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Introduction:
Why is there interest for closed loop supply chain?
The last couple of years the world is conscious of the fact that the climate is changing.
Due to our current consumption and production economy, we are polluting the world as
never before. Global warming and climate change is not something new to society.
Nevertheless, the current warming trend is of particular significance. Because, with a
95% probability ratio, the fifth assessment report of the IPCC (2014) says that most of
global warming, is the result of human activity since the mid-20th century. Furthermore,
climate change is proceeding at a rate that is unprecedented over decades to millennia.
So, most of the global warming is caused by human acts. The facts on global warming
are shocking. The Global temperature graph by NASA GISS (2015) shows us that the
global temperature is rising every year (figure 1). This significance of the current
warming trend, is one of the reasons why companies are acknowledging the need to act
against global warming. Therefore, companies are trying to act more sustainable and are
introducing triple bottom line thinking that integrates profit, people and the planet into
corporate culture, strategy and operations (Kleindorfer et al., 2005). As a result of this
way of thinking and acting, companies are trying to find ways to operate in a sustainable
way. One way for companies to operate in a sustainable way, is to reduce their waste.
Therefore, companies are trying to avoid waste disposal and are focussing more on
reusing their products.
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Figure 1. Global temperature (NASA GISS, 2015)
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Research conducted by McKinsey (2014) shows the top 3 strategic motivations for
addressing sustainability in figure 2. below.

Figure 2. Strategic motivations for sustainability (McKinsey, 2014)

In addition to companies, consumers are also trying to find ways to act sustainable.
Consumers in different markets have changed their purchasing behaviour in favour of
environmentally friendly products. Companies react to this trend by addressing these
“environmental needs” (Finisterra do Paço et al., 2009). People are becoming more
aware of the impacts that their purchases have on the environment and start to include
these aspects in their information gathering before they make purchasing choices (Mayer
et al, 2012). Figure 2 shows the reasons that organisations of the executives
interviewed, addresses sustainability. As this figure shows, the two top reasons for
companies to implement a sustainable strategy are first, alignment with the company’s
goals, mission or values and second and the reputation of the company. First of all,
companies are implementing sustainable strategy’s, because that suits with their goals,
mission or values. The second reason is, companies aim to build, maintain or improve
their corporate reputation by implementing strategies. So, it can be concluded that,
companies nowadays prefer to have a green and sustainable image. This is increasingly
important for companies because, customers are positively biased towards green
companies and products. Thus, research shows that people are becoming more aware of
the environment and are basing their decisions partly on environmental aspects.
Therefore, reducing waste, can make the company having a greener image, which results
in a positive influence on buying decisions of customers.

What is closed loop supply chain?
Companies implementing a CLSC strategy, feel responsible for their end-of-life (EOL)
products. In order to account for the stream of EOL products, companies are now using
an integrated approach of considering both forward and reverse supply chains
simultaneously, closed-loop supply chain (CLSC) (Govindan and Soleimani, 2016). A
general form of CLSC is illustrated in Fig. 3 which contains both forward (supplying raw
materials, processing, assembling, distributing/retailing, and consuming) and reverse
(repairing, reconditioning, remanufacturing, recycling, and disposing) supply chain
processes (Govindan and Soleimani, 2016). So, it can be suggested that the closed loop
supply chain is the forward supply chain combined with the reverse supply chain (RSC).
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Figure. 3. A general illustration of a CLSC (Khor and Udin, 2012).

Where will be the focus on?
In the field of CLSC, the focus in this paper will be on the integration of the RSC in the
FSC. ‘Increased global competition, shortened life cycles, expanded environmental
legislation, and ever more lenient commercial take-back policies at resellers will increase
product returns’ (Guide et al. 2003). Next to that, new products are launched faster
because of increased global competition. Because of this global competition, companies
are challenging each other globally in designing the best products. Furthermore, products
are used for a shorter period than before, legislation on products is becoming stricter and
companies are more willing to let customers bring back their products. Therefore, more
products are flowing back from user to supplier or manufacturer by using RSC. In order
to use RSC efficiently, the RSC should be integrated in the FSC. Only by, designing a FSC
in which the RSC can integrate, companies can have an effective CLSC. The
Implementation of a RSC is often a difficult step for a company. Companies in the past
were mainly focussing on their forward supply chain (FSC), the stream from company to
customer. Therefore, implementing RSC into a traditional supply chain can bring
problems.
This paper will first explain in detail what a CLSC is and then focus on the incentives
companies have to implement a CLSC. After explaining the CLSC, this paper will
elaborate on reverse logistics (RL) in particular. Reverse Logistics is a part of the RSC
and concerns the flow of goods going back from user to supplier or manufacturer. This
paper will focus on this, because this flow of goods is new to companies and has a lot to
gain in the field of efficiency. Companies traditionally are focussing the most on forward
logistics (FL). Next to that, RL is seen as a self-contained flow of products. For both
streams, logistic activities such as; packaging, transportation and storage, are performed
separately. But when companies can integrate their logistic processes, it can cause an
increase in efficiency in RL- as well as in FL activities.
One industry which is very suitable for implementing RL, is the electrical and electronic
equipment (EEE) industry. ‘The EEE industry has increased its mass production;
however, the EEE life span has similarly diminished’ (Kianpour et al. 2017). So, due to
the increase in production and a shortened life span the waste from electrical and
electronic equipment (WEEE) is growing faster than ever before. While this industry is
growing so fast, this thesis will focus on this sector specifically in one chapter. In this
chapter, the impact of reverse logistics specifically for companies in this sector, will be
analysed. The EEE industry in general and the impact of implementing RL in this industry
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particularly, will be analysed. The focus will be on the logistic processes influenced by
implementing RL in the EEE industry.
At last, the main challenges when implementing RL and the improvements throughout a
company the RL can cause will be analysed. In order to emphasize on this subject, the
focus will be first on the challenges that need to be overcome when implementing RL. For
companies it can be challenging to have an efficient SC. In many cases this challenge is
caused by in efficient coordination. Guo et al. (2017) argue that, supply chain systems,
including reverse supply chains, are widely acknowledged to fail to be optimal by
themselves under a decentralized mode of operations (i.e., it is not coordinated). In the
literature, it is well advocated that supply chain contracts can help dampen the
inefficiency problem (such as double marginalization) and achieve coordination (Guo et
al., 2017). Companies should design their FSC infrastructure in a way the RSC can
integrate into that FSC infrastructure. In order to coordinate the CLSC, contracts can be
used. Contracts can be used to formalize working terms and can be important in order to
work efficient.
Furthermore, reducing costs is a main challenge for companies, when implementing RL.
Companies traditionally designed their supply chain infrastructure to only bring the
product to the consumer. Bringing the product back from the consumer can be
challenging for companies. The state in which an item is returned and the time when an
item is returned are variable. Products can be brought back at different times in the
product lifecycle, for example: immediately after buying, after usage or when the product
is at his end of life. Therefore, processing returned items can be an elaborated and costly
process. Next to the challenges, RL is popular because it can result in opportunities. RL
can reduce waste by taking back products instead of disposing the used products
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Problem Formulation
The popularity of developing closed-loop supply chains is increasing over the years.
Politics, customers and rules are pushing companies towards a CLSC. Because of this, the
urge to implement the RSC into the normal supply chain is very high. However, the
implementation of RSC is often being experienced as pricy and difficult. While, companies
are not designing their FSC in a way that RSC can integrate into the FSC to come to an
CLSC. One of the main parts of RSC is the RL. RL is often a challenging step in the RSC
while it effects several company processes. Therefore, the impact of RL on a company
supply chain is valuable to elaborate on. This paper aims to offer a clear overview of the
reasons -, the effects -, the challenges -, and the advantages of implementing RL into the
supply chain of a company.

Central question
How to overcome the challenges of the implementation of reverse logistics, in order to
come to an effective closed loop supply chain?

Sub questions
1. What are the different processes in a closed loop supply chain and why do
companies want to implement this?
2. Which logistic processes in the supply chain are being influenced in which way by
reverse logistics?
3. Which specific logistic processes are crucial for companies in the electrical and
electronic equipment industry implementing RL?
4. What are the improvements and challenges reverse logistics can cause?

Methodology

This thesis will be a literature review on reverse logistics. I have chosen for this because
articles published in the field of RSC and CLSC are common, but not many articles are
specifically focused on RL. The impact of RL on the logistic processes in a company, is an
exciting research field. Therefore, I would like to contribute, with my thesis, to the
existing literature available on this subject. This thesis aims to give insights in the
reasons -, the challenges -, and the advantages of implementing RL into the supply chain
of a company. These insights will be given by analyzing the processes influenced by
implementing RL. Therefore, insights on the effects on logistic processes by
implementing a RL strategy, can be added to current literature. The global search
machine of WUR is used to find literature. Articles are published in different academic
journals. Articles are often published in journals concerning production, supply chain,
operations and management. Keywords that are most used are: reverse logistics, closed
loop supply chain, cleaner production, challenges, opportunities, logistics and waste. I
started to collect literature in the field of closed loop supply chain in order to gain
knowledge in the field. Secondly, I analyzed literature on RL in general and the EEE
industry specifically. After that I analyzed literature on the impacts of RL on companies in
general, and companies in the EEE industry specifically. Concluding I searched for
literature on the general challenges and opportunities when implementing RL.
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1. What is a closed loop supply chain and why do companies want to implement
this?
1.1 Introduction
In a forward supply chain, the customer is typically the end of the supply chain (Daniel et
al, 2003). Closed loop supply chains include traditional forward supply-chain activities
and additional activities of the reverse supply chain (Daniel et al, 2003). Guide et al
(2003), say that those additional activities are: product acquisition to obtain the end-oflife- or end-of-use- products from the end-users, reverse logistics to move the products
from the points of use to a point(s) of disposition, testing, sorting, and disposition to
determine the product’s condition and the most economically attractive re-use option and
refurbishing to enable the most economically attractive possibility of the options.
Different reuse options are: direct re-use, repair, remanufacture, recycle, or disposal,
and remarketing to create and exploit markets for refurbished goods and distribute them.
So, what a closed loop supply chain does is: integrating the RSC into the FSC.
CLSC is a sustainable SC because it is aimed at environmental improvement. ‘Sustainable
supply chain refers to the management of material flows, information and funds, as well
as cooperation between firms along the SC that simultaneously consider the three
dimensions of sustainable development: environmental, social and economic’
(Brandenburg etal.,2014; Meixell and Luoma, 2015; Esk and arpour et al., 2015).

1.2 What are the different parts of the reverse supply chain
In this paper, the focus will be on the RSC, while during the last years the interest for
‘closing the loop’, has gained a lot of interest among companies. In order to be able to
integrate the RSC into the FSC, the products have to be brought to a place where this
can be put in practice. Therefore, this paper will analyse the different steps of moving the
product from the end user to a place where the processes can be performed. These steps
are, product acquisition and reverse logistics. After that the products can be, repaired,
reconditioned, remanufactured, recycled or disposed

Product acquisition
One can argue that, according to extended producer responsibility, the responsibility of
producers is not finished and it is extended to the post consumption stage where they
should be responsible about reuse, recycle and salvage of their EOL-products (Kianpour
et al. 2017). In fact, customers can also decide to bring back their products at other
phases in the product life cycle. Users may return products during the product life cycle,
at end of use and at end of life (Daniel et al., 2003). In order to make it possible to
extend the producer responsibility, all these products have to be picked up. That is where
the RSC process starts. The consumer finished the usage of the product and the product
is now ready to be collected. Then, when the product is at his end of life stage, the
products has to be acquired in order to be distributed to another stage in the closed loop
supply chain. Consumers, in most cases, are the ones who needs to bring the used
products into the RSCM system for reuse, repair and recycling. Therefore, companies
should think of designing attractive ways to collect used products. For example, research
of Kianpour et al (2017), confirms that the way companies or recyclers collect their used
electronic product in terms of suitability and accessibility can influence customers return
behaviour.
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So, product acquisition can be a cooperation between producers and consumers. In other
cases, for example, product acquisition can be a cooperation between consumer and
manufacturer, supplier, distributer and retailer. Product returns are no small part of the
firm–customer exchange process, they currently cost U.S. manufacturers and retailers
approximately $100 billion annually in reverse logistics (Blanchard 2007). Blanchard
(2007), argues that this $100 billion cost, is caused by lost sales, transportation,
handling, processing and disposal. Lost sales for example, occur when there are stock
out-periods for several items (Jaber and Saadany, 2009). So, when companies are not
managing their inventory correctly, there can be stock out-periods. In these stock- out
periods the manufactured or remanufactured products are not in inventory. Reverse
logistic should be managed efficiently in orde to prevent this problem. While, when
products are not brought back from their user, there can be stock out-periods due to too
little stock. Therefore, these items cannot be sold and are named lost sales.
Reverse Logistics
After the product acquisition the product has to be brought to a point of disposition.
Reverse logistics denotes a set of planning, execution and flow-control measures for raw
materials and finished products, with the aim of recovering and recycling those products
or materials (Badenhorst, 2013). A paper of Selitto (2018), shows how 3 different
companies are using reverse logistics. One of those companies, Company B, operates in
the paper and pulp industry in Brazil and South America, producing corrugated packaging
and industrial bags. Typical products are cardboard boxes, cement bags, and food bags
(Selitto, 2018). In this case, Selitto (2018) explains that, in distribution, the main
opportunity is the return of pallets, as required by the ISO 14000 certification. With
computational support, the distributor optimizes the route, including customers and
intermediate storage facilities, according to two rationales. In the first, each time the
vehicle delivers a new load, it takes back the same number of pallets. In the second, the
company collects only after accumulating a given number of pallets. Pallets can return in
perfect conditions, in repairable conditions, or in nonrepairable conditions. Therefore,
Pallets can return to manufacturing immediately, go to an outsourced company for
remanufacturing or go to waste collectors to recycle. By applying this reverse logistics
strategy this company gains in several ways. Logistic cost reduction can cause a 2%-5%,
10 % reduction of virgin material use, less landfills, positive corporate image.
This case explains the core of RL. Reverse logistics (RL) aims at recovering part of the
original value of used goods, producing economic, environmental, and social gains
(Carter and Easton, 2011). In order to recover a part of the original value of used goods,
the products move to a point, from where RL processes can start. In order to bring the
product to this point reverse logistics may comprise the same activities as forward
logistics, such as transportation, inventory and storage (Huscroft et al. 2013:230).
Managing these activities can be a challenge for companies. While, reverse logistics is not
the same as forward logistics because it is more reactive and with less visibility than
normal logistics (Badenhorst, 2013). Normal logistics differs from reverse logistics while
in RL the state of the product and the period used can differ. On the other hand, FL is
more visible because for example the state of the product is known. In the case for
example, company B optimizes the route by two rationales. First of all, ‘each time when
delivering, it takes back the same number of pallets’. By using this rationale, the reverse
logistic process is structured. Companies can now calculate the optimum pick up strategy
according to this rationale. Secondly, ‘the company collects only after accumulating a
given number of pallets’. This rationale brings structure in the reverse logistic process to.
Because now planners know that for example a truck should only go to pick up products
when the accumulated number of pallets is a given number. By introducing these
rationales, the RL is more structured and easy to understand. So, management of the RL
processes is important for companies in order to come to efficient RL processes.
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Repair, recondition, remanufacture, recycle or dispose
When the product is moved to the right place the next process can start. Different
options are now available as stated in figure 3. The products can be repaired,
reconditioned, remanufactured, recycled or disposed. Then when they have fulfilled this,
the products will be reintegrated in the FSC.
First of all, we will elaborate on the repair option. When a product is repaired, the
product is restored to a better condition than it first was. According to Amini et al (2005),
one of the most important service management activities is repair services. Offering
repair services to ones’ customers can cause positive consumer loyalty. Examples of
companies offering significant after sale services include Caterpillar, which has a global
network that supports guaranteed parts delivery; and Dell Computer, which supports its
commanding market share in the PC market by providing customers with rapid repair
services (Cohen and Whang, 1997). Reparation services can be helpful for consumers but
challenging for companies. Reparation services is a challenging process to manage.
According to Blumberg (1999) and Dennis and Kambil (2003), these challenges include
the following:
1. uncertain and inconsistent demand (for repair parts), which can result in low
inventory turns;
2. extensive repair parts inventories, requiring what seems to be an explosive
number of SKUs;
3. customer specific repair processing requirements (depending on the nature of a
customer’s operations);
4. short cycle times (necessity for rapid processing of repairs);
5. the need for coordination (e.g., among multiple parties involved in repair
services);
6. flexible capacity requirements for storage, processing and transportation
activities.
After reparation has taken place the product can be brought back to the consumer or can
be resold on the secondary market. When a product cannot be repaired, there is the
possibility to recondition it. The product will then be reassembled so that it is working in
a good condition again. In the case of reconditioning: All major components that have
failed or that are on the point of failure will be rebuilt or replaced, even where the
customer has not reported or noticed faults in those components (King et al, 2006).
According to King et al (2006), Often such products are sold either directly to low-income
families or indirectly through local government social service providers.
There is also the possibility to remanufacture the product. Then, each unit of a used
product is collected and disassembled into components, where these components are
sorted into subassemblies, which are fed back into the production-remanufacturing
process (Saadany and Jaber, 2011). This comprehensive process of dissembling and
reproduction is intensive but has an advantage. Of all the current ‘secondary market’
(used product) processes, remanufacturing involves the greatest degree of work content
and as a result its products have superior quality and reliability (king et al, 2006). So,
remanufacturing results in a great quality of the product. Furthermore, Lund (1985)
estimates that a remanufactured product only requires 20–25% of the energy used in its
initial formation.
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A product can also be recycled, then the product is disassembled in to different raw
materials. Recycling is a process to convert waste materials into new products. It helps
to reduce the consumption of fresh raw materials, energy usage, air pollution, water
pollution, etc. (Panda et al, 2017). So, recycling results in a better environment. For
example, recycling activity in New York in 1997 reduced energy use by 9%, sulphur
oxide emissions by 12% and saved 2.7 million tons of iron ore from needing to be
extracted to form new materials (NERC, 1999). But still there are reasons why companies
are not yet recycling. ‘Many designers are reluctant to use recycled materials because of
uncertain quality or supply standards’ (Chick and Micklethwaite, 2002). Furthermore,
Recycling” doesn’t just happen on its own, it has to be powered by an energy source
(King et al, 2006). Therefore, one can still argue that recycling is not fully sustainable.
Finally, it is possible the product is disposed as waste. Waste disposal nowadays is not
popular among companies and stakeholders. Waste reduction driven by government
regulations (e.g., packaging or disposal laws) or market intervention (e.g., increased
disposal fees) ideally provides firms with incentives to consider non-landfill waste
disposal solutions (Taylor et al., 2005; Ongondo et al., 2011). Furthermore, Technologies
and experience in waste reuse applications have improved dramatically in the last decade
(e.g., polymer recycling, re-manufactured steel products or safe combustion of plastics)
resulting in greater opportunity for waste reduction by firms (Simpson, 2011). Because of
unpopularity, regulations and new technologies, waste disposal is avoided as much as
possible.

1.3 Why do companies implement a closed loop supply chain?
Companies are more and more implementing CLSC into their companies as stated in the
introduction. This change in behavior of companies is due to some market characteristics
shown the last years. Production companies are much more globally orientated.
While these manufacturing footprints of these firms become more global, the firm hast to
take successively more aspects into account when designing, managing, and improving
the global production and distribution network (Olhager et al., 2015). Because of this
global orientation, companies are gaining very strong market positons. Together with this
position comes a responsibility. Next to this responsibility of dealing with products
globally, take-back policies are changing. People use products in another way than
before. Increased global competition results in a continuously stream of new products
which are better than their predecessor. Therefore, the life-span of products in general
becomes shorter. Companies have to react to these changes. The focus will be on the
globalized chain first. When the globalized chain is explained this paper will elaborate on
another development. Namely, increasing product returns.

Globalized Chain
Organizations nowadays have global orientated supply chains. Products for our everyday
consumption were previously made ‘here’, while they are now made ‘elsewhere’ (Bostrom
et al, 2015). As Bostrom et al (2015) are saying, ‘Globalization is an effect of trade rules
have been liberalized and costs of production have been cut favouring the demand for
inexpensive consumer products’. Because of this demand for inexpensive consumer
products, more and more companies are producing in low-income countries to reduce
costs. Outsourcing activities cause more elaborate and changing supply chains. Now
questions arise regarding the unwanted environmental side-effects of this globalized
production (Bostrom et al, 2015). Developing countries previously attracted little
investment. By 2014 they received 55% of global foreign direct investment flows
(UNCTAD 2015). So, multinationals with high market power are active in more and more
(developing)countries. While production costs are lower in these countries. For example,
Liu (2004) suggests that the production costs difference between US and China could be
from 50 per cent to as much as ten times, depending on where in China the facility is
located.
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Therefore, Organizations are pressured by consumers, non-governmental organisations
(NGOs), other firms and even governments to reframe their conceptions of responsibility
away from a narrow national mind-set and beyond their own organizational borders
(Bostrom et al., 2015). This pressure from different sides combined with a new
consciousness for the environment (Badenhorst, 2013), results in that companies are
acknowledging that the supply chain does not end with the consumer no more. Which
leads to a tendency to implement green supply chain strategies.
Increasing product returns
Furthermore, shortened life cycles and ever more lenient commercial take-back policies
at resellers for customers will increase product returns (Daniel et al., 2003). Industry
observers report that consumer product re-turns are on the rise in recent years, which
cost U.S. manufacturers and retailers of consumer electronics $13.8 billion in 2007 and
$17 billion in 2011, an increase of 21% (D’Innocenzio, 2011; Douthit, 2012; Steger,
2009), and will continue to rise. This extreme increase in product returns during the life
cycle, is one reason for companies to focus more on their RSC. As written in the report of
Shaharuding et al. (2017), the extent of product returns dominates as an integral part to
the overall effort of firms to reduce the amount of waste generated in the reverse flow
chains. This is largely due to the increasing timing, quality, quantity and type of returns
which inevitably push the manufacturers to take action and deal with it in an effective
way (Shaharudin et al, 2017). So, when a company have to deal with increasing product
returns, the company will focus more on their RSC. Product returns may occur for a
variety of reasons over the product life cycle (Guide and Wassenhove, 2009). As written
by Guide and Wassenhove (2009), Commercial returns are products returned to the
reseller by consumers within 30, 60, or 90 days after purchases. These commercial
returns preferably go back to the original market (Krikke et al., 2013). Because the they
are reused and not disposed. ‘End-of-use returns occur when a functional product is
replaced by a technological upgrade’ (Guide and Wassenhove, 2009). ‘End-of life returns
are available when the product becomes technically obsolete or no longer contains any
utility for the current user’ (Guide and Wassenhove, 2009). Accordingly, the increase in
product returns, causes more and more companies to be interested in implementing
CLSC.
The expectation is that the number of returned products will continue to grow during the
next years. Nowadays a returned product is often seen as a lost or sunk cost.
Unfortunately, when companies are not reusing the product returns their business well
most likely be influenced negatively by increasing product returns. It should be clear
that, for consumer electronics alone, there are billions of returned products annually in
the United States (Guide and Wassenhove, 2009).
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2. Which logistic processes in the supply chain are being influenced in which
way by reverse logistics?
Introduction
Reverse logistics activities are limited by the infrastructure of the forward logistics
activities, which can be a limiting factor in optimising reverse logistics (Badenhorst,
2013). Reverse logistics is characterized by for example high degree of uncertainty in
supply, both in terms of quantity and quality of used products returned by customers
(Hung and Wang, 2009). When optimizing reverse logistics, the returned products are
integrated in the forward supply chain (figure 3.) Therefore, the reverse logistic
processes should be integrated in the forward logistic processes.
To determine which logistics processes are influenced by RL this paper will analyze
different processes and see in which manner RL is influencing that process. Logistics can
be defined as the sub-process of the supply chain that deals with planning, handling and
control of the storage of goods between the manufacturing point and the consumption
point (Silva et al., 2005). In order to give a clear overview of the processes influenced by
reverse logistics, this paper focusses on three main logistic processes. These three
logistics processes are: packaging, storage and transportation. Packaging of some sort is
often necessary to get the product from a to b in an efficient way. But packaging is also
sometimes unnecessary and bad for the environment. Therefore, the environmental
impact of packaging waste has been discussed for over 30 years (Wever, 2011). The
paper will emphasize on ways RL can influence the way a product is packaged. Next to
that, storage is a main logistics process which is influenced by RL. RL integrates a take
back policy into the SC. So, when a product does not fulfil the requirements of the
customer or is at end of life (E0L), or end of use (EOU) the product is taken back into the
storage. Therefore, storage is influenced by RL while there is a new flow of products
flowing into the storage. Namely, not only the stream from supplier or manufacturer to
warehouse, but now also from consumer to warehouse. Transport will be analysed to.
The transport flow in a RSC is different from a FSC because there is no fixed end point.
Transport in the FSC has a standard end point such as; the consumer. The flow of goods
back into the company can go to different parts in the chain (see figure 1). For example,
an end of use products can go to the manufacturer, while a commercial return can go
directly to the retailer. Therefore, the characteristics of transportation in a RSC
perspective are different from a FSC. In this chapter, the logistic process will be
explained and then the paper emphasizes on the effect of RSC on this process and in the
end 3PL will be analyzed.

2.1 Packaging
In order to bring the product to the customer the products have to be packed and
transported to the customer. Most products use packaging from the ﬁnal part of the
production until the end-user unpacks them for consumption or usage (Molina-Besch and
Palsson, 2016). The UK produces around 10 million tonnes of packaging waste per
annum, much of which is ultimately disposed of via landfill, but which could be recycled
(Gateway, 2013). Therefore, the last years there is a rising demand for greener solutions
to this. In a RSC packaging goes much further than the traditional end of the package, at
the unpacking phase. So, the package is not thrown away after the arrival, but is used in
some way afterwards. By doing this, packaging originally used for the FSC is integrated
throughout the whole chain.
RTP
One way to use packaging in a greener way, is to make use of returnable transport
packaging (RTP). ‘RTP includes non-disposable, multi-trip packaging mediums (e.g.
pallets, containers, bins, boxes, trays, crates and dollies) used for the transport of
material/components that enable production’ (Selviaridis et al., 2016). So, by using RTP,
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a company is re using the packaging material. Therefore, the package material is used
several times for transporting the good from A to B and is not disposed at the end point.
This re use of packaging leads to the possibility to deliver the product to a place and at
the same time use that package to bring back a product that is in its EOU or EOL phase.
As Glock (2017) explains in his paper, Using RTIs (Returnable transport items, Glocks
definition for RTP) for transporting products along the stages of a supply chain can lead
to many benefits, including reduced packaging material and waste, improved protection
and security of products, more efficient handling and cube utilization, better opportunities
for out- sourcing, pooling and standardization, and lower CO2 emissions across the
lifecycle of the packaging material. In the paper of Glock (2017), three possibilities of
managing RTI’s are explained as shown in figure 4.

Figure 4. Examples of alternative RTI closed-loop supply chains (Glock, 2017).

The simplest case is a scenario where only a single sender and a single recipient interact.
The delivery of filled and the collection of empty RTIs can be organized by the sender (S)
or the recipient (R) or by a third-party carrier (Glock, 2017). This is the case in scenario
a of figure 4. The second option (scenario b) includes two recipients. Next to the
possibility to have direct contact with all the recipients, there is the possibility to dispatch
and/or collect RTI’s in round-trips (Glock, 2017). A third option is to introduce an
intermediary/service provider (I) into the system who is responsible for picking up the
finished product at the sender and for delivering it to the recipients, and who also collects
RTIs at the recipients and stores/pools them if necessary.

Maximize fill rate
In order to provide the possibility to take back packages, companies should consider
different packaging approaches. Companies should maximize the fill rate. Packaging
should add the lowest possible amount of additional weight and volume to the product
during transport but at the same time provide enough protection (Molina-Besch and
Palsson, 2016). As Molina-Besch and Pallsson (2016) discuss in their paper, ‘High fill
rates also reduce energy consumption from stationary logistic facilities (such as
warehouses, distribution centres, ports) because of decreased storage space and
handling’. In the end, by maximizing the fill rate, transport units create more space when
moving. When transport units are delivering their products to customers, more space is
available for items being returned when the space in the transport unit is used efficiently.
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So, when space is used efficiently by maximizing the fill rate, more space is available for
product returns.
2.2 Storage
When companies are implementing a RSC, they should also think about their current
Storage. Because in a FSC the storage is only used to store the good, coming from
suppliers, and then pick up the good to go to the user. In context to that, in RSC the
storage is used for more than only storing the good and then bringing it to the user. In
RSC, the product can also be brought back from the user, then be stored in storage and
then be redelivered to the user. The customer becomes the supplier in this case. While,
the customer at one point decides to bring back the product. Therefore, in a RL
environment, customers of the material or product are usually suppliers of these same
materials and products (Bai and Sarkis, 2013). This customer function duality contributes
to managerial complexity and uncertainty (Bai and Sarkis, 2013). While in this case there
are upstream and downstream suppliers. So, a storage in a RSC system needs to be
much more flexible.
Information technology
Because of the increasing flows of goods in and out of the storage due to the RSC, it is
necessary the storage is flexible. In order to make the storage flexible a lot of
information has to be shared with the storage so that it can account for the flow of
goods. Therefore, one solution is given by Badenhorst (2013): namely by investing in
wireless technology for the reverse logistics process, such as radio frequency
identification (RFID), an organisation can handle its reverse flow more cost-effectively.
As the name implies, RFID transmits information through radio waves between RFID tags
(or transponders) and readers (interrogators) (Hunt et al., 2007). Each tag consists of
unique identification information about the item to which it is attached, e.g. item ID, date
of production, shipping detail, expiry date, etc. depending on the intended uses (Lim et
al., 2013). As a result of RFID, the warehouse is fully mapped, and all information
needed is present.
Using RFID in warehouses has many advantages. RFID helps to reduce manual labour,
material handling and allows better exception management (Lim et al., 2013). Next to
the traditional flow of products, the warehouse should be able to cope with the
management of returned products. Information technology such as RFID, makes the
management of returned products much easier. Lim et al., (2013), sums up some
benefits of RFID; unique identification of each tagged item and status monitoring,
improved stock visibility and traceability at any stage in the supply chain. These benefits,
are usefull when managing returned products. These returned products return at a
unknown time and in an unknown state. So when companies can use this information
technology to manage these exceptions better by unique identification, status
monitoring, stock visibility and traceability in the chain, the process of managing the
warehouse is simplified. Companies in this case know already when the returned product
will arrive and what the status is. Next to that, the information of the normal products is
known. By being aware of the information of both the forward- and backward flow of
products, the whole storage process can be managed efficiently. Therefore, ‘Increased
data accuracy due to RFID’ (Lim et al.,2013), makes it easier to implement a CLSC
because unique information is available. So, when the storage knows which products are
where at any moment, it can develop the best fit to take up the incoming product.
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2.3 Transportation
In a FSC the role of transportation is to bring product A to B. When RSC and FSC are
combined, the role of transport in the SC changes drastically. Because now the product is
transported forward, so up in the supply chain, but also after that back in the supply
chain. This change, results in a demand for more flexible transportation. Therefore,
Network design for a logistical system, to determine the physical locations of different
facilities, is considered as one of the most important strategic decisions due to the longterm and significant influences on the profitability, responsiveness, robust- ness, and
environmental impacts of a supply chain (Yu and Solvang, 2016). Therefore, designing
an efficient transportation network is key in order to have an effective reverse logistics
strategy. For example, waste goods are transported from several collection locations to
waste treatment facilities, as a ‘centralized’ form of transport (Yoon and Le, 2013). As a
result of that, Transportation costs in the reverse logistics industry are said to be
relatively high compared to forward logistics (Yoon and Le, 2013). This relatively high
costs of reverse logistics are bad for the environment. As said by Alker and Ravetz
(2006), the lack of efficient reverse logistics, such as integrated waste collection and
intermodal transport systems, is a major barrier to the promotion of waste recycling in
Japan. Since waste goods have very low or negative marginal values, logistics costs can
often be the crucial factor in determining whether waste goods enter the disposal stream
or the reprocessing stream for recycling. So, when reverse logistics costs are high,
products are likely to be disposed instead of being recycled. Furthermore, in the paper of
Yoon and Le (2013) they describe the special characteristics of reverse logistics for waste
items on transportation distance, transportation mode, transportation load, and time
constraint on delivery are examined. Yoon and Le (2013), analyse the characteristics of
waste transportation in Japan by using survey data from the ninth National Cargo Net
Flow data (logistics census) conducted by the MLIT, Japan in 2010. This results in the
following main characteristics of transportation in the RSC founded by Yoon and Le
(2013).
-

-

-

Short- and medium-distance transportation
o Only 3% of the total transportation amount in reverse logistics is
transported over 300 km, while in forward logistics, 12% of the total is
transported over 300 km
o This indicates that waste items are mainly (97%) transported for short
and medium distances. Which are distances within 300km.
Small transport load
o Most reverse logistics items are transported in small loads
o Transport loads of most waste items, such as plastics, sludge, home
appliances, glass bottles, etc., are less than half of the average
transport load of the raw material items
Rarely time sensitive
o For the purpose of inventory reduction and high-quality service, efforts
have been made for just-in-time delivery in forward logistics, but time
constraints for delivery is seldom required in reverse logistics

In our case, companies prefer flexible transport. While, the end station of RSC is not as
clear as FSC. Because when the product is waste for example it needs to be recycled but
when it is broken and needs to be repaired it only has to be repaired. And therefore, the
product has to be transported to another point in the chain. Next to that Yoon and Le
(2013) come to the following conclusions about transport in the RSC: a much higher
amount of transport in the RSC is done over short- and medium-distances then in the
FSC. Most RL items are transported in small loads and RSC is rarely time sensitive. So,
reverse logistics could be said to be regional and comprised small business operators that
transport small load (Yoon and Le, 2013). Due to the small scale of these business
operators, it is difficult for them to integrate and manage the whole process of operations
in the recycling process and achieve operational optimization and cost reduction (Yoon
and Le, 2013).
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Third-party Logistics
For some companies, it is not achievable to integrate reverse logistics processes into the
company. Organizations often find it too expensive to integrate RL. Therefore,
Organizations who find the costs of reverse logistics too much of a challenge, can make
use of third party logistics (3PL) providers (Badenhorst, 2013). According to Lieb (1992,
p. 29), 3PL involves ‘‘the use of external companies to perform logistics functions that
have traditionally been performed within an organization. By making use of 3PL,
companies can focus completely on their core activities and leave the logistics to their
3PL partner. However, logistics outsourcing involves numerous risks, such as lack of
control over 3PL providers, loss of critical information or increased potential for
misunderstanding (Huo and Zhao, 2015). Therefore, trust and contracts (see chapter
4.1) are important when companies are considering 3PL.
Concluding
To conclude, Packaging, Storage and Transportations are influenced in different ways by
RSC. For Packaging, companies can use RTP in order to minimize waste and maximize
the fill rate so that there can be an efficient transport flow. Managing RTP is important
and different options are available. RTP’s are suitable for RSC. Bringing back the products
asks for suitable packaging. RTP’s are secure, efficient and good for the environment.
Therefore, bringing the product to the customer in RTP, causes more efficient product
return later on. Maximizing the fill rate has three major advantages. First, by maximizing
the fill rates logistics can be performed more efficient and therefore, save money and
save the environment. Next to general advantages, maximizing the fill rate is important
in order to deal with the reverse flow of products efficiently. Efficient packaging, by
minimizing volume and package material, causes more efficient transportation. More
packages can be put in the transport unit. Therefore, returned products can be brought
back more efficiently.
Second, it is preferable for storage facilities to implement a high degree of information
technology. By doing that, companies can be efficient enough to manage the reverse
flow of goods in a good way. A way to do that, is implementing RFID. When companies
implement advanced information technology they can manage all the stream of products
more efficiently. On the one hand they have insights in their normal warehouse activities.
So, they know when the products arrive from the supplier, where it is kept and when it
will leave the warehouse. On the other hand, they have information on their returned
products. They know when the product will arrive at the warehouse and in which state.
Combining this information, makes the warehouse more manageable.
Third, Transportation is influenced by RSC through a high amount of Short- and mediumdistance transportation, a Small transport load and that RSC transport is Rarely time
sensitive. Companies can also come to the conclusion that they do not want to
implement RL in to their company themselves. In this case companies can consider
making use of 3PL providers.
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3. Which specific logistic processes are crucial for companies in the electrical
and electronic equipment industry, implementing reverse logistics?
Introduction
The global population is growing like is has never done before. Human population growth
is linked to increased use of energy resources, land for growing food and for living, and
waste by-products (Kianpour et al. 2017). According to Kianpour et al. (2017), these
waste by products can be wasted, disposed of, decomposed or be recycled. The growth of
waste by-products in an important factor to focus on because this waste is increasing.
One of the sectors in which consumers cause a lot of waste by-products is the electrical
and electronic equipment (EEE) industry.

Figure 5: PC Sales in Million Units (1996 – 2015) (Companies’ reports; DECISION)

In Figure 5, the PC sales in Million Units in the world are shown. From 140 million units in
2000, the PC world market reached 218 million units in 2005 and 365 million units in
2011. As one can see in the figure, both lines are increasing. So, the PC sales are
increasing but also the EEE industry in general is gaining more market share as ever
before. Other examples of EEE products are televisions (TV), washing machines (WM), air
conditioners (AC), and refrigerators (RE) (Gu et al., 2016).
As a result of this, the waste from electrical and electronic equipment (WEEE) is growing
faster than ever before. According to the latest estimates, almost 40 million tons of WEEE
are generated annually worldwide (Veit and Bernardes, 2015). So, due to the increasing
demand for EEE the WEEE is growing fast. This paper will emphasize on the main
characteristics of closed loop strategies in the electrical and electronic equipment
industry. This will be done by first look at the characteristics of the market as a whole.
And then elaborate on the impact of the EEE market on RL.
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3.1 The characteristics of the electrical and electronic equipment industry
As written down by the European commission: Electrical and Electronic Engineering
industries (EEI) include electrical devices, radio equipment and telecommunications
industries. Examples are mobile phones, the mobile network infrastructure, tv sets,
power supply units, wireless routers, maritime radars, sensors, and much more. This
industry is growing and will continue to grow the coming years. The EEE industry is
dominated by large companies. These large companies want to make as much profit as
possible. The corporate search for higher profits has been enhanced by efficient
transportation and communications technologies, neoliberal trade policies and
international financial services, as well as access to immigrants and surplus labour (Chan
et al., 2013). So, companies are not limited to produce in one country or the country in
which they sell the products, in contrary to that companies have the possibility to
produce in country where labour is cheap.

Production
As a result of this possibility for global outsourcing, many companies are outsourcing
their production activities to lower income countries. The microelectronics components of
IBM System 360 computers were assembled by workers in Japan and then Taiwan
because ‘the cost of labour there was so low’ that it was cheaper than automated
production in New York (Ernst, 1997: 40). Next to IBM, many companies shifted their
manufacturing or assembly plants to Taiwan, South Korea, Singapore and Hong Kong
(‘the Asian Tigers’) and later Malaysia, Thailand, Indonesia and India (Chan et al., 2013).
For example, Apple is working with partner Foxconn to produces apple IPhone.
Particularly notable is that labor costs in China account for the smallest share, only 1.8
percent or nearly US$10, of the US$549 retail price of the iPhone (Chan et al. 2013).
Figure 5, where global manufacturing CEOs were asked to rate six focus nations – the
United States, Germany, Japan, South Korea, China, and India on six of the 12 drivers of
competitiveness, shows that the Asian countries are by far the most competitive on the
cost competitiveness aspect.

Figure 6: Deloitte Touche Tohmatsu Limited and US Council on Competitiveness, 2016 Global Manufacturing
Competitiveness Index

In order for production companies to make as much profit as possible, efficiency is key.
Mass customization, customizing product to individual customers and producing those
with principles of mass production, is used in the electronics industry to meet the needs
of individual customers (Partanen and Haapasalo, 2004). According to Partanen and
Haapasalo (2004), The fundamental idea behind mass customization and modularization
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is that the order penetration point is delayed as late as possible. By delaying the order
penetration point as late as possible, the product can go through the standardized
production process as all products. Then, when the product is produced and is almost
finished the final assembly takes place. Therefore, the lead time for customer is short.
Lead-time for customer order is only the customization lead-time, which may only be
final assembly and packing phases of product manufacturing (Partanen and Haapasalo,
2004).

Life-span and Waste
The EEE industry is gaining more market share as ever before. So, even more EEE is
bought by consumers all over the world. Next to that, Large retailers, such as Home
Depot, can have return rates of 10% of sales, or higher, because of liberal returns
policies (Guide and van Wassenhove, 2009). Product returns can be classified as end-ofuse returns or end-of-life returns. In addition to liberal returns policies, EEE products
have a short life cycle. For example, Personal computer manufacturers have short lifecycle products that can lose 1% of their value per week and have high return rates
(Guide et al. 2006). Furthermore, in the United States, 80% of mobile phone users
upgrade their perfectly functional mobile phones annually, making their previous models
available as an end-of-use return (Guide and van Wassenhove, 2009). People like to
upgrade their phone for a new one for different reasons. There is an increasing demand
for higher processing capacity of new applications and software and existing phones
gradually slow down and loose performance (Wieser and Tröger, 2017). Furthermore, the
close connection between the phone and the human body, being constantly and visibly
carried around, made the phone an object of fashion (e.g. Fortunati, 2005; Katz and
Sugiyama, 2006). Due to these reasons, WEEE and waste of phones in general is growing
and companies should feel responsible for this stream. When phones are end of use they
are returned. These end-of-use returns are not technologically obsolete. Ideally, one
would like to acquire end-of-use products of sufficient quality to enable profitable
remanufacturing (Guide and van Wassenhove, 2009). Concluding, Liberal returns policies
and short life cycles result in high return rates.
Together with the growth of the market for EEE products, the WEEE is also growing as
explained in the introduction. Because of this increase in waste, Governmental agencies
and environmental protection organizations have started emphasizing the need for
proper collection and disposal of discarded waste, especially electronic and electrical
devices that contain chemical hazards and toxic substances (Sabbaghi et al. 2016).
Therefore, to control the flow of WEEE, various provisions have been legislated for all
stakeholder groups (Sabbaghi et al. 2016). Previous legislation has mainly focused on
urging Original Equipment Manufacturers (OEMs) to take responsibility for managing the
return stream of their EoU/L products (Lifset et al., 2013). Recently, a few legislative
laws have been enacted to prevent consumers from throwing EoU/L items away or simply
putting them in the trash (Bhatti, 2010). So, the WEEE is controlled by legislation and
therefore companies and consumers are pushed towards a greener way of dealing with
their WEEE.
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Concluding
It can be concluded that, the EEE market is growing. Therefore, companies are searching
for cost efficient ways to produce their products and therefore their production and
manufacturing plants will be moved to lower income countries, mainly in China. Next to
that, consumers use their EEE products for a shorter time. Therefore, these products can
be re-used but in order to do that the products have to be reintroduced in the market as
quickly as possible. This reintroduction is often not happening because a lot of used EEE
products are wasted.

3.2 The influence on the reverse logistics in these companies
Introduction
After analyzing the EEE market and the ways of dealing with WEEE, the influence on the
corporate strategy in a RL perspective on how to deal with this industry will be discussed.
In the previous part of this chapter the paper discussed the characteristics of the EEE and
WEEE market. So, by using this knowledge, this part will analyze the crucial logistics
processes when implementing a RL strategy in the EEE market on the. The analysis will
be done by using the main RL processes discussed in chapter 2 (see figure 7).
Process

Packaging

Explanation
> Returnable Transport
Packaging (RTP) is used in
order to reduce waste and
packaging is re used.
> Maximize the fill rate to
achieve maximum usage of
the transport unit.

Storage

Transportation

> Information technology to
develop the best fit for each
product.
> Third - party logistics (3PL)
to reduce costs and enhance
effectivity

Figure 7.

Packaging
The packaging of EEE products does not differ a lot from other industries. Nevertheless,
there are some specific characteristics. First of all, one packaging EEE products should
consider the increased product returns (Guide et al. 2003). For example, A report by the
Australian Bureau of Statistics (ABS) shows e-waste is growing three times faster than
regular waste (Rahman and Subramanian, 2012). So WEE being a growing waste stream
all over the world is striking. Because of this high amount of product returns, the
package is this case is important. In order to cope with the new regulation for WEEE the
packages should be able to be recycled or when the product is returned, the product
should fit in the package again. For example, Xerox’s environmental strategic goal is to
become a waste free company (Maslennikova and Foley, 2000). Therefore, Xerox has
implemented different packaging strategies to minimalize waste. Xeros replaced 25 pallet
styles with two standard reusable Euro-pallets; it introduced eight standard reusable
boxes, modular to the two pallets, to replace 8,000 sent by suppliers; it established
packaging-reuse centers in the UK, the Netherlands, and the US; it began using barcoded
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labels to improve material tracking; and it reduced the amount of internal packaging to
minimize waste. It saved $4 million per year through the reuse of packaging by suppliers
and just-in- time delivery (Maslennikova and Foley, 2000). So, Xerox’s shows that using
responsible packaging can help reducing waste and saving money.
Storage
Because the cost of labour in countries like Japan and Taiwan are so low (Ernst, 1997)
companies are outsourcing there manufacturing and productions plants. Next to that,
return rates of EEE are high. Therefore, in the EEE industry it is crucial for companies to
implement a state of the art information system in order to manage all the information
and physical flows. Furthermore, as stated before WEEE consists of hazardous and
valuable components. So, dismantling of the WEEE is important. Existing practice in the
recycling of WEEE places selective disassembly as a vital and integral element of the
process, giving priority to the reuse of components and the dismantling of hazardous
components (Dalrymple et al., 2007). When the WEEE is dismantled and on the one hand
there are hazardous components and on the other hand there are valuable components,
storage is important. Televisions for example are made with the cathode ray tube (CRT).
CRT’s provide the viewing portion of most existing television monitors and contain
significant quantities of hazardous materials, primarily lead (Halluite et al., 2005). On the
other hand, lead is very hazardous but useful for, for example automotive batteries
(Halluite et al., 2005). Therefore, according to Halluite et al (2005), much of the lead
currently in use has already been reclaimed from secondary sources. So, companies who
are tacking back CRT’s should consider different aspects, when storing CRT’s. CRT’s have
to be dissembled, and toxic materials should be stored and dissembled in a way it cannot
pollute.

Transportation
As described in the paper by Yoon and Le (2013), costs of RL industry are relatively high
compared to forward logistics. Furthermore, EEE companies are using manufactures all
over the world. Transportation of EEE products is a globalized business. Transportation is
a complex domain with many players and many decision levels (Cochran and
Ramanujam, 2006). The supplier can for example be in China while the manufacturer is
placed in Poland. Now when products are returned it can be that one product needs to be
remanufactured while the other should be recycled. Therefore, managing the WEEE in
terms of transportation is globalized. Furthermore, WEEE are coupled with ADR rules (the
European Agreement concerning the international carriage of Dangerous goods by Road),
regulating the transport of hazardous materials (Gamberini et al., 2009). So,
transportation of WEEE has to be performed by a transporter who transports according to
the ADR rules. Because each type of WEEE has different rules. There are for example two
types of WEEE which include toxic devices (such as Cathode Ray Tubes – CRT) and
hazardous substances (such as Chlorofluorocarbons – CFC) (Gamberini et al., 2009). For
these types of WEEE there are also different transportation rules according to EU
directives. Gamberini’s article tells us that, CCDs and RDs cannot be jointly handled:
their streams must be always traceable and kept separate in order to avoid any kind of
contamination. Therefore, transportation in the EEE sector can be challenging.
Companies can invest in their own transport activities or use a 3PL provide to cope with
the challenges of transportation in this sector.
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Concluding
It can be concluded that, the EEE industry is an important sector in terms of reverse
logistics. The EEE sector is a sector with a lot of physical flows of products. These forward
and backward flows of products keep growing. More and more is legalized in terms of
dealing with WEEE. Next to the legalization, WEE consists of hazardous- and valuable
components. So, companies acting in the EEE industry are aware that they need to cope
with their WEE in an efficient way. They can reuse many valuable products which is
profitable and on the other hand they are held responsible for dealing with the hazardous
waste. So, for companies in the EEE industry it is essential to manage these backward
flows. Companies can manage that process efficiently by focusing on the three main
logistic processes of packaging, storing and transporting which are analyzed in this
chapter.
Packaging of EEE differs from other industries. In this industry it is essential to use
reusable packaging. The EEE market is growing and with that the WEEE. Therefore, the
influence of packaging on the environment is enormous. When packaging EEE, companies
should already think of the WEEE from this material so that the same package can be
used to return the WEEE. When designing the package, companies should also focus on
the possible hazardous- and valuable components in the product. In terms of storage,
EEE companies should have comprehensive information systems to cope with all the
information. Due to outsourcing of several activities such as manufacturing or production
the supply chain of EEE products is relatively extended. Next to that, return rates of EEE
products are high and WEEE comes in different in different states of being. WEEE can be
reusable, can include toxic materials or can include valuable components which should to
be reused. These different forms of WEEE should be stored accordingly. Hazardous
materials for example should be stored safe, so that it cannot pollute. Therefore,
information systems are necessary in order to manage the return flows efficiently.
Transportation of EEE is a globalized business. Different parts in the supply chain are
often outsourced to other countries. Production and manufacturing can be done in
different places. Therefore, transporting EEE and WEEE is an elaborated process.
Products are returned in different states and require different follow up steps.
Furthermore, WEEE can consist of hazardous components. In order to transport WEEE in
a safe manner, transporters are obliged to transport according the ADR rules. While
transporting WEEE is an elaborated process which often includes different countries, and
consists of valuable and toxic components, companies can choose to contract an 3PL
provider.
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4. What are the challenges and improvements reverse logistics can cause for a
company?
Introduction
In this chapter, the paper will discuss the challenges and improvements caused by
implementing reverse logistics. These challenges are divided in two main challenges,
namely: contracts and costs. As explained in different chapters, reverse logistics causes
an elaborated supply chain. Moreover, supply chain systems, including reverse supply
chains, are widely acknowledged to fail to be optimal by themselves under a
decentralized mode of operations (i.e., it is not coordinated) (Guo et al, 2017).
Therefore, when companies are using RSC they should think very carefully about the
mode of operations. In the paper of Guo et al. (2017), they argue that in the literature, it
is well advocated that supply chain contracts can help dampen the inefficiency problem
(such as double marginalization) and achieve coordination. Next to the inefficiency
problem, one of the biggest pressures that organisations have to face with regard to
reverse logistics is reducing costs (Pollock, 2010). The analyses will be done by first
explaining the current situation and then explaining the problems of this situation.
After that this chapter will focus on the improvements RL can cause. Companies are
implementing RL into their company for a reason. In recent years, owing to the
significance and popularity of environmental sustainability, a lot of studies have been
conducted in the field of reverse logistics (Guo et al, 2016). One of the two
improvements RL can cause for a company is simple. It can make the company more
sustainable. It makes companies greener due to RL much used products and commercial
returns are collected instead of being disposed by the users. As a result of that the waste
of products is decreasing because companies are reusing it. Next to the ‘green’
improvements, RL can also improve the operations in the company. Research of Cannella
et al (2016) show that all factors present a significant impact on bullwhip and inventory
stability. So RL can have a positive impact on the inventory stability and bullwhip.

4.1 Contracts
For the different parts of the supply chain, mainly the retailer and the manufacturer, it is
important to formalize working terms in a contract. In a contract all the links, the
connection and relationship between any adjacent supply chain members (Guo et al.
2017), in the supply chain are cooperating. In this paper, two sorts of contracts will be
distinguished, the single contract and the hybrid contract. A hybrid contract is one which
combine traditional single contracts together (Guo et al. 2017). These contracts are
necessary in order to cope with the complexity of the supply chain. For example,
common problems in designing sustainable supply chain governance are, information –
and knowledge gaps and communication gaps (Boström et al. 2015). Information and
knowledge gaps are developed due to the following. New geographical distances created
by outsourcing solutions create new needs: reliable, comprehensive, verified, and
credible information about sustainability impacts of products and production processes in
the different links in the chain (Guo et al. 2017). Getting such information is often
difficult (Guo et al. 2017). Next to Information- and knowledge gaps, communication
gaps often occur. As the research of Guo et al (2017) shows, Communication gaps are
discussed or implied in several articles and follow as a consequence from other gaps
Kim (2001:1) discussed that comparing RSC to FSC, managing the reverse supply chain
is an entirely different process; where credit returns, warranty replacements, exchanges,
repairs and end of leases occur. Therefore, it is important for managers to pay attention
to the contracts relating to RL. Companies using only traditional supply chain structures
can use other contracts than companies using RSC structures. While, the supply chain of
a RSC had more links then a company without a RSC. In order to see the differences
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between the challenges and improvements of the single- and hybrid contract, both will be
analysed.
Single Contract
The single link contract is a contract that is only a contract between two links, for
example between manufacturer (M) and retailer (R). It is also possible to have a single
link contract between manufacturer (M) and third part collector (T) (Guo et al, 2017). But
Guo et al. argues that, supply chain coordination in reverse logistics may not be
achievable by a single simple contract. Hong and Yeh (2012) elaborate on single
contracts in their article. Subcontracting with a third-party firm such as a transportation
service provider or a non-profit organization to operate recycling programs is common
industry practice (Hong and Yeh, 2012). As one can read in the previous chapter the
reverse stream of WEEE can be challenging for companies. For example, Dell Corporation
subcontracts to third-party firms for collecting used computer equipment and delivering it
to Dell’s obsolete products processing centre (Dell, 2008b). In this case, Dell has a single
link contract with third party collectors.
Hybrid Contract
While contracts may not be achievable by a single simple contact as written down by Guo
et al. (2017), hybrid contracts can be used. This part will elaborate on the hybrid contact
instead of the single link contract. A hybrid contract is a contract which combines
multiple traditional single contracts together (Guo et al, 2017). Hybrid contracts consists
of more links then single contracts. A well-known example of a hybrid contract used in
reverse logistics is the following. A contract which includes, the retailer (R), the
manufacturer (M) and the third-party collector (T), (R + M + T) (Guo et al., 2017).
These hybrid contracts can be used for different reasons. One reason is to improve the
supply chain performance by properly designing the contracts to share risk and rewards
(Kanda and Deshmuk, 2009). For example, in the paper of Kanda and Deshmuk (2009),
a hybrid contract is assumed, where they assume that the retailer can return all the
leftovers back to the distributor and the distributor will further return those items back to
the manufacturer. In this case the single link contracts of the retailer, the distributor and
the manufacturer, are combined. Combining these contracts, creates the possibility to
share risk and rewards. Furthermore, Components like the unit wholesale price, partial
refund value for each unsold unit, and rebate value for each unit sold beyond the target
sales level, are considered under this contract (Guo et al, 2017).

26

4.2 Costs
Reverse logistics activities lead to additional costs in the supply chain (John et al., 2018).
RL leads to additional costs because companies main concern is to bring their products to
the customer, not acquiring and bringing the product back. Therefore, the collection
channels of reverse logistics are usually based on the existing forward logistics
distribution channels (Chan et al., 2010). So, the existing forward infrastructure is
designed for the FSC while managers try to integrate the RSC into the FSC. This causes
challenges while the forward infrastructure is not designed for the purpose of integrating
RSC into it. In other words, reverse logistics activities are limited by the infrastructure of
the forward logistics activities and, hence, may not be optimised (Chan et al., 2010). This
can lead to additional costs because RL is not optimized.
Next to that, even though the returned products may have an economic potential, the
demand for these products and the total revenue that could be generated may be less
when compared to the forward supply chain (John et al., 2018). Therefore, costs are a
main challenge for companies in order to implement RL into their company. It is said by
Badenhorst (2013), that the increase in costs for processing returns is an astounding
200% – 300%, in comparison with a forward sale. This enormous increase in costs of RL
in contrast to FSC is a result of the following barriers. Abdulrahman et al. (2014), defines
four categories of barriers for implementing RL in the Chinese industry. Those four
categories are: Management barriers, Financial Barriers, Policy Barriers and
Infrastructure Barriers.
In this chapter we are focussing on the challenges implementing reverse logistics causes
for companies. Policy barriers are of importance for companies while they need to act
accordingly when implementing reverse logistic. However, this policy differs in each
industry and country and is something that companies just have to follow. Therefore, this
part will focus on the Financial barriers. Implementing RL requires an adequate
management and infrastructure in order to be efficient and save costs. Therefore, the
management- and infrastructure barriers are key when solving the barrier of high costs
for companies implementing RL.
Corporate managers view forward supply chains as important, pay attention to them, and
create supporting services to make these processes fluid and effective from end to end
(Guide et al. 2003). In contrast to the Forward Supply Chain, the reverse supply chain is
often not seen as important by managers. Managers do not actively manage the process
of acquiring returns; hence, returns are uncertain in quality, quantity, and timing, and
the companies do not align the corresponding remanufacturing costs and selling
opportunities (Guide et al. 2003). So RL is not integrated throughout the company
because managers are not managing the processes effectively. So, by concentrating on
the technical aspects of remanufacturing, passively accepting returns, and spending little
effort in developing sales channels for the remanufactured products, they will not make
reverse supply chains effective, let alone profitable. A lack of RL infrastructure will
impede a company’s ability to quickly and efficiently deal with returns and/or recalls and
any effort at handling returns will be a financial burden with the costs exceeding the
benefits (Jack et al., 2010). In order to deal quickly and efficiently with returns a
company should have an infrastructure which enables, the RSC to integrate in the FSC
without the RSC being limited.
Companies can choose to invest in their infrastructure. But that is often a barrier because
while the financial barrier, is one of the critical barriers for firms which expect to realize
immediate benefits (Abdulrahman et al., 2014). Benefits from these investments will
come in terms of the efficiency of taking back products but are not likely to come
immediate.
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4.3 Operational improvements
RL can cause processes in a company to be more efficient. As described in chapter 3,
more and more product returns are happening. For example, for consumer electronics
alone, there are billions of returned products annually in the United States, and therefore
enormous potential for value recovery (Guide and van Wassenhove, 2009). More product
returns can be a challenge for companies. On the one hand, bringing products back
results in increasing complexity and fragmentation of the chain which prevents
communication (Boström, 2015). Communication between the links in the supply chain
can be difficult as described in previous chapters.
But on the other hand, when companies manage their product returns is in an efficient
way, products returns are valuable in terms of information gathering. By tacking back
return products, companies collect lots of information about preferences of their
customers. Because now managers know for example return numbers and usage periods.
This information is valuable because companies can now better predict their product
returns. Companies can do that by: modelling three major influential factors (i.e., sales,
life expectancy, and customer return behavior) and their combinatory formulation in a
forecasting method (Liang et al., 2014). Liang et al. (2014), use the influential factors to
forecast the long-term trend of both quantity and quality of product returns, or the
supply of a remanufacturing system. By using the current product returns as an
information source, companies can predict future product returns. Therefore, by
integrating reverse logistics into the company, companies collect more information on
their customers. Managers can use that information, to predict future product returns.
In research conducted by Cannela et al (2016), the influence of 4 factors on the
performance of the SC is analyzed. The 4 factors used are: the return rate,
remanufacturing lead-time, number of echelons and information transparency. This
research by Cannela et al (2016) brings us interesting findings. First of all, Higher
percentage of recollected items causes SC performance to improve. And, when shifting
from a SC with a low level of information transparency to a SC whose information on
recollected products is shared, the experiments show that bullwhip and inventory
variability are strongly dampened. The inventory variance (or variability) determines the
stock levels required to meet a given target customer service level. The higher the
variance of inventory levels, the more stock will be needed to maintain customer service
at the target level (Dejonckheere et al. 2002). So, higher inventory variability causes
supply chain performance to be worse while more stock is needed in order to keep the
right service level. The bullwhip effect relates to the order we place to maintain the
inventory levels (Zhou and Disney, 2006).
First of all, the research of Cannela et al (2016) shows that, the return flow positively
impacts performance of the SC. The return rate is the percentage of products sold to the
market, still renewable and collected in order to be recycled to become almost “as good
as new’’ (Cannela et al., 2016). So, when more renewable products are collected by
companies the supply chain performance will be better. In fact, when shifting from the
traditional SC (return rate is 0%) to the CLSC configurations (return rate 40% and 70%)
with return rate being the percentage of recollected items, the manufacturer experiences
a considerable reduction both in bullwhip and inventory instability (Cannela et al, 2016).
A higher return rate positively impacts the inventory stability because managers have
more information about their inventory and demand. Next to that, returned products can
become ‘as good as new’, and can be sold again. When companies are aware of their
products returns they can order new products more precisely, while they take in account
the returned products. So, while new orders can be placed more precisely when taking
back products, the bullwhip effects is dampened.
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Therefore, the return flow, if supported and managed with ad-hoc order polices,
increases the stability of the member’s orders and reduces the bull whip effect (Cannela
et al., 2016). For this reasons recollection of items causes SC performance to improve.
As a result of that, Cannela et al (2016) says that, managers have to promote reverse
logistics not just in the name of the sustainability- orientation of their firm, but also
because returns flow improve the dynamics of the SC.
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4.4 Sustainable improvements
As already discussed in other chapters and the introduction reverse logistics will have a
positive influence on greening the company. One of the main duties of CLSC and thus RL,
is to collect the returned products. Companies implementing a RL strategy help to reduce
waste. Because when collecting products, these products are not wasted.
As research of Bhatti (2010) shows, there are already a few laws enacted to prevent
consumers from throwing EoU/L items away or simply putting them in the trash. For
example, in Brazil the Brazilian Solid Waste National Policy (Ministry of the Environment
2010) enforced the implementation of e-waste reverse logistics under the shared
responsibility of electrical and electrical and electronic equip- ment producers, importers,
distributors, and sellers (direct chain), with the broader responsibilities of governments
and other actors (Souza et al. 2015). While, waste especially in the EEE industry, is
increasing tremendously as discussed in chapter 3. For example, Brasil produced 1.4
million tons of e-waste in 2012 (Azevedo et al., 2017). Therefore, governments are
enacting laws to improve responsibility across the supply chain. When companies are
collecting used goods, these goods can be reintroduced in the FSC process as stated in
figure 3. Furthermore, Govindan and Soleimani (2017) describe that there are several
strategic motivations driving managers to greener supply chain management, such as
positive corporate image, increased efficiency and innovation leadership (Testa and
Iraldo, 2010).
Concluding.
Thus, the two main challenges for a company when implementing RL are; first, more
elaborated contracts because of more links in the supply chain and higher costs. It can
be advised that, companies should use hybrid contracts in order to combine links. While,
in CLSC’s there are many links in the supply chain. By combining the right links in the
supply chain companies can design an efficient way of doing reverse logistics by
performing different activities with different links in the supply chain. Second, companies
are often sceptical for implementing RL because of high costs. In order to overcome this
challenge managers should not take a silo approach on RL. Managers have to integrate
the different steps in the RL into the company. When managers integrate the RL in the
already existing parts of the supply chain cost will be reduced and companies will be
flexible.
The two most important improvements RL can cause for a company are operational
improvements and sustainable improvements. The bullwhip an inventory instability will
decrease by recollecting more items. While, when companies recollect items they can
predict future returns better, can place orders more exact which causes a better
performing supply chain. Even more, recollecting items is better for the environment.
Because recollected items are not disposed as waste but are reused. Recollecting
products can also be good for the company image.
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Conclusion
The objective of this study was to gain insights on how to overcome the challenges of
implanting RL to come to an effective closed loop supply chain. These insights are given
by giving an overview of the reasons -, the effects -, the challenges -, and the
advantages of implementing RL into the supply chain of a company. First of all, some
background information is given on CLSC.
Interest in CLSC is caused by climate change and increasing waste. Because of climate
change and global warming people and companies are more interested in green business
solutions. Therefore, CLSC is gaining interest by companies in several industries. The
paper started by explaining what a CLSC is and then what RL is. As stated before,
companies nowadays prefer a green image and need to cope with the demand of the
current market situation. Market segments are changing, products have shorter life
cycles and production and manufacturing sights are often outsourced overseas. Because
of this globalized chain, companies are forced by different stakeholders to think beyond
their own country in terms of environmental side-effects. Next to that, companies have
to deal with increasing product returns. These product returns were often seen as sunk
costs, but companies nowadays should think of ways to recover value of those products.
Thus, it can be suggested, reasons enough to implement a CLSC in to a company.
However, in order to integrate RL in an efficient way, logistic processes are influenced.
Firms should change their way of packaging, storage and transportation in general. When
packaging products, firms can think of using RTP in order to reuse the packaging. Firms
should also think about maximizing their fill rates by adding the lowest amount of
additional weight and volume when packaging their products. In terms of storage,
companies can think of advanced information technology such as RFID to optimize the
efficiency in storage. Transportation in the RSC should be flexible. Furthermore, most
RSC transportation is done over short- and medium-distances. When it is not achievable
for a company to integrate RL into their current chain they can consider third-party
logistics. An industry well suitable for RL is the EEE industry. The EEE industry is growing
and with that the WEEE is growing. Therefore, the EEE industry is analysed specifically in
this paper. EEE products have short life cycles, and often have a globalized supply chain
with links in different countries. Therefore, the EEE industry should use a CLSC and
adjust their logistics activities in order to design a perfect fit for RL. When storing and
transporting WEEE, companies should consider the presence of hazardous materials. For
the EEE industry it is crucial to have a total information transparency in order to manage
all the information.
When a company would like to implement RL, companies often face difficulties. Contracts
are important in working together with third parties. Two types of contracts can be
chosen. The single contract, which is a contract between two links, for example between
manufacturer and retailer. Next to the single contract, a hybrid contract can have
preference. A hybrid contract is a contract which combines multiple single contracts.
Different contract options are possible, and companies should not look to RL as a cost.
Because when RL is integrated well, it is not costly, and it mainly causes improvements
for companies. RL can cause operational improvements and sustainable improvements.
When managed efficiently, CLSC will have a positive impact on inventory stability and
bullwhip. Companies have information on their incomer returned products and therefore
can predict returned products better. Because inventory management can be done more
precisely. While, inventory management is more precise, new orders can be placed more
precisely which leads to a dampened bullwhip effect. Furthermore, RL in a CLSC
perspective will have a positive influence on the environment.
Finally, when companies design their supply chain infrastructure in a way that RSC is not
limited, they can come to an effective CLSC. So, an effective CLSC can be achieved, an
CLSC where products are packaged in RTP’s and fill rates are minimalized, where
advanced technologies are used in storage and where transportation is flexible. When an
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effective supply chain is achieved, this can lead to sustainable and operational
improvements for companies.
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Recommendations
In this report, a clear overview of the impact of reverse logistics on a company, is given.
Insights on reasons why companies are choosing for RL, the impact of RL on logistics
processes and characteristics of RL in the EEE industry are given. Parts of my paper are
interesting for further research. For example, it can be interesting to do research in the
field of 3PL providers. In this paper an overview is given of reasons why companies
consider 3PL for their logistics. It is also interesting to have a look at why companies
exactly are choosing for 3PL’s. Furthermore, it can be interesting to study the
competences a 3PL provider should have in order to fit in the current structure of the
company. Next to that, this paper explains that information technology is useful in
storages. Further research can focus on information technology and on which information
is useful for managing RL. Information technology is also used in other parts of the RSC
and how does that influence for example packaging and transportation. What exactly is
important to measure and what can managers do with this information.
Literature explains that the infrastructure of the FSC is a barrier for implementing RSC.
But why is that so, and how exactly can companies redesign their infrastructure so that
an efficient CLSC can be developed. Furthermore, it also interesting to quantify the costs
and benefits RL has for a company. By doing this, companies can make better positions
on how to deal with their reverse supply chain. So, costs are likely to be in an expanded
infrastructure and information system. On the other hand, collected return products still
have a value. When companies can use these products to make other products or sell
them on secondary markets they still can make money. Concluding, follow-up studies
should investigate when it is valuable for companies to implement RSC. This can be done
by using information technology to measure logistic streams and see whether RSC can be
fitted into the current SC. And by analyzing the values of collected items to see whether
CLSC, in a specific company, can have economic advantages.
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