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Abstract Manufacturers are moving more and more towards the business ap-
proach of Product/Service Systems (PSS) in order to achieve greater revenue. PSS
have many benefits such as achieving closer customer connection and generating
increased profit from manufactured products. However, in order to achieve a PSS
which is adapted for this business approach, the products and services used need
to consider a life-cycle perspective. The business approach of PSS allows for the
provider to control the flows of physical products, both the forward flow to the
user and the reverse flow of products back to the provider. This new logic of mate-
rial/product flows allows for adaptations along the product life-cycle. For exam-
ple, maintenance and end-of-life strategies such as remanufacturing can become
more beneficial due to the new circumstances that PSS provide the manufacturer.
The aim of this chapter is to elucidate how manufacturers can develop their PSS
with a life-cycle perspective. It shows the many aspects that should be considered
throughout the life-cycle of both physical products and services. In addition, sev-
eral considerations and theories are presented for the different stages of the PSS
life-cycle. Finally, this chapter presents theory on product/service design with a
life-cycle perspective, which serves as a base for the practical design considera-
tions presented in Chapter 3 of this book.
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2.1 Introduction

Manufacturing companies around the world are striving to increase their revenues
and profitability through, for example, obtaining a larger share of the market and
controlling a greater share of the product value chain. This can potentially be
achieved, in concert with environmental benefits, through a change or at least a
move towards a higher degree of integrated product/service offerings instead of
just physical products. Furthermore, there are promising economic opportunities
in the aftermarket of the products, as exemplified in the automobile industry. Be-
cause of this, many manufacturing companies are changing their production phi-
losophy from a traditional focus on the manufacturing of the physical product to-
wards a focus of the life-cycle of the physical product. As a result, more emphasis
is now put on the use and end-of-life phases, including maintenance and remanu-
facturing. Given the above, the aim of this chapter is to elucidate how manufactur-
ers can develop their product/service-systems with a life-cycle perspective.

2.2 What Are Product/Service-Systems?

The phenomenon of product/service-systems (PSS) has become more prevalent in
current consumer patterns, and its emergence is primarily market-driven, although
some companies also mention environmental issues as important for starting their
PSS business models. The importance of services gets larger as the economy of
our society matures. Service activities are provided as the source of core value in
the tertiary industry. In addition, the secondary industry has recently become in-
creasingly interested in services (Oliva and Kallenberg 2003). The importance of
services is also recognized in the marketing field (Vargo and Lusch 2004). As a
result, new concepts such as Product/Service-System (PSS) (Goedkoop et al.
1999, Morelli 2003, McAloone and Andreasen 2004, Mont 2004, Tukker and Tis-
chner 2006, Aurich et al. 2006), Functional Sales (Sundin ef al. 2000, Lindahl and
Olundh 2001, Sundin and Bras 2005), Functional Products (Alonso-Rasgado and
Thompson 2006, Alonso-Rasgado et al. 2004), Integrated Product Service Engi-
neering (IPSE) (Sundin ef al. 2006), and Service/Product Engineering (SPE), for-
merly called Service Engineering (Sakao and Shimomura 2007), have been devel-
oped. What these concepts have in common is the incorporation of a service into
the design space, a space which has been traditionally dominated by physical
products in manufacturing industries. In PSS, a very strong focus is placed on how
to fulfilll customer needs and create customer value (Lindahl and Olundh 2001);
thus, the main focus is not on producing new products. Furthermore, Sakao et al.
(2009) provide a good overview of recent research direction in the PSS area.
Today, value is added to products in a variety of ways, including technological
improvements and non-material aspects such as intellectual property, product im-
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age and brand names, aesthetic design and styling. These aspects help producers to
differentiate and diversify their products to better respond to customers’ demands.
According to Mont (2004), this means a change from mass production to mass
customization. The issues of combining the development of mass-customized
products used in PSS are further described in Sundin ef al. (2007). Kimura (1997)
states that a paradigm shift is needed to change from traditional product selling to
more service-oriented product sales. In addition, the traditional boundary between
manufacturing and services is becoming increasingly blurred (Mont 2004). Within
PSS, the function-providing company decides how to fulfill the function that the
customer is buying, whereas in leasing the physical product used for the function
is known by the customer. In the cases of renting, leasing and PSS offerings, the
product is not sold, and a contract is written between user and provider; however,
this contract is more advanced for the PSS offerings concept. Leasing is a contract
form that often is used for financial reasons, as products are often sold to the cus-
tomers who leased them when the contract has run out. Tischner ef al. (2002) have
studied the links between PSS and traditional products and services. The general
image of a PSS can, as shown in Fig. 2.1, be broken down to three main catego-
ries: product-, use- and result-oriented PSS.

Product Service System
Value Value
based on based on

product . service

Pure product I Category A I Category B I Category C I Pure service
Product- Use- Result-
oriented oriented oriented

Fig. 2.1 Placing Product/Service Systems in a perspective to products and services (Tischner et
al. 2002)

Category A Product-oriented Services: product is owned by the user/consumer.

e Service Integration A new service is added to an existing product, often initi-
ated through availability of new technology such as a modem for a computer.

e Product Extension Service The value of a product is increased through an ad-
ditional service; examples include upgrades, repairs and guarantees.

e Vertical Integration Modified delivering strategies to supply products to cus-
tomers, retailers, and/or customers, who become directly involved in the proc-
ess of production; for example, production on demand.
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Category B Use-oriented Services: product is owned by the service provider, who
sells functions instead of products by means of modified distribution and payment
systems; for example, sharing, pooling and leasing.

Category C Result-oriented Services: in a product-substituting service, products
are substituted by new services, often driven by new technologies. Examples in-
clude virtual answering machines instead of a machine at home; pest control ser-
vices instead of pesticides; and facility management. In all these cases, the sup-
plier provides incentives for the customer to consume more efficiently and
optimizes a system, for example, by using modified payment systems such as con-
tracting.

An example of PSS is when a company provides the function of washing clothes
instead of the actual washing machine performing the function. Here, customers
pay for the laundry loads they require instead of buying the washing machine, as
illustrated in Fig. 2.2. This example, called pay-per-wash, is further described in
Sundin et al. (2000).

Traditional offer PSS offer
@ Price: @ Price:
\ €700 €1 / wash
N N
3 LI

Fig. 2.2 Example of a washing function offered traditionally and as a PSS called pay-per-wash
(modified from Sundin et al. 2000)

When providing a function instead of a product, a contract must be signed be-
tween the customer and the service provider. Here, the connection between the
stakeholders becomes more formal, and the contracts that regulate what the offer
includes are of importance (Lindahl and Olundh 2001). Thus, if the manufacturing
company provides the function, then it becomes increasingly knowledgable about
how its products perform during use. This product control can be achieved
through web monitoring, and thus can be facilitated by today’s information tech-
nology. Monitoring the product for PSS allows the company to learn more about
how it performs throughout its life-cycle. The whereabouts of product life-cycle is
explored further in the next Sect..
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2.3 What Is Life-Cycle Perspective?

The concept of the product life-cycle has been discussed widely in research (see
the overview by Kotler (2003). In the theory, at least two conflicting definitions
about the product life-cycle can be found. The first refers to the progress of a
product from raw material, through production and use, to its final disposal as il-
lustrated in Fig. 2.3. This is also the perspective of the product life-cycle consid-
ered in this chapter.

Raw
Materials

Parts Products

Part Manufacture ocuct Afse":bly/

re

Disposal:
Incineration,
Landfill or

Storage

Recycling of parts

Recycling of material

Fig. 2.3 The physical product life-cycle (Sundin 2004)

The second definition of the product life-cycle describes the evolution of a prod-
uct, measured by its sales over time, as seen in Fig. 2.3. Every product passes
through a series of phases in the course of its life, referred to as the product life-
cycle. The phases that a product goes through during it life-cycle are the introduc-
tion, growth, maturity and decline stages (Cox 1967). The product life-cycle can
be analyzed on different levels, from the main product type (product class) down
to different product models, as illustrated in Fig. 2.4 (Tibben-Lembke 2002). The
characteristics of the life-cycle and its effects on the reversed supply chain have
been discussed by Tibben-Lembke (2002).

When the historical sales data (product distribution) is known, this data can be
used as a basis for forecasting when these products are likely to be returned (prod-
uct disposal distributions). Research about this economically related product life-
cycle has also been conducted by Umeda et al. (2005) and Ostlin et al. (2009).
Umeda ef al. (2005) present a model based on empirical data from return rates for
remanufacturing of a single-use camera and the remanufacturing of a photocopier.
In this model, a simple normal distribution function has shown sufficient results in
predicting returns when using average life as an indicator for timing of returns. In
the study performed by Ostlin et al. (2009), life-cycle perspective influences on
product remanufacturing have been further explored in detail.

If the product is returned to the manufacturer for remanufacturing, it is possible
to evaluate how the product has performed throughout its life-cycle and what
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needs to be improved. This knowledge allows the manufacturer to improve its
products accordingly; it could, for example, be used to help reduce the need for
service throughout the use phase, or to discover latent design errors more quickly
and thus obtain better knowledge of how the product is used. Having an owner-
ship-based relation to the customer, i.e. the provider owning the product during
use, has been found to be one of the most preferable relationships in achieving a
successful remanufacturing business (Ostlin ez al. 2008).

A Product Form (2-Head)
Product Class
(VCR)
Sales
Volume \ Product
Models
(GTL-3.5)

v

Fig. 2.4 The product life-cycle of a VCR (Tibben-Lembke 2002)

2.3.1 Environmental Concerns of Product/Service Systems

According to Kimura (1997), a paradigm shift is needed to move from traditional
product selling to more service-oriented products sales, as illustrated in Fig. 2.5.
People often buy things not because they want the things themselves, but rather
for what they can do, as Magretta (1997) states in her paper “nobody wants his or
her own carpet just to walk on it.” What would happen if the carpet manufacturer
owned the carpet and promised to come in and remove it when it required replac-
ing? It might be that if we got the carpet back, we could afford to put more cost
into it in the first place in ways that would make it easier for us to recycle. Substi-
tuting services for products is one solution. Selling a carpet service instead of a
carpet could be more sustainable (Magretta 1997). The PSS-providing company
may satisfy customer needs by providing hardware in the form of physical prod-
ucts. This generally means that the physical product that performs the service is
owned by the PSS-providing company, and not by the customer. By doing this,
customers only pay for the actual function that the physical product provides.
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However, when asking PSS providers, they answer that most ownership is still
transferred to the customers (Lindahl et al. 2009).

Manufacturing

Operation

Resource
—> Maintenance * Service

Knowledge | Upgrade

Intensive
’ Value
Waste Addition

Reuse
Recycle

Circulation of Physical Resources

Fig. 2.5 Paradigm shift: from products to services (Kimura 1997)

PSS have the potential to be environmentally benign because they address current
levels of material consumption, seeking options that may provide function/service
to consumers without lowering their level of welfare (Mont 2000). Prevailing en-
vironmental advantages for PSS are (Agri et al. 1999):

e Decreased use of virgin materials in production
o Increased lifetime of each part of a product
e Minimised number of times materials pass through the production cycle

The absence of ownership transfer would also facilitate implementation of new,
more advanced and resource-efficient technologies, which in turn can reduce the
environmental impact (Agri et al. 1999). Kimura (1997) states that it is obvious
that the concept of PSS based on remanufacturing (inverse manufacturing) will be
a definite solution for our environmental problems caused by manufacturing. PSS
could in some cases, depending on the solution for fulfillling customer need, be a
way to move towards a more sustainable society, but this is not always the case.
Some goods do not change in design although they are intended for leasing (Lifset
2000), and/or when being a part of a PSS (Sundin & Bras 2005, Lindahl et al.
2009).
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2.4 Life-Cycle Perspective of Product/Service Systems

Having a life-cycle perspective on combined services and goods means that life-
cycle considerations must be considered for both physical products used in the
PSS and the services used during and between the contract times. The physical
products can be adapted in various ways for the product life-cycle according to
DfX (Design-for-X) methodologies. For this, there exist many engineering meth-
ods that would result in adaptation for manufacturing, delivery, usage, service,
disassembly, reassembly, testing, recycling and/or remanufacturing. The following
paragraphs describe what issues to consider for products and services during the
life-cycle phases of:

Manufacturing;
Usage;

Delivery;
Maintenance;
Recycling; and
Remanufacturing.

2.4.1 Manufacturing

For the manufacturing phase there are many guidelines for “Design for Manufac-
turing” (DfM), which includes, e.g., the adaption of products at levels of company,
product family, product structure, and components (Eureka 1999). Manufacturers
have saved much in production lead time and overall manufacturing costs by per-
forming DfM, as well as through Design for Assembly (DfA) efforts. Examples of
DfA design guidelines from Boothroyd and Dewhurst (1986) are:

Reduce parts and part numbers;

Eliminate adjustments;

Make components self-guided and secured;

Facilitate access and visibility during insertion;

Minimize the need for reorientation;

Eliminate assembly faults;

Maximize component symmetry or maximize asymmetry; and
Minimize the importance of component tolerances.

DfA can be seen as a part of DfM, but with a focus on assembly in the manufac-
turing process. For the service part of the PSS, this would include the finalization
of service books and user guides. Also, this phase could include the finalization of
the contract writing between the product/service provider and the customer. Most
focus is traditionally put on the manufacturing of products.
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2.4.2 Delivery

The delivery phase includes the delivery of the products and installation. This
phase has extensive inclusion of services, which should be conducted accurately,
with good quality, and fast so that the customer can start using the product/service
paid for. This phase could be supported by Design for Delivery, meaning that the
products are easy to pack, stack and install. Regarding services, the providing
company could include technicians for installation of the products and/or good
support through staff available online or by phone for those installing the prod-
ucts.

2.4.3 Usage

During usage, it is important for the products to be monitored for uptime and per-
formance. Here, it could be beneficial to have warning systems installed to avoid
breakdowns. As a service to the customer, instructions on how to use the products
should be clear. Also, it could include how to fill up necessary consumables such
as toner cartridges in printers or motor oil in cars. Furthermore, different ways of
using the products could be declared, from low performance (with inexpensive us-
age and lower environmental impact) to high performance (with more expensive
usage and higher environmental impact). Some car manufacturers have adopted
this example and refer to it for their customers as “eco-driving.” Furthermore, this
phase could include changes in capacity for the customer by increasing or decreas-
ing the number of products used in the PSS, all according to the contract setup.
This is, for example, included in the flexible fleet rental programs provided by
Toyota Material Handling Group (TMHG) (Sundin ef al. 2005).

2.4.4 Maintenance

This phase refers to the moments of the use-phase when technical service is
needed. This could include for example preventive and unplanned maintenance.
The products could be adapted for easy maintenance by having maintenance
points easily found and accessed. Adaptation such as this is also called Design for
Service (DfS). This phase also includes guidance on how the provider should react
to malfunctions — depending on what is written in the contract. For instance,
sometimes the downtime could be paid for by the provider.

Usually, manufacturers have a time horizon that considers their physical prod-
ucts’ performance until the time of warranty. However, the PSS approach requires
a larger scope, including the entire product life-cycle and encompassing the phases
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after the first warranty/use phase. For this reason, end-of-life options “recycling of
materials” and especially “recycling of parts,” e.g., remanufacturing in Fig. 2.3
will be explored in greater detail in this chapter than the previous life-cycle
phases.

2.4.5 Recycling

According to Furuhjelm (2000), much research effort has been put into developing
design guidelines and manuals for Design for Recycling (DfR). Many of these
guidelines are linked to Design for Disassembly (DfD), and these cases are also
valid from a Design for Remanufacturing perspective. A big difference here is that
in recycling it is important to achieve material chunks that are compatible with
one another. In addition, for the remanufacturing alternative, it is important that
the components and joint can withstand being assembled at least once again.

Some guidelines that Furuhjelm (2000) has collected from research in the
1990s are shown in the following list:

e Product Structure

— Integrate functions and make the design modular

— Minimize overall number of parts

— Allow a linear and unified disassembly direction

— Make valuable/hazardous parts/materials easily accessible

—  Cluster parts that have to be removed

— Avoid metal inserts and reinforcements molded into plastic parts

e Materials

—  Minimize the number of different types of materials

— Make inseparably connected parts of compatible materials
— Mark all plastic parts with identification markings

— Eliminate incompatible labels on plastic parts

—  Mark hazardous parts

e Fasteners and connectors

—  Minimize the number of fasteners

— Minimize the number of fastener removal tools needed

—  Ensure that fasteners are easy to access

—  Use fasteners of materials compatible with the parts connected
—  Eliminate adhesives unless compatible with both parts joined
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2.4.6 Remanufacturing

There are different definitions for the term “remanufacturing.” The US Automo-
tive Parts Rebuilders Association (APRA) states “Remanufacturing is the process
of restoring worn and discarded durable products to like-new condition.” In this
chapter, remanufacturing is defined as “the process of rebuilding a product, dur-
ing which: the product is cleaned, inspected and disassembled; defective compo-
nents are replaced; and the product is reassembled, tested and inspected again to
ensure it meets or exceeds newly manufactured product standards” (Sundin and
Bras 2005).

If the remanufacture of the product is not extensive, i.e. few parts are replaced,
either of the terms “reconditioning” or “refurbishing” are more suitable. Recondi-
tioning typically refers to the restoration of parts to a functional and/or satisfactory
condition by surfacing, painting, sleeving, etc. (Amezquita et al. 1995). In addi-
tion, some researchers use the term reconditioning/refurbishing when the product
is only remanufactured to its original specification without exceeding it (Ijomah et
al. 1999).

2.4.6.1 Levels of Remanufacturing

In the remanufacturing environment, the life-cycle of a product and the disposal
rate for both products and components has great impact on the possibility to per-
form profitable remanufacturing. Previous research has shown that issues such as
the age of the generation of the product, the expected life (reliability), the rate of
technological development and the willingness to return products for remanufac-
turing will influence these distributions (Guide & Jayaraman 2000). This Sect.
will focus on shedding light on these issues, as well proposing strategies that have
the potential to make the overall remanufacturing system more efficient. In the
following Sect., the stages of the life-cycle will be addressed according to three
different remanufacturing scenarios (adapted from Umeda et al. (2005)):

e Product remanufacturing Used products are remanufactured to “as-new” or
upgraded status; an example of this category is the remanufacturing and up-
grading of Tetra Pak filling machines.

e Component remanufacturing Used components are remanufactured to “as-
new” or upgraded status; an example of this category is the remanufacturing of
automotive components and toner cartridges.

e Component cannibalization Used products are cannibalized for components,
and the components are then remanufactured to an “as-new” or upgraded
status. An example of this category is the cannibalization of components from
heavy trucks and forklift trucks; in these cases, the component cannibalization
option is mainly a supporting activity for the product and component remanu-
facturing scenarios.
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Moreover, designers may lack remanufacturing knowledge because there is a pau-
city of remanufacturing knowledge and research (Guide 1999, Ferrer 2001, [jomah
2002). Research indicates that Design for Recycling has received more attention
among design and manufacturing engineers than Design for Remanufacturing
(DfRem) (Ishii 1998a), even though remanufacturing may provide greater envi-
ronmental and financial benefits than recycling. For example, many designers are
reluctant to use recycled materials because of uncertain quality or supply stan-
dards (Chick and Micklethwaite 2002). Furthermore, additional energy is required
to reform recycled materials into manufactured products because the energy em-
bodied in the materials and purchased parts assembled in the initial manufacture of
the product is lost during the recycling process (Jacobs 1991). Research by Lund
(1984) has shown that when the total energy used in initially producing a product
is summed up and compared to the energy required to remanufacture the product,
the ratios are in the order of 4:1 and 5:1. This is because energy is used in every
stage of manufacture, from ore smelting, assembly, and refining, through testing.

As Shu and Flowers (1988) also contend, the reliability of the part is very im-
portant since it must go through at least one life-cycle, including all remanufactur-
ing steps, and still work satisfactorily. Sundin (2004) has studied which product
properties are important to facilitate remanufacturing. By looking at what proper-
ties are suitable for the different remanufacturing steps (inspection, cleaning, dis-
assembly, storage, reprocessing, reassembly and testing), a matrix called RemPro,
shown in Fig. 2.6, was created. In case studies performed at remanufacturing
companies in Sweden, Canada and Japan, it was shown that the remanufacturing
process steps of inspection, cleaning, and reprocessing were the most crucial
(Sundin 2004).

To facilitate these steps, the RemPro-matrix presented below shows that de-
signers of new products should focus on giving the products the properties of
ease-of-access and wear resistance, since these are important for both the cleaning
and reprocessing steps. Following this, the designer should prioritize the proper-
ties of ease-of-identification, ease-of-verification, ease-of-handling and ease-of-
separation, since these properties are also included as preferable for the crucial
steps, but not to the same extent.

The remanufacturing company should first investigate which steps are crucial
for its specific remanufacturing business area, and thereafter try to facilitate this
according to the RemPro-matrix, as well as place effort on making the crucial
steps in the remanufacturing process as efficient as possible. By doing so, many
obstacles could be reduced, and the remanufacturer would have an advantage over
its competitors (Sundin 2004). In efforts to use remanufacturing to assist PSS, in
addition to decisions on how to conduct DfRem, consideration should also be
given to the need to design the product for remanufacture. Only products satisfy-
ing environmental legislation can be introduced into the market. Thus, DfRem
guidelines must help to ensure that products can meet current environmental legis-
lative requirements and have at least good potential to satisfy future ones, either in
their original design or because of their ease of redesign after first life. Since
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products may have different types and levels of environmental impacts at different
stages, DfRem guidelines must consider the whole life-cycle to target key envi-
ronmental impacts and therefore reduce potential penalties. However, research by
Ijomah et al. (2007) indicates that there appears to be a lack of DfRem guidelines
based on life-cycle thinking.

From a service perspective it is important to have supporting systems to sup-
port the reverse logistics. The remanufacturing of products is often a more com-
plex operation than ordinary manufacturing, since the timing and condition of the
used products is seldom known. Therefore, it is important to have systems in place
that could inform the remanufacturers beforehand about the products’ conditions
and expected arrival to the remanufacturing facilities. Having this information can
shorten the lead times and improve the quality of the remanufactured products,
which in turn can be used in new PSSs, see Sundin ef al. (2005).

Remanufacturing

Product
Property

Cleaning
Reprocess
Reassembly

X | Disassembly
X | Testing

X | Storage

Ease of Identification

Ease of Verification

X | X | X | Inspection

Ease of Access
Ease of Handling x| x| x| x

Ease of Separation

Ease of Securing X

Ease of Alignment

Ease of Stacking X

Wear Resistance X | x x| x

Fig. 2.6 The RemPro-matrix showing the relationship between the preferable product properties
and the generic remanufacturing process steps (Sundin and Bras 2005)
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2.5 Discussion

Manufacturers using the business approach of PSS face many challenges. In order
to achieve good PSS performance, they need to take a life-cycle perspective on
their physical products and services.

There are several ways to identify design improvements for PSS. In this study,
focus was put on manufacturing, usage, delivery, maintenance, recycling and, es-
pecially, remanufacturing.

“Design-for-X” is an umbrella term for the many design philosophies and
methodologies developed to address designers’ lack of knowledge in important
product life-cycle areas. The ‘X’ in ‘DfX’ may stand for one of the aims of the
methodology, for example, assemblability or manufacturability (Boothroyd and
Dewhurst 1986, Kuo et al. 2001). DfX practices aimed at integrating environ-
mental considerations into product and process design, as well as design-for-
environment (DfE), can be particularly applicable to remanufacturing, as seen
through developments including the reverse fishbone diagram (Ishii and Lee
1996), the application of modularity and clumping to the recylability issue (Ishii
1998b) and the End-of-Life Adviser (ELDA) by Rose and Ishii (1999). Other tools
developed to assist DfRem include Repro2, by Gehin et al. (2005), for assessing
the remanufacturability of proposed designs via their comparison to current re-
manufacturable products. Amezquita et al. (1995) developed guidelines based on
design features that assist remanufacturing, and use these to identify design
changes to improve automobile door remanufacturability. Bras and Hammond
(1996) used the Boothroyd and Dewhurst design-for-assembly metrics as a foun-
dation for remanufacturability assessment metrics based on product design fea-
tures. Mangun and Thurston (2002) presented a decision tool to help decide when
products should be taken back as well as the most appropriate component end-of-
life options. The tool includes a model to help introduce redesign issues in product
design. Ijomah et al. (2007) provide information obtained via industrial case stud-
ies and workshops of the features and characteristics that assist and hinder re-
manufacturing, while Ijomah (2008) provides high-level guidelines to assist
DfRem. The high-level guidelines are being used to educate Masters-level design
students, and have formed the basis of lower-level guidelines which in turn are be-
ing used as the basis for robust design for remanufacturing software tools. Another
source of information about product design and remanufacturing is a report writ-
ten by Gray and Charter (2007).

DfRem requires products to be designed for ease-of-disassembly, with no dam-
age to the product affecting functional performance for parts hidden from the cus-
tomer, and no damage affecting performance or aesthetic appearance for parts
visible to the customer (or providing good mechanisms to rectify damage). Vari-
ous DfRem guidelines have been proposed, the most useful being those that are
not general guidelines and that also simultaneously consider product features and
remanufacturing process activities. Furthermore, research by Ijomah et al. (2007)
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indicates that there is opportunity to build on previous work by introducing new
parameters to enable the development of enhanced DfRem guidelines, for exam-
ple, based on life-cycle thinking. In fact, the World Summit for Sustainable De-
velopment (WSSD) identified product life-cycle-based tools, policies and assess-
ment tools as key sustainable production requirements (United Nations General
Assembly 2002).

Analyzing the products and having a good knowledge of the product use was
also a focus of this study. To have these issues in mind when developing new
products, designers can use the RemPro matrix (Sundin and Bras 2005), design
guidelines, etc. Products’ potential for remanufacture can be enhanced using re-
manufacturability-specific design guidelines and by applying, individually or in
combination, other DfX practices, provided that remanufacturing priorities are
considered. Thus, application of design-for-disassembly to remanufacturing is for
a special case requiring that parts are not damaged during separation to preserve
their “fitness for reuse”. Shu and Flowers (1995) exemplify this sentiment by
showing that joints designed for ease-of-assembly and recycling may not facilitate
remanufacturing because methods assisting assembly do not always support disas-
sembly without component damage. This is not an issue for recycling, but is vital
in remanufacturing as components must be “fit for reuse” following disassembly.

When adapting products for any of these life-cycle phases, for example, re-
manufacturing, all of the operational steps should be considered. For instance, if
one step such as reassembly is very difficult to perform on a product, it does not
matter, in respect to remanufacturing, how much effort has been put into adapting
the product for disassembly. One should remember that the essential goal in re-
manufacturing is part reuse. Thus, if a part cannot be reused as is or after refur-
bishment, the ease of cleaning or reassembly will be of no consequence in the case
of remanufacturing (Shu and Flowers 1988). This means that much effort can be
made in product design without obtaining any expected benefits.

Looking at the different DfX guidelines, one can see that there are conflicting
goals that need to be considered. If a product and service is to be included in a
PSS, it is important to have the full life-cycle perspective to avoid the suboptimi-
zation of any specific life-cycle phase. Considering the categories of PSS shown
in Fig. 2.1, according to Weissenberger-Eibl and Biege (2009), most design guide-
lines and principles are developed for product-oriented PSS rather than use-
oriented and result-oriented PSS, which would require more attention in industry
and research.
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2.6 Recommendations

To the industrial practitioners I would like to recommend the following:

e Go through the product life-cycle of the physical product and services used in
the PSS and identify any challenges and pitfalls that require attention.

e At the same time, seek opportunities for new services that traditionally do not
exist for a manufacturer.

o Try to keep the life-cycle perspective when developing new PSS, and thus
avoid sub-optimizing any specific life-cycle phase.

2.7 Conclusions

To conclude, this chapter has presented issues for a product/service system pro-
vider to consider from a life-cycle perspective. This includes both considerations
regarding the product and the services used during the life-cycle phases. Chapter 3
will continue this discussion from a more practical perspective, showing how the
life-cycle perspective could be performed in practice.
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