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Abstract

Abstract
Owing to the rapid expansion of manufacturing, innovation and consumer demand,
there has been a vast improvement in various electronic equipment, so the amount of
waste electrical and electronic equipment (WEEE, or e-waste) generated has also
increased proportionally to production. The main objective of this research is to disclose
the remanufacturing concept which can be adopt by the electronic manufacturing and
healthcare manufacturing industry. A part of this thesis reveals differential steps debated

by industry as well as academia in assets to reduce the amount of e-waste.

The generation of waste electrical and electronic equipment (WEEE) interacts with
the environmental depletion. In this case, we gave the examples of addressed issues
under the concept of remanufacturing. The online collection opportunity eliminates the
classical collection, and implements along with business to business (B2B) approach
which is commonly used in the remanufactured servers and medical devices. The
material reuse (recycling), component sustainability, reuse (part harvesting), product
reuse (after repair/remanufacturing) indicates the recovery potential using
remanufacturing tool for a better conservation of resources adding more value to the

products.

Because of rapid sales growth in the past few years, medical devices present a
potential for refurbishment. With high material utilization, easy refurbishment
processes, and high energy savings (32%), original equipment manufacturers (OEMS)
anticipate that existing technologies can be re-used, thanks to a complete refurbishment
approach. A conducted global overview regarding medical devices refurbishing
acceptance from a legislative and market access was analyzed. The covering market
access for refurbishment and new devices addresses to United States, Europe, and China

market.

This study reflects the potential for energy savings and environmental
impacts/benefits through a refurbishing process, demonstrating another option for the
use of medical devices approaching end-of-life. We investigated the refurbishment
process for Magnetic Resonance Imaging (MRI) and X-Ray systems, evaluating the
environmental impacts of 18 factors influenced by the process. We assessed the

cumulative energy demand (CED) only for an X-Ray biplane system, which has the



Abstract

lowest refurbishing percentage (63%) among all medical imaging devices. This CED
study covered 8 types of savings involved throughout the refurbishment process. The
211 MWh savings resulting from a CED analysis from original manufacture to the
refurbishing process was attributable to: material supply 79%, unit manufacturing 66%,
components assembling 85%, system assembly 77%, etc. These devices operate for a
maximum of 10 years, but their functionality can be extended another 5 years through
refurbishment. We examined the actual market situation, including the effects of
module lifetime, the residual value, and the availability of these devices, offering an

alternative solution to approach used devices.

Keywords: Informal recycling, Medical Devices, Remanufacturing/Refurbishing,
e-waste, LCA
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Chapter 1 INTRODUCTION

Chapter 1 INTRODUCTION

Electronics are driving our lives from the last decades in a more accelerated process
of social communication at a global level. Electrical and Electronic Equipment are
defined by the EU as being equipment which are dependent on electric currents,
electromagnetic fields between 1000 V in an alternating current and 1500 volts for
direct current according with Directive 2012/19/EU on Waste Electrical and Electronic
Equipment (WEEE). The diversity of Electrical and Electronic Equipment (EEE) had
increased at the same time exponentially with the possibility of communication.
Currently, most equipment is transforming in Waste Electrical and Electronic
Equipment (WEEE or e-waste) which give an important amount of concern regarding
the generation and recyclability of this type of product.

Waste Electrical and Electronic Equipment (WEEE) worldwide generation (Figure
1.1) should be reduced in the near future by implementing methods of remanufacturing
and recycling™. According to current estimations, the collection rate of 85 % of WEEE
generated is broadly equivalent to a collection rate of 65 % of the average weight of
EEE placed on the market in the three preceding years!?.

Figure 1.1 Sources of e-waste generation®.

Electronic manufacturing, innovations, and the variety of electronic products have
significantly expanded in the last three decades, which have a significant impact on
WEEE generation. In EU, the annual WEEE amount is growing between 3-5%

1
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(waste/year). In 2012 alone, the total sum of treated e-waste was 3.6 million tons, of
which 2.6 million tons were recovered (Eurostat,2016). The international commerce,
resource depletion, and the miniaturization of components/products had enforced the
e-waste legislation/policies to be changed in different countries, depending on their
economic development and region. However, WEEE becomes a global issue because of
the quick maturation of electronics, the low recycling rate in some cases, the utilization
of raw materials, and the pollution effects around the globel* !,

The recycling of e-waste on the global level is just 13% (Reck and Graedel, 2012;
Gold, 2010) which reveals that informal recycling, artisanal mining of e-waste,
eco-design, manufacturing, international markets, and the economic potential of buyers
play a crucial role in material recovery, the recycling rate, and environmental problems.
Among these, the informal recycling, electronic cannibalism, and in some cases, the
2.[4,9,10].

impossibility of re-update leads to increasing e-waste, see Figure 1.
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Figure 1.2 WEEE generation in China.™™"

The results of this evidence prompted the development of new strategies in order to

implement e-waste eradication in an efficient way through the adoption updating

[12]

potential from the stage of manufacturing-modeling~ adopting remanufacturing.
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1.1 Research background and significance of this research

Remanufacturing is another way to do manufacturing through updating, which can
help to reduce waste from landfill, and incineration giving another destination to the
products transforming them in “like-new” for another utilization.

The products undergo a life cycle that is defined by the speed of upgradability,
the potential of being remanufactured or recycled, the market growth, and the

consumers®™ (Figure 1.3).

Mew Product Sales
------- Returned Products

Remanufactuning Patential

Sales/Returns

Time

Figure 1.3 Volume of demand (product sales) and return rate over the life cycle of a product, with
potential for remanufacturing highlighted through the overlap of the two curves™.,

Remanufacturing increases the utilization of recovered systems and components
avoiding the recycling processes while reducing the raw materials by increasing the
waste value thought product update in case of used electronics. A worldwide
distribution of WEEE and remanufacturing situations described in annex 1 represent the
current general status in this field according to the literature. Sixty percent of
non-hazardous waste is produced by manufacturers, which demands the implementation
of legislation to reduce the environmental impacts of products. In these cases, a
remanufacturing strategy plays a crucial role for original equipment manufacturers
(OEMs) and for the remanufacturer 6],

Remanufacturing is considered to be another option to reduce the e-waste generated

by updating the old products to a new stage of use, and offering warranty like a new one.
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Globally, the subject has not been discussed intensely, but was tried to be implemented
starting with customers and ending with the design for reusability and updatability for
the automotive and heavy machinery industry. The literature of specialty is digging the
issue concerning the subject, trying to give more transparency and understanding. For
instance, in case of servers, copy machines and unknown medical devices refurbishing
outputted Magnetic Resonance Imaging (MRI) and X-Ray scanner, their situation is
uncertain in terms of energy saving, management process, upgrade possibility, etc.

OEMs produce different devices, components, and assemble with clear specification
for the final products in order to differentiate their products from the other outsiders that
can influence the price of products by reducing their final sale price. In the way of
selecting their technology for determining the potential of remanufacturing, the strategy
is developed to give the possibility of replacing some components by the owner or to be
redirected to recyclers or remanufacturers at the end of its lifecycle™ . In this case,
the remanufactured products represent just 60-70% of the original price as compared to
a new product. The production expenses for the remanufacturer represent 35-60% of the
final original cost™. Among all these factors, sustainability for the remanufacturing
industry represents an important global issue!®!.

However, the eco-design improvement represents an efficient and effectiveness
development to update approached end-of-life product longevity™™!. This concept of
reuse, re-update and support of the sustainable manufacturing, consumption and

socio-environmental belongs to a Circular Economy (CE) concept.

1.1.1 Circular Economy interaction

In the current linear extractive industrial model, circular economy (Figure 1.4) aspires
to specify development, concentrating on mutual benefits. In fact,, encouraging the
traditional economic activities to gradually help design products in a manner to reduce
waste. Certain transitions such as from fossile fuels to renewable energy sources build an
economic, and socio-circular capital for a better environment based on on three
principles:

1) Reduce waste and pollution throught design;

2) Extending life of products and materials in use (remanufacturing option);

3) Restore certain systems (remanufacturing option).
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The concept of circular economy was first raised by the Ellen Macarthur Foundation
in 2008. Later, once the European Union adopted the concept implementing as an
environmental solution for waste reduction, and eco-efficiency; reestablishing the

connectivity between economy and ecology!?,

OUTLINE OF A CIRCULAR ECONOMY

PRINCIPLE

Regenerate Substitute materials Virtualise Restore

Renewables flow management Stock management

P\H |

Farpatfhig/collection’

Parts manufacturer

Biochemical ‘
feedstock Product manufacturer

‘ '

Service provider

Share
\4 v

) Consumer

Recycle

2 Regeneration
opt yields
b

remahufacture

Reusd/redistripute

Biogas

Cascades Maintaify/prolghg

Collection Collection

Extraction of
biochemical
feedstock?

PRINCIPLE

Minimise systematic
leakage and negative
externalities

Figure 1.4 Circular Economy diagram by Ellen Macarthur Foundation*!

Furthermore, in a study conducted in 2009, the European center for remanufacturing
and reuse elaborated on the benefits, barriers, and potential areas to implement the
concept®!. The range of applicability raised by Ellen Macarthur Foundation starts with
an efficiency versus effectiveness balance for conceptual implementation, and
applicability fields (electronics, automotive, textile, and plastic) . An example of
circular implementation and economical sustainability IS thought
remanufacturing/refurbishing process as in the case of medical devices!®®, which does
not appear to be debated and recognized worldwide(chapter 6). Furthermore, the
Sustainable Developing Goals (SDG) were promoted, realized and implemented in the
agenda by the United Nations for 2030. For instance, the three pillars of the sustainable
goals (Environment, Social, Economic) include Circular Economy (CE) as a sustainable

5
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way to reduce different types of consumptions (energy, resources) fulfilling certain
goals from the agenda. Furthermore, this research deployed the benefits of sustainability
through a remanufacturing/refurbishing procedure respecting a circular cycle of the
product described by CE.

1.1.2 Definition of remanufacturing

Remanufacturing is a process of recovering/bringing used or worn-out products to
a ’like-new’’ functioning condition, offering an equal functional warranty like a new
product and reducing the environmental impacts, waste generation, landfill and the

levels of raw materials used in production!?’ 2,

1.1.3 Remanufacturing Emplacement regarding WEEE

Through all economic, sustainable design, and technical remanufacturing processes,
the concept of remanufacturing will develop and improve. According to particular
description of the concept of remanufacturing expresses the understanding of the
assessment model for creating a sustainable applicability in industry and product
reusability to reduce the waste that will/can be generated (Figure 1.5) 2.

Remanufacture

Figure 1.5 Remanufacturing emplacement®”

Also, these decisions demonstrate how to handle the waste. The reserve supply
chains (RSC) and end-of-life (EOL) are required to understand the original equipment
manufacturers' (OEM) strategic plans (ex: XEROX, IBM, and SIEMENS)®. Their
objective is to recover their products and resell them after or before the product reaches
the end of life stage, and protects the environment #6271,
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1.1.4 Medical equipments remanufacturing/refurbishing

Healthcare is prohibitively expensive for a large option of the population. In an
effort to reduce costs, healthcare providers may resort to practices that may not match
international standards and potentially compromise safety. Many hospitals have been
re-sterilizing instruments and devices labeled for ‘single use’ by manufacturers®®.

Remanufacturing/refurbishing favors medical equipment that are designed to have a
long lifespan, that are non-invasive, that require significant R&D investment, and that
are capital intensive to build and purchase .

Remanufacturing andrefurbishing play an important role in keeping a piece of
equipment functioning (Table 1.1) for as long as it is needed or until it becomes

obsolete because of technological advancements or because of functional

redundancy%4.
Table 1.1 Examples of medical divisions!”
Medical division Type of equipment
Anesthesia Face masks, patient monitoring equipment
Endoscopy/laparoscopy Range of implements and equipment

Hearing aids & audiometry Instruments to aid hearll(glsgS and diagnoses hearing

Hospital capital fixed plant Body scanners, linear accelerators to x-ray

apparatus
Hospital supplies & Sterilisers, gloves, needles, syringes to sample
disposables holders
Implantable devices Miniaturised instruments such as pacemakers
In-vitro diagnostics & kits Kits (lab-in-a-box)
Infusion & inhalation therapies Instruments to dispense drugs or nutrients
Invasive surgery Surgical tools and disposable
Prosthetics and artificial joints Implants or limb replacements
Ultrasound Imaging, diagnostic and treatment devices
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In the EU, OEMs reportedly resell approximately 80 % of the medical devices they
receive back from customers as trade-ins; the remaining 20 % are sold for spare partst*%),
One of medical devices will be refurbished by third-party operators, while the other will
be sold for spare parts by brokers). The main refurbished medical devices are
Magnetic Resonance Imaging (MRI), Computer Tomography (CT), X-Ray scanners,
and Positron Emission Tomography—Computed Tomography (PET-CT).

Producers and remanufacturers of medical devices worldwide and world known:
Toshiba, Siemens, Philips, and General Electric.

According to the OEMs investigation of the European Coordination Committee of
the Radiological, Electro-medical, Health ICT and Radiotherapy Industry (COCIR)
network, the main barriers were the quality of the feedstock available and legislative
restrictions.

These barriers to remanufacturing are more significant than labor costs, and the
availability of technology and product knowledge. Independent third-party operators
reported their remanufacturing activities were constrained by the quality of the
feedstock, by the lack of technology, and by product knowledge, high labor costs, and
lack of experts.

In the EU, a differential approach to legislative implementation among union states
is different, and is an improvement after-sale services accessed by OEM’s or other
parties regards refurbished systems can be challenges. Finding suitable dealers and
networking information are also barriers that face third-party refurbishers operating in
this market!*?, Restrictions to market access to used and remanufactured devices raised
by the governments of different countries are having an decisive role for the
remanufactured products worldwide, especially in Asian countries. These types of
equipment are forbiden to be used™ 4.

All the administrative and technical implementations regarding medical devices’
remanufacturing are guided by directives and regulations. The most relevant ones are:

1) USA - 21 CFR 820.3 (FDA — Food and Drug Administration, CFR — electrical

Code of Federal Regulation);
2) EU-Medical Device Regulation — MDR 2017/745;
3) China Management Regulations on the Recycling and Disposal of Waste

Electrical and Electronic Products.
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Currently, the remanufacturing/refurbishment of medical devices is less known in
the academic literature from various aspects due to data unavailability and
confidentiality issues from certain parties. This study reveals certain benefits related to
environmental aspects and savings of the remanufacturing process. Furthermore, an
approachable legislative situation between new and approached end-of-life devices is

revealed to enforce the concept model sustainability.

1.1.5 The importance of remanufacturing

According to the prevailing legislation, an example is given by the European’s
End-of-Life Vehicle and Waste Electrical and Electronic Equipment (WEEE)
directives®®. 1t is required that OEM’s handle their products’ EOL by finding suitable
solutions for reducing waste and environmental issues caused by their products
(implementation of the take back recovery system). Because of these effects, the
implementation of remanufacturing helps more industries and businesses create new
jobs, and enhance economic development [(ex: from 2009 and 2011 in the United States
had increased the number of jobs and financial growth have increased by 15% to at least
43 billion USD™. In 2012, in The International Trade Commission, the number of
jobs was approximately 180,000 ). The decision has driven the remanufacturing
industry towards legislative regulation, and material and energy conservation.
Altogether, this describes an entire chain from material flow to recycling and can be
called a value recovery strategy after the end of life (Table 1.2, and Figure 1.5).

A product recovery plan implemented in the EU between 2005 to 2014 plays an
important role in the WEEE reduction which has been mentioned in technical literature
within this field. Figure 1.6 reveals the statistics among literature studies availability in
the WEEE field from EUM®),
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Figure 1.6. Situation of reused EEE for EU comunity between 2005 to 2014141,

The supply chain of the EOL introduces remanufacturing as one of the main joints

in the chain.
Table 1.2 End-of-life options™**"]
EOL Option Description

Landfill Dispose-of a product, or its parts, in a landfill
Recover material from the product or its parts.

Recycle Any value because of the form of the product or its part is
destroyed

Resell Sell product or its parts on used market as is

Repair/Refurbishment

Remanufacturing

Fix the product or its parts to some specified standard and
sell them on the used market

Re-make the product or its parts by using a mixture of
recovered and replacement parts, so that it meets the
“like-new” specification (i.e. identical warranty to that for a
new product)

This reflects that the implementation of different strategies adopted in Table 1.2

shows multiple perspectives used to understand the feasibility for industry in case of

WEEE. The examples collected from literature include reserve supply chain, policy, and
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Chapter 1 INTRODUCTION

design for remanufacturing, process optimization, business model, and government
decision in regards to remanufacturing and refurbishing of used electronic and medical
devices.

The most common method used in this field is to understand how the concept has
been adopted in different parts of the world from the academic and industrial point of
view. As an example, in some countries such as China, the main problems of
remanufacturing are still relevant in the electronic remanufacturing industry, see figure
1.7,

Barriers and their seriousness for Expected changes of the barriers for
remanufacturing in China remanufacturing in China
Customer recognition ——— Customer recognition |
Legislation restrictions ——— Legislation restrictions |
Lack of sales channels e — Lack of sales channels |
Core guality —— Core quality |
Core volume  EEGEG——— Core volume |
High labor cast —— High labor cost —

Lack of technology — Lack of technalogy |
Lack of product knowledge —— Lack of product knowledge |

1 2 3 4 5 1 2 3

Mot serious at all serious extremely serious worse the same better

Figure 1.7 Rank of overall barriers and their expected changes!*®!

In this research, certain barriers are concluded to demonstrate the sustainability of
the process processing OEM data exposed in academic format. The bottoms of certain
un-clarities of remanufacturing process will be demonstrated utilizing certain tools as
LCA, demonstrating the interconnectivities among energy savings and environmental
impacts of the process. Overall barriers mentioned above will be debated and
demonstrated as unit availabilities (core), lack of channels, technology and product

recognition.

1.2 Research questions and research objectives

In this research, the topic of interest is the assessment of whether to conduct
remanufacturing in order to reduce the WEEE generation for a circular economy
support. After consulting the field literature and manufacturer’s remanufacturer’s
perspectives, it was decided to focus on the three pillars known as environment, social
and sustainability which were missed by literature, and necessary to support certain

concepts as Circular Economy and UN-Sustainable Developing Goals.
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Analyzing the electronic products’ evolution and medical devices from the material,
physical structure, legislative changes, and company’s issues remanufacturing can be
improved. All these factors can give a better understanding of the possibilities for
product destination of implementing remanufacturing for end-of-life products such as
copy machines, servers, and medical devices to be considered as more sustainable. To
achieve the goals of this Ph.D. research the following questions have drawn the results:

A) How the management assessment of remanufacturing, components status, and
upgradability potential can retrogress WEEE generation?

The purpose of these research questions is to identify the concept model, ideologies
and product/components status for remanufacturing implementation. These questions
focus on three types of products such as servers, copy machines and medical devices
covered by the research. The investigation is based on literature review, software and
experimental analysis, and field investigation. According to these findings, the
management assessment can be implemented as an example for companies and policy
makers.

B) What is the energy savings and its extension to environmental benefits involved
in the refurbishing process, with a particular interest in medical devices in the existent
market?

The research question aims to identify the evolving and sustainable benefits of the
remanufacturing/refurbishing process focusing on medical devices. Furthermore, a
market assessment was conducted to understand the technical situation and availability
of the approached end-of-life product. Therefore, the market assessment and technical
sustainability —can support the environmental impacts and coat the
remanufacturing/refurbishing process.

C) What is the status and implication of the current market among new and
remanufactured/refurbished electronic legislative (directives) from the European Union,
the USA, and China in terms of medical devices?

The last question intends to define the actual perspective behavior regarding new
and remanufactured product involvements from a legislative aspect for medical device
sector. In this case, the private sector and governments can overview the current status
of the legislative approaches as a guideline considering the physical status and update
possibilities.
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1.3 Scope of the study

As the thesis conceptual framework is explained, the first step is to identify the
remanufacturing interactions and background to have a better knowledge about the
concept placement. This is crucial due to the fact that the role of the process and
involvements, roots with other operations and businesses engaging different needs. Only
by having different approaches for concept models can an operation or process be
sustainable. These facts will be discussed in the following chapters of the study to have
a better approach on remanufacturing/refurbishing process and its implications.

First, the study described in Chapter 3 presents a conceptual model approach to
WEEE problem utilizing the remanufacturing operation. The operation is emplaced and
viewed in the problematic frame of waste generation adopting the concepts of circular
economy, reuse, reverse management, and a decoded description through copy
machines.

Second, Chapter 4 of this study focuses on conservation approaches by viewing the
collection, product physical status, and upgrade opportunities of used electronic
products. This concept will expose the operation system of certain industries.
Furthermore, in Chapter 5, a cumulative energy demand (CED) and an LCA
investigation was conducted to support the remanufacturing/refurbishing process for
this green environment and a diverse savings benefits. This study focused on medical
devices as Magnetic Resonance Imaging (MRI) and X-Ray scanners due to their high
value in terms of social aspects, material saving and operational sustainability.

For having a complete frame of the research, Chapter 6 enhances an overview of the
medical device market, policies/regulations on new and refurbished medical device.
This section attempts to understand the operational placement in US, European Union
and China as examples of quality approach for a strong enforcement in Circular
Economy concept, guidance for governments - companies and a future research

approach.
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Chapter 2 METHODOLOGY

There are various elements that are essential for the research methodology. First, the
methodological framework provides the understanding of the research approach. Second,
details of the study area, regards of the provenience of research data, product/process
acceptance, field-data collection, and experimental analysis will supplement the
methodological framework. Third, the combined research framework can address a
bigger range of products regarding medical devices, and can aid in understanding the
remanufacturing/refurbishing process and benefits.

2.1 Research methodology

This study was conducted in China at Tsinghua University containing three parts of
research (desk, laboratory and field investigation), and Europe that were focused on
different aspects of the researched topic. The desk approach was covered through the
literature review, and through debates at different conferences and collaborative
meetings with international organization as European Coordination Committee of the
Radiological, Electro-medical, Health ICT and Radiotherapy Industry (COCIR)
Belgium, and affiliated companies to the organization.

The laboratory work was fulfilled at Tsinghua University, the School of
Environment in the field of Waste Management focusing on different aspects of the
Remanufacturing process. More or less, the experimental approach was conducted at the
School of Environment and other faculties that were able to facilitate certain devices
needed to conduct the research. To complete the circle, the field investigation was
conducted at five remanufacturing companies, and at one collection company of used
Electrical and Electronic Equipment.

Two companies were based in China (IBM remanufacturing and Taolv collection of
used WEEE), and the others in Europe as Concept Group by Xerox and three
manufacturers of medical devices from COCIR group. The manufacturing companies of
medical devices decided not to reveal their identity due to confidentiality reasons.

Furthermore, regulatory implications made by this study are summarized in an
environmental analysis that supports the engineering study.
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Moreover, a regulatory introduction to remanufacturing/refurbishment will be
drafted, as well as an engineering study regarding material properties status and
operational process.

The frame and waterfall (Figure 2.1) of the research is presented below, and after
that, each point will be explained and articulated. The research questions will
incorporate experimental or theoretical research that will help answer the questions.

The research will be concluded in two parts that are significant to all three
questions:

1) Experimental:

a) Material stage analysis (plastic covers, and PCB’s).
2) Theoretical:
a) WEEE remanufacturing perspectives;
b) Description of remanufacturing/refurbishing process and implication;
c) Different interaction acquiring remanufacturing potential;
d) Regulatory overviews.
The Waterfall Methodology, figure 2.1.

WEEE approaches:

-literature status;

-strategic management utilized (OEM, academic tools);
-OEM perspectives-approach (field investigation,
conferences).

Resource conservation emploving upgrade-remanufacturing:
-collection approach: Internet+, B2B (field investigation);
-components status (plastic, PCBY:

-tools: SEM, XRD, ICP-MS, EDX.

Refurbishing medical devices: MRI and X-Ray
- field investigation (COCIR, OEM});
-remamifacturing process investigation;
-environmental and energy savings (LCA).

Global market access of new and refurbished medical devices:
literature overview on global marlcet:

-literature overview on regulatory compliance for US, EU and China market;
-OEM opinion on refurbished device;
-Circular Economy interaction

Figure 2.1 Methodology frameworks
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2.2 Study area

This study was conducted in China and Europe, focusing on the
remanufacturing/refurbishing process and its benefits from the environmental aspects.
Furthermore, it has been considered a general overview for the regulatory and
upgradability aspects that embrace the remanufacturing process to exemplify his
sustainability. A cumulative energy demand calculation (CED) using LCA software
(Gabi) determinates the impacts and involvements of the process for different factors.

The entire study can provide useful information for certain companies/manufacturer,
policymakers and governments in order to support the remanufacturing process towards

a circular economy.

2.3 Market assess (Product/Process acceptance)

A discussion of the remanufacturing/refurbishing process, and of the market access
for end-of-life and new medical device is addressed. The process is explained in detail
and in correlation with the current worldwide situation in this field. The regulatory

investigation was conducted for the US, Europe and China markets.

2.4 Data collection

The data collection consists of the literature analysis, the field investigation as well

as LCA approaches in order to ensure its precision.

2.4.1 Literature analysis

This analysis was conducted utilizing research articles published in certain
international journals from several fields of interest according to the type of
experimental investigation. Mostly, the searched fields of interest were related to the
following: circular economy, medical devices, WEEE, remanufacturing and waste
management for used electrical and electronic equipment.

Another contributive base of the theoretical research was the reports from
international organizations as United Nations, Basel Convention, COCIR, DITTA,

governmental websites news, and certain academic events.

16



Chapter 2 METHODOLOGY

2.4.2 Field investigation (Industry)

The aggregated methods used in this research are shared in three main parts:
collection, remanufacturing management, and remanufacturing/refurbishing process. All
the information generated herein has been collected from the field. In the collection
section, a Chinese company from Shenzhen called Taolv linformation Technology
Company is described, from which the data has been collected and processed. They
collect, test and sell secondhand mobile phones and tablets. Taolv is a leading third
party internet transaction platform for Waste/secondhand mobile phones, which aims to
build a B2B reverse supply chain, set up standard collection flow, and break through
information, material and fund flow, and realize the green, technical and intelligent
collection.

In the second part, the data from the remanufacturing section had been compiled
from two remanufacturing companies: A-two medical devices manufacturer and
remanufacturer in Europe and B — IBM servers in China and copy machines at Concept
Group by Xerox in United Kingdom - Glasgow. Company group A had offered their
information during the investigation visit at the remanufacturing facility in Europe.
Currently, company group A does not have any kind of remanufacturing activity in
China due to the legislative restriction. The data from company B had been collected on
the spot at their facility remanufacturing in Zhejiang Province, China and UK and was
compared to the data from the company A. The process of remanufacturing had been
explained and investigated step by step by all companies, resulting in our described
analysis for understanding of the internal managerial activity process steps of
remanufacturing in case of servers and medical devices. Other aspects were debated
with the European Coordination Committee of the Radiological, Electro-medical,
Health ICT and Radiotherapy Industry (COCIR) Belgium in regards to the worldwide
situation of medical devices. All companies are leaders in the remanufacturing industry
with a high reputation for quality and technical and fiscal sustainability of their
products.

2.4.3 LCA analysis — “Gabi” software

The LCA investigation was conducted at one of the remanufactured companies in
Europe utilizing the real imputed data offered by the manufacturer. Due to

17



Chapter 2 METHODOLOGY

confidentiality reasons, the imputed data was not allowed to be revealed in the
manuscript except in the results section.

The investigation was conducted with the LCA software *’Gabi’’ included in the
assembly of refurbishing process evaluating the environmental impacts of 18 factors
influenced by the process. The evaluated devices under LCA were a Magnetic
Resonance Imaging (MRI) and an X-Ray.

Covered factors included the following climate change, ozone depletion, terrestrial
acidification, freshwater and marine eutrophication, human toxicity, photochemical
oxidation, particular matter form, terrestrial and freshwater and marine eco-toxicity,
ionizing radiation, water depletion, agricultural and urban land occupation, natural land
transformation, water and land and fossil depletion.

2.4.4 Cumulative Energy Demand — CED

A cumulative energy demand (CED) study covered eight types of savings that were
involved throughout the refurbishment and manufacturing process. The study was
conducted only for the X-Ray medical device to illustrate that the device with the lowest
remanufacturing percentage can have a significant attribute to several types of savings.
This part of the research compared the differences between a new and refurbished
medical device. The range of savings was focused on material supply, business trips,
transportation, unit manufacturing, components assembling, system assembling, usage,
and end-of-life.

The calculations were made in Excel with the imputed data from the manufacturer
for each procedure (manufacturing and refurbishing). Due to data confidentiality and
mutual agreements among parties, only the results of the study will be uncovered.

2.5 Experimental Analysis

The experimental aspect of this research is designed to expose the used material
properties represented as body parts from various products. The investigated
components were plastic cases and PCB’s belonging to different monitors utilized as
desk components from a PC or integrated in a desk surveillance console for a MRI,
X-Ray or other medical device. The investigations were executed in certified
laboratories from School of Environment and School of Material Science in Tsinghua
University, China.
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In the experimental procedure, certain monitoring and testing devices were used for
exploring the chemical composition of materials, mechanical properties (extrusion), and
surface properties (visual status). In certain cases, the samples were compared between
old and new body parts, and year of production.

2.5.1 Sample collection

The samples utilized for this study were purchased online from different sources.
The pallet range and diversity of devices were used just as monitors from certain
manufacturers and year of production. The manufacturers (brands) were chosen in
conformity with the conducted field investigations observing the type (model) and
brand used by manufacturers in their sales portfolio and the product availability. The
samples (monitors, PCB’s) were purchased from secondhand markets in Beijing, China

and the new products (monitor, PCB’s) from certain electronic shops in Beijing.

2.5.2 Sample processing for tests (plastic, PCB’s)

The plastic sample procedures were conducted to be prepared for the SEM and XRD
inspection. The preparation procedure includes four gendered fazes such as dismantling,
shredding and sifting. Each faze requires high attention due to the electric mechanical
and toxic powders emanating from the instruments in the moment of processing.

The Dismantling procedure was established utilizing different types of
instrumentation such (Figure 2.2) as scrolls, cutting devices and wire
molding/disassemble instruments for wires connections. The instruments required

mechanical force to be used and electric sources for their functionality.

a) molding machine; b)wire connecting machine; c)scrolls; d) cutting devices

Figure 2.2 Dismantling instrumentation

The Crushing method had, in the assemble, just one device-the blade shredder
(Figure 2.3) that was connected to an electric source. The shredded plastic pieces were
mixed with liquid hydrogen to freeze them in order to have certain granulation of the

19



Chapter 2 METHODOLOGY

plastic, and to avoid the material molding point due to the particular friction and
elasticity properties engaged in the shredding operation. The shredding timing was
repeated depending on the granulation required by the XRD device. In case of PCB’s,
the items were just cut and introduced in the shredder.

Figure 2.3 Blade shredder

The Shifting procedure (Figure 2.4) was introduced to generate a suitable

granulation for plastic and PCB’s powder utilized in the XRD machine.

Figure 2.4 Shifting instruments

2.5.3 Tensile test — extrusion

The Tensile test provided a good base to demonstrate the mechanical properties and
changes of plastics. The non-destructive test examined the material extrusion capacity
using a tensile meter M350-10 AT/CT following the 1SO527 standard for plastic.

2.5.4 Scanning Electron Microscopy (SEM)

The SEM is a type of electro-microscope that can detect the surface of a material
producing imaging of the sample by scanning to a microevolution focusing on electrons.
2.5.5 Field Emission Scanning Electron Microscope (FESEM) Hitachi
S-4500

Measure the texture of the surface, determinate with FESEM at 15kW electron

acceleration.
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2.5.6 Leaching toxicity-sulfuric acid and nitric acid (HJ/T299-2007)

The resulted powder from smelting consisted of 100g in a ratio of 10:1 (L/Kg) with
liquid. The next step was the solution containing sulphuric acid, nitric acid, and distilled
water that was equilibrated at 3.5 pH and mixed with the plastic powder in separate
recipients for 18h using a stirring machine. Every four hours, the stirring machine was
stopped to release the accumulation of gasses from the recipients, and then was restarted.
Subsequently, the mixture had been separated (liquid from solid) using a vacuum filter
separation method. The filter is a silicon membrane with a thickness of 40um.
Instrumentation used in the leaching experiment included the following: vacuum pump,
laboratory bottles, pH meter, filters, lab funnels, lab coats, scale, pipette, and a
homogenizer.

To identify the elements from the leaching solution an inductively coupled plasma
mass-spectrometry (ICP-MS) has been used as an instrument with the capacity to detect
mass spectrometry, detecting several metals and non-metals at different concentrations.

Figure 2.5 Leaching flow analysis

2.5.7 X-ray diffraction (XRD)

X-ray diffraction was used to study the anatomical structure, the internal
composition, and the physical properties of different materials. In this study, it was used
to determinate the material composition for printed circuit board (PCB’s) from certain
electronic devices as monitors. The purpose of this investigation was to determine the
element composition as hazardous elements in the PCB’s. The test contained three
samples belonging to different categories of PCB’s as new PCB from a new monitor,
used PCB from a secondhand monitor, and solid residue from a used PCB.

The main focus of the study was on the following elements: copper-Cu, silicon-Si,
lead-Pb, cadmium-Cd, and aluminums-Al.
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Chapter 3 REMANUFACTURING APPROACHES FOR
WEEE

3.1 Introduction

Remanufacturing is giving another option to the products, by transforming them to
“like-new”.

Recycling and remanufacturing increase the utilization of recovered materials or
used and reconditioned components to reduce the raw material consumption and
increasing the waste value. A worldwide distribution of WEEE and EEE
remanufacturing situation is described in Figure 3.1 according with the literature. This
represents the current status of EEE remanufacturing related with the technological
potential, regulations and governmental or private affiliations with remanufacture. The
60% non-hazardous waste that had been produced by manufacturers demands the
implementation of legislation to reduce the environmental impacts of these products
(49521 In these cases remanufacturing strategies play a crucial role for original

equipment manufacturers (OEMSs) and remanufacturer®®,

Hich WEEE types| availability
Medium Formal Available
ows: 0 wx S Informal Unavailable
Inexistent

Figure 3.1 Worldwide distribution of the remanufacturing status. Note: Data source of the
assembled map are from the appendix content.

OEMs produce different components with their own specification for the final
products to differentiate their products from those produced by competitors, which can
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affect the price of products by reducing their final sale price. In regards to select their
technology for determining the potential of remanufacturing, the strategy is developed
in order to give the possibility of replacing some components by the owner or to be
redirected to recyclers or remanufacturers at the end of its lifecycle™ . In this case,
the remanufactured products represent just 60-70% of the original price compared to a
new product. The rehabilitation expenses for the remanufactured products are estimated
to represent 35-60% of the original cost of production™™. Among all these factors,
sustainability for the remanufacturing industry represents an important global
interest[>*],

However, the eco-design is helping to improve the efficiency and effectiveness of

development for updating products longevity &

. Remanufacturing is a process of
recovering/bringing used or worn-out products to a “like-new” functional condition,
offering an equal functional warranty like a new product and reducing the
environmental impacts, waste generation, landfill and the levels of raw materials used in

production? 3%

. This chapter will articulate the remanufacturing typologies from
different aspects, as implementation strategies, and provided a strategic solution for

used EEE and WEEE sustainability.

3.2 Remanufacturing emplacement

Through all economic, sustainable design, and technical remanufacturing processes,
the concept of remanufacturing will develop and improve. According to*¥!, the
particular description of the concept of remanufacturing expresses the understanding of
the assessment model, in order to create a sustainable application in industry and
product reusability to reduce the waste that will/can be generated.

Also, these determinations demonstrate how to handle the waste. Explained by,
the reserve supply chains (RSC) and end-of-life (EOL) are parameters required to
understand the original equipment manufacturers’ (OEM) strategies. As a producer and
remanufacturer of electronics and medical devices [ex: (XEROX-copy machine),
(IBM-servers), and (SIEMENS-medical devices)] demonstrate the importance of (RSC,
OEL and OEM) in their remanufacturing activity . Their objective is to recover their
products and make profits before and after the product reaches the stage of the EOL and

protect the environment 2637,
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According to the prevailing legislation, an example is given by the European’s
End-of-Life Vehicle and WEEE directives®*. It is required for OEM’s to handle their
products’ EOL by finding suitable solutions for reducing waste and environmental
issues caused by their products (implementation of the take back recovery system)®!.

The above effects, reflect the implementation of remanufacturing which helps more
industries and businesses to create new jobs, and develop their economy. For example,
from 2009 and 2011 the United States increased the number of jobs and financial
growth by 15% to at least 43 billion USD ¥, According to the International Trade
Commission, in 2012, the number of jobs was approximately 180,000)*%!. However, the
factors that drive the remanufacturing industry include legislative regulation, as well as
material and energy conservation. All, together, this describes an entire chain from
material flow to recycling and can be called a value recovery strategy after the
end-of-life (Table 3.1). The supply chain of the EOL products introduces
remanufacturing as one of the main joints in the chain which can be state in Figure 3.2.

X
i $
I I
I I
I I
I I
! v
I
I
1

> Remanufacturer

Collectors

Recyclers

Forward logistic ——* Reverse logistic --—--- >

Figure 3.2 Materials and equipment chain with its forward and reverse destination. Note: SC
represents supply chain; Modified from®!.

This chapter reflects the implementation of different strategies used in
remanufacturing concepts, which show multiple perspectives used to understand the
feasibility for the remanufacturing industry in the case of WEEE. The examples
collected from the literature include reserve supply chain, policy, as well as design for
remanufacturing, process optimization, business model, and marketing decision. In
addition, this research illustrate, the intention to determine what are the most common
methods being used in this field, to understand how the concept is adopted in different

parts of the world, from the academic and industrial point of view.
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Table 3.1 Types of destination places for End-of-life (EOL)!2*7,

EOL Option Description
Landfill Dispose of a product, or its parts, in a landfill
Recycle Recover material from the product or its parts.

Any value depends on the form of the product, or its parts,
and if it destroyed or not

Resell Sell product, or its parts, on used market as it is

Repair/Refurbishment  Fix the product, or its parts, to some specified standard and
sell them on the used market

Remanufacturing Re-make the product, or its parts, by using a mixture of
recovered and replacement parts so that it meets the
“like-new” specification (i.e. identical warranty to that for
a new product)

Furthermore, these have been an influence on the remanufacturing process and
business competition for the market requirements resulting that the WEEE forecasting,

reuse, and remanufacturing potential is having an impact on reverse management 7%,

3.3 Methods and data

3.3.1 Data collection from conferences

The data for this chapter has been collected and debated during the international

trade show for remanufacturing®

, in the IcoR Remanufacturing conference in
Amsterdam in June 2015, and the Remanufacturing Summit Beijing 2016. During the
events, most of the exhibitions have consisted of the automotive remanufacturing and
electronic remanufacturing issues. The most qualitative event was attendees of the
workshop of IBM, from ICoOR Amsterdam. The remanufacturing problems of used EEE
and WEEE had been discussed and in such a way to understand the changing from the
managerial point of view to a technical point. Cannibalism and material recovery plays
an important role in the WEEE reduction, which has been discussed in trades and

technical literature within this field(Linton 2008).
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3.3.2 Data collection from literature

The literature reveals that the availability of documentation related with used
electronics, and WEEE remanufacturing worldwide has shrunk to recycling, as seen in
Figure 3.3!Y. Using Scopus to search for studies conducted between 1990 and 2016,
associated with environmental issues and processing technology, with the key words of
WEEE reuse, WEEE recycling, and WEEE remanufacturing, resulted in 987 closely
related papers. Among these, 840 papers were related to the WEEE recycling situation,
112 papers related to WEEE reuse, and just 35 papers related to WEEE remanufacturing.
All data suggests that the lack in the WEEE remanufacturing aspect is poorly
represented and should receive more research focus.

Recycling M
rf"‘f
L —
Remanufacturing
B 1990-2016

WEEE (e-waste)

Reuse

0 200 400 600 800 1000

Number of Publication

Figure 3.3 Situation of WEEE remanufacturing literature based on SCOPUS.

During the ICoR IBM workshop, all participants contributed to the general
understanding of the current situation in the field from different viewpoints, and
expressed their needs regarding remanufacturing problems across the globe. The

research includes the main points of the researchers from workshop that were debated

and analyzed.

3.3.3 Case study

This research took several examples from literature and the cases of
remanufacturing companies of copy machine as Concept Group by XEROX UK,
servers by IBM and SIEMENS healthcare (medical devices) are mentioned. This fact
will articulate the remanufacturing typologies from different aspects, as implementation
strategies, and a strategic solution for sustainable global WEEE management, which can
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contribute to the remanufacturing concept. Because the remanufacturing is not
sustainable with all the products, the profitability decreased in some cases as concluded,
the chapter exemplify a case of copy machine remanufacturing from Concept Group by
XEROX UK.

3.4 Results and discussion

3.4.1 Remanufacturing implementation from different points of view

The literature review provides examples to differentiate the perceptions used by
different companies to achieve various goals. The diversifications of the perceptual
objectives were made for diverse objectives to facilitate the remanufacturing companies.

3.4.1.1 Overview of circular economy for remanufacturing

The analysis that had been done in the circular economy (CE) are focusing on the
energy consumption, material flow (3R rule implementation), closed loop systems, and
eco-designl®®2. This reveals that at the micro-level of waste reduction everything
changes. In the case of China’s leapfrog development, the environmental policy had
been implemented, and the CE started to increasingly work in a sustainable economic
growth from 2002 riveting on energy consumption, resource and waste problems,
environmental degradation, and conservation among other things **. Plestimated that
the CO, emissions are growing at a rate of 7.5% annually in China, and were
approximated to be 7693 million tons (Mt) in 2010.

In the developing countries, such as China, the impact of the manufacturing industry
is playing an important role to germinate other industries such as recycling, while
adopting the 3R rule *®. The necessity of customization is increasing and at the same
time, the materials are used, recycled, and then resold on different markets with less
value for the customer demand. Product revolution, technology development, and policy
implementation affect remanufacturing concepts of green-products life-cycle for
entering in the supply chain of production/updating >,

In theory, the mathematical and software analysis Life Cycle Assessment (LCA),
Cost Benefit Analysis (CBA), Life Cycle Cost (LCC) are incorporated to actualize and
improve the remanufacturing scheme to minimize the environmental impact and to
step-up the sustainability of the remanufacturing system®’*%. The fuzzy, multi-aim of
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remanufacturing does not only help companies to develop but even to generate new
perspectives for the consumers, clarify the connection among new and recycled
materials, production/selling cost, machine yield, energy consumption, and CO,
emissionst™®. The examples from the literature review have been implemented in Asia,
Europe, and the USA.

3.4.1.2 The status of original equipment supplier and manufacturer

Independent remanufacturers and contractors in remanufacturing industry have
different opinions regarding the use of concepts like, Original Equipment
Manufacturing (OEM’s), and Original Equipment Suppliers (OES) in the field. For
example, in Europe, remanufacturing is considered as being connected with the
production line depending on the remanufactured product®™. However, the U.S.
considers that strategies should be deployed to increase the employment rate and after
which, the outsourced/ contracted companies need to increase and help the
remanufacturing process. Beside, both ideas in the OEMS were used and were adopted
by automotive and electronic companies in U.S.*®\. Usually, the remanufacturing
concept depends on the generic activities (Figure 3.4), product routing and process, and
product types/company.

Remanufacturing process

Incoming Cores

Cleaning Reprocess

Inspection Disassembly Testing

Storage

Reassembly

Remanufactured Products

Figure 3.4 Illustration of Generic Remanufacturing Processes (GRP)

All of the activities shown in the Figure. 3.4 are different from product to product

depending on testing modalities, software update and missing/replacing parts of the
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product. This activity depends on the product quality, supply/demand, and technology
migration. Among these, remanufacturing cost can be between 45%-65% depending on
the product and marketplace which can be comparable with a new product®’.
Developing the remanufacture concept the remanufacturing industry takes into
consideration profitability, environmental sustainability, legislative regulations,
marketing and perception, process design optimization, materials and energy
conservation, business model and job creation according to IBM and academia
description B™). The sustainability of the factors mentioned before involves, in a manner,
the understanding of a particular barrier and the motives that affect the remanufacturing
industry, not only in the process of adaptability to legislation and production, but also

recycling of different products.

3.4.1.3 Methods of remanufacturing implementation and examples

A suitable case is the Chinese remanufacturing industry lacks where the EEE
interest is spreading to manufacturing and recycling rather than used EEE or WEEE
remanufacturingl’>"!,

In the cases of the technical design, market factor and legislation for electronic
remanufacturing on the Chinese market the (MIIT — Ministry of Industry and
Information Technology), in 2012, establish a catalog to guide the research institutes
and companies. The Chinese situation reveals that even if the manufacturing industry is
well developed and the variety of products and accessibility of EEE components are
handier, remanufacturing companies are insignificant being only five in the whole
country 8. One of the most relevant examples of sustainability is the IBM server
remanufacturing facility plant in Shenzhen that has been open since February 2012 and
being the IBM 22" facility in the world. The main objective of IBM is IT
remanufacturing with a rate of remanufacturing of 10.000 units/year and viability of
90% . In the Chinese markets, the remanufactured products, which include IBM as
well, have percentage ranges from 40 to 80% of the new product introduced for sale.
The basic issues that had been discussed in the studies by scholars and governmental
organizations reveal that the main barriers in China are environmental, ethical
responsibilities, costumer orientation/recognition, and strategic implementation 241,

On the other hand, the main objective is to restore non-functioning products to a
new condition while reducing WEEE and the consumption of raw materials with
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standards of a quality level that are equivalent to the new product and can offer a
warranty level as well. "@explain the difficulties of having a proper direction of e-waste
after they expire and the differences between DfRem (design for remanufacturing) and
e-waste remanufacturing capacity which varies. In the case of China being the largest
producer of electronics and importer of e-waste in the world, there is poor development
in the electronic remanufacturing sector which is considerably unknown and an untried
solution, which is becoming quite a challenge to undertakel*®"%74,

Basically, remanufacturers have to choose their process methodology and
perspectives. Other authors,/™ suggested in their research, different types/tools of the
methodology used by remanufacturers and academia, sustainable development
extension have different descriptions and dissimilar perspectives on remanufacturing.

Methods, types/tools:

1) Remanufacturing and Product Profile (REPRO2);

2) Close Loop Environmental Evaluation (CLOEE);

3) Environmental Impact Simulator (EIS);

4) Remanufacturing Decision-Making Framework (RDMF);

5) Remanufacturing Network Design Modeling (RNDM);

6) Research for efficient Configuration of Remanufacturing Enterprises (reCORE);

7) Fuzzy multi-objective linear programming (FMOLP);

8) Remanufacturing cleaning method.

Comparing their research and other case studies, this research extracted the most
common ones that are used in industry and academia for management implementation
in the remanufacturing industry. The profit maximization for reverse logistics and
product design problems in case of remanufacturing, are plausible in practicel’®’”. By
making future adjustments in the network and allowing gradual changes to a better
flexibility, remanufacturing is incorporating different perspectives. Multi-period models
demonstrate to have a better flexibility than the static one® . For example, the logistic
network design of remanufactured washing machines, in Germany, can save the cost of
transportation between facilities which is explained by!™®!.

Different perspectives on remanufacturing are implemented in the closed loop

supply chain to understand the remanufacturing concept as followed in Table 3.2.
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Table 3.2 IBM remanufacturing perspectives.

Remanufacturing and Remanufacturing like a system
sustainable development

Technical feasibility: Design for remanufacturing

Materials, methods, man,
machine, energy, and information,
are included

Economic aspects: Reserve supply chain(RSC), acquisition/relationship,

LCA, cost, product recovery, reserve logistics

disassembling, cleaning and
washing, reconditioning, recovery,

etc...
Information flow in the remanufacturing:
Social aspect: Composition of the product;
attitude' Orientation, behavior' MagnitUde and Uncertainty of the return ﬂOW,
warranty Market of remanufactured product;
Information about how product returns
Employees knowledge and skills;
Environmental aspects The remanufacturing operation;

Commercialization of the remanufactured products

Depending on the product being remanufactured, each company chooses a different
strategy in their approach to remanufacturing. For example, NEOPOST in France
reviled by ® adopted the same strategy as the Concept Group by XEROX from
Glasgow UK regarding the recovery of printers after the EOL. On average, they
recovered 90% after a usage period of 4-5 years. In this period, they also offered
technical support to their remanufactured products.

The main pillar of the returning products is very well developed by Concept Group
by having a database that can provide all the information about the product type, client,
technical situation of the product, and location according with CG. By using these
systems, even Neopost expresses that the raw material consumption from
remanufactured products can reduce the environmental impact by 37%, depending on
the types of undertaken products. All the products were considered as being converted
in an economical and sustainable fashion using complex algorithms which demonstrate
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the big gap between return, recycling (rate, cost) and CO,emission. Several researchers
have demonstrated the differences between these factors presented in Table 3.3.

An important factor of these aspects is how the returned items are represented like a
variable with a specific quality. Different parameters like demand, return and stochastic
lead have a qualitative and quantitative influence on the cost and quality. All these
influence the recyclability, economical cost for recycling, and environmental protection

[18]

Table 3.3 WEEE sustainability potential*¢5%

Items Recycling rate Recycling cost ~ Disassembly time (min)
Fan controller 0 21.77 0.93
Cable 4.00 35.31 26.4
PCI board 0 3.24 3.0
HDD 27.27 -114.51 4.2
FDD 9.09 -15.83 18.0
CDD 18.18 -55.83 18.0
Switch 0 21.09 15.6
Big fan 18.18 -42.29 28.2
Big fan cover 1.82 35.71 27.6
Small fan 9.09 -2.29 28.2
Inside switch 0.91 20.69 15.6
Speaker 5.45 35.31 28.2
Memory 0 6.51 4.8
Motherboard 0 75.09 56.4
Total 93.99 40.61 302.4

3.4.2. Strategic solutions for sustainable global WEEE management

Future reusability, another branch of the remanufacturing implementation, had

demonstrated an important goal in minimizing scrap recycling®?

. In the previous
examples, can observe that end-of-life management before remanufacturing and
management strategies to develop a proper sustainability for remanufacturing, involve
not just a proper generation of product updating but also environmental friendly

manufacturing!*4884]
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In this section, is discussed what is needs to be done for managing waste from the
point of view of electrical and electronic businesses and what are their needs/issues for
managing strategies required for a sustainable WEEE on a global basis. The
remanufacturing in the WEEE sector, specifically the automotive and aerospace sectors,
is more developed and more profitable®. However, the automotive and aerospace
sectors are challenged by the updated/remanufactured products of the electronics, such
as board computer, controllers, safety systems, and other specific electronics®®®".
B8lhighlighted the exiting challenges that are commonly found in the WEEE
remanufactured equipment, and remanufacturing processes, such as: inspection,
cleaning, disassembly, reprocessing, reassembly, testing, facilitating the remediation of
WEEE storage, pollution and energy consumption.

WEEE from the remanufacturing side has two main camps (i) Operational level, a
conglomeration of activities that smoothly flows from EOL of the product to the
remanufactured processes. (ii) Management strategies, which engage the circular
economy, asset reuse, plans, policies, and tactics for ensuring the profitability of the
remanufacturing.

In the following part, these decisions are included as if the electronic manufacturer
would remanufacture the used EEE and WEEE from an OEM perspective or other
private companies. All these had been debated with the IBM Global Asset Recovery
Services and academia from different countries as in the annual 1CoR workshop. Here
the key discussions had been concentrated on reverse management, design for
remanufacturing and reuse selection, while trying to optimize the real situation at the
moment.

3.4.2.1 Reverse Management

The concerns for reverse management lay within the general idea that legislation
appears to be blanketed by particular models. The transportation of waste is one of the
general problems. This is, not just from the logistical point of view, but it even concerns
the diversity of the waste involved. In these cases, the industry can be supported by the
government and consumers. Among these, there is a potentially manufactured product
that can be considered waste at a particular stage in its life cycle. The data, provided by
the producer for the consumer and remanufacturer at the same time, would be about the
product characteristics or the possibility of recovery after the EOL cycle.
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It is important to articulate that the life cycle, which will be provided by the
producer, can influence the policy makers to change the legislation regarding e-waste
recovery from the electronic users. The general idea of waste designation and the lack
of specific legislation for remanufactured products will change, thus giving a better
opportunity for reversing the chain for reusability if the legislation for remanufactured
products will be for their benefit. Group members put forward the case that joining
value streams (between companies) would be difficult to achieve because of the
business competition that prohibits co-operation between different companies. This is
having an impact on the economic level for them.

Reverse management is currently dictated by particular models, depending on the
product complexity. Thus, creating new models to encourage collection for
remanufactured products will be a challenge. The increasing complexity of parts has

had an adverse effect on the management process.

3.4.2.2 Design for remanufacturing

Different mechanical or electrical parts from different areas of the product can be
remodeled/readapted to increase the life cycle and decrease waste. The key factor here,
are the outsourcers, which provide solutions to the producer for updating the products in
an economical way, equal to cost, complexity, and capabilities of a new product.

Remanufacturing strategies, in advice with the sustainability for remanufacturing
have to increase the relations between the remanufactured and original equipment
manufacturer (OEM) to reduce the price of producing via economy/sale.

Among these, the high production and updating of the products/design have an
important role in changing the public reaction/behavior to the new products, even if the
price is different, depending on the product category (new/re-manufactured). In regards
with cost, quality, and capacity, the aspiration for manufacturing products having a
statistical concept of efficiency versus flexibility is represented. Both of them are
influenced by the supply and demand chain, giving a balance to the remanufacturing
demand to be a higher-care for a low price.

An example is the copiers that are sold by Concept Group by Xerox UK to their
original consumers or go to the sales market to begin their new life cycle, while offering
a warranty and service at the same time. The logistic system of Concept Group is a
partially closed loop, and some copiers go through more than one life cycle, as shown in
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Figure 3.5. All their products are separately monitories before ending as a use product
by the producer and in this way can be categorized more efficient as profitable or
non-profitable for remanufacturing. The figure reveals two channels designated for the
products as rivers logistic and remanufacturing.

The connection between them is given by the possibility of upgrading the electrical
equipment, which has a shorter lifespan and a decrease of performance during the life
cycle. From the IBM point of view being in the situation of the producer and
remanufacturer, this type of situation is improved by offering a guarantee for the
remanufactured products.

Used

Consm:uer N onproﬁt Treatment orfmm= == = = == =
able dlspose Rar ers logistic system "
—_ —_—

I.____________ -
}\iEREX New Consu:mer Used I
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Figure 3.5 The logistic system of copiers’ remanufacturing in Concept Group by Xerox UK

IBM, SIEMENS, and Concept Group by XEROX, offers in their new
remanufactured products the last upgrading, which means new interface and software,
hardware, guarantee, and efficiency.

The big issue for these companies is the design of upgrade, which has a short
lifecycle, not just for the entire product, but even for the small components. The high
complexity of the components requires more investments in the graphic and
technological design and production, which can affect directly or indirectly the product
price but also even the business. In the case of IBM being in the position of the producer
and remanufacturer at the same time, the adjustment to upgrade an old product is less
expensive and simpler according to the IBM.

In the case of laptops' and medical equipment’s high construction complexity and

lower possibility of remanufacturing, not to mention, the emergence of new products or
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technological and political problem, the possibility of reselling is lower, in some
developed countries.

3.4.2.3 Reuse selection

One of the most important factors in the regression of used electronics begins with
verification/validation upon arrival and discusses the difficulties and the practicalities
involved in the process of verification and validation .

For instance, the concept of verifying a standardized product against the process of
verifying a customized product was discussed. Also, the fact that the level of validation
required is such that the product must be shown to exceed the threshold of classification,
where it would be defined as a solid waste or introduced into the category of
recoverable products %,

Forecasting successfully engages in WEEE management; good forecasting models
are required for a better sustainability ®). The point raised about this subject was the
buyback option from IBM on equipment installed on sites, which would be required to
be made a model basis (specific decision) and not a carpet buyback approach. The
access to information is included to increase waste management of WEEE, and more
information is required to be shared between the relevant bodies. The relevant bodies
are the producers, third party waste management organizations such as remanufactures,
and the policy makers to resolve the issues between different stages of remanufacturing
and EOL 1¥692]

From business to business and business to customer, the case was put in discussion
that potential reuse operators may need to be differentiated, depending on the
application/person or organization that is forecast to receive the re-used products
(re-used products in this instance is a generic term used to describe the resulting product
that has been subject to an EOL process)®>%4,

Understanding that the value for the manufacturer/provider represents the full cost
model (which goes from cradle to grave) would generally need to be required as a first
step in understanding the value provided by the manufacturer. For a potential
manufacturer to:

a) Conduct EOL strategies such as repair, recondition, remanufacture, etc...

b) Provide necessary information to allow others to carry out these practices
smoothly and efficiently;
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c) Design products intending to carry out an EOL process such as remanufacture
(thus products avoid costly disposal) while providing the cost model analysis as a
requirement;

d) Product life management is not necessarily aligned with re-use of a product.

The points raised here, touches essentially the current modeling of products that
include product re-uses (or successive products re-use options). It may be the case that
new or existing life management operations/plans need to be created or altered to cater
large product reuse operations to small reuse operationst*°!.

3.4.3 Practical execution of remanufactured copiers’ machine

This chapter also illustrate an example of a copier remanufactured, made by
Concept Group (CG), which is a subsidiary company of Xerox. They give the technical
supports to CG, to make sure that the remanufacture processes are completed effectively
and the quality of remanufactured copiers could be guaranteed. Meanwhile, they
remanufacture some models of Cannon’s copiers like IRC 30380 and IRC 20880 for
more profit. CG takes back used Xerox or Cannon copier from the consumers and
remanufactures them, then sells them to the original or new consumers. As a result,
there is a partially closed reverse logistic loop between the manufacturers and the
consumers, and CG is the link between. The process to realize their remanufacturing:
disassemble, clean/ refinish/ rebuild/ mend, reassemble which lasts about 10 hours and
are represented in figure 3.6. Here is reveal the entire chain of the remanufactured
process to understand the general decomposition of a Xerox machine and the steps that

each component is having.

Refinish
|
—{  Panels - Clean - Dry Reassemble

Reestab]ishl
Disassemble Units = Rebuild

Substitute = Remanufactured
. Component copiers

Figure 3.6 The copiers’ remanufacturing process in CG

Used copiers
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All copiers are disassembled to a very high degree (Figure 3.7 a). First, the straight
external panels, the paper pickup section, control panel, process units, fuel sections,
transport sections are taken off from the machine and are cleaned. Finally, all the
subassemblies and components are disassembled individually and manually. Usually,
each machine will be disassembled into more than 20 parts, which could be cleaned,

refinished, rebuilt or replaced easily, to satisfy the needs of remanufacture process.

Figure 3.7 a) The disassembled individual parts of copier. b) One of the sensitive components in
copiers.

Some of the easily broken components like the fusing rollers and pick-up rollers
would be substituted by new ones which are brought from OEMs. Buying a drum unit
from the manufacturers (for example, Canon) would cost about 250 USD. Meanwhile,
CG spends only 60$ if it takes out the drum blade (the easily broken components) to
replace it with a new one from the OEMs. The components in the copiers are complex,
and the total number of components in each copier is about 50 to 100, and they are
composed of plastic, leather, metal and some other materials. In all the operations, there
are no used special tools to deal with the sensitive parts (figure 3.7 b.) during the
disassembly process.

Experienced technicians are trained by Xerox with one at each branch, for six
months to get used to the different models and techniques to disassemble, rebuild, and
adjust the copiers. This upholds the quality of the remanufactured products in CG. After
the used copiers are remanufactured, they undergo a run test, copies test, and the final
electrical safety test. Meanwhile, all the copiers essentially work the same way, and use
roughly the same components, so the remanufacturing is similar, and there are no
technical problems to remanufacture different models or brands of copiers.

Also, the broken components in CG, which cannot be remanufactured (i.e. brought
back to at least 'as new' condition), are substituted by the new ones from the OEMs,
rather than different manufacturers. From the perspective of environmental protection,
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more energy and resources are saved compared to the simple recovery of the material
from copiers, as would be in the case with recycling.

The development of design, for joining other components during design and
manufacture, makes the copiers much easier to remanufacture compared with the ones
from many years ago. In addition, the stability of the copier technical development and
the similar construction of different models and brands, make the remanufacturing of
copiers much easier, and the economical-efficiency greater than other electrical and

electronic products [,

3.5 Summary

This chapter presents the existing operations of diverse approaches applied in
remanufacturing models, which illustrate various viewpoints suggested to know the
clear picture of remanufacturing feasibility for used electronic and WEEE industry. The
key findings of this review are the elaboration and description of the different
typologies of concepts and strategies that are used by the remanufacturer and their
issues in the industry. This can be understood that not only just the concept of how to do
remanufacturing will have an important role but also in which direction the operations
should be applied to have a better sustainability from different sides. Currently, the
policy makers are trying to develop new strategies for helping the companies to increase
the remanufacturing process, reduce the environmental pollution, and raw materials
reduction. The case of Chinese market debated in the case of the statically situation give
a description of the possibility to implement remanufacturing by linking directly with
the manufacturing. Future more recommendations can exemplify the CE concept if the
OEM and remanufacturing industry connect each other as business to business and
business to consumer. The exemplification reviled by the certain companies, US and
Europe can strongly support other developing countries and companies to implement
remanufacturing in a sustainable way creating jobs and reducing WEEE. Avoiding the
main barriers as environmental issues and consumer recognition by implementing a
good management, eco-design and reuse selection to increase the potential of the
buy-back concept.

As a general overview, on all discussed examples and descriptions about the
remanufacturing in this chapter, it can be concluded that remanufacturing industry could
be suitable, if it will be implemented in the developed and developing country as well.
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These are given as example by Xerox Group UK and IBM (China) remanufacturing by
introducing the monetarize system at their products and increasing the possibility to
regress old products and waste generation.

This chapter will help researcher to know the exiting situation worldwide of
remanufacturing from the technological and legislative emplacement aspect. Different
situation, cases, assumptions and modalities are reviled for a stronger sustainability of
the remanufacturing in different countries. In other hand, the future development of the
electronic industry will need to be more concern about their waste and they should
consider all the aspects for a better functionality and life cycle of their e-products.
Therefore, the detail work should be conducted to establish the perception of developing
countries regardless remanufacturing potential, and proper implementation in different

growing industries such as electronic manufacturing.
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4.1 Introduction

The most prominent accessories and utilities in our daily life have changed the
aspects of living and communication. From the moment when the information and
communication technology (ICT) expanded, the world became more interconnected
through a diversity of devices. The reflection of Moore law, observed that the updating
of packed components from an integrated circuit board is doubling every 18 months,
increasing the electronic manufacturing, used/ WEEE generation and informal
recycling?®®*"],

According to the UN data, from the released rapport in 2015 for the year of 2014, an
approximated amount of 41.8 million metric tons (Mt) of e-waste was generated which
consisted 3 Mt small IT devices, 11.8 Mt large equipment, and 7 Mt cooling and
freezing equipment 8. In most of the cases, the open dumping areas are related to the
informal recycling, dismantling, discharging of hazardous substances from EEE 4102,

Because of the chemical and mechanical characteristics e-waste and used electrical
and electronic equipment can have another option to be regressed to a new product or
raw material with less hazardous environmental effect using remanufacturing procedure.

Different solutions of the WEEE global issue can solve the problem in other
manners being more or less efficient as the recycling option™. This chapter reveals
how technology, market potential, and electronic design can contribute to a better
collection of the waste and how remanufacturing is implemented, exemplifying of an
efficient collection system and internal remanufacturing scheme of used equipment as
servers and medical devices. In the traditional scheme of electronic collection system
the complexity and time duration per transaction of used equipment is too slow and too
complicated. A new practice of collection developed in China is “Internet + logistics”
collecting waste/used mobile phones, tablets, and monitors. The aim of internet
transactions is to build a business to business (B2B), reverse supply chain, not a
business to consumer (B2C) standard collection flow, and break through information to

a sustainable and fast collection reducing costs and giving more value to the WEEE.
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This base strengthens the material and fund flow, realizing a breakthrough in the typical
industrial chain of the electronic collection. A better collaboration between B2B cuts the
corridors of a slow typical collection, helping the user and receiver (remanufacturing
company) of used equipment to receive the product in a shorter time and physically
diagnose. The case of server remanufacturing in China and healthcare remanufacturing
of medical equipment in Europe are proper examples highlighting the availability to
maximize the resource value.

Remanufacturing is more sustainable than material recycling offering a new
possibility to the product to be reintegrated in the life chain avoiding the transformation
of components, parts and assembles in secondary materials and again in a new
product™®**1% This is giving the possibility to reduce the CO2 emission, raw material,

and energy consumption plus environmental degradation!!%+%®!

. However, to support
the benefits of reusing for remanufacturing illustrate the internal composition and
physical status of the plastic circuit board (PCB) and plastic cases of two monitors.
Overall, the experimental parts uncover the already discussed composition of WEEE
products which degrade the environment and avoided raw material consumption. All of
this can be avoid by using the proper tools as remanufacturing and reuse of
subassemblies via Internet of Things (loT) upgradability with Banana pi (card sized
single-board computer) for a universal range of new and use equipment.

This chapter is organized as follows. Section (I) a worldwide introduction of e-waste
generation and markets approach and possibilities. In section (I) is presented the
methodology of collection by using new methods as internet application, (B2B)
remanufacturing to maximize resource value and physical status for selection of
subassembly for reuse and upgradability. In section (I11) we describe the research results
which are followed by section (IV) discussion of the study. In particular, shows that IT
contributes to increasing the collection and resource conservation.

4.2 Methodological framework

The aggregated methods used in this research are shared in three main parts:
collection, remanufacturing management and experimental analysis. All the information
generated herein has been collected from the field. In the collection section, a Chinese
company from Shenzhen called Taolv Information Technology Company is described,
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from which the data has been collected and processed. They collect, test and sell
secondhand mobile phones and tablets. Taolv is a leading third party internet transaction
platform for Waste/secondhand mobile phones, which aims to build a B2B reverse
supply chain, set up standard collection flow, and break through information, material
and fund flow, and realize the green, technical and intelligent collection.

In the second part, the data from the remanufacturing section had been compiled
from two remanufacturing companies: A — medical devices manufacturer and
remanufacturer in Europe and B — servers in China. Company A had offered their
information during the visit at the remanufacturing facility in Europe. At this moment
company A doesn’t have any kind of remanufacturing activity in China due to the
legislative restriction. The data from the company B had been collected on the spot at
their facility remanufacturing in Zhejiang Province, China and compared with the data
from the company A. All the process of remanufacturing had been explained step by
step by both companies, resulting our described analysis for a general understanding of
the internal managerial activity of remanufacturing process in case of servers and
medical devices. Both companies are leaders in the remanufacturing industry with a
high reputation for quality and technical and fiscal sustainability of their products.

For the experimental part, different methods had been used to identify the physical
and chemical characteristics of the electronics. Several analyses had been made as XRD,
SEM, ICP-MS and leaching. The experimental samples and materials had been gathered
from electronic markets in Beijing, China. They represent a description of existent
statues — surface, chemical composition, from plastic and PCB to realize that the applied
updating and resource conservation thought IT devices applicability can extend the life
cycle of existent products postponing the recycling process.

4.3 Case studies

The investigated companies in this study generate another view regardless to the
traditional collection system and the new opportunistic approaches from China and
Europe. The waterfall of the manuscript describes a new collection system rather the
conventional one %! and remanufacturing introduction and management for servers
and medical devices. This path gave a meaningful approach to conserve the existent
equipment and reuse specific parts/components avoiding recycling.
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4.4 Collection

Informal recycling and transboundary movements of electronics are one of the key
factors in the regression of electronics and open dumping. Considering the informal
recycling is having the potential we decided to exemplify the collection system
implemented in Shenzhen, China by Taolv which is a leading third-party Internet+
transaction platform for waste/used mobile phones, tablets, aims to build a B2B reverse
supply chain. They are one of the 25" specific enterprises with this profile in China,
collecting approximately 1/5 (60 million, units) of discharged mobile phones in the
country. The company is supervised by the Chinese authorities and requested to give
balance reports regarding quantity and product destination. According to Ministry of
Industry and Information Technology (MIIT), the discarded mobile phones add up to
250 million in 2016. Their activity unfolds where as in 10 of the biggest cities in China,
such as Beijing, Shanghai, Shenzhen, etc., where Guyiu is the direct intermediary
between seller and purchaser providing the special services (Table 4.1) as shown below.

Table 4.1 Service facilities provided by Taolv

Services provided by Taolv

Seller Purchaser
Sorting (different price/product) Stable source from seller
Auction (price negotiation with seller) Reliable trade channel
List of products they sell Full time IT management
Logistic subsidy High-efficient dismantling technology
Quick transaction (3 days) Pre-pay financial service
Monitoring the transaction online Logistics

Their implemented methodology of work succeeded to reduce the general cost of
several key sectors in the collection and transaction chain (Table 4.2) as shown below.
Among these, the requirements for supply chain and collection are simply eliminating
some disadvantages, such as: lack of standards; too many steps in the logistics chain;
information asymmetry (imbalance); impossibility of fragmentation of different kinds of
items; stable supply and less variety for downstream plants.

The total cost reduction (45%) achieved is specified in this table according to the
various cost categories. It is concluded that application of IT brings cost reductions for a
wide variety of activities needed for appropriate collection.
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Table 4.2 Internal cost reduction

Sectors

Taolv cost
reduction (%)

Reduction factors

Combine information

Warehouse cost
Storage risk

Integrated logistics

Accelerate the turnover of
the capital
Bulk collection
Total reduce cost

Metal market price, online transportation -

10 .
transaction
10 Depositing period maximum tree days
7 Technical accidents, retard delivery
. Courier delivery for income/outcome of
products
3 Transaction speed and efficiency
10 Reducing the conventional collection points
45

Breakthrough the traditional recycling and collection chain in China, Taolv

succeeded to eliminate several steps, such as door to door collection, recycling points,

classified recycling, region recycling and cross region recycling. In their collection

scheme, just three steps are mentioned, namely: starting with consumers, collectors and

the direct link between Taolv platform and the purchaser (Figure 4.1).

[ il e |

Post-delivery /

i
[ Consumer ]—b[ Collectors }\'T’/J Warehouse } » Purchaser
' 1

|
|
Online order I
|
i

Online e e e
transaction

Figure 4.1 Taolv collection, distribution system

The Taolv shortcut is more effective than the standard one, having an internal time

of delivery of the selected and sorted equipment of just three days from the moment of

receiving. From the point of acceptance of the transaction containing the used or

second-hand device, till the delivery, see the Taolv flow of products (Figure 4.2) is

followed.
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Device sorting depending
on the product type
Identification utilizing
QR code: type, vear of
production, amount of
composite materials.

Seller
Omnline transportation
(Price/product)

Receving and

weighting point

User
Remanufacturing
Reuse — Individual box for
Deposﬂ:.mg each client with
and selling | e fina) product
value.

Recycling

Figure 4.2 Flow of goods from seller to purchaser mane by Taolv company

The first step is the online transaction between the owner of used electronics and
collecting company (Taolv) where general price before the technical inspection of the
device is discussed. In this general price includes the international metal exchange
transaction of the precious metals/materials in the moment of the selling and purchasing
(Table 4.3).

Table 4.3 International exchange metal transaction price

Product category Latest price Unit
High configuration capacitance screen 22.5-24.0
Medium configuration capacitance screen 13.0-14.0
Low configuration capacitance screen 7.5-8.5 RMB/piece
CDMA 9.1-95
Middle-end Nokia 14.0-15.0
High-end Nokia 24.0-25.0

After the online transaction has been completed the device is shipped to the
collector by a usual courier. At the collector base, the device is firstly weighed (Figure
4.3) and identified by scanning the code bar (QR code) from the phone and using
special sorting machine incorporated with software which generates all the
characteristics of the product (Figure.4.4).
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Figure 4.4 Identification machine for type of product and model reading the QR code

The software is updated with the existent database of manufacturer regarding
material percentage (gold, copper, aluminum, plastic, etc.) for each brand and model of
the device (mobile phone, tablet). After the identification, the devices are tested from
the electrical and physical status (screen, cables, covers and components,) to generate a
better classification depending on the physical defects detected (Figure 4.5).
Furthermore, the tested device is characterized in certain classes of quality (A-good,
B-satisfactory, C-less satisfactory, D-spare parts only, F- material recycling), after this
reevaluating the product and offering the seller the final price of the device according
with the deffects sheet (a balance sheet containing the reusable parts) (Table 4.4).
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Figure 4.5 Testing and classification operation

Table 4.4 Balance sheet for individual product diagnose

Components hame Number Unit  Class of quality
Large size screen cell phone 32 pcs E
Weight of small size screen bar cell phone 0.3 pcs F
Weight of clamshell cell phone 0.05 kg F
Apple 4 1 kg F
Huawei ¢2800 1 pcs A
BBK y31 1 pcs F
High configuration capacitive screen 11 pcs E
Low configuration capacitive screen 9 pcs E
Medium configuration capacitive screen 1 pcs E

The destination of the collected products are shipped to the reuse, remanufacturing
and recycling companies from China with an oscillating price of the product depending
on the international metal exchange of precious metals, physical characteristics and
product quantity(kg in case of recycling). This type of collection can be implemented in
different countries with a lower infrastructure of collection points recycling or
remanufacturing. This method upstands the traditional collection due to online, public
or privets distribution with a direct connection between the owner of the used product
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and remanufacturing/recycling company. In this case remanufacturing and recycling
companies are facilitated to obtain the best quality for the incoming products (an
already sorted, tested and diagnosed product).

4.5 Remanufacturing introduction of B2B (business to business) and
overview of the internal management model

Remanufacturing in big lines is seen as one of the most environmentally friendly
of ”end of life” treatments for a saturated product. If the remanufactured product will
avoid substitution for new product, and therefore to avoid energy consumption, with a
new product manufacturing. In the remanufacturing needs, some products of the return
stream have this sufficient residual value. If the remanufacturing firm can recover and
upgrade the equipment, incomes some products with a real residual value at its end of
life or before it, and can give a predicament to the remanufacturer'®®”). The fact that in
most of the cases a remanufacturing operation is made by original equipment
manufacturer (OEM), in the case of medical devices and electronic equipment is
offering better possibility to be upgraded for a lower cost and technological effort.

This had been observed in the present study, both company A its medical equipment
(an example from Europe applied in the United States as well), and company B having
the objective server remanufactured (an example from China).

The statistical operation regarding remanufacturing is quite different and significant,
while the remanufacturers. In the United States is more or less $50 billion in the
industry and 73000 firms. In China, so far only has in total 75 general pilot firms in the
remanufacturing industry, but more activity is expected to follow in the years to come
[31,85]'

Both of the companies (A and B) have a large worldwide experience and recognition
in the remanufacturing industry with more or less activity (company A) on the Chinese
market. In their internal framework of remanufacturing, they mutually respect more or
less the same general steps in a B2B business of this profile. In our example, is
mentioning the relative and common technical activities that are implemented in their
framework and the benefits of their remanufactured products.

Company A, a European healthcare manufacturing and
remanufacturing/refurbishment company is implementing their B2B remanufacturing
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business in Europe and United States with big success, having a special program
offering a chance to the pre-owners equipment to extend the end of life of their products
by remanufacturing 1!,

Company B started the remanufacturing activity in China in 2013, and they are
focused just on servers. The global history of the company helps them to adapt quickly
to the Chinese market occupying the server supply starting from the government and
finishing with banks B¢/,

In both cases, the strategic core of their framework is divided into five common
steps which represent the water flow of the remanufactured product starting and

finishing with the product owner (Figure 4.6).

(1) Stringent selection and (1) Technical % (IV) Full
mn de-installation by manufacturer inspection and Reassemble warranty
Produc (Company A, B), transport to remanufacturi {ind _ and
t owner the remanufactured plant by ng procedures. configuratio technical
producer (Company A) and nto support.
4 contracted vendor (Company consumer
needs.

(V) Transport to the owner

Figure 4.6 Flow scheme of the remanufactured product

Starting from the first step, each and everyone of them is starched in other technical
and logistical activities in the remanufacturing process. All the products that designate
to be remanufactured are already recorded, regarding their location and technical status
by the producer or leaser in some cases. However, if the owner is doing the request for
re-updating, he is contracting directly the manufacturing in addition to remanufacturing.

The stringent selection and references (step Il) depend on the technical condition,
age and service history of the product. If the item respects all the technological
characteristics, it is de-installed and packaged by the manufactured company and
shipped directly to the remanufacturing plant. In the case of company B, a special
vendor makes the shipment, such as Sunjet China specialized in transporting special
equipment's.

The fact that the machines have a high value means that after their arrival they are
introduced directly in the warehouse for a pre-inspection conducted by a technical
expertise to determine the real status of the equipment (step I1l). Subsequently the
following main procedures are implemented, such as de-installation, cleaning,
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replacement, updating, and warranty. A detailed process underway is represented in
Figure 4.7 where the technical flows (step 11l and 1V) of the remanufactured product of
Company A and Company B are shown.
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Figure 4.7 Internal process of remanufacturing for servers and medical equipment (Company A
and B)
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Fulfilling the remanufacturing steps and transferring the equipment back to the
owner or to a new one it requires a maintenance process depending on is nature and
specifications. For example, servers don’t need a very special attention from this point
of view, just a monetarization of the technical functionality. Company B is providing
full technical support for their devices after the warranty as well.

The other hand, company A requires more strict attention regarding remanufacturing
and maintenance to his medical equipment for the reason that it can produce severe
magnetically radiation for the operator and patient, electrocution and contaminations
can appear. However, these are avoided if the owner respects the planned maintenance
(daily, weekly, periodically), cleaning and disinfection of the required parts. The most
known products that are remanufactured by company A are Computer Tomography (CT),
X-ray and Magnetic Resonance Imaging (MRI).

The initial equipment is designed to be disposed or remanufactured for a technical
re-update being advantageous in terms of value and in resource conservation. To avoid
the disposal, remanufacturing option jumps to equilibrate the balance giving more
benefits to the used equipment like medical devices and servers. The key benefits of
remanufacturing this type of devices are not outstanding just from an environmental
benefit but outputs the clinical functionality, quality, performance and appearance of
new product simultaneously. The full configuration needed by the client is offered at an
e