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Abstract

Global warming is becoming the most significant problem in the world, which generally
attributed to the greenhouse effect caused by increased levels of carbon dioxide, CFCs, and
other pollutants. This has forced government and business to focus on environmental issues
on their initiatives where reverse logistics (RL) practice is described as an initiative that plays
an important role for those who seek environmentally responsible solutions to reduce waste,
which in turn, reduces carbon emission caused by end-of-life (EoL) products. Among the EoL
products, cars are one of the major concerns due to their increasing volume, use of thousands
of parts and hazardous materials like CFCs, which cause carbon emission during use, end of
life collection, recycling and disposal process. Proper implementation of RL process of EoL
cars can slow down the carbon emission by reducing the number of old cars on road,
transportation distance for EoL collection and waste for disposal, and by increasing recovery
of components, parts and materials.

Therefore, this research investigates RL of EoL cars in terms of its key aspects including the
reasons cars become EoL and arrive for disposal, details of the diverse nature of EoL cars
and its impact on the EoL RL process; details of the return process and its performance,
players involved in the process and their relationship nature, drivers influencing players to
become involve and challenges they may face in the RL process. Finally, given that EoL car
RL practice understanding would be of limited value unless accompanied by general principles
(theories) that inform wider application, the study utilises several established and emerging
management/organisational theories (resource and knowledge-based views, resource-
dependence theory, stakeholder theory, agency theory and institutional theory) to underpin
the multifaceted reality of EoL car RL practice.

Even though a significant amount of RL research has been done, most of the research is
generic, addressing issues in a standalone manner, such as cost in RL, technology in RL, or
environmental issues. Thus, many important aspects are not known, especially in the
automotive industry, particularly in the UK, where managing EoL cars is a key concern now
for the automotive industry due to strict law from the UK government to protect the
environment by implementing proper EoL car RL solutions. This lack of holistic direction also
carries the risk that practitioners and policymakers could mistakenly be addressing the wrong
issues and neglecting important aspects that have more significance in reverse logistics
practice.

Therefore, an exploratory approach was employed to comprehensively answer the research
questions. This exploratory research used a multiple case study method involving semi-
structured interviews with the stakeholders who are involved in the EoL car RL practice to
explore four research questions within RL key aspects derived for this study.

With regards to the findings, this study contributes a conceptual understanding of EoL car RL
practice through operationalising and developing detail of RL key aspects which validates EoL
car category (natural, unnatural and abandoned) and the reasons a car becomes EoL
(damage due to age, accident or theft); diverse nature of EoL cars and its significant impact
on the recovery process due to its design (how components are put together, use of diverse
components and materials), components functionality (repairable, nonrepairable) and the
source of EoL car (individual consumer, industrial customers or institutions); a systematic EoL
car collection process to reduce cost and carbon emission by reducing transportation cost and
fuel consumption; use of expertise, processing and equipment to remove and recycle



hazardous components from EoL cars to improve quality and quantity of recovered parts and
materials; use of updated shredding technology to increase recovery rate and reduce
unrecoverable waste for landfill; diverse relationship nature (acquisition, strategic alliance,
arm’s length) between players and its impact on the EoL car RL process; factors influencing
(legislative pressure, economic gain, stakeholder pressures, competitive pressure,
environmental and social awareness) and hindering (costly process, lack of expertise, lack of
last car owner support, lack of technology, lack of effective disposal system) involvement of
stakeholders in, and the development of, the EoL car RL process.

This study provides practitioners (across all stakeholders) with a potential stock of RL process
that they could implement as well as potential performance measures they could
operationalise in their respective firms. Also, it helps them to measure the drivers and barriers
affecting their RL practices implementation. Overall, given that most of the underlying issues
in RL practice are similar within related sectors, the insights from this study can be used as a
good starting point for practitioners and policymakers elsewhere in RL practice.

The study is arguably the first comprehensive attempt to understand EoL car RL practice and
its importance/relevance in the UK. Also, the application of several established/emerging
theories to understand the various RL aspects has not been undertaken previously in the
automotive sector and hence constitutes a novelty.
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CHAPTER 1: INTRODUCTION

This chapter first provides the background and motivation of this thesis and then the settings
in with this research is carried out. Finally, this chapter presents the outline of the structure of
this thesis.

1.1 Importance of identifying reverse logistics key aspects

Many companies that previously were not engaged with managing return products have begun
investing to manage their return (Rogers & Tibben-Lembke, 1998). The key motivation for
dealing with returns was found to be value recovery from return products and the
environmental protection by proper disposal of the returns, as strict regulation on returns to
protect the environment forces companies to manage their returns (Dekker, et al., 2003). Itis
also evident in the literature that return management is important for achieving economic,
environmental and strategic advantages for businesses (James, et al., 2002; Mitsumori 1999;
Mukhopadhyay & Setaputra 2006; Roy 2003). Therefore, managing returns during the product
life cycle and at the End of Life (EoL) is gaining increased attention in this current age (de
Brito & Dekker, 2003; Joshi, 2013).

Managing all these returns for the purpose of capturing value, or proper disposal, is referred
to as reverse logistics (RL) (Cater & Ellarm 1998). Practitioners and academics alike
increasingly acknowledge the importance of RL, with the latter exploring the application of RL
in several sectors, including retail (Rogers & Tibben-Lembke, 2002), electronics (Lau & Wang,
2009), pharmaceuticals (Kumar et al, 2009), construction (Nunes et al, 2009), household (Lee
& Breen, 2014) and automotive (Nunes & Bennet, 2010; Chan et al., 2012).

The literature makes evident that returns are increasing and products are returned for different
reasons and from different sources, including manufacturers return: raw materials left over or
final products that failed quality checks (Fleischmann et al.,1997 ; de Brito & Dekker 2003);
distributor return: damaged, unsold and recalled products (de Brito and Dekker, 2003, Khan
& Subzwari, 2009); consumer return: warranty return, end of use and end of life return (De
Brito and Dekker, 2003; Olorunniwo and Li, 2011; Xie and Breen, 2014). The nature of these
return products found cited by literature are composition: how products components are put
together and their number; deterioration : functionality of products; use pattern and packaging
nature. Therefore, it is important to understand whether all these return reasons and their
nature are important or if there are other reasons and nature of return on reverse logistics and
whether they are the same or not in different industries.

The literature cites many activities in the RL process, namely gate keeping, collection,
inspection and sorting, direct reuse and redistribution, repair/refurbishing and remanufacturing
(Rogers & Tibben-Lembke, 1998; de Brito & Dekker, 2003; Yang & Wang, 2007), hazardous
product separation, recycling hazardous products (Bai & Sarkis, 2013; Kumar & Putnam,
2008), removal of marketable components, compacting, shredding and disposal (Kumar &
Putnam, 2008 ; Xie & Breen, 2014). However, it is not known whether these operations are
valid for all types of products or not. Thus, it is imperative to understand operations in the
return process for different types of products for better management of returned goods.

The literature highlights that players (who involved in the RL process) are forward chain
players (manufacturers, wholesalers and retailers), reverse chain players (recycling specialist
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companies/third parties) (de Brito & Dekker, 2004; Yang & Wang, 2007), government
agencies (organisations responsible for compliance) (Fuller & Allen, 1997;Xie & Breen, 2014),
opportunistic players (charity organisations) (de Brito & Dekker, 2003) and senders (who
return the products) (Fuller & Allen, 1997). In terms of relationships between players, the
literature also cited the total involvement and strategic level collaboration needed to fulfil RL
activities. However, the literature provides limited knowledge of which of these players are
involved for what types of products and the nature of the relationships in performing these
activities. Thus, it is important to explore players RL activities and the nature of the
relationships in performing RL activities for better understanding of their contributions.

The literature also highlights some drivers and barriers to the management of RL. These
include the following key drivers: legislative pressure (Carter & Ellram, 1998 ; de Brito &
Dekker, 2003 ; Xie & Breen, 2014), stakeholder pressure (Carter & Ellram, 1998 ), competitive
pressure (Carter & Ellram, 1998 ), Corporate Social Responsibility (CSR) pressure
(Fleischmann et al., 1997 ), economic gain (de Brito & Dekker, 2003); and key barriers: Lack
of government initiatives, costly processing (Xie & breen, 2014), Lack of top management
attention and negative perception of recycling products (Rogers & Tibben-Lembke, 1998).
However, knowledge of which of these drivers and barriers are applicable for what types of
products/industry/country is limited. Therefore, it is imperative to explore drivers and barriers
to identify whether these barriers exist and are similar for different industries/countries.

The following issues discussed above are explored in this research.

e Product return reasons and their natures in reverse logistics

e Key activities in the product return process to recover value and save the environment
e Players’ roles and relationship nature in managing reverse logistics activities

e Drivers and barriers influencing reverse logistics activities

1.2 Reasons for choosing the automotive industry as the research context

The harmful consequences on the environment of having increasing numbers of cars and EoL
cars in circulation is a global concern. Therefore, the auto sector has become a key sector
from a RL perspective (Kumar & Putnam, 2008). Given the huge number of material and
energy inputs that go into making an automotive product and the large product volumes
involved, this sector’'s impact on the environment, and where RL could contribute, is
significant. From an economic perspective too, RL is relevant for this sector: reuse (after
remanufacturing) of components, recycling of material and/or recovery of embodied energy
enable lowering of the high input material and energy costs characteristic for this sector.

However, the scope and benefits of RL in the automotive sector have not been sufficiently
investigated, with the exception of a few generic studies. Therefore, the purpose of the present
study is to explore the above discussed RL issues in the automotive industry context.

More specifically, the present study focuses on the car's End of life (EoL). The car is one of
the highest selling and heaviest automotive products, where, therefore, the economic and
environment related payoffs from RL can be expected to be significant. It is also one of the
most complex in terms of number of parts and variety of materials used, including the large
size and unwieldy shape that would tend to cause its RL to be complicated and make it an
interesting subject for study. Cars also make an interesting choice because of the applicability
of end of life regulations, whose impact on revere logistics is worth investigating. Besides the
choice of an automotive product, another consideration is the country setting, as the nature of
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RL is seen to vary across countries (Rogers & Tibben-Lembke, 2001). The context of this
study is the UK. The UK is one of the largest car markets in the world (and thereby also of
returning EoL cars), where, therefore, RL of EoL cars can be expected to be of a significant
scale and maturity. A UK-based RL investigation on EoL cars is also not found in the previous
literature.

Additionally, given the complexity and importance of the global automotive industry and the
limited research on this topic, further investigation into the way automotive companies engage
in reverse logistics of EoL cars is needed. Furthermore, it is important to understand the
reasons behind the decision for engaging in how to deal with EoL cars in terms of strategic
choice decision, especially in the UK, as this automotive industry is currently subject to fulfilling
the requirements of European Union End-of-Life Directive (2000/53/EC) regulation, which
requires manufacturers to take back, collect and recycle all vehicles of their brand(s) more
environmentally, where manufacturers and their contracted partners must also reach strict
recycling targets. Many EoL cars are generated each year in the UK. These cars are classified
as hazardous waste and must be depolluted to certain standards, where only 75% of the
content of cars is reused, recycled, or recovered, with the remaining share referred to
Automobile Shredding Residue for further recovery (Nunes et al., 2011), as the recovery rate
has to be 95% of the car’s total weight. All these make the EoL car RL process very challenging
but, as mentioned before, there is limited evidence of academic and practitioner research on
the automotive industry and no evidence on EoL car RL practice in the UK context. Therefore,
this work develops a systematic approach for EoL car RL practice in the UK automotive
industry.

1.3 Reasons for choosing the UK as the research setting

The contexts of majority of the extant literature on RL practices are mainly developing
countries, such as India (Ravi & Shankar, 2004), Iran (Mansour & Zarei 2008), Mexico (Cruz-
Rivera & Ertel, 2009), China (Zhang et al, 2010; Xiao et al., 2019), Egypt (Harraz & Galal,
2011) and Malaysia ( Mohamad-Ali, et al. 2018), where RL practices were not that stabilised
compared to the developed countries mentioned by most of these studies. Therefore, for a
holistic understanding of reverse logistics practice in terms of what, how, where, when, and
why, a developed country perspective was identified as suitable for this study. Thus, the
context of the present study is the UK, a more developed country than contexts of previous
RL studies. Additionally, with the lack of RL literature in the UK automotive context, the
researcher has selected the UK as the geographical region for this thesis due to the essential
role of the UK auto industry, as it contributes significantly to global car production. The UK
automotive industry is the sixth largest in the world and exports vehicles to over 100 countries.
There are 1.6 million cars produced in the UK each year and it is believed that car
manufacturing volumes are going to break all-time records by 2020. This means many old
cars end up on the scrap heap. In fact, it is estimated that over one million cars are crushed
each year in the UK (ICCT, 2016).

In addition to the number of cars, in the UK the average material intensity of vehicles is
growing. In spite of efforts to switch to lighter materials and lightweight design, cars have
become larger in size and heavier across all vehicle segments. This is partly due to the
introduction of new features designed to improve comfort, safety, security and control
emissions (Zervas, 2010).
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The UK automotive industry is very advanced in terms of RL implementation (Aitken &
Harrison, 2013), as this is one of the most environmentally aware manufacturing sectors, as
it has moved from the business practice of traditional manufacturing to eco-friendly solutions.

Though the literature states that UK RL has become more and more important, for various
reasons including legislative policy regarding environmental and sustainability issues, very
few studies have been identified in terms of RL practice in the UK automotive industry. This is
surprising as the need for recovery of returning vehicles has been receiving more attention
than ever before due to growing environmental concerns.

As a result, the UK presents an ideal research context. This study therefore aims to explore
UK RL practices in order to generate an empirically informed and theoretically grounded
insight into this phenomenon from the EoL car RL process from different players’ perspectives
involved in the EoL car RL process to facilitate best practices.

This study focuses on the car manufacturing sector in the UK, as the sector contains the
responsible players for the proper disposal of EoL cars and the recycling sector, who are the
main operators of the EoL car RL process from collection to disposal. This therefore made
both sectors worthy of investigation. In addition, this research also investigates regulatory
authority for cross checking data validity and local authority (local council), as they are also
involved with the EoL car RL process (senders for abandoned cars). Therefore, empirical data
analysed in this study were collected mainly from car manufacturers and ATF companies
involved in the EoL car RL operations of their respective organisations, as this study focuses
on the automotive industry RL of EoL cars.

1.4 Research Objective

The importance of RL in the automotive industry together with the intrinsic gaps in the literature
formed the motivation of this research, where a comprehensive RL investigation on the
automotive industry covering the implementation of various RL issues across all key aspects.
Also, the study tried to develop a higher-level concept of the RL in automotive industry with
the use of established/emerging management theories, depending on where and how these
theories can, individually and in combination, contribute to providing a deeper, broader and
more simplified conceptualization of RL perspectives. The theoretical underpinnings of this
study are expected to enhance the practical application of RL in the automotive sector and, in
general, contribute significantly towards further theoretical advancement of the field.

The specific objectives of this study are therefore as follows:

1. Investigate the various key return reasons of EoL cars and their natures which have
significant impact on RL operations.

2. Investigate various key stages of EoL car RL operations for value recovery and their
performance in terms of economic, environmental and social impact.

3. Understand the important nature of relationships between players involved in EoL car
RL management operations to understand the best practice of managing RL
operations.

4. Investigate the key drivers that drive each player to get involved/to follow a systematic
RL process, and the challenges that hinder players to ignore/from improving RL
activities for EoL cars.
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5. Offer multiple theoretical perspectives in understanding the multifaceted reality of RL
practice in the automotive industry.

Furthermore, this research aims to contribute to the improvement of automotive RL practices
exploring and identifying the typologies of automotive RL processes/strategies practiced by
different players in the car making and recycling sector, identify similarities and differences in
their EoL car RL operations, and identify best practice and improvement where necessary.
The output of this study will not only facilitate the best practice and improvement of automotive
RL processes and standards within and between players, but will also facilitate the proper
practice of EoL cars in terms of storage, hazardous components treatment, recovery rate,
incineration and landfill process to protect the environment from CO2 emissions.

1.5 Thesis structure

The thesis is divided into nine key chapters (represented in Figure 1.1). Chapter 1 comprises
the general introduction of research. Chapter 2 comprises the systematic literature review that
underpins this study and the research context adopted. Chapter 3 outlines the research
methodology. Chapters 4, 5, 6 and 7 present the empirical research. Chapter 8 presents the
discussion of findings and chapter 9 the conclusion.

Chapter 1. Chapter 1 introduces the background and motivation of this research, the scope
of this thesis, including specific objectives, and the structure of this research.

Chapter 2: Chapter 2 discusses the themes that underpin this study. This chapter has two
phases. Phase one discusses the themes that underpin this study from the generic literature
(relevant studies in every industry) and phase two systematically reviews extant empirical
studies on automotive RL, systematically confirms gaps in the literature, and reviews core
empirical studies which further confirm the validity of research gaps.

Chapter 3: Chapter 3 discusses the research methodology employed for this thesis, where
phase one reaffirms the research objectives, and RQs. Then, it discusses the philosophical
underpinnings of this research as well as the researcher’s philosophical stance. This is
followed by the research design for this study, associated research design issues and
limitations, as well as details of how the empirical data were collected, displayed and analysed.
Phase two describes the research experience in the UK.

Chapter 4. Chapter 4 presents the findings of RQ 1 which explains the reasons for EoL car
returns and the nature of EoL cars, including their impact on the EoL car RL process.

Chapter 5: Chapter 5 presents the findings of RQ 2 which explains the process of EoL car RL
with all the detailed activities, including location and time related issues in the RL process for
EoL cars in the UK.

Chapter 6: Chapter 6 presents the findings of RQ 3 which identifies all the key players
involved with RL practice for EoL cars and discusses the relationships between players
including collaboration categories on these relationships and their impact.

Chapter 7: Chapter 7 presents the findings of RQ 4 which identifies key drivers and barriers
to practicing RL of EoL cars in the UK.
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Chapter 4, 5, 6 and 7 findings are presented by analysing within case which then feeds into
the within case-category analysis; this then feeds into the cross case-category analysis. The
within case analysis helps to understand the key aspects for each case and clarifies similarities
and differences among cases per category and the cross-case category identifies similarities
and differences among the categories, as well as patterns in the empirical data.

Chapter 8: Chapter 8 discusses novel insights obtained from the three-phased data analysis
processes (Phase One, Two, and Three) by linking them to the extant literature, where
possible, to examine the relationships between empirical research and theory. It also
considers whether the RL practices employed by the companies investigated in the UK auto
industry validate the RL fundamentals described in the extant literature or whether the
companies operate on a different RL principle. The chapter also discusses the empirical
findings in an integrated and holistic way in order to comprehensively address the research
questions. The chapter pulls together empirical evidence to develop an empirically informed
and theoretically grounded insight into auto RL practices in the UK, as well as improvement
opportunities to achieve best practice. In this chapter, several established/emerging
management theories that offer a plausible basis to explain the findings are discussed.

Chapter 9: Chapter 9 is the final chapter of this thesis. The chapter summarises the thesis,
presents the conclusion regarding the research questions and highlights the theoretical and
the practical contributions of the research, the research limitations, and a guide for future
research.

Relevant publications from this work
The full reference of the publication is as follows:
Conference Publication

1. Sorker, F. & Shukla, V. (2015). Reverse logistics of passenger cars in the UK — an
examination. Proceedings of the 20th Annual Logistics Research Network Conference
and PhD Workshop, University of Derby, UK, 9-11 September 2015
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CHAPTER 2: LITERATURE REVIEW

The purpose of this chapter is to establish research questions through a systematic
investigation and critical clarification of the literature in the RL area in terms of concepts,
methods, theories etc. This chapter also settles the background and reasons for conducting
this study and what its contribution is likely be.

2.1. Introduction

This chapter has two phases. Phase one introduces reverse logistics including definitions and
its importance. This is then followed by a detailed discussion of reverse logistics key aspects
(return reason & nature of returns; process in terms of detail activities, location of activities,
time related issues and their impact; details of players and their relationships; drivers and
barriers to implementing RL practice) in-general. Phase two examines empirical studies on
RL practices in the automotive industry with specific focus on key aspects discussed in phase
one, and with a specific focus on UK automotive industry to systematically confirm the gap in
the literature and identify the research questions.

2.2 Fundamentals of Reverse logistics

2.2.1 RL Definition

One of the core elements of Supply Chain Management (SCM) is logistics and the real
importance of logistics is its ability to give organisations a competitive advantage by providing
customers with superior service through inventory availability, speed of delivery and
consistency of delivery. However, logistics is not only about delivering goods to customers,
but also offers the opportunity for stock to be returned to the supplier via a feedback loop
(Ritchie et al., 2000).

Hence, the need or potential for the reuse or recycling of unwanted stock has become a major
issue in many industries, and the process of achieving this has been labelled “reverse
logistics” (Giuntini & Andel, 1995). Over the years, the concept of reverse logistics has
continued to change. In the 1980s, it was taken to be the movement goods from the consumer
to the producer through a recognized distribution channel. However, in the 1990s, Stock
(1992) approached reverse logistics as returned materials focusing not only on technical and
economic benefits, but environmental efficiency as well; however, this approach was quite
general and the main focus was only from a waste management perspective (de Brito &
Dekker, 2003). It included reverse distribution, which causes goods and information to flow in
the opposite direction from normal logistic activities (Pohlen & Farris, 1992). Contrary to the
traditional logistics process flows, RL deals with how products are efficiently retrieved from the
point of consumption and transported back to the point of origin (Setaputra & Mukhopadhyay,
2010). Forward (outbound) logistics is the main focus of most businesses, while RL (inbound)
is traditionally after-sales services with the primary focus of value recovery, cost reduction and
regulatory compliance (Khan & Subzwari, 2009). Below, Table 2.1 presents the definitions

of reverse logistics that have emerged, as provided by de Brito and Dekker (2003).
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Table 2. 1 Reverse logistics definitions

Author “Reverse logistics” Definitions

Stock, 1992 “...the term often used to refer to the role of logistics in recycling, waste
disposal, and management
of hazardous materials; a broader perspective includes all relating to
logistics activities carried out in source reduction, recycling, substitution,
reuse of materials and disposal.”

Pohlen and “...the movement of goods from a consumer towards a producer in a

Farris, 1992 channel of distribution.”

Kopicky et al., “‘Reverse Logistics is a broad term referring to the logistics management

1993 and disposing of hazardous or non-hazardous waste from packaging
and products. It includes reverse distribution which causes goods and
information to flow in the opposite direction of normal logistics activities.”

Rogers and “The process of planning, implementing, and controlling the efficient,

Tibben-Lembke,
1999

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 value or proper disposal.”

Dowlatshahi, “‘RL as a process in which a manufacturer systematically accepts

2000 previously shipped products or parts from the point for consumption for
possible recycling, remanufacturing, or disposal’.

Dekker et al., “The process of planning, implementing and controlling flows of raw

2003 materials, in process inventory, and finished goods, from a

manufacturing, distribution or use point, to a point of recovery or point of
proper disposal”

Source: de Brto & Dekker,2003

Therefore, researchers proposed definitions for RL as basically the process of moving goods
from their designated point of destination back to the point where they were initially produced,
for the purpose of recapturing value or proper disposal (Rogers & Tibben-Lembke, 1999;
Dowlatshahi, 2000; Dekker et al. 2003). Hence, Reverse logistics is for all operations related
to the reuse of products and materials.

2.2.2 Reverse logistics vs forward logistics

RL process is similar to forward logistics process only in that it is concerned with movement
of materials from the point of consumption to the point of origin where products are been
produced. This reverse order flow is what has been regarded as Reverse Logistics. The known
areas of dissimilarities between forward and reverse logistics can be found in the high cost
and complexity of reverse logistics. Da, et al., (2004) and Parvenov (2005) identified popular
issues connected to reverse logistics, such as:

e Uncertainty in the recovery system

e Incapability of tracking incoming products

e High cost of setting up the reverse logistics process to aid the repackaging of returned

goods for resale
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e Cost of disposing of unserviceable items and others

However, these problems can be surmounted and converted to competitive advantage if there
is a well-organised reverse logistics system (Ravi & Shankar, 2004; Bernon & Cullen, 2007).
Therefore, Setaputra and Mukhopadhyay (2010) explain that RL deals with how products are
efficiently recovered from the point of consumption and transported back to the point of origin.
Forward logistics is the main focus of most businesses, while RL is traditionally an after-sales
service with the primary focus of value recovery, cost reduction and regulatory compliance
(Khan & Subzwari, 2009). Figure 2.1 below presents the forward and reverse logistics flow
difference.

Forward logistics flow

Procurement Manufacturing  Distribution Sale
Raw m?te“a' Manufacturer Distributor Retailer customer
supplier

Reimbursement / repair / recycling

Manufacturer / retailer / recycler Return

Reverse Logistics flow

A

Figure 2. 1 Forward and RL flow

The system used in forward logistics cannot be used to process product return because the
reverse supply chain is not a regular image of the forward supply chain due to the differences
in material flow and information demanded (De la Fuente et al., 2008). The forecasting and
planning in RL also differ from those of the forward supply chain due to the high level of
uncertainty associated with product return and waste. Hence, only companies with a high level
of collaboration are more efficient and effective in supply chain integration (De la Fuente et
al., 2008).

2.2.3 Importance of reverse logistics

RL can be of enormous value in remanufacturing, repair, reconfiguration and recycling, which
can be interpreted as profitable business opportunities (Giunti & Andel, 1995; South, 1998).
Reverse logistics also affords firms a huge opportunity to distinguish their roles from that of
customers and indicates how the handling of a company’s returns is often assessed by
customers as an important consideration when a future purchase takes place (Daugherty, et
al., 2002). To these scholars, a well-planned reverse logistic system can promote long-lasting
relationships for mutual benefits (satisfying needs of consumers and profit for the producers).
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In like manner, customers are more likely to patronise retailers who perform better than other
retailers on the handling of returns. Essentially, logistics is a major factor that enhances a
company’s achievements in different aspects of business. It is widely acknowledged that
reverse logistics plays a key role in a company’s performance and customer relations
(Daugherty, et al., 2005).

Therefore, a growing interest in reverse logistics activities, including recycling,
remanufacturing information technology, warehousing, operations and environmental
sustainability, has emerged in academic and in business communities (Huscroft et al., 2013;
Dowlatshahi, 2010). Organisations are interested in the return flow of their used products
destined for recycling (Souza, 2013; Olugu et al., 2010). Based on the implementation of RL,
these organisations develop partnerships with various others in the supply chain to recycle
used products. This practice reduces their production cost and incidences; solid waste
management costs and the environmental impact of landfill are also reduced, and thus both
economic and ecological dividends are realized (Berkowitz et al., 2000).

According to Kinobe et al. (2012), environmental aspects and existing governmental
regulations have motivated and induced producers and suppliers of products to take more
responsibility for availing their products on the market. This has resulted in an increased
interest in reverse flow products and recycling activities. By using RL, companies are able to
achieve sustainable development by implementing environmentally friendly supply chain
initiatives and optimising profit simultaneously (Dowlatshahi, 2000).

However, as pointed out by Autry, Daugherty and Richey (2001), RL is often under-considered
as a strategic option for firms to gain economic and environmental benefits, with its strategic
value neglected. Businesses’ reluctance in executing reverse logistics programmes can be
attributed to the following: The traditional preoccupation of companies with limited logistics
and the tendency to hide inventory mistakes are potential factors that can hinder a company
from committing substantial resources to reverse logistics.

Another factor is the inability to recognise areas where there are potential benefits (Daugherty
et al., 2001; Saccomano, 1997). Moreover, Richey, et al., (2005) state that physical process
usually requires “a series of intricate multi layered steps” involving raising returns
authorization, printing labels, determining appropriate product handling and disposition, and
organising transportation. The unwillingness to commit resources to returns in the chain of
supply gives rise to opportunity for companies to establish their business strategies. In regard
to this, Stock, et al., (2002) reason that though reverse logistics is often viewed as a “costly
sideshow” to regular business operations, it should receive much more awareness than it does
now. They also proposed that reverse logistics should “be seen as an opportunity to build
competitive advantage”.

Similarly, Richey et al. (2005) advise companies to strengthen their competitiveness through
operational performance and financial benefits gained from commitment of more resources to
reverse logistics. Moore (2005) avers that many benefits can be derived from an effective
logistics program. Such benefits include reuse or packaging, reduction of excess inventory of
raw materials and old equipment disposal.

In academia, several endeavours focusing on the reverse flow of products have emerged,
thereby contributing to the body of knowledge in the relatively new field of RL. The practice of
RL has stretched out worldwide, encompassing all layers of the supply chains in various
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industry sectors including those producing steel, commercial aircraft, computers, automobiles,
chemicals, appliances and medical items (Dowlatshahi, 2000).

RL has also gained importance as a profitable and sustainable business strategy (Grant &
Banomyong, 2010). The considerable increase in the pace of research in both areas is evident
in the increased amount of attention both have received from operations managers and
company executives (Dowlatshahi, 2000). While some actors in the supply chain have been
forced by regulatory authorities to take products back, others have proactively implemented
RL strategy due to the economic potential associated with the practice (de Brito & Dekker,
2003).

2.3. Empirical review of reverse logistics (a brief discussion)

This section provides a brief discussion of RL empirical review to understand the importance
of further detailed discussion of the generation of each research question by identifying the
gap in the literature.

2.3.1 Reverse Logistics empirical review based on topic

Earlier scholars mainly investigated network structure in RL and focused mainly on recycling
(Guiltinan & Nwokoye, 1975; Pohlen & Farris, 1992). Subsequently, more issues, including
differences between forward and RL, cost in RL, and other general information have been
described by various researchers (Carter & Ellram 1998), including environmental issues to
be considered in RL practice (Barry et al.,1993; Kopicki et al., 1993; Webb, 1994). These
studies mainly described the role that attention to environmental concerns has in determining
the direction of activities of reverse logistics. But these studies lacked empirical evidence in
terms of details of RL characteristics (Carter & Ellram, 1998).

Therefore, de Brito and Dekker (2003) identified an important focus of RL key aspects which
brought forward a content framework on RL as a whole by bringing structure to the
fundamental contents of RL and their interrelations. This was achieved via the answering of
four basic questions on RL: Why? What? How? Who? According to de Brito and Dekker
(2003), these are the driving forces and return reasons, what type of products are streaming
back, how they are being recovered, and who is executing and managing the various
operations. de Brito and Dekker (2003) argued that these four basic factors are interrelated,
and their combination determines to a large extent the types of issue that arise in
implementing, monitoring and managing RL systems. Further scholars also agreed with this
and follow these four aspects (what: return reason and nature, how: process, who: players
and why: drivers) and added two more key aspects: where: location, why: barriers (Xie &
Breen, 2014) and when: time related issues (Salvador, 2017). In this way a general
understanding of what RL issues involve was achieved, at the same time capturing the vast
categories of matters related to RL. This therefore constitutes a theory of RL. de Brito and
Dekker (2003), however, pointed out that the exact influence of the four identified dimensions
is still an open question requiring further investigation. It is the intention of this thesis that the
application of this framework to explore reverse logistics practice in a different context has the
potential to produce empirical findings that can either lead to the extension or the modification
of RL key aspects. Hence, this study utilized all the key aspects cited in the literature on return
reason and nature in RL, RL process, players in RL, drivers, barriers, location related issues
in RL and time related issues in RL to explore the phenomenon.
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2.3.2 Reverse Logistics empirical review based on industry

Reverse Logistics has been expanding worldwide, involving all the layers of supply chains in
various industries (de Brito & Dekker, 2003), including household (Xie & Breen, 2014);
electronic (Agrawal et al., 2016); and retail (Hasiao, 2010). Most studies are from a generic
perspective, where the industry is not considered (Carter & Ellram, 1998; Fleischmann et al.,
1997; Zhao et al. , 2008; Bai & Sarkis, 2013). In terms of studies that are industry specific,
there is literature in related fields that have secondarily added to the theoretical growth of RL.
For instance, Thierry et al.’s (1995) report reveals that RL is widely used in the automobile
industry; providing automobile firms with far reaching cost and strategic advantages in a highly
competitive environment; but here a lack of empirical research has also been identified
(Dowlatshashi, 2000). Further academics also supported the above discussion and claimed
that the majority of the RL research is generally not industry specific and the automotive
industry accounts for 7% of the total publications, followed by the pharmaceutical, electronic
and manufacturing industries (6%), medical industry (5%), retail industry (5%), food and
beverage industry (4%), electrical industry (3%) and recycling industry (3%) (Salvador, 2017).
These findings again indicate the strategic importance and applicability of RL in various
industries. In light of these extant empirical studies towards RL theory, this thesis employs the
RL key aspects proposed by de Brito and Dekker (2003) and further extended by Xie and
Breen (2014) and Salvador (2017) to explore RL practices in a different industry (automotive)
context.

2.3.3 Reverse Logistics empirical review based on nation and country

Furthermore, it is important to note that the application of reverse logistics is another area of
logistics that is popular in both developed and developing nations (Amole et al., 2018).

The literature shows that in developed nations like Europe, RL processes have a much clearer
role in enterprises managing industrial waste. This reveals a fascinating connection between
logistics and waste, as well as an interesting element of sustainable development conception
for achieving environmental goals (Starostka-Patyk & Grabara, 2010). On the other hand, the
procedure of RL and the present state of waste management in developing countries such as
Uganda has found that in a relative sense, reverse logistics practice is not established yet
(Kinobe, et al., 2012). Therefore, to find stabilised RL practice to present the strength and
benefit of RL practice researchers were motivated to conduct research found in developed
countries like German, USA and Netherland (Rubio et al., 2008). However, knowledge of
trends in the UK was limited, which is an indication of the small quantity of RL research in the
UK, though RL practice in the UK was found to be more challenging and advanced than in
other developed countries, especially for the automotive industry, due to strict government
regulations to reduce the impact on global warming (Aitken & Harrison, 2013). Therefore, the
purpose of this study is to investigate the RL practices in the UK.

2.4 Key aspects in reverse logistics

Researchers (de Brito & Dekker, 2003; Xie & Breen 2014; Salvador, 2017) have claimed
reverse logistics has eight key aspects: 1. why the product is returned (return reasons), 2. the
of nature of returns (return features), 3. the return process, 4. who the players are, 5. why they
are involved in RL process (drivers), 6. why they are not involved/barriers faced during the
process, 7. where the returns are processed (the location) and 8. when the return process is
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(time related issues). These eight key aspects are the best practice to characterise and
understand RL issues.

de Brito and Dekker (2003) argue that to understand the fundamental components of RL and
their interaction, it is necessary to structurally analyse the topic from the first five essential
perspectives: why products are returned, what the nature of returned products is, how the
products are processed and who the players involved are and why they are involved.
Subsequently, other researchers agreed and stressed the importance of analysing these five
key aspects (Xie & Breen, 2014).

The five key aspects framework has been expanded further in a recent work by Xie and Breen
(2014) by adding key aspects 6 and 7 “why players are not involved in RL activities (barriers)”
and “where the location for collection points and distribution centres is in the RL network”.

Another key aspect “when” was introduce by Salvador (2017) to provide insight into when key
activities such as returning, collection, inspection, sorting, and recovery processes (resale,
reuse, redistribution, incineration, or proper disposal) are initiated in the RL network.

The present study has identified, in addition to the above key aspects, the performance of RL
process (Olorunniwo & Li, 2011), the relationships between players (Xiao et al., 2019) and
product design related issues in RL (Thierry et al., 1995; Schultmann et al., 2006), as these
aspects are currently receiving attention to better understand RL issues that are very much
related to the above key aspects (Olorunniwo and Li, 2011).

Therefore, with these eight aspects, this research also intends to review, “product design
related issues in terms of their impact on the RL process”, “the performance of RL process”
and “the relationship nature between players”. This chapter therefore considers all the aspects

below with a detailed discussion of each aspect.
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Table 2. 2 Key aspectsin reverse logistics practice

Key aspects

Detail

Return Reasons
(de Brito & Dekker, 2003; Xie & Breen, 2014;
Salvador, 2017)

What is returning?
Who is returning?
Why are they returning — driver for senders?

Return product nature
(de Brito & Dekker, 2003; Xie & Breen, 2014;
Salvador, 2017)

What is the configuration (number of components and materials, how are they put together, materials heterogeneity,

presence of hazardous materials, size of product) of return products?
What is the functionality (products age, components/parts age, market value) of return products?
What is the use pattern (single/multiple, duration of use, consumption) of the return products?

The RL process/how
(de Brito & Dekker, 2003; Xie & Breen, 2014;
Salvador)

How return products are processed (collection — landfill)

The location/where
(Xie & Breen, 2014; Salvador, 2017)

Where return products are processed

Time related issues/when
(Salvador, 2017)

When the process starts and how long it takes

Players involved/who
(de Brito & Dekker, 2003; Xie & Breen, 2014;
Salvador, 2017 )

Who is involved in this return product process?
Product, information and other flows between players?

Drivers

e Why players are involved in RL process/drivers influencing payers
(de Brito & Dekker, 2003; Xie & Breen, 2014; | « What action is taken by players as a result of this influence
Salvador, 2017) e Who is taking this action and what is its impact/results
Barriers e Why are players not involved yet?
(Xie & Breen, 2014; Salvador, 2017) e What is hindering more successful RL practice?

Design of products
(Thierry et al., 1995; Schultmann et al., 2006)

Design for new products (thinking of recycling/circular economy)

Performance
(Olorunniwo & Li, 2011)

What is the performance of the RL process?

Relationship nature
(Xiao et al., 2019)

What is the relationship between players and its impact?

Source: de Brito & Dekker, 2003; Xie & Breen, 2014; Salvador, 2017
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For a holistic understanding of all the key aspects above, this research attempted to
summarise the literature and assembled studies across industries (apart from the auto
industry, which is presented in phase 2 of this chapter). Studies considered are not only those
focusing on the RL key aspects framework but also other RL studies where at least one key
aspect (return reason/return feature/ RL process/players/drivers/barriers/location related
issues/time related issues in RL/RL performance/product design thinking of RL/relationship
nature in RL) has been considered. Figure 2.2 below presents a clear picture of RL studies
collected for this investigation.

4 M

Studies on RL key aspects
framework - RL key
aspects(returnreason &
nature, process, players,
driver, barriers, location,

i |
e ~ time) related s ™
Other RL Studies but - J
considered any of the RL study discussed RL
aspects (return reason, process performance,
feature, process, players, relationship between players
drivers, barriers, localion of and design of products.
process, time to process)

N {j Q_ )

Reverse logistics
studies

Figure 2. 2 Framework for Reverse Logistics studies collected for this investigation

All these studies are captured in one table presented in appendix 1. Furthermore, for vibrant
assessment, each aspect’s related knowledge has been presented in separate tables in this
chapter where table 2.3 presents RL return reasons, 2.4 presents RL return nature, 2.5
presents RL process in terms of how, 2.7 presents RL process performance, 2.8 presents
location related issues in RL process, 2.9 presents time related issues in RL process, 2.10
presents players and their activities in RL process, 2.12 presents drivers influencing
involvement in RL and 2.13 presents barriers hindering the RL process.

2.4.1 Products return reasons

The aspect “product return reason” consider why products come back or are returned and
who the senders are. Three different senders are identified and discussed in the literature:
manufacturers, distributors and consumers. Products are returned by these three senders
mainly because the product is defective or no longer required.
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1. Return from Manufacturers

Three different categories of manufacturing returns have been identified, namely excessive
raw material from production (de Brito & Dekker 2003), defective (such as transitional or final
products that fail quality checks by manufacturers) (de Brito & Dekker 2003) and production
leftover (Fleischmann et al., 1997; de Brito & Dekker 2003).

2. Return from Distributors

Six different types of return from distributors are identified in the literature: product defective,
damaged, expired, unsold/in excess (which are mainly B2B commercial returns; carrier and
packaging; product recalls (de brito & Dekker 2003); stock adjustment for redistributes items
between warehouse or stores by distributors due to over stock, slow moving sales and
marketing return (Rogers & Tibben-Lembke, 1998; de Brito and Dekker 2003)); product
replaced by a new version/product discontinued (Rogers & Tibben-Lembke, 1998); and
retailer or distributor going out of business (Rogers & Tibben-Lembke, 1998).

3. Returns from consumers

Five different types of product returns are identified in the literature: defective product due to
production defect, shipping damaged and quality complaints; unwanted products because of
wrong product being ordered (Rogers & Tibben-Lembke, 1998; de Brito & Dekker, 2003;
Olorunniwo & Li, 2011); warranty return giving opportunity for customer to return the product
if they just change their mind or any other reason (Fleischmann et al. , 1997; Rogers & Tibben-
Lembke, 1998; de Brito & Dekker, 2003); end of use, when customers do not want to use the
product any more but the product is still functional (Fleischmann et al. ,1997; de Brito &
Dekker, 2003, Xie & Breen 2014); and End of Life as product does not function anymore
(Rogers & Tibben-Lembke, 1998; de Brito & Dekker, 2003, Xie & Breen 2014 ).

The key aspect “return reasons” is presented in table 2.3 with details of:

e Where the returns are generated (the source of return products / senders)

e What is returning in terms of the product condition (new / used / unused / damaged)
e Why products return (reason of return) in terms of what happened to the product

e What is driving senders to return the product

The table 2.3 provides a clear understanding of what products are returning in the reverse
chain and the reasons and motivations for returning the products. However, there is no
discussion identified on “drivers for sender” for manufacturing and distribution reasons and
this could be because manufacturing returns are mainly identified as recovered throughout
the production phase. These products are usually valuable as new and economically useful
and re-usable in production (Teunter et al., 2003). On the other hand, distribution returns are
mostly returned to vendors for resale (Rogers & Tibben-Lembke, 1998). Details of this are
discussed in the RL process section.

On the other hand, consumers are identified as the main source of return. There is a clear
understanding of what products are coming from consumers in the reverse chain and their
reasons for returning products.
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Table 2. 3 Returnreasonsin reverse logistics

Source of return

Condition of products

Reason of return

Drivers for senders to
return the product

Studies

Manufacturers e New raw materials e Left over from production - de Brito & Dekker, 2003; Fleischmann et
al., 1997
e New products e Final product, because it failed - de Brito & Dekker, 2003
quality checks by manufacturers
Distributor e New products e Over stock of products, because of - Fleischmann et al., 1997; Rogers & Tibben-
unsold or in excess or slow moving Lembke, 1998; De Brito & Dekker, 2003
e  Expired products e Unsold - Fleischmann et al., 1997; Rogers & Tibben-
Lembke, 1998; De Brito & Dekker, 2003
e New but damaged e  Shipping damaged products - Fleischmann et al., 1997; Rogers & Tibben-
products Lembke, 1998; de Brito & Dekker, 2003
e  Used products e Recall products, because of - Fleischmann et al., 1997; Rogers & Tibben-
production defect Lembke, 1998; de Brito & Dekker, 2003, Khan
& Subzwari, 2009
e  Product packages e Because unused or broken - Fleischmann et al., 1997; de Brito & Dekker,
. 2003
e New products e Obsolete product replaced by a new | - Rogers & Tibben-Lembke, 1998
version/product discontinued/
retailer or distributor is going out of
business
Consumers e New but e Defective, shipping damaged and To get refund/exchange | Rogers & Tibben-Lembke, 1998; De Brito &
damaged/faulty quality complaints products the product Dekker, 2003; Olorunniwo & Li, 2011

New products

e Wrong product being ordered

To get right product or
refund

Rogers & Tibben-Lembke, 1998; de Brito &
Dekker, 2003; Olorunniwo & Li, 2011

New products

e  Warranty return (customer change
their mind)

To get refund

Fleischmann et al., 1997; Rogers & Tibben-
Lembke, 1998; De Brito & Dekker, 2003

Used

e End of Use/customer does not want
to use anymore

To get the product
value price

Fleischmann et al. ,1997; de Brito & Dekker,
2003; Xie & Breen, 2014

Used and worn

e End of Life

Public awareness

Rogers & Tibben-Lembke, 1998; de Brito &
Dekker, 2003 ; Xie & Breen, 2014

Source: Fleischmann et al.,1997; de Brito & Dekker, 2003; Olorunniwo & Li, 2011; Xie & Breen, 2014
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Defective, shipping damaged, quality problem, wrong product being ordered, and change of
mind are the reasons why products are coming back because companies give customers the
opportunity to return products within a certain time frame (around 14 days to 28 days,
depending on company policy) and the main motivation here is customers can get a full money
refund or can exchange the product. On the other hand, for the return of end of use products,
senders are mainly influenced by economic value, as this category of product can still be
functional to resell (de Brito & Dekker, 2003). But only End of life return reasons and
motivations are not clear, because customers are identified as being less engaged in End of
Use or End of life returns, as they are not required to be engaged or do not get significant
benefit from it (Xie & Breen, 2014).

Therefore, consumer return reasons, especially end of life and end of use, are identified as
the main concern for return reasons to control waste where researchers suggest that to control
return and reduce waste, it is important to influence consumers to return end of use and end
of life products by enhancing public awareness of environmental protection and conservation,
which can have a significant influence on increasing product returns from consumers (Erol et
al., 2010; Prahinski & Kocabasoglu, 2006). Setting up an approved compliance scheme has
also proven to be successful in enhancing public awareness of the necessity of reducing and
recycling waste by bringing back the end of use and end of life product (Xie and Breen 2014).

However, there is very limited knowledge on return reasons for end of life products and how
they become end of life. The reasons for end of life products being returned has not been
discussed in detail in terms of why senders decide to return the product/ what the individual
facts are that influence them to return products instead of just putting them in the bin,
especially for consumers. Therefore, it is important to ask the question what drivers influence
consumers to return End of Life products, as they may not gain any economic value from
them. In addition, the importance of analysing return reasons for improving practice is claimed
in the literature but detail of how analysis of return reason can improve RL practice has not
yet been discussed.

After having outlined the reasons for product return, the next question that emerges is - what
is/are the nature/features of these return products? So, the next key aspect discussed below
is “Nature of return products”.

2.4.2 Nature of return product and its impact on the RL process

In the literature, the nature of return products mainly discusses what is actually returning in
the reverse flow in terms of product structure/design, functionality and usability. These are
categorised into three fundamental product characteristics - composition, deterioration and
use pattern (De Brito & Dekker, 2003). Subsequent researchers also added packaging
solution (Silvenius et al., 2013). Xie & Breen (2014) also considered three categories
(composition, deterioration and packaging solution) and their research not only discussed
these in terms of what product is “coming in”, but also in terms of what product is “going out”
and its impact (going out mainly focuses on the product leaving the network, which is mainly
reuse of the return product, details of this are discussed in the RL process aspects section).

1. Composition/configuration of products/design of products
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Composition of products is one of the most important features identified in the literature, as it
impacts the whole RL process of return products (de Brito & Dekker 2003). Composition of
product is categorised based on:

e Number of components and materials contained in the return product (de Brito &
Dekker 2003)

e The way components are put together (de Brito & Dekker 2003)
e The presence of hazardous materials (de Brito & Dekker, 2003; Xie & Breen, 2014)
e Material heterogeneity (de Brito & Dekker, 2003)

e The size of the product (de Brito & Dekker, 2003; Goggin & Browne, 2000; Xie & Breen,
2014)

Impact on RL process: Affects the ease of collecting and reprocessing return products and
the associated values recovered from them (Goggin & Browne, 2000).

2. Deterioration/functionality of product

Deterioration is another important feature discussed in the literature, which verifies whether
there is enough functionality left within a product to make further use or whether recapture of
value from its parts/components is feasible —

e Product age elapsed or not during use (de Brito & Dekker, 2003)

e All or few components age elapsed (de Brito & Dekker, 2003)

e Value of the product declines fast (de Brito & Dekker, 2003)

e Market value of the product/product parts decreases due to new product introduced
(de Brito & Dekker 2003) or legislation that regulates the usability of the return product
(Xie & Breen, 2014)

Impact on RL process: This deterioration/functionality of product has an impact on the RL
processing and players. Either products become obsolete because of replacement by a new
product, ageing and expiry, or because of legislation restricting reuse of the returned products,
which happens with medicines in the UK (Xie & Breen, 2014). Therefore, reuse or resale of
medicine is not an option here. In the case of a product like batteries, the product can be
dismantled and parts can be retrieved if some of them are still functional.

3. Use pattern of product

This is identified as describing the location, intensity and duration of a used product. It has a
strong impact on the collection phase of the reverse logistics process (de Brito & Dekker
2003), as it describes the number of products to collect (single or bulk) from a location. So, it

can be categorised into four categories:

e Products coming from a single consumer
e Products coming from an institution

e Product use length

e Product consumed during use

Impact on RL process: Products coming from a single consumer can be one/small amount
at a time, whereas products coming from institutions can be returned in bulk and this has a
strong impact on transportation and effort to collect products. Some products can be used for
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a small period of time and can be reused again, such as leased medical equipment (de Brito
& Dekker 2003), which has an direct impact on recovery and reuse of product.

4. Packaging of a Product

The packaging of a product is identified as another feature of returned products discussed in
the literature which has an influence on RL to process package-related waste, and it concerns
package sizes, shapes and materials used (Xie & Breen, 2014).

Impact on RL process: The literature also discusses its impact which can minimise waste
generation and help the forward chain to achieve the lowest environmental impact (Silvenius
et al., 2013).

Therefore, for return product nature, the review of the literature found limited knowledge of
product features (a small group of scholars consider return features in their studies). The
literature offers a good understanding of different types of product features and basic
knowledge of their impacts and the overall value recovery from RL. Also, features are
discussed mostly in general and not in terms of return type. Features can be different for
different types of return. The nature of returns was identified as differing between industries,
but limited studies were found to focus on this perspective (Goggin & Browne, 2000; Silvenius
et al., 2013; Xie & Breen, 2014). Therefore, it is important to ask the question: what are the
key features of each category return reason discussed above?

After outlining the reasons for product returns and the nature of the returns the following
question arises: how are these returns processed? So, the next key aspect discussed below
is the “reverse logistics process”.
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Table 2. 4 Return nature and its impact on reverse logistics process

Return features

Details

Impact on the RL process

Studies

Compositions /configuration of
products

e Number of components and materials
contained in the return product

e Impact on recovery process in terms of
time and effort required

de Brito & Dekker, 2003

e The way components are put together

e Impact on recovery process in terms of
time and effort required and recovered
components quality

de Brito & Dekker, 2003

e The presence of hazardous materials

e Impact on recovery process in terms of
time and effort as they need special
treatment

de Brito & Dekker, 2003; Xie &
Breen, 2014

e Material heterogeneity

e Impact on recovery process in terms of
time and effort required

de Brito & Dekker, 2003

e The size of the product

e Impact on collection process in terms of
transportation and handling

de Brito & Dekker, 2003; Goggin &
Browne, 2000; Xie & Breen, 2014

Deteriorations/functionality of
products

e Product age elapsed during use or not

e All components age elapsed or few

e Value of the produce declining fast

¢ Market value of the product/product parts
due to new product introduced or legislation
that regulates the usability of return product

e Impact on assessment process as recovery
options depend on functionality of products

de Brito & Dekker, 2003

de Brito & Dekker, 2003; Xie &
Breen, 2014

de Brito & Dekker 2003

de Brito & Dekker, 2003; Xie and
Breen, 2014

Use pattern of product

e Products coming from a single consumer

e Products coming from an institution

e Impact on collection process in terms of
transportation and handling

e Product use duration

e Product consumed during use

e Impact on recovery process in terms of
quantity of recovery

de Brito & Dekker, 2003

Packaging of product

e Package size/shape

e Materials used in the packaging

e Impact on minimizing / maximising waste
generation

Silvenius et al., 2013; Xie & Breen,
2014

Source: de Brito & Dekker, 2003; Silvenius et al., 2013; Xie & Breen, 2014
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2.4.3 Reverse logistics process

The RL process is identified as the most important phase discussed in the literature, because
this phase analyses how value is recovered from returned products and the impact on the
environment and society (Xie & Breen, 2014). This process can be different for different types
of return reasons discussed below.

2.4.3.1 Return process for manufacturer return

Manufacturing returns are returns recovered during the production phase. They can be raw
materials leftover or products that failed in final testing. Raw materials left over often contain
valuable material; they are often economically useful and re-usable in production (Teunter et
al., 2003). On the other hand, products that failed final testing can be improved and retested
(de Brito & Dekker, 2003).

Raw material Clean I
leftover Reuse n
production
Failed quality »| Improve &

control test retest

Figure 2. 3 Manufacturingreturn process

2.4.3.2 Return process for distribution and customer return

The first stage is the gatekeeping stage where an initial checking process engages with mainly
products coming back before products become accepted. Once the product is accepted, the
collection stage begins, where products are collected from customers and sent to the point of
recovery. The second stage is the initial inspection and sorting, whereby the returns will be
quality inspected and sorted according to the type of recovery required. If the returned product
is new, the product will end up back on the market through re-use, re-sale and re-distribution.
If the product is old, the return will be forwarded to the next stage. The next stage is the value
recovery stage where the returns will be processed according to the type of recovery activity.

The research classified these recovery options into repair, refurbishing, remanufacturing,
recovery, recycling, and disposal (de Brito & Dekker, 2003). Furthermore, these recovery
options are discussed in more detail and added to the recovery process, including dismantling
of hazardous and non-hazardous parts and the shredding stage to recover materials (Yang &
Wang, 2007). Therefore, the common key activity stages identified in literature for the RL
process for distribution and consumer return are:
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1. Gatekeeping

2. Collection of return product

Assessment and sorting for recovery options (options: i) Direct use, ii)
Repair/refurbish/remanufacture iii) recycling).

Hazardous separation

Collection, reuse and recycling of hazardous products

Marketable parts removal and reuse

Compacting products

Shredding products and recovering materials

Disposal waste (incineration/landfill)

w

L oK N v ke

In the literature different studies considered different stages of the RL process presented in
table 2.5; therefore this study tried to present a complete picture of the RL process hy
integrating the knowledge from the literature which is presented in figure 2.4 and discussed in
each stage of RL process below.

Details of each of the stages discussed below and studies considering RL process stages are
presented in table 2.5., according to industry and country perspective. As mentioned
previously, the RL process’s different stages depend on return reasons; therefore, this table
tried to capture the return reason for each stage discussed in the literature.

1. Gatekeeping

Gatekeeping (in supply chain terms) refers to the screening of returned goods at the entry
point in the reverse flow from the consumer back to the manufacturer/supplier/retailer.
Gatekeeping controls the return by deciding which products to allow into the reverse logistics
system (Rogers & Tibben-Lembke, 1998). Gatekeeping not only controls return but also helps
in assessing customer return reason and feedback about product problems (Yang & Wang,
2007). Gatekeeping can be carried out in the collection stage as well (Yang & Wang, 2007).
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Figure 2. 4 Reverse logistics process for return product
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Source: Thierry et al., 1995; Fleischmann et al., 1997; Goggin & Browne, 2000; de Brito & Dekker,
2003; Schultmann et al., 2006; Yang & Wang, 2007; Kumar & Putnam, 2008; Li & Olorunniwo, 2008;
Olorunniwo & Li, 2011; Chan et al., 2012; Bai & Sarkis, 2013; Subramanian et al., 2014; Xie & Breen,
2014.

2. Collection

Collection is a very important stage in the reverse logistics process, where product types are
selected and products are located, collected, and, if required, transported to facilities for
rework and remanufacturing. Used products originate from multiple sources and are brought
to a product recovery facility, resulting in a converging process. The collection process is also
identified as depending on customers, as the initial transport can be either performed by the
consumer/ dropped off by senders or by the receivers (manufacturer/retailer of the product or
a third party) (Srivastava & Srivastava, 2006). This depends on the category of return and
company policy.

If the return comes for refund/exchange within the time frame (warranty return), the customer
will get a refund/exchange and the product can be put back on the shelf directly or may need
a little repair or cleaning before being put back on the shelf; if the customer comes for repair,
products will be checked and if possible, in terms of company policy and capacity, products
will be repaired and sent back to customers (in this case the RL process ends here for repair
products); in the case of product returns for recycling purposes, customers may get some
rewards and products go to the next stage for inspection and sorting according to recovery
options (Yang & Wang, 2007).

Except for recycling purpose/end of use or end of life products, consumers mostly drop
off/bring back the return product in the reverse chain to get their money back/exchange/repair
and the reverse logistics process mostly ends at the product acceptance stage.

But in the case of End of use and End of life products, return customers as mentioned before
can be less engaged, as consumers do not get enough benefit from it and also there is no
external force on consumers to return End of Use (EoU) and End of Life (EoL) products (Xie
& Breen, 2014). These category products mostly go all the way from collection to he disposal
stage. This can be the reason why the main attention on the collection stage is identified as
mostly based on end of use and end of life products.

To collect EoL products, the most important focus identified is to have appropriate collection
centre networks. The collection centre is the facility where customers bring their products for
resolution/exchange. Collection includes inspection, purchase, storage and reselling, if
desired (Srivastava & Srivastava, 2006). Inspection denotes all operations determining
whether a given product is in fact re-usable and also grading it, which is the 3" stage of the
reverse logistics process, discussed below. Location of an appropriate collection centre near
customers can help to reduce uncertainty (Malik et al. 2015) and encourage customers and
facilitate the entire RL process (Harraz & Galal, 2011; Xie & Breen, 2014). On the other hand,
research suggests integration of forward chain and reverse chain networks for collection of
returns can minimise cost and environmental impact (Zarei, et al. 2010). Fleischmann et al.
(2003) state that in many countries, companies have a take-back program allowing business
customers to return used products in addition to any take-back responsibility. Beullens et al.
(2003) present collection as organized by sectors. For some specific hazardous content, the
collection (and transportation to destination) should not exceed 12 hours. All these issues
make the collection stage very important in the RL process.
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3. Assessment and sorting for recovery options

Inspection and sorting may be carried out either at the point/time of collection itself or
afterwards at treatment facilities (Srivastava & Srivastava, 2006). Inspection and sorting
activities mainly categorise returns for recovery options, presented in figure 2.4.

The literature mentions that these recovery options depend on the product condition and
nature, market value, cost benefit analysis and manufacturer requirements. If the product is in
good condition, it can be directly reused. If it is in fairly good condition, it can be repaired,
refurbished and remanufactured. Whereas, products in bad condition that cannot be repaired
can be sent for further treatment. Further treatment refers here to further stages of the RL
process: hazardous removal, hazardous recycling, marketable parts recycling, shredding and
disposal. These options depend on product type, design of product, type of materials, and
nature of materials (hazardous/non-hazardous) (de Brito & Dekker 2003). In terms of market
value assessment, this depends on customer demand for the product and regulations for
reuse of products (Li & Olorunniwo, 2008). Capabilities as well as the cost benefit analysis are
operational cost, landfill and contingent liability cost (de Brito & Dekker 2003). When, for some
reason, the firm is prevented from selling the product to the secondary market, and the product
cannot be given away, the final option is disposal. As always, the firm’s objective is to receive
the highest value for the item or dispose of the item at the lowest cost. Some items, such as
catalytic converters and printed circuit boards, contain small quantities of valuable materials
such as gold or platinum, which can be reclaimed. Such reclamation helps offset the cost of
disposing of the item. Other items may be composed of materials that are of some value to
scrap dealers, like steel and iron. When the materials are not of value to other companies, the
firm may develop ways of using the product to avoid sending it to a landfill. A good example
of this is outdoor running tracks made of ground-up athletic shoes. Another example involves
sorting damaged retail clothing hangers, melting them, and making new hangers (Rogers &
Tibben-Lembke, 1998). It was found that some manufacturers require retailers to dispose of
defective products. In this case, the retailer has no choice but to follow manufacturers’
instructions and send the product to the landfill or incinerator (Rogers & Tibben-Lembke,
1998).

Therefore, broadly there are three recovery options cited by the literature: direct use,
repair/refurbish/remanufacture and further treatment (see details of each options below).

i) Recovery option one: Direct reuse and redistribution of product
Direct reuse options are many:

As a new product: If the returned product is unused and unopened, the retailer may be able
to return it to the retail store and resell it as new (Thierry et al., 1995; de Brito & Dekker, 2003).
The product may need to be repackaged, so that consumers will not be able to detect that the
product is being resold (Olorunniwo & Li, 2011). In some industries, there are restrictions,
legal or otherwise, in which products cannot be resold as new once a customer has returned
them (Rogers & Tibben-Lembke, 1998), such as return medicines, which cannot be reused
directly, even though they are intact and in good condition (Xie & Breen, 2014).

Sell Via Outlet or Discount: If the product has been returned, or if the retailer has too large
an inventory, it can be sold via an outlet store. In the clothing industry, because customers will
not accept a returned item as new, an outlet store is the retailer's only sales channel (Rogers
& Tibben-Lembke, 1998).
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Sell to Secondary Market: When firms have not been able to sell a product, and they cannot
return it to the manufacturers and are unable to sell it at an outlet store, one of their final
options is to sell it via the secondary market. The secondary market consists of firms that
specialize in buying close-outs, surplus, and salvage items at low price (Rogers & Tibben-
Lembke, 1998).

Donate to Charity: If the product is still serviceable, but perhaps with some slight cosmetic
damage, retailers or manufacturers may decide to donate the product to charitable
organizations (Li & Olorunniwo, 2008). In this case, the retailer usually does not receive any
money for the product. It may, however, be able to gain a tax advantage for the donation, and
thus receive some value, while being a good corporate citizen (Rogers & Tibben-Lembke,
1998).

ii) Recovery option two: Repair/refurbish/remanufacturing of product

Products which are not in good enough condition for direct use end up at the stage of
repair/refurbish/remanufacturing of product. This stage involves returning used products to
working order. These options differ with respect to the degree of upgrading: repair involves
the least and remanufacturing the largest (Thierry et al., 1995).

Repair: The purpose of repair is to return used products to "working order". The quality of
repaired products is generally lower than the quality of new products. Product repair involves
the fixing and/or replacement of broken parts. Other parts are basically not affected. Repair
usually requires only limited product disassembly and reassembly.

Refurbishing: The purpose of refurbishing is to bring used products up to specified quality.
Quality standards are less accurate than those for new products. Following disassembly of
used products into modules, all critical modules are inspected and fixed or replaced. Approved
modules are reassembled into refurbished products. Occasionally, refurbishing is combined
with technology upgrading by replacing outdated modules and parts with technologically
superior ones.

Remanufacturing: The purpose of remanufacturing is to bring used products up to quality
standards that are as accurate as those for new products. Used products are completely
disassembled and all modules and parts are extensively inspected. Worn-out or outdated
parts and modules are replaced with new ones. Repairable parts and modules are fixed and
extensively tested. Approved parts are sub-assembled into modules and subsequently
assembled into remanufactured products. Remanufacturing can be combined with
technological upgrading.

These repaired/refurbished/remanufactured products are mainly redistributed in the
secondary market (see below detail of secondary market) (Rogers & Tibben-Lembke, 1998).
Fleischmann et al. (1997) argued that repair is to restore failed products to "working order',
though possibly with a loss of quality, while refurbishing and remanufacturing conserves the
product identity and seeks to bring the product back into an “as new' condition by carrying out
the necessary disassembly, overhaul, and replacement operations. However,
repair/refurbish/remanufacture options are dependent on customer demands, company
policy, and government law on restriction for repair/refurbish and remanufacturing (Li &
Olorunniwo, 2008).

iii) Recovery option three: further treatment
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As mentioned above, in the case of the product not being reusable directly nor repairable, or
able to be refurbished or remanufactured, it goes for further treatment. hazardous materials
removal, hazardous recycling, marketable parts recycling, shredding and disposal.
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Table 2. 5 Different type of return products RL process stages discussed in literature

(As mentioned before the RL process stages identified depend on product category (return reasons); therefore, in this table column 4 also presents return
reasons for all the process stages discussedin the literature)

RL process stages

Details

Product type/return reason

Studies

Gatekeeping e Controlling the return by deciding which products e Customer — warranty return Rogers & Tibben-Lembke, 1998; Yang & Wang,
to allow into the reverse logistics system 2007
according to company policy.

Collection e Collection refers to bringing the products from the e Distribution return de Brito & Dekker, 2003; Yang & Wang, 2007;

customer to a point of recovery.

e Collection process depends on return category
and company policy whether refund or exchange
or repair or send for recycling.

o the need for the setting up of collection centres
near customers was realized because of
uncertainty involved in EoL product.

e Customer return -in general; end
of use (EoU) and end of life
(EoL) product

Kumar & Putnam, 2008; Li & Olorunniwo, 2008;
Malik et al 2015

Assessment and sorting

e Products are sorted for recovery options (direct
use/repair/refurbish/remanufacture/recycling)
according to product condition and market value
and sometimes manufacturers demand and policy.

e Distribution return
e Consumer return

Rogers & Tibben-Lembke, 1998; de Brito &
Dekker, 2003; Li & Olorunniwo, 2008

Hazardous separation

e Some product contains toxic or harmful materials
which requires separate recycling to protect other
products

e Consumer — End of Life (EoL)
return

Yang & Wang, 2007; Kumar & Putnam, 2008

Hazardous recycling

e Recycleto recover parts and materials for reuse

e Consumer — End of Life (EoL)
return

Kumar & Putnam, 2008

Marketable parts removal
and reuse

o |[f law allows parts get recovered and reuse of
those in good condition. Quality standards for
parts depend on the process in which they will be
reused. Like parts for remanufacturing have to
fulfil stricter quality standards than parts for
refurbishing or repair

e Consumer — End of Life (EoL)
return

Thierry et al., 1995; Kumar & Putnam, 2008; Li &
Olorunniwo, 2008; Bai & Sarkis, 2013

Compact product

e Compaction attempts to decrees the recyclable
material’'s density to reduce transport costs and for
ease of transportation to send to shredder

e Consumer — in general

Bai & Sarkis, 2013; Kumar & Putnam, 2008

Shredding product

e Cursing the product and recovering materials for
reuse

e Consumer — End of Use (EOU)
and End of Life (EoL) return

Fleischmann et al., 1997; Carter & Ellram, 1998;
Rogers & Tibben-Lembke, 1998; de Brito &
Dekker, 2003; Yang & Wang, 2007; Bai & Sarkis,
2013; Kumar & Putnam, 2008; Goggin & Browne,
2000; Xie & Breen, 2014
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Disposal of waste e Product where recycling is not possible are e Consumer — End of Life (EoL) Fleischmann et al., 1997; Carter & Ellram, 1998 ;
disposed by incineration/landfill return Rogers & Tibben-Lembke, 1998; de Brito &
Dekker, 2003; Yang & Wang, 2007; Bai & Sarkis,
2013; Kumar & Putnam, 2008; Goggin & Browne,
2000; Xie & Breen, 2014

Source: Fleischmann et al., 1997; Carter & Ellram, 1998; Rogers & Tibben-Lembke, 1998; de Brito & Dekker, 2003; Yang & Wang, 2007; Bai &
Sarkis, 2013; Kumar & Putnam, 2008; Goggin & Browne, 2000; Xie & Breen, 2014

Page | 31



4. Hazardous product separation

Products which contain hazardous materials (see details in the product nature section 2.4.2
above) are treated differently due to health and safety issues and environmental pollution
concern (Kumar & Putnam 2008). After having functionality some of these category products
may not be reused as a result of restrictions from governments (Xie & Breen, 2014). So, these
category products get separated for special recycling. For some end of life products which
contain valuable parts, hazardous components are removed before dismantling valuable
parts/shredding to save marketable parts and components (Schultmann et al., 2006). This
phase is identified as mainly for End of life products (see the table above).

5. Recycling of hazardous product

There was some very early research conducted on reverse logistics addressing hazardous
waste problems (Peirce & Davidson, 1982; Jennings & Scholar, 1984; Zografos & Samara,
1990; Koo et al., 1991; Stowers & Palekar, 1993; Nema & Gupta, 1999). Subsequent to this
research, a reverse logistics model for minimising the cost of a multi-time-step, multi-type
hazardous waste recovery system was developed and a case study was conducted that
considered cost of collection, storage, treatment of hazardous waste and destruction of
processed waste (Hu et al. 2002). Wei and Huang (2001) indicated that for hazardous waste
reverse logistics systems, it is difficult to coordinate activities for reducing environmental
pollution. Apart from environmental issues, Kumar and Putnam (2008) found that hazardous
recycling can recover materials from hazardous products and components. These materials
can be reused in the production of original parts if the utility of the materials is high, or else in
production of other parts (Kumar & Putnam, 2008).

6. Removal marketable parts & reuse

The purpose of dismantling is to recover reusable parts from used products or components
(Schultmann et al., 2006). These parts are reused in repair, refurbishing, or remanufacturing
of other products and components. Quality standards for dismantled parts depend on the
process in which they will be reused. Like products, dismantled parts for remanufacturing have
to fulfil stricter quality standards than parts for refurbishing or repair (Thierry et al., 1995).
Dismantling involves selective disassembly of mainly end of life products and inspection of
potentially reusable parts (Kumar & Purnam, 2008).

7. Compact product

Compaction attempts to increase the recyclable material’s density to reduce transport costs
and for ease of transportation (Bai & Sarkis, 2013). This stage is mainly applicable for EoL
consumer product return. Very limited knowledge was identified from the literature for this

stage of RL process.
8. Shredding product

Compacted products and parts come to the shredder for shredding to recover materials.
Shredding is the best way to recover materials for reuse (Carter & Ellram, 1998). The shredded
metals get recycled and ferrous and nonferrous metals are recovered, and the shredder puff
would eventually be disposed of in a landfill (Chan et al., 2012).
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9. Disposal of waste

Disposal of products which cannot be reused or parts or materials recovered (due to legal
restrictions or product conditions) get disposed by landfill or incineration (Xie & Breen, 2014).
This stage of the RL process is believed to be one of the most important stages and mainly
applicable for EoL products.

The literature provides a good understanding of the overall reverse logistics process with basic
knowledge for each stage. In terms of a detailed understanding of the overall RL process, a
common key element that has received attention is use of technology. Common key
technologies identified in the RL process, where information technology is used, include
computerised return tracing and entry (Jayaraman et al., 2008), use of internet (Li &
Olorunniwo, 2008), electronic data interchange (EDI), enterprise resource planning (ERP) and
radio frequency identification (RFID) (Li & Olorunniwo, 2008; Jayaraman et al., 2008). EDI is
a set of standards for exchanging computer readable information among organizations; ERP
is an information system integrating all facets of an organization on a common database; RFID
consists of a radio frequency reader/emitter and an active or passive radio frequency tag
applied to an inventory (Li & Olorunniwo, 2008). Li and Olorunniwo (2008) identified that each
company builds stand-alone customized solutions and database solutions with their own
decision rules, with communications through the internet and/or EDI. Some firms use
customized solutions integrating with ERP and RFID. The utilization of these types of
technologies has been shown to provide net benefits to firms practicing reverse logistics
(Hazen et al., 2014).

Now all these stages discussed above are may not be applicable for all return types as
different return reasons products found in different conditions which is discussed earlier in this
chapter section 2.4.1 and section 2.4.2. therefore, the section bellow discussed RL process in
terms of product category.

Each stage of the RL process identified depends on return category. As discussed above,
returns are mainly three different types: manufacturing, distribution and consumer return. The
RL process for manufacturing returns is mainly identified as recovered throughout the
production phase. These products are usually valuable as new and economically useful and
re-usable in production (Teunter et al., 2003). Some products may need cleaning and
reengineering for final testing, which is done during the production phase. On the other hand,
distribution returns are mostly sent back to vendors for resale (Rogers & Tibben-Lembke,
1998). Therefore, the RL process stages above are mainly focused on consumer return
products (see the table 2.6). The table 2.6 presents manufacturing and distribution returns
mainly processed in the manufacturing and distribution stage and not affecting all the RL
stages discussed above. So, for consumer returns, these stages are applicable but here also
not all types of consumer returns are affected by all these stages, as most of the consumer
returns are sorted in the collection/acceptance stage and some move on to the repair stage.
Only EoL return products (highlighted raw in table 2.6) were identified as affected all the way
from collection to disposal; as a result, this category was identified as the most complicated
to process.
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Table 2. 6 Relation between reverse logistics process stages and return reasons

Senders Return Reason Reprocess stages Detail
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Manufacturers Raw material left - - - - - - - - - - - Used in production and cleaned or reprocessed if needed Therefore,
over from recovered throughout the production phase (Teunter et al., 2003).
production
Final products fail - - - - - - - - - - - Fixed, rechecked and sold. So, recovered throughout the production phase
quality checks by (Teunter et al., 2003)
manufacturers
Distributor Unsold/in - - - - - - - - - - - Sale with discount so therefore recovered throughout the distribution phase
excess/slow (Rogers and Tibben-Lembke, 1998)

moving/over stoke

Unsold

Sale with discount so therefore recovered throughout the distribution phase
(Rogers and Tibben-Lembke, 1998)

Shipping damage

Sale with discount so therefore recovered throughout the distribution phase
(Rogers and Tibben-Lembke, 1998)

Production defect
(recall product)

Sale with discount so therefore recovered throughout the distribution phase
(Rogers and Tibben-Lembke, 1998)

product replaced
by a new

Sale with discount so therefore recovered throughout the distribution phase
(Rogers and Tibben-Lembke, 1998)
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version/product
discontinued/
Retailer or
distributor is going
out of business

Consumers °

production defect,
shipping damaged
and quality
complaints

Wrong product
being ordered

Warranty return
(customer change
their mind/comes
for repair)

This category products identified can only travels to gatekeeping,
inspection, direct use and repair stage ((Yang and Wang, 2007). Mostly
arrangements on this return products are done in the acceptance stage by
refunding/changing the product and product goes to repair stage or
producers if production defect.

End of
Use/customer do
not want to use
anymore

Mostly this category goes for direct selling as used product, but some also
required Repaired/refurbish/remanufactured before resell (de Brito and
Dekker, 2003; Xie and Breen, 2014)

e End of Life

This category return products goes to all the way from collection to
disposal stage as these are mainly End of its useful life (Schultmann et
al., 2006)

Source: Author
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2.4.4 The performance of RL process

One of the prime issues in the RL context is the evaluation of RL performance. RL and its
sustainability performance can be improved if it can be measured and monitored precisely.

According to Song and Hong (2008), performance measurement systems can provide
companies with relevant, appropriate, complete and accurate information. Companies have
opportunities to monitor and reposition their management and operations to obtain highly
competitive environments. Performance evaluation frameworks provide a balanced view
between external and internal activity (Keegan et al., 1989) and between results and their
determinants (Fitzgerald et al., 1991). Many approaches have been used to develop a RL
performance index. Balanced scorecard is one of them and has been utilized by researchers
and practitioners frequently in defining goals and performance measures of RL. Yellepeddi et
al. (2005) proposed a balanced scorecard approach and utilized the analytic network process
technique for the development of an effective RL performance evaluation system. Ravi et al.
(2005) used the balanced card approach and analytic network process technique for the
selection of alternatives for end-of-life computers. Shaik and Kader (2012) developed an RL
performance evaluation framework by using balanced scorecard approach and AHP. In
another study, they developed an RL performance evaluation system by integrating balanced
scorecard characteristics with the performance prism (Shaik & Kader, 2014). Huang et al.
(2012) proposed an RL performance evaluation system for recycled computers from the
financial, operational procedure, learning and growth, relationship and flexibility perspectives.
Also Bansia et al. (2014) carried out a case study on the design of a performance
measurement system for the reverse logistics of a leading battery manufacturing company,
using the BSC approach and fuzzy AHP. The balanced scorecard-based performance
evaluation systems allow managers to look at the business from four divergent important
perspectives: customer, internal business, innovation and learning and finance (Shaik &
Abdul-Kader, 2012). The merits of the approach are to integrate strategic, operational and
financial measures to consider the balanced key perspectives of performance. However, it
does not consider external environment which is important from the perspectives of the
players and their satisfaction.

Other approaches have been applied to performance evaluation, such as Biehl et al. (2007),
who developed a performance measurement system for carpet recycling by evaluating the
system’s economic and environmental performance. Paksoy et al. (2011) developed a
mathematical model for investigating a number of operational and environmental performance
measures, including total transportation costs, total environmental costs, emission rates and
customer demand. Recently, Nagalingam et al. (2013) developed a framework for measuring
performance in terms of estimated utilization value of a manufactured product, optimizing
recovery cost, landfill waste and quality characteristic. Bai and Sarkis (2013) introduced a
performance evaluation framework by using the AHP approach for evaluating the economic,
environmental and the operational performance. Kannan et al. (2009) proposed a fuzzy multi-
criteria decision-making model for the selection of alternative environmental management
practices in RL.

There is growing attention on using the Triple Bottom Line (TBL) dimension to measure RL
performance where Presley et al. (2007) introduced the relationships of RL to TBL dimensions
and developed a strategic sustainability evaluation framework. Govindan et al. (2013)
developed a fuzzy multi-criteria decision-making model for measuring sustainability
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performance of a supplier based on the TBL approach. Nikolaou et al. (2013) developed a
framework for evaluating RL social responsibility, based on TBL performance evaluation. The
TBL approach, in which performance measures were selected using Global Reporting
Initiative guidelines, was comprehensive but difficult to manage practically in real life because
of its complexity with the number of indicators. Also, Agrawal et al. (2016) identified that the
literature on sustainability aspects of RL is limited and has received limited attention until
recently. Therefore, they developed a framework for the economic, environmental and social
aspects of RL, including Economic: return on investment, maximum value recapture, logistics
cost optimisation, recycle efficiency, annual cost, and disposal cost; Environmental: minimum
energy consumption, best use of raw materials, transportation optimization, reduced
packaging, use of recycled materials, and waste reduction; Social: employee benefits,
stability, customer health & safety, donation to the community, community complaints and
stakeholder participation. But the results present that firms (three electronic manufacturers)
mainly measure RL performance on recapturing value and return on investment (economic),
minimum energy consumption and optimisation of raw materials (environmental), community
complaints and customer health and safety (social), and all these studies mainly focused on
the development of an RL performance index where actual performance of RL process
knowledge was limited.

In terms of actual performance impact, BSC only covers the impact on internal business,
finance and innovation and growth perspectives. On the other hand, TBL covers all three
aspects (economic, environmental and social) as follows. Therefore, this study employs TBL
to measure RL performance. All the key performance indicators initiated to measure RL
performance for the TBL perspective and actual performance with the help of information and
knowledge gathered from the literature and experts in the field, are presented in the table 2.7.
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Table 2. 7 RL process performance

Indicators to measure RL
performance

Actual performance impact

Studies

Economic - Value related

Return on investment (ROI)

e Use of IT on return tracing and managing allowing more collection with less time which
increasing recovery of products and materials from return products improving profit.

Nikolaou et al, 2013; Korchi & Millet,
2011, Somuyiwa & Adebayo, 2014;
Agrawal et al., 2016

Recapturing value

e The recovery of the products for remanufacturing, repair, reconfiguration and recycling can
lead to profitable business opportunities

Agrawal et al., 2016

RL process efficiency

e Time required, standard operating procedures, recovered product quality/amount, utility
uses during recycling process, waste generation/quality of documentation and
effectiveness of collection planning schedule are related to RL process efficiency

Agrawal et al., 2016

Customer satisfaction

e Involvement with RL activities enable dealing with return properly interms of quick response
and services which creating satisfied customers.

Yang & Wang, 2007; Yang & Wang,
2007; Somuyiwa & Adebayo, 2014;
Agrawal et al., 2016

Economic - Cost related

Operation/logistics cost

e Collection of products from customers generates a large part of RL cost for manufacturers
in electric industry
e Distance between RL activities increased transportation cost and time

Korchi & Millet, 2011; Bogataj &
Grubbstrom, 2013; Agrawal et al., 2016

Disposal/landfill/incineratio
n cost

e More recovery of product/materials generating less waste which reducing landfill cost

Korchi & Millet, 2011

Compliance cost

e RL practice enable companies to be compliance which minimise noncompliance cost

Somuyiwa & Adebayo, 2014

Environmental

Waste reduction

e RL process can help to recover more and left Less waste to incinerate/burn and landfill
reducing CO2 emissions. (Nikolaou et al, 2013

Nikolaou et al., 2013; Agrawal et al., 2016

Emission impact

e Less waste to incinerate/burn and landfill reducing CO2 emissions
e Recovering raw materials and products reducing the use of natural resources

Nikolaou et al., 2013; Agrawal et al.,
2016; Korchi & Millet, 2011; Somuyiwa &
Adebayo, 2014

Social

Policy to manage impact
on community

e Businesses involved in RL making sure they have the policy to manage impact on
community in areas effected by RL activities & preventing customer health and safety and
health & safety training, education & policies for human rights for employees as well.

Nikolaou et al., 2013; Agrawal et al., 2016

Local job creation

e RL practice can create local job opportunity to manage return and operate recycling process

Agrawal et al., 2016

Source: Nikolaou et al, 2013; Korchi & Millet, 2011, Somuyiwa & Adebayo, 2014; Agrawal et al., 2016
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Though there is growing concern on RL process actual performance, most of the literature
focuses on the development of a RL performance index and RL performance improvement
and suggests how resources and innovation can help to improve the RL process. Researchers
have suggested that resource allocation towards the development of advanced capabilities
for the handling of returns can improve RL performance (Richey et al., 2005). Yang and Wang
(2007) proposed a framework and the proposed framework identified the use of a sensor agent
and a disposal agent as IT system and identified that this can improve reverse logistics
performance in terms of repair time and recycling process by increasing information
transparency regarding customer feedback, demand, product problems and best possible
recovery options. A sensor agent can help to asses customer feedback and product problems,
which can control future return and disposal, the agent assessing the product to suggest best
possible recovery options. Furthermore, Li and Olorunniwo (2011) also agreed that
information technology has a positive impact on speeding up the RL process, decision making,
return tracing, flexibility dealing with customer demand, inventory data, warehouse
information, and transportation/scheduling data. On the other hand, some researchers also
identified that a third-party RL provider can help with successful reverse logistics continuous
process by providing flexibility to manage uncertainty (Bai & Sarkis, 2013). Involvement of
forward chain players was also identified as playing an important role in reducing the operation
cost of the RL network (Korchi & Millet 2011).

Impact on business in terms of economic improvement identified the use of IT on return tracing
and managing, allowing more collection with less time, which has a very positive impact on
internal business in terms of increasing recovery of products and materials from return
products, which also reduces disposal cost for landfill (Nikolaou et al, 2013; Korchi & Millet,
2011, Somuyiwa & Adebayo, 2014). Therefore, a systematic RL practice enables companies
to be compliant by reducing waste for landfill, which minimises noncompliance cost
(Somuyiwa & Adebayo, 2014). On the other hand, collection of products from customers has
a negative impact, as it generates a large part of RL cost for manufacturers (Korchi & Millet,
2011). Further to this, researchers identified the main reason for this cost to be distance
between RL activities, which increases transportation cost (Bogataj & Grubbstrom, 2013).

In terms of impact on the environment, this systematic RL process can help to recover more
and leave less waste for incineration/burning and landfill, reducing CO2 emissions (Nikolaou
et al, 2013).

Regarding impact on society, businesses involved in RL ensure they have the policies to
protect the area and customers (Nikolaou et al, 2013). Also RL practice qualifies companies
to develop and implement health and safety and human rights policies (Nikolaou et al, 2013;
Korchi & Millet, 2011). On the other hand, available recovered product reduces customer cost
(Nikolaou et al, 2013) and increased involvement in the RL process creates jobs for local
people (Korchi & Millet, 2011). Therefore, this research intends to use the TBL performance
tool to identify the economic, environmental and social performance of the RL process
performance and its impact on business, employee, customers and society.

2.4.5 Location related issues in the RL process
The physical network structure is where the players are located and the products are collected

and processed. The literature identifies that the locations of players have an impact on the
transportation cost and flow of returned products (Korchi & Millet, 2011). RL network designs
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have been well studied in the quantitative RL literature, with the aim of minimising the total
cost (such as investment, processing, transportation, disposal and penalty costs)
(Fleischmann et al., 1997; Srivastava, 2008; Yu & Wu, 2010). The location of different RL
processes, in terms of where they are located, why they are located in such locations and the
impact on RL process and performance across industries is in terms of:

e Location: manufacturers, services, place of purchase/retailers, others (Rogic etal., 2012,
Xie & Breen 2014)
e Number: How many collections points/are they sufficient in number (Biehl et al., 2007,
Xie & Breen 2014)
e Convenience: how far from consumers, opening hours (Biehl et al., 2007; Xie & Breen
2014)
Biehl et al. (2007) found that the number of collection centres and their locations in terms of
convenience to consumers can enhance collection quantity and maximise the return rate
(Biehl et al., 2007). Scholars also found that to achieve the target recycling rate, a RL network
set up with easily accessible collection points throughout the country can improve the recycling
system, as it makes the waste returning system more convenient (Xie & Breen, 2014). To
improve convenience and make a positive impact in terms of location, return process
exercises can take place in-house, which can make the total cost of managing the RL process
relatively low (Salvador, 2017).

Growing attention has been paid to the location of the RL process but there is very limited
knowledge and a lack of knowledge of each stage’s location, as this is only discussed at the
collection stage and the overall RL process (see table 2.8).

Table 2. 8 Location issuesin the reverse logistics process at different stages

Location Detail RL process Studies

related issues stage

Collection e increasing the number of collection centres Collection Biehl et al., 2007
centre number and easily accessible locations providing stage

more convenient opportunities for
residents and contractors to turn in their
carpet for recycling

Collection e Easily accessible to consumers in terms of Collection Xie & Breen 2014
centre number, distance, number and opening ours for stage
distance and battery but not for medicine because
operating hours pharmacies and GPs are open only
weekdays and mostly closed by 5pm.
Distance among | ¢ Companies dealing with recycling medicine Recycling Salvador, 2017
treatment are close to each other and mainly in- stage
centres housing activities because In-house

exercise makes the total cost managing RL
operation relatively low.

Source: Biehl et al., 2007; Xie & Breen 2014; Salvador, 2017
2.4.6 Timerelated issues in reverse logistics process

This provides insight on when RL key activities such as collection, inspection and sorting and
other activities discussed above are begun in the network. Bansia et al. (2014) explain that to
recycle battery, the cycle time of a shredding machine is important. The less time it takes, the
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more battery can be recycled. Also, recent research showed that the duration of time to
process returns depends on the product type, expiration date, and date of receipt of the
product (medicine). Unusable medicines are stored in quarantined storage for an average of
6 months before demolition commences. Furthermore, the handling process depends on the
state and types of drugs in question. Some returned short-dated drugs are usually quality
checked and then reduced in price in order to be resold to customers. This is aimed at reducing
loss and maximising sales before the drugs completely expire (Salvador, 2017). Though time
related issues in the RL process started receiving attention, there still exists very limited
knowledge which focuses on time-related issues in the RL process stages. Table 2.9 present
the time related issues discussed in the literature in terms of RL process stages.

Table 2. 9 Time related issues in reverse logistics process in different stages

Time related Detail RL process Studies
issues stage
Machine cycle e Cycle time of each machine, the bottleneck Hazardous Bansia et al. 2014
time process affectsthe cycle time of the product

complete process and reducing the cycle recycling

time enhance the productivity
Medicine expiry e Unsold medicines are stored for 6 months Hazardous Salvador, 2017
date before disposal. Which get quality checked product

and resold to customers before it become recycling

completely expired.

Source: Bansia et al. 2014; Salvador, 2017

In summary of the RL process, significant attention has been paid in terms of “how”, but this
mainly focuses on the overall process, not any particular stage. However, there is limited
attention on particular stages, including the collection stage, which focuses on the collection
centre network in terms of location; players; distance; capacity (storage, testing capacity &
workforce); cost (worker,transporation,rent); time of collection from transportation to
destination; and the separation of collection by sectors. There is still very limited knowledge
of this stage despite most research suggesting that collection is one of the important stages
of the reverse logistics process and discussing what categories of products are collected
(Kumar & Putnam, 2008) and who is collecting them (Bai & Sarkis 2018). In terms of current
practice, most of the studies detailing the collection centre networks and their capacity, have
focused on developing countries and some of them are generic (Cruz-Rivera & Ertel, 2009;
Zarei et al., 2010; Harraz & Galal, 2011; Subramanian et al., 2014; Malik et al., 2015).

In terms of the location of the RL process, there is growing attention on “where” and time of
process “when” but very limited knowledge for each stage’s location, as this has only been
discussed on the collection stage and the overall RL process, not for other stages separately.

In terms of players, the literature mainly discusses the overall RL process (Srivastava, 2008)
and a small group of scholars have also indicated particular stage players, including collection
and shredding stage players (Yang & Wang, 2007). Also, the limited discussion of shredders
and dismantlers does not adequately answer the questions: who are the shredders? And are
they only involved with shredding or other stages as well?

Finally, in terms of RL process performance, most of the literature focuses on the proposed
model for the RL process to improve its performance, rather than its actual performance. Also,
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there is limited knowledge on its actual impact on business, employees, customers, the
environment and society. Details of the gap identified for each stage of the RL process is
discussed in phase two section 2.6.2.6.

After gathering the knowledge on process, location of process and time related issues in the
process, the next question is to know the detail of these players and their relationships to
activate the RL process.

2.4.7 Players involved in the different stages of the RL process, their activities
and relationship nature

The key players in the RL process include members of the forward supply chain, reverse
supply chain companies, such as recycling specialists, third parties and also charitable
organizations (Khan & Subzwari, 2009). de Brito and Dekker (2003) identified the group of
players involved in RL activities, such as collection, processing and re-distribution to be
manufacturers, independent intermediaries, specific recovery companies, RL service
providers, municipalities, and public-private foundations. Table 2.10 captures the attention
paid by the literature regarding players in the RL process, which presents a number of players
in the reverse logistics process from different sectors, and can be grouped into the following
five types:

e Forward chain players: Manufacturers, Distributors, Wholesalers, Retailers and third
parties

e Reverse chain players: Collectors, Dismantlers, Shredders

e Government/government agencies: organizations responsible for compliance and in
some countries for some products also directly involved in disposal process.

e Opportunistic players: charity organizations

e Senders: those who return the products, mainly identified as end users

2.4.7.1 Players responsibilities for RL activities

The different players identified have different roles in the reverse logistics process. Forward
chain players are mainly identified as involved in managing and planning return products, as
they are not experts in reverse logistics activities where reverse chain actors execute the main
activities from collection to disposal (de Brito & Dekker, 2003). Charity organisations also play
a role here as opportunistic players, mostly products with no market demand (resell value) are
donated to charities (Li & Olorunniwo, 2008). Customers (distributors and consumers) are
identified as the main senders of return products (Srivastava, 2008). Engagement of players
in the RL chain depends on sectors and countries. In the UK, there are no strong government
initiatives for household medicine recycling; on the other hand, in the same country there are
successful initiatives identified for household battery recycling, where government agencies
also play an important role (Xie & Breen, 2014). In the pharmaceutical sector in Pakistan,
manufacturers cannot trust third parties, as medicine is a sensitive product concerning
people’s health and safety; therefore, an RL mechanism was set up internally to avoid the risk
(Khan & Subzwari, 2009). On the other hand, where products are not as sensitive as medicine
and reverse logistics not the core product, third-parties play an important role (Stock, 2001),
including retailers hiring third-party providers to implement their reverse logistic process
(Meade & Sarkis, 2002). Also in the pharmaceutical industry, distributors are the main senders
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of return medicine, where manufacturers dispose of medicines in-house together with
government agencies and sometimes with distributors (Salvador, 2017).
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Table 2. 10 Players and their activitiesin the RL process

Players | Activities | Studies

Forward chain players

Manufacturers e Planning, managing and disposing return Fuller & Allen, 1997; Fleischmann et al., 1997; de Brito & Dekker, 2004; Yang & Wang,
products (medicine) 2007; Li and Olorunniwo, 2008; Morgan et al., 2016; Salvador, 2017

Retailers e Accepting return products Fuller & Allen, 1997; Fleischmann et al., 1997; de Brito & Dekker, 2004; Yang &

Wang, 2007; Li & Olorunniwo, 2008; Xie & Breen, 2014; Morgan et al., 2016;
Salvador, 2017

Reverse chain players

Recycling companies

Collecting products, recycling them and
redistributing recovered materials

Fuller & Allen, 1997; Fleischmann et al., 1997; de Brito & Dekker, 2004; Yang &
Wang, 2007; Li and Olorunniwo, 2008

Others

Government agencies

Organisations responsible for compliance

Fuller & Allen, 1997

Charity organisations

Opportunities players

Fuller & Allen, 1997; de Brito & Dekker, 2003

Senders

Source of return product

Fuller & Allen, 1997

Source: Fuller & Allen, 1997; Fleischmann et al., 1997; de Brito & Dekker, 2004; Yang & Wang, 2007; Li and Olorunniwo, 2008; Morgan et al.,

2016; Salvador, 2017
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So, players involved in the RL process and their roles depend on the product type and country
policy as well. Therefore, the applicability of this classification for the auto industry will be
confirmed during the development of this study.

The next section discusses the relationship nature between players in the RL process to
understand their roles in detail.

2.4.7.2 Relationship nature between players in the practice of RL

Surprisingly, there is very limited evidence on current practice on relationships between
players in RL. Therefore, for a clear understanding of the relationships between players, this
research considered some of the relevant generic supply chain and logistics management
literature before discussing the relationships identified between players in RL practice.

In the different literature of supply chain and logistics management, different terms with a
variety of levels and strength have been used to describe relationships between players in the
chain. Based on Lambert and Stock (2001), relationships between organizations in the supply
chain can range from arm’s length relationships to partnerships and finally to vertical
integration.

A partnership relationship is not the same as vertical integration, where a company owns all
the operations in the chain, nor is it the same as arm’s length relationships, which involve a
limited type of relationship. The term partnership is used when a closer, more integrated
relationship is in place. (Harrison et al., 2008).

Figure 2. 4 Relationship between playersin SCM perspective

Arm's length Partnership Vertical integration
e Price-based negotiations e Joint planning e Company owns all the
e Technology sharing operation in the chain

Source: Lambert and Stock (2001) — relationships between players from the supply chain management
perspective

Based on Lambert and Stock (2001), the majority of relationships between supply chain
partners are normally arm’s length associations. Arm’s length relationships are more
transactional in nature. In economics, a transaction cost is a cost incurred in making an
economic exchange. Therefore, relationships in this level are like a simple contract. For
instance, a seller provides a product (service) for several buyers which it normally provides in
a standard format. While this kind of relationship might be proper in many cases, there are
situations where parties need to work more closely, especially when they move towards their
core competencies. Generally, an organization is involved in several business areas, like
manufacturing, marketing and distributing, where some or at least one of them is its core
competency. Depending on the company’s specific policy, some fields of its job are more
important than others and in the case of partnerships, decisions must be considered more
carefully. Whereas some insignificant relationships could be achieved through arm’s length
relations, those relationships closer to the core competency of the company are understood
to be achieved with some kind of partnership where a collaborative approach is considered
as one of the best practices for this purpose.
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According to Levi et al. (2003), as with any business function, there are four basic relationship
categories for a firm to ensure that logistics-related business functions are completed. These
are:

Internal activities, when a company has resources and expertise available, logistics activity
can be performed internally, especially if the logistics are one of the firm’s core competencies,
as this may be the best way to perform the activity. If not, this may not be a logical option,
since logistics activity requires huge amounts of investment including infrastructure, resources
and expertise. Most importantly, these assets should be updated periodically, causing more
and unnecessary consideration, which will then cause the company to disregard other
important and essential activities in its system.

Acquisitions, if a firm does not have resources available internally, another firm could be
acquired to perform the task. An example is a joint venture that involves shared ownership
between the two parties. Although this method will give full control over the acquired company
and might be useful in some circumstances, still it has its drawbacks. Generally, it is very
expensive and difficult to obtain a suitable company. Furthermore, normally, acquired
companies do not have the same culture and organizational structure. Therefore, adjusting

the acquired company’s structure to the desired condition may impose additional cost.

Arm’s length transactions, most of the relationships between organizations are of this type,
where a seller typically offers standard products or services to a variety of customers. Normally
this kind of arrangement does not exceed a specific and short period of time. While this method
is suitable in many situations, still there are areas in which a company in its logistics activity
needs a closer and integrated kind of relationship with either the supplier or customer.

Strategic alliance, this kind of fulfilment is not the same as acquisition, which involves shared
ownership between the partners, nor is the same as arm’s length transactions which does not
entail any kind of responsibility between the two parties. Based on Levi et al. (2003), these
are typically multifaceted, goal oriented, long term partnerships between two companies in
which both risks and rewards are shared. While parties remain separate from an ownership
perspective, a well-managed partnership can provide benefits similar to acquisition or vertical
integration. Regardless of the strategy which a company selects in this way, collaboration and
cooperation with partner(s) in terms of resources, information, knowledge etc. is essential.

Figure 2. 5 Relationship between players from a logistics management perspective

Internal activities Acquisitions strategic alliance Arm's length

e Logistics is one of e Unavailable e Not sharing e Buyer and seller
the core resources ownership relationship
competencies e Joint venture with e Collaboration and e short term

e Available another company coordination with
resources e Ownership sharing partner

e Performing e Long term
logistics activities e Goal oriented
internally e Share risk and

Source : Levi et al., 2003

Page | 46



2.4.7.3 Collaboration type for each relationship nature

Recent attention on the supply chain and logistics management relationship has focussed on
collaboration. The objective is to reduce or eliminate inefficiencies in the SCM and logistics
process through collaboration, in order to bring benefit to all trading partners. This approach
leads to assets such as facilities and capital equipment being used to the fullness of their
capacity and economies of scale being maximized. This involves information and process flow
whereby suppliers and buyers collaborate jointly with carriers or third party logistics providers
(3PLs) to provide effective and efficient shipment delivery.

The fundamental rationale behind collaboration is that a single company cannot successfully
compete by itself and to do this it must share information, knowledge, risk and profits with
other parties involved. Furthermore, collaboration occurs when companies work together for
mutual benefit (Langley, 2000), which otherwise would not be accomplished. That is, every
entity must guarantee that this partnership will increase total system effectiveness and its
rewards be shared among all parties. Simatupang and Sirdharan (2003) also defined
collaboration in a supply chain as occurring when “two or more independent companies work
jointly to plan and execute supply chain operations with greater success than when acting in
isolation”. Collaboration can also be defined as a relationship between independent firms
“characterized by openness and trust where risks, rewards, and costs are shared between
parties” (Sandberg, 2007). Ganesan (1994) posited that trust alludes to the extent to which
supply chain partners perceive each other to be credible (i.e. partners have expertise to
perform effectively) and benevolent (i.e. partners have intentions and motives that will benefit
the relationship). Information exchange on the other hand is the extent to which data is
accessible to partner firms through mutually agreed exchange infrastructure.

Whipple and Russell (2007) presented three types of collaborative relationships in supply
chains, namely: Type I, Type Il, and Type Ill. Type | refers to collaborative transaction
management characterized by high-volume data exchange (e.g. use of EDI for VMI and
scorecard collaborative initiatives) and task alignment centred on operational tasks.

Type | relationships focus on transaction management with emphasis on IT tools, building
data integrity, and standardising the information that is exchanged.

Type Il refers to collaborative event management characterised by joint planning and decision-
making activities, such as in new product introductions/new store openings, new business
plans, and sales promotions, where there are more interpersonal interactions across
collaborating firms. Type Il activities involve both initial collaborative planning, forecasting, and
replenishment (CPFR) activities and event collaboration, requiring non transactional data.

Type lll, collaborative process management, involves joint problem solving, long-term process
planning, and more fully integrated supply chain processes, such as manufacturing
scheduling, truckload utilisation, warehouse management and order forecasts/ replenishment.
Here, collaborative process management requires building trust, setting joint business goals,
and designing inter-enterprise processes to meet those goals (Whipple and Russell, 2007).

Among all the activities in the supply chain, collaboration in the logistics area is seen to be
more logical and reasonable. Due to the huge amount of investment and regular reinvestment
that this business requires, outsourcing decisions is common for those whom logistics is not
their core competencies. Logistics collaboration is a result of logistics outsourcing decisions
(Visser, 2007). While a number of outsourcing strategies exist, based on Lynch (2001),
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collaborative logistics is driven by a changing corporate vision that views competition and
suppliers as potential collaborative partners in logistics. According to Czaplewski and Soin
(2002), “collaborative logistics is defined as mutually beneficial cooperative problem solving
and opportunity exploitation beyond traditional, predefined trading partners, to foster new
different and innovative ways to solve business problems and capture new business.”

Basically, companies have a variety of options when they want to join a partnership.
Depending on the level to which they want to be involved, they can select the intensity which
is more appropriate to their situation. In the above section, three types of collaboration
(partnership) in the supply chain were mentioned. The exact classification is recognised from
the literature for types of logistics collaboration as well. Based on Visser (2007), the three
types of logistics collaboration are:

Type 1, Operational collaboration: deploy activities more efficiently within the existing logistic
structure. Partners collaborate at an operational level with a short term horizon.

Type 2, Coordination collaboration: achieve savings by coordination between parties. Partners
exchange information and planning together with a midterm horizon.

Type 3, Strategic collaboration: accomplish structural savings as a result of restructuring of
the shared logistic structure. Partners investing together and collaboration has a long term
horizon.

As mentioned, an effective logistics network requires a cooperative relationship between
shippers and carriers. However, the above classification starts with coordination in activities
which is the lowest level when two companies would like to run any kind of partnership
practice. Coordination means organising or harmonising efforts. Here, organisations
recognise each other as the partners coordinating on a limited base that could eliminate any
duplication in work, for instance when a shipper and carrier agree on doing an assignment
together. Alternatively, the term used to describe types 2 and 3 is “integration”, which is a
more powerful expression in defining a relationship. Integration means incorporation and
joining together. This is more than just simple supporting and typically many functions within
the organisations are involved. Normally, companies create partnership on business rather
than on one or several assignments, especially in type 3, where the organisations view each
other as an extension of their own firm. The important point in consideration of each type is
the period in which the two organisations plan to work with each other. It is recognisable that
as the level of integration increases, the time that the relation extends will increases as well.
The reason is that developing and maintaining such a relationship, particularly under stress,
requires considerable time and effort from the involved parties. Moreover, the responsibilities
and expectations vary in the selection of each type.

2.4.7.4 Relationship between players in reverse logistics

Different kinds of relationships between different players are identified in RL practice. Hence,
it is imperative to emphasise the roles of different players, such as manufacturers, retailers,
senders and regulatory bodies, engaged on the RL system implementation of a firm (Alvarez-
Gil et al., 2007). The survival and success of a firm depends on its capability to establish and
maintain a relationship with its stakeholders (Post et al., 2002) to reduce risk of inappropriate
disposal systems, in some industry firms found in literature where manufacturers are involved
with RL activities internally and disposing medicines (Salvador, 2017). But this case is rare in
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literature, as and mostly recycling, and disposal activities were found to be carried out with the
help of third party. As reverse logistics concerns itself with how to effectively manage the flow
of return products and its associated information flow (Ferguson & Browne, 2001), this
requires efficient information and technology systems for facilitating reverse logistics during
various product life cycles (Daugherty, Meyers, & Richey, 2002; Ravi & Shanker, 2005).
Therefore, reverse logistics service requirements firms require transportation, warehousing
management capabilities and advanced IT, where strategic alliance with strategic level
collaboration in relationship is needed from all the players in the RL systems, to reduce and
recycle waste (Xie & Breen 2014). It is also evident in literature that many manufacturing firms
that lack either the resources or capabilities to manage RL activities, effectively outsource all
or a portion of their reverse logistics to third party logistics providers (reverse chain players)
to ensure an efficient reverse logistics process (Krumwiede & Sheu, 2002). The extant
literature reveals that high-tech companies have reduced inventories and increased field
engineering productivity by as much as 40% through appropriate handling of reverse logistics
(Minahan, 1998). Therefore, strategic alliance relationships between players with close
collaboration are identified as appropriate decisions for manufacturing firms to achieve a
competitive advantage (Espino- Rodriguez & Padron-Robaina, 2006) in a reverse logistics
system.

2.4.7.5 Collaboration level in relationships between players for reverse logistics
practice

Considerable attention has been identified in the literature focusing on collaboration between
partners to manage RL activities. In terms of types of collaboration, a very limited number of
studies were found that categorise collaboration type. Carter and Ellram (1998) identified a
need for greater collaboration for logistics managers to work with supply chain members to
ensure quality of environmentally friendly input/design to enhance RL activities. The greater
the relationship, the higher the level of RL activities in terms of reducing uncertainty between
demand and supply. Furthermore, Xie and Breen (2014) identified total involvement and cross
section strategic level collaboration needed to fulfil RL duties to comply with the RL system.
Morgan et al. (2016) also stated that where firms do not have IT expertise, they need strategic
level collaboration relationships with IT expertise to manage returns by increasing information
support between partners, which empowers the partners to be more responsive to each other
to achieve RL competency. This indicates that close collaboration in relationships between

partners is important in the RL process.

2.4.7.6 Relationship Drivers in reverse logistics practice

Referring to table 2.11, a number of studies focused on relationship drivers and suggested
that organisations find a third party and partner with them to manage RL uncertainty in return
rate to manage uncertain higher returns (Serrato et al., 2007). Most businesses, where RL
activities are not their expertise, as they are expert in making and selling products not recycling
and managing return, prefer to hire third-party reverse logistics activities expertise and
collaborate with them (Ordoobadi, 2009) to manage the RL process. The costs associated
with returns are another driver identified here for collaboration. The costs include warehouse,
customer service associates, shipping, storage and inventory space, packaging for
disposition, disposal fees and other direct costs (Li and Olorunniwo, 2008). Value recovery
from returns has been identified as significant as well as including customer satisfaction. Some
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drivers were identified as interlinked and related to both cost and value including focusing on
core.

Table 2. 11 Relationship driversin RL practice

Drivers Detail Studies
Focus on core ¢ Firms who are making and selling products Logozar, 2008; Ordoobadi,
are do not want to be involved with a new 20009;
market which is recycling of their return Li & Olorunniwo, 2008;
product therefore they look for an expertise Badenhorst, 2015; Tavana et
in RL to collaborate with so they can focus al., 2016
on making and selling products not recycling
them.
Critical process of RL e Uneven, unpredictable and critical nature of Daugherty et al., 2002; Serrato
process RL process drives organisations towards et al., 2007

close collaborative relationship, so they can
share and plan for higher return rate and
other hidden costs

Lack of resources o |T expertise needed for information support Olorunniwo & Li, 2010;
to manage returns, as retailers do not have Morgan et al., 2016

IT expertise. Strategic level collaboration with
IT expertise minimise product tracking and
return authorisation process time enable to
serve customer quicker than before.

Saving investment e Avoiding huge capital expenditures in Li & Olorunniwo, 2008
facilities for transportation and technology
and relying on 3PL’s expertise, technology,

and IS.
Access to new market ¢ Close collaboration can allow firms to access | Badenhorst, 2015
in each other technology and resources.
Reducing operation ¢ Relationship between firmscan reduce Badenhorst, 2015
cost operation cost by sharing transportation and

storage to manage return

Source: Logozar, 2008; Ordoobadi, 2009; Li & Olorunniwo, 2008; Badenhorst, 2015; Tavana
etal., 2016

The literature cited “Focus on core” as one of the key relationship drivers (Logozar, 2008;
Ordoobadi, 2009; Li & Olorunniwo, 2008; Badenhorst, 2015; Tavana et al., 2016).
Manufacturers and retailers want to concentrate on product making and selling and look for
partnerships with RL process expertise to deal with their returns. Li and Olorunniwo (2008)
identified a consumer electronics manufacturer wanting to concentrate on manufacturing only,
which drove them to go for a close strategic alliance relationship with close collaboration level
(strategic level) to deal with their returns. A recent study also suggested focus on core as a
most important criterion in order to take collaboration decisions for RL activities (Tavana et
al., 2016). The Critical process of te RL process was also cited by the literature as another
important relationship driver (Daugherty et al., 2002; Serrato et al., 2007).

Lower investment and operational cost were found to be relationship drivers where
researchers suggest that finding a third-party RL provider and partnering with them brings
financial benefits by reducing RL operation cost (Badenhorst, 2015), as the relationship
between partners allows organisations to share transportation, warehouse/storage and other
operational costs between partners, which helps to lower the overall operation cost. Partnering
with an expert third party RL provider (3PRLP) helps firms to reduce the need for initial
investments for recycling and remanufacturing facilities (Logozar, 2008). Li and Olorunniwo
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present more specific information in this regard and identified that partnering enables
electronic manufacturers to avoid huge capital expenditure for transportation and technology
for information systems to manage returns by relying on their partners’ (3PRLP) expertise (Li
and Olorunniwo, 2008). Access to new technology/market is another relationship driver which
involves close collaboration between product making expertise and product remanufacturing
expertise to enable each to access and use the other’s technology expertise to improve the
whole RL process (Badenhorst, 2015). This benefits the understanding of access to better
technology and new markets, driving partners into collaboration relationships.

In addition to drivers, there are some barriers identified to collaboration which hinder the
improvement of relationships.

2.4.7.7 Relationships barriers in RL practice

The most common barriers identified in table 2.12 contribute to failed close collaboration
relationship are lack of common interest and lack of understanding. Generally, organisations
involved in RL practice are from different sectors, for example some of them are from product
making and selling sectors and some recycling sectors. Therefore, there is a lack of common
interest, where each partners wants to focus on their own expertise, which hinders their
interest in close collaboration (strategic level collaboration) to focus on RL activities
(Daugherty et al., 2002). However, collaboration starts with contracts. A very clear contract
which delivers the same understanding to all involved parties is mandatory. Companies are
partnering with each other without understating the job responsibility from each side which is
identified in RL collaboration relationship where partners sign contracts without a clear
knowledge of their responsibilities (Merkisz-Guranowska, 2014). This allows partner to ignore
their main responsibility and create uncertainty dealing with returns.

Table 2. 12 Relationship Barriersin RL practice

Barriers Detail Studies
Lack of common e Different sectors partners what to focus on their core | Daugherty et al., 2002
interest which hindering to have a close collaboration

relationship to operate RL activities.
Lack of e Lack of understanding of each other responsibilities | Merkisz-Guranowska
understanding creates misunderstanding between partners in terms of | 2014

operationalising RL activities according to their contract

Source: Daugherty et al., 2002; Merkisz-Guranowska 2014

2.4.7.8 Relationship impact in RL process

The relationships between players identified in literature has a positive impact on speedy
processing, decision making, return tracing, flexibility to deal with customer demand, inventory
data, warehouse information, and transportation/scheduling data (Li & Olorunniwo 2008).
Researchers have also demonstrated that the greater the collaboration relationship, the higher
the level of RL activities in terms of reducing uncertainty between demand and supply (Carter
& Ellram, 1998). The nature of strategic alliance with close collaboration activities involved,
includes joint forecast arrangements, joint planning arrangements, jointly established
performance measures, sharing processes and process information (Li and Olorunniwo,
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2008). Relationships with IT expertise increase information support between partners, which
empowers the partners to be more responsive to each other to achieve greater RL
competency (Morgan et al., 2016).

However, there is limited knowledge of the relationship impact and much of the research
focuses on the relationship between firms for information technology (IT) activities (Li &
Olorunniwo, 2008). There is therefore a need for explanatory research for identifying structural
relationships in the RL process with details of levels of collaboration. Moreover, the focal point
of most research is the firm itself, overlooking interrelationships with its supply chain partners
(e.g. Rogers & Tibben-Lembke, 1999, 2001). How relationships between partners in RL
practice impact on RL process/players is still not clear (Li & Olorunniwo, 2010). Therefore, this
research aims to investigate relationship details between players in the RL process with
collaboration types and their impact on the RL process.

After establishing all the players and their roles, the next question is why these players are
involved in the RL process and whether there are any other players who are supposed to be
involved with this process but for some reason are not involved or if there are any barriers
hindering the improvement of the RL process. So, the next section discusses RL drivers and

barriers identified in the existing literature.

2.4.8 Drivers for players involved in accepting and processing returns

The drivers for the players of the product-ins and the initiator of the RL activities. The aspect
of “drivers” concerns the driving forces behind companies becoming active in RL. As
mentioned above, firms engage in RL because the operation is profitable, because the law
requires them to do so, and/or because they “feel” socially motivated to do it. These driving
factors have been categorised by de Brito and Dekker (2003) under three main headings:
Economics, Legislative, and Corporate Citizenship. They also point out that these factors are
not mutually exclusive drivers, and it is sometimes difficult in practice to set boundaries
between them. Also, Sarkis et al. (2010) suggest that cultural, legal, social, political and a host
of other macro-environmental variables differ by location. Therefore, drivers influencing a
certain region may not influence in other regions (Sarkis et al., 2010). This therefore suggests
that RL drivers for different sectors and countries might differ from those suggested by de Brito
and Dekker (2003).

All the reasons identified in the literature are organised into six categories: legislation
pressure, economic gain (direct and indirect), stakeholder pressure, competitive pressure,
corporate social responsibility and asset protection are captured in table 2.13.
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Table 2. 12 Drivers influencing players to become involved with RL practice

Drivers Detail Motivated Action taken Impact of the action Studies
players
Legislative Environmental laws are increasingly | Manufacturers Battery Manufacturers working | Increased the awareness | Fleischmann et al., 1997; Carter &
pressure forcing players return product together with battery recycler where 42 percent having | Ellram, 1998; Rogers & Tibben-
proper disposal to protect and local authority together to recycled a battery Lembke, 1998; Gungor & Gupta,
environment from waste as failure to educate public to recycle 1999; de Brito & Dekker, 2003;
do so will have strict noncompliance household batteries Yang & Wang (2007); Kumar &
penalties. Putnam, 2008; Xie & Breen, 2014
Direct Economic | Use of recovered raw materials, Recycler Fleischmann et al., 1997; de Brito
gain less waste generation also reducing & Dekker, 2003
disposal cost.
Indirect Value by managing/taking back Manufacturers Fleischmann et al., 1997; de Brito
economic gain returns working as marketing trigger & Dekker, 2003
for green profile
Stakeholder Suppliers and buyers are Manufacturers Implementing take back Increasing collection of Carter & Ellram, 1998; Gungor &
pressure demanding take back policies from policies and getting more return products for proper | Gupta, 1999
manufacturers involved with returns. management which
saving disposal cost.
Competitive Market competition desire green Manufacturers Looking for close collaboration Carter & Ellram, 1998; Rogers &
pressure practice (RL practice to reduce and retailers relation with recycling Tibben-Lembke, 1998; Kumar &
waste) and globalising growth for expertise to deal with return Putnam, 2008
recycled and remanufacturing
product
Corporate Corporate citizenship concern to Manufacturers Fleischmann et al., 1997; de Brito
Social save environment and society and recyclers & Dekker, 2003
Responsibility
Assets Assets protection of unique Manufacturers Manging own products return Fleischmann et al., 1997; de Brito
protection components and materials internally & Dekker, 2003

Source: Fleischmann et al., 1997; Carter & Ellram, 1998; Rogers & Tibben-Lembke, 1998; Gungor & Gupta, 1999; de Brito & Dekker, 2003;
Yang & Wang (2007); Kumar & Putnam, 2008; Xie & Breen, 2014
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The section below discusses in detail all these drivers in terms of the driver, players affected
by that driver, actions taken and their impact.

1. Legislative pressure

Legislative pressure is government regulations for return products. These indicate that a
company should recover their products or accept them back. Organisations face direct
government regulation pressure, such as in many countries organisations are strictly regulated
for recycling products and packaging. In Europe especially, there has been an increase in
environmental legislation where government regulation requires manufacturers to take back
their products for recycling and recovery (Nunes & Bennett, 2010). The literature emphasises
direct government regulation pressure, such as in Fleischmann et al. (1997), who argue that
environmental regulation is a reason for RL that is of growing importance where extended
producer responsibility has become a key element of public environmental policy in several
countries. In this approach, manufacturers are obliged to take back and recover their products
after use in order to reduce waste disposal volumes. Further, Carter and Ellram (1998)
developed a framework of motivating forces for RL and identified government regulations as
the main force pressurising organisations to implement return policy and recycle return
products. On the other hand, Gungor and Gupta (1999) explored an environmental design
where they mentioned governmental regulations on environmental issues driving
organisations for environmentally conscious manufacturing, which is concerned with
developing methods for manufacturing new products from conceptual design to delivery and
ultimately to end-of-life (EoL) disposal, such that the environmental standards and
requirements are satisfied; and product recovery, which aims to minimise the amount of waste
sent to landfills by recovering materials and parts from old or outdated products by means of
recycling and remanufacturing (including reuse of parts and products). This is mainly driven
by the ever-increasing deterioration of the environment, e.g. diminishing raw material
resources, overflowing waste sites and increasing levels of pollution. So, environmental laws
are increasingly being enforced and recycling activities are becoming additional burdens for
manufacturers (Yang & Wang, 2007). A recent study also identified that the UK Government
could face fines of millions of pounds if the target recycling rate (more than 45 per cent) is not
met; these fines will be passed to battery manufacturers which, in time, will raise the price of
batteries to customers. Therefore, the directive and regulations enforce certain responsibilities
on all the actors in the household battery RL system except individual customers, requiring
producers to incorporate waste management practice at three levels: reduce, reuse and
recycle (Xie Breen 2014).

Legislation is identified as mainly driving manufacturers (Yang & Wang, 2007) and other
supply chain players (Xie & Breen 2014), such as retailer and recycling companies.

Itis understandable that organisations get involved with RL practice due to legislative pressure
but knowledge of what exactly they are doing to meet regulations is very limited. Carter and
Ellram (1998) found that players are seeking close collaboration in relation to facing these
regulatory pressures and further Xie and Breen (2014) suggest that firms require strategic
level collaboration to manage RL activities to meet legislation.

In term of the result of actions taken by players due to legislative pressure, knowledge is also
very limited. Only Xie and Breen (2014) have considered the impact of the above actions and
identified that the success of the publicity campaigns has proved significant in changing
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behaviour in the recycling of household batteries, with two in five people (42 per cent) having
recycled a battery and this green practice also enhances the corporate green image of firms.

2. Economic gain:
Economic gains are divided into two categories:

Direct economic value: Direct economic gain can be earned by reusing return product, parts
and materials recovered. Researchers explain that recovery is often cheaper than building or
buying new products or “virgin' materials (Fleischmann et al., 1997). Goggin and Browen
(2000) state that in the electronic industry many products return at the end of their useful life
in a short period but with their components still having economic value. Other studies also
agreed with the above statement and suggested that used parts and recycling materials,
especially metals, could bring direct economic value in the electronic industry (Kumar &
Putnam, 2008). Thus, direct economic value could be gained by selling recovered products,
materials, parts etc., depending on the type of product. Also, direct economic gain could be
achieved by reducing disposal waste, which reduces the cost of disposal.

Indirect economic value: on the other hand, with no direct profit, organisations can also be
involved with RL as a strategic step to comply with legislation and promote their green image,
as RL practice reduces disposal, which in turn protects the environment. Considerable
attention in the previous literature explores the indirect economic value of RL, such as a group
of researchers who suggest that used product take back and recovery is an important element
for building up a “green' profile, which companies are increasingly paying attention to
(Fleischmann et al., 199). Customer satisfaction is another indirect economic value identified,
where researchers mention satisfying customers by providing after sale services (Nunes &
Bennett, 2010) and taking back used products. This may be seen as a service element by
taking care of the customer's waste disposal needs (Fleischmann et al., 199). Direct economic
gain was found to mainly influence recyclers but discussions are mostly general and do not
indicate details of actions taken and their impact.

3. Stakeholder pressures

Manufacturers identified face pressures from their suppliers and buyers to have take back
policies in place (Carter & Ellram, 1998). Also increasing awareness of environmental issues
make customers more sensitive to act to save the environment, which indirectly forces
manufacturers to have reverse logistics practice in place to deal with returns ( Gungor &
Gupta, 1999). These force manufacturers to implement take back policies and get more
involved with returns which was also found to increase collection of return products for proper
management, which saves on disposal cost.

4. Competitive pressure

Due to global warming, every organisation is trying to show best environmental performance.
In addition, dealing with return helps firms to increase their environmental performance (Carter
& Ellram, 1998). On the other hand, customer satisfaction is also identified as becoming a
competitive performance indicator and dealing with customer returns and product quality
conformity can create more satisfied customers (Rogers & Tibben-Lembke, 1998; Chan et al.,
2011). Literature cited manufacturers and retailers as mainly facing this pressure to get
involved with RL activities to deal with their return product._This leads manufacturers and
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retailers to look for close collaboration relation with recycling companies to deal with returns
(Carter & Ellram, 1998).

5. Corporate social responsibility (CSR)

CSR basically comes down to how a company can make a positive impact on society. This
concerns some morals that in this case drive organisations to become responsibly engaged
with RL. CSR covers a very broad area that affects the following: Society (public
accountability, health and safety, human rights and community), Environment (pollution,
reduction of resources, impact of output and optimisation of waste/reuse) and Economy
(fiduciary duty and contribution to economic prosperity). Researchers state that organisations
are getting involved with RL in association with the concept of environmental management in
CSR practices. They also suggest that many firms have extensive programmes for their own
product return and recycling where both social and environmental issues become priorities
(de Brito & Dekker, 2003).

6. Asset protection concern

Asset protection is another motive for companies to take back their products after use. In this
competitive age, organisations are afraid of leakage of technology; therefore they are
becoming involved in RL to recover their own product to avoid the leakage of technology or
entering the market (de Britto & Dekker, 2003). For example, one of the reasons for IBM’s
involvement with parts recovery is not to allow brokers to do it to avoid the leakage of
technology or entering the market (Dijkhuizen, 1997). So, in this way, companies seek to
prevent sensitive components from leaking to secondary markets or competitors. Moreover,
potential competition between original “virgin' products and recovered products is avoided in
this way (Fleischmann et al., 1997 and de Brito & Dekker, 2003). Manufacturers were found
to be mainly motivated by this driver (de Brito & Dekker, 2003). This influeces manufacturers
to implement in-house RL activities to protect their sensitive assets.

2.4.9 Barriers in the RL process

The barriers for those who do not partake in RL activities and also for those who are facing
challenges during RL practice/barriers for better practice.

Barriers influencing players to ignore RL

Lack of government initiatives: no strict regulation for RL process; as a result, organisations
also not focusing on return activities (Xie & Breen 2014).

No economic value: some products do not have recovery value, such as medicine (Xie &
Breen 2014), which discourages players from involving themselves with RL activities, as they
believe they are only an extra cost (Rogers & Tibben-Lembke, 1998)

Barriers hindering better RL performance

Slow return process: RL process to recycle products was identified as slower compared to
return flow, which created a jam for storage, and pressure for processing (Rogers & Tibben-
Lembke, 1998).

Negative perception of recycled product: Customer perception of poor-quality of recycled
product hindering recovered product sale (Rogers & Tibben-Lembke, 1998).

Lack of management attention: Top management not focusing on return activities, as they
do not see the advantage of focusing on return (Rogers & Tibben-Lembke, 1998).
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Table 2. 13 Barriers in reverse logistics

Barriers

Detail

Affected
players

Action
taken

Impact of
the action

Barriers influencing to

ignore RL activities

Lack of government
initiatives

No Government initiatives for medicine recycling in the
UK allowing organisations to ignore to deal with return
medicine.

Xie & Breen, 2014

No economic value

No economic value initiatives for medicine recycling

Xie & Breen 2014

Barriers hindering better RL performance

Slow return process

Return arriving faster than processing/Lengthy
processing cycletime

Rogers & Tibben-Lembke, 1998

Negative perception on
recycling product

Customer perception of poor-quality on recycled product

Rogers & Tibben-Lembke, 1998

Lack of management
attention

Top management not focusing on return activities

Rogers & Tibben-Lembke, 1998

Source: Rogers & Tibben-Lembke, 1998; Xie & Breen 2014
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2.5 Summary of phase one

This phase has discussed the themes that underpin this study, to establish a background
understanding of logistics, supply chain, and fundamentals of RL. This phase then discussed
the key aspects conducted for this study to understand and characterise existing research that
addresses RL practices conceptualized using four key themes, namely 1) return reasons and
nature of return product; 2) RL process for return product in terms of how, where and when 3)
Players involved in RL and their relationships; and 4) Drivers and barriers in the RL process.
As a result, this phase has established a background understanding of the themes that
underpin this study’s research area, identified the contribution and the shortcomings of the
extant empirical studies. Now the applicability of these key aspects is investigated in the
automotive industry perspective in phase two to identify the gap in the literature and shape
the research context.

Phase two

2.6 Reverse Logistics in the automotive industry

This section focusses on automotive industry reverse logistics, starting with a brief discussion
of the automotive industry in general with i) different constituents of the automotive industry,
including different stakeholders and products of the automotive industry; ii) the automotive
industry supply chain with all the players involved with material flows between them, including
changing circumstance and the life cycle assessment of vehicles; iii) the automotive industry
and sustainability; iv) the automotive industry and the circular economy; and v) the automotive
industry and corporate social sustainability. Furthermore, this section discusses details of RL
key aspects in the auto industry and systematically identifies the gap which generates the
research questions in this study.

2.6.1 Automotive industry in general and its fundamentals related to reverse
logistics

The automotive industry is a wide range of companies involved in the design, development,
manufacturing, marketing, and selling of motor vehicles. It is one of the world's largest
economic sectors by revenue. It contributes significantly to the gross world product, as itis the
sixth largest economy in the world. It produces millions of cars across the world annually,
providing employment, directly or indirectly, to over 100 million people in approximately 100
countries and exports cars and automotive components, while also investing over US$100bn
per year in R&D (Kierzkowski, 2011).

The industry’s products are passenger cars and light trucks, including pickups, vans, and sport
utility vehicles, commercial vehicles (i.e., delivery trucks and large transport trucks, often
called semis) and a number of components/parts. The automobile industry is a pillar of the
global economy, a main driver of macroeconomic growth and stability, and technological
advancement in both developed and developing countries, across many adjacent industries
(Klink et al., 2014).

The car is identified as the primary product in the automotive industry, as the car is a primary
mode of transport for many developed countries. By "car” this research refers to passenger
cars, which are defined as motor vehicles with at least four wheels, used for the transport of
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passengers, and comprising no more than eight seats in addition to the driver's seat. Cars (or
automobiles) make up approximately 76% of the total motor vehicle annual production in the
world. Itis estimated that over 1 billion passenger cars travel the streets and roads of the world
today (The International Organization of Motor Vehicle Manufacturers, 2018).

Figure 2. 6 Automotive production in terms of cars and commercial vehicles

Vehicle Production 2017

Commercial vehicle Car

Source: The International Organization of Motor Vehicle Manufacturers, 2018

With the increasing global demand for cars, it is estimated that there will be 2 billion of them
by 2020. In fact, with 10 billion people living on Planet Earth by 2050, there could be around
6 billion cars registered if developing countries follow the same patterns of mobility and car
ownership as the USA and Europe (Nunes et al., 2013).

Nowadays cars are a reason for poor urban air quality, fatal accidents and increasing concerns
about end-of-life waste and landfill availability. Therefore, the automotive industry has a
twofold scope of influence on the emission balance: reducing emissions when making
vehicles, including production, transportation and reverse supply chain activities, and reducing
emissions when using vehicles with cleaner powertrains.

Recently, enforced by governmental regulations, the European automotive industry is making
a fresh attempt towards zero emission mobility. The main attempt to reach this goal in the next
decades is setting reduced CO2 emission limits and supporting the introduction of electrified
vehicles, such as pure electric vehicles or plug-in hybrids powered by energy generated from
renewable resources.

Various governments have introduced incentive programs for the purchase and use of electric
cars (no taxes, free lanes and parking in cities, etc.). Moreover, countries like Germany and
China have released plans to establish local electric vehicle prime markets. The German
chancellor announced plans to reach one million electrified cars on the road by 2020 (Federal
Ministry of Economics and Technology of Germany, 2010), while China intended to obtain this
amount by 2015 (KPMG, 2011) and to reach 5 million electrified cars in the fleet and 1 million
annual production by 2020 (Reuters, 2010). Today, due to considerable production and
specifically high battery costs and minor driving ranges, the electric vehicle is still a niche
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product. However, further technological progress, more advanced batteries, related battery
control and switching systems will enhance the range of these vehicles and bring down the
costs in the future.

2.6.1.1 Automotive supply chain

Automotive supply chains are among the most complex in the world, with each vehicle
containing more than 20,000 parts originating from thousands of different suppliers.
Furthermore, with production of electric vehicles increasing, all parts of the supply chain must
evolve — suppliers are making new parts, automakers are working closely with those
suppliers, and carriers are figuring out the best ways to transport electric car parts.

The auto industry is undergoing an unprecedented period of enormous disruption. Influenced
by new computer systems, new manufacturing processes and innovative designs, neither
vehicles nor auto manufacturing facilities look like they did a decade ago.

The change is putting tremendous pressure on original equipment manufacturers (OEMs) and
auto suppliers to evolve and innovate. Many are changing their business strategies to focus
on innovation, rather than production, while refining their product offerings to the best that they
do. Others are also working more closely with their buyers to be a part of the design-to-market
cycle and to make themselves an invaluable supplier.

With new technologies transforming the automotive industry, auto manufacturers and OEMs
need to adapt to the logistical changes they are facing. Globally, the electric car is emerging
as the dominant alternative powertrain, regardless of current problems with mass production
of batteries. Traditional powertrains have 1,500-2,000 components versus 50-60 for electric,
and they use different suppliers. Transporting the dense, heavy batteries with hazmat issues
will also change logistics. It is difficult to ship lithium ion batteries. Concerns over battery fires
and weight will increase as batteries increase in density to hold more charge.

2.6.1.2 Players in the automotive supply chain and their role

Primarily, automotive industry players can be separated into four categories (Gunther et al
2015);

e Forward supply chain players: Raw materials, parts, components and final vehicle
manufacturers, dealers/distributors of vehicles

e Reverse supply chain players: Scrap yards, recyclers, waste disposal companies.

e Energy supply chain players: Electricity suppliers, fuel suppliers

e Players who are using: Customers, export market

e Others: Transportation companies, insurance companies, government agencies
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Figure 2. 7 Automotive industry supply chain
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The actual vehicle manufacturing steps are performed within the forward supply chain using
either raw materials from different suppliers or secondary raw materials, which are produced
in the recycling facilities of the reverse channel. It is expected that both the primary and
recycled raw materials meet quality standards and therefore are considered equivalent. The
final vehicle assembling job is done by the vehicle manufacturers and distributed by the
dealers in the primary market to customers and to export markets, respectively.

Electricity for making and using electrified vehicles is supplied according to the local energy
mix. The fuel supply chain consists of the well-to-tank stage, which covers the supply from
crude oil exploration to the distribution of fuel, and the tank-to-wheel stage, which refers to the
internal use of fuel by the powertrain.

The fleet of vehicles consists of new as well as used vehicles. During their lifetime used
vehicles can be sold back to distributors and retailed on the secondary market. Finally,
vehicles that have reached their “end-of-life” are delivered to the scrap yards where they are
dismantled. Lastly, the dismantled parts are either recycled or wasted. The “end of life”
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vehicles are defined here as cars that are seriously damaged due to age and/or accident
(Schultmann et al., 2006).

2.6.1.3 The changing situationin the automotive industry

Looking at history, the automobile industry has had a few radical changes over the last 30
years. The changes there have been were often remarkable and had a significant impact on
practice and academia. Mass production and the modular consortium are important
innovations from the production system perspective. Also, the transfer of assembly plants to
globally are obvious changes to the industry’s business and operations strategy. In addition,
the automobile industry was the pioneer in using robots and it is still the main user of robotic
devices, still being responsible for 60% of their applications across the world (The Economist,
2008).

On the other hand, product innovation changes have been less prominent and people continue
to drive four-wheeled vehicles with an internal combustion engine running on fossil fuels
similar to the early days. In fact, car manufacturers are now locked to three technological
paradigms (all-steel body, internal combustion engine, and multi-purpose design), which make
radical innovations difficult due to the industry’s complexity and extension (Orsato and Wells,
2007).

The innovation strategy adopted by car manufacturers has not been sufficient to make the
sector more environmentally sustainable. After two consecutive years of contraction (due to
the recession), global production grew around 25.9% in 2010, 3.1% in 2011 and 5.2% in 2012
(TFL, 2013). This unquenchable global demand is creating a radical change in paradigm of
green innovation. Automakers need to evaluate green ideas and select more environmentally
friendly ways to produce, sell, use and dispose of vehicles globally. This will need to be done
in a cost-effective and strategic manner.

In the past, innovation was predominantly driven by the intention of exceeding customers’
expectations or to create simpler and less costly processes, but now organisations are
responding to environmental and social demands (Nunes et al., 2013). With regard to the
environment, the major concerns this century are: atmospheric pollution (and its
consequences for human health, global warming and ozone layer depletion), energy and food
security, scarcity of freshwater and raw materials, and land availability. These environmental
concerns have a profound impact on how companies manage their business, and so drive
innovation. For instance, in Europe alone, between 8 and 9 million tonnes is generated each
year from end-of-life automotive waste (RC, European Community, 2013). As a consequence,
the availability of land puts pressure on the prices for landfill disposal, which forces car
manufacturers to innovate in order to reduce waste from their production sites and end-of-life
products (Nunes et al., 2013).

To deal with the relationship between the automotive industry and environmental protection,
and to reduce the impact of automotive manufacturing and consumption on the environment,
sustainable development in the automotive industry is a central issue that cannot be ignored
(Hilton & Levinson, 1998). Sustainability is presented as the intersection among the
environment, society and the economy (Giddings et al., 2002). In order to create sustainable
development in the automotive industry, manufacturers facing challenges to ensure the scale
and benefits of the whole industry (Bellmann & Khare, 2000).
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Therefore, the automotive industry manufacturing more hybrid-vehicles and electric vehicles
which capable of using alternative fuels, and the main global automotive manufacturers have
focused on sourcing renewable and recyclable materials on the processes of manufacturing,
using alternative and less toxic materials to improve recyclability (Williams, 2006).

Also, the European Parliament and the European Council passed the End-of-Life Vehicle
(ELV) Directive in 2000. The goal was to reduce waste and improve environmental
performance by enhancing end-of-life vehicle recovery. This forced automotive industry to
focus on RL practice for their EoL product. In the automotive industry, reused components,
repaired parts, recycled materials and chemical recycling are considered particularly
environmental and make use of economic resources (Bellmann & Khare, 1999).With the rapid
development of economies, overdrawn resources and environmental destruction, various
countries have realised the necessity of EoL RL practice as an inevitable strategy of
sustainable development (Lou & Zeng, 2007).

The open-air discarding of waste automotives not only produces waste materials and pollutes
the environment, but also causes land to be occupied. Therefore, scrapped automotive
recycling, utilisation and disposal has attracted special attention in various countries (Cui &
Roven, 2010). From an environmental protection perspective, recycled plastics can be
manufactured into plastic products.

Therefore, the automotive industry appreciates the implementation of RL for automotive EoL
products is a way to solve the economic, environmental and social problems caused by
automotive. The next section, therefore, discusses the RL practice in the automotive industry.

2.6.2 Reverse logistics practice in automotive industry

The management practices, organisational forms, and particularly the response to
environmental pressures adopted by the automotive industry are important and the products
of this industry are a part of people’s daily lives - not only by providing personal mobility for
millions, but also by presenting a wide range of challenges. The deterioration of local air quality
in urban areas, along with global issues such as global warming, and the treatment of
scrapped vehicles are just a few examples of such challenges (Frigant, 2011). The automotive
industry in particular has, over the years, proven to be beneficial to the environment and
economically profitable for the companies involved as well as to their customers (Sundin et
al., 2013). The benefits of the automotive industry are globally accepted, but the traits
possessed by this industry are serious. Strict measures and cooperative practices, which are
already set in some countries, can change the climate and broad support from all around the
world is inevitable to make the automotive supply chain greener (Shaan & Subramaniam,
2012). On the other hand, the innovative global automotive consumer market is becoming
more and more mature, with intense market competition, rising consumer status, sound
environmental regulations and resource utilisation (Vaz etal., 2017). For instance, recalling
defective automotives could improve customer satisfaction, thereby enhancing the
recyclability of products and the product throughout its life cycle, reducing the pollution of the
environment. Thus, the application of RL in the automotive industry has become increasingly
important (Reynaldo & Erterl, 2009).

So, this section considers detailing the RL practice in the automotive industry and its
importance. This section also details the key aspects of RL (discussed in phase one) in the
automotive industry and their interconnection.
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As mentioned before, the automobile industry is one of the largest and most important
industries in the world. The automotive industry involves a series of supply chain activities in
order to produce and deliver a vehicle, including sourcing and procurement, production and
all logistics management activities. As its supply chains involve a large number of parties due
to globalisation, the supply chain structure is found to be relatively complex (Chan et al., 2011).
This is because:

e The involvement of such a high number of players in this industry makes the control of
RL activities challenging, as the complexity of the supply chains makes coordination and
integration between players difficult (Chan et al., 2011) .

e In addition, many owners may take their vehicles to garages outside the manufacturers’
supply chain system for service or maintenance. Therefore, valuable, though used, parts
or components may ‘leak’ from the system. Thus, these items cannot be transported
back to the manufacturers’ sites (Chan et al., 2011).

e On the other hand, vehicles are normally highly customised, which means that even if
different vehicles of the same model are disassembled at the same time, the parts or
components may not be as homogeneous as the other products. This introduces
difficulties in forecasting the recovery of parts and components in the automotive RL
system.

e Also the increasing number of automobiles raises significant concerns about
environmental issues due to increasing awareness of environmental impacts and the
legal requirements of disposing of vehicles (Chan et al., 2012).

All the above matters, where on one side RL of the automotive industry needs to save
resources and gain value from return vehicles and on other side, the complexity and
uncertainty of dealing with return vehicles, make RL very challenging in automotive industry.
However, the automotive industry was one of the earliest adapters of RL (Shaan et al. 2012).

2.6.3 Reverse logistics key aspects in auto industry

All the key aspects discussed from the generic RL perspective in phase one, including product
returns reasons, nature of return products, the RL process, location for processing, time
related issues in the process, performance of the RL process, players, relationship between
players, drivers and barriers in RL practice are now considered from an automotive industry
perspective.

This research attempts to accumulate knowledge from the literature and by assembling
studies from across the auto industry. Studies were considered based on the above key
aspects where, for each study, at least one key aspect was considered. Figure 2.9 presents
a clear picture of the studies collected to investigate RL key aspects in the automotive industry
(all key aspects are presented in one table in the appendix 2). Furthermore, for a richer
assessment, each aspect has been presented in separate tables in this chapter, where table
2.15 presents automotive products return reasons, 2.16 return nature of automotive products,
2.17 RL process of automotive product, 2.18 Players involved in automotive product RL
process, 2.19 RL drivers in automotive industry and 2.20 RL barriers in automotive industry.
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Figure 2. 8 Automotive Reverse Logistics studies in automotive industry considered for this

study
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Consumers are identified as the main source of automotive returns (Chan et al., 2011). Other
return reasons discussed in phase 1 of this chapter, including service/repair returns and end
of use returns from customers, are not discussed in the auto products literature. Furthermore,
returns from distributors and manufacturers are not discussed either. Return reasons identified
for automotive products are captured in the table 2.15.

However, for automotive products, “cars” are found to be the main attention of scholars and
the return reason of cars discussed in the literature is end of life (EoL) and the main reason
specified for cars becoming EoL is accident and age (Schultmann et al., 2006). An “EoL car”
is defined as a car that has reached the end of its useful life, owing to ending its determined
lifecycle or being damaged in accidents (Mansour & Zarei, 2008).
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Table 2. 14 Automotive products return reason

Source of return Condition of products Reason of return Studies
Consumers e Defective parts (production Refund/exchange Rogers & Tibben-
defect, shipping damaged and Lembke, 1998;
quality complaints) Olorunniwo & Li, 2011
e Unwanted /wrong parts being Refund/to obtain the Rogers & Tibben-
ordered right parts Lembke, 1998;
Olorunniwo & Li, 2011
e Warranty return (customers Refund Rogers & Tibben-
change their minds) Lembke, 1998;
Olorunniwo & Li, 2011
e Shipping to wrong destination - Olorunniwo & Li, 2011
e End of Use -
e End of Life cars - Schultmann et al., 2006;
Cruz-Rivera & Ertel,
2009; Zhang et al, 2010;
Zareli, et al. 2010;
Merkisz-Guranowska,
Chan et al., 2011; Harraz
& Galal, 2011,
Olorunniwo & Li, 2011

Source: Rogers & Tibben-Lembke, 1998; Schultmann et al., 2006; Cruz-Rivera & Ertel, 2009;
Zhang et al, 2010; Zarei, et al. 2010; Merkisz-Guranowska, Chan et al., 2011; Harraz & Galal,
2011, Olorunniwo & Li, 2011

Though in the generic automotive industry discussion in this chapter, it has been noticed that
vehicles can be cars, vans, motor cycles, HGVs and busses, most ELV studies in the literature
focus on cars only. The reason can be legislation which have been developed in the European
Union on waste minimisation and ELVs, namely: Directive 2000/53/EC on ELVs (European
Council 2000). This regulation only applies to vehicles up to a maximum unladen weight of
3.75 tonnes, which are mainly cars and not applied to motorbikes, lorries and buses. This is
one of the reasons RL for cars has received more attention than other vehicles. Also, a car is
a complex product and so its EoL management is a complicated task. One of the main
problems associated with car recycling is separating the different material streams in order to
recover pure and non-contaminated materials. It is estimated that 8-9 million EoL cars are
discarded annually, of which approximately 75% of the weight of the car was recycled and 9
million tonnes of waste is generated per annum. Hence, The ELV directive is aimed at
preventing and managing this waste (Soo et al., 2017).

Therefore, consumers are identified as the main source of returns in the auto industry and
EoL cars are the main return product. Though scholars have stated that the main EoL cars
return reason is age and accidents (Schultmann et al., 2006), there is a lack of detailed
knowledge of accident damaged conditions and age and how cars become EoL. In addition,
what influences consumers (senders) to return EoL cars is not discussed, such as if there is
any economic or other reason driving them to bring the car back or dispose the car as EoL.
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2.6.3.2 Nature of return auto products

For composition of cars, only one “nature of return cars” is cited in the in the auto industry.
There has been significant discussion on hazardous components of EoL cars which require
special treatment (Schultmann et al., 2006; Mansour & Zarei 2008; Soo et al., 2017; Xiao et
al., 2019). Also Chan et al. (2012) state that cars are normally highly customised and the parts
or components are mostly heterogenous, which can create difficulties in the RL process.

Table 2. 15 Return natures of automotive products

Return features Details Impact on the RL Studies
process

Compositions / e Numbers of components and « Difficult recovery Chan et al., 2012

configuration of materials used in car process

products

e Some of car components
contains hazardous materials

e Impact on recovery
process as special
treatment required

Schultmann et al., 2006;
Mansour & Zarei 2008;
Soo et al., 2017; Xiao et

al., 2019

e Material heterogeneity o Difficult recovery Chan et al., 2012

process

Source: Schultmann et al., 2006; Mansour & Zarei 2008; Chan et al., 2012; Soo et al., 2017;
Xiao et al., 2019

On the other hand, as discussed in phase 1, deteriorations, usage patterns and packaging of
products are important features which have significant impact on RL process in terms of value
recovery are not found in the auto industry literature. Therefore, linking with other products
and in general return reasons and return features discussed in phase 1 of this chapter, there
is a rich knowledge gap identified which is presented in the next section 2.6.3.3.

2.6.3.3 Gaps affecting facilitation of return reasons and return nature

As seen in the phase 1, many researchers have focussed on identifying return reasons in the
reverse chain (Fleischmann et al., 1997; Rogers & Tibben-Lembke, 1998; de Brito & Dekker,
2003, Khan & Subzwari, 2009; Olorunniwo & Li, 2011; Xie & Breen, 2014). Here, consumers
are found to be the main reason for return and especially for End of Use (EoU) and End of
Life (EoL) return. Similarly, EoL return was found to be the key return reason in the automotive
industry ((Cruz-Rivera & Ertel, 2009; Zhang et al, 2010; Zarei, et al. 2010; Merkisz-
Guranowska, Chan et al., 2011; Harraz & Galal, 2011, Schultmann et al., 2006).

However, there is very limited knowledge on return reasons for end of life products and how
they become end of life both from a generic perspective and from the automotive industry
perspective. However, some researchers cited age (Schultmann et al., 2006) and accident
(Mansour & Zarei, 2008) as the reasons for EoL cars, but details of age and how age makes
a car EoL have not been discussed.

Also, the reasons for other products being returns are cited by the literature in both generic
and automotive contexts, for example, customers bringing warranty return products back to
get a refund or to exchange the product. However, end of life products being returned is not
discussed in detail in terms of why senders decide to return the product/ what the individual
facts are that influence them to return EoL products in general and in the automotive industry.

Page | 67



In terms of identifying the nature of return products and its significant impact on RL process
to recover value also captured in the literature in both general and in the automotive industry,
it is apparent in table 2.16 that only a few studies (Chan et al., 2012; Schultmann et al., 2006;
Mansour & Zarei 2008; Soo et al., 2017; Xiao et al., 2019) have looked at return product nature
in the automotive industry which involved only EoL car composition nature in terms of use of
materials and hazardous materials presence. Moreover, these few studies did not consider
the way the components were put together, components category for different cars,
size/weight of the components and how all this composition nature of EoL cars impacts on the
recycling process to recover value. As a result, the detail of composition nature is unclear.
There is limited understanding of other return natures in the generic literature (see table 2.4
in phase 1 of this chapter) including deterioration, use pattern and packaging of product and
their impact on RL process, but none of the studies in the automotive industry consider these
natures (deterioration, use pattern and packaging of product). Therefore, a clear
understanding of return nature, and its impact in the RL process to recover value, is important
for practitioners and policymakers involved in RL practice in general and in the automotive
industry .

To summarise, a comprehensive understanding of both return reason and return natures, and
their impact on managing return and reprocess, can guide practitioners and policy-makers
with a solid understanding of how to control/reduce return and manage RL process of these
returns, which could ultimately lead to greater RL practices adoption across the sector.

This leads to the first research question:

RQ 1: Why are end of life (EoL) cars returned and what is the nature of the return of EoL
cars which has significant impact on the RL process?

To understand the reverse logistics of EoL cars, it is important to identify why cars return as
EoL and how cars become EoL. This is because identifying the return reason and its category
can help to know where the system can improve to eliminate or avoid or manage the EoL car
return better.

Therefore, this RQ investigates:

a) the reason of EoL cars coming back with details of what age cars are coming back as EoL
and why, who the source of these EoL cars are and what motivates them to bring it back.

b) The nature of all these returned EoL cars in terms of features such as size, design, material
composition, components structuring, components category, intensity of usage that affect
different economics at RL different process stages and therefore overall value recovery from
the EoL car.

After outlining the reasons for automotive product returns and the nature of the returns the
following question arises - how are these return processed? So, the next key aspect discussed
below is the “reverse logistics process for automotive products”.

2.6.2.3 Reverse Logistics Process in Automotive industry

Significant attention in the literature has been paid to the RL process in the auto industry (see
the table 2.17). Studies have mostly considered the return process for End of life auto products
including generic vehicles, cars and parts (Olorunniwo & Li, 2011; Chan et al., 2012;
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Subramanian et al., 2014). The RL process stages for automotive products identified in line
with other products’ return processes are discussed in phase one of this chapter section
2.4.3.2. However, the “gatekeeping” stage of the RL process was identified as a part of the
collection stage for auto products and, as discussed earlier, Gatekeeping can be carried out
in the collection stage as well (Yang & Wang, 2007). However, there is one more stage
identified by research focusing on auto products’ RL process - “ASR recycling” - highlighted
in table 2.17.
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Table 2. 16 RL process of automotive products

RL process stages for | Details Product type / Studies
auto products return reason
Collection e Car manufacturers are responsible for setting up collection centre e End of life Mansour & Zarei 2008;
network with minimum distance to car owners where cars are (EoL) car Cruz-Rivera & Ertel,
collected by car take back centres 2009; Zarei, et al. 2010;
e a network for EoL car collection with close distance with car owners Harraz & Galal, 2011; Subramanian et
suggested by researchers can minimise cost and environmental al., 2014; Soo et al., 2017
impact.

e Not only developing but also developed countries like Australia, the
lack of a proper collection system gives opportunities for unauthorised
recycling facilities to compete with legitimate recycling sectors in
acquiring EoL cars.

e On the other hand, in Belgium one non-profit organisation managed
the collection, treatment and recycling of EoL cars found minimising
the risk of unauthorised recycling.

Assessment and sorting e EoL cars are sorted for recovery options (direct e End of life Chan et al., 2012; Subramanian et al.,
use/repair/refurbish/remanufacture/recycling) according to cars (EoL) car 2014
condition and market value.

Hazardous separation ¢ Removal of fuel, oil, coolants etc to avoid danger of spilling harmful e End of life Schultmann et al., 2006; Mansour &
substances during further removal of marketable parts activities; (EoL) car Zarei 2008; Soo et al., 2017
draining protects the further treatment activities from being
contaminated.

Hazardous recycling e Recycleto recover parts and materials for reuse e End of Life Schultmann et al., 2006; Mansour &

(EoL) car Zarei 2008; Soo et al., 2017

Marketable parts e Valuable components removal and recovery and redistribution e End of Life Schultmann et al., 2006; Mansour &

removal and reuse (EoL) car Zarei 2008; Cruz-Rivera & Ertel,

2009; Harraz & Galal, 2011; Chan et
al., 2012; Subramanian et al., 2014;
Soo et al., 2017

Compact car shell e Compaction attempts to decrees car shell density to reduce transport e End of Life Schultmann et al., 2006
costs and for ease of transportation to send to shredder (EolL) car

Shredding Car hulk e the car hulks are then processed in material recycling facilities to e End of Life Schultmann et al., 2006; Mansour &
recover valuable materials such as ferrous (Fe) and non-ferrous (NF) (EolL) car Zarei 2008; Cruz-Rivera & Ertel,
metals and automotive shredder residue (ASR) dust. 2009; Chan et al., 2012; Subramanian

et al., 2014; Soo et al., 2017

ASR shredder e the remaining ASR is further treated through post-shredder e End of Life Mansour & Zarei 2008; Cruz-Rivera &
technologies to achieve the set recycling targets in Belgium but in (EolL) car Ertel,
Australia 25% ASR dust goes to landfill rather than further ASR 2009; Soo et al., 2017

recycling due to lack of strict legislation
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Disposal of waste e Where recycling is not possible are disposed by incineration/landfill e Consumer — Schultmann et al., 2006; Mansour &
¢ the strict recycling targets and scarcity of available landfill space in End of Life Zarei 2008; Cruz-Rivera & Ertel,
Belgium have further encouraged minimal ELV waste disposal (only (EoL) return 2009; Olorunniwo & Li, 2011;
5%) due to high landfill costs. On the other hand in Australia 25% of Subramanian et al., 2014; Soo et al.,
ASR dust goes to landfill for disposal 2017

Source: Mansour & Zarei 2008; Cruz-Rivera & Ertel,2009; Zarei, et al. 2010;Harraz & Galal, 2011; Subramanian et al., 2014; Soo et al., 2017
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1.Collection/acceptance of auto products

Collection is the first and very important stage for the RL process in the auto industry. The
main focus identified here is collection centre location (Harraz & Galal, 2011) and players
(Subramanian et al., 2014) involved at collection centres. The growing concern for collection
centre location and players in developed countries is mainly driven by European Union
Regulations to minimise environmental pollution, where the manufacturer is responsible for
free take back and recovery of its ELVs and must bear all or a significant part of the collection
and treatment costs (Mansour & Zarei, 2008). Manufacturers are facing challenges for how to
collect the EoL cars and what to do with them in order to obtain the maximum economic
benefits from their recovery and, at the same time, fulfilling the relevant legislations. Therefore,
to minimise cost and environmental impact, involvement of new car distribution centres as
EoL car collection centres was identified as a good solution (Zarei, et al., 2010). Furthermore,
collection point locations closer to car owners were identified as another solution to minimise
transportation cost (Harraz & Galal, 2011). Research also suggested in order to achieve
efficient management of the recovery process and minimising the costs, manufacturers should
cooperate with treatment facilities, hence creating a network (Mansour & Zarei, 2008). For
ELV collection and management some countries in developed nations, like Belgium, have
organisations (non-profit) who manage the collection process (Soo et al., 2017). On the other
hand, some developed countries like Australia still lack proper ELV collection systems, which
increases waste from ELVs for landfill.

2. Assessment and sorting of returned auto products

When auto products arrive at collection centres, the testing and inspection on the returned
auto products (ELVs and parts) has already been carried out (Olorunniwo at al., 2011). In the
previous phase, phase one, the generic RL literature presents inspection as depending on
product condition, which is also the case in the auto industry. If the car is in good condition, it
is resold in the secondary market; but if the returned car does not carry a profitable resale
value, it will then be transported to an automobile salvage yard or an automobile recycler for

recycling (Chan et al., 2012).
3. Hazardous product separation and component removal for return auto products

As mentioned above, auto products (ELV, parts) contain toxic material which is harmful for
health and the environment. This is the main reason why hazardous components are removed
from ELVs for a separate recycling process (Schultmann et al., 2006). This also helps to
reduce damage to good condition marketable parts and materials by spilling harmful
substances in the next stages of the process.

4. Recycling of hazardous components and parts for auto products and reuse

As mentioned above, that hazardous component including batteries, fluids and other materials
that contain hazardous chemical get separated from the car to protect marketable components
and materials which are then collected by hazardous recycling centres for further treatment
(reuse, repair/refurbish/remanufacturer, recycling). Further treatment of hazardous
components was found in the literature to be very important for recovering valuable materials
from the components (Schultmann et al., 2006) and reducing waste for landfill (Soo et al.,
2017).
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5. Removal of marketable auto components/parts and redistribution

Most auto products, including ELVs and components, contain valuable parts which have good
market value in the secondary market (Olorunniwo & Li, 2011; Subramanian et al., 2014). The
process of dismantling marketable parts is done manually, which saves on the use of energy
and reduces CO2 emission (Halabi et al., 2015).

6. Compacting auto products

ELVs’ shell is compacted after removing all the valuable components. The reason for this
stage is pressing the ELV to make it as small as possible to transport to the shredder
(Schultmann et al., 2006).

7. Shredding auto products

The car shell, called the “hulk®, is shredded to recover materials (Chan et al., 2011;
Subramanian et al., 2014). Auto parts which cannot be repaired and do not hold good condition
components for recovery are also shredded to recover materials (Olorunniwo & Li, 2011). The
shredding process is mainly done by machines (Halabi et al., 2015) which recovers valuable
materials like ferrous and non ferrous metals (Mansour & Zarei 2008; Chan et al., 2011,
Olorunniwo & Li, 2011; Subramanian et al., 2014; Soo et al., 2017).

8. Automotive Shredder Residue (ASR) recycling

Automotive Shredder Residue (ASR) has been targeted for further recycling of valuable
metals and non-metallic materials to meet strict legislation. ASR that would be landfilled in
some countries’ recycling facilities undergoes further treatment processes in other countries
recycling facilities where strict EU regulation is present (Soo et al 2017). The post-shredder
treatment utilises density separation to further segregate the variety of non-metallic materials
and heavy metals. Plastic recycling is the focus in this process, and the recovered plastics are
further sorted to different plastic types to improve purity and thus increase the value of
secondary plastics. However, the recycling efficiencies vary vastly from one plastic type to
another (Soo et al., 2017). After shredding the ASR hulk, the ferrous metals are separated for
redistribution. The remaining material is divided into non-ferrous metal fraction, which is further
recycled by the metal separators (Mansour & Zarei 2008).

9. Disposal of waste from auto products

Where recycling is not possible, the material from automotive products becomes automotive
waste. This waste can be disposed of by tte incineration process or by dumping in landfill
(Mansour & Zarei, 2008). Reduction of this automotive waste is very important to save
environment and to reduce landfill space scarcity (Olorunniwo & Li, 2011). The literature cited
that strict regulation for recycling targets can help reduce automotive waste (Soo etal., 2017).
Also, increasing cost to landfill waste can help reducing waste but the landfill costs are still
low in some countries like in Australia, where landfill costs are low compared with Europe,
which can be the reason why in Australia approximately 25% of the EoL cars in ASR end up
in landfills (Vermeulen et al., 2011). On the other hand, in European countries like Belgium,
5% waste goes to landfill from ELV and the reason is identified as strict regulation (EU directive
for ELV) (Soo et al., 2017).

In summary, the automotive industry reverse logistics process is identified as mainly focusing
on cars and the key return reason identified here is EoL which are mostly collected direct from
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public, used car dealers, local councils, and car towing service operators (Halabi et al., 2015).
Upon arriving at a holding yard, the ELVs are inspected, inventoried, and then moved into a
processing hangar for depollution (Chan et al., 2012) including drainage of fluids (i.e. coolant,
hydraulic fluids, engine oil, gearbox and differential oils, and fuel) while air conditioning (A/C)
gas and liquid petroleum gas (LPG) and batteries are extracted. After that quality parts -
wheels/tyres, tow bars, and catalytic convertors are removed manually (Subramanian et al.,
2014). Parts deemed to be in high demand, good condition, and high value are dismantled
(e.g. engines, transmissions, door mirrors, audio equipment, etc.). These parts, including
useable batteries and wheels/tyres, are tagged and warehoused for sale as quality used parts
(Halabi et al., 2015). Once all marketable parts are removed, a hydraulic compactor compacts
the car shell to transport it to the shredder (Schultmann et al., 2006), where materials including
ferrous and nonferrous are recovered and the shredder puff is landfilled (Olorunniwo and Li,
2011). After shredding the car shell, the ferrous metals are separated and sent to the material
recyclers. The remaining material is divided into non-ferrous metal fraction, which will be sent
to the metal separators and the relevant recyclers, and the non-metal fraction and ASR dust
goes for further shredding process for more recovery to reduce waste for disposal (Mansour
and Zarei 2008). Finally, the shredder puff which is mainly not possible to recycle anymore
are disposed by incineration process or dumping to landfill.

2.6.2.3.1RL process performance in auto industry

In terms of RL process performance in the automotive industry, growing attention is noticeable
including TBL performance of the RL process with three dimensions of sustainability:
economic (increasing recovery of parts and materials), environmental (reducing waste for
disposal) and social (creating jobs) (Harraz & Galal (2011).

All the performance indicators with actual performance cited in the automotive RL literature
are presented in the table 2.18.

Economic performance measurement (value related) has received the most attention in the
automotive industry, where strict legislations (Soo et al., 2017), use of IT (Olorunniwo and Li,
2011) and suitable location (Harraz & Galal, 2011) for EoL car collection present positive
impact on business in terms of ROI, recapturing value, process efficiency and customer
satisfaction. In terms of cost measurement, outsourcing RL activities was identified as
reducing RL process cost in the automotive industry (Richey et al., 2005). The strict
implementation of the ELV directive has led to better environmental performance as in
developed nations too, like Belgium, as it forces the adoption of advanced recycling
technologies which improve recovery rate and reduce waste production (Soo et al., 2017).
However, most performance measurement in the automotive RL process is IT based (see the
table 2.18), where research measures performance to see how use of IT impacts on the RL
process. Use of IT to deal with return is acknowledged as having a positive impact on RL
process efficiency (Olorunniwo & Li, 2011) in terms of improved customer satisfaction, as IT
enables a quick authorisation process by tracking records in the system (Daugherty et al.,
2005).
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Table 2. 17 RL process performance

Indicators to
measure RL
performance

Actual performance impact

Studies

Economic - Value related

Return on
investment (ROI)

EU legislation impact on RL process identified increasing revenue by recovering more products/materials
and reducing disposal cost

Soo et al., 2017

Recapturing value

Suitable location of collection centre in RL process encourage sender and receiver both to collect and
recycle ELV which increase the recovery of parts and materials

IT capability on RL process can improve as in extracting and recovering raw materials for use in the
production of new products by improving the quality of recovered materials

Harraz & Galal,
2011; Daugherty et
al., 2005

RL process e IT impact in RL process for time to obtain return product authorisation was quick as companies are using | Richey et al., 2005;
efficiency pre-paid return label, called SmartLabel in some firms that goes out with the original shipment as it leaves | Li and Olorunniwo,
the warehouse. The SmartLabel's intent is to make it as convenient for the customer as possible to make | 2008 & Olorunniwo
a return, to remove any inhibitors for that customer to purchase directly from the company and Li, 2011; Soo et
e IT impact on RL process in terms of time for credit processing was little improved al., 2017
e IT impact on RL process for time for repa