OR models. By doing this, new models can be developed that provide practical solutions to the
design, operation and control of the Reverse Logistics process, that are both comprehensive and
more realistic.

Taking these limitations of existing research into account, an agenda has been formulated for
the next stage of this research, centered around the following questions:

- What are the day to day operations, activities and management systems that govern the
Reverse Logistics process for third party Remanufacturers?

- Why have they been setup in such a way?
- What is involved in the design of a reverse Logistics process for 3rd part remanufacturers?

What are the decisions, considerations and steps involved in the setup and control?

To answer these questions, research has already begun at a number of Third party
Remanufacturers in the India. For this investigation, a qualitative approach to data collection
has been adopted. Altogether, four cases are under investigation, following a multiple case
study methodology, as proposed by Eisenhardt (1989). Research methods such as interviews,
observation and document reviews are being used to make sense of the practices, experiences
and perceptions of the Remanufacturing managers; the respondents consisting of CEO's,
logistics managers, purchasing managers and operations managers, as well as shop floor
workers. The research is still ongoing at the respective case study companies. It is expected that
the full findings and overall contribution from the research will only be realised once each case
has been fully and rigorously investigated.
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To conclude, the purpose of this paper was to provide a systematic review on the growing

amount of papers relating to the strategic decision making process during the setup and control
of the Reverse Logistics process. The review found that: the majority of work is primarily
focused on OEM specific issues; the sectors receiving the most attention are the ones under the
greatest pressure from environmental legislation; and the Reverse Logistics field is continuing
to grow, but is characterised by mainly quantitative, mathematical models. Future research
efforts should be focused on the empirical investigation of the Reverse Logistics design process
for all types of remanufacturers. Following on from this, an agenda for future research has been
introduced and investigations have already begun at four separate automotive remanufacturers,
following the proposed research design.
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