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Abstract Until recently, end-of-life (EOL) product management was the purview of
a small number of firms that could make money out of recycling and/or
remanufacturing. Now, changing customer expectations and stringent product
take-back regulations are forcing many goods producing organizations to confront
EOL product management, even in cases in which there is no clear economic incentive
for doing so. This article presents a framework that highlights the supply chain
implications for firms forced into EOL product management where recycling is the
only viable option. Discussed are the various recycling options available to managers,
as well as the strategic implications of each of these choices.
© 2006 Kelley School of Business, Indiana University. All rights reserved.
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1. End-of-life product management

The terms recycling, remanufacturing, reuse, re-
verse logistics, and end-of-life (EOL) product
management have long been part of the managerial
lexicon. Nonetheless, most supply chains do not
presently engage in these activities because they
are not justifiable on an economic basis. Due to
changes in regulation, increasing customer expec-
tations, and the realization that EOL product
management can be a source of competitive
advantage, however, supply chains are increasingly
unable to ignore EOL issues (Gladwin, Kennelly, &
Krause, 1995; Russo & Fouts, 1997). As such,
managers of firms that do not presently engage in
EOL product management will soon be forced to
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create environmentally sound systems for taking
their products back from customers.

Remanufacturing is usually the most desirable
EOL product management option, as it minimizes
environmental impacts, results in less loss of value,
and can create new market opportunities. Unfortu-
nately, remanufacturing is not a feasible option for
many supply chains (Giuntini & Gaudette, 2003). In
several consumer goods markets, the processing
costs of remanufacturing are higher than the selling
price of new products. In a dispersed manufacturing
supply chain, especially one in which some produc-
tion processes are located far from markets, the
costs of moving products back and forth for
refurbishment can be prohibitive. Remanufacturing
in these settings is not a viable business option
(Ferrer & Whybark, 2000). Further, markets for
certain remanufactured products can be limited.
This is especially true in industries such as elec-
tronics, where product life cycles are short and
products are often obsolete long before they wear
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out. Finally, even when a secondary market exists
for some discarded manufactured goods (e.g.,
donating second-hand cell phones to charities),
the secondary market cannot absorb all of the used
products.

When EOL is required and remanufacturing is not
possible, firms will have to recycle. The focus of this
article is to provide a framework that highlights the
supply chain implications for firms forced into EOL
product management where recycling is the only
viable option.

The challenge currently faced by electronics
producers may provide the best example of what
most industries are likely to confront in the near
future. Due to the toxic content of electronics
products, regulations have been passed that
require companies to provide environmentally
sound EOL solutions for these short life cycle
products. Such mandates are being approved
worldwide. For example, electronics producers in
the EU must take their products back from
customers, once they are used (Waste Electrical
and Electronic Equipment, 2006). For its part,
Japan has passed legislation for mandatory EOL
take-back of washers and dryers, television moni-
tors, videocassette recorders, and refrigerators,
among others. In the United States, California has
enacted several laws in recent years which place
responsibility for the recycling and disposal of
electronics products directly on manufacturers,
retailers, and consumers. For instance, the Elec-
tronic Waste Recycling Act of 2003 (2003) prohibits
the sale of a covered electronics device if it is also
prohibited from being sold in the EU countries
under Directive 2002/95/EC (RoHS Directive,
2005). Thus, emerging regulations regarding elec-
tronics products have both domestic and global
implications. Take-back laws are expanding to
other regions and products, as well.

Being pushed into recycling has important
implications, in terms of supply chain design and
competitive strategy, for the focal firm (i.e., the
company with the name on the end product) in
the supply chain. Despite this fact, the extant
literature has not focused on this important
emerging issue. This article provides the first
systematic discussion of how being forced to
consider recycling influences supply chains. Many
of the best practices employed by firms to
optimize their traditional forward supply chain
will make it harder to optimize a supply chain
that encompasses product take-back and recy-
cling. The extension of the supply chain to
include recycling will have major unexplored
implications, both positive and negative, for the
existing chain. Recycling products in a manner
that protects both the environment and the
competitive advantage of the existing supply
chain is, then, a far more complex issue than
many managers realize.

2. The supply chain as a closed-loop

Supply chains have traditionally been conceptual-
ized as flowing from raw materials to an end
customer. A supply chain that includes EOL product
management will have flows back from the custom-
er toward raw materials. Although numerous terms
have been used to portray these systems (e.g.,
closed-loop, open loop, reverse logistics), here we
employ the generic term closed-loop to describe
any supply chain that recovers materials post-
consumer use so that they may be reused by the
same company. We examine the new chains created
by the need to recycle from the perspective of the
focal Original Equipment Manufacturer (OEM), who
ultimately decides which shape the take-back
system assumes.

Fig. 1 offers a pictorial illustration of a closed-
loop supply chain. The recycling options, in two
bolded boxes, are the focus of this study. The top
part of Fig. 1 represents the traditional forward
supply chain. Materials, components, and sub-
assemblies move from upstream suppliers and
contract manufacturers to downstream OEMs and
vendors (e.g., distributors, retailers).

The bottom part of Fig. 1 is often referred to as
the reserve supply chain. It begins with the used
products being taken back through various chan-
nels. For example, OEMs such as Kodak and Fuji Film
rely on retail stores and film development kiosks to
collect used disposable cameras. By employing this
tactic, both companies are able to gather more than
90% of their disposable cameras (by weight). The
cameras are then remanufactured, having their
cases repaired when necessary, new films installed,
and repackaging completed. When working in
clients' European facilities, field engineers
employed by Honeywell's Industrial Automation
and Control (IAC) division make decisions regarding
which printed wiring assemblies (PWAs) can be
refurbished on site, and which need to be shipped
back to the company's facility in Phoenix for more
extensive remanufacturing (Krikke, Blanc, & van de
Velde, 2004). Similarly, Xerox leases copy machines
to business customers and sends repair engineers
out into the field when needed. The repair
engineers visit the customers and are responsible
for repairing and taking back worn-out or damaged
components.

When service, refurbishment, and remanufactur-
ing are not possible, returned products enter



Figure 1 A supply chain that accounts for reverse flows.
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recycling channels. When a product is disassembled
before recycling, components salvaged from the
product can be sent back to different tiers of the
forward supply chain and reused, thus creating a
closed-loop. Standard components (e.g., computer
memory chips) and certain materials (e.g., silver,
copper) can also be sold in secondary markets.
Recycling without disassembly often takes a rather
primitive “grind and sort” approach. As discussed
more fully in Section 3.1, this option is less desirable
because it recovers less value. The worst case
scenario involves certain materials (plastics, rub-
ber) being incinerated as fuel or being sent to a
landfill. Next, we further explore the two recycling
options in the closed-loop supply chain.
3. Recycling choices: Decisions, decisions

When recycling is considered in the context of a
supply chain, decisions regarding recycling pro-
cesses come down to two main decision criteria:
whether or not the products are disassembled
before being recycled and who performs the
recycling processes. These two decisions are highly
interrelated, as illustrated by the following sec-
tions examining the strategic interaction between
the decisions. First, the recycling options are
introduced.

3.1. Two recycling options

Recycling without disassembly is often carried out
through a grind and sort process, in which collected
products are first crushed or shredded, then ground
into materials that are sorted by type (e.g., ferrous,
polymer, glass). An illustration of this process can be
culled from the collaboration between Micro Metal-
lics Corporation, an electronics recycler, and Hew-
lett Packard. Together, the companies designed a
mechanized crusher that is able to separate
different materials in CRT monitors. The complete
grind and sort operations are carried out in a closed
environment, thus reducing workers' exposure to
toxics (Silicon Valley Toxics Coalition, 2006). The
advantage of the grind and sort approach for
recycling without disassembly is that, by nature, it
is flexible. It can handle a fairly wide range of
products with little to no set-up. This flexibility
makes recycling without disassembly ideally suited
to organizations with a wide product range or to
third party operations that grind returned products
from multiple companies.

While perhaps not so obvious as the aforemen-
tioned advantage, another benefit of recycling
without disassembly is that this EOL strategy
requires little, if any, change in the design of the
product. As such, designers can focus on maximizing
functionality and reducing costs without having to
devote concern to matters regarding EOL strategy.
Obviously, the consideration during product design
of issues such as materials choice, the location and
type of fasteners used, etc. will improve recovery
rates; however, even if these issues are ignored
during the design of the product, recycling will still
be possible. For organizations that carry out EOL
management simply because of customer and/or
regulatory pressures, this decoupling of product
design from the EOL product management strategy
may be of great benefit when it comes to controlling
the ease and costs of EOL management.

Despite this strategy's strengths, it bears three
potentially significant downsides. First, the grind
and sort approach to recycling has a lower recovery
rate because the salvaged materials are often
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contaminated and/or have limited commercial
application (McDonough & Braungart, 2002). In
addition, this approach offers less chance for
learning. Compared with competitors that employ
a disassembly-based strategy, chains that recycle
without first disassembling will have fewer oppor-
tunities to create new and novel knowledge. Even
when the recycling is performed in-house, the fact
that little to no change in design is needed means
that many members of the supply chain can remain
ignorant of EOL management and the associated
issues. This, then, leads to optimizing the tradi-
tional forward supply chain separately from the
reverse chain, as opposed to optimizing the whole
closed-loop system. As a strategy option, recycling
without disassembly offers relatively low risk and
low return, and is most likely to be used as either a
cost minimization technique or as a means to
prevent channel disruption.

Recycling with disassembly is not as straightfor-
ward as recycling without disassembly, but it offers
higher recovery rates and does have the potential to
create new and novel knowledge. An example of a
company that understands the importance of
disassembly is automaker BMW, which designed its
Z-1 sports car with an all-plastic skin that can be
completely disassembled from its metal chassis in
20 minutes. Through hands-on disassembly activi-
ties, managers can understand disassembly process
and provide feedback to the product design engi-
neers. Product design that integrates disassembly
process needs will ultimately lead to higher disas-
sembly efficiency.

Many organizations will treat the product and
process redesign needed to accommodate disas-
sembly requirements as a cost and try to avoid it.
However, the process of redesigning products to
consider not just their initial production, but also
their eventual disassembly and recycling can be a
path to innovation and unique competitive
advantage.

It is not difficult to envision a future in which a
combination of regulatory pressures, customer
expectations, resource shortages, and competitive
activities will necessitate the practice of EOL
product management in all supply chains. For-
ward-looking companies such as HP and Xerox have
already created the integrated supply chain infra-
structure to handle product take-back, enabling
both remanufacturing and recycling operations
(Rose, 2001). Their closed-loop supply chains,
together with their respective product architec-
tures, revenue models, and recycling operations,
have effectively created first mover advantages
and increased customer expectations in their
industries.
Recycling with disassembly, given its higher
recovery rates and the potential to build unique
and valuable knowledge, will probably cost more to
implement than recycling without disassembly.
Unlike grinding, disassembly will require an invest-
ment in sophisticated equipment dedicated to each
SKU (or product family), flexile and multi-step
processes, and possibly even some skilled manual
labor. The economies of a “grind-and-sort” process
will be much harder to attain if disassembly is
performed before recycling.

3.2. Who should perform EOL product
management processes?

When forced to engage in an activity they see as
having no obvious economic benefit, managers are
likely to look for a low cost option to perform the
process. Often, outsourcing provides just such a low
cost option, especially when the process is one the
focal firm has never before performed. Therefore,
it seems likely that many firms faced with EOL
product management will look to outsource the
recycling task.

The decision to outsource recycling, however, has
major strategic implications beyond cost that the
focal firmmust consider. Rather than merely looking
at who performs them, it is more meaningful to
examine the level of involvement of the focal firm in
recycling activities. Our discussion focuses on
whether the focal firm gives the recycling respon-
sibility to a supplier (outsourcing) or if they are an
active participant in recycling, either through
processes they own or in partnerships.

In the short term, having a supplier provide
recycling processes is a quick and relatively low cost
solution. This decision, though, has long-term
implications: companies that outsource recycling
effectively forego the opportunity to gain compet-
itive advantage from the unique knowledge that is
developed through managing recycling processes
in-house.

Direct involvement in recycling operations can
create unique knowledge of products, processes,
and even customers. Studies find that less than 30%
of all products are designed with disassembly and
recycling processes in mind (McDonough & Braun-
gart, 2002). A European computer manufacturer
was surprised to learn that designing a computer for
easy recycling actually reduced its assembly cost by
50% (Winsemius & Guntram, 2002). Disassembly and
recycling requires certain product features (e.g.,
snap-on assembly, avoidance of screws or adhesives)
that are often overlooked when a product is
originally designed. Once managers begin to under-
stand the relationship between product creation
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and product take-back, they start to consider
environmental impacts in their day-to-day decision
making, reducing the likelihood of having to make
major changes later.

Product design challenges associated with meet-
ing the downstream considerations of a closed-loop
supply chain can often provide engineering oppor-
tunities. For instance, when Polymer Solutions Inc.,
a joint venture between GE and Fitch Richardson
Smith, attempted to develop a teapot based on new
materials that would facilitate easier disassembly,
engineers found that the tolerance requirements
were much more stringent than older assembly
methods if leaking were to be prevented. In the
short term, the cost would be high for the company.
But in the long run, the challenge provided the
impetus to develop the ability to fabricate products
with more precise and desirable properties (Winse-
mius & Guntram, 2002). A willingness to take on
engineering challenges hones a firm's innovation
capability. In mature markets, firms with creative
product engineering create new markets and lead
competition. Just like Apple's iPod and Toyota's
hybrid vehicle, the new teapot set GE apart from
competitors in a commodity market. The learning
from new materials and production processes can
even spill over to other product lines.

This knowledge also creates an inclination to
balance immediate business goals and long-term
business growth. Over time, it allows environmental
management to become an integral part of business
decision-making, rather than something one has to
do in reaction to regulatory or customer pressure.
Consider the case of Sony, which worked with a
recycler in Minnesota to collect 600 tons of Sony
products. Although Sony spent approximately
80 cents on every pound of equipment recycled,
its supply chain gained by learning to engineer
materials and design components that increased the
percentage of recyclable components in their
products. Such proactive management of a closed-
loop chain can lead to stronger engineering capa-
bility and, eventually, competitive advantage
(Russo & Fouts, 1997). The end result is a supply
chain that can simultaneously create products that
are valued by customers, meet all regulatory and
market pressures, protect the environment, and do
so in a unique and profitable manner.

Being an active participant in recycling processes
has other potential benefits, as well. In the long
term, controlling product take-back may be a hedge
against uncertain or constrained supply. Commodity
prices, on the whole, have been heading upward
due to economic growth in India and China. For
instance, copper and plastic pricing and availability
have recently been under great pressure (Jacoby,
2005). In the future, companies that employ a
recycling strategy that maintains control of plastics
and other hard-to-get commodities may well hold a
competitive advantage, as they will have a certain
and somewhat steady supply of materials at their
command.

In-house recycling is also beneficial when it
comes to keeping product out of other channels.
Many companies face competition from third parties
who remanufacture their products (Rossetti & Choi,
2005). By taking products back and recycling them,
the supply chain effectively keeps cores away from
the competition.

The final benefit of performing recycling pro-
cesses internally is the potential to create a new
business. Some firms, Panasonic included, have
created recycling systems to handle products from
many electronics manufacturers, including their
competitors in Japan (Lytle, 2003). Large volume
and variety of returned products have not only
created economies of scale, but have also pushed
Panasonic to innovate to handle returns in an
environmentally sound manner. The practice of
simultaneously recycling their own products while
providing recycling services to others has proven
to be a profitable business undertaking for
Panasonic.

When the recycling task is outsourced to a third
party, it is critical to consider the need to protect
intellectual property. If a third party recycles
without disassembly, design secrets are likely to
stay just that. When a third party agrees to carry
out disassembly, however, it may rightfully expect
early access to designs, product material mani-
fests, and prototypes in order to build an efficient
disassembly system. This necessary disclosure
automatically puts the intellectual property at
greater risk than in a pure grind and sort system. If
the third party is captive, this may not be a serious
matter. If, on the other hand, the third party
provider is an independent entity that services
more than one firm, the focal OEM needs to make
sure that a trusting relationship with the recycler
exists.

Outsourcing recycling, then, is a passive, cost-
reductive strategy. It provides a quick and easy
solution, but little opportunity for creating a better
supply chain and/or new business models. In
contrast, actively participating in recycling activi-
ties, either by performing them in-house or through
a partnership, is an expensive, long-term strategic
bet that is premised on controlling resources and/or
creating new products, services, processes, and,
perhaps, businesses.

When the two recycling options and the make-or-
buy decision are considered simultaneously, supply



Table 1 The four generic recycling options

Recycle without disassembly Recycle with disassembly

Outsource processes Section 4.1.: The low cost alternative Section 4.2.: A middle way strategy

& Closed-loop chains unlikely & Relatively limited ability to create closed-loop
supply chains& Minimal investment, but low recovery rates

& Lower investment than creating own processes& Minimal channel conflict (if any)

& Minimal channel conflict with suppliers of virgin
materials

& Can lose control over designs, materials,
and/or cores

& Allows for recovery of valuable modules& Decouples design and initial production from
EOL considerations & Higher recovery rates than just recycling

& Processes can be very fast and flexible & Higher variable costs

& Requires careful contracting and oversight & Long-term contracts may be required
Example: Independent recyclers
(Waste Management)

& Limited control over designs or cores
Example: Citiyara Industries

Active participation
in processes

Section 4.3.: Controlling materials and creating
markets

Section 4.4.: Creating unique value through
closed-loops

& Closed-loop supply chains possible for some
materials

& Closed-loop chains most likely

& Can scale process and offer recycling as a
service to others

& Over time, designs should be optimized for
closed-loop systems

& Process can still be fast and flexible
& Highest recovery rates

& Medium levels of material recovery and learning
& Control of design and cores and scarce materials

& Can control designs and/or cores
& Highest fixed cost option

& Can maintain access to scarce materials
& Greatest chance of channel conflict with suppliers

of virgin materials

& Can decouple design and initial production
from EOL considerations

& Can offer service to others, but with limited
scale economies

& Potential for channel conflict Examples: HP; Xerox
Example: Micro Metallics
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chain managers have four recycling options from
which to choose. Section 4 details the pros and cons
of pursuing each of these options, which are
summarized in Table 1.

4. Implications of the four generic
recycling options

4.1. Outsourcing recycling without
disassembly: The low cost option

Companies pushed into product take-back are
likely to find outsourcing recycling without disas-
sembly to be a low-cost, low-risk, and low-return
strategy. In this scenario, the OEM is not pursuing
closed-loop supply chain management as a strate-
gic investment. This choice causes little disruption
to the existing supply chain and is probably the
easiest solution to implement, especially if a
recycling provider already possesses the necessary
equipment or need only make minimal invest-
ments. Outsourcing recycling without disassembly
also requires no changes in product design geared
toward more effective EOL management. Finally,
as few U.S. states have enacted laws that have a
significant impact on consumers, producers, and
retailers of specific types of electronics products
(e.g., Electronic Waste Recycling Act of 2003;
California Cell Phone Recycling Act of 2004),
outsourcing recycling without disassembly provides
a wait-and-see approach which allows companies
to claim support of environmentally friendly EOM
management, yet delay significant investment in
product and process design for EOL product
management until the regulatory landscape
becomes more clear.

Outsourcing recycling incurs cost on the balance
sheet of the focal OEM as opposed to a potential
opportunity to create new business and competi-
tive advantage. As the recycling provider controls
the stream of recovered materials, true closed-
loop chains are highly unlikely for the focal OEM.
Like outsourcing any other process, the fixed costs
and many of the risks are borne by the recycling
supplier; however, they also reap the benefits. For
this to be profitable for the recycling suppliers,
they are more likely to invest in grind and sort
process technology. This generic and flexible
process offers these recyclers the ability to serve
numerous OEMs and generate revenue, both from
providing the recycling service and from the sale of
recovered materials. Many independent recyclers,
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including Waste Management (2006), are carrying
out collection and rudimentary grind and sort
recycling.

Successful application of this choice will require
finding recycling suppliers that can ensure the
proper handling of intellectual property, residual
data on the used products, and cores. The focal
OEM must also have a monitoring system in place
to make sure that the recycler is behaving in an
environmentally sound fashion. While electronics
recycling companies such as GreenDisk promise to
provide secured and audited disposal of intellec-
tual property stored on collected electronic media
(http://www.greendisk.com/), customers, regula-
tors, consumer privacy groups, and environmental
groups such as the Silicon Valley Toxic Coalition
(Silicon Valley Toxics Coalition, 2006) will ulti-
mately hold the focal firm responsible if the
recycling supplier is not handling materials in a
safe fashion.

4.2. Outsourcing recycling with disassembly:
A middle way strategy

This option differs in two ways from outsourcing
recycling without disassembly. First, this process
increases material recovery rates. Ideally, this
choice will work best when product design accounts
for eventual disassembly and recycling. Second, the
recycler involved in product disassembly is able to
justify investment specific to the product or product
line (e.g., there is adequate demand), or has a
process for disassembly that can accommodate a
variety of similar products. It also helps the viability
of disassembly if there is some opportunity for the
recycler to gain from recovering components as a
result of disassembly.

Success here depends on the extent to which the
OEM facilitates product design for requisite disas-
sembly prior to grinding and recycling. This
increased design burden on the OEM can be
mitigated, to a certain degree, by the availability
of tailored or flexible disassembly processing at the
recycler's site. Nevertheless, outsourcing recycling
with disassembly requires increased interaction
between the OEM and the recycler during product
design, in order to develop the most efficient design
that can both control recycling costs and accom-
modate the constraints of the recycler's process
technology for disassembly.

Whether or not a recycler decides to invest in
dedicated or flexible disassembly process depends
on the net benefit differential between materials
recovered by recycling with disassembly versus
recycling without disassembly. To maximize mate-
rial recovery rates, the OEM and the recycler may
have to create a practice that is unique to their
particular situation. In order for a recycler to invest
in a more tailored disassembly process, the OEM
must share information with the recycler during
product development so as to ensure the fit
between product design and disassembly process
design. Even then, recyclers may choose to limit
disassembly (despite having a disassembly process)
if the net benefit of recycling with disassembly
becomes unattractive over time vis-à-vis recycling
without disassembly.

Disassembly carried out by a third party has its
unique dynamics. The recycling provider has some
control over the level of disassembly that will be
done to maximize value recouped from resale of the
disassembled components and materials. There-
fore, the recyclers will benefit from having flexible
recycling process, because what to disassemble and
salvage at any given time is contingent upon cost of
disassembly and the market demand for certain
materials or components. For example, for years,
many independent recyclers profited by salvaging
precious metals from used electronics. As precious
metals usage in electronics diminished in recent
years, these recyclers adapted by focusing on
specialty process (e.g., CRT glass smelting, chip
brokering, spare parts recovery) or by becoming
fully integrated processors handling a variety of
materials and related services (e.g., computer
components, plastics). Citiyara Industries, Ltd. is
one such integrated electronics waste recycler that
serves electronics companies such as Intel, Nokia,
and HP (Prystay, 2004). The company, headquar-
tered in Singapore, has collection centers in 11
countries and commands 70% of the corporate
market for scrapped electronics. While equipped
with highly automated disassembly systems,
Citiyara Industries also employs manual disassembly
in regions in which labor cost is affordable.
Comprehensively, the company is able to recycle
90% of the products it receives and has tripled its
profit in the past 5 years.

4.3. In-house recycling without disassembly:
Controlling materials and creating markets

At first glance, the decision to pursue recycling
without disassembly in-house (or with a strategic
partner) may seem misguided. Owning the process
will obviously increase fixed costs. In addition,
this is not likely to be a core competency for the
focal firm. Even performing such activities in
conjunction with a partner that does have
expertise in the area is bound to present higher
fixed costs than simply hiring a third party to do
the work.

http://www.greendisk.com/
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Nonetheless, this option does boast some poten-
tial benefits. First and foremost, this choice gives
the focal OEM control over their cores and associ-
ated intellectual property and reduces the risks of a
supplier behaving in an irresponsible manner. Such
control over recovered material makes it easier for
the OEM to create closed-loop chains. For example,
recall Hewlett Packard's investment in Micro Metal-
lics to design an automated CRT crusher, as
previously described in Section 3.1. This dedicated
recycling operation gives HP first mover advantage
in closed-loop supply chain management.

Closing loops will, however, come with two
caveats. First, without product disassembly, the
amount of material recovered (as well as the
quality) is comparatively low. Second, OEMs that
are directly involved in recycling are likely to
reduce their procurement volumes from existing
suppliers, something that could hurt the suppliers
and instigate channel conflict. In other words, if
OEMs can recover materials at the same quality
levels offered by virgin suppliers, they essentially
become competitors to existing suppliers. Such
buyer–supplier relational dynamics are probably
less contentious if a third party (new supplier)
performs the recycling.

A less obvious benefit of this strategy is the
potential to enter into new markets as a provider
of recycling services to others. This is what
Panasonic has done. Since the Japanese govern-
ment passed tough recycling measures in 2001,
demand for Panasonic's service has grown rapidly.
In industries in which take-back is just coming to
the fore, an organization with the foresight to set
up a recycling process that has the capacity to
handle not only its own returns, but also the
returns of others may be able to create a valuable
new business. This will be especially true if the
organization can offer others in the industry a low
cost alternative to making their own investments
(Panasonic, 2004).

4.4. In-house recycling with disassembly:
Creating unique value through closed-loops

In-house recycling with disassembly is the recycling
option that probably incurs the highest cost. At the
same time, it also has the greatest potential to
significantly alter an existing supply chain. This
choice requires a longer term perspective to justify
investments in product and process innovation for
EOL management, and a fundamental shift in the
culture of the company to strive on an ongoing basis
to develop a proprietary knowledge base for
facilitating effective closed-loop supply chain man-
agement. Companies pursuing this option, such as
Xerox, HP, and Tetra Pak, have created competitive
advantage in their respective industries. Addition-
ally, there is significant empirical evidence that
proactively dealing with environmental issues leads
to a competitive advantage founded on innovation
(Christmann, 2001; Klassen, 2001; Sharma & Vre-
denburg, 1998).

While this option has material control benefits
similar to that of recycling in-house without
disassembly, it achieves higher levels of material
recovery. The primary potential competitive advan-
tage of pursuing this option, however, comes from
the re-conceptualization of the supply chain. This
system provides the best opportunity to create new
knowledge through the integration of forward and
reverse supply chains. It requires both product and
process redesigns. To do so, supply chain members
must learn to create products that meet the needs
of customers while also minimizing the total costs of
design, production, delivery to customers, collec-
tion at EOL, disassembly, recycling, and eventual
reuse of materials in new products. These closed-
loop chains should become much more effective
than the other options because of the simultaneous
optimization of all forward and reverse processes.
Rather than treating EOL product management as a
cost to be minimized, supply chains pursuing this
option see EOL as a strategic opportunity to be
leveraged.

Despite its many strengths, this strategy is likely
to create channel conflict. An OEM's leverage over
existing suppliers is likely to attenuate when its
purchasing volume decreases. Companies have
recognized this change and have taken measures
to mitigate potential channel conflict. For instance,
when Xerox recycles its copy machines, it gives
reusable components back to the original suppliers
for free (Kerr & Ryan, 2001). Much like in the
forward chain, aligning incentives of players in the
reverse chain is critical for optimizing the perfor-
mance of the closed-loop supply chain.
5. Discussion

All four recycling options can be viable choices,
depending on the focal firm's strategy and
resources, as well as market and industry condi-
tions. What is vital is that managers are aware of the
short- and long-term implications of their choices.
Of primary concern is that many managers, when
first confronted with the notion of product take-
back, will view this primarily as a cost to be
minimized, and will hence blindly outsource to the
lowest price supplier without considering the
strategic implications of their decision.
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Outsourcing is going to have lower upfront costs
than handling EOL product management internally.
In addition, outsourcing, assuming it is done in an
environmentally sound manner, may protect imme-
diate access to markets in which the customer base
rewards a firm for effective EOL product manage-
ment. For example, many government agencies,
non-government organizations, and industrial cus-
tomers use measurable eco-centric criteria as an
order qualifier for choosing products and services.
Not to be discounted, outsourcing also allows for the
decoupling of product designs and EOL product
management.

It is important to note, however, that outsourcing
does carry risks. Firms that outsource are giving up
control and risk having intellectual property com-
promised, data stolen, and materials and/or com-
plete modules being put back into secondary
markets. They are also risking their reputation, as
a supplier that does not handle material in a
responsible fashion will negatively impact the
focal firm. Following the outsourcing route to save
money, then, will only be successful if partners are
carefully chosen, contracts are carefully written,
and the long-term risks do not outweigh the short-
term dollar savings.

Once these issues are handled, the key differ-
ences between outsourcing to a supplier with
disassembly capabilities and outsourcing to one
without disassembly capabilities have to do with the
level of risk exposure, recovery rates, and, most
importantly, the potential to leverage the reverse
chain to future competitive advantage. As previ-
ously noted, recovery rates are higher with disas-
sembly. However, risk exposure is also higher with
disassembly, as suppliers will expect at least some
early access to designs, will be taking the product
apart (which can be a short step from reverse
engineering), and will be more likely to return a
material or module to a secondary market, creating
problems with existing suppliers.

For a firm being pushed into product take-back,
the discussion may make it seem like outsourcing
with disassembly is never preferable. Nevertheless,
there are some possible benefits to pursuing this
option. In the short-term, the environmental out-
comes are more desirable. In addition, some
disassembly makes sense for products with a
valuable module surrounded by lots of commodity
parts. The real advantages derived from this choice,
however, will be long term. If a company believes
that long-term disassembly and a closed-loop could
be beneficial, but there is great uncertainty as to the
value of such a move, using a supplier may be a way
to learn more about designs for disassembly, reverse
logistics, and the like without having tomake a large
upfront investment. In other words, outsourcing
with disassembly can be the first step to a more
intensive solution. On the other hand, outsourcing
without disassembly is not in and of itself a path to
creating competitive advantage. The money saved
here, if invested by the focal firm elsewhere, may
create unique attributes valued by customers, but
the actual reverse supply chain will not.

Performing the recycling task internally or with a
partner should be pursued as a risk reduction
strategy and/or as a path to new business. For the
focal firm that cannot put their intellectual prop-
erty, supplier relationships, and/or reputation in
the hands of a supplier, directly participating in the
recycling task makes good sense. This choice leads
to increased control, which can ensure that cores do
not get remanufactured by third parties, materials
stay within this supply chain, and intellectual
property is protected. While this may not create
new sources of competitive advantage, it will help
to protect those already in existence.

In the long term, active participation has the
potential to create new ways of competing.
Choosing to actively participate in recycling with-
out disassembly could facilitate the founding of a
new recycling business. If members of the focal
firm's industry are not presently dealing with EOL
product management, a first mover could replicate
what Panasonic has done and create a new business
within their industry. Being the first in an industry
to deal with EOL issues may have other benefits, as
well. In industries in which recycling is not yet the
norm, being able to show customers that your firm
has moved ahead of the pack can put competitive
(sometimes even regulatory) pressure on competi-
tors, who will be forced to react. The low price
reaction may well be to outsource recycling to the
first mover. In this scenario, the first mover creates
a viable business that generates cash and scarce
raw materials from their competitors, who are
forced into a reactive mode. Before engaging in
this type of behavior, however, a firm must be
aware of how the choice will impact existing supply
chain relationships, and be sure that customers and
regulators will be willing to accept the lower
recovery rates associated with recycling without
first disassembling.

Finally, there exists the option to actively
participate in recycling with disassembly. Compet-
itively, this is the riskiest choice. It requires a
substantial investment and significant changes in
the supply chain. Successful application, though,
will lead to significant rewards. A firm could reduce
or eliminate its dependence on virgin materials and
their volatile markets. The risk of environmental
exposure will be decreased. Finally, customers will
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enjoy a novel product that meets economic and
environmental needs. Rather than changing busi-
nesses, the firm that follows this path will alter the
way it conducts its existing business.
6. Final thoughts

This article highlights some of the key managerial
implications for a focal firm as it broadly considers
EOL management strategies with regard to recycling
in the wake of existing and emerging pressures for
EOL management in a global environment. We
believe this topic should be of significant interest
to a large number of firms. While a firm would have
to conduct a careful cost-benefit analysis of the
recycling strategies in order to ascertain which
option would best match its needs, the implications
of EOL strategies considered herein should help
managers to contemplate a multitude of issues to
optimize their supply chain decisions from a cradle-
to-cradle perspective.

As time passes, an increasing number of firms will
have to confront EOL product returns. For some of
these firms, remanufacturing could be an option.
For most others, though, especially for those in
industries with short product life cycles and/or
limited secondary markets, recycling will be the
only option that meets business and environmental
needs. In order to comply with EOL expectations,
many firms will automatically gravitate toward a
low cost solution. For firms that weigh their EOL
management options from a strategic perspective,
however, there is the potential to gain competitive
advantage by besting their competitors at mitigat-
ing these costs, creating new opportunities, and
being rewarded by customers for eco-centric
behavior. Strategic investment in product innova-
tion and EOL process innovation that facilitates the
development of closed-loop supply chains can also
lead to a sustained advantage. This is particularly
true of situations in which regulations may get more
stringent, and materials get increasingly expensive
as materials get scarcer.

First movers who can create systems that can
handle not only their own products, but also the
products of others in the same industry or similar
industries may well be able to turn recycling into a
new business. Not only will this serve as a source of
revenue, but it can also ensure access to hard-to-
come-by materials. Companies that choose this
path are likely to perform recycling without
disassembly, as disassembly processes make it
much more difficult to reap economies of scale.

Nonetheless, the choice to create an internal
recycling system that disassembles can be the
linchpin for creating a true closed system. Over
time, the learning that accrues from having to
design products that are optimized for both the
forward supply chain and the reverse supply chain
should lead to unique products and processes, and
lower total supply chain costs associated with the
forward and reverse chains. In other words, this can
be a path to creating competitive advantage from a
process that others will be treating only as a cost.

Managers taking up EOL product management
need to be aware of these options, both to
understand their choices and to understand the
strategic implications of the choices of their
competitors. In the short run, it may seem very
attractive to minimize the costs of product take-
back by having a third party handle the process. If
that third party is a unit of a competitor, however, a
firm should be cognizant of the fact that they are, in
effect, paying a competitor to have access to
materials. While this might be deemed a worthwhile
risk, especially if the costs to set up an in-house
system are prohibitive, it is something that still
bears consideration. EOL product management is
likely to be an issue that all chains will have to
confront in the near-term future. Those managers
that do so with a full understanding of the strategic
implications of their decisions will be the ones that
have the best chance of long-term sustainability.
References

California Cell Phone Recycling Act of 2004. (2004). Retrieved
May 26, 2006, from http://www.cellforcash.com/cellular-
phone-information/Cell-Phone-Recycling-Act-ab-2901.pdf

Christmann, P. (2001). Effects of best practices of environmental
management on cost advantage: The role of complimentary
assets. Academy of Management Journal, 4(4), 663−680.

Electronic Waste Recycling Act of 2003. (2003). Retrieved May
26, 2006, from http://www.ciwmb.ca.gov/electronics/
act2003/

Ferrer, G., & Whybark, D. C. (2000). From garbage to goods:
Successful remanufacturing systems and skills. Business
Horizons, 43(6), 55−64.

Giuntini, R., & Gaudette, K. (2003). Remanufacturing: The next
great opportunity for boosting US productivity. Business
Horizons, 46(6), 41−48.

Gladwin, T. N., Kennelly, J. J., & Krause, T. -S. (1995). Shifting
paradigms for sustainable development: Implications for
management theory and research. Academy of Management
Review, 20(4), 874−907.

Jacoby, D. (2005). Mitigating high raw material prices. Purchas-
ing, 134(4), 60.

Kerr, W., & Ryan, C. (2001). Eco-efficiency gains from remanu-
facturing: A case study of photocopier remanufacturing at
Fuji Xerox Australia. Journal of Cleaner Production, 9(1),
75−81.

Klassen, R. D. (2001). Plant level environmental management
orientation: The influence of management views and plant
characteristics. Production and Operations Management, 10
(3), 257−275.

http://www.cellforcash.com/cellular-onenformation/Cell-hone-ecycling-ctbpdf
http://www.cellforcash.com/cellular-onenformation/Cell-hone-ecycling-ctbpdf
http://www.ciwmb.ca.gov/electronics/act2003/
http://www.ciwmb.ca.gov/electronics/act2003/


143The supply chain implications of recycling
Krikke, H., Blanc, I. L., & van de Velde, S. (2004). Product
modularity and the design of closed-loop supply chains. Ca-
lifornia Management Review, 46(2), 23−39.

Lytle, J. M. (2003, July 23). Japanese plant takes on e-waste.
BBC News. Available from http://news.bbc.co.uk/2/hi/
technology/3075717.stm

McDonough, W., & Braungart, M. (2002). Cradle to cradle:
Remaking the way we make things. New York: North Point
Press.

Panasonic. (2004). The Panasonic report for sustainability.
Retrieved May 26, 2006, from http://matsushita.co.jp/
environment/2004e/

Prystay, C. (2004, September 23). Recycling “e-waste”: Singa-
pore company finds global edge in processing toxic compu-
ters, TVs safely. Wall Street Journal, B1.

RoHS Directive. (2005). Retrieved May 26, 2006, from http://
www.netregs.gov.uk/netregs/legislation/380525/477158/
?lang=_e

Rose, C. M. (2001). Design for environment: A method for
formulating product end-of-life strategies. Dissertation
Abstracts International, 62 (01), 504B (UMI No. 3000092).
Rossetti, C., & Choi, T. Y. (2005). On the dark side of strategic
sourcing: Experiences from the aerospace industry. Academy
of Management Executive, 19(1), 46−60.

Russo, M. V., & Fouts, P. A. (1997). A resource based perspective
on corporate environmental performance and profitability.
Academy of Management Journal, 40(3), 534−559.

Sharma, S., & Vredenburg, H. (1998). Proactive corporate
environmental strategy and the development of competitive-
ly valuable organizational capabilities. Strategic Manage-
ment Journal, 19(8), 729−753.

Silicon Valley Toxics Coalition. (2006). Retrieved May 26, 2006,
from http://www.svtc.org/

Waste Electrical and Electronic Equipment. (2006). Retrieved
May 26, 2006, fromhttp://europa.eu.int/comm/environment/
waste/weee_index.htm

Waste Management. (2006). Retrieved May 26, 2006, from
http://www.recycleamerica.com

Winsemius, P., & Guntram, U. (2002). A thousand shades of
green: Sustainable strategies for competitive advantage.
London: Earthscan Publications.

http://news.bbc.co.uk/2/hi/technology/3075717.stm
http://news.bbc.co.uk/2/hi/technology/3075717.stm
http://matsushita.co.jp/environment/2004e/
http://matsushita.co.jp/environment/2004e/
http://www.netregs.gov.uk/netregs/legislation/380525/477158/?lang=e
http://www.netregs.gov.uk/netregs/legislation/380525/477158/?lang=e
http://www.netregs.gov.uk/netregs/legislation/380525/477158/?lang=e
http://www.svtc.org/
http://europa.eu.int/comm/environment/waste/weee_index.htm
http://europa.eu.int/comm/environment/waste/weee_index.htm
http://www.recycleamerica.com

	The supply chain implications of recycling
	End-of-life product management
	The supply chain as a closed-loop
	Recycling choices: Decisions, decisions
	Two recycling options
	Who should perform EOL product �management processes?

	Implications of the four generic �recycling options
	Outsourcing recycling without disassembly: The low cost option
	Outsourcing recycling with disassembly: A middle way strategy
	In-house recycling without disassembly: Controlling materials and creating markets
	In-house recycling with disassembly: Creating unique value through closed-loops

	Discussion
	Final thoughts
	References


