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Abstract

The electrical and electronic equipment (EEE) indukas increased its mass production;
however, the EEE life span has similarly diminish€dving to the rapid expansion of

manufacturing, innovation and consumer demand etl@s been a vast improvement in
various electronic equipment, so the amount of evadéctrical and electronic equipment
(WEEE, or e-waste) generated has also increasqubpianally to production. The main

objective of this article is to evaluate the renfanturing concept which can be adopt by the
electronic manufacturing industry. The article @gaifferential steps debated by industry as
well as academia in assets to reduce the amourg-wéste. The concept of e-waste
remanufacturing is quite dissimilar from case stadamong developing and developed
countries and regions. The findings can assistatteelemic research and leads to industry
regardless remanufacturing of used EEE or WEEE Xgmelifying different methods and

ideologies of remanufacturing implementation phis inain issues in this field.
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EEE; Solution; e-products End of Life; Informatycling; case studies; Electronics.
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1. Introduction
Electronic manufacturing, innovations, and the efgri of electronic products have

expanded increasingly in the last three decadeghwimve a significant impact on WEEE
generation (Baldé, C.P., Wang, F., Kuehr, R., Haisn2015). In the European Union (EU),
the WEEE amount has been annually growing withréte of 3-5%; Just in 2012 the total
sum of treated e-waste was 3.6 million tons (Mt)which 2.6 Mt were recovered (Eurostat,
2016). The international commerce, resource depletiand miniaturization of

components/products had enforced the e-waste d¢igisipolicies to be changed in different
countries, which depended on the local economieldgwment and region. However, WEEE
become a global issue because of the quick matuarafi electronics, low recycling rate in
some cases, utilization of raw materials, and pioliueffects around the globe (Li et al.,
2015a; Salhofer et al., 2015; Singh et al., 20168h2016Db).

The formal recycling of e-waste on the global leweas just abound 13% (Gold et al.,
2010; Reck et al., 2012). While informal recyclirsgtisanal mining of e-waste, eco-design,
manufacturing, international markets, and the eooagotential of buyers are playing a
crucial role for material recovery and environméméaues (Awasthi et al., 2016a; 2016b;
Umair et al., 2015). Among these, the informal mdicyg, electronic cannibalism and in some
cases the possibility of re-updating leads to iasireg e-waste (Narendra Singh, 2015; Singh
N, 2014; Zeng et al., 2015). The result of thisdemce has contributed to developing new
strategies to implement e-waste eradication in fAoient way through the adoption of an
eco-design (Li et al., 2014), as well as the capdor updating electronics from its stage of
manufacturing modeling (ljomah et al., 2012). Reunfacturing is giving another option to
the products, by transforming them to “like-new”.

Recycling and remanufacturing increase the utibrabdf recovered materials or used and
reconditioned components to reduce the raw mateoasumption and increasing the waste
value. A worldwide distribution of WEEE and EEE r@mufacturing situation is described in
Fig. 1 according with the literature. This reprasdhe current status of EEE remanufacturing
related with the technological potential, regulaticand governmental or private affiliations
with remanufacture. The 60% non-hazardous wastehtithbeen produced by manufacturers
demands the implementation of legislation to redtiee environmental impacts of these
products (Alejandra Sepulveda, Mathias Schluepri€abG. Renaud, Martin Streicher c,
Ruediger Kuehr Christian Hageliken, 2010; LaGreBajllip L. Buckingham, 2010;
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Ongondo et al., 2011; Perkins, BS,DevinN.,Marie{N&reine Drisse, MS, Tapiwa Nxele, MS,
and Peter D. Sly, 2014). In these cases remantuifagtstrategies play a crucial role for
original equipment manufacturers (OEMs) and remactufer (Nasr et al., 1996; Singh et al.,
2016c).
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Fig. 1. Worldwide distribution of the remanufacturing stNote: Data source of the assembled map are from
the supplementary content Table Al.

INEXISTENT

OEMs produce different components with their owecdsfication for the final products to
differentiate their products from those producedcbgnpetitors, which can affect the price of
products by reducing their final sale price. In aefy to select their technology for
determining the potential of remanufacturing, thategy is developed in order to give the
possibility of replacing some components by the ewor to be redirected to recyclers or
remanufacturers at the end of its lifecycle (Bednair al., 2011,Huang and Wang, 2016). In
this case, the remanufactured products repressn®(470% of the original price compared to
a new product. The rehabilitation expenses forréimanufactured products are estimated to
represent 35-60% of the original cost of producii@iuntini et al., 2003). Among all these
factors, sustainability for the remanufacturingustity represents an important global interest
(Guide 2000; Nabil 2006).

However, the eco-design is helping to improve tligciency and effectiveness of
development for updating products longevity (ljomethal., 2007a). Remanufacturing is a
process of recovering/bringing used or worn-outdpods to a “like-new” functional
condition, offering an equal functional warrantkelia new product and reducing the

environmental impacts, waste generation, landfidl ahe levels of raw materials used in
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production (Guidel1999; Hormozi et al., 1996; Lurtdak, 1984; McCaskey et al., 1994;
Robot et al., 1996; Tan et al., 2014). This papérasticulate the remanufacturing typologies
from different aspects, as implementation strate@ead provided a strategic solution for used
EEE and WEEE sustainability ( Li et al., 2015).

2. Remanufacturing emplacement

Through all economic, sustainable design, and teahmemanufacturing processes, the
concept of remanufacturing will develop and impro&ecording to Karvonen et al., (2015),
the particular description of the concept of renfacuring expresses the understanding of
the assessment model, in order to create a suskiagplication in industry and product
reusability to reduce the waste that will/can beayated.

Also, these determinations demonstrate how to leathd waste. Explained by Steeneck et
al., (2014), the reserve supply chains (RSC) amndaddife (EOL) are parameters required to
understand the original equipment manufacturer&MP strategies. As a producer and
remanufacturer of electronics and medical devi@s [XEROX-copy machine), (IBM-
servers), and (SIEMENS-medical devices)] demorestiia¢ importance of (RSC, OEL and
OEM) in their remanufacturing activity . Their objere is to recover their products and make
profits before and after the product reaches thgesbf the EOL and protect the environment
(IBM, 20164, 2016b).

According to the prevailing legislation, an examiglgiven by the European’s End-of-Life
Vehicle and WEEE directives (Eurostat, 2016; Otiehal., 2015). It is required for OEM’s
to handle their products’ EOL by finding suitablelwtions for reducing waste and
environmental issues caused by their products é@mphtation of the take back recovery
system) (Brett et al., 2009).

The above effects, reflect the implementation ahasufacturing which helps more
industries and businesses to create new jobs, ewelap their economy. For example, from
2009 and 2011 the United States increased the nuphipbs and financial growth by 15% to
at least 43 billion USD (Steeneck et al.,, 2014).cé&ding to the International Trade
Commission, in 2012, the number of jobs was appnakely 180,000) (Otieno et al., 2015).
However, the factors that drive the remanufactunmaystry include legislative regulation, as
well as material and energy conservation. All, tbge this describes an entire chain from
material flow to recycling and can be called a eatecovery strategy after the end-of-life
(Table 1). The supply chain of the EOL productsadtices remanufacturing as one of the

main joints in the chain which can be state inZEig
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Fig 2. Materials and equipment chain with its forward aederse destination. Not8C representsupply chain;
Modified from Steeneck et al, (20114

This paper reflects the implementation of differettategies used in remanufacturing
concepts, which show multiple perspectives usedunderstand the feasibility for the
remanufacturing industry in the case of WEEE. Thangles collected from the literature
include reserve supply chain, policy, as well asigte for remanufacturing, process
optimization, business model, and marketing degisiio addition, this research illustrate, the
intention to determine what are the most commonhou= being used in this field, to
understand how the concept is adopted in diffepants of the world, from the academic and

industrial point of view.

Tablel Types of destination places for End-of-life (EOBn{ironment Protection Authority (EPA) USA,
2009; ljomah et al., 2012).

EOL Option Description
Landfill Dispose of a product, or its parts, inaadifill.
Recycle Recover material from the product or &g

Any value depends on the form of the product, ®p#rts, and if it
destroyed or not.

Resell Sell product, or its parts, on used market ig.

Repair/Refurbishment Fix the product, or its padssome specified standard and sell them
on the used market.

Remanufacturing Re-make the product, or its pégsyusing a mixture of recovered

and replacement parts so that it meets the “like-rgpecification
(i.e. identical warranty to that for a new product)

Furthermore, these have been an influence on thamefacturing process and business
competition for the market requirements resultingttthe WEEE forecasting, reuse, and
remanufacturing potential is having an impact overse management (Gehin et al., 2008;
ljiomah et al., 2007b).
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3. Methodology
3.1. Data collection from conferences

The data for this paper has been collected andtelelgaring the international trade show
for remanufacturing_ REMATEC, (2015), in the IcoR nmRenufacturing conference in

Amsterdam in June 2015, and the Remanufacturingn@uBeijing 2016. During the events,

most of the exhibitions, have consisted of the @ative remanufacturing and electronic
remanufacturing issues. The most qualitative eveatt attendees of the workshop of IBM,
from ICoR Amsterdam. The remanufacturing problerhsised EEE and WEEE had been
discussed and in such a way to understand the ttafrgm the managerial point of view to
a technical point. Cannibalism and material recpydays an important role in the WEEE
reduction, which has been discussed in tradesetuhical literature within this field(Linton

2008).

3.2. Data collection from literature

The literature reveals that the availability of doeentation related with used electronics,
and WEEE remanufacturing worldwide has shrunk ttyckng, as seen in Fig 3(Govindan
and Soleimani, 2016). Using Scopus to search taliss conducted between 1990 and 2016,
associated with environmental issues and processicignology, with the key words of
WEEE reuse, WEEE recycling, and WEEE remanufaajuniasulted in 987 closely related
papers. Among these, 840 papers were related tWVEEE recycling situation, 112 papers
related to WEEE reuse, and just 35 papers relateWWEEE remanufacturing. All data
suggests that the lack in the WEEE remanufactuaspect is poorly represented and should

receive more research focus.

Remeanufacturing l/

\ m1990-2015

Reuse i

o] 200 £00 600 800 1Q00

Number of Publication

WEEE {e-waste)

Fig. 3. Situation of WEEE remanufacturing literature basadSCOPUS.
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During the ICoR IBM workshop, all participants cobtited to the general understanding
of the current situation in the field from diffetemiewpoints, and expressed their needs
regarding remanufacturing problems across the gldbe research includes the main points

of the researchers from workshop that were delatddanalyzed.
3.3. Case study

This research took several examples from literamd the cases of remanufacturing
companies of copy machine as Concept Group by XEROKK servers by IBM and
SIEMENS healthcare (medical devices) are mentioriHus paper will articulate the
remanufacturing typologies from different aspeds, implementation strategies, and a
strategic solution for sustainable global WEEE nggmaent, which can contribute to the
remanufacturing concept. Because the remanufagtiginot sustainable with all the products,
the profitability decreased in some cases as Xetlial., (2015) concluded, the paper

exemplify a case of copy machine remanufacturinghfConcept Group by XEROX UK .

4. Results and discussion
4.1. Remanufacturing implementation from differentpoints of view

The literature review provides examples to difféisde the perceptions used by different
companies to achieve various goals. The diversifinaof the perceptual objectives were

made for diverse objectives to facilitate the reofacturing companies.

4.1.1. Overview of circular economy for remanufactting

The analysis that had been done in the circulan@oy (CE) are focusing on the energy
consumption, material flow (3R rule implementatiortjosed loop systems, and eco-
design(Govindan and Soleimani, 2016; Preston, 200i8§ reveals that at the micro-level of
waste reduction everything changes. In the casé€liha’s leapfrog development, the
environmental policy had been implemented, andGEestarted to increasingly work in a
sustainable economic growth from 2002 riveting nergy consumption, resource and waste
problems, environmental degradation, and consenvamong other things (Su et al., 2013).
Geng et al., (2010) estimated that the,€@issions are growing at a rate of 7.5% annually in
China, and were approximated to be 7693 milliors tdvit) in 2010.

In the developing countries, such as China, theashpf the manufacturing industry is
playing an important role to germinate other indastsuch as recycling, while adopting the
3R rule (Su et al., 2013). The necessity of custation is increasing and at the same time,

the materials are used, recycled, and then resoldifterent markets with less value for the
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customer demand. Product revolution, technologyelbgment, and policy implementation
affect remanufacturing concepts of green-produtgsclcle for entering in the supply chain
of production/updating (Chung and Wee, 2008; Femtj\aswanathan, 2011).

In theory, the mathematical and software analysis Cycle Assessment (LCA), Cost
Benefit Analysis (CBA), Life Cycle Cost (LCC) anmecorporated to actualize and improve the
remanufacturing scheme to minimize the environmemiapact and to step-up the
sustainability of the remanufacturing system (Fenhgl., 2011; Richter et al., 2000; Tsai et al.,
2012). The fuzzy, multi-aim of remanufacturing does$ only help companies to develop but
even to generate new perspectives for the consumlargy the connection among new and
recycled materials, production/selling cost, maehyield, energy consumption, and £0
emissions (Su et al., 2014). The examples fronlitdature review have been implemented
in Asia, Europe, and the USA.

4.1.2. The status of original equipment supplier ashmanufacturer

Independent remanufacturers and contractors inmefaeturing industry have different
opinions regarding the use of concepts like, OabilBguipment Manufacturing (OEM’s), and
Original Equipment Suppliers (OES) in the fieldrlexample, in Europe, remanufacturing is
considered as being connected with the produciioe depending on the remanufactured
product (Junior and Filho., 2016; Martin et al., 18R However, the U.S. considers that
strategies should be deployed to increase the e¢mmelot rate and after which, the
outsourced/ contracted companies need to increadenelp the remanufacturing process.
Beside, both ideas in the OEMS were used and wawpted by automotive and electronic
companies in U.S. (Otieno et al., 2015). Usuahg, temanufacturing concept depends on the

generic activities (Figure 4), product routing gmdcess, and product types/company.

Remanufacturing process
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Fig. 4. lllustration of Generic Remanufacturing Proceg&iRP).
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All of the activities shown in the Fig. 4 are diéat from product to product depending on
testing modalities, software update and missin¢giodpg parts of the product. This activity
depends on the product quality, supply/demand, tantinology migration. Among these,
remanufacturing cost can be between 45%-65% depgrah the product and marketplace
which can be comparable with a new product (Otietral., 2015).

Developing the remanufacture concept the remarwfagt industry takes into
consideration profitability, environmental sustdoiigy, legislative regulations, marketing
and perception, process design optimization, nae@nd energy conservation, business
model and job creation according to IBM and acadenescription (IBM, 2016b). The
sustainability of the factors mentioned before imgs, in a manner, the understanding of a
particular barrier and the motives that affect tamanufacturing industry, not only in the

process of adaptability to legislation and produrtibut also recycling of different products.

4.1.3. Methods of remanufacturing implementation ad examples

A suitable case is the Chinese remanufacturingsingdacks where the EEE interest is
spreading to manufacturing and recycling rather nthased EEE or WEEE
remanufacturing(Hatcher et al., 2013; L. Wang gt24114).

In the cases of the technical design, market faend legislation for electronic
remanufacturing on the Chinese market the (MIIT #iMry of Industry and Information
Technology), in 2012, establish a catalog to gtideresearch institutes and companies. The
Chinese situation reveals that even if the manufad industry is well developed and the
variety of products and accessibility of EEE comgms are handier, remanufacturing
companies are insignificant being only five in tileole country (Wei et al., 2015). One of the
most relevant examples of sustainability is the IB&tver remanufacturing facility plant in
Shenzhen that has been open since February 201being the IBM 2% facility in the
world. The main objective of IBM is IT remanufadhg with a rate of remanufacturing of
10.000 units/year and viability of 90% (IBM, 2016aln the Chinese markets, the
remanufactured products, which include IBM as wedlye percentage ranges from 40 to 80%
of the new product introduced for sale. The bassaes that had been discussed in the studies
by scholars and governmental organizations revieal the main barriers in China are
environmental, ethical responsibilities, costumetierdation/recognition, and strategic
implementation (Tan et al., 2014; Wei et al., 2015)

On the other hand, the main objective is to restare-functioning products to a new

condition while reducing WEEE and the consumptiémasv materials with standards of a

10
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quality level that are equivalent to the new prddared can offer a warranty level as well.

Hatcher et al., (2013) explains the difficultiesh@ving a proper direction of e-waste after
they expire and the differences between DfRem ¢uefdr remanufacturing) and e-waste
remanufacturing capacity which varies. In the cas€hina being the largest producer of
electronics and importer of e-waste in the wortaré is poor development in the electronic
remanufacturing sector which is considerably unkmaand an untried solution, which is

becoming quite a challenge to undertake(Hatchat. e2013; Lau and Wang, 2009; Wei et al.,
2015).

Basically, remanufacturers have to choose theicgs® methodology and perspectives.
(Ismail N, Guillaume, 2015) suggested in their egeh, different types/tools of the
methodology used by remanufacturers and acadeustgisable development extension have

different descriptions and dissimilar perspectivegemanufacturing.
Methods, types/tools:

« Remanufacturing and Product Profile (REPRO2);

« Close Loop Environmental Evaluation (CLOEE);

« Environmental Impact Simulator (EIS);

- Remanufacturing Decision-Making Framework (RDMF);

« Remanufacturing Network Design Modeling (RNDM);

« Research for efficient Configuration of Remanufaciy Enterprises (reCORE);
« Fuzzy multi-objective linear programming (FMOLP);

« Remanufacturing cleaning method.

Comparing their research and other case studisstebearch extracted the most common
ones that are used in industry and academia foragement implementation in the
remanufacturing industry. The profit maximizaticor feverse logistics and product design
problems in case of remanufacturing, are plausibleractice(Agrawal et al., 2015; Geyer et
al., 2007). By making future adjustments in thewmek and allowing gradual changes to a
better flexibility, remanufacturing is incorporaginlifferent perspectives. Multi-period models
demonstrate to have a better flexibility than thetis one(Ferguson, 2010; Ferguson et al.,
2009). For example, the logistic network designrehanufactured washing machines, in
Germany, can save the cost of transportation betfaeslities which is explained by Alev et
al. (2012).

11
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Different perspectives on remanufacturing are immgeted in the closed loop supply chain

to understand the remanufacturing concept as feltbiw Table 2.
Table 2

IBM remanufacturing perspectives.

Remanufacturing and sustainable development Remetowing like a system

Technical feasibility: Design for remanufacturing
« Materials, methods, man, machine, energy, and
information, are included

Economic aspects: Reserve supply chain(RSC),
« LCA, cost, product recovery, disassembling, acquisition/relationship, reserve logistics
cleaning and washing, reconditioning, recovery,
etc...;

Social aspect: Information flow in the remanufacturing:
» attitude, orientation, behavior, warranty; e Composition of the product;
¢ Magnitude and uncertainty of the
return flow;

*  Market of remanufactured product;
e Information about how product returns.
Environmental aspects Employees knowledge andsskill
e The remanufacturing operation;
e Commercialization of the
remanufactured products.

Depending on the product being remanufactured, eachpany chooses a different
strategy in their approach to remanufacturing. &ample, NEOPOST in France reviled by
Guillaume, (2015) adopted the same strategy asCiwecept Group by XEROX from
Glasgow UK regarding the recovery of printers aftex EOL. On average, they recovered
90% after a usage period of 4-5 years. In thisopgerihey also offered technical support to
their remanufactured products.

The main pillar of the returning products is vergllwdeveloped by Concept Group by
having a database that can provide all the infaonatbout the product type, client, technical
situation of the product, and location accordinghwCG. By using these systems, even
Neopost expresses that the raw material consumgtamn remanufactured products can
reduce the environmental impact by 37%, dependimg tlhe types of undertaken
products(Guillaume, 2015). All the products werensidered as being converted in an
economical and sustainable fashion using complgarighms which demonstrate the big gap
between return, recycling (rate, cost) and ,Cénission. Several researchers have

demonstrated the differences between these fgatesented in Table 3.

12



307 An important factor of these aspects is how thernetd items are represented like a
308 variable with a specific quality. Different paramet like demand, return and stochastic lead
309 have a qualitative and quantitative influence om ¢bst and quality. All these influence the

310 recyclability, economical cost for recycling, andveonmental protection (Zanoni et al.,
311 2012).

312 Table3

313  WEEE sustainability potential (Garashi et al., 20I&ng 2006; Zanoni et al., 2012)
ltems Recycling rate Recycling cost Disassembly (it
1Fan controller 0 21.77 0.93
2 Cable 4.00 35.31 26.4
3 PClI board 0 3.24 3.0
4 HDD 27.27 -114.51 4.2
5 FDD 9.09 -15.83 18.0
6 CDD 18.18 -55.83 18.0
7 Switch 0 21.09 15.6
8 Big fan 18.18 -42.29 28.2
9 Big fan cover 1.82 35.71 27.6
10 Small fan 9.09 -2.29 28.2
1linside  switch 0.91 20.69 15.6
12 Speaker 5.45 35.31 28.2
13 Memory 0 6.51 4.8
14 Motherboard 0 75.09 56.4
Total 93.99 40.61 302.4

314 4.2. Strategic solutions for sustainable global WEE management

315 Future reusability, another branch of the remariufatg implementation, had
316 demonstrated an important goal in minimizing scrapycling(Rubio and Jiménez-Parra,
317 2014). In the previous examples, can observe that-o&life management before
318 remanufacturing and management strategies to develo proper sustainability for
319 remanufacturing, involve not just a proper generatiof product updating but also
320 environmental friendly manufacturing (Parra, Rub12; Vishal V. Agrawal, Atalay Atasu,
321 2010; Zanghelini et al., 2013).

322 In this section of the paper, is discussed whaeeds to be done for managing waste from
323 the point of view of electrical and electronic messes and what are their needs/issues for
324 managing strategies required for a sustainable W&EE global basis. The remanufacturing
325 in the WEEE sector, specifically the automotive amtospace sectors, is more developed and
326 more profitable(Williamson et al., 2012). Howevire automotive and aerospace sectors are
327 challenged by the updated/remanufactured produttsh@ electronics, such as board
328 computer, controllers, safety systems, and otheciip electronics(Abdulrahman et al., 2015;
329 Y. Wang et al.,, 2014). Bu et al.,, (2015) highlighted the exiting challengbsit are

330 commonly found in the WEEE remanufactured equipmant remanufacturing processes,

13
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such as: inspection, cleaning, disassembly, repsing, reassembly, testing, facilitating the
remediation of WEEE storage, pollution and enemgyscamption.

WEEE from the remanufacturing side has two main p=ar(i) Operational level, a
conglomeration of activities that smoothly flowsorft EOL of the product to the
remanufactured processes. anagement strategies, which engage the circular economy,
asset reuse, plans, policies, and tactics for ergstire profitability of the remanufacturing.

In the following part, these decisions are includsdf the electronic manufacturer would
remanufacture the used EEE and WEEE from an OEBppetive or other private companies.
All these had been debated with the IBM Global Agsecovery Services and academia from
different countries as in the annual ICoR workshblgre the key discussions had been
concentrated on reverse management, design fomegaturing and reuse selection, while

trying to optimize the real situation at the moment
4.2.1. Reverse Management

The concerns for reverse management lay withingtreeral idea that legislation appears
to be blanketed by particular models. The transpiort of waste is one of the general
problems. This is, not just from the logistical qoof view, but it even concerns the diversity
of the waste involved. In these cases, the industry be supported by the government and
consumers. Among these, there is a potentially faatwred product that can be considered
waste at a particular stage in its life cycle. Tdea, provided by the producer for the
consumer and remanufacturer at the same time, wiulbout the product characteristics or
the possibility of recovery after the EOL cycle.

It is important to articulate that the life cyciehich will be provided by the producer, can
influence the policy makers to change the legistatiegarding e-waste recovery from the
electronic users. The general idea of waste desagnand the lack of specific legislation for
remanufactured products will change, thus givirgetier opportunity for reversing the chain
for reusability if the legislation for remanufaaddr products will be for their benefit. Group
members put forward the case that joining valueastrs (between companies) would be
difficult to achieve because of the business coitipetthat prohibits co-operation between
different companies. This is having an impact anébonomic level for them.

Reverse management is currently dictated by pédaticuodels, depending on the product
complexity. Thus, creating new models to encouragkection for remanufactured products
will be a challenge. The increasing complexity @frtp has had an adverse effect on the

management process.
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4.2.2. Design for remanufacturing

Different mechanical or electrical parts from diffiet areas of the product can be
remodeled/readapted to increase the life cycled@adease waste. The key factor here, are the
outsourcers, which provide solutions to the produfe updating the products in an
economical way, equal to cost, complexity, and bdpias of a new product.

Remanufacturing strategies, in advice with theasnability for remanufacturing have to
increase the relations between the remanufactuned caiginal equipment manufacturer
(OEM) to reduce the price of producing via econsalg.

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

An example is the copiers that are sold by ConGpup by Xerox UK to their original
consumers or go to the sales market to begin ttesir life cycle, while offering a warranty
and service at the same time. The logistic syste@oacept Group is a partially closed loop,
and some copiers go through more than one lifee¢cyad shown in Fig 5. All their products
are separately monitories before ending as a wshupt by the producer and in this way can
be categorized more efficient as profitable or poofitable for remanufacturing. The figure
reveals two channels designated for the produats\vass logistic and remanufacturing.

The connection between them is given by the pdggitmf upgrading the electrical
equipment, which has a shorter lifespan and a deeref performance during the life cycle.
From the IBM point of view being in the situatiof the producer and remanufacturer, this

type of situation is improved by offering a guassnfor the remanufactured products.
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Fig. 5. The logistic system of copiers’ remanufacturin@ioncept Group by Xerox UK

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

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

In the case of laptops' and medical equipment’$ lsignstruction complexity and lower
possibility of remanufacturing, not to mention, tlemergence of new products or
technological and political problem, the possipilitf reselling is lower, in some developed

countries.
4.2.3. Reuse selection

One of the most important factors in the regressibrused electronics begins with
verification/validation upon arrival and discusses the difficulties ané tbracticalities
involved in the process of verification and validat(Govindan et al., 2016a).

For instance, the concept of verifying a standadliproduct against the process of
verifying a customized product was discussed. Atbe, fact that the level of validation
required is such that the product must be showexteed the threshold of classification,
where it would be defined as a solid waste or thioed into the category of recoverable
products (Williams et al., 2008).
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Forecasting successfully engages in WEEE managergent forecasting models are
required for a better sustainability (Govindan let2014). The point raised about this subject
was the buyback option from IBM on equipment iflstalon sites, which would be required
to be made a model basis (specific decision) ahé carpet buyback approach. The access to
information is included to increase waste manageér&€WEEE, and more information is
required to be shared between the relevant botliesrelevant bodies are the producers, third
party waste management organizations such as rdatames, and the policy makers to
resolve the issues between different stages of mefaeturing and EOL (Govindan et al.,
2016b; IBM, 2016a).

From business to business and business to custtmecase was put in discussion that
potential reuse operators may need to be diffeatattj depending on the application/person
or organization that is forecast to receive theauged products (re-used products in this
instance is a generic term used to describe thétireg product that has been subject to an
EOL process)(Sabbaghi et al., 2016, 2015).

Understanding that the value for the manufactureviger represents the full cost model
(which goes from cradle to grave) would generalgeah to be required as a first step in
understanding the value provided by the manufactéa a potential manufacturer to:

a) Conduct EOL strategies such as repair, recamditemanufacture, etc...

b) Provide necessary information to allow othersaory out these practices smoothly and
efficiently

c) Design products intending to carry out an EObcpss such as remanufacture (thus
products avoid costly disposal) while providing ttust model analysis as a requirement

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

The points raised here, touches essentially theewumodeling of products that include
product re-uses (or successive products re-use@rnstilt may be the case that new or
existing life management operations/plans neecetorbated or altered to cater large product
reuse operations to small reuse operations(Eurof@@amanufacturing Network, n.d.;
Shrawder et al., 2009).
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4.3. Practical execution of remanufactured copiersnachine

This paper also illustrate an example of a comenanufactured, made by Concept Group
(CG), which is a subsidiary company of Xerox. Thggye the technical supports to CG, to
make sure that the remanufacture processes areletenhpeffectively and the quality of
remanufactured copiers could be guaranteed. Medewthey remanufacture some models of
Cannon’s copiers like IRC 30380 and IRC 20880 farerprofit. CG takes back used Xerox
or Cannon copier from the consumers and remanutxtthem, then sells them to the
original or new consumers. As a result, there ipagtially closed reverse logistic loop
between the manufacturers and the consumers, ant @@ link between. The process to
realize their remanufacturing: disassemble, cleaiiish/ rebuild/ mend, reassemble, which
lasts about 10 hours and are represented in figeBe is reveal the entire chain of the
remanufactured process to understand the generahmb®sition of a Xerox machine and the
steps that each component is having.

oo R |
Cois > —

Disassemble »{ Units
copiers
-

Fig. 6. Thecopiers’ remanufacturing process in CG
All copiers are disassembled to a very high dedfeg. 7a). First, the straight external

panels, the paper pickup section, control panelcgss units, fuel sections, transport sections
are taken off from the machine and are cleanedallyinall the subassemblies and
components are disassembled individually and ménublisually, each machine will be
disassembled into more than 20 parts, which coaldléaned, refinished, rebuilt or replaced

easily, to satisfy the needs of remanufacture @®ice

Fig. 7. a) The disassembled individual parts of copier.QOme of the sensitive components in copiers.
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Some of the easily broken components like the tusitiers and pick-up rollers would be
substituted by new ones which are brought from OEBIsying a drum unit from the
manufacturers (for example, Canon) would cost aB80tUSD. Meanwhile, CG spends only
60$ if it takes out the drum blade (the easily rrokomponents) to replace it with a new one
from the OEMs. The components in the copiers amaptex, and the total number of
components in each copier is about 50 to 100, laeyldre composed of plastic, leather, metal
and some other materials. In all the operatioresgtiare no used special tools to deal with the
sensitive parts (fig 7.b.) during the disassemiobcess.

Experienced technicians are trained by Xerox witk at each branch, for six months to
get used to the different models and techniquessessemble, rebuild, and adjust the copiers.
This upholds the quality of the remanufactured potsl in CG. After the used copiers are
remanufactured, they undergo a run test, copigs aesl the final electrical safety test.
Meanwhile, all the copiers essentially work the eamay, and use roughly the same
components, so the remanufacturing is similar, #mete are no technical problems to
remanufacture different models or brands of copiers

Also, the broken components in CG, which cannatemeanufactured (i.e. brought back to
at least 'as new' condition), are substituted &/ ibw ones from the OEMSs, rather than
different manufacturers. From the perspective ofirenmental protection, more energy and
resources are saved compared to the simple recoveéhe material from copiers, as would
be in the case with recycling.

The development of design, for joining other comgrue during design and manufacture,
makes the copiers much easier to remanufacture ax@apvith the ones from many years ago.
In addition, the stability of the copier techniclEdvelopment and the similar construction of
different models and brands, make the remanufaguaf copiers much easier, and the

economical-efficiency greater than other electrazad electronic products (Alev et al., 2012).

5. Conclusions and outlook
This article presents the existing operations ofexdie approaches applied in

remanufacturing models, which illustrate variouswpoints suggested to know the clear
picture of remanufacturing feasibility for used atenic and WEEE industry. The key
findings of this review are the elaboration andcdgson of the different typologies of

concepts and strategies that are used by the réatammer and their issues in the industry.
This can be understood that not only just the coheghow to do remanufacturing will have

an important role but also in which direction theemtions should be applied to have a better
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sustainability from different sides. Currently, thelicy makers are trying to develop new
strategies for helping the companies to increaserémanufacturing process, reduce the
environmental pollution, and raw materials redutctidhe case of Chinese market debated in
the case of the statically situation give a desionp of the possibility to implement
remanufacturing by linking directly with the manctiaring. Future more recommendations
can exemplify the CE concept if the OEM and remaatufring industry connect each other as
business to business and business to consumerexdmplification reviled by the certain
companies, US and Europe can strongly support olévgloping countries and companies to
implement remanufacturing in a sustainable wayttrggobs and reducing WEEE. Avoiding
the main barriers as environmental issues and ocogistecognition by implementing a good
management, eco-design and reuse selection tasethe potential of the buy-back concept.

As a general overview, on all discussed exampled descriptions about the
remanufacturing in this article, it can be concllideat remanufacturing industry could be
suitable, if it will be implemented in the develoband developing country as well. Both can
gain much more benefits from several aspects sgawith the manufacturing and finishing
with revers management and WEEE reuse or recyoliags revealed many countries have a
very week legislation and technological possibilityremanufacture especially in Asia. In
some countries as China, the remanufacturing cansegeveloping just for some sectors
excluded electronics even if technologically is b to be implemented. From the
legislative aspect the benefits of remanufacturicen be strongly reinforced if the
governments accept the challenges and suggestiooiher countries, companies and lean
from their experiences. A good revers managemeatiyct design and reuse possibility of a
e-product can bust the remanufacturing industrypstmg the cost reduction, environmental
impact and a healthy circular economy.

These are given as example by Xerox Group UK ard (Bhina) remanufacturing by
introducing the monetarize system at their prodacis increasing the possibility to regress
old products and waste generation.

This article will help researcher to know the &gt situation worldwide of
remanufacturing from the technological and legigtatemplacement aspect. Different
situation, cases, assumptions and modalities atedefor a stronger sustainability of the
remanufacturing in different countries. In othentiathe future development of the electronic
industry will need to be more concern about thestste and they should consider all the
aspects for a better functionality and life cycleteir e-products. Therefore, the detail work

should be conducted to establish the perceptionde¥eloping countries regardless
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remanufacturing potential, and proper implementatiodifferent growing industries such as

electronic manufacturing.

Acknowledgements

This paper is proposed as being part of the Glglidicoverable and Eco-friendly Equipment
Network (GREENet) project, Grand Agreement NumlRIRSES-GA-2010-269122. The
authors would like to thanks for their collaboratiat these paper to John Muir IBM Global
Financing in Global Asset Recovery Services, DriZhWéu Siemens Healthcare, Concept
Group by XEROX, Glasgow-UK, and Yan Zhi Basel Camien Regional Centre for Asia
and the Pacific Beijing China.

References

Abdulrahman, M.D.A., Subramanian, N., Liu, C., S6u,2015. Viability of remanufacturing
practice: A strategic decision making framework @ninese auto-parts companies. J.
Clean. Prod. 105, 311-323. doi:10.1016/}.jcleprd4202.065

Agrawal, V. V., Atasu, A., van Ittersum, K., 20BBemanufacturing, Third-Party Competition,
and Consumers’ Perceived Value of New Products.dganSci. 61, 60—72.
doi:10.1287/mnsc.2014.2099

Alejandra Sepulveda, Mathias Schluep, Fabrice GaRe&, Martin Streicher ¢, Ruediger
Kuehr Christian Hageluken, A.C.G., 2010. A revieiih® environmental fate and
effects of hazardous substances released fronriel#@nd electronic equipments
during recycling Examples from China and India. Environ. Impacséss. Rev. 30, 28—
41. doi:10.1016/}.eiar.2009.04.001

Alev, S.A., Saldanha-da-gama, F., Nickel, S., 204alti-period reverse logistics network
design. Eur. J. Oper. Res. Oper. Res. 220, 67-6/8.0d1016/j.ejor.2011.12.045

Awasthi, 2016. Environmental pollution of electromaste recycling in India: A critical
review. Environ. Pollut. 211, 259-270. doi:10.19B8Wpol.2015.11.027

Awasthi, A.K., Zeng, X., Li, J., 2016. Relationshiptween e-waste recycling and human
health risk in India: a critical review. EnvironciSPollut. Res. 23, 11509-11532.
doi:10.1007/s11356-016-6085-7

Baldé, C.P., Wang, F., Kuehr, R., Huisman, J., 20bg& Global E-waste Monitor 2014.
Bonn, Germany.

Bernard, S., 2011. Remanufacturing. J. EnvironnEttanage. 62, 337-351.
doi:10.1016/j.jeem.2011.05.005

Brett, 2009. Science of the Total Environment E4@as\n assessment of global production
and environmental impacts. Sci. Total Environ. 4083—-191.
doi:10.1016/j.scitotenv.2009.09.044

Busu, A.A., Muntean, I., Stan, S.-D., 2015. An Anatysi the Current Challenges of WEEE
Remanufacturing. Procedia Technol. 19, 444-450.
doi:http://dx.doi.org/10.1016/j.protcy.2015.02.063

Chung, C.-J., Wee, H.-M., 2008. Green-componeeidifcle value on design and reverse

21



575

576
577
578
579
580
581
582

583

584
585
586

587
588
589

590
591
592

593
594
595

596
597
598

599
600
601

602
603
604

605
606
607

608
609

610
611
612

613
614
615

616
617
618
619

manufacturing in semi-closed supply chain. InPrad. Econ. 113, 528-545.

Environment Protection Authority (EPA) USA, 2009a%te Guidelines [WWW Document].
URL
https://www.google.com/url?sa=t&rct=j&g=&esrc=s&goa=web&cd=1&cad=rja&uac
t=8&ved=0ahUKEwjb-

Zzem5rMAhXh26YKHWLXDRY QFggcMAA&url=http%3A%2F%2Fwwvepa.sa.gov.
au%2Ffiles%2F4771336_guide_waste_definitions.pdfgasdQjCNF5hKMiKNge6Jj
wuXYJsjkQmI8GMQ&bvm=bv.1197 (accessed 4.1.16).

European Remanufacturing Network, 2015. Remanufagtmarket study.

Eurostat, 2016. European Union. Waste ElectricdlEectronic Equipment. [WWW
Document]. URL http://ec.europa.eu/environment/amehs_eee/legis_en.htm
(accessed 4.26.16).

Feng, Y., Viswanathan, S., 2011. A new lot-siziegitistic for manufacturing systems with
product recovery. Int. J. Prod. Econ. 133, 432—438.
doi:http://dx.doi.org/10.1016/.ijpe.2010.04.018

Ferguson, M., 2010. Strategic issues in closed-fagply chains with remanufacturing.
Closed-Loop Supply Chain. New Dev. to Improv. SistBus. Pract. 1-12.
doi:10.1201/9781420095265-c2

Ferguson, M., Guide, V.D., Koca, E., Van Souza,.(z2009. The value of quality grading in
remanufacturing. Prod. Oper. Manag. 18, 300-31410d111/j.1937-
5956.2009.01033.x

Garashi, K.I., Amada, T.Y., Noue, M.I., 2013. Disasbly System Design with
Environmental and Economic Parts Selection usiegRécyclability Evaluation Method
64, 293-302.

Gehin, A., Zwolinski, P., Brissaud, D., 2008. A itt@ implement sustainable end-of-life
strategies in the product development phase. anCRrod. 16, 566-576.
doi:10.1016/j.jclepro.2007.02.012

Geng, Y., Xinbei, W., Qinghua, Z., Hengxin, Z., PORegional initiatives on promoting
cleaner production in China: A case of LiaoningClean. Prod. 18, 1500-1506.
doi:10.1016/j.jclepro.2010.06.028

Geyer, R., Van Wassenhove, L.N., Atasu, a., 200@.Economics of Remanufacturing
Under Limited Component Durability and Finite Protllife Cycles. Manage. Sci. 53,
88-100. doi:10.1287/mnsc.1060.0600

Giuntini, R., Gaudette, K., 2003. Remanufacturifige next great opportunity for boosting
US productivity. Bus. Horiz. 46, 41-48. doi:10.1{8@007-6813(03)00087-9

Gold, O., 2010. Extreme prospects [WWW DocumenRLU
http://www.nature.com/nature/journal/v495/n7440 @tyl/495S4a.html (accessed
4.10.16).

Govindan, K., Garg, K., Gupta, S., Jha, P.C., 20E8e@ct of product recovery and
sustainability enhancing indicators on the locasetection of manufacturing facility.
Ecol. Indic. 67, 517-532. doi:10.1016/j.ecolind.@@1.035

Govindan, K., Madan Shankar, K., Kannan, D., 20¥giplication of fuzzy analytic network
process for barrier evaluation in automotive pegteanufacturing towards cleaner
production - A study in an Indian scenario. J. @ld&rod. 114, 199-213.
doi:10.1016/j.jclepro.2015.06.092

22



620
621
622

623
624
625

626
627

628
629

630
631
632
633

634
635
636

637
638

639
640
641

642
643

644
645

646
647
648
649

650
651
652

653
654
655

656
657

658
659
660

661
662
663

Govindan, K., Soleimani, H., 2016. A review of reselogistics and closed-loop supply
chains: A Journal of Cleaner Production focus.ldag. Prod. 142, 371-384.
doi:10.1016/j.jclepro.2016.03.126

Govindan, K., Soleimani, H., Kannan, D., 2014. Regdogistics and closed-loop supply
chain: A comprehensive review to explore the futéner. J. Oper. Res. 240, 603—-626.
doi:10.1016/j.ejor.2014.07.012

Guide, V., 1999. Remanufacturing production plagrand control: US industry best practice
and research issues. Proc. Second Int. Work. RapsB, Eindhoven 115-28.

Guide, V.D.R., 2000. Production planning and cdrfsoremanufacturing: Industry practice
and research needs. J. Oper. Manag. 18, 467-48B0d016/S0272-6963(00)00034-6

Guillaume Moénne-Loccoz, N.S., 2015. Remanufactuinmplementation within Neopost:
key success factors and insight into the measursne¢its environmental, economical
and social benefits, in: International Conferencdr@manufacturing (ICoR2015),.
Amsterdam, Netherlands.

Hatcher, G.D., ljomah, W.L., Windmill, J.F.C., 20I3esign for remanufacturing in China: a
case study of electrical and electronic equipm&riRemanufacturing 3, 3.
doi:10.1186/2210-4690-3-3

Hormozi, A., 1996. Remanufacturing and its consymeonomic and environmental benefits,
in: APEX Remanufacturing Symposium. pp. 20-22.

Huang, Y., Wang, Z., 2016. Closed-loop supply cmodels with product take-back and
hybrid remanufacturing under technology licensihgClean. Prod. 142, 1-11.
doi:10.1016/j.jclepro.2016.10.065

IBM, 2016a. IBM Company [WWW Document]. IT Infrastt. URL http://www.ibm.com/it-
infrastructure/uk-en/?Ink=buit-uken (accessed 4.@%6.

IBM, 2016b. IBM [WWW Document]. URL http://www.ibraom/it-infrastructure/us-
en/?Ink=buit&Ink2=Ilearn (accessed 2.14.16).

ljiomah, W.L., Danis, M., 2012. 8. Refurbishment aedse of WEEE, in: Stevels, V.G. and A.
(Ed.), Waste Electrical and Electronic Equipmen&®f¥) Handbook. WP
WOODHEAD PUBLISHING, Chambridge, UK, pp. 145-162.
doi:10.1533/9780857096333.5.591

ljiomah, W.L., McMahon, C.A., Hammond, G.P., Newm&r[., 2007a. Development of
design for remanufacturing guidelines to suppostanable manufacturing. Robot.
Comput. Integr. Manuf. 23, 712—719. doi:10.1016i#.2007.02.017

ljiomah, W.L., McMahon, C.A., Hammond, G.P., Newm&r[., 2007b. Development of
design for remanufacturing guidelines to suppostanable manufacturing. Robot.
Comput. Integr. Manuf. 23, 712—-719. doi:10.1016i.2007.02.017

Ismail N, Guillaume Mandil, P.Z., 2015. Analysistbe existing design for remanufacturing
tools: A first step toward an integrated desigrifptan for remanufacturing.

Jiménez-Parra, Rubio-Lacoba, S., V.-M., 2012. Apraximation to the Remanufactured
Electrical and Electronic Equipment Consumer, th: Iternational Conference on
Industrial Engineering and Industrial Managementl.Xpp. 433—-440.

Junior, M.L., Filho, M.G., 2016. The ManagemenOgferations Production planning and
control for remanufacturingliterature review and analysis 7287.
doi:10.1080/09537287.2011.561815

23



664
665
666

667
668

669
670

671
672
673

674
675
676

677
678

679
680

681
682

683
684
685

686
687

688
689

690
691

692
693

694
695

696
697
698
699

700
701
702

703
704
705

706
707

Karvonen, I., Jansson, K., Tonteri, H., Vatanen|Jsti, M., 2015. Enhancing
remanufacturing — studying networks and sustaiitgbd support Finnish industry. J.
Remanufacturing 5, 5. doi:10.1186/s13243-015-0015-6

LaGrega, Phillip L. Buckingham, J.C.E.D., 2010. Boeview Hazardous Waste
Management, Journal of Hazardous Materials.

Lau, K.H., Wang, Y., 2009. Reverse logistics in ¢hectronic industry of China: a case study.
Supply Chain Manag. An Int. J. 14, 447-465. doit108/13598540910995228

Li, J., Zeng, X., Chen, M., Ogunseitan, O.A., SteyA., 2015. “control-Alt-Delete”:
Rebooting Solutions for the E-Waste Problem. Emuifci. Technol. 49, 7095-7108.
doi:10.1021/acs.est.5b00449

Li, J., Zeng, X., Stevels, A., 2014. Ecodesign on€umer Electronics: Past, Present, and
Future. Crit. Rev. Environ. Sci. Technol. 45, 8460-8
doi:10.1080/10643389.2014.900245

Li, X., Li, Y., Cali, X., 2015. Remanufacturing apdcing decisions with random yield and
random demand. Comput. Oper. Res. 54, 195-203.ad016/j.cor.2014.01.005

Linton, J.D., 2008. Assessing the economic ratibnaf remanufacturing products. J. Prod.
Innov. Manag. 25, 287-302. doi:10.1111/}.1540-58868.00301.x

Lund, R.T. and B.M., 1984. Remanufacturing: Theezignce of the United States and
implications for developing countries.

Martin, P., Guide, V.D.R., Craighead, C.W., 2010pfly chain sourcing in remanufacturing
operations: An empirical investigation of remakesus buy. Decis. Sci. 41, 301-324.
doi:10.1111/.1540-5915.2010.00264.x

McCaskey, D., 1994. Anatomy of adaptable manufaggun the remanufacturing
environment, in: APICS Remanufacturing Seminar Bedings, USA. pp. 42-45.

Nabil, 2006. Remanufacturingd Key Enabler to Sustainable Product Systemsc.RiGE
15-18.

Narendra Singh, Jiecong Wang, J.L., 2016. Wasteodatrays tube: an assessment of global
demand for processing. Procedia Environ. Sci. 85,4474.

Narendra Singh, Jinhui Li, X.Z., 2016. Global respes for recycling waste CRTs in e-waste.
Waste Manag. 57, 187-197. doi:doi.org/10.1016/jm&as2016.03.013

Narendra Singh, L.J., 2015. Bio-extraction of Mgt secondary resources From E-waste.
Appl. Mech. Mater. 768, 602—611. doi:doi:10.4028/weacientific.net/AMM.768.602

Nasr, 1996. Lifecycle analysis and costing in avirenmentally conscious manufacturing
environment, in: APICS remanufacturing symposiuwcpedings (Ed.), Lifecycle
Analysis and Costing in an Environmentally ConssiManufacturing Environment. pp.
20-22.

Ongondo et al., 2011. How are WEEE doth#g global review of the management of
electrical and electronic wastes. Waste Manag734--730.
doi:10.1016/j.wasman.2010.10.023

Otieno, W., 2015. Labor capacity assignment mooletdmanufacturing environments, in:
International Conference on Remanufacturing (ICdE2@msterdam, Netherlands, pp.
235-246.

Perkins, BS,DevinN.,Marie-Noel Brune Drisse, MSpiliaa Nxele, MS, and Peter D. Sly, M.,
2014. E-Waste A Global Hazard. Ann. Glob. Heal. 80, 286—295.

24



708

709
710

711
712

713
714
715

716
717
718

719

720
721

722
723
724

725
726
727
728

729
730

731

732
733

734
735
736

737
738

739
740
741

742
743
744

745
746

747
748

749
750
751

doi:10.1016/j.a0gh.2014.10.001

Preston, F., 2012. A Global Redesign? Shaping tteul@ar Economy. Energy, Environ.
Resour. Gov. 1-20. doi:10.1080/0034676042000253936

Reck, B.K., Graedel, T.E., 2012. Challenges in MRtxycling. Science (80-. ). 337, 690—
695. doi:10.1126/science.1217501

REMATEC, 2016. Indonesia allows the import of gofmtsReman purposes [WWW
Document]. ReMaTec. URL http://www.rematec.com/ness/s-articles/indonesia-
allows-the-import-of-goods-for-reman-purposes/ éssed 5.12.16).

Richter, K., Sombrutzki, M., 2000. Remanufactunpignning for the reverse Wagner/Whitin
models. Eur. J. Oper. Res. 121, 304-315. doi:idtpdoi.org/10.1016/S0377-
2217(99)00219-2

Robot, T., 1996. LUND. The Remanufacturing industigden giant.

Rubio, S., Jiménez-Parra, B., 2014. Reverse lagisbverview and challenges for supply
chain management. Int. J. Eng. Bus. Manag. 6, dei710.5772/58827

Sabbaghi, M., Esmaeilian, B., Cade, W., WiensBehdad, S., 2016. Business outcomes of
product repairability: A survey-based study of aamsr repair experiences. Resour.
Conserv. Recycl. 109, 114-122. doi:10.1016/j.resmnf016.02.014

Sabbaghi, M., Esmaeilian, B., Raihanian MashhadiB&hdad, S., Cade, W., 2015. An
investigation of used electronics return flows: &atdriven approach to capture and
predict consumers storage and utilization behaVitaste Manag. 36, 305-315.
doi:10.1016/j.wasman.2014.11.024

Salhofer, S., Steuer, B., Ramusch, R., Beigl, PLb2WEEE management in Europe and
China - A comparison. Waste Manag. doi:10.10164man.2015.11.014

Shrawder, J., 2009. Remanufacturing. Singapore2@@9/SOM1/MAG/WKSP/003

Singh N, Jinhui Li, X.Z.S., 2016. Solutions and lvages in recycling waste cathode - ray
tube. J. Clean. Prod. Prod. 1-13. doi:doi.org/1061j0vasman.2016.03.013

Singh N, J.L., 2014. Evaluation of Waste CathodgsRaibes ( CRTs ) Glass Recycling from
Economic and Environmental Point of ..., in: Wadi@agement & Resource Utilisation.
Waste Management & Resource Utilisation.

Steeneck, D.W., Camelio, J.A., Koelling, C.P., §as, R.H., 2014. Strategic Planning for the
Reverse Supply ChairOptimal End-of-Life Option , Product Design , a@dcing.

Su, B., Heshmati, A., Geng, Y., Yu, X., 2013. Aiev of the circular economy in China:
Moving from rhetoric to implementation. J. Cleanod. 42, 215-227.
doi:10.1016/j.jclepro.2012.11.020

Su, T.S., 2014. Fuzzy multi-objective recoverabl®manufacturing planning decisions
involving multiple components and multiple machin@smput. Ind. Eng. 72, 72—-83.
doi:10.1016/j.cie.2014.03.007

Tan, Q., Zeng, X., ljomah, W.L., Zheng, L., Li, 4014. Status of end-of-life electronic
product remanufacturing in China. J. Ind. Ecol. 387/-587. doi:10.1111/jiec.12124

Tang, O., Teunter, R., 2006. Economic lot schedubiroblem with returns. Prod. Oper.
Manag. 15, 488-497.

Tsai, W.-H., Lin, W.-R., Fan, Y.-W., Lee, P.-L.n,iS.-J., Hsu, J.-L., 2012. Applying a
mathematical programming approach for a green mtatlix decision. Int. J. Prod. Res.
50, 1171-1184.

25



752
753
754

755
756
757

758
759
760

761
762
763

764
765

766
767
768

769
770
771

772
773
774

775
776
777

778
779

780
781

782
783

784
785
786

787
788

789

790
791

792
793

Umair, S., Bjorklund, A., Petersen, E.E., 2015.i8ldmpact assessment of informal
recycling of electronic ICT waste in Pakistan ustil§deEP SETAC guidelines. Resour.
Conserv. Recycl. 95, 46-57. doi:10.1016/j.resca@fiEet.11.008

Vishal V. Agrawal, Atalay Atasu, K. van |., 2010hd Eect of Remanufacturing on the
Perceived Value of New Products Consumer&'&&rceived Value of New Products.
Manage. Sci.

Wang, L., Wang, X.V., Gao, L., Vancza, J., 2014&ldud-based approach for WEEE
remanufacturing. CIRP Ann. - Manuf. Technol. 6394412.
doi:10.1016/j.cirp.2014.03.114

Wang, Y., Chang, X., Chen, Z., Zhong, Y., Fan,ZD14. Impact of subsidy policies on
recycling and remanufacturing using system dynamiethodology: A case of auto parts
in China. J. Clean. Prod. 74, 161-171. doi:10.1J&&pro.2014.03.023

Wei, S., Cheng, D., Sundin, E., Tang, O., 2015.i%stand barriers of the remanufacturing
industry in China. J. Clean. Prod. 94, 340-351.1€001016/j.jclepro.2015.02.014

Williams, E., Kahhat, R., Allenby, B., Kavazanjidh, Kim, J., Xu, M., 2008. Environmental,
social, and economic implications of global reusé gecycling of personal computers.
Environ. Sci. Technol. 42, 6446—6454. doi:doi:1Q@1/@s702255z

Williamson, I. a, Pearson, D.R., Aranoff, S.L., g, D. a, 2012. Remanufactured Goods
An Overview of the U . S . and Global Industriddarkets , and Trade 284.
doi:10.1006/mare.1996.0019

Zanghelini, G.M., Cherubini, E., Soares, S.R., L@e, 2013. INFLUENCE OF
REMANUFACTURING ON LIFE CYCLE STEPSAIR COMPRESSOR STUDY
CASE IN BRAZIL.

Zanoni, S., Segerstedt, A., Tang, O., Mazzoldi2D12. Multi-product economic lot
scheduling problem with manufacturing and remartufatg using a basic period policy.
Comput. Ind. Eng. 62, 1025-1033. doi:10.1016/j2té1.12.030

Zeng, X., Gong, R., Chen, W.-Q., Li, J., 2015. Urering the Recycling Potential of “New”
WEEE in China. Environ. Sci. Technol. doi:10.102%/ast.5b05446

About the Authors:

Gabriel lonut Zlamparet is a currently Ph.D. caatkd at the School of Environment,
Tsinghua University, Beijing, China.

Winifred L. ljomah is a Senior Lecturer (Associ&mfessor) at the Design, Manufacture and
Engineering Management, Faculty of Engineering, theiversity of Strathclyde;
Glasgow, UK.

Yu Miaois researcher in Basel Convention, Regional Cdntethe Asia and Pacific, Beijing
China.

Abhishek Kumar Awasthi is currently Post-doctoeidw;

Xianlai Zeng is Associate Professor in School ofiEomment, Tsinghua University, Beijing
China

Jinhui Li is executive director of Basel Conventi@agional Center for the Asia and Pacific,
and Professor in School of Environment of Tsingbmasersity. Beijing China.

26



ACCEPTED MANUSCRIPT

794

27



Countries Regulations Associations involve in WEERecycling types Rem. TechnologyCommon References
reduction, recycling, and equipment
WEEE Rem. remanufacturing Formal Informal rem.
E.U. v v" European Rem Network (ERN) v - Cartridge; (Long et al., 2016; Sthiannopkao
and Wong., 2013)
. . AC; .
U.K. v v Scottish Institute for remanufacture v - (Center for Remanufacturing &
Printers: Reuse. 2009)
u.S. v v U.S. International Trade v - ' (Williamson et al. 2012;
Commission, Remanufacturing ICT: Sthiannopkao and Wong 2013)
Industry Council (RIC) '
PC;
China v v National Key Laboratory for v Mobil (Sthiannopkao and Wong 2013;
Remanufacturing phoor:eeS' Bijuan 2012)
India v Environmental Ministry, Automotive v ’ (Sharma et al., 2016; Awasthi et al.,
Tyre Servers: 2016; Rathore et al., 2011)
Brazil v v/ Brazilian Cartridges’ v . (J. Neto., 2013; Zanghelini et al.,
Remanufacturers Association Medical 2013; Saavedra et al., 2013)
(ABREC') equipment
Indonesia oo Minister of Industry v (Fatimah and Biswas 2016;
REMATEC. 2016)
Malaysia oo APEC, Basel Conv.; Ministry of v (Centre of Remanufacturing and
Environment Reuse. 2015)
Singapore v v National Environment Agency v - (National Environment Agency.
2016)
Pakistan v Ministry of Industries and v (Hameed et al., 2013; Puckett et al.,
Production, Ministry of Environment 2002)
Table. Al

Worldwide distribution of the remanufacturing statu



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, ®iparts, 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 specifieshdaird and sell them
on the used market.

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

Table. 1 Types of destination places for End-a&-{(iEOL)



Remanufacturing and sustainable
development

Remanufacturing like a system

Technical feasibility:
«  Materids, methods, man,
machine, energy, and
information, are included

Economic aspects:
« LCA, cost, product recovery,
disassembling, cleaning and

washing, reconditioning,
recovery, €tc...;
Social aspect:
+ attitude, orientation, behavior,
warranty;

Environmental aspects

Design for remanufacturing

Reserve supply chain(RSC),
acquisition/relationship, reserve logistics

Information flow in the remanufacturing:
»  Composition of the product;
« Magnitude and uncertainty of the
return flow;
- Market of remanufactured product;
« Information about how product
returns.

Employees knowledge and skills;
«  Theremanufacturing operation;
« Commercialization of the
remanufactured products.

Table. 2
IBM remanufacturing perspectives.



ltems. Recycling Recycling Return CO2  saving

Nr: rate cost rate
1 64.02 21.77 0.93 0.62
2 29.10 20.06 0.94 0.15
3 64.02 17.49 0.95 2.22
4 79.25 17.49 0.96 182
5 19.08 17.49 0.97 1.52
6 29.10 13.37 0.98 2.18
7 39.27 13.37 0.99 0.60
8 48.43 17.49 0.100 2.28
9 57.71 36.51 0.101 8.31
10 67.44 17.49 0.102 7.92
11 79.69 17.49 0.103 3.08
12 83.19 18.41 0.104 19.28
13 95.48 17.31 0.105 2.16
14 95.48 17.49 0.106 15.21
15 95.48 17.49 0.107 127
Table. 3

WEEE sustainability potential
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Resear ch highlights

Perception overview of remanufacturing implementation.

I mplemented methods for arevers end of life e-products.

Evauated situation of remanufacturing between China and
remanufacturing companies from Europe (Glasgow-UK).
Remanufacturing barriers.



