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Abstract
Remanufacturing is an important production activity, which is mainly driven by the increasingly strict
environmental regulations imposed by governmental bodies, growing customers' awareness of green environment
and potential economic benefits of remanufacturing. In this paper, the key motivating factors for companies to
engage in remanufacturing program are examined. The major sources for acquiring used-products and the
subsequent markets for selling remanufactured products are also examined. More importantly, the generic-key
remanufacturing processes are examined and the corresponding unique characteristics are highlighted. Four
examples of remanufacturing process of different products are presented to demonstrate that exact number and
sequence of remanufacturing process largely depended on the type of product being remanufactured. In sum, this
paper presents an overview of used-products remanufacturing, which in many ways would benefit the general
public, environment, manufacturers/remanufacturers, as well as researchers.
Keywords: used-products, remanufacturing, product recovery
1. Introduction
Recently, remanufacture of used/worn-out/broken products has become a vital part of production activity in many
companies (Ferrer & Swaminathan, 2009; Schulz & Ferretti, 2011). The automotive sector particularly has a
strong and long history of remanufacturing (Seitz, 2007; Golinska, & Kawa, 2011) where the alternator has the
highest remanufacturing rate (Schau, Traverso, & Finkbeiner, 2012). Remanufacturing is also gaining scientific
significance in a variety of industries that include single use-devices for hospitals, such as wheelchairs and hearing
aids (Srivastava, 2004) cellular phones (Guide Jr, Jayaraman, & Linton, 2003b) and truck tyres (Lebreton & Tuma,
2006). The diverse nature of remanufactured products together with different degrees of remanufacturing efforts
creates a variety of applications (Zikopoulos, 2012). At one end is the direct re-use of slightly used commercial
used-products, to the high-touch remanufacture of expensive modules, which are reassembled in complex new
products, at the other end.
Remanufacture of used/worn-out/broken products (remanufacturing), refers to an industrial process in which
used/worn-out/broken products (henceforth called used-products) are transformed into "new products" (Lund,
1984b). Hereafter, these "new products" are referred to as remanufactured products to distinguish them from a
completely new product. Generally, any manufactured products or devices can be remanufactured, provided that
these are discarded used-products with lower materials and components reprocessing costs compared to the market
value of remanufactured items (Lund, 1984b). Also as outlined by Hauser and Lund (2003), used-products must
be; (i) durable products, (ii) products that fails functionally, (iii) standardized products with interchangeable parts,
(iv) products with high remaining value-added, (v) products with low acquisition cost, (vi) products with stable
technology, and (vii) customer awareness of the remanufactured version.
Remanufacturing process could be sometimes confused with other similar activities such as repairing, refurbishing
and reconditioning. Repaired, refurbished and reconditioned products are very close to remanufactured ones and
these terms can regularly be considered synonymous with each other (Ijomah, McMahon, Hammond, & Newman,
2007b). Though these terms have similarities, however in term of functionality and performance, the weightage
and meanings are different. For example, repairing is described as corrections of specified faults in a product;
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when repaired products have warranties, the warranty does not cover the whole product but only on the component
that has been replaced. In refurbishing, a used-product is cleaned up, tested, repackaged and made available for
resale. A refurbished product has some nonworking parts that are replaced to restore the product to working
condition, with warranty less than that of a new product. For reconditioning, a used-product is cleaned up and
tested extensively with possible repair before repackaged for resale at a satisfactory working condition, with
warranty less than that of a newly manufactured equivalent, in which the warranty applies to all major wearing
parts. Finally, the term recycling describes the processing of used material into new products through discarding
used materials into production of different or same product.
This paper aims is to provide the general public, potential remanufacturers, as well as researchers with valuable
insights into remanufacturing program by examining remanufacturing activities and identifying major
opportunities and concerns. The remainder of this paper begins in Section 2, which examines the three major
motivating factors for remanufacturing. The next section (Section 3), examines the sources for acquiring
used-products and markets for selling remanufactured products. Section 4 examines the different types of
remanufacturing companies. Section 5 presents the generic remanufacturing process and four examples of
real-industry remanufacturing process for different products. Finally in Section 6, the concluding remarks on the
overview of used-products remanufacture are presented.
2. Motivations and Benefits of Remanufacturing
The three major factors that are responsible for motivating companies to engage in remanufacturing are product
take-back legislations, customers' awareness of green environment and economic benefit.
Product Take-Back Legislations - These emerging legislations imposed by governmental bodies force companies
to extend their manufacturers' responsibility to include products that have been used and retired. This in turn,
forces companies to design products and production process that would make it possible to recover used-products
through remanufacturing activity. In Europe, for example, the directive on waste electrical and electronic
equipment (Directive/2002/96/EC) states that "Where appropriate, priority should be given to the reuse of waste
electrical and electronic equipment (WEEE) and its components, subassemblies and consumables. Where reuse is
not preferable, all WEEE collected separately should be sent for recovery, in the course of which a high level of
recycling and recovery should be achieved. In addition, producers should be encouraged to integrate recycled
material in new equipment". Similarly, the directive on legislation of end-of-life vehicle (European Council
Directive 2000/53/EC 2000) has forced the European automobile manufacturers to assume full responsibility for
disposal of cars manufactured from 2002 onwards with no cost to the final owners. The directive also states that
"the requirements for dismantling, reuse and recycling of end-of life vehicles and their components should be
integrated in the design and production of new vehicles". These strict environmental regulations results in
greenhouse gas emission from remanufacturing that is about 90% less than the manufacturing of new product; a
study done on remanufacture of compressors (Gamage, Ijomah, & Windmill, 2013).
Customers' awareness of green environment - Customers' are becoming aware of the implication of disposing
used-products on the environment. For instance, more consumers are procuring products from manufacturers who
take back their products after the end of the products' useful life (Gungor & Gupta, 1999). In another report by
Ginsberg and Bloom (2004) the percentage of consumers who are interested in some form of green products are
between 15% and 46%. For the manufacturers, taking back and reprocessing their used-products in an
environmentally-friendly manner creates the opportunity to boost the value of their products. For example, Fuji
Xerox Australia (2007a) has taken the initiative to be one of the pioneering companies that implements
remanufacturing program for printers and copier parts. In 2006, for example, such remanufacturing practice has
saved the company approximately $13 million and created revenue of $5.4m in exports. Similarly,
Hewlett-Packard, HP (2014) also embraces the green environment culture through recycling programs, which help
to reduce the environmental impact of the companies' activities. In a comparable effort in 2012, IBM (2014)
worldwide product end-of-life management operations processed 36,100 metric tons of end-of-life products for
reuse or recycling, sending only 0.3 percent of the total to landfills or to incineration facilities for treatment.
Economic Benefit - Remanufacture of-used products incurred cost that is typically 40% - 65% less that those
incurred in the manufacture of new products (Dowlatshahi, 2000; Giuntini & Gaudette, 2003) and remanufactured
products are typically sold off at 45% - 65% of the prices of new products (Lund & Hausner, 2003). This results from
the availability of raw materials (recovered components), which are cheaper than those newly manufactured
components; recovered components do not have to be redesigned and ordered from suppliers. As reported in a
publication by the All-Party Parliamentary Sustainable Resource Group (2014) and shown in Figure 1, the economic
advantage of remanufacturing is vast. For producing remanufactured products (sold at 20% discount), the input costs
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is significaantly lower thaan the input coosts for manuffacturing new products from
m virgin resourrces; the same case
applies forr the remanufaacture of lease products (e.g.. leased Ricoh photocopiers)). Also, as shoown in the figu
ure 1,
remanufaccture of leased products
p
yieldeed the highest gross profit whhen compared to the gross prrofit of manufa
acture
of productts from virgin resources. Froom the remanuufacturers’ perspective, they benefited econnomically from
m the
significantt discounts for the remanufactured productss with the samee warranty andd quality (Lu, G
Goh, Garg & Souza,
2014). It iss also well recognized that reuuse of componeents in the prodduction of subseequent product generations, re
esults
in cost savvings (Bhattachharya, Guide Jrr., & Van Wasssenhove, 2006)). In terms of energy and matterials consump
ption,
remanufaccture of used-pproducts contribbute to less ussage than that is needed to m
manufacture nnew products (Kim,
Skerlos, Seeverengiz, & Seliger,
S
2009; B
Boustani, Sahnni, Graves & G
Gutowski, 20100; Warsen, Lauumer, & Mom
mberg,
2011; Sundin & Lee, 2012). To give aan example, as reported in K
Kim et. al., (20009), remanufaccture of autom
motive
engine cann reduced metall consumption bby 7,650 tonnees, conserved ennergy as muchh as 16 million kkW h and decre
eased
emission oof about 11,3000 to 15,300 tonnnes CO2 equivvalent (CO2eq)).

manufacturing ((reproduced frrom a report reetrieved from
Figuure 1. Potentiaal Economic Beenefits of Rem
htttp://www.policcyconnect.org.uuk/apsrg/sites//site_apsrg/filees/apsrg_-_rem
manufacturing__report.pdf)
Until recenntly, companies have consiidered environnmental regulaations and connsumers' awareeness as addittional
operationaal cost, rather thhan opportunities to generate aalternative proffit and boost coorporate imagee. However, witth the
increasing pressure to become
b
enviroonmentally ressponsible and sourcing for iinexpensive raaw materials, more
companiess are considerinng remanufactturing as a straategy to generrate profit, booost company im
mage and maiintain
competitivveness.
3. Sourcess of Used-Products and Maarket for Rem
manufactured Products
The two m
major types off product rem
manufactured arre used capitaal goods and uused consumeer goods (Dobos &
Floriska, 22008). These used-productss are acquiredd either from the waste-streeam or markett-stream (Guid
de &
Wassenhove, 2001; Jayaaraman, 2006).. The waste-strream generatess used-productts that are no loonger useful, which
w
includes vvehicles that arre damaged duuring accidentss and sent to w
wrecking facillities; or malfuunctioned electrical
home applliances that arre sent to thirdd-party products recovery ffacilities. As ssuch, the wastte-stream gene
erates
used-produucts with unccontrollable qquality and qquantity (Ghoreishi, Jakielaa, & Nekouzzadeh, 2011). The
market-strream generatess used-productts that are still useful but are no longer neeeded by the ow
wners. For exam
mple,
old modells of mobile phhone are tradeed-in for new models with aadvanced and sophisticated features. Thuss, the
quality connditions and quuantity of thesse used-produccts are controllaable by givingg the appropriaate amount and
d type
of incentivves for returninng the used-prroducts. Also, as reported byy Guide and W
Wassenhove (20001), the qualiity of
used-produucts could be controlled
c
by hhaving a system
m to grade the used-productss based on their condition and
d age
and pays the financial incentives acccordingly. Allternatively, aas demonstrateed in a study by Kumar, Liou,
L
Balakrishnnan & Kumar (2013) the usse of radio-freequency identtification (RFIID) technologyy could effecttively
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improve visibility of data on the quality conditions of used-products, which consequently improve inventory
control and operational efficiency at collection, disassembly and refurbishing centres. Irrespective of their sources,
the quantity of used-products available for remanufacturing is bound by the quantity of new products sold in the
previous periods (Esenduran, Emahlıo˘glu-Ziya, & Swaminathan, 2012).
From the suppliers perspective, there are five different ways to acquire used-products from the suppliers, namely
Direct-Order, Reman-Contract, Deposit-Based, Credit-Based and Buy-Back (Sundin & Dunbäck, 2013). In
direct-order, the customers are the suppliers themselves, and they send their used-products to the remanufacturer.
The remanufactured products would be sent back to the customers/suppliers. This is typical for complex products
such as engines and other end user items. Similarly, for reman-contract, the customers are the suppliers
themselves, who gives an order to remanufacture the used-products. In this case, there is a closer collaboration
between the remanufacturer and customers/suppliers, it usually invoves greater quantities of used-products and
common towards original equipment manufacturers (OEM). The deposit-based used-products are common in the
automotive industry; this requires the customers to send used-products (e.g. brake calipers) that are similar to new
parts that they needed. Comparable to the Direct-Order and Contract-Reman, in the credit-based, the customers are
also the suppliers. In this situation, for customers who send their used-products, credits are given to them, which
could be utilized as a discount for buying remanufactured products. Finally, the Buy-Back used-products are often
obtained from the used-product brokers, scrap yards or end-users.
In the world, the U.S. market for remanufactured goods is the largest, where the production of remanufactured
goods increased from $37.3 billion (in 2009) to $43.5 billion in 2011 (United States International Trade
Commission, 2012). The types of these remanufactured goods are from production, from import and for export
(Table 1). Specifically, the top three industry that contribute to these remanufactured goods are Aerospace,
heavy-duty and off-road (HDOR) equipment and motor vehicle parts (Table 2).
Table 1. Remanufactured goods: U.S. market (apparent consumption) for remanufactured goods, 2009 – 2011
2011 (reproduced from (United States International Trade Commission, 2012))
Type

2009

Production
Imports
Exports
U.S. apparent consumption

2010
Thousands $
37,280,784 39,882,004
6,256,042
9,508,060
7,502,991
8,805,067
36,033,835 40,584,997

2011

% change, 2009 - 2011

43,000,144
10,263,056
11,735,665
41,527,535

15.3
64.1
56.4
15.2

Note: Totals may not sum due to rounding.
Table 2. Remanufactured goods: production of remanufactured goods by sector, 2009 - 2011(reproduced from
(United States International Trade Commission, 2012))
Sector
Aerospace
HDOR equipment
Motor vehicle parts
Machinery
IT products
Medical devices
Retreaded tires
Consumer products
All othera
Total

2009

2010
2011
Thousands $
11,691,316 12,677,916 13,045,513
5,152,938
6,244,302
7,770,586
7,018,303
6,969,823
6,211,838
4,059,570
4,774,291
5,795,105
2,709,170
2,592,831
2,681,603
1,307,588
1,367,739
1,463,313
1,038,679
1,188,315
1,399,088
557,612
567,320
659,175
3,745,608
3,499,468
3,973,923
37,280,784 39,882,004 43,000,144

% change, 2009 - 2011
11.6
50.8
-11.5
42.8
-1.0
11.9
34.7
18.2
6.1
15.3

Note: Totals may not sum due to rounding.
a

The electrical apparatus, locomotive, office furniture, and restaurant equipment remanufacturing sectors.
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Generally, remanufactured products are sold either in the primary-market or secondary-market. Within the
primary product market, remanufactured products are perfect substitutes for new products (Souza & Ketzenberg,
2002). This refers to original equipment manufacturer (OEM) used-products, which are remanufactured to a
quality standard that is as good as new at the OEM's remanufacturing facility. For example Katun Corporation
(Katun Corporation, 2014), one of the world’s leading providers of OEM-compatible imaging supplies,
photoreceptors, and parts for copiers, printers, MFPs and other imaging equipment, remanufacturers cartridges for
use in HP Color Printers/MFP’s. For this company, ensuring customer satisfaction means offering the highest and
most consistent remanufactured toner cartridge quality possible. The remanufactured products are sold in the same
market as the new products, at a cheaper price than the new ones (Ferrer & Swaminathan, 2009). By selling
remanufactured products together with new ones, companies area able to better segment their demand and seize
sales to the "low-end" customers, who will not purchase the new product. This requires that the price and quantity
of remanufactured products are properly selected (Ovchinikov, 2011). These remanufactured products could also
be sold at the same price as newly manufactured products (Gallo, Romano, & Santillo, 2012). However, as
reported in (Atasu, Guide, & Van Wassenhove, 2010) there are concerns that selling remanufactured products in
the same market with new products might cannibalized the sales of new products.
For the secondary product market, remanufactured products are popular amongst customers who may have
financial restrictions. For example, remanufactured multifunctional digital copiers or multi-function peripherals
(MFPs) are sold to customers who are satisfied with the cheaper and lower-level functions MFPs (Chang, Bae, Yi,
2013). Furthermore, as reported in Osibanjo and Nnrom (2008), it is estimated that the demand for remanufactured
mobile phones in Nigeria is still higher than their availability. For the secondary-market, remanufactured products
are usually produced by third-party remanufacturers who harvest the economic benefits of remanufacturing. In this
case, usually, the remanufactured products (e.g., computer systems, auto components, and office equipment) have
a lower quality standard and price than newly manufactured products (Ayres, Ferrer, & van Leynseele, 1997;
Ferrer, 1997). The boundaries of the primary and secondary markets are clearly separated in the case of
remanufactured and new mobile phones. However, in the case of remanufactured and new automotive
components, these two markets overlap (Gallo, et. al., 2012).
4. Types of remanufacturer
Remanufacturing could either be carried out by original equipment manufacturer (OEM) remanufacturers,
contract remanufacturers or independent remanufacturers. For OEM remanufacturers, remanufacturing could
co-exist with the normal manufacturing activity, in which resources could either be dedicated to each activity or
shared amongst the two activities. For the OEM remanufacturers, remanufacturing activity is an alternative way to
generate extra income (from the production of remanufactured spare-parts and products) and obtain low cost raw
materials. Most importantly, by remanufacturing its own products, OEM manufacturers could avoid competition
from independent remanufacturers (Gutowski, Sahni, Boustani, & Graves, 2011). Some examples of OEM
remanufacturers are (i) Fuji Xerox for parts and sub-assemblies from photocopier (Fuji Xerox Australia, 2007a),
(ii) Alpha1 Technologies for heads and cameras (Alpha1Technologies, 2014), (iii) Robert Bosch Tool for
alternators and starters (Robert Bosch Tool Corporation, 2014), and (iv) Hewlett-Packard for inkjet printers
(Hewlett-Packard, 2014).
For both contract and independent remanufacturers, remanufacturing activity is an alternative source for
generating profit. Contract remanufacturers are companies that are contracted by OEM to remanufacture their
used-products; for example Hewlett-Packard's used-printers are remanufactured in a network of hardware
recovery centers (Kumar, Guide Jr, & Van Wassenhove, 2002). In this case Hewlett-Packard carefully protect their
intellectual capital and brand name through a contractual agreements, as well as enforcing their quality standards.
Independent remanufacturers are companies that realize the economic benefits of remanufacturing, and thus would
remanufacture any type of used-products, as long as there are markets for them.
Even though remanufacturing market is dominated by OEMs and contract remanufacturers, the majority of the
remanufacturers are independent small-scale operators (Matsumoto & Ijomah, 2013). However, the OEM
remanufacturers with their available resources, would be able to effectively remanufacture their own
used-products compared to the independent remanufacturers. The resources as reported in Boustani (2010) are (i)
full knowledge of the durability, reliability, replacement parts, and proper disassembly methodologies of their own
used-products, (ii) established network for the supply and distribution of the remanufactured products, (iii)
established relationship with suppliers of parts and materials, (iv) knowledge of customers use patterns,
psychology and potential reasons for using remanufactured products, (v) market power, established manufacturing
platform, and available workforce to venture into remanufacturing practices.
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5. Remanufacturing Process
In general, remanufacturing process consists of four generic-key process, where different activity takes place at
each process (Figure 1). The exact number of process and sequence depend on the nature of used-products being
remanufactured (Ilgin & Gupta, 2012). The four process can be further expanded to twelve processes, as reported
in Boustani (2010) to include (i) warehouse of incoming used-products, parts, and outgoing remanufactured
products, (ii) sorting of incoming used-products, (iii) cleaning of used-products, (iv) disassembly of used-products
and subassemblies, (v) inspection of used-products, subassemblies, and parts, (vi) cleaning of specific parts and
subassemblies, (vii) repair or renewal of parts, (viii) testing of parts and subassemblies, (ix) reassembly of parts,
subassemblies and products, (x) testing of subassemblies and finished products, (xi) packing, and (xii) shipping.

Used-products

Scraps

Inspection/
Grading

Remanufacturables

Scraps

Disassembly/
Inspection

Components
reprocessing

Replacement components

Reassembly
Testing

Remanufactured -products

Figure 2. Generic Remanufacturing Process [constructed based on the description provided in Lund (1984a)]
Inspection/Grading process – During this process, used-products are inspected to assess their remanufacturability
status, which could either be remanufacturables or scraps. Unlike, manufacturing, remanufacturing requires 100%
inspection of used-products (Errington & Childe, 2013). This process usually involves complete visual inspection,
where inspection times are identical for the same type of used-products that originate from the same source (e.g.
used-cellular phones from the market stream). On the other hand, the waste-stream used-products with high
variability of quality conditions require different inspection times for each unit. Scraps are either disposed off or
sold to scrap brokers, whereas remanufacturables are sent to the disassembly/inspection process.
The inspection yield (fraction of used-products graded as remanufacturables) could vary from one batch to another
due to the uncertain quality conditions of used-products. Remanufacturables could be further classified into
several quality groups, in which the best quality group is given the highest priority to remanufacture (Aras, Boyaci,
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& Verter, 2004; Aras, Verter, & Boyaci, 2006). The waste-stream used-products with high variability of quality
conditions, would yield more quality groups than the market-stream.
Disassembly/inspection - Each unit of remanufacturable is disassembled into its corresponding modules, which
are further disassembled into their constituent components. This process usually involves general purpose tools
such as power drill, although in some cases, robot arms might be necessary for disassembly of complex products
(Steinhilper, 1998) or hazardous parts (Zussman & Seliger, 1999). Despite the quality groups and source,
disassembly time for the same type of remanufacturables would be identical. This time mainly depends on the
product structure complexity, where remanufacturables with a simple product structure, would require a shorter
disassembly time than remanufacturables with a more complex product structure.
Depending on the product structure and volume, disassembly of remanufacturables and inspection of the
constituent components could either take place simultaneously or sequentially. For high volume of
remanufacturables with simple product structures, disassembly and inspection process could take place
simultaneously. Likewise, for low volume of remanufacturables with complex product structure, disassembly and
inspection process could takes plane simultaneously. By contrast, for high volume of remanufacturables with
complex product structure, disassembly and inspection process usually take place sequentially in a two-stage
disassembly line (Steinhilper, 1998).
During inspection, each unit of constituent component could either be classified as remanufacturable or scrap.
Scrap components are replaced with newly manufactured components, which are ordered either from the internal
production lines (for OEMs remanufacturers) or external sources (for contract or independent remanufacturers).
Replacement components are very critical, particurly for a remanufacture-to-order strategy, where customers send
their used-products for remanufacture and get the same item back.
The fraction remanufacturable components (i.e. disassembly yield), might differs from one batch to another; this
results from the uncertain quality conditions of remanufacturables. Remanufacturable components could be
further classified into different quality groups, where the best component quality group should be given the highest
priority to remanufacture. The waste-stream remanufacturables would result in more quality component groups
than the market-stream remanufacturables.
Irrespective of the product structure, the product design would also affect the disassembly yield of constituent
components (Ferrer, 2001). Products that are originally design for disassembly would generate a higher
disassembly yields than those that are not originally designed for disassembly because of the damaged during
disassembly. Thus, it is important to integrate product design in the product development process in order to
reduce damaged components (Ijomah, McMahon, Hammond, & Newman, 2007a; Ijomah, 2009; Barquet,
Rozenfeld & Forcellini, 2013).
Components reprocessing - This process typically involves cleaning, repairing (e.g. machining worn-out holes)
and surface finishing (Sundin, & Bras, 2005). The actual number of reprocessesing steps and corresponding time
depend on the component quality group. For example, the best component quality group would perhaps need a
simple process (eg cleaning and surface finishing) and short reprocessing time. By contrast, the worst component
quality group probably requires a more complex reprocessing steps (eg cleaning, repairing and surface finishing)
and longer reprocessing time. For complex component design, multiple repair steps, such as welding and trimming
might be necessary in order to restore the components to their original condition. Equally, for some components
such as bulb, electrical wire or cellular phone casing, there is no repair process required because these components
are merely replaced with new ones.
Reassembly/testing - This process typically involves general purpose tools to reassemble the reprocessed
components into remanufactured products. In some cases, it is necessary to use robot arms to reassemble
constituent components into remanufactured products with complex structure. Finally, testing ensures that the
assembled products, i.e. remanufactured products meet their specified function.
As shown earlier in Figure 1, remanufacturing process includes inspection/grading, disassembly/inspection,
component reprocessing and reassembly/testing. However, the exact number of process and sequence depend
largely on the types of used-products being remanufactured. This can be observed in Figures 3 - 6, which illustrate
examples of remanufacturing process of four different products. Figure 2 shows the remanufacturing process of
photocopiers, figure 3 shows the remanufacturing process of automotive engines, figure 4 shows the
remanufacturing process of ink cartridges and figure 5 shows the remanufacturing process of medical devices.
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Machine

Parts
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Parts
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Final Quality
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& Paint

Rebuild

customer orders
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Figure 3. Remanufacturing process of photocopiers, Xerox UK (King, Miemczyk & Buffon, 2006)
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Disassembly &

Parts

Engine

Engine

Engine

Engine
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Cleaning

Inspection
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assembly

testing

painting
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Storage

Figure 4. Remanufacturing process of automotive engines [constructed based on information obtain from mti
(2014)

Inspection

Packaging

Preparation

Digital
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& Cleaning
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Sealing

100%

Packaging
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Quality
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Figure 5. Remanufacturing process of ink cartridges (constructed based on information obtain from Clover
Technologies Group (2014)

Receiving

Sorting

Cleaning

Data entry

Restoring

Testing

& cycle marking

Figure 6. Remanufacturing process of medical devices (constructed based on information obtained from Stryker
Sustainability Solutions (2014)
6. Concluding Remarks
Until recently, not many companies engaged in remanufacturing activities. Nonetheless, with the increasingly
strict environmental regulations, growing consumers' awareness of green environment and potential economic
benefits, more companies are involve in remanufacturing programs. This article makes contributes in the following
ways. Firstly, this article highlights the key factors that motivate companies to engage in remanufacturing
activities. Secondly, this article identifies the potential sources for acquiring used-products and the markets for
selling remanufactured products. Thirdly, this article highlights the generic-key remanufacturing process to be
inspection/grading, disassembly, components reprocessing and reassembly.. Fourthly, this article highlights four
unique remanufacturing characteristics that are uncertain quality conditions of used-products, variable
inspection-yields of used-products, variable disassembly-yield of constituent components and variable
reprocessing efforts of constituent components. Finally, this article illustrates with example that the exact number
of process & sequence depended on the type of used-product being remanufactured. In short, remanufacturing
program, despite its fundamental requirements and unique characteristics, would in many ways benefit the general
public, environment, manufacturers/remanufacturers and researchers.
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