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Abstract

This article attempts to aggregate and clarify the meaning of some expressions adopted
in the product recovery research. Some of them are neologisms. In some instances,
researchers and practitioners in the field have used these expressions with conflicting
meanings. Hopefully, this paper will facilitate communication by indicating a common
usage for the expressions in the product recovery vocabulary.
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In the last few years, there has been an increased interest in product recovery research,
as can be witnessed by the number of published articles, conference presentations and
working papers in this topic. One of the difficulties in communicating the research
findings is the variety of expressions that have been used to describe different recovery
practices. To some extent, this variety is natural given the wealth of vocabulary in the
English language. Nonetheless, one must acknowledge that a certain lack of precision
in the choice of words may lead to unnecessary misunderstandings. Communication
could be improved establishing a common definition for the main expressions in the
jargon. This paper addresses this issue by attempting to clarify and codify of some of
these expressions.

Section 1 enumerates the different product recovery processes, subdivided in
two groups: material recovery and value recovery. Section 2 defines certain design
objectives that have been mentioned in the literature, sometimes without the necessary
clarity. Section 3 presents some of the design measures that have been used to
describe the recovery fitness of a given product design. Finally, Section 4 describes the
operating processes usually appearing in a product recovery operation.

1. Recovery Processes

Thierry et al. (1993), McConocha and Speh (1991) and Ferrer (1996) have provided
some of the definitions that describe different recovery processes. This section builds
on their work, adding a number of other expressions that are used by practitioners and
researchers.

Material Recovery is the process of recovering the raw material value in the product.
It is a destructive process with complete loss of the original form for which it



was designed. Recycling and incineration are the two main forms of material

recovery.

Recyding is the term generally used to describe a material recovery process. Basically,

the recycled goods lose their functional form as they are mixed in a process to

recover the raw material used to make them. Consequently, it is more efficient

when the good being recycled is made with a single raw material. Alternatively,

if the good is made of several raw materials, the process requires that

components made of different materials are easily separated. Conversely,

products made of complex composites are harder to recycle as such. If the

separation process is too costly, it is unlikely that the recycling process would be

economically interesting. Hence, the most common recycling processes involve

nonferrous metals. Over 50% of all lead or copper consumed worldwide come

from secondary (recycling) sources. Other commonly recycled materials are

steel, glass and paper.

Often a raw material is recycled to reduce the amount of material sent to

landfills. This is the case for paper, plastic, tires or cloth. The economics of

recycling these materials are generally not very attractive. Most of the benefit

comes from waste reduction.

A like-for-like recycling process generates secondary material of the same

quality as that obtained from primary sources. Like-for-like recycling is easier to

obtain when recycling metals. Hence, it is not an issue of concern there.

However, it may be hard to achieve with glass recycling and even more so with

paper or plastic recycling. Some laboratories are working on fundamental

research to develop like-for-like recycling for additional kinds of plastics and

rubber. For an example of rubber recycling, see Romine et al. 1995.

A cascade recycling process degrades the quality of the material. For

example, the high quality plastic used to make automobile bumpers can be

recycled to make less visible plastic components in the car, such as the radiator

grid or air conduits. Likewise, the high quality rubber used in tires can be

cascade recycled to make rubber mats.

Incineration is at the bottom of the material recovery hierarchy. Sometimes, the cost

of recovering the materials with the technology currently available is too high. If

the raw material used to make the product is organic, incineration might be the

single alternative to dumping. It does not allow the material recovery but

provides some energy recovery. For example, tires and some plastics can be

incinerated in thermoelectric plants or in cement kilns as an additional source of
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energy. Figure 1 shows the material flow in tire incineration, including the by-
products. If the incineration occurs in a cement kiln, the by-products are entirely
incorporated in the cement material. Hence, no additional pollution control is
required. However, if the incineration takes place in a thermoelectric plant, the
process requires specific pollution control equipment. 

--0.- energy)
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FeO)incineration 
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Figure 1: Material flow in the tire incineration process

Value Recovery is the process of recovering components, assemblies or the whole
product. Both the material value of the recovered part and the value-added in
the production of individual parts are saved. There are several value recovery
processes. Some processes are intended to recover the whole good
(remanufacturing or retreading). Other processes intend to recover some
components within the original good, ignoring the remaining components
(reconditioning, rebuilding, upgrading). Finally, there are processes intended to
recover a few components to reuse in a different finished good (refilling,
cannibalization, overhauling).

Recovery of components to reuse in a different good:

Refilling is probably the most common recovery process for consumer goods. It is the
process of recovering a container after the product itself is consumed. In the
past, when any liquid container was considered a valuable asset, jars, bottles and
barrels were reused a number of times to carry wine, beer, olive oil, milk or
water. The list of products delivered in reusable containers has greatly expanded
since. It includes soft drinks and pressurized gases (oxygen, helium, acetylene,
butane, etc.) among other fluids. More recently, other containers have joined the
refill stream, such as the laser printer cartridges. The variety of containers being
reused (refilled) varies with the consumption pattern, the distribution (and
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collection) network, and the relative value of the container in the local economy.
The greatest limitation in this process is the complexity of the reverse logistic
required to carry the container from the consumer back to the bottling plant.
This problem increases when the market fragmentation does not allow achieving
economies of scale. (See also Flapper 1996.)

Cannibalization is the process of recovering pre-determined parts from a damaged or
obsolete machine as part of the effort to repair another one. Usually, it occurs in
the maintenance of similar equipment, when the damaged machine contains
valuable parts in good condition (requiring or not a minor repair), and the spare
parts is difficult to obtain. Successful cannibalization implies that it is technically
viable to retrieve the valuable parts without damaging them.

Overhaul is the process of repair and upgrade of a mechanical module due to a major
breakdown or excessive wear. The typical examples are the recovery of truck
engines or airplane turbines. The overhaul process reviews the entire module: a
number of components is machined to new specifications and others are
substituted. Eventually the module is reinstalled in the same equipment (because
of the owner's preference or due to regulation). This is always the case with
airplane turbines. In other cases, similar modules are managed as a collective:
when a given module is overhauled it is replaced by another one from stock, so
that the equipment does not have to stop. Once it is recovered, it is kept in stock
as spare.

Recovery of some components within the good:

Reconditioning is the basic work of eliminating defects in a machine tool. The repair
of a few parts may suffice to return an equipment to an operational state, by
eliminating the cause of failure. The process has limited objectives, in the sense
that there is no intervention in systems that have not failed. As a prevention
against new failures, belts, hoses and fluids are substituted, the hydraulic system
is checked, the panel wiring is revised and reorganized, major assemblies are
inspected. If it is performed by a third party, the service is usually covered by a
short warranty.

Rebuilding is the process of engineering a machine to the operating conditions of
when it was constructed. It merely restores the machine to the original
specifications: many used parts will be untouched. It includes the examination
of the major mechanical systems. Only those clearly outside specifications are
affected.
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Upgrading or retrofitting a machine implies in installing new systems that enhance

performance or add new features. This choice is adopted when the machine is

solid, and when the process significantly extends its expected life. Systems with

older technology are substituted, to improve the equipment's performance, to

abide to new regulation, to adapt the machine to execute new tasks or to reduce

its impact on the environment. (See also Sprow 1992, Stauffer 1990,

Toensmeier 1992.)

Thorough recovery of the final good:

Remanufacturing is the process of disassembly at the module level and, eventually, at

the component level, to repair or substitute components and modules that are

worn out or obsolete. Parts subject to degradation affecting the performance or

the expected life of the whole are replaced. The physical structure (the chassis

or frame) is inspected for soundness. The whole equipment is refurbished and

critical modules are overhauled, upgraded or substituted. A machine of today is

built on yesterday's base, receiving all the enhancements, expected life and

warranty of a new machine. All defects that eventually existed in the original

design are eliminated.

Figure 2: Material flow in computer remanufacturing

Often times the remanufacturing process implies in the loss of the original

identity of the machine. It involves the disassembly of the used goods into pre-

determined components. These are repaired to stock, ready to be reassembled

into a remanufactured product. It is the case of remanufacturing photocopiers,

Communicating Developments in Product Recovery - 5



ready-to-use cameras, personal computers and tires. One of the difficulties in
this process is to pre-specify the disassembly sequence to be used with all similar
goods. (See also Navin-Chandra 1994, Gupta and Taleb 1994, Johnson and
Wang 1995, Ferrer 1996).

Other remanufacturing processes maintain the identity of the original
equipment. It is the case of customized remanufacturing of machine tools,
airplanes, large photocopiers and other capital goods. In this case, there is the
additional challenge of scheduling the sequence of dependent processes (see
Guide 1996). Figure 2 shows the material flow in remanufacturing computer
mainframes without loss of the original identity.

Refurbishment requires a thorough revision of the equipment, with substantial
elimination of small defects and, sometimes, esthetic improvements. It is
periodically executed on public transportation equipment (airplanes and buses),
both to incorporate new safety requirements and to maintain a newness
appearance. A refurbishment decision does not imply that the equipment is worn
out. Usually it occurs when the most critical components (in a bus, the engine,
suspension, body, etc.) have long expected life, but the most visible parts show
signs of wear. It is less frequent than the preventive maintenance; the good will
rarely experience it more than once. In order to simplify the maintenance
schedule in a large fleet, it is usually done in combination with a major
intervention.

tread
material

Figure 3 - Material flow in tire retreading
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Retreading is the recovery process of adding a new tread to a used tire. It includes a
thorough inspection of the casing structure, repair of eventual damages, removal
(buffing) of residual rubber from the used tread, addition of a new tread,
vulcanization and final inspection. The material flow appears in Figure 3. The
retreaded tire is expected to satisfy the same safety requirements as a new tire.
Given the fatigue accumulated in the casing, the life expectancy of a retreaded
tire is smaller than that of a new tire. (See also Ferrer 1997).

Marketing processes:

McConocha and Speh (1991) and Vandermerwe and Oliff (1991) have addressed some
of the challenges related to marketing remanufactured products. These papers
introduce two new expressions:

Reconsumption is the recovery process from a marketing viewpoint. The product is
reconsumed when it is used following a recovery process such as an overhaul or
remanufacturing.

Remarketing is the organization of marketing and sales conditions that are suitable for
recycled or remanufactured products. Beside the usual marketing functions, it
requires (1) identifying the market niche most adequate for the remanufactured
good; (2) educating the customer regarding its true performance capabilities; (3)
establishing a market channel that facilitates the sale of remanufactured goods
and the collection of the used goods and (4) defining a price for the
remanufactured good that is compatible with the price of new goods of
equivalent performance.

2. Design Objectives

A product is Designed For Recycling (DFR) when it can be economically disposed of
with minimal generation of solid waste. This requires the utilization of easily
recycled materials. Moreover, if an assembly is made of incompatible materials,
their separation should be technically and economically feasible. (See also Bendz
1993, Biddle and Mann 1994, Kriwet et al. 1995.)

A product is Designed For Disassembly (DFD) when the components that retain
some value at the time of disposal can be easily separated while retaining its
functionality. This should not compromise the component's integrity nor its
expected life. Generally, a design for disassembly is achieved by adopting a
modular design. The modules are assembled using connectors that can be
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quickly separated requiring at most simple tools. (See also Penev and De Ron
1996, Dillon 1994)

Broadly speaking, a product is Designed For The Environment (DFE) when its
production, use and disposal cause minimal disturbance to the environment.
Usually, a new product is designed to satisfy a certain function, constrained by
performance specifications, safety and health regulations, manufacturing and
assembly limitations, expected demand, cost and competition. A product is
designed for the environment if, in addition to these constraints, the designer has
minimized the product's impact in the environment. The designer must ensure
that production and utilization generate minimal emissions, the design avoids
harmful or poisonous chemicals and when the used good reaches its end-of-life,
it can be appropriately disposed of, through remanufacturing or recycling.

The expected life of the durable good also has a significant impact on the
environment. One could hardly say that a product is designed for the
environment if its expected life is not as long as it would be with a non-DFE
design. (See also EPA 1993, Price 1990, Navin-Chandra 1991, Hendrickson and
McMichael 1992, Owen 1993, Chen et al. 1994, Vastag 1996).

3. Measures of Design for Recovery

The following design measures are generally used in the intuitive sense. Ferrer (1996)
introduced economic definitions for some of them, including the analytical expression
allowing their evaluation on most assemblies.

Recyclability is a profitability measure of the recycling process. It identifies how
profitable recycling is, considering the market value of the raw material and the
cost of shredding and refining the good. In its simplest form, it is given by the
expression

Recyclability – 
raw material value – 1

shredding costs

Consider an assembly made of two parts. If the raw material value equals
$1, but requires a shredding operation costing 500 and generates fluff costing
300 to landfill. Hence, the recyclability equals 0.25, a positive value, implying
that the process is profitable.

Recyclability is often referred to as a physical measure of recovery. In this
case, it is given as a percentage of the total material weight recovered by the
recycling process.
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Disassemblability is a comparative measure of profitability of the disassembly
process. The disassemblability of an assembly compares the profitability of the
disassembly process with the recycling alternative. Disassembly is a source of
income, from the value of the components that can be retrieved, and a source of
expense, from its operating cost and the loss of the original assembly. If the
disassemblability of a good is negative (positive), it means that recycling it is
preferable (not preferable) to disassembly.

value - added in parts – 1Disassemblability = disassemb41 costs

Consider the same assembly made of two parts. If the parts had to be
purchased separately, they would cost $1.50 each. Since the total raw material
value is $1, the value that is added in order to make the two parts equal $2. The
disassembly operation costs 950 and generates fluff costing 300 to landfill.
Hence, the disassemblability equals 0.6, a positive value, implying that the
process is more profitable than recycling.

Reusability is a measure of endurance which compares the value of the used assembly
with the alternative opportunity to undertake a disassembly-based recovery
process. Hence, the reusability of a product is positive whenever the value of
reusing it, subject to a simple renovation and minor adjustments, is greater than
the value of its subassemblies, deducted of its disassembly and renovation costs.

value - added in assembly 
–1Reusability– recovery costs

Consider again the same assembly made of two parts. If the whole
assembly had to be purchased, it would cost $5.50. Since the total raw material
value is $1, and the value-added in the two parts equals $2, the value that is
added at the assembly stage equals $2.50. The recovery operation, including
washing, painting, and lubricating, costs $3. Hence, the reusability equals -0.17,
a negative value, implying that the good should disassembled to recover
individual parts, rather than reused.

4. Operating processes

Several papers deal with the optimization of product recovery processes. Kriwet et al.
(1995), Brennan et g. (1994), Penev and de Ron (1996) are some of the authors that
have helped clarifying the meaning of some of these processes. Figure 4 shows the
material flow in an ideal recovery process.
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Reverse logistics is the process of collecting used products from the consumer and
transporting them to the plant where the recovery operation will take place. If
the used good is to be reused in its present form, it requires packaging, storing
and transporting, ensuring that most of the value still remaining is not lost due to
careless handling. (See also Flapper 1996.)

Figure 4: Recovery cycle of a durable good

Disassembly is the decomposition process with the systematic removal of desirable
constituents and separation of toxic or poisonous substances from the original
assembly. It must ensure that there is no impairment of the useful parts, so that
they can be reused. (See also Gupta and Taleb 1994.)

Dismantlement is the decomposition process where the removal of some desirable
components from the original assembly may imply the destruction of the rest of
the assembly. It is a less precise destructive technique, usually carrying the
advantage of being less expensive.

Shredding is the decomposition process by which the used good suffers complete loss
of its original form. It is reduced into minute pieces of random size in a machine

called the shredder. The resulting fragments are separated according to their
material using a variety of techniques (e.g. centrifugation, magnetic separation,
vibrating sifting) before being further refined in a recycling process.

The first step in recycling carpets takes place in the shredder. The ragged
carpet strips are then fed to a hammer-mill to further crush and shred the carpet
into minute pieces. The resulting material can now be separated. The minute
nylon fibers pass through a vibrating screen leaving behind most of the dust and
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latex material once used to make the carpet backing. An air blow completes the
separation to obtain colorless nylon fiber fluff'. (Note: process described is
patented to BASF Corp.)

5. Discussion

This paper attempts to clarify the meaning of several expressions used in the product
recovery literature. The jargon contains some new phrases that have become current
expressions among managers and researchers in the field. Hopefully this paper will
facilitate communication, not just within the field, but with interested individuals that
want to familiarize with the new developments in product recovery.
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