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Abstract. End-of-life strategies, such as remanufacturing, have gained ground
in order to promote product reuse, reduce environmental impacts and costs, as
well as to win new markets. The remanufacturing process preserves part of the
product’s raw materials and added value during its manufacturing. This study
addresses the system that includes remanufacturing in order to understand it and
to define its elements, as well as to characterize the supply chain that permeates
and leads to the effective functioning of this system. To this end, a Systematic
Literature Review on remanufacturing was conducted. Moreover, the RS
proposed was based on the General Systems Theory.
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1 Introduction

Increased competition in the market, environmental concerns, changing customer
requirements and the emergence of new laws regarding the products’ end-of-life
management has led companies to seek new operation models to maintain and expand
their market share [1] [2]. Thus, adopting end-of-life strategies for products, as for
instance remanufacturing, have become increasingly important in today’s business
operations.

The remanufacturing process preserves part of the product’s raw materials and
added value during its manufacturing, which enables productivity and profit gains for
the companies [3]. Additionally, due to its environmental benefits, remanufacturing is
increasingly gaining ground on the world stage.

However, companies often encounter difficulties in implementing remanufacturing
due to the lack of knowledge on the subject [4], the lack of strategic remanufacturing
issues [5] and studies that indicate how to implement it [6]. This issue is new to
Brazilian companies and is still in the exploratory phase, therefore justifying the
importance to conduct a structured literature review on remanufacturing.

Furthermore, the overall outlook on matters relating to remanufacture in an
integrated and systematic manner is not an easy task. A system is a set of
interdependent elements that interact to reach an objective and perform a determined
function [7] and considered to be the elements and the relationships between them
which determine how the system works, forming a whole unit that is organized and
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complex [8]. This demonstrates the need to develop a model for the Remanufacturing
System (RS). This need particularly falls on the importance of understanding how the
supply chain for remanufacturing works, which requires integrating different players
and implementing various activities [2] to reach a successful RS operation.

Taking into account the aforementioned facts, it is possible to observe the
importance of regarding remanufacturing as a system, as well as its elements,
features, players, challenges and practices, in order to assist the implementation of
this system into organizations and also to provide an outline of the activities and
players that make this system work through the supply chain. Thus, the objective is to
identify the elements that comprise this system to then characterize the supply chain
associated to it.

Below is the work methodology used to develop this study.

2 Methodology

The study herein was conducted using the Systematic Literature Review [9]. Therefore,
articles were searched that addressed the words: Remanufacture; Remanufacturing;
Remanufactured; Design for environment; Design for remanufacturing; Reverse
logistics; Product recovery; Reverse supply chain; Closed loop; Closed loop supply
chain; End of life; Lifecycle, as well as the translation of these words into Portuguese.
223 abstracts of the studies found were read, of which 91 research studies that dealt
with practices to implement remanufacturing were selected and 24 were used because
they presented remanufacturing practices related to reverse supply chain.

Since these elements are to be presented within a systemic outlook, the General
Systems Theory was used, whose objective is to study the elements that comprise a
system, as well as the interaction between them [10]. Given that, this interaction is
critical to understanding the system as a whole [7].

Thus, after completing RBS on remanufacturing, the organization of concepts was
carried out to obtain the definition and characterization of the Remanufacturing
System and of the elements inserted into this system, presented below.

3 Remanufacturing System

Based on the literature, the Remanufacturing System (RS) in this study is addressed
as a system that encompasses all the elements involved in remanufacturing, from the
reverse supply chain steps up to the return of the already remanufactured products to
be sold on the market [11]. The elements and sub-elements adopted in this work are:

e Element 1: Remanufacturing Design;

e Element 2: Reverse supply chain (RSC)

e Sub-element 2.1: Relationship with the supplier of the used product;
e Sub-element 2.2: Reverse Logistics;

Element 3: Remanufacturing Operation;

Element 4: Sales of the remanufactured product;

Element 5: Information flow in the Remanufacturing System;

Element 6: Employees’ knowledge and skills on remanufacturing.
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Figure 1 shows the Remanufacturing System model developed in this research work.
The first element is the Remanufacturing Design, a part of the Product Development
Process, aimed at facilitating remanufacturing. The Reverse Supply Chain is
composed of two sub-elements: acquisition/relationship with the used product
supplier and reverse logistics. The main players in this system are the customers who
purchased the new product and that become the supplier of the product’s end of life,
the player responsible for reverse logistics, the company responsible for the
remanufacturing and selling of the remanufactured product and the customer who
buys such a product.

The information flow in the RS is considered an element that permeates and
interconnects all the others. It should also be considered that the employees’
remanufacturing Knowledge and Skills are crucial for the system and should be
present in all the processes.

Product Development

Supply Chain
—]

Reverse
Supply Chain

Remanufactured

| | Remanufacturing Reverse
Operation Logistic

Relationship with
product’s supplier

Fig. 1. Remanufacturing System Model

After presenting remanufacturing as a system, the next section focuses specifically
on the reverse supply chain as well as on the analysis and description of this element
and its sub-elements.

3.1 Reverse Supply Chain (RSC) for Remanufacturing

According to Guide and Van Wassenhove [12], reverse supply chain (RSC) is the set
of steps necessary to collect a used product, followed by the desired end-of-life
strategy application (remanufacturing, reuse, recycling or disposal) [2]. The RSC
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begins with the collection of products from customers and/or companies in different
links of the supply chain, given that the collection sources tend to be geographically
dispersed. Next, there is the inspection stage or the tests performed at the collection
site, at a receiving center or place where the product will be recycled and reused. At
this point, the fate of the recovered product is decided, which has various reuse
possibilities, such as remanufacturing [13].

o Difficulties and practices

Leite [14] reports that the RSC stages are treated as a series of independent and
isolated steps, without considering their integrated nature. Moreover, with regard to
RSC, both in business and in academia, little is being undertaken concerning its
strategic issues [2]. Most research studies address technical and operational issues,
since focusing on the technical activities is considered attractive for initial
investigations [15].

Some of the features of Reverse Supply Chain make it difficult to manage and plan
its stages and activities. For example, when a company collects the used products, its
provider is usually the final customer, which complicates the access to the appropriate
number of products at the time of return. Another complication is that the quality of
used products varies, hence requiring efficient inspection [16]. Moreover, there is the
need to disassembly the products collected, structure a reverse logistics network and
deal with the high processing time variability [17].

Some recommendations to achieve efficiency in the reverse supply chain are: (i) to
structure a specialized team to have contact with the supplier of the used product, (ii)
to perform demand prediction for the products’ return time, using its sales and
lifetime as a base and (iii) to align the RSC with the Direct Supply Chain and achieve
effectiveness in the activities of the closed Supply Chain Flow [18].

¢ Interdependence and interaction with other RS elements

The degree of structuring of a RSC can be defined depending on the existence of
structured organizational practices relating to the return of the used products, the
relationships between companies belonging to the reverse chain, as well as the level
of resources made available by these companies, as for example, employee skills for
remanufacturing [6] [13] [14] [19].

The appropriate management of reverse chains can also serve as an excellent
source of information about the customers’ habits and expectations [13]. Next, the
sub-elements of the reverse supply chain are discussed.

3.1.1 Sub-Element 2.1: Relationship with the Supplier of the Used Product

Sundin [20] cites that the relationship of the remanufacturer with its used products
supplier is an important aspect to the effectiveness of the business. If the recovered
product is intended for remanufacturing, it is important that before the product is
selected to return to the reverse flow, a “pretrial” of its remanufacturing should be
performed to prevent it from being transported without the proper conditions to be
reused, which would generate additional costs. This trade-off between the potential
for reuse and additional costs is difficult to predict and to do this, employees with
certain skills and experiences are needed [21]. The large number of small-quantity
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suppliers of used products and the manifold conditions of these products makes
quality control difficult by the companies that receive them for remanufacturing.

There are cases when the raw-material suppliers for Remanufacturing Operations
are the consumers themselves, who discard the product due to the end of its useful life
or due to other reasons, such as the launching of a more modern product. In this case,
there are some problems regarding the lack of incentive these customers receive to
return the used products to remanufacturing companies [22], such as the lack of
contact the remanufacturer has with the customer [23] and the consumer’s lack of
information and trust regarding remanufacturing [24], as for instance the economic
and environmental advantages of remanufacturing. Thus, companies that desire to
have success with remanufacturing need to have strategies that encourage the
consumers to return these items [23].

3.1.2 Sub-Element 2.2: Reverse Logistics (RL)

According to the Council of Logistics Management [19], Reverse Logistics is the
process of effectively planning, implementing and controlling the flow of
components, materials under processing, the final product and related information
from the consumption point to the point of origin, with the objective of recovering
and adding value or achieving the most appropriate disposal [18]. Adding value can
be of various types: economic, ecological, corporate image, among others [14].

RL is a major challenge for RS, due to the difficulty to predict the return volume
and timing and the products’ quality conditions, making Remanufacturing Operation
difficult to plan [1]. Some of the difficulties in implementing RL by businesses are:
the lack of a system that integrates direct logistic activities with those of reverse
logistics [25], difficulty in measuring the impact and controlling the return of the
products and materials and the fact that the reverse flow is considered a cost for
companies, thus receiving little or no priority as a business strategy [19]; the lack of
studies by companies to assess the impacts of the RL practices in the success of
organizations [26]; the relationship between the players involved in the activities of
reverse logistics is not very structured; there is low proximity between the factories
and suppliers of used products; and the freight costs are higher due to the lower
volumes transported [27].

Unlike the distribution in direct logistics, which is designed to carry large volumes
of the same product from the producer to a few local clients, in reverse logistics the
volume may considerably low. This can set back the economy in the transport.
Another aspect to consider is that unlike direct logistics, the used products that are
collected are not packaged and are therefore unprotected and at risk of damage, which
limits its reuse. Thus, a packaging system is necessary to protect the product [21].

Pires [27] raises other drawbacks to RL, such as the tendency for products to
remain longer in the reverse channels, which results in higher inventory,
transportation and storage costs, as well as the decrease in revenue due to the
possibility of obsolescence and degradation of the product.

According to Lacerda [28], the six major factors to minimize the challenges of
reverse logistics activities are:

e good entry and exit controls;
e mapped and formalized processes;
e reduced cycle times;
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e accurate information systems;
e planned logistics network and;
e collaborative relationships between customers and suppliers.

Reverse logistic activities require skills to properly execute the transportation, storage
and stockpiling of used products, in addition to information on how the product was
designed.

4 Conclusions and Contributions

This work enabled to organize the knowledge on remanufacturing through the
proposition of the Remanufacturing System concept and the elements included in this
system. It was also highlighted the characteristics of reverse supply chain involved in
the RS, indicating the related steps, actors, practices and difficulties and the
importance of relationship of the remanufacturer with used products users and reverse
logistics to the success of the entire system.

When investigating the literature that addresses remanufacturing, no model was
found that integrates remanufacturing issues in a system or that broached the elements
that are part of a Remanufacturing System. This work consolidated and organized the
elements of this system, enabling a better understanding of remanufacturing by
highlighting the chain and the main interdependencies between the elements.

Therefore, the RS proposed contributes to an integrated outlook and to the
expansion of theoretical knowledge on the subject. Such contributions are intended to
facilitate the development of future works in this area, as well as to assist companies
that are structuring remanufacturing practices or intend to start them.

Moreover, this work aims to stimulate the development of studies on
remanufacturing and the supply chain for remanufacturing in Brazil, since there are
few domestic companies that remanufacture and few studies on remanufacturing.
Additionally, this work seeks to encourage companies to implement remanufacturing,
as this study provides a holistic outlook on the operation of this system with features
of its supply chains.

With regards to the supply chain for the Remanufacturing System, some of its
features and difficulties were shown. For future works, it is then recommended that
the practices that seek to overcome such difficulties should be studied and analyzed.
Besides, studies on remanufacturing companies are required to demonstrated the
status of remanufacturing in Brazil.
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