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Foreword

During the last couple of decades, the increase in environmental knowledge avail-
able to engineers has helped them realize how critical design is for tackling envi-
ronmental problems. As a result, the concept of ecodesign, a “front-of-the-pipe”
approach, has obtained much attention.

Recently, the increase in holistic activities by engineers has received attention.
One manifestation is enlarging the target to services as well as products; manufac-
turing companies traditionally focused on their physical products in the design or
development phases. Another is manufacturing companies expanding their activi-
ties to the entire life-cycle, i.e. not only design/production/maintenance but also
end-of-life treatment (e.g., reuse, remanufacture and recycle).

We find there are numerous opportunities for companies to face this move-
ment. One dimension is economic; it is quite obvious that companies may have
more diverse chances to earn money thanks to various types of services after (or
before) products are designed. The other is environment, as they can generate and
optimize solutions in a better way from a life-cycle perspective with a combina-
tion of products and services.

Therefore, we, the Swedish Association of Graduate Engineers, regard this as a
strategically important area within engineering. As a result, we have awarded our
environmental professorship (2007-2009) to this theme. We are happy to see this
book published, as one of the outcomes of the professorship. It can be used as a
textbook to study how to practice Product/Service System (PSS) de-
sign/development using various theories from different viewpoints.

It is our wish that engineers and managers in companies, as well as university
students, will use this book to study how to design and develop PSS, and take fur-
ther opportunities to learn and implement its practices. We believe this is one
promising way that engineers in developed countries like Sweden can contribute
to a better future in terms of environment and economy.

Peter Larsson

Head of Professional and Liaison Development
The Swedish Association of Graduate Engineers
(Sveriges Ingenjorer), Sweden



Foreword

In both trade and industry, services like consulting, renting out equipment and
maintenance have long existed. Consumer goods industries, such as the automo-
bile or fashion industries, first began enriching their offers of physical products
with services. Today, the manufacturing industries regard services as vitally im-
portant for improving market acceptance and market share in global competition.
The concept of the Product/Service System (PSS), a combination of physical
products and services, has increasingly gained attention and is growing into a
dominating economic factor for many companies. Since the markets for many
types of consumer goods are saturated, companies increasingly use services to dif-
ferentiate themselves from competitors. Pre-use, use, and post-use services ac-
company the product on its life-cycle, and deliver benefit as well as increased
value to customers.

Most PSSs in the market today are developed conventionally, adding services
to an already existing physical product. This, of course, creates value, but the
benefits for customers and producers mostly remain modest, since the full poten-
tial of integrated PSS development is seldom realized. In pursuing the classical
route of designing products and subsequently adding services, businesses miss out
on the potential to increase customer value by avoiding the repercussions from
services on the properties of products and the way of designing them. In addition,
current PSS development is carried out conventionally, which means intuitively
and often more on a trial-and-error basis than with a structured approach. To de-
sign and develop PSS efficiently and effectively, the way companies design and
develop must be changed.

Traditionally, design theories and methodologies were disseminated into indus-
tries primarily to address the creation of physical products. Originally concerned
with the design of mechanical products, a second step of developing design meth-
odology during the last decade was to widen the scope to include mechatronic
products, and to give advice and support for design. Nowadays, a third step of
evolution takes place in considering services as non-physical products fulfilling
customer needs and wishes. Whereas former methodologies of service develop-
ment were especially articulated in the economic sciences, the big challenge now
is to treat services on an equal basis to physical products, and to step forward in
creating a holistic design methodology for Product/Service-Systems. This brings
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new challenges, but at the same time there are great opportunities which have been
demonstrated in several recently published case studies. However, it seems to me
that attention on to this important issue is still insufficient, and the need for com-
bined activity within a global network of researchers is obvious.

This book is devoted to design and development of PSS. The content is based
on several workshops with an international group of researchers working on PSS
methodology. The editors of this book, Dr. Tomohiko Sakao and Dr. Mattias Lin-
dahl as well as other authors, are among the leading researchers who have been
tackling challenges in this area.

It is my wish that this book contributes to disseminating knowledge and experi-
ences in this area, especially into industry, to demonstrate the power of an inte-
grated PSS approach and to support the development of PSS in practice. Besides
that, the book should also drive further development of theories and methodolo-
gies in PSS research and practices in this important area.

Prof. Dr. h. c. Dr.-Ing. Herbert Birkhofer

Founding President of the Design Society
Institute for Product Development and Machine Elements
Darmstadt University of Technology, Germany



Foreword

Allow me first to say that I am convinced that the improved understanding of the
essential positioning and development techniques described in this book makes all
who read it even slightly better, either in their daily tasks as an entrepreneur, as a
researcher in the field, or as a consultant or someone otherwise involved in the de-
velopment of their business.

For about a year I have had the privilege as a non-scientist to participate in a
research project and work together with a number of researchers and company
managers in pursuit of innovation for better business processes combining product
and service sales.

There I found, and was fascinated by, the amazing power and dynamics of peo-
ple-scientists and entrepreneurs-meeting in a group and working together with
common problems and with the common intention of finding solutions. Doing this
together definitely increases the usability of the presented findings and proposals.

With long experience from working with business development, especially for
smaller companies, I think it's important to give them all the available support and
all the available models and tools to improve their business. Increased understand-
ing of their business status and market position also improves understanding of
which way they should go to achieve better results.

Many companies and entrepreneurs are unsure of where they are actually posi-
tioned for the sale of products and services. There are many, understandably
enough, that perceive themselves as producers and suppliers of clean artifacts,
while their customers are to a large extent at least as interested-and willing to pay
for-what they consider delivered around services.

This book takes up many interesting examples and models that can and should
be advantageously used for the development of profitability and stability in the
business-it is important.

Read it!

Ronny Martensson

CEO of Atvidabergs Sparbank (Savings Bank)
Chairman of the Board at CAM, Centre for Applied
Management for Small and Medium-sized Enterprises
Linkdping University, Sweden



Preface

Manufacturers in developed countries today regard service activities as increas-
ingly important. Not surprisingly, some manufacturing firms are strategically
shifting from “product seller” towards “service provider” (Oliva and Kallenberg
2003). One reason is the severe competition among hardware manufacturers; an-
other is regarding services as critical value-added. Yet another reason, from the
demand side, is the “servicification” of customers’ activities, which in some cases
means a shift from customers’ owning physical products to getting access to the
functionality of products. On the supply side, on the other hand, and parallel to the
trend above, concepts such as Product/Service Systems (PSS) (Tukker and Tis-
chner 2006; Mont 2002), Integrated Product Service Offering (IPSO) (Lindahl et
al. 2006), and Functional Sales (Lindahl and Olundh 2001) are already found, not
only in theory, but also in industry. What these concepts have in common is that
they comprise combinations of hardware and support services. It has also been ar-
gued that PSS has great potential for decreasing environmental impacts as well
(Tukker 2004).

Importantly, service activity is beginning to be increasingly incorporated into
the design space, an area which has been traditionally dominated by physical
products in manufacturing industries. This has a great impact on the business in
such companies. Fulfillling PSS design is a complex task, and may force compa-
nies to change development process, organizational structure and their mindsets
along with PSS design. This issue is also relevant to service industries, as they of-
ten have power to develop the hardware utilized in their business offerings; devel-
oping a good combination of hardware and services is key in those cases.

In order to encourage industrial practitioners to consider or fulfilll PSS de-
sign/development, especially from an engineering viewpoint, this book will serve
as a guide for learning the state-of-the-art in theory and practice. It will be useful
as a textbook for university students for learning or researching this new and criti-
cal theme for industries today and tomorrow.

Introduced here are three dimensions of PSS design: the offering, the provider,
and the customer/user dimensions based on (Sakao et al. 2009). The first dimen-
sion refers to both “product” and “service” elements of PSS. In addition, the other
two dimensions, i.e. the provider and the receiver, are indispensable in addressing
PSS.
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The offering dimension addresses the elements and activities in the offering’s
life-cycle. It includes the lives of physical products being a part of the PSS, as
well as service activities. Successful design of PSS depends on a thorough under-
standing of the solution life-cycle and active design of beneficial linkages with
heterogeneous systems.

The customer/user dimension addresses the evolving needs of service receivers.
It is crucial for the provider of services and products to be able to anticipate the
receivers’ reaction to new offerings.

The provider dimension addresses the evolution of product/service providers’
organisation and operations. This covers such issues as the setup of development
projects, organisational streamlining of the company towards service delivery and
the identification of necessary partnerships for the successful operation of ser-
vices.

In principle, any PSS design is supposed to address at least something on all
three dimensions, since service includes activities of customers and providers, and
since products are included. As such, these three dimensions are fundamental for
PSS design. In addition, anticipating and utilising the dynamics along each dimen-
sion is crucial.

The remainder of the book is, with the three dimensions, structured as follows.
Obviously, every chapter does not belong only to one of the themes; rather, each
chapter belongs to the most relevant part.

Part I addresses the offering dimension

e Chapter 1 PSS Layer Method - Application to Microenergy Systems
This chapter addresses three topics: a new method for developing Product-
Service Systems (PSS), a commendable example to explain the theory of Prod-
uct-Service Systems, and finally, sustainability as driver for Product-Service
Systems and microenergy systems.

e Chapter 2 Life-cycle Perspectives of Product/Service-Systems: In Design
Theory
Besides presenting several considerations and theories for the different stages
of the PSS life-cycle, this chapter elucidates how manufacturers can develop
their PSS with a life-cycle perspective.

o Chapter 3 Life-cycle Perspectives of Product/Service-Systems: Practical
Design Experiences
This chapter elucidates how manufacturers have worked with, or could adapt
their products for, Product/Service-Pystems. Several design improvements, all
of which are fairly inexpensive and easy to implement, are described.

o Chapter 4 Systematic Generation of PSS Concepts Using a Service CAD
Tool
A systematic method and a computer-aided design tool to generate design con-
cepts for integrated product/service offerings, or PSS, is presented with an ex-
ample from the health care service industry.
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e Chapter 5 Value Creation in PSS Design through Product and Packaging
Innovation Processes
This chapter reviews research on the integration between product and packag-
ing development, and highlights some important challenges and opportunities
related to improved value creation in the PSS paradigm.

Part II focuses on the customer dimension

e Chapter 6 Service Engineering — Methods and Tools for Effective PSS
Development
This chapter presents a design process model for services or service-oriented
products based on Service Engineering. In addition, a method for evaluating
service solutions is introduced along with a method for designing service activ-
ity and products concurrently and collaboratively.

e Chapter 7 Addressing Uncertainty of PSS for Value-Chain Oriented
Service Development
Based on a literature review which identifies uncertainty as a critical concept in
PSS along with interviews conducted with nine Swedish companies, this chap-
ter presents a simple tool for managing uncertainty when developing PSS offer-
ings.

e Chapter 8 Value Visualization Strategies for PSS Development
The concept of value visualization is concerned with the way that firms com-
municate and demonstrate the value of their PSS. This chapter presents a visu-
alization strategy framework for PSS development.

Part Il describes the provider dimension

e Chapter 9 Using Company-Academia Networks for Improving
Product/Service Systems at Large Companies
This chapter describes challenges faced by large PSS providers in Sweden
when developing PSS offerings, and how these can be explored and discussed
within a PSS company-academia network setting.

e Chapter 10 Service-Oriented Strategies for Manufacturing Firms
PSS can be seen as a strategy for manufacturing firms to gain competitive ad-
vantage in the marketplace. This chapter establishes PSS approaches in the
context of manufacturing firms, and presents a path for manufacturers to make
the change from product to service-orientation.

e Chapter 11 People, Product and Process Perspectives on Product/Service-
System Development
In this chapter, the authors elaborate on product and service development proc-
esses models, as well as system models, to propose a frame of reference for
multiple perspectives on PSS development.
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o Chapter 12 Managerial Recommendations for Service Innovations in
Different Product-Service Systems
This chapter provides guidelines on how to develop service innovation, what
phases of the development process to focus on, and how to involve customers
throughout the development process.

Tomohiko Sakao
Mattias Lindahl
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TU Berlin, 3Virtual Product Creation, Fraunhofer IPK, Berlin, “Université du
Luxembourg

Abstract Within this chapter three main topics are wrapped. First, a relatively
new method for the development of Product-Service Systems (PSS) called PSS
Layer Method is introduced. Second, microenergy systems are introduced as a
commendable example to teach the theory of Product-Service Systems. Third, sus-
tainability as a driver for Product-Service Systems and microenergy systems will
be emphasized. All three topics are set in relation to an industrial case where the
PSS layer method had been applied to a microenergy system which in this case is
a solar home system. Such systems are used for energy supply in off-grid installa-
tions in rural regions, e.g., in weak infrastructures of developing countries. The
reader will learn the basics of the PSS layer method, be introduced to microenergy
systems and get an insight on a discussion on sustainability concerns in this case.
The chapter closes with reflections on experiences, recommendations for an indus-
trial application of the PSS layer method and an outlook.

Keywords Development of Product-Service Systems, Modelling of PSS Ideas
and Concepts, Sustainability
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1.1 Industrial Challenges

In a company implementing new mindsets, imparting new development method-
ologies, teaching developers in consistent method application and rolling out re-
lated business processes is tough business. Especially if more than one domain is
involved and when each domain has its own particular approaches which are not
directly compatible with others. As approaches for Product-Service System (PSS)
development, viz. approaches for product-service integration, are relatively new to
industry, those challenges will also become evident in this topic.

Furthermore, creative work in groups with members of different competencies
in product development, marketing, management or business development lacks
under differing terminologies and foci. Particularly in PSS development, a mixture
of such competencies in early development phases is inevitable to generate inno-
vative solutions. The design of a sustainable business model is type of a strategic
task, whereas the design of the technical solution or enabler (core products, ser-
vice resources and activities, deliverables, etc.) is type of an engineering task.
Nevertheless, the business model and the technical solution have to complement
and support each other appropriately to efficiently satisfy customer needs and sus-
tainability requirements.

The PSS layer method is one of our approaches to facing such challenges.
Briefly said, it integrates the views of customers, engineers and economists, it de-
fines a common “language” and a simple, graphic modelling scheme. It is sup-
posed to be applied mainly in early development phases to analyse and synthesize
ideas and concepts of PSSs. It helps to generate requirements, to become aware of
PSS functions and to derive tasks for further development.

1.2 From Product-Service Systems to Sustainable Microenergy
Systems

1.2.1 Introduction to Product-Service Systems

Product-Service Systems (PSSs) is a concept that integrates products and services
in one scope for planning, development and delivery, thus for the whole life-cycle.
It is predominantly used in academia but widely unknown by industry. Neverthe-
less, solutions integrating products and services are attracting attention. Some pro-
viders consider themselves as solution providers who essentially offer solutions
including products and services. For several years many research projects all over
the globe have concentrated on product-service integration. Many terms with
nearly equivalent meanings have been introduced into the PSS landscape from en-
gineering, economic or social viewpoints. Close to PSS there are concepts like
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“Service Engineering” (Tomiyama 2001, Lindahl et al. 2005, Bullinger and
Scheer 2006), “Integrated Product Service Engineering” (Integrated Product Ser-
vice Engineering 2009), “Functional Sales”, “Functional Product Development”
(Functional Product Development 2009) or “Industrial Product-Service Systems”
(Transregio 29 2009). Furthermore, PSS have been linked tightly to sustainable
development or eco-design, (McAloone and Andreasen 2004). As all those con-
cepts are close to each other they are within the scope of this contribution and
summarized under the concept of Product-Service Systems.

The value provided by the concept of product-service systems is a broad, holistic view on
technical systems by taking into account actors, technical artefacts, services, business
models and drivers like sustainability and dematerialization. Constraining is the premise
of providing added value to satisfy customer needs and to meet ecologic, economic and
social requirements along the whole life-cycle of a product-service system.

Customer needs are not simply reduced to a single need for product ownership.
The basic idea is not to sell products and services separately, but to sell a defined
result, a system’s availability or functionality to add value. The integration of
products and services finally can maintain or enhance functionality of a product or
a service or implement new functions which are not available without integration.
To make this approach successful there is a need for long-term commitments
within the stakeholder network. Specific business models (see Tukker 2004) are
used to reach that aim and bound customers to their providers over long periods.
Maintenance, system adoption to changing needs and boundary conditions, recon-
figuration or upgrading can be part of a PSS business model. This requires the par-
tial substitutability of products by services and vice versa. By contract, it is de-
fined how risk, responsibilities and costs of an integrated delivery and operation of
product and service shares are distributed among the stakeholders, (Steven et al.
2008). An important aim is a value co-creation among the stakeholders during the
integrated delivery process. Supplemental systems and tools have to be taken into
account to enable the delivery of products and services and the exchange of in-
formation. Fig. 1.1 illustrates in a simplified, minimal architecture the PSS core
elements.

1.2.2 Introduction to Microenergy Systems as an Example of PSS

Microenergy systems have an interesting combination of strongly interlinked
technical, economic, ecologic and social aspects, and thus they are a convenient
PSS example. A microenergy system is a small decentralized energy conversion
unit that meets the energy demand of households and small enterprises. Micro-
energy systems play a crucial role in regions with poor infrastructure and low in-
comes in developing countries where households and small enterprises often have
insufficient access to modern energy services. These regions are denominated
“Microenergy Sector” (Philipp and Kebir 2004). According to the World Bank,
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more than 1.6billion people lack access to electricity and 2.4billion rely on tradi-
tional biomass for cooking and heating (World Bank 2004).

4 N A
(Core) (Co_r e) Stakeholders Contract
Products Services
. . Long-t
(Technical (Potential, (Network of C(qur;i;it;ren’zt
artefacts, process, provider, regulating risks,
mechatronic results) suppliers, responsibilities,
systems) customer(s), etc.) payment,
costs, etc.;
business model
Integrated delivery: Process integration, value co-creation description)
Context: Technical periphery (Tools, facilities,

infrastructure, support and execution systems)

Fig. 1.1 Core elements of a product-service system (Miiller and Stark 2008)

Several field and market studies have shown that a rise in trading with appliances
using and converting energy takes place in the microenergy sector; in particular
the demand for TVs, radios, kerosene cookers and petroleum lamps is tremendous.
Diesel generators help to actuate pumps and supply small decentralized grids with
electricity. With the help of accumulators, especially car batteries, electrical power
is stored and transported to regions which are situated many miles away from the
electricity source or the generator (Hammond et al. 2007, Schneider 2003). Fig.
1.2 shows a typical example of batteries and lamps used in rural households. Fig.
1.3 gives insight into a battery shop.

SME and households are facing increasing energy costs. In certain regions,
they can reach up to half of the monetary monthly income. The usual inefficient
microenergy systems can reach costs up to 1.50 € per kWh (compared to an aver-
age of 0.20 € per kWh in a European context), and thus offer a great economic
substitution potential for modern energy systems which are more efficient and can
be run with renewable energy (Schneider 2003, Philipp and Kebir 2004). Thus,
running costs for fuel can be decreased or eradicated completely. The result is re-
course savings, higher productivity and a range of indirect economic impacts on
health and education of the users. Furthermore, quality of life increasingly be-
comes tangible. All these results and impacts will be discussed later in detail.

In most cases, efficient microenergy systems have higher investment costs than
common technologies and therefore often require financing options, e.g., based on
micro credits. The savings customers make on running costs and the additional in-
come they earn due to higher productivity can both be used to refinance the loan.
Furthermore, there is a need for services accompanying installation, maintenance,



PSS Layer Method — Application to Microenergy Systems 7

etc. Businesses with microenergy systems require such services to become effi-
cient, those systems can be considered as product-service systems.

Fig. 1.3 Example of battery types offered in a battery shop
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The example discussed in this chapter is a solar home system (SHS)-an efficient
microenergy system that is based on photovoltaic technogoly: a technology that
converts solar energy into electricity. The photovoltaic cell panels are fixed on the
roof of a customer’s house. During sunshine, they load an accumulator. The stored
energy is used to run lights and several small electrical applications like TVs and
radios. Fig. 1.4 shows an example of the installation of a solar panel which be-
longs to a solar home system. Fig. 1.5 shows a typical situation where components
of a solar home system are being transported on a bike.

Fig. 1.5 Typical situation where components of a solar home system are transported on a bike
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1.2.3 Introduction to Sustainability

Although PSS has a historical background in eco-design (McAloone and An-
dreasen 2004) a PSS is not automatically sustainable; but, as it will be shown in
the following example, the PSS approach can be very helpful to describe and de-
sign a system with requirements toward sustainability (Tukker 2004).

According to the 1987 report of the World Commission on Environment and
Development to the United Nations Assembly, sustainability is defined as devel-
opment which meets the needs of today's generation without compromising the
ability of future generations to meet their own needs (World Commission on Envi-
ronment and Development 1987). In order to develop sustainable solutions in that
sense, three dimensions have to be taken into account and also be aligned (e.g.,
Deutscher Bundestag 1998, Finkbeiner 2007):

e The ecologic dimension includes the protection of natural resources such as
climate, soil, water and air, but also the diversity of species and ecosystems.
The ecological sustainability of products and processes depends on their emis-
sions and resource consumption during the entire life-cycle.

o The economic dimension means to evaluate the increase of the economy and
the long term welfare, security and prosperity of the society. An essential ob-
jective is safeguarding the market functions as, for example, competitiveness.

o The social dimension requires the evaluation of lifestyles to leave future gen-
erations opportunities to satisfy their own needs and the fairness of distribution
systems.

For this purpose, it is crucial to evaluate PSS by these three dimensions. Neverthe-
less, the three dimensions are not directly applicable as design dimensions for
products, services or processes as system properties and characteristics are not di-
rectly expressed by them. Designers concentrate on system characteristics and
properties such as power consumption in standby mode or frequency of battery
exchange which can be more or less sustainable depending on a use process and
on the comparison scale. Finally, these three dimensions can be applied to an “as-
sessment-for-sustainability” rather than to a “design-for-sustainability”. Thus, in
our case, we assess the sustainability of the solar home system investigated by re-
flecting relevant system properties and characteristics on the three dimensions of
sustainability.

1.3 The PSS Layer Method

The theoretical basis of the PSS layer method is explained in this section. In Sect.
1.4, a detailed description is given accompanied by the application case solar
home systems of the company MicroEnergy International (MEI) in Tanzania. The
application case delivers concise insight into our findings.
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1.3.1 Purpose and Use

The PSS layer method is supposed to be applied mainly in early development
phases, thus its purpose is supporting the clarification of the design task and the
conceptual design phase according to the terminology of Pahl et al. (2007), see
Fig. 1.10. It is a method to analyse and synthesise PSS ideas and concepts.

The method has a discursive bias; it proceeds stepwise and iteratively, and en-
ables a structured documentation of an existing or a future PSS. It defines a meta-
model of nine main element classes for a PSS.

As a result the user gets a structured outline and the “big picture” of his PSS
idea or concept. This big picture helps to hightlight requirements and tasks for the
PSS design.

1.3.2 How it Works

1.3.2.1 Main Classes

As mentioned, nine main classes have been defined. The central class is the Life-
cycle activities class. Activities performed by a customer and/or provider are
mapped horizontally along the timeline on a layer for this class. Activities can be
part of the product use or product and service provision. The classes Needs and
Values are used to represent the customer’s perspective. The class Deliverables
summarizes all material and immaterial results (information, products, materials,
health improvement, etc.) provided to the customer during an activity. The de-
signer’s view, or the particular “technical solution” to satisfy the customer needs,
is represented by a whole set of classes, namely Actors, Core products, Periphery,
Contract and Finance. These classes contain basic elements which are related to
the life-cycle activities as types of resources and boundary conditions and thus are
important to implement the future PSS. Vertically all elements which “belong” to
one activity of the life-cycle activities class are interconnected. Finally, activities
are kinds of connectors of resources which result in deliverables.

1.3.2.2 Modelling of Class Elements in Layers

All classes are graphically layered to simplify the representation; this is where the
method derives its name; see Fig. 1.7. Each layer has to be filled by simple
scratches, models or text in order to model single elements of the particular class.
The layer scheme can be used as a whiteboard method, paper-based or with com-
puter support.
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If a technical artefact is chosen as a starting point, its product context (vertical
dimension) is analyzed over life-cycle perspectives (horizontal dimension) in de-
tail. If a customer need is chosen as the starting point, the designer can define new
system elements on each layer in order to satisfy that need. System elements
which have direct connections are mapped vertically one above the other. Already
detected or determined system elements can help to identify other system charac-
teristics which have to be detailed in the form of infrastructure or resources or
which have to be ensured in the contract. The layers can be used to elaborate on
single phases/episodes of the PSS life-cycle, if not on the whole life-cycle.

In principle, the order of the layers is not important, although the ordering in
Fig. 1.7 is recommended. The designer may reorder them or even add new op-
tional layers to bring in new points of interest. For instance, the costs might be a
good example. Fig. 1.6, Fig. 1.8 and Fig. 1.9 show filled layers and particular de-
tails.

o Need 1: Productivity in evening hours

5 T (state at the moment: no energy available

o . )

. during night).
Rough assessment, how far the value
“More time to work” satisfies the need for
“productivity in evening hours”.

)

=2

§ [ Value: More time to work.

a Deliverable: Energy at night

% (taken from accumulator).

@

=

©

- Lifi | ivity: E igh

| | Lifecycle activity: Energy use at night.

E Usa at night

g

o -

E Other layers summarizing resources are

8 down here and cut off.

-

Fig. 1.6 Reduced layer scheme and element number to illustrate how needs and values are used
to assess a deliverable. A software toolbox for Microsoft Visio has been implemented to create
layer plots with predefined symbol sets for each layer class
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Fig. 1.7 Modelling scheme of the Layer Method. The example indicates elements of a PSS

manufacturing system where the provider carries the responsibility for maintaining a rotating

spindle; details have been left out.
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Fig. 1.8 Picture from an earlier layer version used during a workshop on solar home systems.
The layer names in this version were changed later. The starting point was the solar panel; needs
and values were modelled later. Several of these DIN A1l sheets have been filled

Markers to highlight findings (e.g. quality
concerns, potential for risk, etc.). Markers
had been added after first modelling
session.

Things added in a second modelling
session.

Fig. 1.9 Cut-out of Fig. 1.8 to highlight some details. For each modeling session different colors
were used. Between different sessions removable markers were used to highlight findings
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1.3.2.3 Remarks on the Representation of Services

The services are not directly modelled. The PSS is interpreted as a process or an
activity chain which leads to (added) value.

According to (Bullinger and Scheer 2006 after Hilke) services are built in three
dimensions: The result dimension, the process dimension, and the potential di-
mension. The first dimension defines the outcome of a service which is analogue
to the deliverable in this PSS modelling approach. The second dimension has its
analogy in the life-cycle activities layer. The third is represented by all other lay-
ers in the designer perspective. Even core products, infrastructure or contracts are
interpreted as a type of resource and analogue to the potential dimension.

1.3.2.4 Application Process

For an effective use of the method for PSS planning and concept design it is im-
portant to have all prerequisites collated. Information on the customer point of
view, the market and the company’s strategy should be available. This is impor-
tant to decide whether to design a solution to satisfy customer needs, to evaluate a
solution in terms of customer value and, for example, to make robust make-or-buy
decisions for product and service development and delivery. Therefore, a phase
for the collation of prerequisites is included in Fig. 1.10.

Accompanying the modelling detected requirements, important system func-
tions and new development tasks should be written down for later deployment.

Conceptual Detailed

Flanning Desigh Embodiment Design Desigh

Phases for application of PSS Layer Method

Collation of ~ Stepwise, iterative modelling with layer method & O T Gl E
prerequisites integrated deduction of means for further development
+ Customer point of Modeiling activities: Resuits: + Inform designers by
view (needs, values) + Analysis of system and context + Requirements list pravision of layers models
= Company point of + Refinement of activity chains + Function description + Deploy requirements list
view (strategy) + Modelling of system elements in | - Project plan tasks + Deploy project plan
+ Market knowledge layers using predefined classes . + Strategic decisions

+ Application of markers to

highlight points of interest
« Iterative refinement

Fig. 1.10 Integration of the PSS Layer Method in generic development process phases
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In general the process in Fig. 1.10 is valid for the following cases:

e Development of a new PSS (starting at customer needs)
e Transformation of a product into a PSS (starting with a product)
e Assessment and improvement of a system (product or PSS)

Depending on the case the modelling iterations may differ.

1.4 Industrial Application Case in Detail — The Solar Home
System of MicroEnergy International

The industrial case that has been chosen for the study is about the PSS offered by
METI in Tanzania. MEI, a company with headquarters in Germany supports access
to microenergy systems through microfinance in several countries in Asia and Af-
rica. The intention during the study was to improve products and services around a
solar home system (SHS) implementation.

Since 2005 was declared to be the United Nations Year of Microfinance, Mu-
hammed Yunus and the Grameen Bank got the Nobel Price for Peace in 2006 and
microfinancing became well known as a successful tool to reach the poor in re-
gions with weak infrastructure and low incomes (Yunus 2003).

Microfinance is not only an instrument that splits high investment costs into af-
fordable monthly instalments, it is offered through microfinance institutions (MFI)
that entertain a whole network with close relationships to their customers. Credit
clients have to be assessed, credits have to be disbursed, instalments have to be
collected and failures have to be followed up and, in the last case, guarantees have
to be recovered.

MEI works closely with microfinance institutions, using their local knowledge
and action network for the dissemination of microenergy systems. In Tanzania,
MEI cooperates with a local microfinance institution in Kyela, a small town in the
south of the country.

The pure investigation about the PSS of MEI consumed time of four full work
days plus time for preparations and post-processing. The participants had an engi-
neering background and different roles in the company. This investigation was
done in various meetings under application of the PSS Layer Method. The aim
was to clarify development tasks to enhance the originally planned business model
including the solar system, micro credits and service provision.
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1.4.1 Collation of Prerequisites

1.4.1.1 Introducing the Customers Point of View

To apply the method successfully some information on the context of the company
and the customers has to be available or collected beforehand, see Fig. 1.10. Cus-
tomer needs, for instance, should be clarified e.g., by market analyses. Some lead
questions are as follows:

Who is my customer?

In Tanzania, MEI cooperates with local MFIs — their clients are the potential cus-
tomers for the PSS.

Where is my customer? How many customers are there?

The pilot project is realized in Kyela, a small town in the south of the country. The
600 clients of that MFI are mainly cocoa farmers. They live in surrounding vil-
lages that are not connected to the electricity grid.

How can we reach our customer(s)?

These farmers are not only getting loans but also training and trading facilities for
their products. They are organized in councils of 15 to 50 members. Once a
month, staff of the MFI meet the councils, collect the instalments and distribute
new loans. Furthermore, the councils report to the staff their specific needs for the
development of their livelihood and business situation. The council meetings are a
good opportunity to reach the potential customers with marketing, financing and
educational activities. For installation and service activities on the solar home sys-
tem, customers will have to be visited personally by motorcycles.

Acceptance of technology?

During earlier council meetings, the farmers came up with their need for electric-
ity; especially the need to run electrical light, radio, TV, fridges and irons. Some
of them had heard of solar systems and asked their MFI for support to get and fi-
nance them. To meet this request, the MFI started to look for a partner specialized
in the field of rural energy supply and in this way approached MEI. Both cooper-
ate today in a joint-venture company.

MEI proposed to start by implementing solar home systems. They are consid-
ered to be simple technology. Furthermore, they are already proven in the field; al-
though a solar home system does not fulfilll all the needs of the customers, for in-
stance refrigeration and ironing are not possible.
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Some of the clients already operate car batteries as electricity storage and use it
to run radios or TVs. For this purpose they already had some DC-wiring in their
house. In this way, an important part of the solar home system technology is al-
ready known to them. New, is the solar panel, and the fact that the battery be-
comes a stationary accumulator. They do not have to remove it anymore for re-
charging. This is done automatically by the panel if the sun shines.

Willingness and ability to pay of potential customers?

The solar home system, depending on its size, costs between 350 and 800 €. MEI
will offer a financing opportunity. Clients can choose to repay the loan over 12 or
18 months.

After a first marketing activity, 36 clients have applied for a loan to get a solar
home system. After an internal assessment, the MFI identified 16 of them as hav-
ing the ability to pay the loan back in 12 to 18 months.

Based on former experiences (Philipp and Kebir 2004), it is assumed that the
applications will increase once some systems are installed and people can experi-
ence that these systems work.

The quality of the market research plays a crucial role in PSS development.
Too many assumptions and missing knowledge about the customer can lead to
wrong designs of product and services. A discussion on the customer’s point of
view can help to sensitize the designers regarding some points of view and may
require further investigations before taking the last decision on product or service
performance. This process can already be used to define “tasks” for the company.

1.4.1.2 The Company Point of View — Targets and Philosophy

The designers should also be aware of company targets (short, medium, long term)
to apply the model successfully. This prerequisite is considered to be essential in
product, service or PSS development and thus hopefully available in firms.

In the case of MEI, a short-term target is to prove the viability of the technol-
ogy by a successful implementation of the first 16 solar home systems. A medium-
term company target is fulfillling the remaining identified customer needs (using
their energy systems for refrigeration and ironing). This is part of the strategic
business plan and requires further product development activities. On a longer
term all kinds of technical products and services will be offered. The long-term re-
lationship to the customer that is developed during the repayment phase of the
loan is very specific to the business model: it is not only about selling goods, but
about developing a commercial infrastructure through regular services in a new,
almost untouched market.

Although MEI is a for-profit-company, it considers itself as a social enterprise
(Yunus 2008). The focus is to maximize the social and not the financial profit. At
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the same time, the project must be economically sustainable. Generated profits are
reinvested to grow and develop the business.

1.4.2 Stepwise, Iterative Modelling — Detailed Discussion on Layer
Classes and Modelling Results

1.4.2.1 Class “Needs” (Customer Perspective)

Description

This layer summarizes customer needs. The idea is to capture non-solution-
oriented needs, for instance the need for access to broadcast information. Never-
theless, some needs will be solution- or context-related, for instance, the need to
operate TV and radio with a solar home system. This layer does not contain re-
quirements, which describe how a system function has to be designed; cp. (Eric-
son et al. 2009). The needs can be summarized, based on the outcomes of the pre-
requisites.

Discussion of the Class “Needs” of the Customers of MEI

The assessment regarding customer needs done by MEI have been solution-
oriented. Customers want to run with their energy system lights, TV, radio, iron-
ing and refrigerator. The non-solution-oriented needs can only be assumed as need
for high social status, high quality of life, access to information, entertainment and
education and the need for enablers to generate income in the evenings and early
mornings.

1.4.2.2 Class “Values” (Customer Perspective)

Description

The customer value is equal to the benefit a customer gains by a deliverable. From
an economic viewpoint, the value can be reduced to monetary measures in the
end, but a differentiation is helpful to show differences in how PSS ideas and con-
cepts work. The major four types of benefits are economic, environmental, social
and technical benefits. Less precisely defined benefits are information and knowl-
edge advantages, saved time or time advantage, health preservation or enhance-
ment, prestige, measures for process robustness, agility, flexibility, etc. Briefly,
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the realization of competitive advantages by state protection and enhancement be-
long to this layer.

Discussion of the Class “Values” for the PSS of MEI

The value and benefit customers expect from a solar home system are summarized
in the following:

e Economic aspects: after repaying all the instalments, customers start saving
money due to the substitution of kerosene and battery recharging.

e Environmental aspects: the environmental aspect from the customer’s point of
view is more a security and sanitary aspect. In the case of solar home systems,
the value they expect is mainly avoiding the risk of fires and dangerous inhala-
tion of evaporated kerosene.

e Social aspects: a solar home system is an expensive technology. Due to the so-
lar panel which is installed on the roof, it is very visible and considered as a
status symbol. Furthermore, it facilitates social interaction at night, information
and entertainment.

e Technical aspects: customers are getting a professional electrical installation in
their houses. The solar home system is more reliable and robust than the tech-
nology that was used before. The product warranty and the service assure a
long-term use of the product.

1.4.2.3 Class “Deliverables”

Description

Deliverables is what the PSS provider delivers to its customer. Deliverables can be
material or immaterial. Technical artefacts, software, information, knowledge or
“health” are the main deliverables. It is important, that a deliverable is a result of
an activity or an activity chain, which can be interpreted as part of a service or
business process. Not every deliverable has value for a customer. For instance, the
delivery of out-dated information might be counter-productive for a customer.
Thus it is important to differentiate between deliverables and customer values.
(This layer correlates with the result dimension of services.)

Discussion of the Class “Deliverables” for the PSS of MEI
In the case of the PSS of MEI, some deliverables were already determined:

e The solar home system, a technology that will partly fulfilll electricity-related
needs
e The installation of the system, including the wiring in the house
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o The training to learn about how the system operates, the opportunities it opens
and the limitations it has

e A financing facility: a solar loan that can be repaid in 12 or 18 months
During financing time, the customer gets a service guaranty: once a month,
when the solar loan officer comes to collect the instalment, he will look after
the system, maintain it if something does not work or exchange a spare part

o All components of the solar home system have a guaranty of at least 18 months

1.4.2.4 Class “Life-cycle Activities” (Designer Perspective)

Description

This layer contains activities performed by the PSS provider and/or the customer.
Activity chains result in deliverables which are supposed to have value for the
customer (and of course for the PSS provider). Sometimes it can also be used to
change or optimise already existing deliverables. The working principle behind
this layer is comparable to process modelling or service blueprinting. (This layer
correlates with the process dimension of services.)

Discussion of the Class “Life-cycle Activities” for the PSS of MEI

Figure 1.11 shows the general life-cycle of a solar home system and the related fi-
nancing mechanisms.
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Fig. 1.11 General life-cycle of a solar home system

The financing along the life-cycle is already a first hint for the location and the
different institutional forms of the involved stakeholders. For the development of
the product-service system in Tanzania, the last phase, which is dominated by mi-
crofinancing, is the most interesting one. Following is a more detailed overview of
the local phase that is operated by the MEI, see Fig. 1.12.
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Fig. 1.12 Tanzanian life-cycle phases
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The detailed product development process with the layer method required to pick
out an even more detailed phase. During the workshop, the “using phase” was
chosen, see Fig. 1.13.
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Fig. 1.13 Activities during the using phase

The phases “User Maintenance” and the “Monthly Visit of the Loan Officer”, who
are both parts of the “using phase”, have been discussed in detail. The last one is
even more detailed as Fig. 1.14 shows.

Fig. 1.14 Detailed activities during the monthly visit of the loan officer
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1.4.2.5 Class “Actors” (Designer Perspective)

Description

Single actors (players), stakeholders, enterprises and enterprise units or divisions
as well as even software agents are classified as actors. Actors participate in ac-
tivities and they have an aim and a perception of delivered values. Software agents
also have aims and interaction although they are not physical. To allow software
agents to be actors might be important in case of replacing a manual executed ser-
vice by a technical artefact communicating with a provider agent platform.

Discussion of the Class “Actors” for the PSS of MEI

Although a lot of actors are involved during the whole life-cycle of the Product-
Service-System in Tanzania, only two have been identified being relevant during
the “Using Phase”:

e First, the client or one of his household members representing him. Second, the
solar loan officer, a technician that has been trained in microfinance method-
ologies. He has to check the different technical components of the system and
to collect the instalment.

o If the solar loan officer finds out during his monthly visit that there is a prob-
lem with the solar panel, it can happen that a third actor, able to climb on the
roof, is required. This needs to be a man, as it is not usual in that cultural con-
text to leave this kind of task to a woman.

1.4.2.6 Class “Core Products” (Designer Perspective)

Description

Products which have to be designed or at least offered in a package by the PSS
provider are attached in this layer. The most important aspect of such core prod-
ucts is that they have high relevance for the final PSS value generation. Products,
which have to be designed, adopted or configured viz. those where engineering
tasks have to be performed by the PSS provider (network), are modelled within
this layer.

Discussion of the Class “Core Products” for MEI
The core product is the solar home system consists of:

e A solar photovoltaic panel that converts solar radiation to electricity.
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e A rechargeable battery (accumulator) used as storage allowing the use of elec-
tricity for 4h per day.

e A charge controller, installed between panel, accumulator and loads.

e Appliances: in general, loads consist of a few lamps and sometimes also a radio
oraTV.

All components are connected through DC wiring. Specific to solar home system
is their modular structure. This makes installation, maintenance and handling easy
— even users and technicians with rudimental education can manage it after short
training. The accumulator is the most sensitive component. It is the limiting factor
as it is storing the electricity and misuse is quite easy. Fig. 1.15 shows all compo-
nents of a solar home system.
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Fig. 1.15 Components of a solar home system
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1.4.2.7 Class “Periphery” (Designer Perspective)

Description

Support equipment, technical periphery, tools, infrastructure, or PSS execution
systems which are type of platform, outer condition, support or constraint for the
PSS delivery should be captured on this layer.

Discussion of the Class “Periphery” of the PSS of MEI

Additional support equipment for the “User Maintenance Phase” has been identi-
fied. Some tasks for the company are derived:

e The clients have to grease the accumulator regularly.
Task 1: If grease is not sold in the village, MEI has to assure access and pro-
vide it.
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e [f there is too much dust on the solar panel it loses capacity. For this reason, the
user has to clean it regularly. For this purpose, he needs a ladder to access the
roof. He also needs a cleaning set to avoid damaging the glass of the panel.
Task 2: MEI has to make sure a ladder is available in the house of the cus-
tomer or in the house of one of his neighbours.

Task 3: MEI has to provide the cleaning set.

Also during the “Monthly Visit” equipment and related tasks for the company
have been identified:

e For quality control purposes, MEI has to make sure that the solar loan officer
checks all the components.

Task 4: A maintenance check list has to be developed. It should be part of a
customer card that stays at the client’s house — after every check customer and
loan officer have both to sign.

e MEI has to make sure that the solar loan officer is equipped with required
measurement and maintenance tools. A challenge is to check the status of the
accumulator and to make sure that it not misused, for example by connecting
other loads or by using it more than 4h per day. Most existing tools require a
whole laboratory which is not transportable during monthly visits and too ex-
pensive to be installed in the Kyela branch.

Task 5: A manual for the loan officer, where possible failures and trouble-
shooting strategies are described has to be developed.

Task 6: Find a solution for how to check the status of the accumulator under
the given conditions.

e To check the panel on the roof, a ladder is again required.

Task: Same as task 2.

1.4.2.8 Class “Contract” (Designer Perspective)

Description

As the contract is one basic element of the product-service system, remarks on the
contract design should be made early to detail out the business model. Examples
are the implementation of obligation, options, exception handling, duration, fines,
regulations of payment, take-back conditions, warranty, transfer of ownership, re-
sponsibilities, etc.

Discussion of the Class “Contract” for the PSS of MEI

The discussion of the class “Periphery” has already been very helpful for the de-
velopment of important elements of the contract between MEI and the customer:

e METI has to provide grease and a cleaning set for the “User Maintenance” tasks.
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e The “customer card” with the “maintenance check list” that has to be signed by
customer and solar loan officer after every monthly visit is an important ele-
ment to record the service guaranty activities during the loan repayment period.

o If the solar loan officer registers any kind of misuse of the accumulator, the
customer loses the service and product guaranty.

Task 7: The solution looked at in Task 6 “Find a solution for how to check the
status of the accumulator under the given conditions” should also include a
possibility to prove the misuse towards a third party.

e As long as there is no other solution to check if the accumulator has been mis-
used, the solar loan officer has the right to look after the system any time he
wants. This regulation stays in place as long as the solar home system is not
completely repaid and it is still remaining in the ownership of MEL

1.4.2.9 Class “Finance” (Designer Perspective)

Description

This layer shows when a customer is paying for deliverable(s) and how much. For
instance flat rates, pre-paid, scheduled incremental payment, or payment on tickets
may be possible entries. One way to model that can be simple bar charts.

Discussion of the Class “Finance” for the PSS of MEI

The “using phase” that was discussed in the workshop correlates with the “Micro-
financing Phase” as shown in Fig. 1.13. Before the installation of the system, the
customer has already paid a down payment of 15% to MEI. During the “using
phase”, the solar loan officer collects the monthly installments and services the
system as described. In this way, the customer feels the direct impact of his pay-
ments.

1.4.2.10 Class “Optional” (Designer Perspective)

Description

If there is a need to consider some special design aspects or a specific entrepreneu-
rial view the Layer Scheme can easily be extended by layers like Cost drivers,
Quality or Law. In the case of the PSS of MEI, the additional layer Cost has been
used.
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Discussion of the Class “Costs” of the PSS of MEI

The new tasks identified during the workshop, as, for example, providing grease
and a cleaning set, are creating new costs or the development and implementation
of a new solution to check and control the accumulator. On the other hand, these
activities are assuring the sustainability of the system and minimizing the risks of
failures.

Task 8: The new cost structure has to be integrated in the price calculation of the
system.

1.5 Evaluation of the Sustainability of the System

A solar home system has a huge potential in terms of sustainability. But the de-
ployment of these potentials is highly dependent from the implementation strategy
and the business model, as discussed in the following paragraphs.

Ecologic Dimension

The use of solar energy and saving fossil fuels helps to protect natural resources.
Nevertheless, accumulators are another crucial point. Without assuring a recycling
procedure in the business plan, they can create a serious ecologic problem due to
the acid and lead stored inside.

Task 9: Develop a recycling system for used accumulators and adapted incentives
for customers.

Economic Dimension

In the long term, saving fossil fuels and developing an energy sector based on re-
newable energies will secure the prosperity of all societies (Scheer 2006). Still,
one of the main components of the solar home system, the accumulator, consists
of lead which is a limited natural resource. But while lead is recyclable, petrol,
once burned, cannot be reused.

In the actual Tanzanian context, the only competition MEI is exposed to, are
the retailers of fossil fuels like kerosene. But with the development of the infra-
structure, the training of local technicians and the development of the market,
other competitors will start offering systems as well. This development has al-
ready been seen in the Bangladesh context (Infrastructure Development Company
Limited 2007).

Because the market is very small, the actual prices of the components of solar
home systems are still very high. Also, here a growing market will help to cut
production costs down.
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The customers of MEI have a huge potential to substitute their running energy
costs for kerosene and transporting and recharging batteries, but it requires that the
system does not fail till it is repaid. For this purpose, MEI has introduced the
product and service guaranty.

Social Dimension

The evaluation of the change in lifestyles due to the system cannot yet be done in
the Tanzanian context because it needs to be observed over a longer period. The
social dimension that can be taken into consideration in the described product-
service system is the opportunity for a brighter distribution of solar home systems
among social classes with smaller incomes due to the microfinancing system
which is adapted to already existing energy expenses.

Task 10: Develop a monitoring and evaluation methodology for quality manage-
ment and sustainability purpose.

1.6 Reflection and Findings

During our case study the method was customized several times resulting in the
way it is presented here. The analysis helped to shed light on weak points, e.g.,
drivers for cost and risk, in service provision and product-use activities. Finally,
new tasks for product and service design have been derived. The potential to en-
hance the sustainability of MEI’s solar home system has been made explicit.

1.6.1 Experiences and Opportunities

e The methodology is very supportive of the documentation and description of
the solar home system. It makes important aspects explicit, particularly, the re-
quired services and their performance in the social, ecologic and economic con-
text.

e It supports the analysis and synthesis of product-service systems.

e [t is a helpful instrument to introduce stakeholders in particular parts of the
business.

e The method is supportive for the development of contracts, as you can develop
and discuss scenarios along the life-cycle phases.

e For the same reason, the method is helpful for the price calculation. Every ac-
tivity, including supporting resources and the deliverable, can be priced and in-
cluded in a simple tabular calculation.
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e Precise tasks can be derived for the PSS designer or for a development road-
map. Requirements for the system design can be derived and included in the
requirements list. In particular, process-related requirements or requirements on
technician qualification become more tangible.

e Although the purpose is an application in early design phases (planning and
conceptual design), the method can be used during the whole development
process and even during the operation phase as tool for documentation, discus-
sion and evaluation. In particular, services are changing regularly and can be
adapted based on experiences during operations. In this case, the layers help to
directly interlink changes with other relevant aspects like “core product”, “pe-
riphery” and, in particular, “contract”.

e The method is powerful in raising awareness on the importance of detailed
knowledge of the customer needs and values. The method “forces” the designer
to take needs and values of the customer into consideration in every step.

1.6.2 Limitations and Potential for Improvement

o The chronological orientation on the live cycle is helpful in the first step. It still
has to be proved on a longer term, that it is not limiting the view as some as-
pects impact on different live cycle phases. Activities which run in parallel are
difficult to model.

e The quality of the results is extremely dependent on the quality of the market
studies done on the needs and values of the customers.

e The method does not offer a systematic way to discuss variants, so far.

e The method reflects only the point of view of the customer and the provider.
The points of view of other stakeholders are not directly visible.

e The evaluation has been made in two small companies and the participants had
economic and engineering experience. (Some additional experience was made
in teaching.)

e omputer support of the method to transfer results easily into digital models was
not available during the first two case studies. Transferring models into the
computer was time consuming.

1.6.3 Recommendations

The method should be considered to be applied in workshops where product-
service integration and/or customer and life-cycle orientation is important. A
moderator who is familiar with the method should accompany the first application
to moderate its use. This moderator needs relevant skills to lead the workshop,
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e.g., to collate and discuss the prerequisites and to start modelling during the dis-
cussion until the other participants understand the concept. Furthermore, he/she
has to be familiar with theoretical basics of product-service systems; the other par-
ticipants should have an idea of what PSS is. We assume that not more than four
or five participants should attend.

Blank layer plots should be prepared beforehand. Markers or stickers to high-
light important issues should also be prepared beforehand. Filled layers can be
used to inform others on workshop findings and as a type of system architecture
image.

Remark: as this is a relatively new result of basic research more evaluation in
different branches is necessary.

1.7 Outlook

We assume that the layer method is compatible with most other PSS approaches,
as it supports most basic PSS characteristic, e.g., the life-cycle perspective, the
consideration of stakeholders or the need-orientation. Additional workshops will
be held to investigate if this method is applicable to other PSS examples. Finally,
the aim is to embed the layer model in a PSS development methodology.

A toolbox for computer support is being developed. It defines standardized
elements for each layer so that the transfer of paper-based results into a digital
model becomes faster. Modelling directly with computer support also becomes
possible. Using the meta-model of the method as type of “product structure” will
be one of the next steps. The possibility of attaching requirements, functions and
project plan tasks to elements is being tested. Furthermore, export interfaces to
process modelling tools are being planned.

Finally, a more comprehensive documentation including detailed modelling ex-
amples for different application cases is on the agenda.
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Chapter 2

Life-Cycle Perspectives of
Product/Service- Systems: In Design
Theory

Erik Sundin

Department of Management and Engineering, Linkdping University

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.

Keywords Life-cycle, PSS, Industrial Product/Service-Systems, DfX
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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

. service

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

product

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

k. Price: = Price:
e €700 g €1 / wash

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

Part Manufacture

Parts Products

Product Assembly,
f ure

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 ez 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

Resource

.

Operation

—+ Maintenance " Service

Knowledge | Upsrade
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
Ljomah 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 | Storage

X | Disassembly
X | Testing

Ease of Identification

Ease of Verification

X | X | X | Inspection

Ease of Access

Ease of Handling x| x| x| x

Ease of Separation X

Ease of Securing X

Ease of Alignment X

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)



Life-cycle Perspectives of Product/Service- Systems: In Design Theory 45

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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Chapter 3

Life-Cycle Perspectives of
Product/Service-Systems: Practical
Design Experiences

Erik Sundin

Department of Management and Engineering, Linkdping University

Abstract Many manufacturers are moving more and more towards the business
approach of Product/Service-Systems (PSS) in order to achieve more revenues.
The business approach of PSS puts new requirements on products in comparison
to traditional selling. In order to achieve a PSS adapted for this business approach,
the products and services used need to consider a life-cycle perspective. Having a
life-cycle perspective on products and services in the business strategy of PSS is
becoming increasingly important as the strategy emerges and more companies see
the benefits of controlling a larger share of the product-value chain. The objective
of this chapter is to elucidate how manufacturers have worked with, or could adapt
their products for, PSS. Supporting this are results from several case studies, per-
formed at companies that manufacture household appliances, soil compactors and
forklift trucks. A key factor when developing products for PSS is to design the
product from a life-cycle perspective, considering all the product’s life-cycle
phases, e.g., manufacturing, use, maintenance and end-of-life treatment. Several
design improvements, all of which are fairly inexpensive and easy to implement,
are described. Many of these improvements deal with the accessibility of parts and
components during maintenance and remanufacturing operations, and several of
the design improvements could reduce the need and cost for maintenance, repair
and remanufacturing.

Keywords Life-cycle Design, Industrial Product/Service Systems, PSS, DfX
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3.1 Introduction

Preceded by a theoretical chapter on the same theme (Chap. 2), this chapter con-
sists more of practical design experiences. This introduction to the chapter in-
cludes background, objectives and methodology.

3.1.1 Background

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 larger share of the product-value chain. This can potentially be
achieved, in concert with environmental benefits, by a change or at least a move
towards a higher degree of offering integrated product/services instead of only
physical products. Furthermore, there are good economic opportunities in the af-
termarket of the products, as exemplified in the automobile industry. Because of
this, many manufacturing companies are changing their production philosophies
from a traditional focus on the manufacturing of the physical product towards a
focus of the life-cycle of the physical product. As a result, more focus is now put
on the use and end-of-life phases, including, for example, maintenance and re-
manufacturing.

3.1.2 Aim

The aim of this chapter is to elucidate how manufacturers have worked with, or
could adapt their physical products for, Product/Service-Systems (PSS). A focus is
put on exploring the adaptation for maintenance, repairs and remanufacturing,
since these steps were where the providers have contact with their products during
their life-cycles.

3.1.3 Case Study Methodology

To fulfill the aim of this chapter, previous research was studied along with newly
collected empirical data and information. This previous research includes, for ex-
ample, guidelines and design properties that have been shown to be beneficial for
PSS, such as those presented by Sundin and Bras (2005). New empirical data was
obtained from three Swedish manufacturers: Electrolux (household appliances),
Swepac International AB (soil compactors) and Toyota Material Handling Group
(forklift trucks).
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The companies studied had varying experience as PSS providers (see Table
3.1). In addition, the products studied at these PSS providers were selected be-
cause they were all good candidates for Design for PSS; this was important as the
ability to remanufacture has significant impact on the success of PSS. All three
products were appropriate candidates for redesign for enhanced remanufacturing
potential because they were mature, pervasive products, providing an ample sup-
ply of used products to remanufacture and to cannibalize for remanufacturing.
Additionally, they were not fashion-affected products, and were not placed in a
prominent position in the home. Thus, age, make and model were far less impor-
tant than their functionality.

Table 3.1 Case study company characteristics

Company Products PSS experience
Electrolux AB Household Appliances Pay-per-wash
Swepac International AB Soil Compactors Rental Contracts
Toyota Material Handling Group Forklift Trucks Rental Plans

Each of the case companies was visited several times in order to find out how they
worked with design and PSS issues. By doing so, a good understanding of how the
products were used in the PSS was achieved. Information was obtained through
semi-structured interviews of personnel from each company, e.g., managers, de-
signers and operators. The studies analyzed, through observations and interviews,
how the companies maintained and remanufactured their products. Personnel from
the companies’ maintenance and remanufacturing departments were interviewed
to determine their views about their products’ designs. Also, employees at both the
management and operator levels were interviewed, and questionnaires were used
to gather information about their views on how their product designs could be im-
proved to better fit PSS. As part of each case study, each company’s product was
studied in a laboratory at Linkoping University. Researchers analyzed each prod-
uct, for example, by disassembling and assembling it many times in order to un-
cover design improvements. The origin of the redesign proposals came from the
researchers when disassembling/reassembling in the university environment. Fur-
thermore, in order to verify the results from each case study, additional mechani-
cal engineers and designers were interviewed to determine the design depart-
ment’s views about the proposed design improvements.

3.2 Industrial Case Study Results

The results from the industrial case studies are presented in this Sect., one com-
pany at a time, with their existing designs and also some suggestions of design
improvements.
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3.2.1 Case A: Household Appliances

AB Electrolux is a global leader in home appliances and appliances for profes-
sional use, selling more than 40 million products to customers in 150 countries
every year. The company focuses on innovations that are thoughtfully designed
and based on extensive consumer insight, in order to meet the real needs of both
consumers and professionals. Electrolux products include refrigerators, dishwash-
ers, washing machines, vacuum cleaners and cookers sold under esteemed brands
such as Electrolux, AEG-Electrolux and Zanussi. Consumer Durables account for
93 percent of company sales, and comprise a range of appliances for kitchens, fab-
ric care and floor care. In this study, a washing machine and refrigerator were in-
vestigated.

3.2.1.1 Washing Machine

The studied washing machine — one of the company’s typical washing machines —
was manufactured by Electrolux under the brand Zanussi FL12. The washing ma-
chine was analyzed from a PSS perspective, i.e. the perspectives of use, mainte-
nance and remanufacturing. The washing machine, in production at the Swedish
manufacturer AB Electrolux, was one of many household appliances that were
remanufactured at Electrolux’s remanufacturing facility in Motala, Sweden. As
Fig. 3.1 illustrates, the Zanussi FL12 contains five large exterior parts: the top
cover, the control panel, a base plate and the front and back steel sheets. All of
these parts are made of plastic, except for the two steel sheets. In the existing de-
sign, only the top cover, control panel and back steel sheet are removable, since
the ground plate and the front steel sheet are used to stabilize the machine during
use.

Top Cover

Control Panel

Front Steel Sheet Back Steel Sheet

Base Plate

Fig. 3.1 The studied washing machine (Zanussi FL12) displaying its exterior parts (modified
form Sundin ef al. 2009).
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Taking off the top cover, the washing machine looks like the sketch shown in Fig.
3.2. In this sketch, one can see some of the major components and where they are
located, in comparison to the other parts, i.e. the product structure.

strap wheel Back

back steel sheet \El /
T— /

| | — regulators

conduit

middle steel bar

\

capacitor

electrical unit

washing powder S “
compartment | compartment
\ controller
unremovable
front steel sheet Front \

main switch

Fig. 3.2 A sketch view from above when removing the top cover (modified form Sundin et al.
2009).

When the washing machines arrive at the remanufacturing facility, a decision is
made whether to material recycle or remanufacture. If the washing machine has
any of the following faults it will be material recycled:

e Cracks on front weights
¢ Conduit faults
e Large flaws on front metal sheet

However, if the faults are not severe the washing machine will go through the re-
manufacturing process. Examples of faults that are treated in the remanufacturing
process are:

e Engine and electrical faults

e Regulator faults (water level)

e Minor flaws on front metal sheet

e Flaws on back metal sheet

This means that the existing design does not facilitate the changing of all compo-
nents needed to achieve a sellable product, i.e. a remanufactured product that has
sufficient quality to be sold again. This existing machine is, therefore, not adapted
by design for maintenance and remanufacturing.
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The product structure needed to be changed, and, in this study, two alternative
designs were suggested. The conduit of the washing machine was very heavy and
thus hard to remove. Therefore, as a starting point the suggestion was made to en-
able the ability to change all interior parts without disassembling the conduit. Fig.

3.3 shows the existing design (Type A), alongside the two other suggested design
alternatives (Types B and C).

steel bar frame frame
front A // front
steel ' 7 steel
sheet\\. ! E " .,/ sheet
- P
X/ —7, R —
Design Type A Design Type B Design Type C
 — |$P | —

1
steel bar I:l I:I

frame frame

II 1 . | 1 I M)
| — pu— N | I

Fig. 3.3 The top row of sketches show the stabilisation principles of Design Types A, B and C.
In Type A (existing), the washing machine is stabilized by the front steel sheet and a steel bar.
Type B has a frame to stabilise and hang the front and back steel sheets on. Type C is similar to
Type A, but with a service door access at the front of the washing machine. The bottom row of
sketches show the design types from above with the top cover removed. In this row, one can see
how the components can be attached and accessed by service and remanufacturing staff. (A
close-up of Type A is shown in Fig. 3.2.) Based on Sundin ef al. (2009).

Design Type Descriptions

e Type A The existing design is stabilized at the top with a central steel bar, and
the front steel sheet is not removable. The back steel sheet is removable, as
well as the top cover and control panel.
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e Type B In this alternative design, both the front and back steel sheets are re-
movable, and stabilization is achieved through an internal frame fastened to the
base plate. Since the middle steel bar is removed in this concept, a regulator
and a capacitor must be mounted elsewhere, e.g., on the frame.

e Type C This alternative design has the front steel sheet functioning as a stabi-
lizing part, complemented with a service door at the front. The top frame is
used in this design to house the regulators, the capacitor and the cable contact,
and for stabilization.

The alternative design types clearly provide advantages over the existing washing
machine design when it comes to accessibility for maintenance and remanufactur-
ing. Table 3.2 shows the advantages and disadvantages of the three design types.

Table 3.2 Advantages and disadvantages with the existing (Type A) and the alternative (Type B
and C) designs

Design | Advantages Disadvantages
Type
A -Easy access to: - The front steel sheet and steel bar obstruct
- the circulation pump access to many interior components.
- the back weights - It is difficult to remove:
- engine - the front steel sheet and front weights
- strap - the arm that controls which powder com-

partment to flush

- the sewage pump and electrical unit

B - All exterior parts are easily - Extra manufacturing costs of the frame are
disassembled required

- Increased accessibility with-
out the steel bar

- Removable weights

C - Removable service door - Extra manufacturing costs of the service
- Increased part accessibility door are required
- Minor redesign changes - The front steel sheet is difficult to remove

As the alternative design types show what could be made on a structural design
level, other improvements can also be made in the washing machine on a compo-
nent level. These kinds of improvements concern, for instance, what kinds of
joints are used. For example, the circulation pump in the washing machine could
have better access and better snap-fits that would prevent the snap-fits breaking
when disassembled and reassembled. In addition, the reduction of screws and
screw types could also improve the maintenance and remanufacturability of the
washing machine. In summary, regarding component level changes one can say
that for the washing machine it is possible to introduce snap-fits and slide-slots to
enhance maintenance and remanufacturing. Snap-fits are used for easy assembly
and disassembly, while slide-slots enable a simple fixation in many directions, and
without extra joints.
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3.2.1.2 Refrigerator

The refrigerator, Model KF-3517, utilizes its surrounding steel sheet as a stabiliz-
ing construction. The refrigerator has only been analyzed at part-level since it con-
tains relatively few parts: the steel sheets, the doors, the compressor, the shelf
tracks and the printed circuit board. Since cleaning was found to be one of the
most important steps of maintenance and remanufacturing, an interior design im-
provement example is given.

To be able to access the parts that need to be cleaned, it is important to give
them a suitable shape (SIK 1997). According to The Swedish Institute for Food
and Biotechnology (SIK), one should follow the following guidelines for the hygi-
enic design of corners, illustrated in Fig. 3.4.

Not suitable Suitable

c ©
o @

Fig. 3.4 Design recommendations for hygienic design of corners to facilitate cleaning accessibil-
ity (SIK 1997; Sundin and Lindahl, 2008).

\

As an industrial example of poorly designed products for remanufacture, we can
look at the design of shelf holders in an Electrolux refrigerator, seen in Fig. 3.5. In
the remanufacturing process of this refrigerator, the cleaning stage is often rela-
tively time consuming. To the left, one can see the existing design of the shelf
holders; to the right, an improved suggestion.
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Existing design Improved design

|
I: shelf I: shelf

inner wall of inner wall of
refrigerator refrigerator

I: shelf I: shelf
R L

radii: > 6 mm

Fig. 3.5 Design recommendations for making a refrigerator easier to clean according to the rules
put forward by SIK (1997). Modified from Sundin and Lindahl (2008).

3.2.2 Case B: Soil Compactors

Swepac International AB is a Swedish manufacturer of soil compactors. The com-
pany offers a various types of soil compactors to its customers, which for the most
part consist of construction firms. The company aims to produce soil compactors
that can withstand tough conditions in difficult environments. Swepac’s designers
have tried to reduce the cost for spare parts and maintenance. The company pro-
vides its customers with a fast supply of spare parts, technical service and support,
to pure service agreements where the customers have a list of service levels to
choose from.

In order to prolong the technical and economic lifetimes of its soil compactors,
Swepac also conducts remanufacturing. This could also be included in the cus-
tomers’ service agreement. Since the remanufacturing process generates costs for
Swepac, they are trying to reduce them. Therefore, the designers are trying to re-
duce the maintenance and remanufacturing costs by choosing a smart design for
their products. The plan for Swepac is to develop soil compactors which have
longer service intervals, and components and material will be chosen to ensure
that they last throughout a normal life-cycle.

Since Swepac have worked extensively with their product adaption, the next
paragraph will describe how they have progressed. Following this, some minor
suggestions for improvements will be described.
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Fig. 3.6 An example of a soil compactor and how it is used (Swepac 2009)

3.2.2.1 Swepac PSS Design Improvements

In order to avoid unnecessary costs for maintenance work and remanufacturing,
the company has introduced new materials to replace the traditional selection. Fig.
3.7 shows how these design improvements have progressed for a type of soil com-
pactor of similar size.

Design Type A Design Type B Design Type C

Fig. 3.7 Evolution of soil compactor designs at Swepac to match their PSS needs (based on
Sundin et al. (2009)).
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The Chassis

The chassis is of the Type A design, made of painted steel. This type of chassis
was found to be easily damaged, and when remanufacturing the soil compactor,
much time and effort was put into the repainting operations needed to return it to
newly-manufactured condition. To increase quality and reduce damage and the
need for repainting, a rubber bellow was added as seen in Design Type B of Fig.
3.7. For the latest design, Type C, the designers also decided to galvanize the
painted steel with zinc. The galvanized steel was found to reduce scratches even
more than the rubber bellow-only configuration, and keep the maintenance re-
quirements to a minimum, since the zinc has a self-healing effect when damaged.
This change was made clear by the CEO when studying trailers. As the CEO once
stated: “who would buy a painted steel instead of galvanized trailer today?”

The Hood

In the Type A design, the hood was made of painted steel, just as the chassis. To
reduce amount of visual scratches and repainting jobs, the hood was changed to
coloured-through plastic; this also enabled a faster changing of the hood if neces-
sary.

The Transport Device

The Type A design has an unfoldable metal loop for the user when grabbing and
transporting the soil compactor up and down from the ground. This is usually ac-
complished with a tractor or a forklift truck. The loop, however, was hard to reach,
and if missed the soil compactor could be damaged. In the Type B design, a fold-
able textile strap with a chain is introduced, along with a larger loop area (Fig.
3.8). This allows for easier transport with less chance of damage. However, some
drawbacks of this design solution were that it could wear out eventually, and was
a bit tricky to change. For the latest design, Type C, the designers instead intro-
duced a foldable metal loop which is not as strongly attached to the soil compactor
as in Type A. The good thing with this type of transport device is that it is long-
lasting, and can easily be changed if necessary.

In all of the design types, some previous design adaptations for PSS have been
conducted by Swepac. For example, the base plate is made of hardox steel which
is very hard and will not require any maintenance and/or changes during the soil
compactor’s technical lifetime (see Fig. 3.9). In addition, the filter for the air-inlet
to the engine is enlarged to stop more particles. Also, the air inlet was placed at a
spot where fewer particles were flying around in the air. Since the compactors are
used in a highly particle-filled environment, this kind of filter prolonged the tech-
nical lifetime of the engine significantly. Since Swepac was not an expert in the
area of engines and how to service them, this was a good option for them to re-
duce maintenance and repair efforts. The adapted air filter is shown in Fig. 3.9.
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Fig. 3.8 The FB-455 soil compactor in use with the transport textile strap erected (modified from
Sundin et al. (2009)).

Fig. 3.9 The adapted air filter (to the left) and the hardox steel plate (to the right)

Summarising the design evolutions made by Swepac designers, one can summa-
rise the following advantages:

Less visible damage during use

Reduced need for repainting during remanufacturing

Easier change of cover during maintenance and remanufacturing
Reduced wear during transport and easier change of transport device

3.2.2.2 Future Design Improvements

Investigating one of the soil compactors at Linkdping University, the FB-200H,
the researchers found some minor areas for improvement. The FB-200H soil com-
pactor was disassembled and reassembled several times in order to identify areas
where the design could be improved. During the product analysis, several design
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improvements were elucidated. Some of these improvements are presented below,
while the rest are presented in a technical report by Murremaéki et al. (2006). Here
are two of the suggestions and their consequences:

o Introducing snap-fits at the strap cover for the strap between the motor and
the revolving vibration cylinders. Using snap-fits would eliminate the use of
tools, hence making the assembly and disassembly of the cover more time-
efficient. Snap-fits are preferable if they provide the same quality as the exist-
ing four screws do.

e Standardize the screws used in the entire compactor design. This would re-
duce the number of tools used for the assembly and disassembly of the compac-
tor parts. In addition, costs would be reduced due to a lower number of articles
to keep track of in databases and storage facilities.

3.2.3 Case C: Forklift Trucks

The forklift truck manufacturer TMHG offers customized material handling solu-
tions to improve its customer’s business efficiency. TMHG is a complete supplier
of manual trucks (i.e. forklifts), electric-powered warehouse trucks and counter-
balanced trucks (Fig. 3.10). In order to satisfy its customers throughout the forklift
truck’s entire life-cycle, high demands are placed on the product itself and its
functionality, as well as on service and spare parts availability. While sometimes
the solution is to purchase a new truck, TMHG’s forklift trucks are being rented
with increasing frequency. With rental plans, the customer can attain greater flexi-
bility, reflecting the changing needs of its operations.

Fig. 3.10 An example of a forklift truck and how it is used (Toyota Material Handling Sweden
AB 2008)
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TMHG offers numerous combinations of rental plans, enabling customers to man-
age truck-related activities with both flexible capacity levels and lower, more pre-
dictable costs. Examples of rental programs offered are: core fleet rental (long-
term rental), flexible fleet rental (long-term rental), payback rental, short-term
rental, and standby rental. According to those interviewed, TMHG currently
manufactures around 40,000 electric forklift trucks per year. Those interviewed
for this study estimated that 50-60 percent of the business for TMHG Europe was
through rental plans.

Forklift trucks within rental plans are remanufactured by TMHG in their own
remanufacturing workshops. In some cases, the same forklift truck may go out on
different rental contracts during a year, and in order to guarantee its quality, the
truck is more or less remanufactured between these different rental plans. Since
the rental portion of Toyota Material Handling Group is growing, remanufacturing
issues are becoming more and more important, e.g., in product design.

3.2.3.1 Design Improvements

In this case, a forklift truck, used for rental plans, was analyzed from a PSS per-
spective, e.g., the perspective of use, maintenance and remanufacturing at
Linkdping University (see detailed description in Sundin et al. 2005.). Here are
some examples that we found:

Introduce fewer screws or snap-fits for the maneuver consol (Fig. 3.11). The
console is currently attached with 11 screws, all of which are inserted from below.
The use of all these screws when assembling and disassembling the consol appears
to be both unnecessary and time consuming. If a service were to be performed on
the console, it would take an unnecessarily long time to disassemble and reassem-
ble it, especially if done by a single person. A suggestion for improvement would
be to replace the screws with durable snap-fits. If necessary, for additional secur-
ing of the parts, screws could still be used. By using non-destructive snap-fits, the
number of screws could be reduced and the disassembly and reassembly facili-
tated. This would reduce the time for assembly, maintenance and remanufacturing
if the parts of the maneuver console, or its interior parts, needed to be accessed.

Introduce durable bushings to extend the technical product life-cycle. TMHG
told us that they had problems with their suspension bushings holding the engine
since they wore out too quickly when operating in harsh environments (Fig. 3.12).
To deal with these issues, TMHG changed from metallic to plastic bushings and
then back. In theory, the plastic bushings were said to be maintenance-free due to
lubrication treatment. The problem with this lubrication is that when the forklifts
are painted, the grease dries out and is not replaced. During use, the bushings col-
lect dirt and thus the lifetime of the bushings is shortened. Having a broader life-
cycle perspective on the use of forklift trucks, the metallic choice was preferable
since it allowed easier and better maintenance when the forklift trucks had been
used for a few years. The technical lifetime of the forklift truck depends greatly on
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the extent of its use and in which working environment. The problem with the
plastic bushings is therefore more critical for the forklift truck that runs many
hours a day and in dirty environments, such those found in fish processing-related
industries.

Fig. 3.11 Illustration of a maneuver console in the analysed forklift truck (to the left) and a snap-
fit example (to the right). Modified from Sundin ez al. (2009).

Fig. 3.12 Suspension of an engine (to the left) and electronic sockets (to the right). Modified
from Sundin et al. (2009).

Protect the electronic sockets to avoid short circuits and incorrect failure reports
when performing maintenance and remanufacturing. The electronics in a forklift
truck are exposed to harsh environments; for example, they are often operated in
freezer rooms with temperatures reaching down to -30°C. When the forklift trucks
change environments, for example moving between room and freezing tempera-
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tures, the electronics are exposed to condensation. These issues should be consid-
ered when designing forklift trucks so that the water from condensation does not
enter the electronic components and cause short circuits or similar problems. The
electronic sockets are exposed and inserted from above without any protection
from above, as illustrated in Fig. 3.12. As these sockets are placed today, they al-
low for dirt to collect and water from condensation to form in small pools.

These problems could be avoided by covering the electronic sockets, or by in-
serting them from another direction that would prevent the collection of dirt and
water. Another way of dealing with the condensation of water is to build in zones
of drainage. This would make the forklift more robust and last longer. The robust-
ness of the electronics is very important when performing maintenance and re-
manufacturing, since the operations performed are dependent on which codes of
errors the forklift truck generates when tested.

3.2.4 Reflection on the Case Studies

As the case studies have shown, there are various design adaptations that can be
made in order to facilitate PSS, and especially the maintenance and end-of-life
phases of the product life-cycle.

Many adaptations concern how to make the physical products more durable,
extending their lives for several PSS contract periods. By doing so, the same
physical hardware can be used several times in an economically and environmen-
tally preferable manner. The adaptations also often focus on achieving good ac-
cessibility for cleaning and/or replacement of components during maintenance and
remanufacturing. In addition, standardization of components reduces maintenance
costs, as fewer parts need to be stored and the chance of taking the wrong compo-
nent is reduced.

The feedback from the case companies has most often been positive. However,
some design change suggestions, such as service door implementations, have been
seen as too expensive to use, and quality issues concerning stabilisation were
brought up as possible disadvantages from the case companies. However, most of
the design changes were seen as easy to implement, along with their previously
conducted efforts of changing their product design to better facilitate PSS.

For the three case companies, the driving forces for product adaptation look
different due to company size and the number of their products that are sold
through PSS. For example, Swepac and TMHG sell many of their products in
PSS, and therefore have more interest in facilitating PSS, while Electrolux still
sells most of their products traditionally, and thus does not have as much interest
in adapting their products for PSS. In addition, the small company of Swepac has
the ability to change faster in design, and only a few people from the company’s
staff need to be involved, leading to quicker decisions.
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3.3 Discussion

The design of products is important when they are to be used in a PSS. However,
it is also important to have a well-functioning system of reverse logistics and end-
of-life treatment. For example, the relation between the PSS provider (sometimes
also remanufacturer) and the customer is important for remanufacturing success.
According to Ostlin et al. (2008), there are seven different kinds of relations that
currently occur between the customer and the remanufacturer. When products are
sold through PSS these kinds of systems are easier to build up, since, for example,
the ownership of the products is still with the PSS provider.

In our research at my division, we have seen that companies build up a fleet
management function for monitoring their fleets of products out at the customer
location. The main task is to monitor and manage the fleet of products, and to en-
sure that the flows of used products going to end-of-life treatment, for example
remanufacturing, are as efficient and effective as possible. This means that used
products with a quality or technology not useful for remanufacturing should in-
stead be selected for final treatment. If the distance from the customer to the re-
verse manufacturing facility is a long one, the unusable product should not ini-
tially go to the remanufacturing facility; instead, the unusable product should go
directly to scrapping. Another common task is making the exchange of one used
product for a new one as smooth as possible.

A key component in PSS is keeping control of ingoing products during the use
and end-of-life phases. This is important in order to ensure the delivering com-
pany’s ability to best benefit from built-in features in the ingoing products, for in-
stance ease-of-remanufacture or reuse of ingoing components. An example of this
is the FUJI Film single-use camera, that can be remanufactured several times
(Sundin et al. 2008), or the Rank Xerox photocopier, with components that can be
reused in new machines (Kerr and Ryan 2001). These companies’ increased con-
trol and possibility to reuse implies that they can invest more in ingoing compo-
nents than in traditional products, since they can split the cost over more than one
use-phase.

When designing for PSS, a broad perspective over the product life-cycle is
needed. This includes, for example, the stages of manufacturing, maintenance, lo-
gistics and remanufacturing. In a survey conducted at Swedish, Japanese, Italian
and German manufacturers using the PSS offering approach, the companies were
found to seldom adapt their products for PSS offerings (Lindahl et al. 2009). Ear-
lier research by Kerr and Ryan (2001) and Sundin and Bras (2005) also show that
there are several benefits to be gained from adapting PSS offerings for remanufac-
turing. The significance of Design for Remanufacturing (DfRem) - and indeed of
any other elements of Design for Service - is that design is the stage that has the
strongest influence on environmental impact, and which sets the product’s capa-
bilities.
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The need to simultaneously consider all of the remanufacturing process activi-
ties is highlighted by Ijomah et al. (2007), who illustrate that particular product
features may simultaneously impact several remanufacturing activities, and that
the nature and intensity of that impact may vary between the different activities.
For example, material type influences the remanufacturing steps of cleaning (of
core and components), remanufacture components, and test. In all of these process
steps, high material strength has a positive impact since it enhances durability, and
hence the potential of the component to withstand the stresses of each process
step. On the other hand, product features such as type of bonding may have a posi-
tive impact on one remanufacturing activity, and at the same time have a negative
impact on another. For example, strong adhesives such as epoxy resin may facili-
tate assembly due to ease-of-application, but at the same time hinder disassembly.
This will hinder component cleaning and internal component rectification because
of accessibility issues. This is a key remanufacturing benefit in assisting PSS,
since it can help to reduce the service company’s financial outlay by providing a
lower cost but effective method for maintaining products. Thus, design features
that may impede remanufacturing should be identified at the design stage, and in-
vestigated to eliminate them or determine how to reduce their negative impacts so
that PSS could be optimized.

3.4 Conclusions

This chapter, which was based on the results of case studies performed at three
Swedish companies, elucidated how PSS providers have worked with or could
adapt their physical products for PSS, with a particular focus on maintenance, re-
pairs and remanufacture. In order to identify these kinds of improvements, one can
use the RemPro matrix (Fig. 2.6, in Chapter 2) and/or conduct a product analysis.

From a business perspective, the adaptations have proven positive, for example,
Swepac, helping them to achieve a “win-win” situation with the customer. For ex-
ample, one benefit of having the product adapted for maintenance is that the cus-
tomer can perform the repairs themselves, something which saves both time and
money for Swepac, as it does not need to send out a technician. Also, many of the
adaptations and product training conducted by Swepac are considered as goodwill,
and strategically strengthen customer relations.

In addition, TMHG has experienced positive effects in their adoption of PSS,
and their number of rental plans is increasing, along with greater profit margins
than those sold via traditional product selling. In general, TMHG’s forklift trucks
have easy-to-perform maintenance and remanufacturing. However, some im-
provements in design could be made, as was shown in this chapter. Due to the in-
creased volumes of products being sold though PSS offerings, these design issues
need to be considered on a larger scale, such as seen at TMHG.
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Concluding this chapter, PSS place new requirements on products in compari-
son to traditionallysold products. With a more optimized product design, obstacles
can be reduced and profits increased. The products used in PSS should have easy-
to-perform maintenance and remanufacturing/repairs in order to reduce costs. The
results of this chapter have shown that designers can make many changes to facili-
tate PSS.

3.5 Recommendation to PSS Providers

For PSS providers, this chapter contributes with the following recommendations:

e Plan how the product life-cycle should look for the physical products used in
your PSS, including e.g., delivery, use/maintenance, take-back system and end-
of-life treatment (e.g., recycling and remanufacturing).

e Set up a system that works for the entire life-cycle - including the use and end-
of-life phases that include, e.g., maintenance and remanufacturing.

e Uncover any problems during the life-cycle - and make sure that the product
design facilitates solving these problems - in order to reduce cost in, e.g., main-
tenance, take-back and end-of-life treatment (e.g., material recycling and re-
manufacturing).

e Study how different levels of design, e.g., structural and component, can affect
PSS performance, customer value and the overall business of your company.
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Chapter 4

Systematic Generation of PSS
Concepts Using a Service CAD Tool

Hitoshi Komoto and Tetsuo Tomiyama
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Technology,

Abstract In this chapter, a systematic method to generate design concepts of in-
tegrated product-service offerings, or Product/Service-Systems (PSS), is proposed.
This method uses formal PSS modelling and reasoning facilities of a service CAD
tool. Such a formal modelling method and reasoning facilities are crucial to over-
come the limitations of existing tools and methods to support PSS design, in re-
flecting research findings about the PSS concept, in representing design informa-
tion, and in supporting systematic design. The method is applied to concept
generation of product-service offerings in the health care service industry from the
perspective of medical instrument manufacturers. Possibility and limitation of the
method in finding explicit relation between service receivers (e.g., patients, in-
strument operators) and the manufacturers, in dealing with interrelations among
the generated offerings within a concept, in presenting and understanding a con-
cept as a whole (by designers), and in separating design tasks to improve the qual-
ity of concepts and productivity of the design process, are analyzed. This chapter
is prepared not only for potential users and developers of such modelling methods
and tools, but also designers of service-oriented business models in industry to or-
ganize and utilize their product-service information.

Keywords PSS modelling, Service CAD, Systematic Design
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4.1 Introduction

Computer-aided design (CAD) tools have been widely used in the manufacturing
industry to increase productivity in (product) design processes. A few service
CAD tools have been proposed for the design of services, integrated product-
service offerings, or Product/Service-Systems (PSSs) (e.g., Tomiyama and Meijer
2003, Arai and Shimomura 2004, 2005, Sakao and Shimomura 2007, Komoto and
Tomiyama 2008, Hara et al. 2008, Sakao et al. 2009). For the effective use of
these tools in the design process (e.g., modelling, simulation, evaluation), informa-
tion about products and services utilized in the design process should be organized
on these tools. In this chapter, a method to generate PSS design concepts using a
service CAD tool is presented, and organization and utilization of the design in-
formation used in the method is analyzed.

This chapter is considered useful for two types of readers. First, potential users
and developers of PSS modelling methods and service CAD tools will learn the
methods and tools currently developed in academia. Second, designers of business
models in industry will also benefit from this chapter in organizing information
about their products and services included in their business plans. Furthermore,
describing business plans following a PSS modelling method will help the design-
ers systematically analyze the roles of these products and services to jointly satisfy
the needs of customers.

Among the service CAD tools developed by the researchers quoted above, In-
tegrated Service CAD with Life-cycle Simulator (ISCL) supports various steps in
PSS design process, including concept generation and evaluation, in which formal
PSS modelling methods are required to realize the supports (Komoto and Tomi-
yama 2008). In this chapter, the tool is used to study organization and utilization
of design information in a service CAD tool for systematic generation of PSS de-
sign concepts.

In Sec. 4.2, three issues in PSS design are presented and analyzed. Analysis of
these issues specifies the challenges of researchers studying PSS modelling meth-
ods and service CAD tools. The challenges are formulated by the observation of
insufficient functionality of the existing methods and tools to represent informa-
tion used in systematic PSS design, while considering utilization of research find-
ings about the concept of PSSs (Mont 2002, Tukker and Tischner 2006) during the
design process. With respect to each issue, related work is presented and the chal-
lenges are summarized.

In Sect. 4.3, a PSS modelling method used for systematic generation of PSS
design concepts using ISCL is introduced. The modelling method is based on the
service formalization (Tomiyama et al. 2004). Information about products and
services are used to describe both design concepts and their specifications. Part of
the reasoning facilities in ISCL supports evaluation of the correspondence be-
tween them and suggests products and services that potentially improve the corre-
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spondence. Use of such computational facilities on service CAD tools is a solution
to systematic PSS design.

In Sect. 4.4, the method is applied to systematic generation of integrated prod-
uct-service offerings in the health care service industry from the perspective of
medical instrument manufacturers. Design of such offerings in the industry is di-
verse in terms of ownership structure, service contracts, and machine selections
according to the needs and wishes of such involved stakeholders as machine own-
ers, doctors, and patients (Sistrom and McKey 2005, Levin et al. 2008). For the
systematic generation, information about products and services offered by some
manufacturers are collected. The collected information is organized following the
present modelling method. Furthermore, the possibilities and limitations of the
method in relating service receivers (e.g., patients, instrument operators) and the
manufacturers, in dealing with interrelations among the generated offerings within
a concept, in presenting and understanding a design concept as a whole (by de-
signers), and in separating design tasks to improve the quality of design concepts
and productivity of design processes, are analyzed.

In Sect. 4.5, this chapter is concluded with future trends regarding the design of
product-service offerings in the health care service industry, and the role of ser-
vice CAD tools considering the trends.

4.2 Issues and Challenges

In Sect. 2, three issues in PSS design are considered. They are partly derived from
insufficiency of the existing PSS modelling methods and service CAD tools in
supporting the following aspects in PSS design process:

o Reflection of research findings about the PSS concept into PSS design
e Representation of information used in PSS design process
o Systematic PSS design

The challenges of researchers studying PSS modelling methods and developing
service CAD tools can be formulated by analyzing the issues described below.

4.2.1 Reflecting Research Findings

Empirical studies showed that function/sales business models, shared service
business models, or similar business models brought about economic benefits to
the stakeholders in both manufacturing and service sectors, while decreasing the
total environmental impacts (Bartolomeo ef al. 2002, Maxwell and van der Vorstb
2003, Michelini and Razzoli 2004, Sundin and Bras 2005). They concluded that
the design of such business models requires careful adjustment of the balance be-
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tween economic and environmental performances and conflict resolution among
the stakeholders. These studies were used to clarify the concept of PSSs (Mont
2002) and formulate the theoretic framework for PSS design, development, and
implementation (Tukker and Tischner 2006).

These empirical studies were also used to develop design tools such as a PSS
design guideline (UNEP 2002). Designers took the initiative of tool development
with a motivation to use them as supports for generation and presentation of con-
ceptual business blueprints (Tukker and Tischner 2006). They assumed that the
entrepreneurs implementing the blueprints in practice would perform such verifi-
cation tasks as quantitative evaluation and risk analysis.

These tools based on the above motivation could not sufficiently help the tool
users in the following contexts in PSS design. First, the tool users were instructed
to use multiple (e.g., economic, environmental, and socio-cultural) performance
indicators to evaluate PSS design concepts from the perspective of multiple stake-
holders (e.g., manufacturers, governments, product users). However, the tools
could not explicitly deal with conflicts regarding the performances among the
stakeholders. Using the tools, such conflicts and the trade-off performances de-
rived from the conflicts would be overlooked. Second, uncertainty in a PSS design
concept developed at early design stages is a cause of difficulties in evaluating its
performances. The uncertainty includes preferences of consumers to particular
product-service offerings and the proportion of customers in a market regarding
the preferences. To deal with such uncertainty, these tools were used with check-
lists and SWOT (Strength, Weakness, Opportunity, and Threat) analysis methods.
However, they could not quantitatively assess the uncertainty. Third, these tools
did not include instructions about how to describe a PSS design concept (i.e. a
PSS modelling method). As a result, the tool users would face difficulty in deriv-
ing the performances of a design concept from the concept description, in modify-
ing the concept description so as to increase the performances, and in comparing
and integrating the concept description with other concept descriptions.

Based on the above observation, a challenge for the researchers studying PSS
modelling methods and service CAD tools regarding this issue is to develop tech-
niques to deal with trade-offs among multiple stakeholders with respect to multi-
ple performance indicators, while considering the uncertainty that appeared in the
early design stages. Such techniques can be borrowed from science and engineer-
ing domains (e.g., multiple objective optimization technique). Nevertheless, ap-
propriate PSS modelling methods are crucial to realize these techniques on service
CAD tools.

4.2.2 Representation of PSS Design Information

A variety of information is used to develop and complete a PSS design concept.
Such information includes information about products and services to form a PSS
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design concept, and information to support the PSS design process. Examples of
the latter information are PSS design guidelines and research literature about PSS
design mentioned in Sect. 2.1. Difficulty in disseminating this information from
academia to industry is considered as one of the causes limiting successful devel-
opment of business models based on the PSS concept in practice (Cook et al.
2006).

Information about products and services is mostly owned by manufacturers and
service providers in diverse product and service domains. Research findings about
the PSS concept have shown that there are two major perspectives regarding the
initialization of business models based on the concept, and each requires different
types of information for the initialization. First, the industrial Product/Service-
Systems (IPS2) concept is aimed at value addition in the life-cycle of a product (or
product platform) by providing diverse service offerings to customers, in which
the product is treated as the core service channel (Transregio29 2008). PSSs based
on this concept are referred to as product-oriented PSS type or use-oriented PSS
type according to Tukker and Tischner (2006). In practice, such PSSs are initiated
by manufacturers (Williams 2007), whose marketing department analyzes the in-
formation collected from product users. Second, PSSs can solely be initiated by
the aims of customers without assuming ownership and usage of products by cus-
tomers. PSSs based on this concept are classified into result-oriented PSS type
(Tukker and Tischer 2006). The core of such PSSs is the service receiver that
specifies the results to be delivered, while flexibility in selecting products and ser-
vices remains. This kind of PSS therefore requires information about products and
services in relatively wide domains.

In Fig. 4.1, design information used to initiate a PSS concept in context of the
health care service delivery from the above perspectives is shown. On the left,
services offered by a manufacturer associated with the life-cycle of medical in-
struments as core service channels are listed. On the right, quality criteria speci-
fied by the service receivers (e.g., patients) are listed. Fig. 4.1 implies that addi-
tional information (e.g., intermediate service providers and service channels,
logical connections among them) should be defined to complete a PSS design
concept initiated by the manufacturer to satisfy the requirements specified by the
patients. Supplying such information to support selection of products and services
is one of the major required functionalities of service CAD tools.

Considering the diversity of products and services included in a PSS design
concept, PSS modelling methods and service CAD tools should be independent
from particular product and service domains. Service formalization (Tomiyama et
al. 2004), Serviset (Hara et al. 2006), and a service model related with receiver
state parameters (Sakao and Shimomura 2007, Sakao et al. 2009) are examples of
domain independent methods that can represent products and services in an inte-
grated form. These methods are based on the definition of service as a set of ac-
tivities to deliver service contents from service providers to service receivers
through service channels (Tomiyama 2001). Furthermore, Hara et al. (2008) pro-
posed an integrated representation of products and services for service design by
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combining service representations in marketing fields (e.g., Shostack 1981) and
product representation in engineering design fields (e.g., Pahl and Beitz 1996).

Manufacturer’s service Quality specified by
offerings related with ; ! | patients in delivery of
medical instruments ] i | health care service
Y e 5 Additional 1nf0r111¢1t10n { |+ Quality (of care)
« Upgrade to be defined during | | . privacy

[=ahe g ' o) o e ' i
« Parts supply i PSS design process | | , Safety
* Monitoring i | * Comfort
* Operator training : i | * Convenience

* Trade in i |+ Cost

Fig. 4.1 Design information to initiate a PSS concept from different perspectives

4.2.3 Systematic Design

Systematic design is necessary in maintaining design quality and increasing design
process efficiency without overlooking potential design solutions. From the engi-
neering design perspective, systematic design is accomplished by decomposing
the entire design problem into sub-design problems, and by finding solutions to
sub-design problems (Pahl and Beitz 1996). For instance, Quality Function De-
ployment (QFD), function decomposition, definition of working principles to sat-
isfy decomposed functions, are the main tasks of the conceptual design process
that complete the conceptual design of products as the output using market infor-
mation obtained from customers as the input.

Service Explorer (Arai and Shimomura 2004, 2005, Sakao and Shimomura
2007), as a service CAD tool, supports systematic service design following the
above design problem decomposition approach. A service design procedure using
the tool was proposed in Sakao and Shimomura (2007). According to the proce-
dure, the tool first supports designers to relate quality criteria of services perceived
by customers with product attributes, and then calculate the importance of the at-
tributes based on customer’s quality evaluation. Hara ef al. (2008) extended the
functionality of Service Explorer using an integrated model of function, service
activity, and product behaviour.

However, the tool has limitations in functionality to support systematic PSS de-
sign. For instance, the tool cannot treat activities that change the state of products,
which influences the quality specified in a PSS. The reason is that activities in the
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tool are defined as frames that organize the set of quality criteria and product at-
tributes in focus. For instance, the designers can answer a query like “Why
cleanliness of hotel rooms matters for customers?” by tracing relations between
the quality and the attribute (because customers evaluate the quality of hotel in
terms of cleanliness of hotel rooms). However, the designers cannot answer a
query like “What is the role of room cleaning activity?” Lack of functionality in
answering such a query inevitably limits systematic addition of service as an activ-
ity in a specific context. Furthermore, the tool does not have reasoning functions
to answer such a query in place of the designers.

Considering these studies about systematic service design methods and corre-
sponding tools, there are many remaining challenges for researchers of PSS mod-
elling and service CAD tools regarding this issue. To develop a function to answer
the abovementioned queries can be one of the challenges. As observed above, the
limitation of service CAD tools is partly derived from representation of the design
information on the tools (e.g., definition of activities). Therefore, service CAD
tools should be developed together with PSS modelling methods. The PSS model-
ling method and the service CAD tool introduced in Sect. 3 will provide some in-
sights to deal with this issue.

4.2.4 Requirements of Service CAD Tools

Requirements of PSS modelling methods and service CAD tools for the design of
integrated product-service offerings have been identified through the above analy-
sis and they are listed below:

e To deal with trade-offs among multiple stakeholders with respect to multiple
performance indicators, while considering quantitative information and its un-
certainty.

e To represent design information to relate service receivers (in terms of goal and
quality criteria) and service providers (in terms of their products and services).

e To systematically support finding relations service receivers and service pro-
viders. For this reason, the relations should be represented in a formal PSS
model.

4.3 Systematic PSS Concept Generation Using ISCL

In Sect. 2, the requirements of PSS modelling methods and service CAD tools for
systematic design of business models based on the PSS concept were presented.
To deal with the requirements, ISCL has been developed for systematic PSS de-
sign (Komoto and Tomiyama 2008). The PSS design process using ISCL is di-
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vided into concept generation and quantitative and probabilistic concept evalua-
tion. In this Sect., information about products and services is analyzed in terms of
the organization to constitute design concepts following a PSS modelling method
and the utilization for systematic PSS concept generation using ISCL.

4.3.1 PSS Information Collection and Classification

At the beginning, information about existing products and services is collected so
that it is used as the constituents of objective PSS design concepts. Various
sources (e.g., Internet) can be used for the information collection. At this step,
quantitative precisions of the collected information are not specified on ISCL.
However, the collected information has to be defined as elements of the service
formalization (Tomiyama et al. 2004) in order to use the computational facilities
of ISCL used in the design process.

4.3.1.1 Service Formalization for PSS Modelling

The service formulation classifies the above information into service goal, quality,
service (as activity), and service environment. Note that the information includes
not only products and services themselves (design objects corresponding to prod-
uct design), but also functions of products and aims of services (specifications of
design objects corresponding to product design). The service environment consists
of service providers, service receivers, service channels, and service contents.
Based on the classification, ISCL defines the properties of these elements and re-
lations among these elements as follows:

e Service goals (G): They are binary measurable elements (realized or not real-
ized). A service goal is decomposed into a set of sub-service goals. Each root
service goal is specified by a service receiver. They are realized by either exe-
cution of activities, or state transitions of a service environment as a result of
executing activities. Functions of products are treated as service goals of ser-
vice receivers (e.g., users), and they are realized when products are used.

e Quality criteria (Q): They are qualitatively or quantitatively measurable ele-
ments (in other words, quality has its value). Each quality criterion is specified
by a service receiver. They are similar to Receiver State Parameters (RSPs)
used in the service model defined by Sakao and Shimomura (2007) in that each
quality criterion is related with the attributes of elements (e.g., service chan-
nels) in a service environment. It is different from RSPs in that its value is de-
termined by the state of a service environment dynamically changed by execu-
tion of activities. For this reason, the timing of evaluating quality should be
explicitly defined.
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Relations between the above specifications and service receivers are manually
added by designers, or collectively stored in the form of primitives introduced in
Sect. 3.1.2. However, these primitives are not like persona models in Sakao et al.
(2009) that represent the overall structure of the specifications:

e Service environment (E): It consists of a set of service providers, service re-
ceivers, service channels, and service contents. Attributes of constituents and
relations between constituents are defined. Existence of constituents, existence
of relations between constituents, and the value of attributes of constituents de-
termine the state of a service environment. The state transitions are caused by
executing activities.

e Activities (A): An activity is defined by conditions and consequences of their
execution. The conditions are necessary to evaluate whether an activity can
happen when the service environment is at a certain state. The consequences
explicitly define the results of executing an activity. The consequences include
realization of service goals, evaluation of quality criteria, and state changes of a
service environment. Designers also define an expected sequence of activities
independently from their conditions and consequences, while inconsistency be-
tween an expected sequence of activities and possible sequences of executions
determined by the conditions and consequences of the included activities is de-
tected by ISCL.

Using the above formulation, services (S) are activities that contribute to the reali-
zation of service goals or to the increase of quality. Furthermore, this formulation
gives such service classifications as enabling, and enhancing services, as classified
by Tomiyama et al. (2004). Enhancing service increases the specified quality.
Enabling service changes the state of a service environment so that enhancing and
other enabling services can happen. Furthermore, the formalization defines direct
service, or service that directly realizes the specified service goals in comparison
with indirect (enabling and enhancing) service.

For instance, activity 1 and activity 2 in Fig. 4.2 are direct services realized by
executing activity, and by changing the state of the service receiver, respectively.
Fig. 4.2 also shows that the service receiver evaluates the quality based on the
state of the service channel at activity 3. Activity 2 becomes an enhancing service
in terms of the quality, because it enhances the state of the service channel from
the perspective of the quality.

4.3.1.2 Information Organization in ISCL

Collected information is classified into the elements of the service formalization
and stored in ISCL. Since the information is collected from different resources, re-
lations among the classified elements are partially given. In ISCL, a relational
network of these elements is defined as a primitive. Fig. 4.3 shows some primi-
tives defined on ISCL. With a set of primitives stored in ISCL, the designers re-
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fine a design concept by instantiating primitives and giving relations among the
instantiated primitives and the design concept (see Fig. 4.5 in comparison with
Fig. 4.3). The size of each primitive should be small enough so that the meaning is
easily understandable by the designers, although no objective instruction concern-
ing the primitive size has been proposed. Some activities in a primitive are not re-
lated with service goals and quality criteria. They can also become services when
they are appropriately introduced as parts of a design concept.
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Fig. 4.2 Service formalization for PSS modelling

4.3.2 PSS Concept Generation

In the next step, PSS design concepts are generated based on the organized infor-
mation. This step is performed with the help of reasoning facilities in ISCL. In this
sub Sect., the procedure of the reasoning facilities is briefly described. The formal
procedure is described in Komoto and Tomiyama (2009).

The approach to systematic concept generation presented here is similar to
those developed by researchers with a motivation to identify and formalize various
types of problems and solutions in service design (e.g., Edvardsson and Olsson
1996, Clark et al. 2000). ISCL computationally supports such a concept genera-
tion process.
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In ISCL, the elements introduced in Sect. 3.1 are classified into specifications
and design objects. Service goals and quality criteria are specifications, while ac-
tivities and service environment are design objects. The reason of the separation is
that ISCL is used to suggest the abovementioned service types by evaluating cor-
respondences between the specifications and the design objects. The evaluation
and suggestion functionalities are briefly described in the following subSect.s.

designAndProduction
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the primitive “convenience ByProductDesign™

'/ / A larger bore size of MRI scanners increases
attact 7 the convenience of the operator during
preparation of scanning, when the patient is
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ine: inereases (state transition)
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gen: generation of constituents

temp: expected sequence of activities

A Attribute / Relation of elements spec: element - quality / goal relation (specification)
attr: element -attribute relation

& Goal, Quality
)] Activity

Element in service environment
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Fig. 4.3 Examples of primitives stored in ISCL
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4.3.2.1 Concept Generation Procedure

A PSS design concept is generated using ISCL following these steps. First, the ini-
tial state of a service environment and a set of specifications (goals and quality cri-
teria) are defined. After that, activities are added to the service environment so
that they satisfy the defined specifications. For instance, a doctor, medicine, a
medical instrument, and a patient are defined in a service environment of a health
care service, in which the doctor examines the health of the patient to deliver ad-
vice and/or medicine that increases the health state. Designers can manually add
arbitrary elements and relations to a design concept as far as they are defined in
the formalization described above. Designers can use the following evaluation and
suggestion functions for systematic concept generation.

4.3.2.2 PSS Model Evaluation Based on Reasoning

The evaluation function identifies such elements in a PSS design concept as unre-
alized activities, unsatisfied service goals, quality criteria that are not measured,
not enhanced, and not maintained. In the above example, quality of the consulta-
tion service should be explicitly related with the attributes of elements in the ser-
vice environment (e.g., skill of doctor, type of medicine). Furthermore, it identi-
fies unnecessary elements in a service environment. In the above example, the
medical instrument is treated as unnecessary, unless the need of the instrument
during the consultation is explicitly defined. The identified elements should be
modified in order to realize the specified service goals and increase the specified
quality criteria in a design concept. Such model modifications are performed with
help of the following suggestion function.

4.3.2.3 Addition of Elements Through Suggestion

The suggestion function suggests primitives added to a PSS design concept. A set
of primitives are stored in ISCL as described in Sect. 3.1. This function utilizes the
result of the evaluation function in order to search appropriate primitives to realize
the identified service goals and change the state of a service environment evalu-
ated from the specified quality criteria. In the above example, training of the doc-
tor (to improve his/her skill) is considered as an activity to improve the quality of
the service.

Another use of the suggestion function is to find potential activities that in-
crease the performance of a PSS design concept. It is done by suggesting addi-
tional service goals and quality criteria, which originally belong to the suggested
primitives stored in ISCL. This utility is based on the assumption that an activity
is associated with multiple interpretations in terms of the roles in a design concept.
In the above example, remote diagnosis of the medical instrument can be intro-
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duced as an activity to transfer information between the instruments and a central
diagnosis server as a potential element in the service environment. The informa-
tion can be interpreted not only as a necessary content for the diagnosis but also as
source for the central management of the health state of the patient at a hospital
level (also as a potential service element in the service environment) rather than
management by the doctor.

4.3.2.4 Refinement of Product-Service Information

Information about products and services in a PSS design concept is refined, as
new service elements are introduced and new relations among the service ele-
ments are defined during the design process. The refinement is partially supported
by the above functions, while the direction of the refinement is defined by the de-
signer. In the above example, introduction of the diagnosis activity specifies the
functional state of the instrument, and its deterioration during the consultation (us-
ing the instrument). Furthermore, the suggestion function provides primitives with
activities that can become direct, enabling, and enhancing services (e.g., mainte-
nance of the instrument). After that the designer selects a primitive among them
and defines relations between elements in the primitive and those in the design
concept.

4.4 Demonstration with Examples in Industry

Reformation of health care and long-term care systems is crucial for all European
countries taking into account the aging of populations (EU 2006). Design of inte-
grated product-service offerings can be a solution to systematically realize such
reformation in the health care service industry, while considering continuous de-
velopment of health care products, capacity limitation in terms of the number of
professionals such as doctors. Efforts to design such offerings have been found in
existing services of the manufacturers of medical instruments. They have been di-
verse in terms of ownership structure, service contracts, and machine selections
according to the needs of machine owners, doctors, and patients (Sistrom and
McKey 2005, Levin et al. 2008).

In this Sect., generation of PSS design concepts in the health care service in-
dustry is demonstrated from the perspective of a manufacturer of medical instru-
ments (e.g., magnetic resonance imaging (MRI) scanners, image processing tools).
First, information about products and services are collected. The collected infor-
mation is organized and utilized for systematic PSS concept generation using
ISCL. After that, some findings of the concept generation process are analyzed
and discussed.
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4.4.1 Information Collection and Organization

First, information about integrated product-service offerings of several medical in-
strument manufacturers was collected from the public domain (e.g., website,
product catalogues, and information about service contracts). The information in-
cluded services of manufacturers, activities of other stakeholders, and automated
operations of medical instruments. After that, elements in the information were
classified into the service formalization as described in Sect. 3. Conditions and
consequences of these activities, and related services goals and quality criteria
were also defined to form primitives to be stored in ISCL. Some of the primitives
are shown in Fig. 4.3.

The above collection and classification steps were subjective, for no collection
guidelines compatible with the service formalization and no executable programs
to automatically perform these steps have been available. Although subjectivity of
the collection step does not influence the analysis about the information utilization
at the concept generation step, influence of the subjectivity on the generated de-
sign concepts is analyzed in Sect. 4.3.

Utility of the stored primitives in generating PSS design concepts is analyzed
by adding them to a base design concept using the suggestion function of ISCL.
The base design concept was built on the modeller of ISCL (Fig. 4.4). It included
a simplified workflow in a health care service, starting from the preparation of a
medical instrument to the consultation by a doctor about the health state of a pa-
tient. Note that it included a doctor, a patient, a medical instrument, and an opera-
tor of the instrument as the constituents in the service environment, but it did not
initially include the manufacturer of the instrument.

4.4.2 Generating PSS Design Concept

In Fig. 4.5, a result of the PSS design concept generation is shown. A manufac-
turer was introduced as a service provider in the base design concept, and relations
between the manufacturer and the patient were systematically added. The result
was obtained by adding pre-defined primitives using the suggestion function, as
follows (alphabetical symbols in Fig. 4.4 and Fig. 4.5 correspond to those in the
following paragraphs).
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Fig. 4.4 Screenshot of ISCL
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Fig. 4.5 Extension of a PSS design concept by introducing primitives in Fig. 4.3

First, the designer added “comfort (a)” as a quality criterion evaluated by the pa-
tient (b). Two primitives “comfortByLighting” and “comfortByProductDesign” in
Fig. 4.3 were suggested by ISCL, because the primitives included an activity to
change the brightness of a room, or the size of a product, and these attributes were
also related with the comfort of the respective service receiver in the primitives
(see Fig. 4.3). After introducing the primitives in the base model, the designer de-
fined the room (c) as a new service channel, and the product as the instrument (d)
in the base concept, respectively. In consequence, size (e) is introduced as an at-
tribute of the instrument. After that a primitive “designAndProduction” in Fig. 4.3
was suggested, because the manufacturer of the lighting device (f) was not defined
in the base concept. The designer defined it as the manufacturer of the instrument
(i.e. manufacturer (g)). Introduction of “convenience (h)” as a quality criterion
evaluated by the operator (i) becomes a trigger of introducing a primitive “conven-
ienceByProductDesign” in Fig. 4.3.

As a result of adding these primitives to the base concept, multiple roles of the
instrument manufacturer to increase the quality specified in the concept were
clarified. Furthermore, the attributes of products corresponded to the added activi-
ties (e.g., brightness of the operation room (j)) were specified.
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The resulting PSS design concept can vary in accordance with the quality crite-
ria specified by patients. Assume that patients take health care service with such
diverse purposes as “early detection of diseases” and “precise diagnosis”. The pa-
tients with the former purpose specify “cost” and “convenience” as quality criteria
for the service, while those with the latter purpose specify “quality of diagnosis”
as quality criteria for the service. Primitives in ISCL are used to store such infor-
mation (see Fig. 4.6), and these primitives are introduced in the base design con-
cept, in which the activities to represent utilization of the instrument (i.e., “precis-
eDiagnosis” and “earlyDiseaseDetection” in Fig. 4.6) are unified with the
corresponding activity in the base design concept (i.e., “scan” in Fig. 4.4). After
that, different primitives can be suggested by ISCL regarding these quality criteria
and related attributes of the elements in the primitives as illustrated in Fig. 4.6.

Other life-cycle-oriented services offered by the manufacturer of a medical in-
strument can be added to the base concept. As illustrated in Fig. 4.6, the upgrading
service, which has been added to enable the precise diagnosis, can be added in
case of malfunction of the instrument, as an alternative of maintenance service.
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Fig. 4.6 Introduction of diverse primitives in PSS concept generation process

4.4.3 Analysis and Discussions

4.4.3.1 Relating Service Providers and Service Receivers

As discussed in Sect. 2.2, it is a fundamental task in generation of PSS concepts to
define information to connect service providers (and their products and services)
and service receivers (and their goals and quality criteria). The existence of such a
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relation and its explicit presentation are crucial for service providers to market po-
tential service receivers with non-traditional forms (i.e. other than product owner-
ship delivery). For instance, patients normally do not know the manufacturer of
medical instruments (as they are not the owners of them). In this case, however,
the manufacturer should present the advantage of its instrument from the perspec-
tive of not only the owners of instruments (e.g., hospitals) but also the patients, for
the owners might purchase instruments considering the preference of patients.

In the demonstration, ISCL has been used to support the relating of activities of
the manufacturer to improve the performances of products to the comfort of the
patient and convenience of the operator. The suggestion function of ISCL com-
bines existing information stored in individual primitives. This is why finding
such relations using ISCL is limited by the collected and organized information
about products and services. This indicates that subjectivity in collecting and or-
ganizing such information influences the quality of PSS concepts generated based
on such a computational method.

4.4.3.2 Evaluating the Holistic Performance of Integrated Service Offerings

Evaluation of the holistic performance of a generated PSS concept is crucial for
verification. The proposed method has been effective in suggesting multiple ac-
tivities within a concept. This is why, the holistic performance of a generated con-
cept is evaluated considering multiple activities included in the concept. For in-
stance, instrument manufacturers can offer diverse contracts with instrument users
in the life-cycle of instruments. These contracts typically include such service
types as scheduled maintenance, parts supply, remote diagnosis, and online con-
sultation by service engineers. Optimization of service types is studied in the field
of industrial Product/Service-Systems (Transregio29 2008). The optimization in
this context means not only exclusive selection of the offerings among the sug-
gested alternatives, but also the timing of the selected service offerings. Therefore,
further research is necessary to combine such a qualitative PSS concept generation
method presented in this paper with a concept evaluation method from a holistic
perspective.

One such approach is integration of a service CAD tool with a life-cycle simu-
lator, and ISCL has been developed for this purpose (Komoto and Tomiyama
2008). Life-cycle simulation technique (Shu et al. 1996 and Umeda et al. 2000)
supports the evaluation of a PSS design concept considering its quantitative and
probabilistic aspects. Although appropriate conversions of a generated PSS design
concept into an executable life-cycle simulation program, and additions of quanti-
tative and probabilistic information to the program are necessary steps for the
evaluation, description of the procedure is beyond the scope of this chapter. For
reference, ISCL has been used to evaluate PSS design concept including shared
services (Komoto et al. 2005) and design service packages (Komoto and Tomi-
yama 2009).



Systematic Generation of PSS Concepts Using a Service CAD Tool 89

4.4.3.3 Representing PSS Design Concepts

In the example, a generation process of PSS design concept was presented instead
of presenting the entire concept. One of the reasons is that a concept in general
consists of a number of elements and relations, and presentation of the entire in-
formation does not help designers understand the concept and communicate with
other designers about it.

One of the potential methods to improve the interpretability of a complex PSS
design concept by designers is to present partial models according to the tasks of
designers. For instance, the flow model, scope model, scenario model, and view
model defined in the service model proposed by Sakao et al. (2009) can be used
for this purpose. However, consistency among these partial models has to be
maintained.

Another information source to help designers understand the PSS design con-
cept can be to present the progress of the design concept during its design process.
Using ISCL, such progress is formally represented by a sequence of decisions by
designers in the design process as selection and instantiation of primitives, and
unification of elements in the primitives.

4.4.3.4 Separating Concept Generation from Information Organization

In the demonstration, the information organization step to develop primitives
stored in ISCL was separated from the information utilization step to generate PSS
design concepts using the primitives. These steps can be performed by a team of
experts and PSS designers. In other words, the experts in specific product and ser-
vice domains are engaged in information collection and organization, while PSS
designers systematically generate concept by effectively using the information.

Separation of those functions suggests a chance for an organization to design
competitive offerings by combining existing products and services offered by
other stakeholders. At the same time, information related to these products and
services (rather than products and services themselves) becomes a marketable
managerial resource for these stakeholders.

4.5 Conclusions

In this chapter, a method to systematically generate a PSS concept using a service
CAD tool was presented. The method is based on formal PSS modelling and the
corresponding computational facilities of the tool. Through the demonstration of a
PSS concept generation in context of the health care service industry, organization
and utilization of information about the products involved and services were in-
vestigated.
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From the perspective of medical instrument manufacturers, the concept of inte-
grated product-service offerings, or PSSs, is used to diversify their business mod-
els to deal with systematic reformation expected in the future. Systematic design
of such offerings is achieved by relating their products and services with patients
and other stakeholders. In this context, service CAD tools will play a crucial role
in organizing and utilizing such information for systematic PSS design.

References

Arai, T., Shimomura, Y. (2004) Proposal of service CAD system - a tool for service engineering.
Annals of the CIRP 53(1):397-400.

Arai, T., Shimomura, Y. (2005) Service CAD system: evaluation and quantification. Annals of
the CIRP 54(1):463-466.

Baker, L. C., Atras, S. W. (2004) Relationship between HMO market share and the diffusion and
use of advanced MRI technologies, Doi:10.1016/j.jacr.2004.02.009, Amer. Coll. Radio.
1:478-87.

Bartolomeo, M., dal Maso, D., de Jong, D., Eder, P., Groenewegen, P., Hopkinson, P., James, P.,
Nijhuis, L., Orninge, M., Scholl, G. et al. (2002) Eco-efficient producer services—what are
they, how do they benefit customers and the environment and how likely are they to develop
and be extensively utilized? J. Clean. Prod. 10(3): 829-837.

Clark, G., Johnston, R., Shulver, M. (2000) Exploring the service concept for service design and
development. In: Fitzsimmons J, Fitzsimmons M (ed) New Service Design. Sage, Thousand
Oaks, CP, p.71-91.

Cook, M. B., Bhamra, T. A., Lemon, M. (2006) The transfer and application of Product Service
Systems: from academia to UK manufacturing firms. J. Clean. Prod. 14(17): 1455-1465.

Edvardsson, B., Olsson, J. (1996) Key concepts of new service development. Serv. Ind. J.
16:140-164.

EU (2006) Review of the EU Sustainable Development Strategy (EU SDS): Renewed Strategy.
Adopted by the council of the European Council on 15/16 June 2006.

Hara, T., Arai, T., Shimomura, Y. (2006) Development of a Service Logical Model based on the
Concept of Serviset. In :Proceedings of Design Symposium pp. 187-192, Tokyo. (in Japa-
nese)

Hara, T., Arai, T., Shimomura, Y. (2008) Integrated representation of function, service activity,
and product behavior for service development. In: Proceedings of the 13th Design for Manu-
facturing and the Life-cycle Conference - DFMLC2008 -, CD-ROM, ASME.

Komoto, H., Tomiyama, T., Nagel, M., Slivester, S., Brezet, H. (2005) Life cycle simulation for
analyzing product service systems. 4th International Symposium on Environmentally Con-
scious Design and Inverse Manufacturing (EcoDesign 2005), IEEE, pp. 386-393.

Komoto, H., Tomiyama, T. (2008) Integration of a service CAD and a life cycle simulator. An-
nals of the CIRP 57(1):9-12.

Komoto, H., Tomiyama, T. (2009) Design of competitive maintenance service for durable and
capital goods using life cycle simulation. Int. J. Auto. Tech. 3(1): 63-70.

Komoto, H., Tomiyama, T. A service CAD for conceptual design of Product Service Systems.
Submitted to Research in Engineering Design, Dec. 2008.

Levin, D. C., Rao, V. M., Parker, L., Frangos, A. J., Sunshine, J. H. (2008) Ownership or leasing
of MRI facilities by nonradiologist physicians is a rapidly growing trend, Doi:
10.1016/j.jacr.2007.09.017, Amer. Coll. Radio. 5:105-9.

Maxwell, D., van der Vorstb, R. (2004) Developing sustainable products and services, J. Clean.
Prod. 11:883-895.



Systematic Generation of PSS Concepts Using a Service CAD Tool 91

Michelini, R. C., Razzoli, R. P. (2004) Product-service eco-design: knowledge-based infrastruc-
tures. J. Clean. Prod. 12:415-428.

Mont, O. (2002) Clarifying the concept of product service systems. J. Clean. Prod. 10(3):237-
245.

Pahl, G., Beitz, W. (1996) Engineering design: a systematic approach, 2nd ed., Springer-Verlag,
London, Great Britain.

Sakao, T., Shimomura, Y. (2007) Service engineering: a novel engineering discipline for produc-
ers to increase value combining service and product. J. Clean. Prod. 15:590-604.

Sakao, T., Shimomura, Y., Sundin, E., Comstock, M. (2009) Modeling design objects in CAD
system for Service/Product Engineering, DOI: 10.1016/j.cad.2008.06.006, Computer-Aided
Design, Elsevier, 41(3):197-213.

Shostack, G. L. (1981) How to design a service. Euro. J. Mark. 16(1): 49-63.

Shu, L. H., Wallace, D. R., Flowers, W. C. (1996) Probabilistic methods in life-cycle design. In:
Proceedings of IEEE Int. Symp. Elec. Env., Dallas, TX, pp. 7-12.

Sistrom, C. L., McKey, N. L. (2005) Costs, charges, and revenues for hospital diagnostic imag-
ing procedures: differences by modality and hospital characteristics,
Doi:10.1016/j.jacr.2004.09.013, Amer. Coll. of Radio. 2:511-19.

Sundin, E., Bras, B. (2005) Making functional sales environmentally and economically benefi-
cial through product remanufacturing. J. Clean. Prod. 13(9):913-925.

Tomiyama, T. (2001) Service engineering to intensify service contents in product life cycles. 2nd
International Symposium on Environmentally Conscious Design and Inverse Manufacturing
(EcoDesign 2001), IEEE, pp. 613-618.

Tomiyama, T., Meijer, B. R. (2003) Service CAD. In: Proceedings the SusProNet Launch Con-
ference, June 5-6, 2003, Amsterdam, SusProNet Project (http://www.suspronet.org), pp 69—
71

Tomiyama, T., Shimomura, Y., Watanabe, K. (2004) A Note on Service Design Methodology.
Proc. of DETC’04, ASME, 57393.

Transregio29 (2008) Product-service-systems dynamic interdependency of products and Services
in the production area. Seminar Proceedings, Vol. 1, International Seminar on PSS on 21-22
January, Bochum, Germany.

Tukker, A., Tischner, U. (2006) New business for old Europe, Greenleaf Publishing, Sheffield.

Umeda, Y., Nonomura, A., Tomiyama, T. (2000) Study on life-cycle design for the post mass
production paradigm. Artif. Int. Eng. Des., Anal. Manuf. 14:149-61.

UNEP (2002) Product-Service Systems and Sustainability: Opportunity for sustainable solutions.
(http://www.unep.fr/pc/sustain/reports/pss/pss-imp-7.pdf )

Williams, A. (2007) Product service systems in the automobile industry: contribution to system
innovation?, J. Clean. Prod. 15:1093-1103.



Chapter 5

Value Creation in PSS Design
Through Product and Packaging
Innovation Processes

Annika Olsson' and Andreas C. Larsson>

'Division of Packaging Logistics, Lund University, “Division of Functional Product
Development, Luled University of Technology

Abstract Consumer packaging has become increasingly important as a value-
adding element, since packages shape the consumer's experience of the product
during use, as well as accelerating the purchase decision. From a Product/Service-
System (PSS) perspective, the strategic benefits of viewing packaging as a central
value carrier are evident. To consumers, the product and its packaging are often
perceived as closely integrated and consumers' initial impression of the quality
and value of a product is sometimes determined by their judgment of the package.
Therefore, the product, the package and its integrated benefits and features can be
regarded as one product/package/service system. However, product developers
tend to over-emphasize the value of the functional properties related to the 'core
product', overlooking the differentiating benefits that might come from the inte-
gration of product and packaging innovation processes. The move towards devel-
oping integrated product/service offerings, rather than traditional artefact based
products, implies that the role of packaging needs to be reconsidered in light of,
e.g., total life-cycle provisions and environmentally sustainable offerings. This
chapter reviews previous research on the integration between product and packag-
ing development, and highlights some important challenges and opportunities re-
lated to improved value creation in the product/service system paradigm.

Keywords Integrated product packaging, Packaging development, Service addi-
tion, Value creation, Product/package/service system, Value communication
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5.1 Introduction

Consumer packaging is becoming increasingly important as a value-adding ele-
ment, since packages can shape the consumer’s experience with the product dur-
ing use, and have the potential to accelerate purchase decisions. In light of a prod-
uct/service system perspective, there are evident strategic benefits of viewing
packaging as a central value carrier throughout the life-cycle of the product or ser-
vice.

From a consumer perspective, the product and its packaging are often per-
ceived as closely integrated and the consumers’ initial impression of the quality
and value of a product is sometimes determined by their perception of the pack-
age. Packages are often called the “silent salesman”, addressing the role packaging
has when consumers purchase a product. In service literature, this moment is
called the first moment of truth (Lofgren 2005). Customer satisfaction, however,
does not only reflect the first moment of truth. The consumer experience with the
product/package use after purchase is equally or even more important for cus-
tomer satisfaction. This, the second moment of truth, when the consumer uses,
consumes and/or disposes the product and the package, is therefore as important to
understand at the development of user-oriented packaging systems, as the first
moment of truth. Therefore, the product, the package and its integrated benefits
and features in the entire consumption process from purchase to disposal, can be
regarded as one product/package/service system.

5.2 The Packaging System

According to the definition of the European Parliament and Council Directive
94/62/EC, packaging is defined as follows:

Packaging shall mean all products made of any materials of any nature to be used for the
containment, protection, handling, delivery and presentation of goods, from raw materials
to processed goods, from the producer to the user or the consumer. “Non-returnable”
items used for the same purposes shall also be considered to constitute packaging.

The product and its packaging need to be regarded as a system, since almost all
products have packages that bridge the product with the supply chain environ-
ment. The packaging system may be classified as primary packaging reflecting the
consumer package, and classified as secondary or tertiary packaging for the retail
and transport level (see Fig. 5.1). The classification reflects the levels of usage and
these definitions should be used together with the consideration of packaging as an
integrated system (Olsson et al. 2004).

An integrated product/packaging system adds value to consumers in, for exam-
ple, communication and usability aspects, but it also adds value to other actors in
the supply chain in terms of efficiency aspects in handling, distribution and trans-
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port (Bowersox & Closs 1996, Saghir 2004, Rundh 2005). Such effects are also
beneficial in the larger perspective of sustainable development and reduced cli-
mate influence. An extension of the traditional product/package system into a
product/package/service system is therefore relevant from a value adding as well
as from a sustainability perspective.

Tertiary Packaging (T)

Primary
Packaging (P)
-

B;E“

Fig. 5.1 Different levels of a packaging system (Saghir 2004)

In relation to climate influence, an important concept to consider in the packaging
logistics area is the filling rate, which means the degree to which a package is
filled with product. From a packaging logistics perspective, the product should fill
as much as possible of a primary package. The secondary package should then be
designed to contain primary packages to 100%, and the tertiary package should
stack and fill its space with secondary packages. The aim is to transport as little air
as possible in and between packages. This means that an optimal packaging sys-
tem should have as little air as possible in the entire system. Due to trade-offs in
needs between different actors in the supply chain, the development of 100% air
free packaging systems is rare. This means that many existing systems still have
room for improvement in terms of filling rate.
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5.2.1 Integrated Product and Packaging Development

Traditionally, product development is usually conducted in more or less structured
development processes, where different activities need to be closely integrated to
achieve an effective and efficient process. In accordance, integrated product de-
velopment is an established research area, and the integration of different organ-
izational functions and processes such as design, marketing, production and tech-
nology is already widely implemented. The reason might be that design and
engineering in the manufacturing industry already have a long tradition, yet re-
search in the product development area still focuses on all or parts of these estab-
lished product development processes, with the aim of identifying models for suc-
cessful product development (Olsson 2006). To support the integrated product
development vision, there are several methods and approaches that target the inte-
gration between, for instance, design and production, such as Design for Manufac-
ture (DFM, i.e. the design for ease of manufacture of the collection of parts that
form the product after assembly), and Design for Assembly (DFA, i.e. the design
of the product for ease of assembly) (Boothroyd et al. 2002).

However, although traditional product development can be considered fairly
well integrated between different functions and activities, at least in the engineer-
ing domain, the traditions of integrating product development with packaging de-
velopment are not well established and still immature. The development of the
primary package of the product is seldom integrated with the development activi-
ties concerning the product itself, and packaging size (i.e. mass) is often merely
one of many trade-off parameters when choosing among several competing con-
cepts—implying that packaging is primarily considered as a risk element, rather
than as a source of value creation.

Today, the product developer and the package developer constitute different
parties in the supply chain with different core focus and different development
processes. In the aspects of technological development and innovation, packaging
design and development traditionally start when the core product is ready for pro-
duction in the commercial launch phase of the innovation process (Jonson 1993).
Little or no consideration is therefore given to packaging in the product develop-
ment process of the core product. As noted, if such consideration is taken, it is
usually related to how to handle the logistical aspects (e.g., how many products
will fit on a pallet?) rather than to how the added value for the consumer can be
improved. On the other hand, retrospective research by Beckeman (2006) suggests
that the packaging system may actually drive product development to a certain ex-
tent, since the packaging system, once installed, might be used for adaptation of
new products.

Sonneveld (2000) identifies the need for integrated product and package devel-
opment, particularly with respect to market differentiation and value addition. But
integrated product and packaging development is also needed from a quality and
efficiency perspective throughout the supply chain from production to consump-
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tion. Consequently, the more the package and the product can be functionally
combined, the greater the possibility of them being competitive (Harckham 1989).
Therefore, if the package is to be integrated into the product to form an integrated
system, the development of the product and the development of the package have
to take place in parallel (Bramklev 2007, Dominic et al. 2000).

However, in general, product developers tend to over-emphasize the value of
the functional properties related to the ‘core product’, leading them to overlook
the differentiating benefits that might come from the integration of product and
packaging innovation processes, and adding value through the integrated product
and packaging system.

5.2.2 Service as a Value Creator in the Product/Package/Service-
System

When companies intend to add value to a product they need to change mindset
from identifying themselves with their core product to regarding themselves as a
value-creating part in the customer’s system. As with development of products,
the development of packages with a feature-oriented view and a perspective of the
package as demarcated will delimit the opportunity to view the package from the
value-adding customer perspective (Olsson 2006). The combined value of the
product and packaging is therefore vital in the process of delivering value-adding
products, packages and services to the customers (Sonneveld 2000). Therefore, to
expand the traditional product view and to involve the consequences for the con-
sumer when using the package is to view the product/package system from a lar-
ger perspective, and involves understanding the consumer process.

Contrary to traditional feature-oriented product development, as described ear-
lier, service development emanates from an understanding and knowledge of cus-
tomer needs and expectations. This includes knowledge about consumer situations
and behaviours, since the aim of services is to fulfill the needs of customers and
users. In many manufacturing industries, therefore, the visions have been rede-
fined to a service-oriented approach. The service content is identified to have an
increasingly significant meaning through its role in differentiation and competitive
advantage of the physical products from manufacturers (Echeverri & Edvardsson
2002). The service sector, however, does not have the same tradition of develop-
ment processes and is argued to be slow in developing models and processes for
design of services (Gummesson & Kingman-Brundage 1992). The benefit of inte-
grating services to products in order to add value is obvious, but the enhancement
of service development through integration in the product development process is
less explored but still necessary.

In packaging development, the understanding of the value the consumers per-
ceive or experience, based on the consequences of using a package, will enlarge
the product/package view to a product/package/service system view. This expan-



98 A. Olsson and A.C. Larsson

sion is necessary since it is the customer who judges the value of an offering at the
end (Olsson 2007, Echeverri & Edvardsson 2002). Customer orientation is a pre-
requisite for the development of aligned services into value-added prod-
uct/packaging offerings. A closer view to consumers and users and their processes
and awareness of the value-creating activities is one step in the right direction for
product and package producers. Therefore, beyond the integral system of a prod-
uct and its package, the users and their expectations in the use situation need to be
integrated. The implication is that organizations need to explore how their prod-
ucts and services fit into the life of the different users, rather than regarding their
product/package, as the system per se that should be delivered to the customer or
ultimately to the consumer (Olsson 2006).

5.2.3 Communication: A Value-Added Service to Consumers

In the business-to-consumer domain, the package is the interface of the product to
the consumer and must be seen as an integrated part of the product. The integrated
product and package system needs to maintain and communicate the value percep-
tion, since packaging gives a promise of what the enclosed product has to fulfill
(Downes 1989). In this interface between the product and the consumer, one ser-
vice provided through the package, is the service of communication. The commu-
nication function of packaging is threefold: communication of necessary informa-
tion, communication of promotion, and interactive communication with
consumers. The importance of the communication function as a marketing or
promotion tool is especially eminent in market channels with considerable compe-
tition at the retail point of sale (Hellstrom & Saghir2007). The interactive commu-
nication can also be part of a product producer’s marketing strategy, in the way
they get interaction with consumers.

At the moment of purchase, a consumer wants to have information about the
product inside the package. If the product is food some information is legally
stipulated and other information is additional. The information on packages is,
however, not always developed from a user perspective and a lot of information
does not add value to the consumer. Several consumers complain about informa-
tion that is hard to understand due to abbreviations, such as E-numbers on food, or
unnecessary, such as language different to their own, or irrelevant, such as fat con-
tent in a carbonated soft drink.

With regard to the value perception from a consumer perspective, the package
can help communicate to the user what kind of outcome they can expect from us-
ing the product or service. Consumers might not possess enough knowledge about
technologies or services contained in the package, which might lead them to actu-
ally miss the unique selling points with the product or service they hold in their
hands. For example, when buying auxiliary headlights for the car, the consumer
might or might not know what actual difference there is between a 50 W and a 100
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W bulb, between a halogen bulb and a xenon bulb, or between 1,000 lumen and
3,000 lumen. Here, it makes sense to assist the consumer in choosing a lighting
system that offers a light pattern that fits well with the consumer’s use situation
(e.g., in northern Sweden, a wider but shorter light pattern to spot animals on the
side of the road might be preferred to a far-ranging, but narrow light pattern.)

Naturally, communication as a value-added service covers a wide range of as-
pects where packaging can play an important role in both discovering and promot-
ing innovations. Self-heating cans for beverages are becoming increasingly com-
mon, and it is safe to assume that much of the unique selling point of these
beverage brands is dependent on the package. Another example from the beverage
industry is thermochromic bottle labels which indicate that the product is at the
recommended serving temperature. From a food safety perspective, most current
packaging solutions rely on a simple best-before date, which does not take into ac-
count if the product has been exposed to elevated temperatures during storage or
transportation. Taking an integrated view on product and packaging development,
an innovation from the consumer perspective could be visual indicators on the
food packaging, which could give consumers a clear, accurate and unambiguous
indication of product quality and shelf-life condition. Thus, such a smart label
serves the dual purpose of informing personnel whether or not food and storage
temperatures are satisfactory, and assuring the consumer that the food is safe to eat
(Ronnow 20006).

5.2.4 Environmental Aspects on the Integrated System

The move toward developing integrated product/service offerings, rather than tra-
ditional artefact based products, implies that the role of packaging needs to be re-
considered in light of, e.g., total life-cycle provisions and environmentally sustain-
able offerings. The entire life-cycle of the product and its package is important and
therefore the knowledge regarding product use is of key importance, already in the
design phase of the product. Furthermore, to make a truly useful impact on Prod-
uct/Service-System design, the packaging perspective needs to be included from
the very start of the development process. It is most advantageous to make
changes at the preliminary design phase, since it will become more expensive,
more difficult, or even impossible to compensate or correct the shortcomings of a
poor design concept in the later life-cycle phases. So, in order to provide products,
or functions, that truly meet the full range of life-cycle demands and needs, it is
highly important to investigate how downstream knowledge (e.g., from the first
and second moments of truth) could be used to improve early-stage decision mak-
ing in cross-functional product development teams. (Larsson et al. 2008) In terms
of environmental concerns, packages as such are most commonly regarded as a
necessary evil and an environmental burden. This view emanates from the view of
the package as a demarcated artefact neither integrated with the product nor with
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the society. The typical perspective in this view is to minimize packages and if
possible eliminate them. The holistic system perspective, however, regards the to-
tal environmental impact of product and package waste. A minimal package may
cause waste of product that either gets mechanically destroyed due to a weak
package or spoiled due to bad safety protection. In that case, both the product and
the package end up as waste, rather than only the package if it has protected the
product properly. From an environmental perspective it is therefore better to opti-
mize the product packaging system, rather than striving to solely minimize the
package at the sacrifice of the product quality.

A consequence of the Product/Service-System approach is that customers (both
in business-to-business and business-to-consumer settings) increasingly want to
pay only for the result of the product or service use, i.e. what they perceive to ul-
timately add value. When the provider, while aiming to produce that added value,
is responsible for the creation and disposal of all packaging elements used across
the life-cycle and throughout the value chain, the environmental impact of a Prod-
uct/Service-System needs to be considered as early as possible in the develop-
ment. If not, there is an apparent risk that the environmental, and financial, win-
nings will be severely reduced over the lifetime of the product.

5.3 Industrial Examples of Integrated Development

The core competence of a packaging producer is to develop and provide packages.
The goal, however, is to continuously provide maximal consumer value and hence
profit through the performance of the packaging system, including the product,
during all stages between production, consumption and disposal. Some industrial
examples illustrate this.

5.3.1 The Paper Packaging Material Producer — Environmental
Service Addition

From the focus of producing paper packaging material to the nearest customer,
with the lowest possible weight per m?, the paper producer started to develop solu-
tions that satisfied customer needs at retail level for packaging systems for fruits
and vegetables (Olsson 2006). With the view of learning more about the market
and customer needs, the scope of their supply and value chain was redefined and
extended to cover not only their immediate customer, but also the customers’ cus-
tomer, i.e. the manufacturers of, for example, food products. The paper material
producer put itself in the role of the customer, in order to better understand the
needs of fresh fruit packaging at retail level (Olander & Olsson 2007). The need
from retailers and consumers to get fresh non-damaged fruits and vegetables re-
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sulted in the development of a secondary carton package that can be stapled in
storage and retail locations, and that protects from mechanical stress and impact
on the product. The development process included a deep understanding of the
customer and the product process from harvest to consumption.
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Fig. 5.2 The service of providing paper material to boxes in order to secure less waste of food
and packaging

The product/package/service system provides a solution that is good from an envi-
ronmental perspective but also from a customer value-adding perspective. Fruit
and vegetables of a value of 100 billion € are delivered in Europe each year, out of
which 10% is destroyed on its way to the consumer, which corresponds to losses
of 10 billion € per year. Part of this waste is due to packaging solutions that do not
protect the fresh produce in a proper way (Billerud 2009).

“A packaging that functions well is one of the best investments in the environment
you can make” is a statement from the homepage of the company (Billerud 2009).
The new package solution helps prevent fresh fruits and vegetables from being de-
stroyed through the new package that protects the fruits and vegetables from me-
chanical impact and stresses. By saving the fruit, which is the most obvious im-
provement for the environment as well as from a customer satisfaction
perspective, resources are also saved in terms of time and resources spent on har-
vest, transport, storage, handling and packaging, which means that savings can be
multiplied taking all steps in the supply chain into account.

The package makes up about 1/20 of the product’s retail price, but spending
some extra effort on the package will result in savings not only on the fresh prod-
uct but also on an additional amount of activities throughout the supply chain
(Billerud 2009).

As illustrated by the example, there are obvious potentials to increase customer
satisfaction and at the same time decrease the environmental impact of the food-



102 A. Olsson and A.C. Larsson

packaging system, especially when the packaging design helps to decrease food
losses. The decrease in environmental impact can further be used as a marketing
tool for the company who wants to promote its environmental or “green” values.

5.3.2 The Package Producer — Value-Adding Services to Supply
Chain Actors

Tetra Pak is well known for its distribution-driven innovation, the Tetra Brik car-
ton package, originally developed for milk. The idea was generated by Ruben
Rausing during his stay in the USA, where self-service stores for food started to
develop in the 1950s (Leander 1995). About 50 years later a new Tetra Pak pack-
age innovation for retorted food was brought to light. The Tetra Recart package is
specially designed for products traditionally packed in cans, glass jars and
pouches. The innovation is the first carton-based retortable package for food. That
means that with the Tetra Recart package, food products, such as beans, vegeta-
bles, tomatoes, soups and sauces, can be sterilized inside the carton package. The
food inside a Tetra Recart is shelf stable up to 24 months (Tetra Pak 2009).

The package and the product are highly integrated in the food processing and
packaging production, and therefore an integrated development is needed for the
understanding of requirements in production. But the package is not only adjusted
and developed based on production needs. User and brand owner needs have also
been integrated in the packaging development, in order to secure value-added ser-
vices to consumers, retailers and brand owners. As with other rectangular shaped
packages, the possibilities for high filling grade is obvious. The replacement of the
traditional can compared to the new Tetra Recart ensures better logistical per-
formances from production to consumption. The major advantage from a logistics
perspective is on transport and logistic activities prior to filling and processing, i.e.
the transport and handling of empty packages. The Tetra Recart is delivered to the
filling process flat, while cans are delivered empty but in the same shape as when
they are filled. That means transportation of cans is equal to transporting large
volumes of air, while the Tetra Recart packaging system lowers the transportation
load with approximately 55% (Fagerstom 2008), which is shown in Fig. 5.3.

From an environmental point of view the logistics consequences such as han-
dling time, weight and amount of transport, secondary packages, etc. for the Tetra
Recart give a positive environmental impact compared to the can. The carton is
also produced from renewable packaging material.

From a retail perspective a squared package makes shelf space in storage and
retail more efficient, and also allows for better communication through more effi-
cient exposure of brand name and other communicative aspects. From a consumer
perspective, the added value is in handling since this package does not require
tools for opening, and is considered easier to dispose and flatten (Tetra Pak 2009).
The innovation process of this integrated product and package system, needs a
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deep understanding of user needs and what different users in the supply chain
value. The Tetra Recart is an example of an innovation where there are obvious
benefits from a range of company-internal perspectives, such as logistics and pro-
duction, which also bring positive effects for retailers, brand owners, consumers,
and the environment. Understanding user and stakeholder needs from a total life-
cycle perspective, makes it possible to deliver services that present unique selling
points based on the different actors’ needs, such as opening ability without tools,
brand exposure, handling efficiency and environmental values.
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Fig. 5.3 The difference in transport load with different packaging systems (Photo: Erik Anders-
son, Design Sciences, Lund University)

5.3.3 The Environmental Impact of Integrated Product and
Package Development

The idea of concurrent and integrated product and packaging development is that
the product and the package can be interdependently adjusted in size, strength,
form and function depending on the requirements put on the system from the user
and environmental perspective. A company well-known for its tradition of inte-
grating product and packaging development for strengthening its environmental
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profile is IKEA. At IKEA, packaging is an explicit part of the product and hence
included in the product development process. The IKEA package should not only
protect the product during distribution, it should also expose the product to con-
sumers and facilitate handling operations at warehouses and in stores. When in the
store, the package needs to be intact since a consumer would reject a damaged
package even if the product inside is intact (Klevas 2005a).

Most changes on the product/package system at IKEA takes place in the pack-
age, since the product is already specified and produced. The optimal solution
might however, be to change some dimensions of the product in order to get better
integrated packaging systems. One example of integrated package and product de-
velopment is a high-volume product of IKEA, the tea-light. For the tea-light pro-
ject, the product was justified together with the package for more efficient han-
dling and distribution. In its original version, the tea-lights were packed 100 pieces
in a plastic bag. These primary plastic bag packages were distributed in one large
carton that held 252 bags. The large carton was put on a euro pallet. IKEA sells
approximately 60,000 m® of tea-lights annually. After considering the package
system from an environmental and “air hunt” point of view, a reconstruction of the
primary package and the product took place. After the reconstruction, 100 tea-
lights were stacked into each other with the help of the new tea-light construction,
packed 100 by 100 in a plastic shrink film and put into a large carton on a euro
pallet. The large carton was later found unnecessary since the tea-lights were
stackable. The new product/package system now fitted 360 packages per pallet; a
reduction of 18.571 pallets which is about 30% less (Klevas ef al. 2006). With the
new packaging system transport, secondary and tertiary packages are reduced by
30%, and, in addition, handling time and handling costs for reduced transport and
packaging also need to be taken into account. The handling time for unpacking in
retail stores was, for example, reduced by 186 working days annually. The new
construction of the tea-light also resulted in the use of 6,000 km less wick for the
tea-lights per year. In order to add consumer value of the new product/package
system, developers from IKEA had followed the consumer process during the
construction of the new tea-light. The understanding of the consumer process led
to measurements of the new package that correspond to the standard measure-
ments of drawers in kitchen cabinets, which makes storage and handling in the
consumer home easier.

Another example of IKEA’s integrated view on product and package develop-
ment is illustrated in the package development for the modelling clay sold at the
children’s department in IKEA. The modelling clay was previously packed in a
plastic bucket. By replacing the bucket with a corrugated paper box, the filling
rate of one pallet increased from 550 to 800 packages per pallet, which meant a
decrease in the number of containers shipped from 18 to 8, and an increase in fill-
ing rate of 43%. The new solution corresponded better to the IKEA image of flat
packages, and contrary to expectations an increase in sales occurred, probably
since the new system allowed for a decrease in sales price to consumers (Klevas
2005b). In this case, the package was changed without any impact or changes on



Value Creation in PSS Design through Product and Packaging Innovation Processes 105

the product, but from the integrated perspective and value-added consumer view
the new carton was “open” with a plastic film wrap, in order to still make the
product visible to the consumer in the store. Even though the volume of modeling
clay is substantially lower than the volume for tea-lights, the changed package has
an impact on number of journeys, packages and the environment as well as on
handling time and thereby resource allocation.

The examples illustrated from IKEA are typical since a main activity among
package developers and designers in a range of projects at IKEA aims to reduce
air in “the air-hunt.” Reducing the air in the packages, and thereby increasing the
fill rate, results in a reduction of transported pallets and unit loads, in turn affect-
ing the environment and handling time in all steps from production to consump-
tion, and ultimately also resulting in a lower sales price to consumers.

5.3.4 Service Addition Through Interactive Communication

In relation to the communicative services of packages mentioned above, a new
trend is visible in Japan, where consumer packages have much more impact and
have much more design attention than elsewhere. Quick response (QR) systems
are frequently found on Japanese consumer packages. In the quick response sys-
tem, the “intelligent” matrix-like two-dimensional code is readable through the
digital camera system in the mobile phone. With direct internet access in the
phone, consumers get directed either to the producers homepage or to specific
pages for allergic communities, green societies or similar. This allows consumers
to get necessary as well as interesting information about the product they are about
to purchase. By developing the package with an intelligent bar code, in coopera-
tion with the product manufacturer, the product/package system provides an extra
service to consumers in the area of interactive communication. From an environ-
mental perspective this system has indirect effects, since better informed consum-
ers will not purchase products that they need to throw away due to allergy (content
and ingredients), attitudinal or different sets of values (producers, origin, content),
etc. Another example from Japan is taken from the women's shoe department at
the Mitsukoshi Department Store, where sales clerks spent a large amount of time
in the stock room, going back and forth from the floor to arrange stock, look for
stock or carry out other back-end duties. By manually tagging all its stock with
Radio Frequency Identification (RFID) tags, they empowered customers to find
the right size and colour, with accuracy and in real time, without having the staff
move back and forth between the floor and the stock room. Staff time could in-
stead be invested with customers, and wait times for customers were greatly re-
duced. In the Mitsukoshi case, this was an add-on solution having little to do with
the shoe brands themselves, but with a better integration between development
and packaging, the added value through interactive communication could easily
have been a way for these brands to stand out in the competition and help Mitsu-
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koshi to bring exceptional value to its customers. Mitsukoshi has expanded their
RFID trials to the cosmetics department, where the technology allows customers
to obtain details about each product and try on virtual makeup, while also provid-
ing statistics on how often items are sampled. (Swedberg 2007)

Another similar “intelligent tags” application is used for the measurement of
the accumulated temperature and time exposure on chilled and frozen food, from
production to consumption. Such tags can be seen as an integrated part of the
product/package system, with the service to consumers and retailers to read the
quality status of the product with a handheld scanner. This is an example of an in-
telligent system, a service addition. The added service provides the possibility of
measuring the “real shelf life” of a chilled food product, rather than the fictive
shelf life stamped on the package as a best-before-date by a food producer. The
temperature exposure from production to consumption is one important factor af-
fecting shelf life of fresh products. This means that a newly produced product with
temperature exposure above the stipulated storage temperature, might have shorter
shelf life than an older product that has been kept in the stipulated temperature
from production to consumption.

In the long run, the stamped best-before-date might be replaced by such intelli-
gent systems giving information about real shelf life of fresh products. From an
environmental point of view such a system might change retail handling behavior,
in the way that the products with the shortest “real shelf life” are sold first, inde-
pendently of the stamped estimated best-before-date. The tag is also a service to
the retail location to be able to measure which products need to be taken out of
stock due to passed shelf life. This will reduce claims and the risk of selling and
handling outdated products.

In a similar way, consumer behavior might change if consumers were informed
about the real shelf life, through scanners or at the cashier. This means that con-
sumers might buy the oldest products first, at least if they are to be consumed di-
rectly. This means that fewer products will be thrown away, as today when con-
sumers buy the products with longest “stamped shelf life” even if they are
supposed to be consumed directly, leaving older products still on retail shelves.
Another example of user benefits not easily available today is the concept of noti-
fying customers both when fresh products have been put on the shelves, and when
certain products are out of stock. Today, customers are normally required to visit
the store in person to figure out such information. Of course, there are strategic
perspectives to consider when it comes to how much information the stores really
would like to provide to their customers, but rather than focusing on the limita-
tions of such approaches, it is important to also recognise the enormous potential
that can be found in integrated product/package solutions, throughout the supply
chain, and for providers, customers and the environment alike.

Rather than forcing each stakeholder in the system to develop customized solu-
tions for their particular purposes, without the concern for the needs of other
stakeholders, there is a need to integrate product/package and service develop-
ment, so that, for instance, food producers cooperate closely with package produc-
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ers to design and provide an intelligent tagging system that offers added value
from several complementary perspectives.

5.4 Conclusions

It can be argued that packaging has a long history as a value-adding element,
much since it can help accelerate the purchase decision or help shape the con-
sumer experience during product use, but there is still an untapped potential when
it comes to viewing packaging as a strategic instrument to achieve differentiation
in the marketplace. Traditionally, product developers have often over-emphasized
the added value coming from the functional characteristics of the ‘core product’,
and in a Product/Service-Systems perspective, the integration of product and
packaging innovation processes would bring a more holistic approach to the ex-
ploration of which parts of the added value are related to the packaging elements
and which are related to the core product.

Such cross-functional integration is undoubtedly crucial between any domain in
the innovation process, but while techniques to improve and prepare for effective
and efficient manufacturing and assembly are widely deployed already in the early
phases of design, design and development of the packaging is commonly not
started until the core product is ready for production in the commercial launch
phase of the innovation process. Little or no consideration is therefore given to
packaging in the product development process of the core product, and if such
consideration is taken, it usually relates to how to logistical aspects rather than to
the added value for the consumer. To make a truly useful impact on Prod-
uct/Service-System design, the packaging perspective needs to be included from
the very start of the development process.

Examples such as giving consumers information about the real shelf life of
products in the food store, providing them with real-time access to detailed prod-
uct or stock information when buying shoes or cosmetics, or offering them food
packaging solutions that do not require openers and which are easy to flatten and
dispose of, points to an increased awareness of how packaging and core product
characteristics are truly intertwined in the consumer’s perception of added value.

The goal of packaging development is to continuously provide maximal con-
sumer value and hence profit through the performance of the packaging system,
including the product, during all stages between production, consumption and dis-
posal. However, to reach this goal in light of a Product/Service-Systems approach
means that we need to rethink the role of packaging in the innovation process. Just
as knowledge from other domains, processes and activities (e.g., manufacturing
and marketing) have been brought into the early stages of design, also packaging
needs to become an integrated part of the value creation process.

While traditional product development has largely focused on achieving certain
performance characteristics tied to a physical artefact, traditional packaging de-



108 A. Olsson and A.C. Larsson

velopment has perhaps focused too closely on the task to protect and preserve
these performance characteristics on the artefact’s way to the consumer. In light of
improving the service offers made to consumers, we believe that packaging can
play a stronger role—in essence by helping to provide the added value that ulti-
mately distinguishes products of similar technical performance from each other. In
our view, this improved value creation can only be realized if product develop-
ment teams, through the integration of packaging expertise, are made aware of and
are encouraged to consider packaging performance as a crucial performance char-
acteristic to pay close attention to in the front-end development process.
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Service Engineering — Methods and

Tools for Effective PSS Development

Yoshiki Shimomura' and Tamio Arai’

'Department of System Design, Tokyo Metropolitan University. “Department of Precision
Engineering, The University of Tokyo

Abstract Manufacturers face new circumstances, such as servicification of con-
sumers and seriousness of environmental problems. An effective avenue may be
pursuing qualitative satisfaction rather than quantitative sufficiency. This chapter
aims at proposing a design process model for services or service-oriented products
based on Service Engineering, to increase the level of customer satisfaction. Then,
a method for evaluating service solutions is introduced. For this purpose, Quality
Function Deployment (QFD), used widely in product design, is employed. This
method makes it possible to realize evaluating effects of a service on its receiver.
Mathematical methods are introduced to differentiate functions and structures.
Then, the proposed method is applied to evaluate a model service in order to ver-
ify its effectiveness. The results indicate that a specific function is the most impor-
tant among multistage structure of the target service. Furthermore, a method for
designing service activity and product concurrently and collaboratively is also
proposed. Design of services and products should be integrated in order to maxi-
mize customer value, considering the mutual effects of synergy, alternative and
complementarity. For this purpose, first, a fundamental unified representation
scheme of human process and physical process in service delivery process is
given. Second, the authors evaluate these processes with Quality Function De-
ployment manner. In the rest of this chapter, the authors describe a detailed proc-
ess to represent unification of human processes and physical processes by apply-
ing the proposed method to an actual service case.

Keywords Service CAD System, Service Evaluation
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6.1 Introduction

Nowadays, we should reduce the production and consumption volume of artifacts
to an adequate, manageable size to solve environmental problems although we do
not want to make our quality of life lower than now. Consequently, we must aim
at qualitative satisfaction rather than quantitative sufficiency, and thus the decoup-
ling of economic growth from material and energy consumption (Tomiyama
1997). This is a new paradigm, which is free from the mass production paradigm
of twentieth century. To achieve this paradigm, products should have more values,
supplied largely by knowledge and service contents, rather than just materialistic
values. This dematerialization of products requires the enrichment of service con-
tents. To this end, we need a novel engineering method to evaluate services and to
design the services. This novel engineering is called service engineering, which
includes design methodology of both products and services. This novel engineer-
ing differs in the definition of value from Value Engineering (Miles 1971), where
value is defined as function over cost. Conventional design methodology (Rode-
nacker 1971, Pahl and Beitz 1988) also deals with only functions of the object
rather than satisfaction of the consumers by the functions.

6.2 Service Engineering

A service is defined as an activity that changes the state of a service receiver
(Tomiyama 2001). In Fig. 6.1, a provider causes, usually with consideration, a re-
ceiver to change from a state to a new state that the receiver desires, where both
contents and a channel are means to realize the service. Hence, a service receiver
satisfies with just contents, which are any of material, energy, and information. A
service channel is used to transfer, amplify, and control the service contents. In
this definition, artifacts can change from contents to channels and vice versa. Arti-
facts have their own functions, behaviours, and states, and therefore they can be
designed with conventional CAD systems. Since both service channels and service
contents also have the above-mentioned characteristics, we introduce a similar
methodology into the design of services. The term “service” is defined. Then what
is service engineering? It is a design methodology to increase the value of artifacts
and to decrease the load to the environment by reasons of focusing service. Note
that service engineering has both analytical and synthetic aspects. In this chapter,
we discuss both. Service engineering aims at intensifying, improving, and auto-
mating this whole framework of service creation, service delivery, and service
consumption. To increase the total satisfaction of receivers, we can improve func-
tions and/or quality of both channels and contents. Traditionally, engineering de-
sign has aimed to improve only function. A better function of a new product, we
believed, makes consumers satisfied. In service engineering, however, not only the
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functions of artifacts but also meaning of contents must be matched to the specifi-
cations given by receivers. Then the satisfaction of receivers increases.

State Change

Contents
11 11 11
= — " ~
Provider Receiver
Channel

Fig. 6.1 Definition of a service

6.3 Service Modelling

6.3.1 The Outline of a Service Model

Let us define the design procedure of a set of services. In the argument regarding
the design process (for example Suh (1997), Umeda (1996) and Shimomura
(1998)), it is widely accepted that design might be a search for a physical structure
matching the required function. The design of a service is also a search for both
physical and non-physical structure, but it differs from the conventional design in
terms of evaluation. Conventional design regards mainly the performance of the
channels; it does not consider the state change of the receiver except for a happi-
ness that comes with owning the products. The design of a service is based on the
degree of satisfaction with the state change of the receiver. Therefore, it is neces-
sary to express state changes by means of the received contents.

6.3.2 Receiver’s State

Change of a receiver is represented by a set of receiver state parameters (RSPs).
Thus, a service can be represented by a set of RSPs necessarily and sufficiently.
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Since a RSP consists of quantitative values, including Boolean logic and multi-
value logic, we can compute any comparison between two RSPs. In addition, we
introduced a new assumption that all RSPs are observable and controllable. This
assumption has been unproven with human receivers because we have not had a
reliable method to measure the consumer behavior. The RSPs change by received
contents as shown in Fig. 6.1. Hence, in this research, we assume that contents
consist of various functions, whose name is Function Name (FN), whose operating
objects are Function Parameters (FPs) and whose effect is represented by Function
Influences (FIs). Since both channels and contents are described by the functions
with FPs and FIs, RSPs also belong to functions. As the receiver's states may
change with respect to supply of contents, RSPs can be written as functions of
contents. Parameters expressing contents are called content parameters (CoPs). In
the same way, the parameters of channel, which make the flow of CoPs change
and thus influence RSPs indirectly, are called channel parameters (ChPs). Hence,
in this research, we assume that both contents and channels consist of various
functions. These parameters create a network with one another. We studied sev-
eral examples and chose different sets of parameters; some of the examples are
from daily life such as restaurants, travel agents, and laundries. Other studies are
from manufacturing sectors such as disposable camera suppliers, copy services
and elevator maintenance services. The details are not discussed in this chapter but
we need to point out that the selection of contents within various parameters is
subjective. It seems the greatest reason that services have not been dealt with in
engineering issues.

6.3.3 Flow Model

One of the typical services is a travel agent, which arranges and purchases various
tickets on behalf of customers. Contents are different from the tickets, even if the
tickets are delivered to the customers. In this way, services can be delivered
through complex multiple structures consisting of various go-betweens. The in-
termediate agents have double characteristics of a receiver and a provider, which
is represented by a symbol of smiling circle “intermediate agent” as illustrated in
Fig. 6.2. Providers can be defined as an agent whose receiver side (left half) inside
of the agent is hidden by the system, and in the same way receivers do as that
whose provider side is hidden. When we focus on the relationship between a re-
ceiver and a provider, many intermediate agents exist among them. In this re-
search, we call the sequential chain of both contents and channels “a flow model
of a service”. An example of a flow model is shown with respect to a car in Fig.
6.2. At the top of the figure, each step from part maker to a consumer is illustrated.
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Fig. 6.2 Flow model, scope model and view model

6.3.4 View Model

Receiver state parameters (RSPs) change according to how the receiver evaluates
subjectively the received contents. A single RSP may consist of several CoPs be-
cause the receiver evaluates the contents as mentioned in Sect. 6.2. The CoPs may
be supported by several ChPs existing in the chain of several agents in the flow
model. A view model is defined as a tree of CoPs and ChPs with a single RSP at
its root. It is also illustrated as a line in the lower figures in Fig. 6.2. An example is
shown in Fig. 6.3. The view model is expressed in a directed graph that consists of
nodes and arcs. The entities in Fig. 6.3, i.e. nodes, are functions, which are ex-
pressed by FNs as lexical expressions and FPs. The body of each function is ex-
pressed by function influence (FI). In the current implementation, both positive
and negative influence can be implemented. The view model illustrates visually
the relationships among the parameters (RSP, ChP, and CoP) by means of direct-
ing arcs. Thus, it helps the improvement of RSP by changing FPs.
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A Scope Model

[ RSP (Enjoying Coffee) ] [ RSP (Taking Breakfast) } [RSP (Occupying Workspace) ]
4N 4N L ¥
| | |
| | E— | E—
FN: Serving Coffee FN: Serving a Sandwich FN: Serving a Workspace
FP: Temperature of Coffee ! FP: Quantity of Sandwich L — FP: Size of Space L
Quantity of Coffee lour N Capacity of Envelope oyt IN Table Size oyT
Capacity of Cup Fl: Holding a Sandwich in Fl: Placing Table in a Space
Fl: Holding Coffeein a Cup an Envelope
FEN: Composition of Coffee FN: Composition of a Sandwich FN: Controlling Noise in a Space
FP:Quantity of Coffee Beans ST FP: Quantity of Bread FP:Noise in Space
Quantity of Water Quantity of Ingredients il Volume of Background
Temperature of Water Fl: Putting Ingredients into Music
Time of Milling Bread Fl: Keeping Noise and BGM
FI: Dripping Coffee Low
I
FN:Keeping Cup Clean FN: Ingredients FEN: Making Customer Comfortable
FP: Stain in Cup Ul FP:Quantity of Ham ouT] FP:Shape of Chair
FI: Removing Stain in Cup Quantity of Lettuce Softness of Chair
Quantity of Mayonnaise Angle of Chair
FI: Spreading Mayonnaise Fl: Keeping a Customer Relaxed
onto Ham and Lettuce
AView Model AView Model AView Model

Fig. 6.3 An example of a view model

6.3.5 Scope Model

Practical services have very complicated structures of intermediate agents, con-
nected to one another on an infinite chain. Therefore, it is necessary to specify the
effective range of the service from an initial provider to a final receiver as illus-
trated in Fig. 6.2. In comparison to the view model in which a single RSP is ex-
pressed, the scope model can deal with all RSPs within the providers and the re-
ceivers. In other words, a scope model handles multiple view models, namely
multiple RSPs. Thus, it helps designers to understand the real activities between
the two.

6.3.6 Service Evaluation Using the QFD

In this Sect., a method is proposed for evaluating service using Quality Function
Deployment (QFD) (Akao 1990), which corresponds to the service modelling in
Sect. 6.3. The proposed method can obtain an indicator used in service design by
means of evaluating the effect of the service on the receiver through QFD. The
view model, which is represented by the graph structure, is converted into a matrix
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expression. A table similar to QFD is generated to reflect the Engineering Metrics
(EM) of a product appropriately, i.e., a product’s quality characteristics, to meet
the customer’s needs, or the Voice of the Customer (VOC). In addition, the De-
matel (Decision-Making Trial and Evaluation Laboratory) method (Warfield
1976) is used to make quantitative analysis possible by classifying the FPs into
CoPs or ChPs, depending on whether they directly affect the RSP. The proposed
method consists of the following seven steps:

Setting the importance of the receiver

Creation of a service quality table

Structuring RSPs and obtaining their importance

Obtaining CoP importance

Considering indirect interactions using the Dematel method
Obtaining ChP importance

Function/mechanism deployment

Nk wbd =

FP-1 FP-2 FP-3
RSP importance| + - + -+ -
RSP-1 [20.0]| 1.0 0.5
RSP-2 | 10.0 Rele?vanceRatio
RSP-3 | 5.0 0.5 1.0 0.5
RSP-4 | 2.5 1.0
FP importance| 20.0 2.5/ 15.0 0|2.5 2.5

Fig. 6.4 An example of a view model

Step 1: Setting the Importance of the Receiver

Generally speaking, a service is supplied through a multistage structure involving
numerous agents; therefore, when conducting service design, it is also necessary
to consider the changes of RSPs belonging to different agents. First, all agents are
extracted from the appropriate scope model for the target service in the flow
model. Next, with regard to the extracted individual receivers, the Analytic Hier-
archy Process (AHP) (Saaty 1980) is applied to establish the importance of the re-
ceiver from the provider’s perspective. AHP is a method in operation research
used widely in decision making. The method is employed to determine the relative
importance of individual elements on a subjective scale.
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Step 2: Creation of a Service Quality Table

Next, a service quality table is created as shown in Fig. 6.4. The table consists of
quality items in vertical columns and functions in horizontal rows in the same way
as the existing QFD. RSPs are therefore placed in vertical columns as they repre-
sent service evaluation components corresponding to VOC. FPs, showing the
manifestation extent of the functions related to the RSP, are placed in the horizon-
tal rows. Namely, the target service is characterized by pairing an RSP and the
corresponding FP. RSP and FP can be extracted using the given description of the
view model.

FP FP,

Fig. 6.5 Effect of the FP

Step 3: Structuring RSPs and Obtaining Their Importance

When evaluating a target service, RSP weighting in Step 1 is carried out using
AHP in order to determine which RSP is to consider. As a result of this RSP
weighting process, RSP importance is derived (see Fig. 1.4). If different levels of
abstraction exist in RSP representation within a target service, RSP restructuring
must be carried out in order to coordinate the abstraction levels on RSP. Once that
is done, RSPs on an equal abstraction level of hierarchy are compared, and their
weights are allocated.

Step 4: Obtaining CoP Importance

After obtaining the RSP importance, a binary table for the degree of association is
used, and the RSP importance is converted into the FP importance by multiplying
the RSP importance and FP’s relevance ratio (see Fig. 6.4). According to the rep-
resentation scheme of a service, the FP with a direct effect on the RSP is the CoP.
In other words, only FPs that belong to CoPs can have their importance defined
directly, and can deploy their importance by the binary table. On the other hand,
under the definition of the service, an effect that is a functional manifestation of
FP is defined as a Function Influence (FI). In this way, an evaluation is adopted by
simplifying FI as the change direction (positive (+) or negative (-)) of FP (see Fig.
6.4). Using this process, the CoP relevance ratio vector, w*, can be obtained as
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defined in (6.1); their degrees of importance of CoPs are enumerated. However,
this relevance ratio vector is defined in relation to the entire FP, and the corre-
sponding elements of a FP that do not have a CoP are set to 0 in (6.1):

w =(w T w T oW T e w 7) 6.1)

co col con col con

Step 5: Considering Indirect Interactions Using the Dematel Method

In a view model, there are direct and indirect interactions between FPs. Therefore,
it is possible to conduct quantitative weighting of the state of the interactions, and
the Direct Influence Matrix X* that describes the direct influence of these FPs can
be obtained as (6.2), where xIm represents the strength of the interaction from xm
to xI. Considering the interaction of the FPs, the influence of FPa onto FPb can be
positive or negative. Thus, the matrix includes all four combinations such as ++,
+—and —, — as illustrated in Fig. 6.5.

From the Direct Influence Matrix of the defined FPs, the Dematel method
(Warfield 1976) is used to obtain the Entire Influence Matrix A as defined from
(6.2) to (6.4). In this process at (6.3), the constant s, that represents the strength of
the indirect influence, is necessary. It is measured in this experimental process.
Subsequently the Entire Influence Matrix A is obtained as written in (6.4). It
therefore represents the strength of the influence of the FPs on the RSP consider-
ing all the direct and indirect interactions among the FPs.

i+ i+ +- +-

X 1 X In X 11 X In
* X o X T X T X m (62)
X = -+ —+ - -
X 1 v X In X 11 X In
x7+nl x7+nn X al X m
X=sX (6.3)

A=X+X+ X +.=x(I-x)" (6.4)
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Step 6: Obtaining ChP Importance

Using the Entire Influence Matrix of the FP and FIs, obtained through the process
outlined in the previous paragraph, the ChP importance is obtained. This process
is based on a hypothesis: “the ChP, which strongly influences the CoP, is more
important.” Namely, the equation below provides the ChP relevance ratio vector,
w" (6.5). The individual CoP and ChP relevance ratio vectors are obtained using
(6.5).

+ + - -
W=l W W, oA (65)
By combining the equations, the relevance ratio vector W is obtained for the en-
tire FP as follows:

+ + = —

w=(w e WWw e w)=wm+w (6.6)

ch

Step 7: Function/Mechanism Deployment

By using the QFD, it is possible to know a detailed design indicator by deploying
the importance of the quality elements, obtained through quality deployment, into
their function/mechanism importance. Namely, in QFD, the process of either a
function deployment or a mechanism deployment is performed to extract the func-
tions and mechanics of the quality elements in order to obtain a design indicator
for a product. In the proposed service modelling scheme, the relationships are de-
scribed using a view model among the FPs (equivalent to the quality elements),
the functions and the entity. Furthermore, a relevance ratio is then quantitatively
given to the relationships among the FPs, the functions and the entity. It is possi-
ble to create a function deployment table and a mechanism deployment table.

These two-way charts allow the conversion of FP importance into either func-
tion importance or entity importance. As a result, the following information can be
obtained as service design indicators:

1. FP Importance An importance concept on service, corresponding to the im-
portance of quality elements in traditional product design, can be obtained in
consideration of the concept of service channels/contents.

2. FP Reciprocal Influence Matrix Regarding the realization structure of the
target service, it is possible to gain an overview of the interactions among
FPs. By representing any complementary or interfering relationships among
FPs in a matrix, it is possible not only to enhance the synergy relationships
among the FPs but also to grasp the interfering relationships among the FPs
should be solved by tradeoffs.

3. Function Importance and Entity Importance Because it is possible to ob-
tain the importance of the functions and entity respectively involved in the



Service Engineering — Methods and Tools for Effective PSS Development 123

service realizing structure, the information to perform design operations can
be used, such as the addition, replacement and deletion of the functions or of
entity.

6.4 Service Activity Design

In service marketing field, service blueprints are used widely by marketers to de-
scribe service activities visually, sequentially and dynamically (Kingman-
Brundage 1989). A service blueprint answers these questions: “who does what, to
whom, how often, under what conditions?” (Kingman-Brundage 1989). Further-
more, it represents service activities as flow charts with interactions among pro-
viders and customers. The original service blueprint proposed the following two
lines as shown in Fig. 6.6, to specify the scope of mutual effects among customers
and providers.

Steps performed by the customer
prmmmemmnemeeee Line of interaction --------------------é Front-stage

Activities by front-line staff, visible to the customer

Line of visibility
Activities by front-line staff, not visible to the customer !

Back-stage
Support processes, not visible to the customer

Fig. 6.6 Schematic illustration of service blueprint (Pires and Stanton 2004)

Line of Interaction

Separates the customer action area from provider activity area, representing the di-
rect interactions among customers and providers. Above this line, i.e. customer’s
side, activities, choices and interactions performed by customers are found.

Line of Visibility
Differentiates visibility of provider’s activities to the customer. However, the
original blueprint has the following weaknesses, to apply to actual services. While

“front-stage” is the place where provider’s activities are perceived by customer,
“backstage” is where provider’s activities are not perceived by customer.
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Lack of Design Information

Although customers evaluate services from various points of view, it is difficult to
represent all information that customers perceive by only means of the flowchart
style diagram. For example, the interactions of customers with facilities such as
seating chairs cannot be depicted richly using the original blueprint (Ma 2002).

Insufficient Normative Notation

The service blueprint was basically proposed as a traditional flowchart, and thus
has insufficient definition in normative notation. Consequently, the meanings of
symbols are often ambiguous and inconsistent (Congram and Epelman 1995). By
the same token, very few attempts have been made for studying service design
methodology; namely, service organizations have focused on the service opera-
tions mainly from operating perspective, but not from design perspective. That is,
a service blueprint itself is not sufficient to design practical service, however, it
can be enhanced by combining conceptual design models such as the view models
proposed by Service Engineering.

6.5 A Unified Representation Scheme of Service Activity

According to above-mentioned discussion, not only human processes but also
physical processes must be described in service blueprints for increasing customer
value in service. In this chapter, service blueprints are innovated to include physi-
cal processes to connect with view models that represent service contents. Conse-
quently, the problems of the original service blueprint mentioned in Sect. 6.4 are
solved. Service design process based on the extended service blueprint is made up
of three phases: identifying customer value, design of service contents, and design
of service activity. Fig. 6.7 illustrates the relationship among RSP, the view model
and the extended service blueprint.

6.5.1 Extended Service Blueprint

The extended service blueprint represents both human processes and physical
processes defined as follows:

e Human processes Activities performed by humanware and its related software
o Physical processes Activities performed by hardware and its related software
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View model
Model: Function model (static)
Notation: Functional tree

L

Identifying Designing Designing
customer service service
value contents activity
f E . .

Model: Process model (dynamic)
. Notation: BPMN

Fig. 6.7 Relationship among RSP, the view model and the extended service blueprint

The extended blueprint, based on the concept of original service blueprint, em-
ploys the Business Process Modelling Notation (BPMN) (White 2004) as its nota-
tion. BPMN is a common notation for the business process, and models business
processes from the viewpoint of “who does what, in what sequence?” To under-
stand BPMN more, some examples are discussed. A “pool” denotes an entity that
implements processes. It represents not only human resources such as customers
and providers, but also mechanical/informative systems that involve collaboration
with customers. A pool is divided by “lane,” to clarify visibility from the custom-
ers. The benefits of this blueprint are as follows. Firstly, it can be understood and
used without special knowledge. In order to design high value services, various
experts need to participate in design cooperatively. By representing interactions
among providers and customers using this message flow, service designers can
understand how the processes in one pool may influence those in other pools. En-
gineers often design their products without considering either customer needs or
use phases. This method identifies the roles of products in entire service. Conse-
quently, engineers enable design product fulfillling customer needs by referring
above information.

6.6 Application to an Actual Service

6.6.1 Elevator Operation Service

The aforementioned method is applied to an elevator operation service. This busi-
ness is chosen for working on heightening the value of the product throughout its
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life-cycle. In addition to regular maintenance of elevators, this elevator company
tackles and develops novel service including building security control.

6.6.2 RSP ldentification

The authors worked out a customer survey collaborating with the elevator com-
pany. As a result, six RSPs are identified from the survey. In this Sect., we focus
on following four RSPs: “the security and safety of the service,” “ease of move-
ment,” “service availability,” and “comfortable environment.”

6.6.3 View Model Construction

According to the results of above RSP identification, the target service is ex-
pressed with the view model scheme. Fig. 6.8 shows the upper part of a view
model that corresponds to the RSP “security and safety.” The root function for this
RSP is decomposed into three functions: “responding quickly and certainly to an
emergency,” “deterring crime in elevators,” and “maintaining the reliability of
elevators.” These three functions themselves are decomposed further into several
sub-functions. Consequently, the following entities are associated with the lowest-
level functions: humanware entities are monitoring staff, staff for emergency, and
maintenance staff, hardware entities are an elevator, a control system, a disaster
sensor, an intercom in elevator, a monitoring system, etc.

Ensure the security and safety of service

J Security and safety of service

Respond quickly and Deter crime in Maintain the reliability
certainly to an emergency elevators of elevators

Legend
) RSP (Receiver State Parameter)
Function —> Functional Relation

Fig. 6.8 The upper part of a view model regarding the RSP “security and safety of service” blue-
print
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6.6.4 Blueprint Construction

After constructing view models, each of the lowest-level functions in the view
models are deployed into a series of activities. Fig. 6.9 illustrates a part of the ex-
tended service blueprint and its relationship with functions in the view model re-
garding the RSP “security and safety.” This blueprint mainly shows the activities
of the monitoring staff, who “responds an emergency request” from an elevator
user via an intercom installed in the elevator. The portions describing the proc-
esses of the monitoring staff and the monitoring system both can be split up into
two Sect.s by the line of visibility as explained in Sect. 6.4. The processes in the
upper Sect. are visible to the user, while processes in the lower Sect. are invisible.
BPMN objects, grouped by the broken lines in Fig. 6.9, represent functions in ser-
vice activities: e.g., “capture images of the elevator inside (a)” is executed in the
monitoring system. The function of judging an emergency situation in elevators,
which contributes to responding to the emergency, can be implemented by col-
laboration among the user, the monitoring staff, and the monitoring system. De-
ployed processes for the function are parallel processes and include a conditional
branch of directions about the emergency. As shown in Fig. 6.9, human processes
and physical processes are unified explicitly and effectively by using the extended
service blue print.

6.6.5 Evaluation of Process Importance

The processes described in the proposed blueprint are evaluated according to QFD
manner aforementioned in Sect 6.3.6 . Table 9.1 indicates the result of process
importance analysis concerning RSP “the security and safety of the service.” In
this table, service processes drawn in the proposed blueprint are sorted in descend-
ing order of their importance weight. By referring this table, service designers can
find out how much each process and its entity contribute to the customer value
“security and safety.”

6.7 Service CAD System

The solution space of service design can be much broader than that of the conven-
tional product design, which makes the derivation of design solutions difficult. In
this Sect., a computer-aided design (CAD) system for service design, called a Ser-
vice CAD, is introduced to provide computerized support for service design.
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Table 6.1 Result of process importance analysis (part)

Entity Service activity/product behavior Im\[’)vzritgahrlce
Elevator Emergency stop 10.65
Sensors Detect thermal change 10.65
Sensors Detect acceleration change 10.65
Maintenance staff  Check parts 6.93
Maintenance staff  Clean up the inside of elevators 6.66
Staff for emergency Decide coping process 5.55
Staff for emergency Cope with the emergency 5.55
Staff for emergency Rush to the elevator 4.99
Maintenance staff Change old parts 4.16
Monitoring system  Capture images 3.08
Control system Analyze the earthquake data 2.46
Control system Analyze the fire data 2.46
Control system Assess needs for stop operation 2.46
Control system Assess needs for stop operation 2.46
Monitoring staff Give directions 2.38
Monitoring staff Understand the situation 2.38
Monitoring staff Assess needs for on-site activity 2.38
Monitoring staff Contact security company 2.38
Monitoring system  Display the images 2.31
Monitoring staff Receive an emergency call 2.22
Control system Diagnosis 1.89
Control system Assess needs for repair 1.89
Control system Repair 1.89
Staff for emergency Prepare for rush 1.66
Monitoring system  Transfer the images 1.39
Intercom Connect 1.01
Control system Command to stop operation 0.82
Monitoring staff Ask user questions 0.79
Monitoring staff Check the images 0.79
Monitoring system  Switch cameras 0.62
Intercom Outgoing call 0.61
Intercom Incoming call 0.61

The results of service design, including the quality of the solutions and the effi-
ciency of the service, depend largely on the designer’s knowledge and methods.
Issues regarding the management of design in various fields have been discussed.
Research into knowledge-based CAD (e.g., Tomiyama et al. (1996) is one re-
search field where such issues have been tackled. According to studies, knowledge
of design is important when using CAD systems to derive a creative design solu-
tion. In other words, it is desirable for a CAD tool to support the design of a com-
pletely new solution that could not be conceived by one designer relying on his or
her knowledge and experience alone. By providing design knowledge based on
existing service cases and realizing a partially automated design operation, a Ser-
vice CAD can facilitate competitive service design and development. An analysis
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of existing service designs revealed that most service designs fall into the follow-
ing categories (Shimomura and Tomiyama 2002):

1. (Re-)design of a new service by enhancing components of and improving ex-
isting services

2. Application of existing service to a different field

3. Creative new design

For the first two categories of service design, the success or failure, the quality,
and the efficiency of service design depend largely on knowledge of service de-
sign and existing service cases. However, a systematized knowledge base of ser-
vice design hardly exists, while in mechanical design, the existing design knowl-
edge base can be stored in a reusable form. In the first categories of service
design, there are at least three patterns of operation (Shimomura and Tomiyama
2002):

1. Substitution of components
2. Removal of a part of service
3. Combination of different existing services

Pattern 1 is an operation in which a component of an existing service is substituted
by another. Patterns 1 and 2 are operations to build a new service by changing and
modifying an entire or a partial structure of the target service, while pattern 3 cre-
ates a new combination of services. Based on the above-mentioned analysis, we
have proposed the concept of a Service CAD (Shimomura and Tomiyama 2002) to
support engineers in designing services. A Service CAD serves as an environment
which aids in the development of a service by providing information about exist-
ing service cases and various operational rules stored in the database. Fig. 6.10
shows a conceptual scheme of a Service CAD, which consists of the following
components:

1. Service case base: a database of existing service cases.

2. Design rule base: a database of operational rules for service design.

3. Reasoning engines: reasoning engines which analyze various properties of
service, such as similarities. A pluggable mechanism is employed so that the
necessary reasoning engine is selected based on the designer’s request.

4. Service evaluator: a module to evaluate a service design solution.

5. Service design process organizer: a module to support service design proc-
esses based on a specific design methodology by means of other components.
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Fig. 6.10 Conceptual scheme of service CAD

The Service CAD presented in this study is programmed to collect existing service
cases. In addition, the Service CAD reuses design rules derived from the design
procedures of previous service design cases and registered as information used to
operate and modify other service design cases in a database. By applying the de-
sign rules to all or part of a service in a partially automated manner, the time re-
quired for service design can be reduced. In other words, one of the methods to
design a new solution is to apply various sets of design rules to existing service
cases. This study suggests a reasoning mechanism using service case databases
and several reasoning engines to realize various design operations as a fundamen-
tal element of the Service CAD. The prototype system of the Service CAD, called
Service Explorer, has been developed. The system has the following five func-
tions:

To allow a user to input and edit a service model

To display component elements on which designers focus
To register service cases in a service database

To search in the service database

To reuse service model data stored in the service database

bl o



132 Y. Shimomura and T. Arai

File  MewElement  Window  Wizard i

CcEdHdn B10000

- /f )
Econamic cost ]
[Well-furmeshed and atiractive ro
Energy saving

Taho 8 rost and driek 13 in ho room

i
Economic cost

Wel-fumished and atiractve rog

View of outside
|adequate heating andier sir-co..
Good lghting (both natural ard -

® Geise s RSP
temive RSP

Have dinner with colleagues in 2 restawrand in e oy Ei
I Eiae

: @ Adequate heading andior ir-¢orl
—_ ! #® Good lighting
i Talos & showes in the bathroom .

Walk o e vt place The RSPs in an action

The action chain el
for the target receiver

i

CIT T

Sieep in ine suom

-~

Legend

0 : Prowvider
: Receiver

9 : Intermediate agent

W s

. - RSP (Value or Cost)
[0 Action in Scenario

es«umyarlammy 5 knowledg t of the cleaning step
P— ——
7y
| Monitor a coin washer facility I | Prolect laundry In a coln washer |
l l iDBplwlholimU g before the laundry is finished
l Set monitoring cameras ‘ l Secure the door of the washing machine |
| ——— O
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The requirements and details of the implemented specifications are as follows.

1. To Allow a User to Input and Edit a Service Model

This is the most fundamental function of Service Explorer. In order to acquire in-
formation about service cases for efficient service design, an easy graphical inter-
face to describe a service model is needed. A service model is described as a graph
structure consisting of nodes and arcs.

2. To Display Component Elements on Which Designers Focus

The system must selectively display component elements depending on designers’
demands so that they can understand the structure of the service. Service Explorer
provides a function to display the function topology and the parameter structure.

3. To Register Service Cases in the Service Database

Because it is desirable that the service database store service cases independently
of the specific OS/application, Service Explorer employs XML as the database de-
scription language.

4. To Search the Service Database

Service Explorer is equipped with a search function to look up the service data-
base depending on each designer’s requests. Using the current Service Explorer,
designers can search for service models with keywords contained in the composi-
tion elements.

5. To Reuse Service Model Data Stored in the Service Database

This function allows composition elements to be reused or the structure of a ser-
vice model to be stored in the service database when a designer inputs and edits a
service model. Based on the above-mentioned functional specifications, Service
Explorer has been developed in Java SDK 1.4.1 and XML version 1.0. The MVC
model (Krasner and Pope 1988), which has been used widely in general GUI ap-
plications, was adopted as the basic architecture of Service Explorer. By applying
the MVC model, the high flexibility and reusability of Service Explorer and the
robustness of the service model data were achieved. Fig. 6.11 shows screen im-
ages of Service Explorer currently under development.
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6.8 Conclusions

Although current product and service designs are done separately, they are
strongly related one another. To maximize the service value for customers, both
human processes and physical processes should be unified.

In this chapter, first, we introduced fundamental concepts of service engineer-
ing. A service model consists of a provider, a receiver, a service channel, and ser-
vice contents. The satisfaction of the receiver is represented by receiver state pa-
rameters. To deal with services, we introduced three different kinds of models, a
flow model, a view model and a scope model; a view model is used to describe the
structure of a RSP; a scope model covers the relations among RSPs in a service
receiver.

Second, an evaluation method of a service is introduced. The evaluation is per-
formed by applying the QFD to the service model, which consists of parameters as
defined in Service Engineering. In regard to the realization of the service, relation-
ships among individual parameters are defined as quantitative evaluations of their
interactions through the Dematel method. In addition, by reapplying QFD to the
obtained information, it is possible to calculate both the function importance and
the entity importance, which are the structural elements of service, considering the
contents and channels as the fundamental concepts of services.

Third, a method called “extended service blueprint” is introduced, which en-
ables us to design service activities that consist of both human processes and
physical processes, concurrently and collaboratively during the early phase of de-
sign.

Furthermore, a computer-aided modelling tool called Service Explorer has been
developed to analyze a service and its related parameters. Service Explorer has
proved to be useful in understanding a structure of a set of services.

References

Akao, Y. (1990) Quality function deployment. Productivity Press.

Congram, C., Epelman, M. (1995) How to describe your service. Int. J. Serv. Ind. Manag., 6-2:6-
23.

Kingman-Brundage, J. (1989) The ABCs of service system blueprinting: designing a winning
service strategy. AMA 30-33.

Krasner, G. E., Pope, S. T. (1988) A cookbook for using the model-view-controller user interface
paradigm in smalltalk-80, JOOP 1/3: 26-49.

Ma, Q., Tseng, M. M., Yen, B. (2002) A generic model and design representation technique of
service products. Technovation, 22:15-39.

Miles, L. D. (1971) Techniques of value analysis and engineering. McGraw-Hill.

Pahl, G., Beitz, W. (1988) Engineering design: a systematic approach. Springer-Verlag.

Pires, G., Stanton, P. (2004) The role of customer experiences in the development of service
blueprints. ANZMAC 2004 Conference.

Rodenacker, W. (1971) Methodisches Konstruieren, Springer-Verlag.



Service Engineering — Methods and Tools for Effective PSS Development 135

Saaty, T. L. (1980) The analytic hierarchy process. McGraw-Hill.

Shimomura, Y., Tomiyama, T. (2002) Service modeling for service engineering. Proceedings of
the 5th International Conference on Design of Information Infrastructure Systems for Manu-
facturing 2002 -DIISM2002-, 309-316.

Shimomura, Y., Yoshioka, M., Takeda, H., Umeda, Y., Tomiyama, T. (1998) Representation of
design object based on the functional evolution process model. J. of Mechanical Design, 120,
ASME, p. 221-229.

Suh, N. P. (1997) Design of systems. Annals of the CIRP 46/1:75-80.

Tomiyama, T. (1997) A manufacturing paradigm toward the 21st century. Integr. Computer-
Aided Engineering 4:159-178.

Tomiyama, T. (2001) Service engineering to intensify service contents in product life cycles.
Proc. of the 2nd Intn'l Symp. on Environmentally Conscious Design and Inverse Manufactur-
ing (EcoDesign 2001), IEEE Computer Society 613-618.

Tomiyama, T., Umeda, Y., Ishii, M., Yoshioka, M., Kiriyama, T. (1996) Knowledge systemati-
zation for a knowledge intensive engineering framework. In: Tomiyama, T., Mantyla, M.,
Finger, S. eds., Knowledge Intensive CAD, Chapman & Hall, London, 1:33-52.

Umeda, Y., Ishii, M., Yoshioka, M., Shimomura, Y., Tomiyama, T. (1996) Supporting concep-
tual design based on the function-behavior-state modeler. Artif. Intell. Eng. Des. Anal.
Manuf. 10/4:275-288.

Warfield, J. N. (1976) Societal systems: planning, policy, and complexity. Wiley Law Publica-
tions.

White, S. A. (2004) Introduction to BPMN. BPTrends, July 2004.



Chapter 7
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Abstract Services are becoming increasingly important in today’s manufacturing
industry. As a result, it has become common for companies to provide a combina-
tion of services and products as an integrated offering. This chapter focuses on
such business and development processes. It begins with a literature review which
identifies uncertainty as a critical concept to be addressed properly in such busi-
ness. Then, based on interviews with nine Swedish companies interested in the
PSS offering business, it uncovers findings such as how companies lack a sys-
tematized tool to support their development process. In addition, there is a wish to
have a tool for companies to address uncertainty. In response to this, and as a solu-
tion, this chapter recommends that firms utilize a simple tool addressing the uncer-
tainty of customers’ business processes based on a model for “Process Service
Channel”, so that a service provider can effectively generate business process-
driven service bundles. Through a case in the printing industry, this chapter dem-
onstrates the effectiveness of the tool. This tool has potential for value-oriented
optimisation of production processes and for a strategic customisation of the cus-
tomer’s business.

Keywords Development methodology, Requirement Analysis
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7.1 Introduction

In today’s industrial market, capital goods producers not only sell an appropriate
device solution (hardware and software), but also customise their offerings with
their own or additionally purchased services. Consequently, such producers play
an active part in their customers’ business processes as well. This has been recog-
nized as a subject of PSS design. In spite of recent attention on PSS design by in-
dustry, knowledge/experience to support those companies is, at present, insuffi-
cient. To fill this gap, this chapter first aims at analysing what properties are
peculiar to PSS and how industry addresses them, based on a literature review and
company interviews, respectively. Then, it focuses on such development processes
considering customer uncertainty and provides a tool for value-chain oriented ser-
vice development as a solution. Finally, it illustrates how our tool supports service
providers in developing industrial services together with products.

7.2 Industrial Challenges in Developing PSS

7.2.1 Literature Review

Morelli (2003) argues that the design of a PSS falls in a different domain than that
of a product. He points out that the new variable includes the time dimension, as-
suming that is its final result is co-produced by a network of social actors. Fur-
thermore, he states that the design discipline has no methodologies to operate in
such domains, and proposes the use of envisioning with a scenario.

Oliva and Kallenberg (2003) propose two axes for manufacturers to shift their
business from products toward services: one axis is from product-oriented services
to process-oriented services, while the other is from transaction-based services to
relationship-based services. The shift along the latter axis has an effect that the
manufacturer is supposed to assume the risk of equipment failure. They further ar-
gue that the profitability from maintenance service depends on how accurate the
organization is in assessing the failure risks for the equipment. In addition, this re-
quires a new set of skills within the service organization and information gathering
capabilities to better determine risk.

Alonso-Rasgado et al. (2004) state “business risk is an important criterion in
the design of Total Care Products” and propose a five-stage design process in To-
tal Care Products creation: business ambition, potential business solutions, “core”
subsystem definition of a service support system, advanced product modelling and
simulation, and product and business risk assessment. In addition, they argue the
importance of considering the risk to both the supplier and the customer. They fur-
ther argue that the human element provides the biggest source of uncertainty. Ev-
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ans et al. (2007) report, from their observation of a PSS development case, that a
number of techniques to negotiate benefit—cost-risk sharing among stakeholders
are needed.

Based on analysis of a solution developed by a service division within an elec-
tro-technical conglomerate, ABB, Windahl ef al. (2004) describe how potential
savings and profitability may be unclear in such a solution. Playing an especially
significant role, as far as the provider’s internal planning is concerned, is the
length of the contractual period.

Dausch and Hsu (2006) developed a qualitative reference model providing
static knowledge on the structuring of service processes/resources and the dy-
namic assessment of their costs and risks, useful for both providers and customers.
This has been tested with satisfaction by the Power Systems Division, Aircraft
Engines Division and Transportation Systems Division of General Electric Corpo-
ration.

In the marketing area, on the other hand, an article of much relevance to PSS-
design research (Vargo and Lusch 2004) does not handle such a concept explic-
itly. Instead, it suggests that value is determined by customers on the basis of
“value in use” in a new, dominant and service-centred logic for marketing, while it
is determined by providers in terms of “exchange value” in goods-centred logic. In
addition, a foundational premise is presented: the customer is always a co-
producer. This implies more uncertainty is added for a provider in the case of PSS
than in the case of product-sales type contract, but the article does not go into fur-
ther detail.

In summary, one of the most crucial impacts on business of PSS originates
from the shift of these offerings from a static to dynamic state. This is quite obvi-
ous, since a contract for service has a time dimension and connotes future events,
as opposed to that for a physical product (except for a period of quality guarantee
as free service).

As a result, uncertainty becomes one of the new critical elements to address
when designing/developing PSS. The consequence of uncertainty is regarded as
risk, which should cover the risk of provider as well as customer, in some litera-
ture. Thus, it becomes critical to share the information of risk between a provider
and a customer, and for a provider to make a decision on which risks to take or
leave out. Regarding provider risk, for instance, the profitability from maintenance
service is argued to depend on the preciseness of risk assessment (Oliva and
Kallenberg 2003). However, it should be noted that risk is the negative effect of
uncertainty, while opportunity is the positive one. As proposed in Jabagchourian
and Cvetko (2002), risk and opportunity should be managed in an integrated man-
ner.

Through reviewing academic contributions tackling these issues, it was found
that uncertainty is a critical concept that needs to be properly addressed. Here, un-
certainty originates from product functioning, service delivery, and customer de-
mands.
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7.2.2 Company Interviews

7.2.2.1 Interview Method and Questions

Based on the results of Sect. 7.2.1., the current status of industries was investi-
gated with the following research questions (RQ), listed below and depicted in
Fig. 7.1:

¢ RQ1 What are the uncertainty factors for customers and companies in provid-
ing PSS?

e RQ2 How do companies currently address customer uncertainty during their
planning/design, and how do companies wish to address them in the future?

¢ RQ3 What is a good way to support companies in addressing customer uncer-
tainty with PSS during their planning/design?

RQ1. What are factors of uncertainty?

Provider Customer

RQ2. How do companies (wish to)
address customer uncertainty
during planning/design?

PSS

RQ3. How can companies be supported?
| g’

Fig. 7.1 Schematic presentation of the three research questions

The reason why customers and companies were focused on in RQl1 is that the un-
certainty of physical products is well known from the traditional sales type of
business. The following list defines three important differentiated terms used in
the questions and dialogue during the interviews:

o Uncertainty The state of deficiency of information related to a future event

¢ Risk The negative effect of uncertainty on objectives. Risk can be expressed in
terms of a combination of the consequences of an event and their likelihood

o Opportunity The positive effect of uncertainty on objectives
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In addition, the categorization of the services, i.e. product-oriented service, use-
oriented service, and result-oriented service, was adopted from that made in the
EU-funded project on PSS (Tukker and Tischner 2006):

e Product-sales type contract A contract in which a company sells a physical
product to a customer with a fixed period of quality guarantee, and without any
extra price.

e Product-oriented service Extra service provided in addition to the sale of a
product, such as supply of consumables, maintenance, financing, take-back,
and advice on product usage; this is labelled “Type A” in this chapter.

e Use-oriented service Product leasing/renting/sharing (without ownership
transfer) and pay-per-service unit (e.g., contract for using a copier); this is re-
ferred to here as “Type B”.

e Result-oriented service Activity management service (e.g., office cleaning
service and catering) and providing functional result (e.g., keeping harvest
losses to an agreed minimum level); this type of service is denoted as “Type
C”.

For the company interview, nine companies were selected from large-sized manu-
facturers in Sweden interested in providing PSS. All interviews, with the excep-
tion of one done over the telephone, were carried out in face-to-face meetings dur-
ing the period May to September 2008. The length of each interview was targeted
at 1 h at maximum, but ranged froml to 1.5 h.

A semi-structured approach with the above questions in mind was adopted for
the interview. However, the depth of the dialogue for each question varied de-
pending on the relevance of the company business. The information obtained dur-
ing the interviews was analyzed along with other information, such as company
brochures.

7.2.2.2 Results of the Interviews

It was found that most of the nine companies wanted to increase their service-
oriented business. Namely, they wished to begin or increase the amount of use-
oriented service (Types B) or/and result-oriented service (Type C) they conducted,
although their major service business could be described as product-oriented
(Type A). This is quite natural, because the nine companies selected were known
to be interested in the PSS initiatives.

One of the major findings was that there is a difference in how providers view
PSS depending on the maturity of providers in their PSS business: providers with
extensive experience (including Companies A and B) recognize that the major un-
certainty exists in customers, while others consider their services as the most un-
certain. Consistent with this, the matured providers raised convincing customers
and changing themselves as their major challenges, while others consider under-
standing the meaning of PSS internally to them is their current challenge. What
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the latter wish to have is, for example, support to identify their business case with
PSS. However, it should be noted that main issues for each company varied. This
is natural, as providing PSS forces firms to address various issues including identi-

fication of customer needs.

The chapter will then focus on a tool for supporting the more matured compa-
nies. Thus, customer uncertainty will be the main issue. Among the matured com-
panies, another finding is that a company which already had extensive PSS activi-
ties (Company B) regarded uncertainty as a critical concept, and wished to have a
quantitative tool to help design/develop PSS. Interview results from companies A
and B are summarized in Table 7.1, as they have important implications regarding
customer uncertainty. The information below is of a more complementary nature,
while the complete information can be found in Sakao and Sundin (2009).

Table 7.1 Summary of the results from the interview of two companies

Company A

Company B

Industrial sector

Heavy-machine provider
for industrial use

Control-machine provider
for industrial use

PSS Business in general

Experience

Much experience

Much experience

Current ratio of con-
tracts with services

50%

40%

Current types of ser-
vices provided

Product-oriented service
predominant

Product-oriented service is
prevalent at present, al-
though the company has be-
gun to provide use-oriented
and result-oriented services

Desired combination
of service types

They wish to shift to use-
oriented service, but not to
result-oriented service

They wish to enlarge use-
oriented and result-oriented
services

The major uncertainty
with PSS (RQ1)

Factors from customers
(operation)

Factors from customers

How to address customer uncertainty (RQ2)

Current situation

The opportunity/risk is
evaluated, before either
product or service is fixed

Not in a formalized way,
sometimes depending on the
person

Desired situation

The company wishes the
service development Sect.
to be more involved in the
process

In a formalized way, leading
to measurement and man-
agement

How to support planning
PSS (RQ3)

Establishing a more ra-
tional procedure and a sys-
tem by making use of past
experiences

Providing a formalized pro-
cedure providing quantita-
tive economic data to be
shared and managed by dif-
ferent divisions




Addressing Uncertainty of PSS for Value-Chain Oriented Service Development 143

Company A

In Company A, 50% of the business is product-sales type contracts, while the
other half consists of other contracts with services. The company wishes to shift
its services from Type A, product-oriented services, to include more Type B, use-
oriented services, but not Type C, result-oriented services.

Company A is trying to develop a system to support generation of offerings
based on its past experiences. The system is supposed to take advantage of suc-
cessfully closing contracts on the world market and generating a type and included
elements of a contract. It is also supposed to calculate the TCO (total cost of own-
ership) of customers. Note that the mindset of the customers is an obstacle for
Company A in providing more services; customers that are prepared to focus on
their core business find it easier to receive service offerings.

In the cases of Type B, use-oriented services, and Type C, result-oriented ser-
vices, uncertainty comes from customer factors. A key to generate such uncer-
tainty is the complexity of product usage: as certain specific skills are needed in
such cases, at the same time there emerges uncertainty.

To obtain information regarding a customer’s operation, some techniques have
already been implemented. However, there is still an abundance of information
that cannot be retrieved. Thus, sending an employee to a customer site is meaning-
ful.

Although Company A did not utilize any methods/tools to address uncertainty,
it wanted to develop helpful methods/tools in the form of a system (see above).

Company B

Company B provides industrial machines which consume high amounts of energy
in the usage phase. In general, about 75% of the total cost borne by customers is in
energy cost. The cost to the customer, importantly, could be reduced by 30—40%
through efforts of the provider. This is critical for Company B to be successful in
the PSS business.

Company B aims to reach a win—win situation (higher availability/less cost for
the customer and higher profit for the company) together with the customer (e.g.,
by applying the company’s knowledge). The company wishes to expand the types
of services it offers from Type A, product-oriented services, to include more of
Type B, use-oriented services, and Type C, result-oriented services. At the same
time, the company is interested in including as variable as possible content in its
offerings. However, an operator (human) does not need to be sent from Company
B to the customer site, since only software is needed for the operation.

Company B considers uncertainty to be among the critical issues associated
with PSS. In the case of Type C, result-oriented service, uncertainty both for the
company and the customer is the bottleneck. Here, customer factors have the larg-
est uncertainty.
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Company B regards the size of the consequences of risk on customers as an in-
dicator of how much customers are interested in buying Type C, result-oriented
services. The complexity of a provided system would be an indirect indicator.

7.2.2.3 Discussion

From the previous Sect., the research questions are answered as follows:

e  RQI What are the uncertainty factors on customers and companies in pro-
viding PSS?

e Al Factors from customers were the most prevalent for the more experi-
enced companies, while services are the major factors for the less experi-
enced companies. This appears to be rational, assuming experienced com-
panies have overcome their own service uncertainty.

e RQ2 How do companies currently address customer uncertainty during
their planning/design, and how do companies wish to address them in the
future?

e 42 Some companies had tested tools for the dynamic assessment of risks;
however, this was not widespread. Even a company with extensive experi-
ence did not address (quantitatively and qualitatively) uncertainty in a for-
malized way. “Trial” service was employed by some companies to demon-
strate the service at the customer site.

e RQO3 What is a good way to support companies in addressing customer un-
certainty with PSS during their planning/design?

e A3 One way would be to adopt a formalized and quantitative tool (soft-
ware) calculating the financial situation of the provider and the customer
using data from the past. Such a tool should address information concern-
ing the usage of products at the customer. This originates partially from in-
terpretation of the interviews by the authors, since sufficient spoken needs
from the companies were not available. However, this is in line with the
future research implication in other literature (Sakao et al. 2009).

In conclusion, there is a reasonable wish for relatively mature companies to ob-
tain a formalized system leading to the quantitative/qualitative management of un-
certainty.

7.3 The Solution: A Tool for Value-Chain Oriented Service
Development
7.3.1 Overview

From Sect. 7.2, establishing a formalized way to support designers in companies
was identified as a wish. Therefore, as a first step, this Sect. suggests a qualitative
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tool developed in the engineering field (the tool was originally published in
Panshef et al. (2009)). This allows designers to explore the consequences resulting
from uncertainty during the customer process, and to find possible business oppor-
tunities, especially in the areas where no service is given.

7.3.2 Overall Description of the Adopted Model

In the customer’s production process, certain risk of failure exists, and customers
are certainly not pleased when a failure occurs. Therefore, the service provider can
successfully provide services which take over some of the customer’s risks.
Through this “risk sharing” (Alonso-Rasgado et al. 2004), both the customer and
the provider can profit as long as the provider is able to create the appropriate ser-
vice content. Hence, the provider has a greater chance of receiving higher income.

First, a model is needed to describe customers. There are two main focus areas
within this model. Firstly, it aims to obtain the “value-added chain” as an iterative
course of technology-driven methods as well as to obtain the business processes in
commercial and micro-economic structures. Secondly, it aims to exploit all re-
sources of a service-support chain efficiently when considering the possible level
of service escalation.

In addition, this model also maps out a new field in the industrial support ser-
vice by means of classifying the configuration of different service content, primar-
ily in failure prevention. The proposal of separating the service activities in reac-
tive and preventive activities introduces a new dimension into industrial service
with great potential and far-reaching scope.

7.3.3 Structural Design of the Model

In order to systematically design the model, it is necessary to clarify its construc-
tion rules and the general conditions. The framework in Fig. 7.2 illustrates the ba-
sic structure and properties of the model.

The design of the model basically consists of three elements: first, the cus-
tomer’s value chain (x-axis); second, the level of service escalation (y-axis); and
third, the level of service development (z-axis). These are described below.
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Levels of Service Development
What (Service Content)

Customer's Value Chain / Process View / ‘:i(‘

Where (Target of the Service)

Fig. 7.2 3D framework of the model for the “Process Service Channel” with the description of
the service content (Where, Who and What). Source: Panshef et al. (2009)

7.3.3.1 Customer’s Value Chain (x-axis)

The value of a product or a service consists of many different components, which
are fixed in relation to the production (for products) or to the supply of services.
The individual manufacturing processes, or the process organisation in the provi-
sion of a service, consist of many small sub-processes and organisational units
(Vahrenkamp 2004). Each of these sub-processes and organisational units influ-
ences the quality and the value of the final product or service in a certain manner.
Thus, each of them contributes to the total value of the product or service. The to-
tal of the “value increments” for each individual manufacturing process or organ-
isational unit is described in this research, in accordance with Porter (1985), as the
“Value (-Added) Chain.”

The main task when obtaining the customer's value chain is to capture and il-
lustrate its elements. The elements of the value-added chain within the customer’s
large-scale production process are defined as the “Customer’s Value-Added
Chain” in this research. It should be defined individually for every single manu-
facturer and for every manufacturing process. This means that each “Customer’s
Value-Added Chain” has different structures and qualities. Accordingly, primary
and secondary processes of “added value” should be equally defined (Porter
1985).
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In contrast to the “Life-cycle” concept presented by Aurich et al. (2006), this
element within the x-axis proposes a “Business-to-Product” view of the PSS de-
sign. By use of this description, a process view of the customer’s production value
chain can be designed.

7.3.3.2 Levels of Service Escalation (y-axis)

The possible levels of service escalation refer to all possible procedures when
handling and preventing a “crisis” in production value chains. Similar to the con-
cept of “Crisis Management of Organisations” (Smith 2005), the concepts “crisis”
and “emergence” should be precisely defined. In this context, a “crisis” is a set of
conditions that generate task demands on a production value chain that exceed (or
come to exceed) a value chain’s ability to cope with the use of considerable addi-
tional (possibly external) resources. In the same way, “emergence” can be defined
in relation to the resource’s network interaction that takes place around a cus-
tomer’s production value chain and to its core activities.

When defining possible levels of service escalation, all resources should be
utilised. This will help to avoid a “crisis” in the customer’s production value
chain. Correspondingly, all involved human resources, organizations and tech-
niques that guarantee the stability of the customer’s production value chain must
be identified and properly structured. These resources should be distributed along
the y-axis (see Fig. 7.2) with respect to their spatial proximity (e.g., machine in-
ternal, customer internal and customer external, as well as machine manufacturer
internal and external or neutral measures) and their reaction/action time (e.g., si-
multaneous, immediate, indirect, after some period of time, etc.). Thus, a network
is formed between the customer’s production value chain and the “service supply
chain”, determined by the definition of possible levels of service escalation (see
the base of the pyramid in Fig. 7.2).

7.3.3.3 Levels of Service Development (z-axis)

The design of several service contents aims to create the appropriate service ac-
tivities for each (or one particular) element of the customer’s value chain and for
each (or a determined) level of service escalation. The existing models for innova-
tive and value-oriented service engineering are often sector-specific because of the
heterogeneity of the service contents, and are therefore generally seldom valid
(Jaschinski 1998). Our model attempts to be rather generally applicable to differ-
ent sectors.

The design of the actual service content has to first be completed by consider-
ing all possible reactive service content (known in this research as “Service Con-
tents Tier I”), and second by considering all possible proactive (preventive) ser-
vice content (known in this research as “Service Contents Tier II”). In this way, a
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view of the service content and all implemented service activities is defined. The
description of the “Reactive Service Contents” (Tier I) and “Proactive Service
Contents” (Tier II) is presented in detail below.

a) Reactive Service Contents in Tier I

Relating to the model, the service content from Tier I is understood to be reaction-
ary measures on the part of the possible level of service escalation. This level can
refer to demand, fault or disturbance in the whole value chain within the cus-
tomer’s target production process. It is a kind of “Quality Management”, accord-
ing to LinB (2002), where firstly the fault is eliminated as a reaction and secondly
it is cared for as a prevention. In consequence, the customers obtain a stable value
chain. All these elements (see the x, y and z axes in Fig. 7.3) which are carried out
as a reaction to malfunction in the production process or to a customer’s enquiry
have three tasks. Firstly, it is important in each case to react with concrete correc-
tions as fast and effectively as possible. Secondly, the efficiency of the model pre-
sented in this article takes into account an in-depth fault analysis and suitable fault
avoidance measures. Thus, the model should ensure that the cause of this fault and
all further possible sources of fault are eliminated. This should minimise the risk
of further system disturbances in the future. Thirdly, by means of suitable preven-
tive measures, this concept should ensure that the costs caused by subsequent
damages are minimized. In fact, a closed sphere of activity is created to reduce the
consequential damages by means of a more intensive treatment of the fault causes
and fault avoidance.

Just like the “Self-Maintenance Machine” defined by Shimomura et al. (1995),
this concept of reactive service includes reactive computerisation content as well.
Nowadays, all these reactive tasks, which are defined in this article as “Reactive
Service Content in Tier I’, are a common practice in the sales and service units of
all industrial manufacturers.

b) Preventive Service Contents in Tier Il

The “Preventive Service Contents in Tier I1I”, which are presented in the “Model
for Process-Driven Service Bundling”, refer to all support measures that can be
preventively implemented and determined with regard to “measurable uncer-
tainty” or “measurable risks” in the process of a customer’s large-scale produc-
tion. This preventive service support includes actions such as preventive mainte-
nance, performance upkeep and/or process monitoring, which can be recognised
and processed, e.g., according to the model approach of Lavidge and Steiner
(1961) for predictive measures of advertising effectiveness. That is, if a break-
down in the customer’s production process is going to occur in the long run,
something (a type of indication) must appear in the short run. Thus, this indication
can be measured in order to provide “Preventive Service Contents” approaching a
comprehensive evaluation of the effectiveness. Such measurement, according to
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Lee (1999), can help operators set up machines for a given criterion in order to de-
termine whether the machine is running correctly and to predict problems before
they occur.

In contrast to the “Reactive Service Contents in Tier I”, the “Preventive Service
Contents in Tier II’ are characterised by two main properties. First, the service
content and service activities can be realised without recognising faults or distur-
bances in the production process. Second, the “Preventive Service Contents’ can
be realised without customers asking for them. That is, they are a proactive service
action regarding the “Customer’s Value (-Added) Chain” of all involved in a
given large-scale production process. The concept of proactive service activity is
related to the extent to which service specialists generate new services on the dif-
ferent levels of service escalation. Thus, it considers the strategic objectives and
long-range needs of a customer’s large-scale production process (Bunn 1993).

7.3.4 Profile View of the Model

The aim of this model is to identify the most critical production elements or organ-
isational units within the “Value (-Added) Chain” and optimise these elements by
suitable support activities. Thus, a structured “Process Service Profile” of the
“Process Service Channel” is created. A simplified example of a “Process Service
Profile” is presented in Fig. 7.3.

Levels of Service
Development
What (Service Content)

Customer’s Value Chain/
Process View

Where (Target of the Service)

Fig. 7.3 Example of a “Process Service Profile” as a matter of the “Process Service Channel”.
Source: Panshef et al. (2009)
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This profile ensures that an efficient and process-adjusted design of the elements
is considered. It also represents a structured view of the targets (x-axis), resources
(y-axis) and contents (z-axis) of the service activities. This can also be used during
the negotiation of “service-level agreements”. The areas indicated by the three
axes (x: where, y: who and z: what) show the variety of services that should be
produced in a certain customer’s production business. Here, each field (defined by
the x, y and z axes) may contain several service contents.

7.3.5 Use of the Model

For the application of the model, a “task force” should be formed consisting of the
following groups: the customer’s own production team, the customer’s support
team (if one exists) and specialists on the side of the service provider, the produc-
tion supplier as well as others involved in the production process. The responsi-
bilities of this “task force” are defined by the structural design (x-, y- and z-axis)
of the model (see Sect. 7.3.3). The customer’s support team plays an essential role
in the modelling process within the application of the model. This team should
provide all information about its own production process and thus guarantee ac-
cess to all of its own “Value (-Added) Chain” devices.

Furthermore, the customer’s support team should recommend service potentials
used in their own businesses, as well as their own production processes. They can
provide suitable information for the service proposed because they know best their
own production value chain, their capability and their structure of the possible
levels of service escalation, as well as their own business needs and risks. Conse-
quently, this “task force” can guarantee the process performance of each one of
the customer’s large-scale production chains.

By using the model, both the provider and the customer can identify business
opportunities within two main areas. First, they can improve the services currently
provided by means of this model. Second, by using the taxonomy tables built by
the x and y axes (see Fig. 7.1 and Fig. 7.2), they can visualise significant potential
for the creation of new service contents. The model helps designers of industrial
service contents to find out what kind of services can be provided to one specific
production and business process. Thus, the matter of the model is to design a
framework for capturing (provider) and ordering (customer) of possible industrial
service contents.

7.4 Application

This Sect. focuses on the commercial viewpoint of large-scale production proc-
esses, in particular for the printing industry, and generates additional potential
within industrial business-to-business services. Addressing the model of custom-
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ers’ business processes, this chapter contributes to the field of value-chain oriented
PSS development.

7.4.1 Basic Conditions for the Simulation

The model presented in Sect. 7.3 is simulated on the supposition of a print produc-
tion company as an example of a large-scale manufacturer by means of a “desktop
simulation” modelled after Rathburn and Weinroth (1991). For this, the customer
will be assumed to be a small print shop (10 employees) with a “fully-integrated
part of self-manufacturing” in the “commercial print field”. This “fully-integrated
part of self-manufacturing” refers to the production process and means that the
company operates in all of the three areas of print production (prepress, press and
post-press). Furthermore, for the purpose of the simulation, this print shop has a
basic business administration without an internal control and overhead cost man-
agement. The term “commercial print” refers to the specialisation of the occa-
sional printed matter of the print shop. These are non-periodic print products such
as leaflets, letters, forms, advertising supplements, business cards or admission
tickets.

In the next Sect. the model has been built up in the 2D tables, according to the
given framework in Sect. 7.3.3.

7.4.2 Construction of the Taxonomy Table for Service Contents

The 2D view of the “Model for Process-Driven Service Bundling” illustrates a
theoretical combination of services by means of a two-coordinate system as part of
the pyramid presented in this research (see Fig. 7.1). On the abscissa (the x-axis of
the pyramid) is displayed a process view of the complete large-scale production
and manufacturing process. This process view relates to the approach for obtain-
ing the customer’s production value chain described in Sect. 7.3.3. The print pro-
duction process is structured in four areas: pre-press, press, post-press (so-called
“finishing”) and logistics.

On the ordinate (the y-axis of the pyramid) of the two-coordinate system, all
the possible levels of service escalation are derived and entered into the 2D table.
For the purposes of this “desktop simulation”, three escalation fields have been
defined. These are firstly the customer’s own resources; secondly the resources of
the device manufacturer or the local service provider; and thirdly the resources of
other service providers. The escalation field “Other” refers mainly to two types of
“service provider”. Firstly, it can be an insurance company for covering damage
costs in the case of a defect. Secondly, this escalation field can also refer to vari-
ous associations, which can lead to a settlement solution by means of an inde-
pendent consultant in case of disputes (see Fig. 7.4).
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By matching the acquired “Customer’s Value Chain of the Print Production” (x-
axis) with the specified “Levels of Service Escalation” (y-axis), a matrix-like
combination of target processes and resources for the possible service contents is
generated. This is defined within this research as the “Service Field”. By allocat-
ing different services into the “Service Fields”, a 2D profile of the “Process Ser-
vice Channel” is generated. This 2D profile represents the composition of different
service contents created within the scope of the “Process Service Channel”. At the
same time, the outlines of the pyramid presented in Fig. 7.3 are determined for the
“Reactive Service Contents in Tier I” (see Fig. 7.4) and for the “Preventive Ser-
vice Contents in Tier II” (see Fig. 7.5).

These two figures build the platform of the “Model for Process-Driven Service
Bundling”, and show the “Taxonomy Table for Value-Chain-Oriented Service
Development” towards a large-scale manufacturing process as well.

In the example of the small print shop, a high concentration of the reactive ser-
vices was initially observed for the areas of press and post-press (compare Fig. 7.4
with Fig. 7.5). Consequently, a new business opportunity can be identified by the
design of new service contents with focus on the pre-press area. Therefore, in
terms of the possible levels of service escalation, an involvement up to the level of
“Remote Service of the Manufacturer” will be considered in this model. By using
the next highest level, the service provider can improve the efficiency of the ser-
vice escalation provided to the customer. For instance, in order to improve the re-
active service contents in the area of pre-press, new service contents for “Data
Handling” can be created and provided by the “Central Service Network of the
Manufacturer”. These can be, for example, consulting activities about the retrieval
of data. Furthermore, no internal service team on the customer’s side is considered
in this example. This observation opens up new business opportunities by remov-
ing service tasks from a current service provider to a new one within the “Service
Support Chain”. For instance, in order to improve the business process, several re-
active service activities, which are currently provided by an “External Service
Team of the Customer”, can be taken over to an “Internal Service Team of the
Customer”. This example shows just one of the operational areas of the taxonomy
table for the “Reactive Service Contents in Tier I (see Fig. 7.4).

A significant business opportunity arises for both the provider and customer
(e.g., print shop) by the implementation of the taxonomy table for the “Preventive
Service Contents in Tier II” (see Fig. 7.5).

By displaying the bundle of preventive service contents, a new dimension for
the design of preventive service activities is presented. This awareness provides a
huge business potential in two main directions. Firstly, the service providers can
plan their own resources by providing preventive service activities. Secondly, the
“Service Customer”, in this case the print shop, obtains a stable print production
process throughout its own production “Value (-Added) Chain”. By using the tax-
onomy table for the “Preventive Service Contents in Tier II”, a set of possible ser-
vice contents can be obtained to compensate collectively exhaustive risks for the
customers (e.g., insurance or warranty of the “Central Service Network of the
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Manufacturer”). Hence, using the bundle of several preventive service activities,
this table provides the base for creating “service level agreements” between a pro-
vider and a customer.

Furthermore, by the intensive exchange of information between the providers
and the customers required for the application of this taxonomy table, the service
providers obtain very useful information about their customers’ business process.
This knowledge can be used by the manufacturer’s R&D for further customisation
of the next machine supplied to the customer.

These are just a few of the beneficial aspects of the “Taxonomy Table Con-
cept”, which could be identified in the desktop simulation. An actual application
of the concept will provide many more benefits to everyone involved due to the
new preventive perception and feeling for the problems within a business process.

7.4.3 Effectiveness of the Model

The taxonomy tables (see Fig. 7.4 and Fig. 7.5) show the possible “Levels of Ser-
vice Escalation” and the “Customer’s Production Value Chain”, and illustrate the
advantages of using the model (see Sect. 7.3). In addition, this model would pro-
vide new business opportunities for all participating parties. The 2D profile of this
model enables the improvement of existing service content (even removing the
current service provider) by recognising and understanding the less significant
service capability provided by the reactive service.

Furthermore, the active role of the customers in the generation of their own
production “Value (-Added) Chain” allows them to better understand their own
better core competence” (Hamel and Prahalad 1994) within their own business
processes as well as their own potential risks. Moreover, the separated considera-
tion of the preventive services presents a new dimension for “service engineering”
regarding the potential of designing proactive industrial service activities.

The example in this Sect. was taken from the printing industry. However, the
applicability of the model is not limited to this particular industry. Rather, it is ap-
plicable to such industries that adopt highly complex machines, and may face the
pressure of time in the production processes.

7.5 Future Trends

As implied in Sect. 7.4, PSS design may force firms to reconsider their core busi-
nesses. This is in line with a general trend of outsourcing and focusing on core
competitiveness in industries. However, a method or a tool to support designers in
such situations is scarce. One of the few instances is a qualitative method to ana-
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lyse the customers’ activity cycles developed in the marketing field
(Vandermerwe 1993). Development of methods/tools in this topic is encouraged.

7.6 Conclusions

The conclusions of this chapter are that PSS offerings are associated with different
types of uncertainty as compared to product sales. Providers should understand the
implication of this new way of providing offerings. From the design perspective,
PSS brings more opportunities to firms, who will need new support tools.

As a solution, it demonstrated that a service provider is able to set up a suitable
and effective strategy to design a customised service for business processes. This
has been attained by a deeper understanding of the business structure within the
production processes of a customer. Quite often the production process structure,
based predominantly on machine conditions, stands alone and does not suffi-
ciently exploit the maximal potential gained by using a customer business model.
An increased efficiency can be achieved by the implementation of certain taxon-
omy tables. These tables (see Fig. 7.4 and Fig. 7.5) simply generate suggestions (a
pool of ideas), and thus do not include the most important part of the optimisation,
namely the evaluation.
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Chapter 8
Value Visualization Strategies for PSS

Development

Christian Kowalkowski and Daniel Kindstrom

Link&ping University, Sweden

Abstract The concept of value visualization is concerned with the way that firms
communicate and demonstrate the value of their Product-Service Systems (PSS),
both internally and externally. In this chapter, a visualization strategy framework
for PSS development is proposed. It is particularly tailored for industrial compa-
nies that are strategically shifting from selling products to becoming providers of-
fering PSS. Value visualization strategies have traditionally focused on external
sales activities. However, companies need to have a broader approach to visualiza-
tion in all PSS development phases, as well as including different visualization
techniques. Furthermore, different visualization strategies are needed for each par-
ticular development stage of the PSS. Companies need be able to make use of sev-
eral different visualization strategies, depending on the actual content of the Prod-
uct-Service System and its position in the development process. Whereas the
product development process is rather heavy at the back, successful PSS develop-
ment projects with high levels of service need to be heavy at the front (that is, they
need to not only develop the system but also ensure its rollout). Examples are pro-
vided from eight market-leading companies in different industries, each of which
are undertaking a strategic shift from identifying themselves as product sellers to-
ward becoming providers offering PSS. To conclude, value visualization has be-
come vital for winning new contracts and retaining existing ones. It is therefore a
strategic resource that managers need to pay attention to, and continuously de-
velop, in order to compete with PSS offerings.

Keywords Value visualization, Value creation, Offering development, Product-
service integration
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8.1 Introduction

Managers and scholars alike have pointed out that it is in many ways challenging
for manufacturing firms to carry out a PSS strategy (e.g., Jacob and Ulaga 2008,
Kowalkowski et al. 2009, Mathieu 2001). The strategic shift from products to in-
tegrated offerings involves not only adding auxiliary services to the core product
offering; it also requires redefining the company’s business and changing the
mindset of managers, employees and customers. KONE, for example, instead of
defining its business as a provider of elevators and escalators, markets itself as
dedicated to facilitating the flow of people through Product-Service Systems. That
is, their objective is “to offer the best people flow experience by developing and
delivering solutions that enable people to move smoothly, safely, comfortably and
without waiting in buildings in an increasingly urbanizing environment.” Not only
does such a repositioning require a new development and marketing approach, it
also requires the ability to visualize the value of new integrated offerings (which
consist of both products and services). Clearly, this is more complex than the
communication of traditional product-based values and technical features.

In this chapter, we put forward visualization strategies as a means of trying to
understand how industrial companies can develop ways to approach customers in
order to show the value of integrated PSS offerings. Empirically, in the light of in-
creased service infusion in manufacturing firms, addressing visualization is of ut-
most interest. Theoretically, this is of particular relevance, since the existing re-
search in the area of visualization has focused on traditional service industries
and/or primarily in the B2C sector (e.g., Hill et al. 2004, Mittal 1999). Further-
more, visualization in B2B marketing tends to be limited to what Berry and Clark
(1986) call “documentation strategies,” and it has an external focus, mainly on
selling (cf. Anderson ef al. 2007). However, visualization of value is a broader
concept that includes the way companies quantify, communicate, illustrate and
demonstrate the value of their offerings, not only to prospective and existing cus-
tomers, but also to other actors in the extended business network and internally
(within the organization). Based on a general model for service offering develop-
ment, consisting of four stages (Kindstrom and Kowalkowski 2009), visualization
strategies that take the entire process (from idea generation to the delivery of the
integrated PSS offering) into consideration, are discussed.

8.2 Issues and Challenges

Visualization often involves communicating and demonstrating the value of intan-
gible aspects that are difficult for individuals to understand, due to, among other
things, immaturity in developing services and integrated PSS offerings. The most
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common strategies focus on sales management, and Fig. 8.1 shows a conceptuali-
zation of the customer value management process.

Tailor market
, Formulate Substantiate i ,
Conceptualize de | —| e |— offrings and Profit from
value " N tranform sals value provided
proposition proposition force

Fig. 8.1 Customer value management (Anderson et al. 2007)

The first step is conceptualizing value. This includes identifying elements whose
value comprises basically the same elements competitors offering, as well as ele-
ments which are different (superior or inferior) to the offerings of competitors.
Visualization becomes particularly important for those elements of the offering
where the supplier and customer disagree with regard to the value relative to the
value of competitors’ offerings.

The next step is to formulate a competitive value proposition. As managers in
charge of successful value-based selling point out, this does not equal listing all
possible benefits customers receive from the offering (Kindstrdm 2009). Rather, it
implies that suppliers should highlight a few elements that will create the greatest
value for the customer. This requires knowledge of not only their own offering,
but also of the business processes of competitors and customers.

The third step is substantiating the value proposition. This can be assisted by
use of case histories and value calculators. Case histories document the value that
reference customers have received from the supplier’s offering. Value calculators
are often spreadsheet applications that salespeople, service technicians and spe-
cialists can use to demonstrate the monetary value that the customer will receive.

Finally, suppliers need to tailor the right PSS offering for each customer seg-
ment and profit from the value provided by both understanding the cost to serve
and the customers’ willingness to pay (Anderson et al. 2007).

The sales management approach to value visualization proposed by Anderson
et al. (2007) and illustrated in Fig. 8.1 is a useful starting point for a further dis-
cussion about visualization strategies. However, complex, integrated PSS offer-
ings are typically not sold on an operational level. Rather, these investment deci-
sions are made on a strategic management level, where other forms of
visualization and also different skills are necessary (compared to more basic, low-
value offerings). Hence, this requires a different approach from sellers as well as
buyers to product and service sales. Furthermore, in the different stages of a PSS
development process there are different visualization needs, and even before en-
tering a development process of a particular offering, companies must visualize
concepts on a broad level. This broad approach is needed in order not only to build
up an understanding and acceptance of new concepts and ideas internally, but also
to create an external demand pull (Kindstrém 2009).
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8.2.1 Visualization in the PSS Development Process

Using a generic offering development model based on the four stages market sens-
ing, development, sales, and delivery that is adapted to manufacturing companies
(Kindstrom and Kowalkowski 2009), the scope of visualization is widened to in-
clude all stages of PSS development; from sensing market opportunities to actual
value creation. In this way, a process dimension is added to the research on visu-
alization strategies.

Table 8.1 offers a brief description of the different stages and selected key as-
pects of these stages. Very often, not only in new product development (NPD) lit-
erature but also in new service development (NSD) literature (e.g., Scheuing and
Johnson 1989), the process tends to be limited to what we view as the develop-
ment stage. Although the development stage with no doubt is critical, Kindstrdm
and Kowalkowski (2009, p. 159) argue that “there is a need to make explicit also
the other three stages of the development process in order to fully grasp the com-
plexities of and prepare the organization for its new offerings.”

Consequently, market sensing is regarded as a distinct stage which is critical
regardless of the extent of actual, formalized development in Stage 2. It involves a
thorough scanning of existing and potential customers, the installed base, competi-
tors, the business network, etc. before explicitly addressing promising ideas in the
development stage. Furthermore, the development of the offering alone is not suf-
ficient for a successful market launch and implementation process, but also to en-
sure the sales and the delivery of the offering is fundamental (Edvardsson 1997).
Thus, the sales and the delivery processes need to be taken into consideration in an
extended PSS development framework, especially in companies with a sales force
that is predominately used to selling products and not services and/or solutions
(Kindstrom and Kowalkowski 2009).

Accordingly, compared to previous studies, the latter two stages of the frame-
work in Table 8.1 (Kowalkowski 2008b). This requires not only a long-term orien-
tation of the development process, but also a genuine understanding of the cus-
tomers’ unique usage contexts, in which the value is created (Vargo and Lusch
2008).

By combining research on visualization strategies and research around PSS de-
velopment, it is possible to increase understanding in how and where in the devel-
opment process companies can use value visualization strategies.

8.2.2 Value Characteristics of Integrated Offerings

When developing PSS, it is vital to understand what value potential these offer-
ings have, what customers expect from these offerings and ultimately what value
to visualize. It is possible to identify three broad categories of value:
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1. Product-based values
2. Service-based values
3. Relationship-based values

Table 8.1 A four-stage process for integrated PSS offerings

Although the customer is in focus, sensing
internal business units and the wider business
network is also needed.

Stage Description/rationale Key aspects
1. Market A continuous process taking place within the Balancing an internal and
sensing company and in dialogue with customers. external focus. Local and

central innovation and
learning. Structuring the
existing portfolio and its

inherent values.

2. Development

Development requires the involvement of
customers and several functions, including
more cross-functional and intra-organizational
elements and coordination aspects than required
for product development. The local
organization and its front-line employees
should be involved during all steps of this stage

(idea generation, concept development, pilot

Designing development
process with customer
involvement (not only
blueprinting complex
product development
models).

between visualization of products and services
become most evident. Services are created in an
interaction with the customer during the
delivery process, and are often highly localized.
If integrated PSS offerings are to be delivered
effectively and efficiently, an PSS delivery
infrastructure needs to be in place. This
infrastructure often is different from a ‘pure’
product delivery infrastructure with no local
service organization.

study, etc.).

3. Sales It is essential to help customers appreciate the Developing measures and
distinctiveness and benefits of the new PSS sales tools that better reflect
offering and, thus, to ensure that the front-line PSS. Changing existing
employees have sufficient knowledge in order mindset, norms, and values.
to convincingly sell. Companies often
emphasize the processes of designing and
defining new offerings, and seldom put much
effort into developing tangible actions for how
to commercialize and scale up the new offering.

4. Delivery It is in the delivery stage that the difference Making integrated offerings

visible for customers who
are used to receiving
products.
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Traditionally, most suppliers have focused on product-based values, and therefore
are good at visualizing these. Typical values derived from this focus include prod-
uct performance, quality and unit price. These values used to be ‘order winners’
and many product-oriented companies still put a heavy emphasis on these values.
However, they alone are no longer enough as differentiators.

Service-based values are more difficult to evaluate and quantify, due to intan-
gibility, and thus harder to visualize. Since many services are regarded as add-ons
that can be given away in order to close a product deal (Anderson and Narus 1995,
Oliva and Kallenberg 2003) these values have traditionally been obtained by cus-
tomers free-of-charge to stimulate product sales. Typical service-based values in-
clude operation costs, customization benefits and service consistency.

Finally, relationship-based values are founded in idea that that the supplier and
the customer maintain a relationship over time (Gronroos 1997, Vargo and Lusch
2008). As for service-based value, relationship-based value is difficult to monetize
and visualize, and is therefore often neglected when formal contracts are estab-
lished. Typical values include proactivity, trust, long-term commitment and shared
norms and mindsets. For integrated PSS offerings, all three categories of value are
central (see Fig. 8.2).

~
PRODUCT Product-
OFFERINGS based values
Service- INTEGRATED
SERVICE based values OFFERINGS

OFFERINGS

Relationship-
based values

%

Fig. 8.2 Customer perceived value in different types of offerings

Table 8.2 summarizes the primary product-, service- and relationship-based val-
ues, the focus of visualizations in the different stages of the PSS development
process and the associated key measures (Kindstrom 2009). Since the simplified
division of the development process into the four stages does not fully capture the
shifting focus of visualizations, Table 8.2 includes a more fine-grained division
(where the development, sales and delivery stages are further divided into sub-
stages).
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Table 8.2 Internal and external value focus in the different stages

Stage Internal value focus External value focus Key measures

1. Market - - — — N R Profitability, revenue

sensing growth, customer
needs

2. Development Profitability, revenue
growth, customer

Concept - S R - S R needs, market

Realization P S - - - - growth

3. Sales

Pre-sales stage P S - - - R Reward systems

Pre-contractual - S R Long-term

stage commitment

Negotiation and P S -

contract stage Cost, price

4. Delivery

During delivery - - - - S R Trust,commitment

Post-delivery - - - - S Customer’s
production and
business
performance

Legend: P = Product-based values, S = Service-based values, R = Relationship-based values

From a value perspective, what distinguishes PSS offerings from industrial prod-
ucts is the emphasis and inclusion of service- and relationship-based values. This
means that, in order to differentiate PSS offerings from more basic ones (i.e. prod-
ucts) and to be able to justify a higher price, manufacturing firms need to focus
their external visualization efforts on service- and relationship-based values. Simi-
larly, service- and/or relationship-based values are pivotal to visualize internally in
Stages 2 and 3 (Stages 1 and 4 are more explicitly externally oriented) in order to
balance the product-oriented culture prevailing in many firms and business units.
Nevertheless, product-based values also have to be explicitly addressed during de-
velopment and sales in order to succeed with the integration of the product and
service elements of the PSS offering.

8.3 Solutions and Recommendations

Traditionally, value has been seen as relatively easy to communicate (as the focus
was on product-based values). However, as companies are moving towards PSS, it
becomes increasingly difficult to find effective ways to communicate and demon-
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strate value. In parallel with a move from cost-plus pricing to value-based pricing,
companies must move towards value-based visualizations.

This requires a shift in focus and expectations, from basic product performance
metrics to more complex measures, addressing productivity and customers’ busi-
ness performance. Since services are inherently intangible, except for the often
tangible results and customer experiences (Lovelock and Gummesson 2004,
Vargo and Lusch 2004), it becomes more difficult to produce ‘product-like’ fact
sheets that convey the full meaning of a PSS offering before use. It is often more
difficult to visualize the potential value of a service than a product, due the nature
of a service (with a high interactive content) and also due to the inexperience of
many buyers when evaluating services and PSS offerings (Lindberg and Nordin
2008). This implies that suppliers need to find ways to translate intangible argu-
ments into unique selling points. Calculating cost savings, increases in revenue
and the value of productivity enhancements and dynamic effectiveness are all ex-
amples of new ways to visualize the value of integrated offerings.

Different offerings require different visualizations, and also have different
visualization needs, depending, for example, on the buyer’s disposition and the
importance of the offerings to the customer’s business and production processes.
A number of different factors that influence the need for visualization and the
strategies employed can been identified:

e The complexity of the offering

o Whether the offering is radically new to the market or if it is an incremental
change

e The importance of offering for customer’s business and process

e The degree of intangibility of the offering

One way to approach the visualization of soft values is to use bundling strategies,
to combine soft value elements with hard value elements (i.e. both services and
products, and design PSS bundles that have both aspects and thus attract custom-
ers with a complete value bundle). This is traditionally done when offering added
services, although these services are often added for free. Typically, this is espe-
cially attractive when having to address a large installed base.

An additional benefit from a bundling strategy is the possibility of leveraging
the understanding of the core product (when visualizing the value of the integrated
PSS offerings), for both the customer and the internal organization. Thus, a bun-
dling strategy might decrease the need for difficult visualizations of service-based
and relationship-based values. Furthermore, many companies need to use the
product as leverage, despite the increased focus on services. By showing the inter-
actions and linkages between the services and the core products in the PSS (for
example in a film sequence or in a simulation), companies find it easier to find
resonance with the customers (Anderson ef al. 2007). By including various forms
of tangible evidence, companies can get around the problem of having integrated
PSS offerings consisting mainly of intangible elements. It is often easier for cus-
tomers to understand these offerings if the supplier uses associations with tangible
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aspects, such as the role of the equipment. This implies that product-based, hard
visualizations are more important in order to win new customers than retaining ex-
isting customers. Likewise, it implies that soft, service-based and relationship-
based visualizations are central to cultivating and further developing an existing
relationship (for example, through increased service provision).

From a design engineering perspective, a key aspect of value visualization of
PSS becomes the design not only of the product offering but of the design of the
complete system. This means that product design and development skills need to
be combined with service engineering methods and tools. The starting point
should be sensing and seizing opportunities for value creation (for the customer,
but also for the supplier) rather than product technology per se. This resonates
with Table 8.2 where the visualization focus initially should be on service-based
and relationship-based values rather than product-based ones. The extended ser-
vice blueprint (Shimomura and Arai 2009), with the modelling of parameters and
human and physical processes, and similar tools can serve as points of departure.
Thus, the design engineering task requires the ability to integrate not only the
product(s) (i.e. on a component or subsystem level), but to integrate human and
physical processes and bundle PSS offerings. Furthermore, it concerns various de-
grees of technical integration between internal organizational units and between
supplier and customer (Kowalkowski and Brehmer 2008).

Evident in all the companies in this research was that the value of traditional
products was relatively easy to communicate, both internally and towards custom-
ers, because the focus was on product-based, hard values. However, as companies
are moving towards integrated PSS offerings, it becomes difficult to determine
which value to communicate and how to demonstrate this. Having the capability
to visualize the new values is regarded as central for succeeding with service infu-
sion, and to subsequently successfully develop and sell PSS offering. Not surpris-
ingly, this is something that all companies (to various degrees), also find challeng-
ing.

8.3.1 A Process Framework for Visualization Strategies

Evidence from the case companies show that manufacturing companies offering
services and integrated PSS offerings must expand their visualizations beyond the
traditional techniques used for products. Table 8.3 provides empirically grounded
findings for a number of key issues related to the different stages of the offering
development process. The purpose is both to show best practice methods and the
focus of visualizations in the different stages, as well as to illustrate the wide vari-
ety of the visualization techniques used by the companies studied.
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Table 8.3 Value visualization strategies in practice

Stage Focus of Visualization Key ‘Best practice’
visualization | techniques used stakeholders visualizations
identified
1. Market External Trade shows, Industry in None mentioned
sensing community general, top
activities, top management and
management internal product
presentations organization
2. Development Internal Case studies, Top Simulations,
reference sites, management, virtual reality
business cases, top | business area demonstrators
management managers (with
promotion, “the investment
successful budgets), key
example” customers
3. Sales External Case studies, Customer Simulations
reference purchasing (showing
sites/customers organization revenue, sales,
(“the successful (higher up than costs), virtual
example”), value operational level | reality
calculators/demon | only) demonstrators,
strators (typically case histories
spreadsheets), film
sequences, role
play
4. Delivery External Reports, follow-up | Mainly customer | Reports,
meetings, operational productivity
statistics, news organization statistics,
letters stickers comparisons,
service plans/
booklets

An issue that the companies frequently encounter is the importance of getting top
management support and understanding (Kowalkowski et al. 2009). This is not
just a matter of educating top management about the need for integrated PSS of-
ferings, but also to direct the same effort into understanding both services and
products. Top management commitment results in higher demands for structured
processes, deadlines and for well-developed ideas, and it communicates a sense of
importance and urgency to the entire organization. Typically, top management
needs hard, tangible visualizations and evidence in terms of market potential and
profitability, and this can be somewhat problematic with integrated PSS offerings
that have a high service content, since it can be more difficult to show in short-
term effects of services than products. Middle management working with business
development can often feel frustration if traditional performance metrics are not
complemented with new that better reflect and, thus, better visualize the value of
integrated offerings. PSS development requires a longer time horizon, and meas-
urements such as customer equity and return on relationship need to complement
return on investment and other short-term ones (Gummesson 2004, Rust ef al.
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2004). Hence, it is short-sighted to only focus on the short-term gains of single
product and service sales, rather than the potential value creation of the entire PSS
throughout the customer relationship lifetime.

8.3.2 Visualization Strategies and the Intangible Nature of PSS

Although physical products are, by definition, tangible, Product/Service Systems
also have an intangible nature. This is not only due to the characteristics of the of-
fering’s service elements, but also because of the inherently process-oriented na-
ture of PSS offerings (Kowalkowski 2008a). Previous research has emphasized
that making services tangible deserves special attention when visualizing their
value (Berry and Clark 1986, Berry and Parasuraman 1991, George and Berry
1981). In studies of service advertising, it has been found that service marketers
provide more factual information, or performance cues, than are provided for
products and that, as offerings become more intangible, this tendency is empha-
sized (Grove et al. 1995). However, visualization must not be limited to advertis-
ing and promotional activities (as tends to be the case in B2C marketing), but
should permeate all marketing activities and support value creation for both cus-
tomer and supplier (cf. Gronroos’ (2007) view on marketing).

In order to understand how to visualize the value of services and integrated of-
ferings to different actors and in different situations, companies make use of so-
called ‘tangibalization’ strategies (Berry and Clark 1986, Hill et al. 2004, Mittal
1999). Four general strategies have been put forward, and these can be used to
convey the value of a service offering: envisioning (this tangibalization strategy is
termed ‘visualization’ by Berry and Clark), association, documentation and physi-
cal representation:

e Envisioning involves the use of vivid cues in order to persuade customers and
to assist them to experience the service mentally. Such a strategy evokes a clear
and vivid mental image of the positive outcomes associated with the service.
Virtual reality simulations and interactive spreadsheet applications are exam-
ples of possible techniques. Narrative (such as case stories and dramatization or
so-called service scripts) is another example of an envisioning technique.

o Documentation refers to the provision of relevant information regarding key at-
tributes, features and benefits of the offering. There are three types of docu-
mentation:

— consumption (the activity of customers in their consumption role)
— systems (facts and statistics linked to the service delivery system)
— performance documentation (reference cases and cost calculations)

e Association means linking an object (such as John Deere’s deer, or Scania’s
griffin), place (such as the perception of a national company, despite foreign
ownership) or a person (such as Tiger Woods and Accenture) to the offering.
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e Physical representation is similar to association, but focuses on core attributes
that (directly or peripherally) are part of the offering. Examples of this are
buildings, vans and employees (such as service technicians) in company uni-
forms being helpful and knowledgeable. This also includes the design of the
product (such as a robust pump) signalling durability and quality.

If these four visualization strategies are compared with the value demonstrators
generally discussed in a B2B context, those B2B strategies can often be narrowed
into one strategy, that of documentation (e.g., case histories, value equations and
value calculators). As a matter-of-fact, when looking at how manufacturing com-
panies have worked with visualization in the past, and how many companies still
deal with this, a documentation strategy is what first comes to mind. Furthermore,
since the interaction is more present in B2B settings of reasonable complexity,
demands on visualization competence are higher on the supplier than in B2C set-
tings where messages are more one-directional (i.e. advertising and promotion
rather than two-way communication and dialogue).

Table 8.5 maps the four visualization strategies into the offering development
framework. One conclusion is that it is not enough to rely on just one specific
strategy. If a company is hoping to launch integrated PSS offerings managers must
broaden their perspective and probably address all four visualization strategies, in
order to maximize the chances of success. In particular, managers need to pay at-
tention to the sequence of strategies, and also to whom they should apply what
strategy.

It is also interesting to note that the focus shifts not only between the different
stages, but also within each stage. A clear trend is, that in order to inspire custom-
ers and to get their attention, intangible visualizations are of great use, especially
to convey relationship-based values early on in the different processes. However,
as decisions are to be made by the customer, more tangible elements must be in-
cluded, most notably documentations and/or demonstrators. To sum up, finding
the right visualization strategies is not easy, but it is essential for most companies
and, particularly so, for companies aiming at increasing the service content in their
integrated PSS offerings.

8.4 The Visualization Process: Examples in Industries

The visualization strategy framework is based on in-depth studies between 2004—
2009 (Kindstrom 2009, Kowalkowski 2008a) of business development at eight in-
ternational, market-leading manufacturers. During this period, each of these were
(to various degrees), undertaking a strategic shift from product sellers towards
service and solution providers (see Table 8.4).
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Table 8.4 Manufacturing firms included in the study

Manufacturing | Industry PSS offerings

firm name

Aleph Garden and forestry Extensive service and support contracts with uptime
equipment guarantee

Beth Fluid handling Customized service level agreements, systems engi-

neering and rental

Gimel Mining equipment Life-cycle services, capacity-related and gain-sharing
agreements
Daleth Gas supply Automatic gas supply, liquid management, process

management services and solutions

Zayin Welding and cutting Systems selling, customized welding solutions, proc-
ess and application support

Yodh Material handling A wide array of rental plans, fleet management and
specific full service agreements

Lamadh Aviation Systems engineering agreements, customized techni-
cal sytems and aircraft availability

Semekh Buses and bus chassis | Vehicle and transportation management, extended
coverage contracts, uptime contracts

The transition from products to integrated offerings with an increased service con-
tent has major implications for the traditional product development processes. It
implies that business, market and customer aspects need to be taken into account
to a much higher degree early in the process. That is, as service development pro-
jects take a more central role, emphasis shifts from technology push to demand
pull. Whereas the traditional product development process is rather heavy at the
back (a lot of time and resources are spent on the technical core in R&D projects),
successful service development projects need to be heavy at the front (Kindstrom
and Kowalkowski 2009). This means that the rollout of services as well as inte-
grated PSS offerings may require more time and resources than the traditionally
resource-heavy development stage. This can be further emphasized by the exam-
ple of business development managers at an industry workshop, as illustrated in
Fig. 8.3. Although somewhat simplified, Fig. 8.3 shows the relative focus on the
different stages in the development process. Hence, even if the toll gates between
the formalized stages are the same, the amount of resources (such as money, com-
petencies or time) spent in the different stages of the development process will de-
pend on the service content of the integrated PSS offering. In order to address the
communication and demonstration of value throughout the development process,
the four-stage development framework in Table 8.5 will be used, as this is a way
to approach and structure the visualization concept and demonstrate it with indus-
try examples. By doing this, it is possible to better understand what visualization
strategies to use, who is involved in utilizing them, and to whom they should be
directed.
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Fig. 8.3 The changing focus in offering development processes: an industry example

8.4.1 The Market Sensing Stage

The visualizations at the market sensing stage take place at a very general level, as
this stage occurs before the PSS offering enters any specific development process.
This stage should not be regarded as a one-way, outside-in sensing of customers
and the external environment alone, but should also encompass a broader view of
communication and dialogue with both external and internal stakeholders. Rather
than focusing on any specific PSS, visualization in this stage is related to the over-
all marketing and service strategies of the company. In a way, the market sensing
stage is also about shaping the environment, not only reactively adapting to it
(Normann 2001, Teece 2007).

Senior management formulates market strategies and targets, including whether
or not to reposition the firm in the marketplace through integrated PSS offerings.
This also includes market communication, such as the CEQ’s statement towards
employees or stakeholders. The president of Beth, for example, has articulated the
transition into services in the corporate magazine by stating that customers need
total solutions and that both customers and suppliers stand to benefit from “serviti-
sation” (Kowalkowski 2008a). In other companies, which have a larger share of
PSS offerings and sales, senior management have made similar statements, both
internally and externally. The senior management for Yodh, for example, argued
that “we are today essentially a service organization; it is the total service offering
that is the key thing.” In many markets, more than 50% of Yodh’s new products
are sold through rental plans (i.e. integrated PSS offerings), something which re-
quires a different business and revenue model, and more extensive visualization
strategies.
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8.4.2 The Development Stage

Initially, the development stage revolves around internal visualization, in an at-
tempt to find internal support for new forms of offerings. This focus is primarily
based on the fact that most companies operate in a rather product-oriented culture
where services and PSS solutions can be difficult to gather support for. However,
different biases are obtained depending on maturity in developing and delivering
services and whether or not services are an integral part of the PSS offerings:

To be able to take advantage of the opportunity of selling integrated offerings, we have to
start internally to show our sales personnel that also services are important and a good
thing. Business development manager, Zayin

Companies that already have a portfolio including services which they are devel-
oping incrementally, tend to start with internal visualizations in order to expand
service-related sales and to convince sales staff to focus on services. On the other
hand, companies that go from a product-dominated offering portfolio and develop
more radically new PSS offerings tend to focus the visualizations towards external
actors in order to create a market pull that can be used internally to get the neces-
sary support needed.

You cannot break through internally, but will get to a certain level and then hit a wall if
you cannot show on customer interest and pull. Without this interest it is difficult.
Business development manager, Lamadh

Since the companies are often relatively new to PSS, there is frequently a need to
visualize how the actual process works. Gimel, for example, employs an advertis-
ing agency to identify and communicate how the actual service development and
innovation process works. It is no longer possible just to use slides and spread-
sheet applications for this.

The emphasis on product development means that when visualizing values, in
most cases, companies will employ similar methods and techniques for services
and products. Many companies emphasize the need to begin with internal visuali-
zations, in order to obtain support and reach investment decisions. These visuali-
zations are often based on previously defined templates, developed for products
but used for both products and services. The use of templates minimizes the per-
sonal traits of the presenter and is supposed to provide a more objective summary,
and they discuss basic aspects of development, such as the “business idea” and the
value to be delivered to the customer. Unfortunately, this documentation strategy
is used as decision support for business management, but does not typically in-
volve an understanding of market potential and direct customer input, and this is
something that can create difficulty in later stages. They way in which customer
value is presented is often not specified in these templates, and this is an important
omission, as it is essential for the successful development of PSS offerings that
customer values and associated visualizations resonate with the values of the
brand.



C. Kowalkowski and D. Kindstrom

174

uoneudsaIdal [ed1sAyd = J ‘UONEIOOSSY = Y ‘Uoneuowndo( = ( ‘Suruoisiaug = g :pudgo

(9oueunio}rod se yons) Qoudsaid Jo oouopIAd
SIoSBURW OJTAIIS /JUNOOIE Ao SUOTIBN[BAD JUSWIDINSBAW ‘5110d1 901AIG pue syurodyono/uonoeiul Jutudisaq V| da A1dagjap-1s04
s)s1[eroads uoneorjdde ‘pur Jo ooead — pajuario drysuoneox
Jo/pue SurIauISuL ‘suedIUYdR], | Jo1iddns 2y} sisnI) pue 2IN0ds S[AJ JOW0ISN) 9q isnw [puuosiad Suroej-1owoisn) v | a A1oagjop Suring
K10A110Q
23D]S 10D.4JU0D
s1a3euew 109foxd *S2INP2050.1d UONEN[BAD PUE SJUSWAINSBIIN *S[IBIP 10B1U0O U0 FuradIdy - a pun uoyv1o3aN
/MUN0oE A9y ‘sIofeuBW SIS JUSWISIAUL “SOINSBAUL 28ms
s1o3BUBW JJIAIIS ue 10J 310ddns UOISIOAP JOWIOISND Y} AL | PUB SUONRINI[ED ‘SaINFY S0} Suronpoid -1 a [PRIODLIU0D-D.4]
‘J3eIs sofes ‘s1ofeurwl sa[eS 5aSED 0UAIRJAI
sisiyeroads 1doouoo oy ur 9A91]9q Suronpoiq ‘Surfeey e SuneoruUNUUIOd
101 ‘uoneziuedio Sunoyrely WAy} ABW £)SIIDIUT JOUWOISNO ISNOTY PUE SIOAQ] [eUONIOWD FuIpul] v|a 23S S2]DS-24J
SO[eS "¢
(eImonnseyur se yons) spuewop
Qouddijeyur [BUIDIUL SB [[oM SE (ISBD SSauIsnq ) ejep
ssauisnq quowdo[oAdp ssauisng JuausaAUI 10§ 11oddns UoISId | JOWOISND PUB ‘ONUIAII ‘JosjIeW SUIPIAOI] -l a uoyvzInaY
sjun SN ‘siun ¥y pue ddN syJom Surio)jo Yyl moy jo uondrosop v “BOPI 9y} SunedIuNWwo)) vV | - 1daouo)
Surpuejsiopun [euIoju] yuowdofoas( 'z
'sanjeA 991AI0s Yim Auedwod ‘pueiq e Suipjing
uoneziuedio | pue puelq SulpeoT "A[[RuI)Xd pue A[jeusoul | -uoidwieyds e Junear) -o1y10ads Jo peajsur Sursuos
Sunoyrew quowogeuew J0MULS SUIPUEBISIOPUN AJIAIIS JO [OAJ] POSBAIOUL UY $110}J0 a3ueyo 9]eds 1o Ie| FUISSAIPPY vV | - JONIRIN “
[EIREITAY
$10)9€ A3 saurodno [edadAy, SANIANIE [eLIdSeuew [eIIdA ], UuoneZI[ensIA EY1 41N

“romowely Juowdo[oadp Ay} ojul so13arenys uonezijensia 3 Suiddejy ¢°g arqe L,




Value Visualization Strategies for PSS Development 175

There are, nevertheless, examples of companies successfully developing and
launching offerings that employ a different approach with less a less rigid process
and less reliance on formal documentation. In these cases, business developers
have greater freedom of input into their own projects, over a longer time period.
Furthermore, these individuals (because it is often an individual effort based on a
personal conviction) usually work closely with a select few “lead user” customers
in their development efforts. Generally, once a project needs a budget, a more tra-
ditional approach is needed, including a business case and cost calculations.

Distinguishing between a prototype (or a test installation) and a full launch
(scaling up) is another aspect of visualization at the development stage. For many
companies, it is relatively easy to get approval and funding for a test drive or a
prototype, when this is aimed at a well-known customer (one the company has an
established relationship with). However, obtaining approval and resources for a
full launch is much more difficult, and requires strong visualizations, often based
on hard facts such as market potential and revenue. The challenge here is often to
get the visualization across with the softer issues. However, as pointed out by
many companies, and also in research (Magretta 2002), it is a matter of being able
to combine both hard and soft facts. Common visualizations include quotes and
active promotion from top management. Another visualization involves the ‘suc-
cessful example’, where a customer uses the PSS offering of another company (a
competitor or a firm from another industry), or another company succeeds with
similar service offerings. A more novel approach uses storytelling, developing sto-
ries around the offering in order to increase understanding and achieve a commit-
ment.

Daleth uses stories internally, mostly stories depicting what can happen if the
product or service does not work. For Daleth, this is a simple way to visualize, in
words, an offering. They also use drawings (comic strips, for example) to show a
sequence of activities, in order to create a sense of recognition. People then reach
an understanding without crunching numbers. The company has used this ap-
proach to explain roles in reference to new offerings—it visualizes how things
work for employees. Where many roles are involved, one can visualize the work
of other people, and through this get the complete picture. Daleth only uses this in-
ternally to obtain support for new offerings.

8.4.3 The Sales Stage

The sales stage can be divided into the pre-sales and pre-contractual phase, and the
actual contract negotiation phase. Visualization in the pre-contractual stage is
rather traditional, in that the companies use documentation strategies, such as
cases and reference customers, projects, sites, and tests, to communicate the value
of their PSS offerings to a customer. Basic value word equations can enable the
supplier to illustrate the difference in value between the best offerings of the sup-
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plier and their main competitor (Anderson et al. 2007). For example, the value of
a new cost-efficient pump solution for sewage plant customers could be illustrated
as follows:

Total energy savings = (Energy used [kW] x annual run time [h] X Cost per kWh
xnumber of years solution in operation)competitor offering — (Energy used [kW] xannual run
time [h] xcost per kWh xnumber of years solution in operation)supplicr offering

With service offerings and agreements including a wider array of parameters, the
equations can become very complex, but the basic idea remains the same: quanti-
fying and visualizing the value of the offering relative to the competitors. Value
calculators (such as spreadsheet applications) can also be used internally to facili-
tate the decision making (for example, deciding whether to repair or replace bro-
ken equipment at customer sites, something that traditionally has been done in a
more ad hoc way and by rules of thumb, rather than systematically and with the
data needed available). Pilot cases are often used to gather information and create
tangible evidence (such as folders and online applications) to show how the offer-
ing works.

Gimel works on visualization of their new offerings and service for trade

shows, in order to increase understanding in general. However, managers have ex-
perienced that they need something to show something tangible in order to create
a dialogue or to build up interest. Without hardware it is difficult to do this.
In the negotiation phase, visualizations become more factual. Whereas earlier in
the sales stage the relationship dimension and values (such as trust and commit-
ment) are emphasized, hard facts become more important towards the end of the
sales stage. These usually include product-based values, costs, penalties and other
legal issues. However, as integrated PSS offerings become more complex, the fac-
tual dimension, exemplified by the inclusion of a legal department, is put into fo-
cus earlier in the process, even as early as in the development phase. This necessi-
tates suppliers finding ways to monetize the soft values inherent in their offerings.
In general, the contract negotiation process becomes more important for more
complex offerings. One consequence of this is that the supplier and the customer
need to agree on measures that decide the success of an offering, such as how to
measure productivity and uptime in availability contracts.

Aleph has a number of highly complex spreadsheet applications that are used to
show the value-creating potential of their new integrated offerings, identifying re-
duced total costs and increased total revenue. However, these spreadsheets are of-
ten too sophisticated to use, and therefore Aleph has also developed stripped down
versions, illustrating key points (such as customer profitability) in diagrams and
graphs, which are often interactive. Gimel works with key indicators: numbers
that influence the price (such as energy consumption, wear and tear material, capi-
tal and output), but they also try to include some less tangible aspects, such as
trust.

More complex visualizations include case studies from major reference cus-
tomers and scenarios. Scenario discussions are becoming more and more interest-
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ing, particularly since computers and virtual simulations are accessible for almost
all industries, allowing advanced visualizations, even for softer aspects of the of-
fering (such as service interactions).

During the sales stage, the prevailing focus is often on product. A consequence
of this is that sales pitch will often focus on technical matters related to the prod-
ucts. When selling more complex, integrated offerings with higher service content,
this is not enough. Instead, the focus must be on customer value and processes.
Sales personnel have a tendency to ‘teach’ the customer the technology, whereas
with more complex offerings, the buying decision is often made higher up. Thus,
the initial focus must be on business issues; technical issues come afterward. The
sales person is obviously an important actor when selling integrated offerings.
Generally, sales persons that are proficient in selling services and solutions are
also good at building relationships on several levels in the buyer’s organization, at
information exchange and understanding the customer’s reality (e.g., when an in-
vestment decision is on the horizon), and at finding connections to customer per-
ceived values in existing solutions. A competent PSS sales force is also competent
in finding unique selling points and a selling focus that resonates with the cus-
tomer (Anderson et al. 2007). Finally, they have to have the ability to listen and
sense customer’s expressed and latent needs.

You add many more layers to the sales person when approaching services. For example,
completely new contact persons, instead of purely operative personnel they need to
approach e.g., financial staff. You add more knowledge, create new forums for interaction
and new rooms for discussion and sales. Not everyone is comfortable or proficient in this
new role. Business developer, Semekh

Evidently, training the sales force becomes important. However, not every product
sales person is suitable for selling solutions (Krishnamurthy et al. 2003) and they
will therefore not be able to visualize the new values. This means that new compe-
tences must be added. Therefore, a gradual change of skills, processes and person-
nel takes place.

8.4.4 The Delivery Stage

Transition from the sales stage to the delivery stage is the part of the process
where many companies are the least thorough and systematic. The handover from
sales to delivery is critical, yet it is in many cases not working well. Once the PSS
offering is sold, little effort is put on visualizing the value delivered. A company
that has recognized the importance of visualization in the delivery stage is Daleth,
which has developed a “Photo Service” concept to use internally as part of the
training material for technicians.

However, the entire service and support organization must understand what it is
that has been sold, and must be aware of the expectations of the customer. A close
coordination between sales and delivery is often pivotal to ensure a successful de-
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livery of the complete PSS offering. This becomes even more important when
dealing with long-term contracts, as these include relationship dimensions and
mutual development (that is, not only static, but also flexible and dynamic busi-
ness development).

Similarly, the customer must be aware of what it is they have purchased. If, for
example, this is a fixed price contract specifying availability, that at the same time
specifies certain activities that the customer must perform, all parties have to be on
the same page. Here it is crucial to agree on the evaluation criteria and create a
mutual image of what the offering constitutes, that is, to establish the shared foun-
dations for visualization. Obviously, this becomes more difficult as the complexity
of the PSS offering increases.

A perennial problem with delivering services as part of a PSS offering is to
show that a good job has been done, since many services are difficult to notice
unless something is not working. For example, uninterrupted people flow systems
in high-rise buildings and continuous supply of gas to the process industry are two
critical processes that are particularly evident, and therefore tangible, when the
system is not operating. Suppliers need to visualize the value delivered so the cus-
tomers understand what it is they received. Similarly, it is important to reinforce
the customers buying decision during the delivery phase and also afterwards, to
instill a sense that they made the right decision. This is an important aspect of of-
ferings with a high degree of intangible benefits such as trust.

Traditionally, most companies do not address this stage during their visualiza-
tion discussions. At the same time, during this phase there are many opportunities
to reinforce the relationship and visualize intangible relationship-based values, in
order to increase the likelihood of customer retention through renegotiation or new
sales. Reports, stickers, regular meetings (with customer representatives), and ICT
solutions (which provide real-time data) are some of the techniques used to
achieve this reinforcement. Daleth offers continuous and trouble-free supply of
gas, and uses stickers (that the technicians put up at the customer’s site) to illus-
trate their presence and the value delivered. Aleph uses reports sent regularly to
show actions taken and to provide added value during the delivery phase. Simi-
larly, they use a web-based system to reinforce relationship values through real-
time information on operations and processes. In a sense, this means closing in on
basic process-consulting activities.

The visualization of intangible values during the delivery stage is a critical, yet
often neglected, activity. For companies with long product life-cycles and long-
term contracts, the ability to visualize values in the context of customer use is par-
ticularly vital.
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8.4.5 Future Trends

With Product/Service Systems becoming technologically more complex, the abil-
ity to not only visualize externally towards customers and key stakeholders, but
also internal visualization becomes more critical. Therefore, a promising avenue
for future research, in collaboration with industry, is to develop value visualization
techniques and strategies for the development and management of large technical
systems (Hobday ef al. 2005). The catastrophic opening of London Heathrow Air-
port’s brand new Terminal 5 in early 2008, and the many failures of ICT imple-
mentation across industries, indicate the importance of clear internal visualization
for complex systems. As more software is integrated into new PSS offerings, reli-
ability becomes increasingly important (Nightingale et al. 2003), which further
suggests the need to be able to visualize value in an uncomplicated manner. Fur-
thermore, collaborative projects with marketing scholars, manufacturing firms and
organizations for applied research (such as Fraunhofer-Gesellschaft in Germany)
possess major potential for visualization innovations, and can therefore increase
the potential for manufacturers to remain competitive.

Finally, visualization seems to have become a key capability for winning new
PSS contracts as well as retaining existing customers. Therefore, it is a strategic
resource that managers need to pay attention to and continuously develop in order
to successfully compete with integrated offerings (Kindstrom 2009). Future stud-
ies should analyze not only ways to visualize the value of specific integrated offer-
ings, but also ways to visualize the firm’s dynamic capabilities, such as systems
integration competence.

8.4.6 Conclusions

This chapter contributes a number of insights managers need to be aware of.
Firstly, if moving towards PSS offerings with a high service content, companies
cannot merely extrapolate the traditional visualization strategies used for product
based offerings. Furthermore, managers not only need to formulate new visualiza-
tion strategies, but they must also understand the new underlying values, notably
the relationship oriented and outcome based aspects that build up the customer
perceived value of the new PSS offerings.

Secondly, suppliers must adapt to the fact that most customers are still very
much within a product-oriented domain, and must not venture too far in their visu-
alizations. Otherwise, they run the risk of alienating customers instead of enticing
them. While important internally, this awareness is more pronounced towards ex-
ternal customers.

Thirdly, by taking the entire offering development process as the starting point,
it becomes clear that several visualization strategies are necessary and also that the
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focus of visualization changes throughout the process. An implication of this is
that it is not enough to rely on just one specific visualization strategy for success-
ful PSS development and sales, but rather, companies must address several strate-
gies in order to maximize the chances of success. Particularly, managers need to
pay attention to the sequence of visualization strategies and also for whom (i.e.
what actors) they should use what strategy. It is also interesting to note that the fo-
cus shifts not only between the different stages but also within each stage.

A trend seen in the industries studied is that using value visualization as a strat-
egy to communicate intangible benefits and create mental models (in the mind of
the customer) is of great use, especially to convey relationship-based values early
on in the different stages. Value visualization clearly helps to get the attention of
customers, and to inspire them. However, since many buyers focus on low-priced
offerings and product-based values (Anderson et al. 2000), tangible elements need
to be included also, most notably hard facts and value demonstrators. In this way,
visualization strategies should influence the development of products as well as
services and integrated systems.
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Abstract Many manufacturers are shifting focus for different reasons from being
providers of mainly physical products to providing increased services in their cus-
tomer offerings. Traditionally, the focus of manufacturing companies has been
more on product development than service development; this is one reason why it
is important for Product/Service Systems (PSS) developers to meet others who
understand this situation. This chapter describes challenges large PSS providers in
Sweden are facing, and how these can be explored and discussed within a PSS
company—academia network setting. It is concluded that during the three first
years of network meetings, this approach has been a success. In addition, the ex-
periences gained from participation in this network have resulted in recommenda-
tions for PSS providers and researchers thinking of starting up similar networks
and/or building ones has already begun.

Keywords Knowledge Transfer, Learning Network, Integrated Product Service
Engineering (IPSE), Product/Service Systems
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9.1 Industrial Needs

Manufacturers are continuously looking for new ways to increase their competi-
tiveness and business “bottom line.” Among many of these manufacturers there is
a trend towards service infusion, i.e. increasingly providing customers services
rather than only selling physical products as with the traditional model. There are
several potential benefits for companies following this trend now known as “ser-
vicising”. Most of these drivers are market driven, e.g., to achieve a closer relation
to customers, to increase control over products during use, to secure the aftermar-
ket, or to achieve a more economic and environmental sustainability. In an inter-
national survey conducted among manufacturers in Germany, Italy, Japan and
Sweden, it was found that the most important drivers for Product/Service Systems
(PSS) providers were customer connection, customer demand and increased com-
petition (Lindahl et al. 2009).

Although the idea of Product/Service Systems (PSS) is also known in the litera-
ture as functional economy, product service combinations, product-to-service, ser-
vicizing, Integrated Product/Service Offering (IPSO) and Industrial Prod-
uct/Service Systems (IPS’), the authors mean the same thing (Lifset 2000). With
PSS, focus is shifted from the traditional sale of goods to the function that the cus-
tomer wants to achieve. Today, more people are working within the service sector
than ever before. In addition, more value is being added to products through tech-
nological improvements and also with immaterial aspects, such as intellectual
property, product image and brand names, aesthetic design and styling. These as-
pects help producers to differentiate and diversify their products to better respond
to customer’s demands. This means a change from mass production to mass cus-
tomisation (Mont 2000), which could be achieved through the PSS business ap-
proach (Sakao et al. 2007). The PSS-providing company may satisfy customer
needs by providing hardware in the form of physical products. 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. However, when PSS
providers are questioned, most answer that ownership is still transferred to the
customers (Lindahl et al. 2009). The absence of ownership transfer would also fa-
cilitate implementation of new, more advanced and resource-efficient technology,
which in turn can reduce the environmental impact (Agri ef 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, which is in line with Sundin ef al. (2000). PSS could in
some cases, depending on the solution for fulfillling customer needs, be a way of
moving towards a more sustainable society, but this is not always the case. Some
goods do not change in design, when they are intended for leasing (Lifset 2000)
and/or when being a part of a PSS (Lindahl ef al. 2009).
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In order to move towards service providing rather than product selling, there
are a number of changes for manufacturers to overcome, as further described in
the next section.

9.2 Experiences from a Network of Large PSS Providers

Having a forum for learning and reflection is very supportive for actors that have
the challenging task of developing PSS and guiding their own company, as well as
customers and suppliers, in the service infusion process. The task is very complex
and often new for many companies. Since fall 2007, the authors of this chapter,
together with other Swedish research colleagues, have run a network of PSS pro-
viders from large manufacturers in Sweden in order to support them in dealing
with this issue. The participants from the providers are, for example, after-sales
managers and business developers. In addition, the providers all have a strong am-
bition to develop their service development and introduce new PSS offerings. In
addition, the team of participating researchers represents a multi-disciplinary ex-
pertise, covering areas such as eco-design, product take-back, marketing, econom-
ics, and development of services and products; however, they all had mutual inter-
est in the development of products and services.

9.2.1 The Aim of the Network

A crucial aim for the PSS providers was to obtain knowledge transfer between one
another; this could, for example, include discovering how PSS challenges such as
the ones described in Sect. 9.2.3 have been tackled by other companies. Further-
more, the challenges could be discussed among the participants, and solutions
could be found which would make the companies more competitive in their re-
spective markets. The network would be a meeting place for learning, with reflec-
tion and knowledge transfer, and a place where new knowledge could be devel-
oped. While the companies provided company-specific data, the researchers
contributed with a general view of problem solving, knowledge built in academia
on the specific issues, and by putting the companies’ challenges and reflections
into the perspective of the general knowledge built by researchers. Besides knowl-
edge transfer, the network works as an arena for developing research ideas and
developments for new PSS offerings.

To summarize, the aim of the network is to exchange experiences among the
participating providers within the development of PSS offerings which, among
other things:
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e Identify challenges and discuss how to handle the challenges
o Avoid pitfalls and drawbacks
o Use potentials and advantages

The goal of the network was to transfer knowledge among the providers, and with
generic knowledge from the researchers, achieve increased competitiveness
through well-developed offerings.

9.2.2 Why Have Networks for Learning for PSS?

There are different approaches that PSS providers can choose to meet the chal-
lenges that providers face when developing PSS. One would be to solve the chal-
lenges themselves or within the company group. In our research in Sweden, we
have found that one very fruitful manner of tackling these challenges is to start up
a network of manufacturers that deal with these same kinds of challenges, but
within different industry sectors. To participate in a network, companies and re-
searchers should have similar roles in their organizations and face the same kinds
of challenges in order to highly stimulate learning and reflection.

Representatives from larger PSS providers in Sweden have asked for a forum
where they could meet with other companies in order to learn from one another,
and to build up a network of colleagues since they do not have this within their
own organizations. They have further argued for the need for a long-term learning
environment that is more far-reaching and company-directed than traditional one-
or two-day seminars. Based on the researchers’ earlier discussions with company
representatives, they have stated that the seminars with speakers were seldom
enough. Those types of seminars provide little support and inspiration for the
company representatives, since the speeches are often too “speaker-oriented” and
general in character, e.g., not really based on the actual needs of the companies.

There are a number of driving forces for creating a network of PSS providers:

e Since PSS business logic is often a new phenomenon within their companies,
the number of colleagues is often limited.

o Since the PSS concept is often new, PSS providers also lack experience with
developing PSS; i.e., many providers are in the beginning of building up their
PSS capacity.

o The PSS business approach is often treated as an “odd duck” by the traditional
parts of the organization. One reason for this is that the concept is new and dif-
fers from the traditional focus, upon which the company’s structure is often
built.

e An important aspect for a company when moving into the PSS area is to focus
on internally marketing the new concepts and creating a mindset of how to per-
form business within the organization. This is an issue that the members of the
network can support one another in.
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e The transition is ongoing in several branches, and the actors face very similar
problems. There is great potential for finding relevant speaking partners in non-
competitive companies in different branches, leading to valuable insights.

e Many PSS providers are often focused on the day-to-day work at their compa-
nies, and simply lack time for the reflection that this type of PSS network
would give them.

For the researchers, the aim in this case, besides supporting the companies, is also
to learn more about PSS in companies and better understand the processes within
the companies. This is an opportunity with great potential, but must be handled
carefully and in discussion with the participating PSS providers.

Knowledge transfer is made to the researchers who can reflect on research is-
sues that are important to learn more about; this will, in the long run, also benefit
the companies. Research projects can also be set up together with companies in
the learning network. This also provides valuable input for ongoing research, since
the network meetings also provide empirical data and highlight the latest issues for
the researchers. The network meetings have been thoroughly documented by the
researchers; for example, notes have been taken and the meetings were sometimes
recorded. The notes were then sent out to the workshop participants. This has en-
abled feedback to the companies regarding the meeting’s discussions, as when, for
example, describing the challenges that the companies face, to be described in the
next section.

9.2.3 Challenges for Network Members

The kinds of challenges that we have recognized within this network of large PSS
providers are described below.

9.2.3.1 How Should PSS Development Be Organized?

In many of the PSS providers we studied, the development of products and ser-
vices has been separated by tradition. This means that one part of the company has
worked with product development, while another part has developed the services.
Given this, the challenge for PSS providers is to achieve efficient integrated de-
velopment of the products and services that are to be included in their PSS.

PSS development teams should, to a larger extent, consist of those in multidis-
ciplinary functions than found in, e.g., traditional product and/or service develop-
ment. Also, the life-cycle perspective gives opportunities that the PSS-providing
companies should properly manage, e.g., adapting product/service design for this
purpose. This means, for example, finding new ways for retrieving information
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about the PSS from the use and end-of-life phases. Some examples of product de-
sign adaptations of products are illustrated in Chapter 3.

In the development phase, there is also a challenge regarding uncertainty, and
some providers recognize the importance of addressing uncertainty during the en-
tire process of PSS development. Another dimension of divisions should be con-
sidered in addition to being able to obtain a more optimal manner of PSS devel-
opment, especially in the case of large companies.

9.2.3.2 How Should PSS Be Marketed?

Among PSS-providing manufacturers we have found that there is a challenge to
market their PSS offerings well, both internally within the company group but also
to their dealers, customers and/or users. Both providers and their customers find
that the PSS business logic is different than the product selling-based logic that
they are used to. Customers have problems validating PSS offerings, e.g., since
many PSS offerings also cover the use and end-of-life phases in the product life-
cycle and the costs that are generated there. This kind of new logic needs a life-
cycle, cost-thinking approach from both manufacturer and customer to really un-
derstand the business logic.

Internally, within the company or the company group, bonus systems and other
measurement options can exist that work well for traditional business logic, but
not for PSS business logic. This requires attention for change in order to better fa-
cilitate the PSS business logic approach. Marketing towards dealers, customers
and/or users, some PSS providers have successfully managed to market their PSS
offerings with a life-cycle cost prediction (Sundin et al. 2009a). Using the kind of
marketing shown in Fig. 10.1 below can be a way of marketing PSS and changing
the mindset of the customers’ way of thinking about PSS.

9.2.3.3 How Should the Price Be Set?

Setting the price of the PSS offerings is sometimes a big challenge for the provid-
ers. It is important that both the provider and the customer get the feeling of mak-
ing a good deal. For some companies, services were given away for free as good
will that within the PSS logic need to be paid for. The price of the PSS needs to be
balanced with how much the customer values the PSS created at the customer.
These issues have also been previously researched by Rosvall and Rosvall (2001).
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Fig. 9.1 Cost prognosis for a customer using a PSS vs. traditional product buying (modified from
Sundin et al. (2009a))

9.2.3.4 How Can New Technology Be Used?

PSS providers also try to find out how to use new technology that supports the
PSS business logic. Current rapid technology development allows manufacturers
to insert intelligent parts in their products that can be used in their PSS. For exam-
ple, this could include usage logs and smart sensors that with some intelligence
can alert the PSS provider when a malfunction is about to occur. Furthermore, this
information from the usage phase could be used in the development of new PSS
offerings in order to make them perform better during use.

An example of this new technology is the GSM network for data information of
product usage. This data could be used for pricing the PSS and knowing when to
perform maintenance on the physical products used in the PSS. In addition, RFID
technology could be used for similar purposes and to achieve necessary know-
ledge of how to treat the products during their life-cycle.

9.2.3.5 How Can Potential Environmental Benefits Be Captured

In order to retrieve the potential environmental benefits that were stated in the in-
troduction, PSS providers need to dig deeper into what environmental challenges
they could meet with the PSS they are providing from a life-cycle perspective.
One aspect that has to be met is how to get the PSS providers, dealers, customers,
and/or users interested in the environmental potential of PSS, and include those
aspects to fully reach the environmental potential.
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At least one member of the large company network is realizing the potential of
having the same physical product used several times in several PSS offerings be-
fore being scrapped. By doing so, more function is used by the same kind of prod-
uct as in traditional sales. Also, the environmental impact is lowered from the per-
spective of natural resource efficiency.

9.2.4 Workshops Conducted

Since the network kick-off meeting held at Linkdping University, we have had
four network meetings in a workshop setting as detailed in Table 9.1.

During these workshops, the participants presented and discussed PSS themes
decided by the network members. The themes were chosen from industrial needs
and challenges that the members have experienced. Other more detailed topics that
have been discussed are:

Organizing PSS development

Too few working with service development
Changing the mindset of sales force and retailers
Changing the mindset of customers/end-users
Selling PSS offerings

Price setting strategies

Developing new aftermarket services

Table 9.1 Workshops held within the network displaying date, theme and number of participants
from PSS providers (Comp.) and researchers (Univ.)

No. Time Theme Participants:
Comp. Univ.
WS-0 | Nov-07 | Start of network (kick-off meeting) 12 6
WS-1 | Apr-08 | Bundling & Pricing, Innovation & Value creation 8 4
WS-2 | Oct-08 | Organizing the development, sales & delivery 7 5
WS-3 | Mar-09 | Research presentations from the network 14 6
WS-4 | Oct-09 | To be decided by the organisers N/A N/A
WS-5 | Apr-10 | To be decided by the organisers N/A N/A

Thus far, the company and research participants have been satisfied with the net-
work meetings that have taken place twice a year at one of the participating pro-
vider’s companies or at a university. The number of participants has increased,
and there have been some changes in the list of participants, although the core is
still the same. Fig. 10.2 shows a photo from the kick-off meeting held at
Linkdping University.



Using Company-Academia Networks for Improving PSS at Large Companies 193

Fig. 9.2 Photo taken at the kick-off (WS0) held at Linkdping University in November 2007

More information about this network can be found in Sundin ef al. (2009b). Run-
ning these workshops and learning network for large PSS providers in Sweden has
generated experiences on the topic which will be further described in next Sect..

9.3 Recommendations for Learning in PSS Networks

A network of actors from companies, or a network of actors from companies and
academic representatives, can be a strong source of support, inspiration and new
knowledge for the participants in their work to develop PSS in their own compa-
nies. The participants in the PSS learning network can get good discussion part-
ners, and the time for reflection is often very appreciated by the network members.
We highly encourage other companies and actors within academia to set-up their
own networks for learning. Based on the experiences of the network of large PSS
providers in Sweden, we would like to give the following recommendations to
participating companies (PSS providers) and network meeting facilitators.

9.3.1 Recommendations for Participating PSS Providers

Participating PSS providers at network meetings should consider the following
recommendations:
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e Joining a company network, giving time for reflection and the possibility of
discussing common challenges and problems with people in similar situations
in their companies.

e Network meetings and workshops, allowing you as a provider to dig deeper
into a specific PSS topic.

e Preferably, there should be at least two participants from each company; the
reason is to ensure a discussion partner in your own organisation that experi-
ences the same reflections and learning, which in turn makes it easier for you to
continue the dialog and the discussions within your own organisation. This is
more effective when wanting to realise, apply or further develop the new
knowledge in-house.

e Try to understand the other participants’ advantages and drawbacks found in
their PSS development in order to improve your own company’s PSS business.

o Allow yourself to trust the members in the company network in order to
achieve fruitful discussions. The more you share—the more you get back!

e Use the contacts from the network between the meetings as discussion partners
for any specific issue that you need support for.

e Prepare your presentations and/or discussion points well before the network
meetings/workshops to get as much as possible out of the sessions.

9.3.2 Recommendations for Participating Researchers

When organising the network meeting and workshops for the large PSS providers,
there are several things to be aware of. For example, since some of the companies
provide different types of PSS offerings, they would like to be divided into groups
of companies with similar situations in order to get as much as possible out of the
meetings. To be able to benchmark with companies having the same kind of PSS
made the participants in the presented network eager to invite new companies.
This is important in order to facilitate one’s own need to discuss specific chal-
lenges and obstacles within PSS.

Examples of such a group are companies that focus on after-sales-related ser-
vices, such as companies with capital-intensive products with long lifetimes. An-
other group is companies that have more knowledge-intensive services such as ad-
vice and supporting customers with training and business advice, or companies
that use services for selling products. A third group of companies could be those
in a crisis situation, which are forced into changing their business logic for serv-
ing the market.

For researchers, the network meetings also provide empirical examples and
new insights into understanding PSS development in companies. Of course, using
information from a research perspective has to be agreed upon within the compa-
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nies, and treated carefully and with respect. It can, for example, provide insights
into new research areas, or generate the possibility of new research projects.

Some more generic recommendations to the facilitators/researchers that are or-
ganising these network meetings and workshops are:

e Have themes for each meeting, and have the participants prepare a presentation
to especially address issues and to be able to contribute into discussions. Hav-
ing a small task to prepare also supports the participants’ reflection on the issue
in their own organisation. Preferably, the themes are decided on by the partici-
pants, and presentations and workshops are held around that theme.

e Try to have an expert on the theme present at the meetings, or prepare input
from research that could support the discussion and provide feedback to the
companies.

e Organise the workshops so that time is given for reflection and for the partici-
pants to give one another input on how different challenges could be met.

e Allow an appropriate number of participants that will foster creativity in each
workshop. If necessary, split the group into smaller groups in order to improve
the discussion climate.

o Create trust and openness between the participants. For example, it is important
to discuss non-disclosure agreements or some kind of “gentlemen’s agreement”
in order to achieve an open discussion climate. The more the participants share
—the more they get out of it. Having meetings from lunch-to-lunch gives the
participants a chance to get to know each other better, and holding meetings at
the companies’ facilities also increases their understanding of one another’s
businesses better.

e Have an open discussion on which companies to invite. Be aware if there are
any participants that are working for PSS providers that could be competitors
and/or customers, as this will affect the openness of the discussions.

e Create a sound financing structure in order to effectively plan the network
meetings and workshops including time, travel, accommodation and prepara-
tion.

9.4 Conclusions and Outlook

Within this chapter, we have explored the benefits of using company—academia
networks considering PSS issues. Our experiences from the network of large PSS
providers in Sweden have shown that this is a beneficial manner of tackling PSS
challenges for the PSS providers, as well as being beneficial for the participating
researchers. We will continue to perform these kinds of network meeting and
workshops within the network in Sweden at the same time that we recommend
other PSS providers and researchers in other countries to do the same.
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Chapter 10
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Abstract This chapter establishes PSS (Product/Service-Systems) approaches in
the context of manufacturing firms and their existing product-oriented business.
PSS can be seen as a strategy for manufacturing firms to gain competitive advan-
tage in the market, but what market conditions and organisational factors (e.g.,
structure, processes, capabilities, measurement and reward systems, people and
competencies and culture) support service orientation? The development of PSS is
not just a task of initiating a service-oriented development project, but requires
careful coordination with business units, customers and partners in business plan-
ning and strategy to reap the full benefits. Finally, a path to how manufacturers
can make the change from product to service orientation is traced.

Keywords Product/Service-Systems (PSS), Service-oriented strategies
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10.1 Introduction

Global competition and demands for greater company responsibility for products
throughout their entire life-cycle are driving manufacturing companies to recon-
sider their current product-oriented and transaction-based business strategy. Prod-
uct/Service-Systems (PSS) offer manufacturing firms a way to change to a more
service-oriented business model that reveals new revenue streams based on their
current product and service competencies. However, the shift to these new busi-
ness strategies is not a trivial undertaking and many firms face many barriers and
challenges when implementing service-oriented strategies.

Not all manufacturing companies and business environments are well suited to
PSS approaches. There are certain generic configurations of strategy, structure and
environment that are more opportune to service-orientation than others. In this
chapter we attempt to establish PSS approaches in relation to generic business
strategies. Based on contingency theory, we investigate how PSS approaches can
be a good ‘fit” between certain market conditions and organisational factors. The
shift to service-orientation for manufacturing firms requires an expansion and
augmentation of key organisational capabilities. These capabilities are identified
and possible organisational configurations that support these are discussed. Fi-
nally, we provide a process for how manufacturing companies can make the move
to PSS.

10.2 PSS as a Service-Oriented Strategy

Business strategies are coordinated plans for how a company can establish and
maintain a competitive position in the market place. Although there are many dif-
ferent schools of thought regarding the formulation of strategy (Mintzberg &
Lampel 1999), in this chapter we base our discussions of PSS on contingency the-
ory. Contingency theory asserts that the performance of an organisation depends
on how well the fit is between the external market environment, strategy and the
internal configuration of the organisation. Bowman (2008) stresses that a robust
competitive strategy needs to address the following five questions:

1. Where should the company compete?
How can the company gain and sustain advantage?

3. What assets, capabilities, structures, systems and culture does the company
need to deliver the strategy?

4.  What is the current state of the company?

5. How can the company change?

In the following, the above questions are related to PSS approaches.
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10.3 Opportunities for PSS in the Market

A manufacturer will very rarely abandon its current business completely and es-
tablish itself in a completely new industry. Although often given as examples, the
transformations of Nokia (from wood pulp to telecommunications) and IBM (from
computers to consulting) are exceptional and the result of long-term change proc-
esses. For PSS, in the context of manufacturing firms, the underlying assumption
is that they can capitalise on their substantial experience and expertise of their
products, and thus create service offers that would not be feasible for other players
in the market (Mathieu 2001b). Given these strengths, manufacturing firms should
start by considering their existing market and customers to determine where PSS
approaches might hold strategic opportunities to leverage their competitive posi-
tion.

There are two general directions in which companies may search for opportuni-
ties on the market: (1) along the product’s life value chain, i.e. installation, opera-
tion, maintenance, disposal, etc., or (2) along the customer’s activity chain, i.e. de-
sign, financing, training, managing, resale, etc. Manufacturers typically have
strong technology, product and manufacturing competencies and capabilities, but
not necessarily close relations with their end users or competencies in the man-
agement and operation of their products. PSS approaches are generally more ap-
propriate for companies that have or can get access to their end-users and their
products in use. Otherwise it can prove difficult for manufacturers to add value to
the downstream life phases of their products (Wise & Baumgartner 1999). Here,
the opportunity to support the activities and enhance the utility of products is
greatest.

The manufacturer’s product itself also indicates how suited service-oriented of-
ferings are to the market. Capital equipment seems to hold many promising oppor-
tunities for PSS (Windahl 2007), but in general PSS approaches seem to work well
for manufacturers if any of the following conditions apply (Tukker & Tischner
2006):

e Products with high costs to operate and/or maintain

e Complex products that require special competences to design, operate, manage
and/or maintain

e Products with considerable consequences or costs if not used correctly or ap-
propriately

e Products where operational failure or downtime is not tolerated

e Products with long life

e Products with only a few major customers on the market

Business strategies are dependent on the maturity of the product technology and
its adoption in the market, but this does not necessarily determine how apt it is to
PSS approaches. Successful PSS can be found in both the case of the introduction
of new technology (e.g., the use of electrophotography in Xerox’s Model 914
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(Chesbrough & Rosenbloom 2002)) and the case of mature products (e.g., SKF
ball bearings (Reinartz & Ulaga 2008)).

10.4 PSS as a Business Strategy

Porter’s (1985) generic strategies are often cited as the reference for competitive
business strategies. Porter defines three generic competitive strategies based on
how broadly the market is targeted and which core competencies of the company
are applied:

1. Cost Leadership Offering products and services at the lowest price on the
market
2. Differentiation Offering unique products and services that customers are
willing to pay a premium for
3. Narrow focus Focusing on a clearly defined market segment either by
(a) Cost Focus Offering the lowest price
(b) Differentiation Focus Offering unique benefits

According to Porter, companies should stick to one these generic strategies and
not risk being ‘stuck in the middle’ in order to be successful. Although widely
adopted by many, this has since been challenged. In their book Blue Ocean Strat-
egy, Kim and Mauborgne (2005) claim that the most successful firms are those
that master both cost leadership and differentiation. Another classification of
competitive business strategies that has received attention in industry is provided
by Treacy and Wiersema (1993):

1. Operational Excellence Providing the best total price of products and ser-
vices in the most convenient manner for the customer (similar to cost leader-
ship)

2. Customer Intimacy Delivering what customers want in a close, long-term re-
lationship (differentiation through customer focus)

3. Product Leadership Developing state-of-the-art products and services con-
tinuously (differentiation through product innovation)

Applying Porter’s categorisation, PSS can be seen as a differentiation strategy
(Tukker & Tischner 2006), as the provider complements the manufactured prod-
ucts functionality with a set of unique service offerings based on the provider
competences. When compared to Treacy and Wiersema’s strategies, PSS ap-
proaches seem to be a combination of best total price and close customer support.
It would seem that PSS can be seen as a strategy for manufacturing firms to gain
competitive advantage when differentiation on product properties alone in the
market is difficult.

Manufacturers must, however, be wary that their new service-oriented offerings
might compete directly with (their own) product sales. In order to establish PSS in
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the market, manufacturers must demonstrate convincingly that the total cost of
product ownership (or operation) is lower for customers with PSS compared to
just product sales. The services offered could cannibalize product sales by keeping
products operational for longer or using them more efficiently, so that the pur-
chase of new products are postponed.

The type of service offered also influences the business strategy. In a large
study of successful business units in European business-to-business manufacturing
firms, Gebauer (2008) identified configurations of service strategies that corre-
spond well to certain market conditions:

o After-sales service providers seem to follow cost leadership strategies as the
market here is typically highly competitive. Customers are price sensitive and
expect service providers to react quickly to breakdowns and failures. After-
sales services are therefore often standardised, predefined and priced separately
(unbundled).

e Customer support providers tend to differentiate themselves through their
products and services. Customers of these services value high product quality
and reliability backed with process-oriented services that prevent breakdowns
altogether. Customer support services are bundled together in customised pack-
ages, i.e. Service Level Agreements, where customers pay a fixed price.

e Operational services combine cost leadership and the differentiation of their
products and services. Customers that outsource expect that their initial invest-
ment, operational expenses and risks can be reduced and managed more effi-
ciently. Outsourcing partners have to assume full responsibility for their cus-
tomer’s operation processes, and therefore a clear legal agreement regarding
division of responsibility and delivery scope is necessary. This means that op-
erational services are standardized to ensure efficiency and typically high qual-
ity products are used to reduce breakdown and failures.

e Research and development services are often specific and differentiated of-
ferings. Development partners collaborate closely with their customers, giving
them a strong position on the market that creates strong barriers for competi-
tors. As it is difficult for customers to assess the value of these types of ser-
vices, the service provider uses their identity and reputation from their other
products and services as a proxy for the value of their professional services.
Given these conditions the competitive intensity is very low with these ser-
vices.

10.5 Service-Oriented Capabilities and Organisation

A strategy is based on the company’s overall mission, vision and goals, and aligns
the organisation. Consultants and scholars in strategy formulation mention the fol-
lowing essential dimensions of organisations that should be consistent with strat-
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egy and among themselves (Peters & Waterman 1982, Andreasen et al. 1989,
Galbraith 2002), see Fig. 10.1:

Structure The organisation of tasks, responsibilities and resources representing
the decision making structure

Processes and methods The processes, procedures and methods used in the
organisation to perform the many tasks

Capabilities and physical assets The technical resources and physical space
available to the organisation

Measurement and rewards The manner in which performance is measure and
people are motivated

People and competencies The knowledge and skills of the people in the com-
pany

Culture The norms, values, attitudes and social behaviour of groups and indi-
viduals in the organisation

Processes &
methods

Structure

Capabilities &
physical
assets

Measurement
& rewards

People &
competencies

Culture

Fig. 10.1 The essential dimensions of an organization related to strategy (after Peters & Water-
man 1982, Andreasen ef al. 1989, Galbraith 2002)

In the above, it is possible to distinguish between hard and soft organisational di-
mensions. The first four dimensions are hard dimensions that can be ‘designed’
into an organisation, whereas the last two can only be influenced indirectly
through management and the other dimensions.
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10.5.1 Structure

In the innovation management literature there is an on-going discussion on
whether it is best for established firms to create separate organisations to develop,
sell and provide radically new business offerings, or whether it is possible to build
new capabilities within the current organisation’s structure (Bower & Christensen
1995, Chesbrough & Rosenbloom 2002). This discussion is also relevant when it
comes to PSS. With PSS approaches, should a manufacturer establish independent
service-oriented business units, or integrate service-orientation into all business
units?

Several researchers (Mills et al. 2008) believe that it is necessary to separate
the service organisation as an independent profit centre, so that it can act as a shel-
ter for the development and support of a service culture. In this way, the business
unit can create an explicit service strategy, business model and identity. Others
think that this will omit the competitive advantages that manufacturers have by in-
tegrating products and services (Matthyssens & Vandenbempt 2008). Davies et al.
(2006) suggest establishing ‘front-end customer-facing units, back-end capability
providers and strong strategic centers’ to mediate between the business units. The
service-oriented business units develop integrated product and service solutions
for customers whilst the traditional product-oriented units continue with “business
as usual.” The degree of integration between the business units in a service-
oriented organisation depends on four dimensions (Galbraith 2002):

o Type of solution Vertical (industry and customer specific) solutions require a
more customer-centric organisational unit than do the horizontal (broad appli-
cation) solutions

e Scale (number of products and services offered) and scope (number of different
kinds of products and services that are combined in the solution)—the larger
the scale and scope the larger the number of organisational units that must be
coordinated

o Integration of the solution The more interdependent the components, the
more interdependent the organisational units responsible for those components
need to be

¢ Revenue from solutions The percentage of total revenues that comes from so-
lutions, higher percentages justify stronger customer-oriented business units

The higher the potential is for synergy effects, the greater the need for tight links
between business units (Sandberg & Werr 2003). In order to fully benefit from the
advantages of PSS approaches the firm’s business strategy must be broken down
into clear objectives for each of the functional units in the organisation. These ob-
jectives determine the task, structure and strategy of each unit and how they mutu-
ally support each other.
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10.5.2 Process and Methods

The core business processes that should be considered with PSS are product de-
velopment management, supply chain management and customer relationship
management (Antioco et al. 2008). The importance and dominance of each busi-
ness process in the company is mirrored in Treacy and Wiersema’s (1993) strate-
gies: product leadership, operational excellence and customer intimacy.

According to Aurich ef al. (2004) there are three strategies for how manufactur-
ing firms may integrate their product and service development, being:

e Systematic product design, then intuitive service design This describes the
traditional situation for most manufacturers. The development and manufactur-
ing of products are the company’s core competencies. Services are mainly li-
ability oriented to guarantee product functions and their development is ad hoc.
Although this is a common approach to the development of services, it is
hardly a proactive and predictive approach to service-orientation.

e Systematic product design, then systematic service design Based on a range
of developed products, a set of services are subsequently systematically devel-
oped to enhance the functionality of the products. Preventive maintenance is an
example of this.

o Integrated design Products and services are developed in an integrated manner
based on customer needs.

Although true on the practical level of the single development project, a service-
oriented strategy requires the integration of product and business development on
a higher and more strategic level in the development function of the company and
often involves the customer and partner companies.

The development strategies described by Aurich ef al. (2004) are all related to
the projects executed in the level entitled Development Projects in Fig. 10.2. As il-
lustrated in the figure, these concrete development projects are framed by two par-
allel activities relevant for the company’s development function, being the gather-
ing of experiences and life-cycle data from the operational activities (operations)
and the long-term planning of the company’s future portfolio of products and ser-
vices (portfolio strategy).

The initial definition and planning of a coordinated product/service mix takes
place on the portfolio strategy level. Through the subsequent development of ser-
vice delivery capabilities and products supporting them, the foundation for the
PSS operation is laid out. The integrated planning and prioritisation of product and
service development projects on the portfolio strategy level ensures synergy ef-
fects, timing of implementation and balancing of functionalities.

The operational level of product and service delivery on the other hand, holds
the opportunity to learn about the product’s performance throughout its life. In-
formation needs to be gathered, stored and analysed regarding two life-cycle sys-
tems: (1) the life-cycle of the physical artefact; and (2) the activity life-cycle rela-
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tionship between the providing company and customer, representing a product-
oriented and a service-oriented view respectively (Tan et al. 2006).

Business Strategy

- Strategic assessment and planning
— Strategy formulation
— Core competencies
— Partnerships

Pdﬁfolio Strategy

— Formulation of product strategy
— Searching for business ideas and screening them

— Initiation and following up of product pment projects -

— Top-level control of resources ‘ Business/ /

— Monitoring the results of product development - Product p|anning \

— Coordination / \
Development Projects paner )\ \

— Business oriented projects I

Company
— e.g. Product design, Service design, etc.

v
b \ *

\
Product I
,

Customer

— Pre-business oriented projects
- e.g. Technology, Customer needs, etc.

Product
development

— Cross-disciplinary projects I
- e.g. Platform development, etc.

— Support projects ‘
—e.g. Sales support, etc.

- Renewal and maintenance projects ‘
- e.g. Design methods, CAD, PLM, etc.

\

A Product life cycle and customer activity - 4
knowledge management «

N

Operations

— Design & specification

Partner operations
- Installation .

U B
- Use

ompany operationsy/

— Maintenance
- Repair

- Upgrade

— Disposal

Fig. 10.2 A model for PSS development showing how product and service development projects
must be coordinated with the business planning and strategy with customers and partners (Tan et
al. in press).

Rolls Royce (power systems) is often cited as one of the companies that have
made the transition from ‘offering a Service around an existing Product’ to ‘de-
signing a Service and the Product that supports it’ (Harrison 2006). Using the
term ‘Design for Service’, Rolls Royce implemented a new development pro-
gramme that strongly focused on life-cycle costs that covered: Infrastructure &
Capability Investment; Product Acquisition; Product Operation and Support; and
Product Disposal. The identification and quantification of life-cycle costs relies
heavily on operational systems capable of extracting and managing information on
the operational level as indicated in Fig. 10.2. To do this Rolls Royce had to inte-
grate additional sensors and processing power on their engines, and develop re-
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mote monitoring capabilities that could analyse operational data and provide guid-
ance to customers and maintenance personnel.

10.5.3 Capabilities and Physical Assets

PSS approaches require an expansion of competencies necessary to develop inte-
grated solutions. Davies et al. (2006) studied several manufacturers that developed
services in addition to their product offerings and identified four key capabilities
as key for migrating into integrated solutions:

1. Systems integration The capability to specify, design and integrate physical
(software and hardware) components of a solution. The manufacturer is not
restricted to only using own components, but should select the best suited
technologies and products from other leading manufacturers. The objective is
to create value by ensuring that all parts work well together in synergy.

2. Operational services Capabilities that allow the manufacturer to operate,
support, maintain and upgrade a system efficiently throughout its life. Tech-
nologies that can remotely monitor and diagnose the performance of the sys-
tems are often employed here. The gathering and analysis of a customer’s
operational information is vital to forming the base for what value the pro-
vider can deliver to the customer.

3. Business consulting The capability to consult professionally about opera-
tional and strategic issues related to improving the customer’s business proc-
esses. Here the manufacturer must understand the customer’s business needs
and develop their customer relationship skills.

4. Financing In return for continued business, manufacturers must be able to fi-
nance or reduce the upfront price of products with integrated solutions.
Sometimes even joint ventures may be established so that both provider and
customer reap the benefits of future business.

In order to obtain these capabilities manufacturers may choose to

1. Develop these competencies and capabilities in-house
(a) Either by changing the entire current organisation
(b) Or developing a separate organisation within itself
2. Acquire an organisation with the necessary competencies and capabilities
3. Partner with an external organisation with the necessary competencies and
capabilities

The choice amongst the above options is based on the organisational structure and
degree of integration between the business units as discussed in Sect. 10.5.1. The
last two options would seem to be the quickest way to establish service-oriented
capabilities, but face the challenges of integration. Tidd et al. (2005) argue that
developing a separate unit within the organisation itself is the most efficient, as
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this venture would have the entrepreneurial benefits of a small organisation with
the resources of a large one.

10.5.4 Measurement and Rewards

Performance measurement systems in organisations provide information that is es-
sential for the management and development of its activities. Performance is based
on how well the organisation achieves its objectives and implements its strategy.
The incentive schemes and rewards for employees in the company must reflect the
logic of the service-oriented business and encourage cross-functional collabora-
tion. Service-oriented companies have different business objectives and therefore
also different key performance indicators and business than product-oriented
companies. For example, in product-oriented companies the amount of product
sales is essential for the business, whereas for a service-oriented company cus-
tomer satisfaction and profitability are a better indication of performance
(Anderson & Narus 1995). In manufacturing firms services are typically not val-
ued and their costs not tracked. Activity-based costing provides a manner in which
companies may analyse the contribution of their services to profits. This will help
manufacturers in defining what kind of services hold potential for greatest profit.
For PSS it is important that companies can track and demonstrate how their
customers save or generate more value through integrated solutions instead of
buying discrete products and service. This requires in-depth knowledge of the cus-
tomer’s activities and own performance. Currently, manufacturing companies
have two types of IT systems that attempt to cater for this, Product Life-cycle
Management (PLM) and Customer Relationship Management (CRM). Each sys-
tem has its own focus, PLM systems administer product specific data and informa-
tion throughout their entire life-cycle, but as companies are rarely responsible for
the use and disposal phases of their products, the gathering and processing of in-
formation here is rather poor. On the other hand, CRM systems capture, store and
analyse customer information and communication, but again not much informa-
tion is obtained from the activities where the product is actually in use. From a
product development point of view, a systematic gathering of information of
product use would be extremely valuable to the development of new products and
services. If a perpetual coupling of product and customer information during op-
eration was possible, insights and knowledge could be gained to ensure that the
customer’s activities were continuously aligned with their customer’s needs and
behaviours. But for now the management, accessibility and relevance of knowl-
edge to product development and designers is still not well established. The ability
to gather, store and analyse data about products and customers that can then pro-
vide information on how to enhance the value of their customer activities, would
seem a prerequisite for the development of PSS. Companies can also use this in-
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formation to motivate customers, suppliers and other actors to behave in a manner
that is more beneficial for all, both economically and environmentally (Frei 2008).

SCA, the world leader in incontinence care products, mainly sell directly to
health care institutions and nursing homes in Denmark. Here, in addition to their
products, they offer a whole range of services from planning how to achieve im-
provements in incontinence care, to training and coaching health care personnel on
how to best use their products, including monitoring product consumption and in-
tervening when deviations occur. This integrated approach to products and ser-
vices allows SCA to improve the well-being for the users of incontinence prod-
ucts, the work conditions for health care providing personnel and the total
economy for incontinence care for the health care institution. Regular visits are
made to each nursing institution to follow-up on the achievement of objectives and
management of consumption together with consulting and guidance on how to
continuously improve on the performance of costs and care. In order to do this
SCA uses an integrated IT system that registers all orders of individual residents
in nursing homes in relation to their level of incontinence. SCA can then extract
data to create reports that help their customers monitor their consumption of pads
over time and point out deviations. Based on data from other nursing homes they
can benchmark their customers, which permits them to provide their customers
with an idea of saving potentials and suggest action to achieve these. Studies done
in several large municipalities in Denmark show that, in this way, SCA can help
nursing homes reduce their pad consumption by 20%, whilst also enjoying much
greater satisfaction amongst pad users and care providers.

10.5.5 People and Competencies

The profile of people and their skills in service-oriented organisations are different
to those employed in traditional manufacturing companies (Bowen et al. 1989),
see Table 10.1. Literature on service operations emphasises that employees and
their behaviour during customer contact are highly related to the customer’s per-
ception of quality (Vandermerwe et al. 1989). This is particularly true of services
that involve a high degree of customer contact.

The recruitment and selection of personnel with good interpersonal competen-
cies are crucial. For example, it is common for manufacturers to recruit experi-
enced employees from well-established consulting firms for their management
consulting services (Ploetner 2008) as services of this kind call for personal trust
and reputation. On the other hand, employees with experience in the organisa-
tion’s product business make it easier to access knowledge and people internally
allowing better integration between the product and service units. If necessary,
these employees can be retrained to become more ‘service-savvy’ (Reinartz &
Ulaga 2008). Cornet et al. (2001) claim that the ideal solutions team will include a
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mix of internally and externally recruited people to combine existing knowledge
with the right entrepreneurial and consultative skill set.

PSS can be seen as an architectural innovation as the change relates to the ar-
chitecture of products and services and not changing the individual components.
However, this does not mean that companies can expect to easily develop new ar-
chitectural innovations. The knowledge within the organisation will be based on
the current dominant product architecture which makes it ineffective in recogniz-
ing and learning about other architectures.

Table 10.1 The difference in competencies between product-oriented and solution-oriented busi-
ness (after Sharma & Molloy 1999)

Area ‘Product’ Focused ‘Solutions’ Focus
Role e Working alone and control- e Leading cross-functional
ling the show teams
Product knowledge o Narrow range (but deep) e Broad market knowledge
Customer relationship e One-on-one e Multiple (team)
e Functional purchasing e Multiple levels (e.g.,
e Personal trust CEO/CFO) and functions

e Trust in team competency

Analytical skills e Less advanced e More advanced business
building
Selling skills o Transactional Relationship
o Sell ‘widgets’ Consultative
Solutions

Background e Functional (e.g., sales) Cross-functional experience

Across the value chain

Brady et al. (2005) list a broad range of skills solution-oriented companies need to
acquire or develop. These include key account management, risk analysis and
management, understanding of whole life costing and customer lifetime value, le-
gal skills, information management, value chain management, etc.

Steelcase is the world’s largest manufacturer of office furniture. The develop-
ment of their products, services and new business ventures is based on user-
centred insights where work, workers and workplaces are studied intensively to
create new solutions. With the acquisition of IDEO, the renowned design consul-
tancy in 1996, Steelcase has developed user-centred design to be one of its key
strategic competencies. User-led insights form the basis of many of its offerings:

e In product development, new products are developed based on how to best
support an observed activity or task in the office workspace, and not just on re-
designing existing furniture

e Steelcase’s range of services (e.g., workspace planning, leasing, handling
moves, ergonomic training, reparations, refurbishment, inventorying, asset
management, etc.) is structured around helping customers when exploring,
planning, purchasing, managing and measuring their physical workspace
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e The company’s corporate consulting team uses a user-centred methodology for
engaging users in the co-design of their new workspaces where workspace
strategies are linked to the overall objectives of their client’s organisation

e Nurture, a new thriving business unit, was established based on insights from
their user-centred design methodology applied to healthcare work environ-
ments

10.5.6 Culture

There is a unanimous agreement amongst researchers and practitioners that a ser-
vice culture or mindset is key to the success of PSS. This relates to the whole
manufacturing organisation realizing and endorsing services as not just add-ons to
products, but as value-adding activities central to business. Attitudes to services
and cooperation can however vary across the organisation. This can hinder the or-
ganisation’s effectiveness to develop and deliver integrated solutions. For exam-
ple, product-oriented engineers might feel that the customer-oriented corporate
consultant’s way of working is ‘quick and dirty’ compared to their own systematic
and meticulous processes (Sandberg & Werr 2003). The difference between prod-
uct and service-oriented cultures can be a strain in a service-oriented manufactur-
ing organisation with units sceptical of each other and disputing what is the best
way to provide value to customers. PSS approaches will shift the power and influ-
ence in the organisation to the more service-oriented units, which can cause dys-
functional conflicts and rivalries. The challenge is to balance and maintain the
symbiotic relationship between the cultures rather than totally substituting one
value set for the other (Bowen ef al. 1989).

Close customer contact is built on trust and good relationships. With PSS, cus-
tomers should feel that the providing company is on the same side as themselves,
eager to support them in their objectives and not biased to simply increasing prod-
uct sales (Galbraith 2002). Service-oriented companies should be willing to learn
and understand what is critical to their customers and dedicate themselves to find-
ing the best solutions for them. At the same time, companies must be willing to be
open and share their knowledge and processes with their partners (Vandermerwe
et al. 1989).

10.6 Readiness for Service-Orientation

Although many manufacturers are lured by the promising potential for business,
companies should first clarify whether they are ready to deliver integrated solu-
tions. There are certain conditions and contexts that make service-orientation more
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opportune for some than others. Wise and Baumgartner (1999) list a number of
factors that would indicate the potential for service-oriented business downstream:

e Attractiveness of downstream opportunity, measured in, for example:

— Ratio of installed base to new product sales is greater than 15 to 1 (i.e.
there are more than 15 products in use for each new product sold)

— Total life cost of the product is over four times the initial purchase price

—  The downstream margin is over 5% greater than the product margin of the
purchase price

¢ Importance of customer relationships, given by, for example:

—  Products are considered as commodities (minimal differentiation) on the
market

—  Market share of the top five customers is over 40%

—  Share of total profit earned from top 20% of customers is over 50%

e Power of distribution channel, described as, for example:

— Distribution and selling costs are over 25% of the product price

— Degree of channel concentration - the market share of the top five distribu-
tors is over 40%

— Degree of channel innovation is very dynamic

Gebauer et al. (2005) observed that although many manufacturing companies have
invested heavily in extending their service business, they failed to achieve the ex-
pected returns. Sharma et al. (2002) list a number of internal organisational issues
that should be considered prior to committing to service-orientation:

e Trust The trust between organisations and the willingness to share essential in-
formation

e Collaboration The organisation’s ability to work in an integrated manner in-
ternally

e Innovation The ability to systematically turn customer insights into solutions
and use this knowledge with other customers

o Risk Profile The degree of risk involved with increasing responsibility of cus-
tomer’s activities and fortitude that returns are achieved over the long term

e People and leadership The people and management that are able to make the
transition and develop the right mindset and skills for service-orientation and
close customer collaboration
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10.7 The Transition from Product to Service-Orientation

There are many paths to becoming a service-oriented manufacturer. Some compa-
nies build upon a consolidation of their product-related services and then enter the
installed base market (Oliva & Kallenberg 2003). Others make the migration by
building up competences in systems integration, operational services, business
consultancy and financial services to deliver integrated solutions (Davies et al.
2006). Most often, however, companies are not that well coordinated and simply
attempt to adhere to customer’s requests provisionally. No matter what the chosen
path will be, a coordinated approach guided by the strategic commitment of the
company is necessary to yield the largest benefits from the migration. Based on
the recommendations of several researchers and practitioners (Foote et al. 2001,
Oliva & Kallenberg 2003, Booz Allen Hamilton 2004, Sawhney et al. 2004, Ge-
bauer et al. 2005, Davies et al. 2006) the process for transition from product
manufacturer to service provider should involve the following steps:

1. Identify customer and market opportunities Based on existing strategic
customers, explore and assess the overall market opportunities for more ser-
vice-oriented offerings. Investigate the possibilities along the product life-
cycle and the customer activity cycle. Determine the attractiveness, viability
and risks of the business.

2. Consolidate internal service capabilities Assess the value and costs of exist-
ing services across the organisation and monitor their performance. Design a
well-defined service platform that can deliver the existing services effi-
ciently. Eliminate and add services accordingly. Improve productivity by
automation, standardization or delegation of activities and responsibilities.

3. Determine the value proposition and service-oriented strategy Working
with lead customers define the value proposition and formulate the strategy
for the service operations. Match the organisation to the strategy and value
proposition. Identify and support beneficial interrelations horizontally and
vertically in the organisation. Develop the business model by defining the
value chain and revenue mechanisms.

4. Gain access to customers and build capabilities By internal development,
acquisition or partnering—establish service channels. Recruit employees
with service-oriented skills and mentality. Develop strategic partnerships
with customers and suppliers to form a value network. Form dedicated cus-
tomer-focused front end and product-focused back end units or teams. Estab-
lish relations on multiple levels of the customer’s organisation.

5. Co-develop the integrated PSS With the customer and relevant actors—
understand the customer’s objectives and activities. Benchmark and identify
cost savings or value generation potential. Establish and scope out the inte-
grated solution and pricing. Determine the delivery system and process for
gathering, storing and analyzing information. Devise an implementation
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plan. Assign roles and responsibilities for all actors. Agree formally to pro-
ceed.

6. Implement and operate Support and manage actors, activities and relation-
ships. Lead, monitor and drive the processes of the integrated solution.
Document cost savings or value creation performance. Balance the front end
and back end units.

7. Learn, adjust and improve Exploit the learnings of the product in operation
and relate them to customer activities. Perform economic value analyses.
Share insights across the organisation. Continuously improve the integrated
solution’s processes. Optimise and enhance the productivity and quality of
the service delivery. Systemize the integrated product and service develop-
ment process.

8. Extend services Expand service operations on a greater scale to other cus-
tomers. Develop new or reconfigure existing activities within primary or ad-
jacent customer value chains using the formalized development process.
Achieve cost advantages through economies of scale, learning curve and
network effects.

Although the move towards integrated solutions is portrayed here as linear and
straightforward, this is not the case in reality (Windahl 2007). The above is merely
a guideline. Manufacturers will experience the process as being of a more dy-
namic and complex nature with many barriers and challenges along the way. As
an alternative to a radical organisational change to a total solutions provider,
where the competence gap may be too high, smaller, incremental steps over time
may be made instead. The following first steps have been observed in industry
(Sandberg & Werr 2003, Allmendinger & Lombreglia 2005, Matthyssens & Van-
denbempt 2008):

e Develop system integration capabilities Assess the product portfolio and
identify the technical systems they are part of. Design well-defined product
modules that can easily be combined and configured in total systems. If appro-
priate integrate sensor and communication technologies into the products so
that they can be remotely controlled and monitored.

e Take over customer activities or responsibilities Based on customer re-
quests, take over specific administrative, engineering, financing and/or logisti-
cal tasks. Leveraging existing knowledge, optimise and package these services
and offer them to other customers interested in outsourcing operations. Build
up knowledge of the customer’s activities. This strategy is common for compa-
nies that operate close to their end-users.

e Establish corporate consulting Based on the traditional business’ products or
expertise, establish a team of high level customer-oriented consultants. Develop
an approach to professional knowledge-intensive services such as systems inte-
gration and business consulting. Leverage the close relations with the customer
to develop new products, services and business opportunities. This strategy is
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applicable to business-to-business companies to generate synergy effects with
their product business and learn about, and from, their customers.

Although still challenging, these steps are simpler to implement in manufacturing
firms, involve less risk and allow the traditional product-oriented business to go
on with “business as usual.” In all three cases the company will have to deal with
products and components that are not designed and manufactured by themselves.
Companies should embrace this opportunity to learn about their competitors’
products and use the insights to develop new products or create new partnerships.

Danfoss, a large manufacturer of refrigeration controls, in its transition from
product to service orientation leveraged upon the development of their products’
remote control functionalities, which enabled them to offer operational services.
The service organisation was initially created through the merger of key account
sales units with system design consultants and an externally acquired service de-
livery firm. The resulting service department then developed by alternating be-
tween focusing on the optimisation of the product and service alignment and the
geographic expansion of activities. The regional market context was identified as
such an important factor for the offer definition that the integrated development of
product and service offers was given a low priority compared to the adaptation of
a basic PSS concept to specific regional markets.

10.8 Future Perspectives

The move to more service-oriented approaches seems imperative for many manu-
facturing firms. Although PSS holds potential for growing the business, the chal-
lenges of innovating must not be underestimated. Changes in strategy and organi-
sation take time and rarely happen quickly. For example, IBM’s renowned shift to
consulting services happened over a decade (Ploetner 2008). As long as the prod-
uct business still generates revenue, manufacturers are reluctant to introduce a new
service-dominated logic. However, if the market changes and a competitor does
succeed in demonstrating a new business model, such as has been observed with
photocopiers and aeroplane engines, the other manufacturers are quick to follow.

The past years’ intensive focus on core competencies has driven companies to
outsource their non-core activities and grown the market for operational services.
But manufacturing firms have been slow to address this growing market. The rea-
son for this may be that they themselves focus on their own core competencies,
being the development, production and sales of products, not their operation and
maintenance. The market for operational services is then left to other service pro-
viders, and the opportunity to establish closed loops of learning and material flows
are not realised. There is need for more research to determine whether the alluring
potential benefits of PSS can actually be realised in practice. If this is feasible,
then under what conditions is it possible, and what steps need to be taken?
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PSS often requires multiple actors working together and devising schemes
(e.g., Public-Private Partnerships (PPP) and Build-Operate-Transfer (BOT) pro-
jects) for how to share risk and responsibility in return of a part of the cost savings
or value generation. Orchestrating and balancing these long-term partnerships is a
challenging undertaking. Often opportunistic behaviour must be managed and dis-
putes over responsibilities and rewards dealt with (Manzini et al. 2004). The un-
derstanding of how to integrate and manage multiple and diverse actors in PSS is
still limited and many companies struggle to collaborate.

Servitisation, the shift from product-orientation to service-orientation uses a
service-dominant logic (Vargo & Lusch 2004) to create value. The service-
dominant logic focuses on the value derived from intangible components of an of-
fering, which is difficult to specify and evaluate beforehand. Although this kind of
logic works well on a strategic and top management level, it falls short in opera-
tions in most companies. At the moment, purchasers and legal specialists cannot
rely on trust in the customer—supplier relationship. They need to be able to define
and specify service requirements as well as objectify the offering (goods-dominant
logic) in order to compare it with offerings from other companies to ensure the
best value for money (Lindberg & Nordin 2008). PSS are in need of both the
goods-dominant and service-dominant logic in order to be communicated and es-
tablish a shared understanding amongst all actors. How this is done and what
“language” is used to communicate PSS is still an open question.

The research in PSS has, from the beginning, been encouraged by the potential
for ‘dematerialisation’ where economic growth is decoupled from material and
energy consumption. However, PSS approaches in themselves do not guarantee
improved environmental performance (Tukker & Tischner 2006). Services may
seem less material demanding but are not altogether free of environmental effects.
Nonetheless, it is generally recognised that due to the system’s perspective PSS
approaches do hold a potential for more efficient use of natural resources, but this
can only be achieved if it is designed into the system from the start (Baines ef al.
2007). It would seem that environmental and social concerns are becoming inher-
ent to all business decisions. This could help with the adoption of service-oriented
approaches in industry. In particular, PSS solutions that manage customer’s en-
ergy usage and/or their consumption of products have a great environmental po-
tential. It would be highly interesting to investigate PSS concepts with the basic
value proposition to fulfill the needs of customers sufficiently, whilst reducing
costs and environmental effects.

10.9 Conclusions

This chapter has attempted to plant and establish PSS approaches as a business
strategy in the context of manufacturing firms and their existing business. The in-
terdependencies between PSS offering and strategy, market conditions and organ-
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isational dimensions have been described to provide insight and an overview, but
the complexity and multiple perspectives of the issues have only been touched
upon. Service-oriented approaches are intriguing ventures for manufacturing
firms, but caution still needs to be applied in order to achieve the potential bene-
fits. The insight provided here will help business leaders understand whether PSS
approaches offer any potential for their future business. The appropriateness of
certain generic constellations of service-oriented strategies, organisational factors
and the existing business environment aid companies in determining what is the
most advantageous strategy given their position. An outline for how manufactur-
ing firms may make the transition to PSS provides inspiration and a map of the
steps necessary to implement a service-oriented strategy in their own organisation.
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Chapter 11
People, Product and Process

Perspectives on Product/Service-
System Development

Asa M. Ericson and Tobias C. Larsson

Division of Functional Product Development, Luled University of Technology

Abstract The adaptation of Product/Service-Systems (PSS) calls for new devel-
opment models. On one hand this gives the manufacturing firm possibilities to re-
design, upgrade and replace the discrete device that provides the performance their
customers are asking for. On the other hand, this new situation has to address as-
pects that are normally not addressed in early product development, i.e., services.
In this chapter, we elaborate on product and service development process models,
as well as system models to propose a frame of reference for multiple perspectives
on PSS development. These perspectives are of people, product and process. Also,
this chapter puts forward implications for the development of PSS models.

Keywords Product-Service System, Innovation, Engineering design, Develop-
ment models, Service perspective
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11.1 Product/Service-Systems

When selling products, services are important for the customer to be able to use
the device or for the device to perform well, e.g., cars need the services of gas sta-
tions and the engine needs maintenance. And, vice versa, to provide services tan-
gible support is needed, e.g., rooms and furniture for the hotel business and
phones for telecommunication companies. Thus, the integration of products and
services to meet the customers’ requirements is well known, but, depending on
perspective, it seems that development processes favor one of them at the expense
of the other. Service literature emphasizes that the discrete device is one of several
elements in strategic relationships (Gronroos 2000), hence putting the customer
relationship first. This is because services are activities in collaboration with cus-
tomers. Product development literature points out how the product is first settled
and then services take form to complement that thing (Ulrich & Eppinger 2008).
In the engineering industry, the word “affermarket” is commonly used to describe
the life of a product affer it has been designed and developed. Calling this after-
market indicates that a service perspective comes in second place for engineering
firms (Normann 2001). These two perspectives, product perspective and service
perspective, argue that the value carrier for the customer is either the product or
the service, yet customers tend to view their purchase from a more holistic per-
spective (Mello 2002). In the last decade, the vision for the engineering industry
has been to provide their customers with functional offers, meaning that what is
sold is the function or the use of the product (Fransson 2004). Hence, engineering
firms’ business models extend to incorporate a service perspective. This is what is
commonly called a Product/Service-System (PSS) offering, and it can be de-
scribed as a special case of servitization (Bains ef al. 2007).

Fransson (2004) has developed a model for how the service degree increases in
engineering firms, calling such offerings “functional offers.” A functional offer
starts from a traditional product perspective where the discrete device is supported
by services (at bottom left in Fig. 11.1). In the next degree of functional offerings,
the service part is extended with services that are not usually offered, e.g., custom-
ized offerings of expertise from production processes. Then, there are two middle
degrees of offerings which put forward that the shift towards a service perspective
changes how the customer is invoiced, i.e., the engineering firm is paid on the ba-
sis of the performance of the device including some services, and at the next de-
gree, all services are included. Here, the sharing of responsibilities to uphold the
functionality of the device also comes into play.
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Total Use and performance the
functional offer/ provider’s responsibilitiy
Complete

functlonal offerj } Revenue based on

Incomplete performance in use
functional offer

Service offer J Discrete deVIce.suppon‘ed of
consultant services

Product offer ’Discrete devices and services

Fig. 11.1 A progress model for functional offerings, after Fransson (2004, p.128)

In a complete functional offering, the engineering firm is completely responsible
for the reliability in operation of the device. On one hand, this means that if the
device is not functioning, the manufacturer is not delivering what is contracted.
On the other hand, the manufacturer can control and eliminate risks early on.
Here, the customer’s usage of the device becomes important. Do they use it as
agreed or not? Too much load? Other material than contracted? And so forth.
Therefore, Fransson (2004) suggests that companies should aim for as complete
functional offerings as possible, where he propose the engineering firm to own,
use and handle the device in the customer processes as the highest degree of func-
tional offerings (a total functional offer, at the top in Fig. 11.1).

Obviously, taking on functional offerings including all services rests on col-
laboration beyond the company’s competences. This kind of business models are
suggested to incorporate an organisational structure of a virtual enterprise, i.e.,
where the collaboration takes place cross several company boundaries (Johansson
et al. 2008). There are challenges to realising PSS and providing successful func-
tional offerings, for example, to understand the voice of the customer more pro-
foundly than merely obtaining the requirements (Ericson 2007), and to implement
an innovation approach there are both internal and external issues to tackle (Parida
2008). These examples illustrate that additional capabilities besides the classical
engineering ones are part and parcel of developing products for a successful PSS
offering. Yet, if the challenges can be handled the advantages abound. For in-
stance, the collaboration in PSS development are expected to reduce some compe-
tition through making the business relationships more stable (Alonso-Rasgado et
al. 2004), also, PSS triggers changed use patterns that reduce waste, i.e., provides
for ecological sustainability (Mont 2002, Mont ef al. 2006).

The integration of products and services into systems in PSS development pro-
vide the opportunity to find a variety of solutions to meet the contracted functions,
i.e., different degrees of services have an effect on the design of the product. This
indicates that the guiding product development process models need to address in-
novation. Today, engineering firms state that they continuously, on an every-day
basis, deal with innovation due to developing products; however, such innovation
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is focusing on, e.g., new features on a known end-product, here called incremental
innovation. As discussed above, classical product development seems delimited
when it comes to manage and progress innovation in view of PSS. That is, such
innovation that ends in breakthrough products, here called radical innovation. A
radical innovation situation has similarities with wicked problems (Rittel & Web-
ber 1973), where several aspects are vague and not fully understood, e.g., What is
going to be designed? What should it do? Who is going to use it? And, in what
circumstances? (Randall ef al. 2007). To deal with these questions the design task
needs to be addressed from different point of views, i.e., multiple perspectives

For various development projects, distinct process models give the team guid-
ance on how to begin and proceed, as well as pointers to what is needed to fulfilll
their missions. These processes, whatever they intend to finally produce, are vital.
Also, there is a link between industry and applied research, to develop better
products and to become better designers, the processes must be continually im-
proved (Dubberly 2009), this motivates engineering design researchers to study
them. Process models are not blueprints of reality; rather they are representations
of the design world to deal with the relational complexity in the processes. In view
of this, the models depend on how the team’s actors interpret and perceive them
(Engwall et al. 2005). Further, the logics for products and services are different,
thus not straightforward to integrate. Yet, the interplay between these points of
view is at the core for PSS development. One industrial challenge for turning into
PSS provision is to internally communicate a changed mindset and culture. Be-
sides describing how to do the work, process models are important tools to change
peoples’ mindset in their design thinking.

Thus, here, we will elaborate on development processes, their models and their
appearance. We will do this on an abstract level to propose a frame of reference
for a multiple perspective on PSS development. We embark from the parts in PSS,
namely product, service and system in light of process models. Also, bear in mind
that the examples and discussions here are outlining the issues as either/or. Em-
phasizing the distinct entities and their underpinning logics is a way towards inte-
gration and combination of a product perspective and a service perspective, not a
question of favoring one of them. Further, the point of view in this chapter is de-
limited to engineering design taking in additional issues from other disciplines.

11.2 The Role of Models in Product Development

Roughly, models in general can be seen as managing models, i.e., they are in-
tended to manage some aspects of a process. There are models that aim to accom-
plish more accurate project planning, easier coordination, shorter lead times, more
efficient knowledge transfer, and effective quality assurance. Conceptions of
models in product development have been analyzed into five categories: adminis-
trating, organizing, sense giving, team building and engineering (Engwall et al.
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2005). The comparison between the conceptions sense giving and engineering is
interesting. From a sense giving category, project models provide a view of the
complex and confusing web of activities and relations. Such project management
models aim to make sense of a confusing world, and the formal models give a
common language for making sense of ‘chaos’ (Engwall et al. 2005). From the
engineering perspective, the project models visualize a set of technical challenges.
Such project management models are used to solve technical problems, and formal
models convey documented best practice to support work efficiency (Engwall et
al. 2005). The sense giving and the engineering categories describe two distinct
perspectives; the first views the problem as concerning human aspects and the lat-
ter focuses on technical aspects. Seemingly, these models support distinct aspects
of the process. The use of the models depends on how they are interpreted by their
users and, also, how they are applied within each user’s conceptual framework.
Also, the same model can be used in several different ways. Yet, it has been iden-
tified that the role of models is to enable communication within and between pro-
jects, and that they provide common models and concepts (Engwall et al. 2005).
Hence, it seems that visualizing a point of view in a model makes people work and
think together. Simply, they focus a dialogue towards a topic from a certain point
of view. By the same token, models are not rigid; they evolve when combined and
improve during the use and interpretation of them.

11.3 Changed View for Development

Broadly, looking on products, a discrete device is more or less stable over time,
for example a quill pen and a pen can be seen as an enhancement of a comparable
product, embodying incremental innovation. Also, a typewriter and a printer can
be seen in the same way. When put into so-called s-curves, the interface between a
pen and a typewriter can be seen as a breakthrough technology and also as a radi-
cal innovation (see Fig. 11.2). In a situation where a company has an agreement
on a 20 year contract to deliver “functionality” or “performance in use” to a cus-
tomer, as exemplified here with “text on paper”, providing that function with a
pen throughout the contracted time is not viable. During such a long time period,
new needs, new goals, new missions, etc. come up within the context for the prod-
uct. The world around us changes and opens up for innovation opportunities to
find new solutions and products. In a PSS situation, it is vital that firms see such
“opportunity leaps” and that they have processes able to handle them.

Further, since use is key for PSS, providing service activities as, for example,
leasing (Mont et al. 2006) becomes do-able. Going from selling printers to the
leasing of printers, including the delivery of paper and ink, is possible and also
done by companies today. Hypothetically, the degree of services can increase if
the provider takes the responsibilities for the printer to be always functioning.
Practically, to provide that performance will be really challenging, for example,
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how to handle a paper jam? If the provider “attacks” the problem from a service
perspective, a lot of people on the move are needed, or, from a product perspective
the printer as a discrete device needs to be designed differently. Can it alert that a
paper jam is coming up? Can it adjust automatically to avoid it? Can it interact
with users to avoid the paper jam? Hence, increasing the degree of services to-
wards providing functionality or performance in use brings the manufacturer to
consider how to develop the devices to make that PSS offer viable.

Enhancement
Incremental

Breakthrough

e Enhancement Radical

Incremental

Fig. 11.2 “Text on paper”— enhancement/incremental and breakthrough/radical

11.3.1 Product

The input from, e.g., a market need or a technical invention, sets the early phases
of product development into motion. The initial phase is important since the prod-
uct is settled in these activities. An approach to, as soon as possible, narrow down
uncertainties and converge the information flows to focus the design task at hand
is commonly applied to increase efficiency. In general, a product development
process comprises of a number of sequences, going from early design phases to
the launch of the discrete device (Ulrich & Eppinger 2008). Today, most models
emphasize an integrated, parallell or concurrent approach. Also, the importance of
iterations is stressed in these models. However, on an abstract level, the phases in
a product development process can be outlined as at the top of Fig. 11.3.



People, Product and Process Perspectives on Product/Service-System Development 225

)

DESIGN DEVELOPMENT PRODUCTION  LAUNCH

MARKETING )
DESIGN )
PRODUCTION )

Fig. 11.3 Phases in a generic product development process at top, integrated process at bottom

Such a model emphasizes the stages that need to be taken to be able to release a
commodity, i.e., selling excellent goods, not services. At the bottom of Fig. 11.3, a
symbolic representation of an integrated process is presented. In an integrated
process, the coordination and communication between marketing, design and pro-
duction is vital (Andreasen & Hein 1987). This might be a reason for the fact that
organizational functions are in focus in integrated product development models,
rather than the stages to make a thing. Another reason might be that the leap from
previous models to integrated ones was based on the perception that the previous
models gave rise to an “over the wall” process (Ullman 2003). An “over the wall”
process describes that information emerges within the organizational functions, re-
spectively, and that information then is passed on in a stepwise manner, making
the activities separate. This stepwise manner decreased effectiveness and gave
long lead-times. The introduction of integrated process models was aiming to pre-
vent this.

Today, commonly, a product life-cycle perspective is important to take envi-
ronmental design aspects into consideration. Thus, a circle-shaped form can sym-
bolize, for example, that taking care of and/or reducing waste is vital. In such
models, the phases recycle, delivery of the product, its maintenance and its use are
visualized as additional aspects to consider (see Fig. 11.4). One firm’s capabilities
and competences are not enough to take care of all life-cycle aspects of a product.
For example, taking responsibilities for the products impact on environment, e.g.,
chosing material and production methods with respect to their eco-friendliness,
can be done within the manufacturing company. And, for example, recycling is
provided by another company. So, at the same time, the picture of several compa-
nies working together cross-company is starting to evolve in the models.

Further, collaborating with other companies is necessary and a reality for many
manufacturing firms, since they, commonly, are suppliers or partners in a busi-
ness-to-business context.
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RECYCLE
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DEVELOPMENT

USE

PRODUCTION
DELIVERY

Fig. 11.4 A product life-cycle

11.3.2 Service

For service development, visualization of process models becomes problematic
since services are partly produced by the customers and regarded as activities
(Gronroos 2000). In this sense, services are partly intangible and unfold in rela-
tionships, i.e., people interacting with each other to achieve a goal. Due to this in-
teraction the users are co-producers in services, thus also have an effect on the
outcome. Therefore, the customer’s own processes are part of the service concept
and affect the quality of the service. For example, if maintenance on a machine is
planned together with the customer to avoid interrupting their production, the cus-
tomer will probably be more content with the service. Besides adding flexibility
into the service process, the customer decides if the service fulfillls their needs or
not. So, the goal of service development is to make up the conditions for the right
customer outcome (Edvardsson 1996).

A service offer is built upon three main development components, namely, a
service concept, a service process and a service system. The service concept de-
scribes the customer needs, and links these to how the service should fulfilll them.
The service process describes what has to be working for the service to be pro-
duced. Since partners and customers are co-producers in a service process, they
are included to some extent in the model (see Fig. 11.5). Within the service com-
pany the internal services (middle of Fig. 11.5) shows that a service perspective is
used throughout the whole process. That is, the internal organizational functions
should also be seen as a supplier-customer relationship. So, even though within
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the same company, the subsequent process steps in the model are to provide ser-
vices, for example the marketing department is suppliers to their customer—the
design department. And, accordingly, a relationship between these occurs and
makes them co-producers for the sake of fulfillling the end-customer’s needs
which, in turn, are also partners in the service process. A service is always seen
from a customer point of view (Gronroos 2000), meaning that suppliers should
take the perspective of their customer. “Value adding activities in a business rela-
tionship” are words that are generally used to describe the interlinked flows in a
service process (Gronroos 2000). Thus, also the internal organization should focus
on providing added value to the own company.

Service Company

Partners/Suppliers Internal Internal c
PP Service Service ustomer

Fig. 11.5 A service process, after Edvardsson (1996)

The service system represents the resources to provide the service, as seen in Fig.
11.6, this model takes on a customer point of view. The customer is placed in the
center at the bottom of the model. The line of visibility is an important aspect for
service development, what should the customer’s see and get in direct contact
with, and what should they not. For example, in a restaurant, seeing into the
kitchen area can be perceived as positive if it aligns with the need of smelling and
seeing the raw-material become a dish. And, seeing the staff taking a coffee break
is perceived as negative for customers standing in a line waiting for their turn (Ed-
vardsson 1996).

Looking at the service resources from a manufacturing firm perspective and for
the sake of adapting a PSS business illuminates at least three issues to consider.
First, the customers, be they partners in a business-to-business relation or “ordi-
nary” customers, have to change their way of communicating their needs. They
have to go from talking about what kind of physical device they require, to ex-
pressing what kind of performance they would like to achieve. Also, the supplier
or the manufacturer has to have a successful way to find the basic needs in these
expressions. Second, the organization has to adapt a service perspective. This
highlights that, for example, having a product structure might be a barrier. A
product structure can prompt people to regard the company as a provider of those
specific things. Third, the culture has to change into a service culture. A simple in-
terpretation of this is that all connections and relationships should be seen from a
customer point of view, no matter whether they are internal or external. A culture
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can be described as the result of different actions over a long period of time, thus
cannot be instilled overnight nor fully managed (Grénroos 1996). For a firm fo-
cusing on producing excellent goods and providing additional services to com-
plement those devices, the cultural change will be a really challenging issue. This
is particularly true, if the development processes are firmly focusing on the com-
modity as the main carrier for customer value and services are, more or less,
something developed haphazardly. Starting from scratch in such a situation, what
actions are needed to build up service experiences? Requisites for a service culture
concern, not only organization and strategy, but also management, knowledge and
attitude (Gronroos 1996). These issues, it can be argued, concern people and their
views on the world. Hence, to instill a service culture, the motion towards it has to
be built bottom up deriving its origin from individual perceptions and thinking. A
suggestion would be that the shift into a PSS business needs some service perspec-
tive training and education for product developers.
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Fig. 11.6 A service system, after Edvardsson (1996) and Edvardsson ef al. (2000)

The physical resources (middle row at right in Fig. 11.6) are, from a service per-
spective, focused on the equipment, premises, technical systems, etc. (Edvardsson
et al. 1996). From a service perspective, this means that all actors’ resources are
included in the production process, e.g., partners, suppliers, customers and so
forth. For instance, the service provider—a hotel—can provide a wireless internet
connection, and the customer—a hotel guest—brings his or her own laptop to
make the service complete. In a PSS context, the product, which is traditionally
sold as the discrete device, becomes part of these physical resources. Taken to the
extreme, the manufacturing firm develops products for their own users (compare
the total functional offer at the top in Fig. 11.1), but for some other’s needs.
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In service literature, “invisible services,” i.e., activities hidden in the production
processes and not seen by the manufacturer as a competitive advantage (Gronroos
2000) are stressed. One example could be expertise about material properties and
their behavior when machined in the users’ processes. This is often added value
for customers and can be a main reason for buying products from the company,
while this might be unknown for the seller. Today, services are hidden and not
visible in manufacturing companies. But, for a future PSS situation, if the goods
are seen as “just a resource among others,” this could bring about ‘hidden prod-
ucts’ instead. This is a reason for understanding the perspectives, respectively, and
to take in several perspectives in supporting models.

11.3.3 Systems

A PSS business firm is forced to understand services, use and performance in a
more holistic way than in a classical product situation. As denoted in the PSS con-
cept, the products and services have the companionship of “systems.” Already, in
1968, Ludwig von Bertalanffy stated that the concept systems had become popular
in all fields of science and made its way into popular thinking, jargon and mass
media. And, still, used in everyday language, the word system can be used to label
all sorts of systems, a software application can be a system, the roads and traffic
signs are systems, and the laws and regulations in a society are yet another system.
Within the area of systems theory there are different types of systems, for exam-
ple, abstract or concrete, but also, for example, natural or designed. These differ-
ent systems cannot build up the same system, therefore the interfaces between sys-
tems, that is how they are linked and how they have an effect on each other is an
important issue for understanding wholes (Checkland & Holwell 1998). Socio-
technical systems, for example, comprise a human system (yes, we can be seen as
a biological system) and a designed system. The interplay between these systems
is in focus for a development process built on a socio-technical view, e.g., in the
development of a dashboard in a car it is vital to understand what actions the alert
signals are prompting humans to do.

Taking in a systems theory view, a system comprises a set of interdependent
real or abstract entities that forms a whole (Checkland & Scholes 1999, von Bert-
lanaffy 1968). Archetypically, a system is described as having an input, transfor-
mation process, an output, a feedback loop and a boundary (see Fig. 11.7). Thus,
in the example of the dashboard above, the input for the dashboard can be a signal
from the engine in the car, which is transformed into a red light alert as dashboard
output. The transformation process is not a “magic box” (Checkland & Scholes
1999), what goes in (in the example—a signal) comes out even though in a
changed form (another type of signal). It is acknowledged that engineered systems
exclude, for example, social structures and ecosystems (Kossiakoff & Sweet
2003). Thus, the input of a discrete device cannot be transformed to the output of a
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service and vice versa. So, sad to say, the integration of product and services will
not as a default come true by putting in them in the context of one system. Here,
one implication for PSS seems to be found in the basic idea of integrating products
and services into a system.

Environment
System boundary

—>[ INPUT ]—>[ PROCESS J OUTPUT |—»

FEEDBACK

Fig. 11.7 A generic system model

A hard systems view and a soft systems view are used to differentiate between two
fundamentally distinct logics. Commonly, an engineering perspective focuses on
technical processes, builds on the hard perspective and strives to understand
causes and effects. From this point of view, the product developer is encouraged
to focus on problem solving and decision making. The generic systems model in
Fig. 11.7 is useful for understanding causes and effect, but the transformation
process is not transparent, i.e., takes the role of a “black box.” A hard view is apt
to deal with technical systems, but has been found as delimiting to handle social
processes, i.e., the activities performed by human beings (Checkland & Scholes
1999). Thus, a soft perspective is recommended and, in turn, this changes the ap-
pearance of the system model. In Fig. 11.8, an activity system model is outlined,
i.e., a conceptual model to enable dialogue between actors. These kinds of models
emerge in the dialogue as a tool to give insights into different reasoning about the
problematic situation.

When drawing a conceptual model, the underlying rationale for the activities,
or the worldview of the actor, is important to elaborate on. This worldview is what
makes the activities meaningful for the actor; note that the same activities can be
seen as irrelevant for another actor. Therefore, making activity models based on
each worldview is recommended. Then, the activity models can be seen as a
“logical machine” that can be used to make people aware of their different per-
spectives, and from those distinct worldviews take collaborative actions. The ac-
tivities put into the model should be based on verbs and linked to describe the ac-
tivities (Checkland & Scholes 1999). Thereby, a soft system view strives to open
up the “black box” and make the transformation process transparent, i.e., outline



People, Product and Process Perspectives on Product/Service-System Development 231

the meaningful activities humans do to change their situations into a new preferred
one. In the example with the dashboard, the perspective here changes to the hu-
man activities that the red light will prompt. Some people might find the activity
to immediately hit the breaks as meaningful, while others might find it more ap-
propriate to go to the nearest garage, and also, there may be people that have a
reason for ignoring the alert. A conceptual model can reveal the underpinning
ideas that make people behave in a certain way. To make sense of users or cus-
tomers, but also team mates in a multidisciplinary team, the practical use of com-
paring and contrasting several conceptual models has shown useful in a number of
development cases (Checkland & Scholes 1999).

Take control
action

Monitor
activities

Define measures
of performance

Fig. 11.8 An activity systems model, after Checkland and Holwell (1998)

11.4 A Multiple Perspective on PSS Development

From an engineering perspective, the implementation of PSS business calls for the
engineer’s insights into three main types of models, namely models for products,
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models for services and models for systems. Being exposed to customers is a
daunting task for an engineer. Engineers are commonly used to do field tests, in
these the device is in focus and used as a mediating tool to communicate with cus-
tomers. The choice of the word “exposed” comes from empirical data generated in
industry and gives some ideas for what the engineers feels about entering the field
of customer interaction. Yet, the importance of involving those that should pro-
pose a technical solution, e.g., engineers, designers, and/or developers, in the early
phases of understanding human activities and needs was identified a long time ago
(Faste 1987). Still, such an approach is implemented in a few industrial cases.
Some spokesmen argue that the barriers are found within the delimitations in the
ways of thinking about product development, and also, the attitude among engi-
neers (Kelley 2001).

people

SUPPORT a

Fig. 11.9 An FPD perspective model for PSS development

In general, the designer or engineer is trained in problem solving, thus seeing us-
ers as a problem to be solved, instead of a source of creativity (Kelley 2001). Also,
the trained problem solver has a tendency to jump into solutions (Patnaik &
Becker 1999), without understanding the “real” problem or human behavior. Due
to the service perspective in PSS, the innovations should emerge from custom-
ers/users needs, rather than merely on technology innovations within a company.
So, one implication to implement PSS is to train engineering designers to feel
comfortable in interaction with customers. Also, engineers have to be trained to
“switch on and off” their technical skills, depending on whether they are looking
for needs or if they are generating solutions. Bridging the distinct logics of ser-
vices and product development into a cohesive “logical machine” for dialogues in
team-based innovation projects is another suggestion. If such a model emerges the
communication in and between teams would be supported. An important aspect
for a product/service integrated team is that they need to be able to understand
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each others’ perspectives, and they also have to be able to build a shared under-
standing based on them.

Based on the argumentation in this chapter, a frame of reference for the pro-
gress of a PSS development model is presented in Fig. 11.9. This frame of refer-
ence could guide the development of models to incorporate multiple perspectives.
FPD (Functional Product Development) in the middle of the figure, represent a
modern product development process for PSS. PSS is not put in the middle be-
cause the research perspective on PSS is broader than engineering design. And,
also industries name their PSS intentions differently, for example, total care,
through life capabilities and soft products. Thus, FPD is chosen to represent an
engineering development point of view, thus the focus for such modern product
development is to bring in service aspects in early phases.

The frame of reference proposed in Fig. 11.9 visualizes that at least three per-
spectives have to be considered, namely people, process and product. Taking these
perspectives, the engineering team is likely to be able to combine, build on, and
refine ideas for new PSS solutions, for example, whether they take the point of
view of people (the actors at the customer), process (the customer’s processes),
and product (what meets the customer’s goal and objective). Going to the outer
circles, the team can consider what motivates (e.g., finding needs), what supports
(e.g., benchmarking existing solutions) and enables (e.g., identify resources) the
situation from the three perspectives, respectively.

Even this framework can be differently interpreted and used. From a research
perspective the framework describes research areas for PSS development. In this
view, the outer circle address three main areas that calls for attention: (1) the de-
velopment team should be supported, for example by tools, methods, methodolo-
gies; (2) the team’s work should be enabled, for example, by relevant knowledge,
expertise, information; and (3) the team activities should be motivated by, for ex-
ample, creativity, collaboration, and communication. All these research areas
should also be addressed from the perspectives of people, process and product.

11.5 Implications and Suggestions for Industry

This chapter has illuminated a number of implications for the realization of PSS.
At the heart of PSS is the provision of added-value to the customer, hence a sug-
gestion for realization is to focus efforts to bring in users and customers into the
early phases to increase value development. First, PSS involves going from a
product perspective to a service perspective. A service perspective means that it
becomes necessary to initially understand users/customers as well as their goals
and achievements, i.e., needs, in a completely different way. A recommendation
for connecting such needs to the solutions is to let product developers take an ac-
tive part in gathering information about the users. Here, the implication is that the
contemporary engineer is trained to be a focused problem solver, yet PSS devel-
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opment also requires the engineer to be skilled in defining the problematical situa-
tion on a level that takes more than the commodity into consideration. In practice,
the marketing and the engineering staff interact with users/customers with differ-
ent agendas and from different points of view. Marketing are those generating the
initial information from users/customers, while the design engineers mainly are
responsible for field tests of products. Such a situation also means that it is the
marketing people that initialize and frame the technical solutions, and not the
trained engineers.

Second, product development models and service development models convey
distinct logics, and they are interpreted from divergent conceptions and world-
views. Bridging these distinct perspectives is vital, and not trivial, for PSS devel-
opment. Making the core ideas for each view visible is a suggested initial step.
Practically, the existing models within the company for service development and
product development, respectively, have to be used as a basis for conversations in
project teams striving to work together. At first, preserving the basic models sepa-
rately can make the similarities and differences apparent, but also, support under-
standing for where the dilemmas for PSS lie. Doing so, it seems likely that an in-
terrelated model, that takes both perspectives into account, will emerge.

Third, based on the discussion that system models provide no “magic box,” one
implication concerns the basic idea of integrating products and services into a sys-
tem. In view of a service culture (Gronroos 1996), this system should conceptual-
ize a service system. At this level, the whole company will be challenged to de-
velop new models not only for the development, but also for organization,
business, management, project, partnerships, etc.

11.6 Suggestions for Further Research

We have not considered PSS from a service research area, however, this is not ne-
glected. Scrutinizing engineering design and product development with service
glasses on has proven to contribute to the understanding (e.g., Fransson 2004), a
continuation of this research is anticipated and encouraged. Further, besides an ef-
fort for further research on process and system models, there are other areas within
the engineering design that we would like to suggest for future studies.

The service engineering area is a promising way to put forward support, based
on computer applications. Here, the simulation of service activity flows (Sakao et
al. 2007) is interesting. Putting such simulations into the hands of product devel-
opers in the early phases of the development of the discrete device seems practi-
cal, yet the gap between a service mindset and an engineering mindset, visualiza-
tion of results seems a key issue. A typical engineering concern might be how the
decisions made for the device per se are likely to affect the customers’ perceptions
of the service provision. That is, the engineer has to start studying PSS from an
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engineering point of view to try out and understand different solutions for how to
provide services.

PSS development opens up for innovations in a more radical way than classical
product development. By the same token, it also challenges the processes to deal
with a ubiquitous and deliberate innovation process. Many breakthrough products
have their origin in mistakes or become true thanks to informal management. In
the innovation research area, going from how individuals can be encouraged to
step out of their comfort zone via the facilitation of creativity in teams to changes
in management styles, is of utmost concern. Finally, the academic education of
engineers seems to call for a new curriculum. The future engineer has to be trained
to think, communicate and work in a different way, that is, possess the qualities
necessary to deal with multiple perspectives to support PSS innovation.
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Abstract In order to meet the increasingly complex needs of customers and to re-
spond to decreasing product margins, typical product manufacturers have devel-
oped a growing interest in extending their service business. The extension of the
service business requires a systematic development of innovative services. Unfor-
tunately, in business practice it has been observed historically that manufacturing
companies often fail to develop services systematically. Some customers asked for
services and these desires were often fulfillled. Thus, the extension of the service
business reflects a rather unstructured service innovation approach, which has not
been consciously pursued. Rather than developing more formal structures to elicit
ideas for new services, it is mostly performed ad hoc. Only a limited number of
firms use formal approaches to service innovation and have implemented neces-
sary determinants to success. Furthermore, the innovation of services in manufac-
turing companies captures two specific idiosyncrasies. First, manufacturing com-
panies have to balance product and service innovations. Second, services can be
either developed during the product development process or during the product
usage. The major challenge to success in innovating services is to combine spe-
cific product-service systems with the right service strategy and way to develop
service innovations.

Keywords Service innovations, Product-Service Systems
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12.1 Introduction

In many industry sectors the year 2007 was one of the best ever, but 2008 and
2009 have the potential to become very tough years. In a very short time period,
excellent profits have turned to losses and lay-offs of personel. Companies con-
tinue to worry about their long-term efficiency and performance. In many cases,
the service division is the only part of the company that provides any return on in-
vestments. But to continue to improve the share of service revenues there is a need
to develop service innovations on a regular basis. In many markets there is a lack
of service innovations, which represent a vital lever in terms of earnings. This lack
of service innovations is a direct threat to the profitability of industrial companies.
But there are exceptions, the mid-sized specialist for measuring instruments,
Testo, increased its total sales by 17% to 144 million euros in 2007. Hilti, the
global business partner for construction companies, increased its sales by 26% to
4.7 billion Swiss francs while improving its operative margin (EBIT) to 12.1%. In
these two cases, service innovations are a key driver of this success and with the
examples of Testo and Hilti, service innovations, measurement and calibration
services, and fleet management all have a vital part to play in this profitable
growth. In Testo’s case, the specialist service provider Testo Industrial Service
GmbH (e.g., calibration, qualification, training, etc.) experienced a sales growth of
21% and thus outstripped the growth rate for the product business. Hilti’s fleet
management accounts for up to 40% of total sales generated in the individual
markets.

The motivation for companies to develop service innovation can be summa-
rized in three main factors (Oliva and Kallenberg 2003, Neu and Brown 2005,
Martin and Horne 1992). Firstly, services follow on from strategic considerations.
From a customer perspective, the fleet management example at Hilti ensures im-
proved fleet transparency, reduced idle time and simplified budgeting. It also
opens the door to the following strategic options: displacement of competitor
products, an increase in related consumable sales, and improved customer loyalty.
So from a strategic perspective, services can be used to differentiate a company
from the competition while also being a vital source of information. The service
staff have regular contact with customers, which gives them an opportunity to
gather valuable information about customer needs and expectations. This informa-
tion then flows into the development of new services and products, and often
forms the basis for long-term competitive advantage.

Secondly, services have a large financial potential. While the profit margin for
products may be somewhere in the region of 2 to 3%, industrial companies with
product-related services (e.g., spare parts, repairs, and maintenance) can generate
an operative margin of up to 20% or in some cases even more. Considering suc-
cessful practice companies such as Kone, IBM or General Electric with service
revenues of 50% or more of the total business, it is clear that services have the po-
tential to improve overall profit margins of a company's business. Service sales
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also tend to fluctuate less than product sales with high levels of new investment in
products strongly linked to economic development, thus making them highly vola-
tile. This can be seen in the results of the Swedish truck manufacturer Scania. In
the last quarter of 2008, the orders for new trucks dropped by 91 % while the sales
of service increased by 3%. The relatively low investment levels for services are
far less volatile, companies can postpone new investments in machinery but can-
not put off buying spare or wear parts.

Thirdly, services have to follow the changing customer needs. Where custom-
ers were once happy for product faults simply to be rectified, in future they will
expect faults to be prevented and demand support when it comes to increasing
product effectiveness and efficiency within the customer process. In addition, cus-
tomers want to reduce their capital commitment as well as receive increased sup-
port in the form of solutions to problems, and at the same time benefit from the
service provider’s development skills.

Despite this potential, industrial companies are faced with major challenges
when it comes to service innovations. The priority in many companies is a focus
on product innovations, while there is a lack of resources devoted to service inno-
vation. Often the service idea is communicated using brochures and catalogues,
but the actual development of the service only really takes place if the customer
asks about the service communicated in the brochure or catalogue. This ad hoc
service development as a response to a specific customer may not fit with the ex-
isting Product-Service System. For these reasons, in many companies sales of de-
veloped services fall short of expectations and the reliability and efficiency of ser-
vice delivery may be low.

In order to develop the service business of a firm, align it with the existing
product business and to secure that service innovations are introduced in the mar-
ket in a steady stream companies need to answer two questions:

e In which Product-Service Systems can we promote innovations?
e How do we need to align service innovations to the selected Product-Service
Systems?

Based on the present problems with service innovation, the objective of our chap-
ter is to show how manufacturing firms can overcome these problems by aligning
their way to develop service innovations with the existing Product-Service Sys-
tems and the service strategy. Dependent on the chosen service strategy we pro-
vide guidelines for how to develop service innovations, what phases of the devel-
opment process to focus on and how to involve customers throughout the
development process.

Next in the chapter the problems that are related to service innovations in a
manufacturing context are outlined. This is followed by a description of different
service strategies that a manufacturing company could use. Different innovation
strategies are then related to the different service strategies. The chapter is then
summarized.
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Problems with service innovations

Q% 20% _ 40% 60% 80% _ 100%

Service sales lower than
expected

Service innovation and customer
requirements do not match one
another

Lack of quality of developed
services

Services cannot be billed

High development costs

Long development periods

Causes of problems
0% 20% _ 40% 60%  80% 100%

Lack of internal resources for service
innovations

Imprecise knowledge of actual
customer requirements within the
development team

Lack of creative techniques for
frontend of the innovation process

Lack of methodical design of the
innovation process

Lack of internal structures for service
innovations (development teams)

Fig. 12.1 Problems and causes—service innovations (n=123)

12.2 Problems with Service Innovations

It has become inherently more difficult to compete and differentiate a company’s
offerings in the market place using pure product systems. Service innovations
have become essential to differentiate Product-Service Systems. The problem is
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that there are few systematic approaches on how to conduct service innovation. It
seems more common for a manufacturing firm not to have a systematic approach
to develop new services compared to having one. Consequently, many industrial
companies face major challenges when it comes to service innovations. There is,
for example, a lack of models for how to conduct service development, the service
concept is developed in a development project, while the operationalization of the
service only takes place if the customer orders the service. Additionally, a rather
unstructured ad hoc service development may lead to a mismatch with the existing
product-service system and conflicts in the strategic directions of product and ser-
vice business. This is the case, for example, when strongly promoted spare parts
and breakdown repair services meet with high quality product reputation or when
advanced preventive maintenance services to optimize customer processes meet
with a low priced product strategy.

In a survey of 123 European industrial companies carried out for the purpose to
better understand service innovations, the companies revealed that the developed
service and customer requirement did not always match one another, that the ser-
vice quality was below par, and that the services are difficult to calculate. The
causes of these problems can be attributed to a lack of internal resources, struc-
tures and defective methods throughout the innovation process. In addition, there
is a general lack of understanding for what the customer actually needs, and very
few creativity techniques are actually used to generate ideas (Fig. 12.1). It is also
revealed that the scope of service innovation might need to be widened to include
business models, service delivery and finance. We argue that some of the causes
to these problems can be eliminated by aligning the way to develop service inno-
vations with the existing product-service systems and the service strategy.

12.3 Product-Service Systems and Corresponding Service
Strategies

Services can be categorized using the selected service strategy and product-service
systems. A service strategy comprises the service offering and categorization
within a growth portfolio for how to expand the business. Each service strategy re-
flects a specific Product-Service System, where a service offering and a product
offering correspond with each other. The growth portfolio consists of two dimen-
sions. The first dimension shows where there is growth potential and differentiates
between primary and supplementary customer activities. Primary customer activi-
ties have a direct link to the offered product and thus have an effect on its func-
tionality and availability. These primary activities can generally be split up again
into presales, sales and usage phases. Supplementary customer activities are not
directly linked to the product and thus have no direct effect on the functionality
and availability of the product. Typical examples of such activities include logistic
or administrative customer processes. The second dimension describes how
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growth potential comes about. Growth potential can, on the one hand, be gener-
ated by extending the service offering for customer activities, while, on the other
hand, it can be created by shifting responsibility for performing customer activities
and processes to the service provider.

Maintenance is an example of a primary customer process with activities such
as cleaning, inspection or repair. Companies can achieve profitable growth either
through maintenance agreements or by taking on maintenance tasks. When it
comes to innovating maintenance agreements, a company supports the mainte-
nance customer process. If maintenance tasks are taken on, the service provider
carries out maintenance activities on the customer’s behalf, meaning that the
maintenance process has been outsourced. Training for machine operators is one
such example of service innovations within supplementary customer activities.
When recruiting temporary personnel, the customer outsources the training proc-
ess to the service provider. The service provider then trains its own personnel. The
staff are then recruited and operate the machines with the service provider bearing
the responsibility should the machine be operated incorrectly.

It is not possible to fully distinguish between primary and supplementary cus-
tomer activities. Companies have to decide as to which activities they see as being
primary (support for the functionality and availability of the product) or supple-
mentary (no direct link to functionality and availability of the product).The com-
bination of both dimensions results in five potential service strategies that we have
called “After-Sales Service Provider,” “Customer Support Service Provider,”
“Development Partner,” “Supplementary Service Provider” and “Outsourcing
Partner” (Gebauer 2008, Gebauer et al. 2008) (Fig. 12.2). These five service
strategies are described below by way of short examples.

The After-Sales Service Provider supports customers when using products and
ensures that product faults are remedied. After-sales service providers form a
value proposition by providing products at attractive prices and guaranteeing a
proper functioning of the product through after-sales services. Because of the un-
bundling pricing approach, the customer can choose after-sales services that are
really needed. The customer can compare the prices for services and obtain price
discounts. The service offering comprises spare and wearing parts, repairs, inspec-
tions and troubleshooting. One such example is Mikron (a manufacturer of pro-
duction solutions for companies that produce goods in very large quantities),
which focuses on basic services such as spare parts, repairs, inspections and com-
missioning. Mikron’s service organization is set up in such a way that it can
quickly and reliably react to product faults.

The Customer Support Service Provider also concentrates on expanding the
service offering within product usage. Instead of merely reacting to faults, the
Customer Support Service Provider focuses on services that prevent product
faults, including those that lead to an increase in product availability within the
customer process. Their market consists of customers who are looking for out-
standing product quality. Product performance and reliability are the main pur-
chasing attributes. Customers not only invest in reliable products, but also increas-
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ingly demand services that increase the efficiency and effectiveness of the product
in the post purchase phase of operating Customer Support Service Provider's
products. Compared to After-sales Service Providers, Customer Support Service
Providers are not faced with such a high competitive intensity in terms of price
competition and intensity of price discounting. Customer Support Service Provid-
ers are still able to achieve elements of the differentiation through technical supe-
riority.

Service opportunity matrix

Reconfiguration
of existing
activities
How?
(Type of growth) Presales
Adding new
activities Sales
After-Sales
Primary activity §—) Complementary
chain activity chain
Where?
(Focus of growth)

—~— g

Service strategies - Product-service systems

Reconfigura tion Outsourcing Pa rtner
of existing
activities
How? Development Partner
(Typeof growth) Supp lem entary
Adding new After-Sales | Customer service provider
activities | Service support
Provider Service
Provider

Primary activity (—) Complementary

chain activity chain
Where? v

(Focus of growth)

Fig. 12.2 Growth portfolio and service strategy
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Typical examples of such services are preventive maintenance, maintenance
agreements and process-oriented optimization. Trumpf, a company focusing on
production and medical technology, promotes a service plus concept in its role as
Customer Support Service Provider. This concept is limited in a very small part to
fault elimination while its main focus is on avoiding faults and optimizing the ef-
ficiency and effectiveness of Trumpf products. The combination of above-average
product quality with the service plus concept allows for a targeted improvement of
the parameters MTTR (Mean Time To Recovery) and MTBF (Mean Time Be-
tween Failures). On an individual level, Customer Support Service Providers carry
out individual customer activities such as maintenance, cleaning or repairs. In con-
trast to the Outsourcing Partner, however, the Customer Support Service Provider
does not cover the entire maintenance process.

A Development Partner tends to offer services in the phase prior to the actual
product acquisition. Its customers expect specific solutions for the operating proc-
esses. A greater specialization of customer processes and a clearer definition of
operating processes as core competencies seem to be the drivers for a higher de-
mand on innovative solutions for customer processes. Development Partners also
report that competitive equality has been reached in the field of products and after-
sales services, leading to essentially greater competitive intensity. Sustainable
competitive advantages derive mainly from designing individual solutions for cus-
tomer processes.

A Development Partner does not just develop its own products, it also offers
customers its development skills as a service. Such companies position themselves
in the area between development activity support and shifting responsibility for
performing individual development activities. Knowledge-intensive services such
as customized design or supporting research and development tasks allow Devel-
opment Partners to align themselves as strategic partners to the customer. By cre-
ating a customized design or development, specific knowledge is transferred be-
tween the customer and Development Partner. This knowledge is hard to replicate
and therefore makes it difficult for competitors to gain access to the customers.
When it comes to these services, the customer outsources certain activities within
the development process to the Development Partner. One such example is that of
the automobile supplier Magna-Steyr, which supports vehicle manufacturers from
the vehicle design stage through to the ready-for-series production stage, i.e. it of-
fers them the opportunity to outsource certain development tasks. Despite an in-
crease in vehicle manufacturer quality requirements from companies such as
BMW, Chrysler, or Peugeot, Magna-Steyr as a Development Partner has suc-
ceeded in reducing the product creation process. Magna-Steyr targets automobile
manufacturers with a broad range of development services for vehicle assem-
bly/equipment, engine installation, drivetrain, design and electrics/electronics. To-
gether with customers such as BMW, Chrysler, and Peugeot, Magna-Steyr ac-
quires knowledge in terms of optimizing vehicle development with a view to
subsequent series production. Competitors such as Karmann struggle to keep up
with these advances in knowledge.
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Supplementary Service Providers focus on services in supplementary customer
activities that have no direct effect on the product’s availability and functionality.
Fraisa, a manufacturer of cutting tools, is a typical example of a Supplementary
Service Provider. As well as actually carrying out the cutting process, customers
need to select the right cutting tools and optimize the range of tools. Fraisa uses
the service innovation ToolCare® to address customer requirements of supplemen-
tary activities such as financing certain tools, optimizing their range of tools, and
assuming logistics tasks. ToolCare® is an integrated holistic service for cutting
tools and is aimed at customers who want to reduce their capital commitment and
costs for cutting tools. With these services, Fraisa is positioned between expansion
of the service offering for supplementary customer activities and the assumption
of individual customer activities.

Outsourcing Partners take on the responsibility of carrying out an entire cus-
tomer process, which may consist of primary and/or supplementary customer ac-
tivities. Hilti’s fleet management illustrates the opportunities that can be gained by
taking on the supplementary administration customer process. At Hilti there is an
overlap between the Outsourcing Partner and Supplementary Service Provider.
Voith Railservices B.V., on the other hand, takes on the maintenance of rolling
stock and is an example of outsourcing primary customer processes. The assump-
tion of responsibility for an entire customer process enables customers to pay ex-
clusively for the rendered service. One such example can be found in the automa-
tion systems industry with the company ABB, which carries out maintenance
work at the nine Nokia plants in Europe. Here, outsourcing maintenance is not just
limited to in-house automation systems, it also covers production plants from
other manufacturers. The assumption of maintenance tasks by ABB allows Nokia
to reduce its fixed costs for in-house maintenance and thus leads to an improve-
ment in OEE (Overall Equipment Effectiveness). ABB’s billing for maintenance
takes the improvement in OEE into account.

An Outsourcing Partner combines cost leadership with service and product dif-
ferentiation to offer attractive prices for operational services. The goal is to as-
sume the operating risk and full responsibility for the customer's operating proc-
esses. The value proposition is simply based on reducing the customer's capital
employed and managing the corresponding risks. In contrast to Customer Support
Service Providers, Outsourcing Partners do not create customized service pack-
ages. Operational services are standardized and focus on efficiency, economies of
scale, and the belief that service customization is costly. However, offering attrac-
tive prices for the performance of the outsourced process without a sufficient
product and service quality is insufficient. If the product breaks down frequently,
troubleshooting, repairs, and spare parts will increase service costs, leading to a
possible erosion of overall profitability.

Table 12.1 provides a summary of the five service strategies including com-
pany examples and describes the value proposition and focus of the service offer-
ing. The first column contains the service strategy. In our studies of European in-
dustrial firms, the Customer Support Service Provider category heads the list with
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35% while 32% of companies concentrate on remedying product faults as an Af-
ter-Sales Service Provider. 13% of companies have positioned themselves as a
Development Partner and 12% as a Supplementary Service Provider. Only 8% of
companies focus mainly on outsourcing services (Table 12.1).

Table 12.1 Description of the service strategies (Product-Service Systems)

Service strategy Value Focus of the

Company examples of PSS

(PSS) proposition service offering

After-Sales Remedying Spare parts, Mikron (manufacturing technology and assembly

Service product faults repairs, automation):

Provider inspections, Joint development of repair service and technical
hotlines, inspection to combine knowledge from product
installations, development and product sales (product
commissioning functionality and product use)

Customer Avoiding Preventive Trumpf (production and medical technology):

Support Service faults and maintenance, Combination of above-average product quality

Provider increased process with service plus concept focusing on avoiding
efficiency and optimization, faults and optimizing product efficiency and
effectiveness  extensive user effectiveness
of customer  training
processes

Development ~ Reduced Development and Magna-Steyr (automotive systems):

Partner development  construction Total vehicle concept development service for
times and costs services vehicle manufacturers where knowledge in terms
with higher of optimizing vehicle development with a view to
quality at same subsequent series production is acquired together
time with customers

Supplementary Wide coverage Supplementary Fraisa (cutting tools):

Service of customer  services without  Integrated holistic service ToolCare® to address

Provider problems and any direct effect  customer requirements of supplementary activities
high customer on product such as financing tools, optimizing the range of
loyalty functionality and  tools, and assuming logistics tasks

availability

Outsourcing Reduced Assumption of Hilti (professional construction tools):

Partner capital customer Fleet management service for customer's tool fleet
commitment  processes (e.g., taking over the supplementary administration
and continual maintenance, customer process including services such as
improvement operator models  repairs and device exchanges
of the ) Voith (machinery and equipment for paper,
outsourced energy and mobility industries):
processes Voith Railservice offers maintenance of rolling

stock and incorporates responsibility for technical
availability

ABB (automation systems):

Maintenance for Nokia production plants which is
not limited to in-house ABB automation systems
to reduce Nokia's fixed costs and improve overall
equipment effectiveness
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12.3.1 Determinants to Success for Service Innovations

The success factors for developing services concentrate either on the management
of key activities in the new service development process or on the creation of a
climate for continuous innovation. Managing key activities enhances an effective
implementation of new services. It includes different organisational characteristics
that directly improve the development of services. Some of the organisational
characteristics aim at the role of key people and formal structures that are most
suitable for new service development (de Jong and Vermeulen 2003).

Management support represents the first people-related success factor for an ef-
fective implementation of new services. It is important that senior management
constantly encourages service innovation. De Brentani (2001), for example, states
that it is important to provide leadership to stimulate moving into “uncharted [ser-
vice] areas.” According to de Jong and Vermeulen (2003), management support is
all about the daily behaviour of managers who are responsible for key activities in
the development process. Several scholars argue that managers should not only
emphasise the importance of innovation, but also encourage creative behaviour
and the development of ideas. Furthermore, Schneider and Bowen (1984) and Van
de Ven (1986) argue that those who are responsible for sales and service delivery
usually play an essential role in innovating new services. For example, frontline
employees’ knowledge of customers and competitive offerings support firms in
defining the appropriate level of service customisation (Martin and Horne 1993).
They usually have an excellent perception of latent customer needs and are able to
recognise opportunities for innovations (de Brentani 2001, de Jong and Vermeulen
2003). Research in service firms indicates that the existence of a “service cham-
pion” is another people-related success factor in organizing new service develop-
ment. Service champions play a critical role in the implementation stage of an in-
novative development project. Thus, successful firms are more likely to use and
keep service champions (de Jong et al. 2005).

Structure-related success factors refer to using specific funnel tools and multi-
functional teams as well as the availability of resources, market testing and market
research. De Brentani (2001) recommends formally structuring the market launch
as a part of a new service development process. Market testing reflects the extent
to which firms undertake service testing, personnel training, and an internal and
external promotional programme during any new service launch. Market research
helps firms to gain a better understanding of customer needs. It allows firms to de-
sign services packages to fit different customer profiles (Storey and Easingwood
1993). Formal market tests create customer feedback for evaluating and further
redefining new services (de Brentani 2001). Specifically, de Jong et al. (2005)
stress that service firms should not completely refrain from testing new services.
Service firms should evaluate new services with early adopters and use their feed-
back to further refine the service concept, delivery system, etc. The availability of
resources includes time and money that are necessary to develop new services (de
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Jong and Vermeulen 2003). Multifunctional teams also contribute to the overall
effectiveness of service development. Funnel tools also contribute to development
success. They include formal systems and tools to trigger and channel employee
creativity. Typical examples are creativity techniques such as brainstorming,
screening instruments for the identification of promising ideas, and rules and pro-
cedures to guide the development process (Scheuing and Johnson 1989). Scholars
also recommend establishing a formal and planned development process.

The essential feature of the planned development process is that at regular mo-
ments in time, selection of ideas (by individuals not involved in the development
themselves) takes place. At such points, progress can be monitored and (addi-
tional) resources can be committed (Tidd et al. 2001). Thus, firms with out-
standing new service products use planned stages such as carefully mapping or
“blueprinting” alternative processes (Shostack 1984).

In order to develop services successfully, people- and structure-related success
factors for managing key activities are not sufficient (de Jong and Vermeulen
2003). Successful services also require success factors to create a climate for con-
tinuous innovations. Again, de Jong and Vermeulen (2003) distinguish these suc-
cess factors according to people and structures. The latter refers to strategic focus,
training and education, internal organisations and information technology (IT).
Strategy provides a firm with general directions for the future. Strategic focus to
innovation keeps a service firm from viewing innovation as an ad hoc process and
provides guidelines for the distribution of resources (Cooper ef al. 1999). Strategic
focus is important for planning and introducing new services which enable the
firm to sustain its competitive advantage (de Brentani 2001). According to de Jong
and Vermeulen (2003), the knowledge and skills of current staff, in general, and
those who are responsible for implementing innovation, in particular, should be
improved through training and education. However, it is the lack of detailed
knowledge about trends and developments in a firm’s basic technologies, custom-
ers and delivery processes which normally constitutes the barrier rather than the
shortage of qualified development staff. Furthermore, several scholars highlight
the great importance of the internal organisation in creating a more innovative
climate. Specialised innovation departments and job rotation, for example, are im-
portant triggers for enhancing a firm’s creativity (de Jong and Vermeulen 2003)

Having an open culture within the firm is generally considered to be relevant
for an innovative climate. Developing services require a corporate environment
that encourages and supports openness, creativeness and “stepping out” beyond
the norm (de Brentani 2001). People-related success factors to create an innova-
tive climate include external contacts, information sharing and employee auton-
omy (de Jong and Vermeulen 2003). Frequent external contacts pave the way for
opportunity exploration and the generation of ideas (Martin and Horne 1993, de
Brentani 2001). If information is shared rather than protected between depart-
ments, this enhances the firm’s innovation climate. The last people-related success
factor refers to providing sufficient autonomy. In an organizational culture that
stresses autonomy, employees are allowed to do their work freely and independ-
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ently. They can choose their own approaches as to how to do their work. In the
context of service development, the amount of autonomy that is perceived by co-
workers is associated positively with their innovative efforts (de Jong et al. 2005).

Based on the the rich literature on success factors for service innovation we
have developed recommendations on how to deal with them in the context of dif-
ferent service strategies.

12.4 Aligning Service Innovations with Service Strategies

Below are a number of dimensions used as parameters for how to set up and run
development project for service innovations dependent on the service strategy of a
firm. The dimensions can be split into the following points:

1. Determination of responsibilities within the innovation process (e.g., product
development, product and service management, sales organization with prod-
uct, and service sales)

2. Division of the innovation process into individual phases (e.g., brainstorming,

development and market launch) and the subdivision of the phases into single

steps (e.g., brainstorming: generation of ideas, evaluation and selection of
ideas; development: basic concept, business plan, detailed concept; market
launch: market testing, market preparation and market release)

Contextual design of every step along the innovation process

4. Specification of the company divisions or customers that need to be integrated
into the individual steps of the innovation process

(98]

The following image (Fig. 12.3) is a typical outline of the parameters of a Cus-
tomer Support Service Provider’s innovation process. The guidelines offered for
aligning service innovations with service strategies comprise the various recom-
mendations of success factors for service innovation.

12.4.1 Service Innovations with After-Sales Service Providers

With an After-Sales Service Provider it is recommended that responsibility for the
innovation process and service innovations be anchored within product manage-
ment. During the brainstorming phase, new service ideas are generated during the
course of a workshop-driven process. Product management, product development
and product sales are all part of this process. The workshops conducted involve
typical product faults and potential service ideas designed to remedy the fault. The
innovation process then continues with the development and market launch
phases. The brainstorming phase can be split into idea generation, evaluation and
selection. The development phase only involves a basic concept being drawn up
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and contains a description of the actual services and definition of the processes to
provide and market the service. During the market launch phase, the sales organi-
zation and market launch are prepared.

Guidelines

Servicemanagement  Project manager from service Projectmanager from
Responsibilities management service management
Phases within the Brainstorming Development Market launch

innovation process

Ideageneration Basic concept Market preparation

Content of steps in

the individual phases Idea evaluation Businessplan Market deployment

Ideaselection Detailed concept

Integration of
customers and Sales organization Product development Sales organization

internal areas -
Sales organization Customers

Fig. 12.3 Parameters to allocate service innovations for a Customer Support Service Provider

The entire development phase is managed by a selected product manager. The
choice of product manager depends on the product for which the new service is
planned. The product manager integrates product sales and product development
into the concept design. The devised concept contains a description of the service
content, processes and requirements. Product development and product sales are
integrated into the development of this concept. One example of this is repre-
sented by the repair service innovations and technical inspection at Mikron where
knowledge of product functionality from product development and knowledge of
product use from product sales were pooled into a joint development team. This in
turn ensures that both the technical features of the product and knowledge of typi-
cal product faults are taken into consideration with the developed services.

As part of market preparation, the product manager is responsible for formulat-
ing the necessary competences required to generate and market the service innova-
tion together with product sales. A requirements profile for the service staff is
drawn up at the same time in preparation for the market launch. Should this re-
quirements profile exceed the existing competences of the service staff, the prod-
uct manager will define the necessary training activities which concentrate on
technical knowledge in order to quickly remedy faults and enable product sales to
independently implement the developed services on the market.
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12.4.2 Service Innovations with Customer Support Service
Providers

In contrast to After-Sales Service Providers where the service department is inte-
grated into product management, Customer Support Service Providers establish
independent service organizations. An increase in the level of independence
among service organizations improves utilization of the services’ financial poten-
tial. This independent service organization bears profit-and-loss responsibility for
the service products and is responsible for service innovations. The phases of the
innovation process are subdivided into the following steps: idea generation,
evaluation and selection, basic concept, business plan and detailed concept, as
well as market preparation and implementation. The creation of a business plan
during the development phase is required by Customer Support Service Providers
for two reasons. Firstly, due to its own profit-and-loss responsibility, the service
management has to determine potential sales and costs of the service innovation.
Secondly, in order to sell services such as maintenance agreements or process ori-
entations, the sales organizations need to invest in additional service technicians.
A detailed business plan helps to support the sales organizations when making a
decision regarding this investment. The business plan contains typical financial es-
timates as well as a draft of benefits for the customer and procedure on how to im-
plement the service innovation. The draft of benefits for the customer comprises
the anticipated increases in efficiency from the customer’s perspective (e.g., in-
crease in machine availability from 90% to 95% by means of a maintenance
agreement). This increase in efficiency is then analyzed and serves as a check for
the potential prices of a maintenance agreement. This in turn serves to verify the
financial estimates.

The brainstorming phase is workshop-driven and, together with the marketing
and sales organization, the service management identifies customer requirements
in order to avoid product faults and to optimize product efficiency within the cus-
tomer process. The grouped customer requirements form the basis for generating
service ideas which are then analyzed and selected. Once the interesting service
ideas have been selected, a project team for the development phase is put together.
This team is made up of staff from the sales organization and service management,
and is generally headed by a project manager from service management. Once the
product has been successfully launched, it is recommended that the project man-
ager assumes the role of product manager for the developed service. During the
first step of the development process, the development team comes up with a basic
concept of the service innovation consisting of a description of the service content,
processes and requirements. Trumpf’s experience in developing application sup-
port shows that integrating the sales organization into the development team im-
proves the quality of the information for the business plan and simplifies the sales
estimate and investment decision. When drafting a detailed concept, the develop-
ment team conducts workshops in order to distinguish the standardized and cus-
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tomer-specific service elements and then describe them so that the service concept
can be better suited to meet different customer needs. These workshops usually re-
sult in two to three service variants for individual customer groups. The required
competences to provide and market the services are then defined by the develop-
ment team. During market preparation, the development team creates a corre-
sponding requirements profile for the service staff which is not just used to define
necessary personnel development measures, it is also used for job advertisements
and to recruit new service staff.

12.4.3 Service Innovations with Development Partners

Development and construction service innovations require extensive technical
knowledge, which is generally only present in product development and not in
product management. For this reason, with Development Partners, service innova-
tions are anchored in product development from an organizational perspective.
Development and construction service work is headed by a product development
innovation manager.

The steps of the individual phases of the innovation process are identical to
those of the Customer Support Service Provider. When working through these de-
velopment process steps, there is one particular feature to look out for. Develop-
ment partners have to integrate a loop between creating the detailed concept and
the market test since with development services there is initially a lack of defini-
tion when creating the detailed concept. With Magna-Steyr’s total vehicle concept
development service, it was not clear which components should be included in the
development service (e.g., assembly, electrics, drivetrain, chassis, prototyping,
production planning, purchasing, marketing, quality). Detailing the total vehicle
concept service was only possible by using information from the market tests and
adapting it to the concept, meaning that there is a loop between the detailed con-
cept and market test. In Magna-Steyr’s case, the loops provided the following
points for the total vehicle concept development service: strategic product plan-
ning, product definition, styling check/evaluation of appearance, concept package
with regard to ergonomics, acoustics, vehicle safety and technological compari-
sons.

These loops require time and resources. The above innovation manager is thus
able to ensure efficient and targeted development. Organizationally, the innova-
tion manager reports to product development while heading various innovation
projects. He coordinates the loops between detailed concept and market test while
generating ideas and basic concepts for service innovations. Workshops are regu-
larly conducted in product development in order to exchange experiences with
customer-specific development projects. The innovation manager documents these
experiences and uses them to derive service ideas. Initial concepts are then created
for the derived service ideas, which are then discussed with the development de-
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partment. After the basic concept has been devised, a development project is de-
fined together with a development team. This team is headed by an innovation
manager and consists of product development and product sales staff who then
start working on the development project by defining a business plan. With the
business plan, the development team is charged with coming up with a clear sales
estimate and specific project plan. The specific project plan is used in particular to
correctly plan the sparse resources available to the development team. The sales
estimate requires billing to be defined and demand to be evaluated. The aim of this
should be to bill development services separately rather than integrate them in the
product price. Enforcement of separate billing means that the innovation manager
is required to overcome potential resistance from product management and prod-
uct sales. Product managers and sales staff often worry that development service
billing puts potential customers off buying products. In order to avoid such resis-
tance, innovation managers can use the following billing concept in their business
plan. Customers are initially billed for development services. If the customer is in-
terested in the developed product once the development service has been rendered,
the development service price is then refunded. This means that the product price
is reduced by the amount of the development service. Determining demand levels
not only helps to correctly estimate sales, it also allows the required resources to
be defined. As a result, potential resource bottlenecks in the development depart-
ment can be avoided. Once the business plan is in place, the development team
then moves on to work on the detailed concept.

Due to the high level of customization of development and construction ser-
vices, it is recommended that a number of customers are involved in developing
the detailed concept. The development team can use customer-specific workshops
to define the various processes (internal, interactive and external processes) re-
quired to render a development service. A recommended method in this regard
would be a service blueprint. The development team can test the developed proc-
esses and defined billing concept by means of a market test involving a selected
sales organization. The knowledge gleaned from the market test can be used di-
rectly with the detailed concept. The definition of a requirements profile for sales
organization is not necessary as development and construction services are ren-
dered by product development rather than the sales organization. The reason for
this is also down to the specific technical knowledge required to render develop-
ment construction services, which is generally only present in product develop-
ment. For this reason, special market preparation does not appear to be necessary.

12.4.4 Service Innovations with Supplementary Service Providers

In a similar way to that of Development Partners, service innovations that expand
the service portfolio of the supplementary customer activities are best promoted
by an innovation team within product development. This innovation team is
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charged with permanently looking for solutions to problems. The key to supple-
mentary services is a strong opening of the innovation process and utilization of a
continual information exchange between in-house staff, customers, and third par-
ties such as suppliers or industry experts. A whole range of information is gath-
ered and used as the basis for brainstorming. When exchanging information with
customers, the innovation team should not only involve existing customer con-
tacts, but it should also look at customer problems as a whole. Fraisa’s service in-
novation ToolCare” (ToolCare” comprises the following services: engineering,
customer inventories, Rent-a-Tool, EasyAdmin, service and recycling) bundles
needs into various customer contact points. The service contains, e.g., an invest-
ment appraisal for the choice of tool and tool reconditioning. This in turn stream-
lines the customer’s cutting tool range. For individual cutting tools from the re-
duced range, Fraisa offers a Rent-a-Tool concept allowing customers to rent tools
rather than having to buy them. When it comes to the customer inventories ser-
vice, Fraisa assumes inventory risk, and manages and updates stock levels. The
recycling component means that Fraisa guarantees to take back all used tools.
Such comprehensive solutions can only be developed if the innovation team suc-
ceeds in incorporating the various needs in the individual customer contact points
during the brainstorming phase.

Throughout the entire brainstorming phase it is recommended that the individ-
ual customer contact points be interlinked using customer activity chains. The cus-
tomer activity chains can be used by the innovation team as an initial basis for de-
termining customer needs. To this end, the innovation team can conduct a series of
customer-specific workshops and enter the results in a table with customer activi-
ties and other needs categories (e.g., functional, success-related, emotional or so-
lution-oriented needs). Such a table then allows a number of ideas to be identified.
The innovation team avoids having to make too strong a selection and evaluation
of ideas by drafting initial basic concepts. The innovation team thus assumes the
first step of the development phase. The basic concepts use keywords to describe
the customer problem, customer benefits, service content, the required compe-
tences and an estimate of the financial outlay and return. The initial formulation of
the customer problem and benefits and the description of the service content often
lead to the idea being overworked. There are loops between the brainstorming
phase and development of a basic concept which arise from the necessity to de-
velop ideas in more detail before evaluating and selecting them. The initial idea
for the ToolCare®™ service was, to put it simply, an “all-round care-free package”.
Such a service idea naturally requires more detail before any useful evaluation can
be made. It is only during the subsequent description of content such as financing,
logistics, return of tools and range optimization by means of a basic concept that a
sufficient foundation for the evaluation and selection of service ideas can be laid.

The innovation team then creates a business plan and initiates a development
project. The procedure used during the business plan and detailed concept is simi-
lar to that used with Customer Support Service Providers and Development Part-
ners. Key elements here are the definition of standardized and customized service
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features along with the development of internal, interactive and external processes.
Both customers and the sales organization are involved in creating the detailed
concept. Similar to Development Partners, with Supplementary Service Providers
there are often loops between the detailed concept and market test. Initial experi-
ences are made during the market test which are then used to adapt the definition
of service variants and service processes. During market preparation, the innova-
tion team creates a requirements profile for sales staff and determines the meas-
ures required for staff development purposes.

12.4.5 Service Innovations with Outsourcing Partners

Innovating outsourcing services to assume selected customer processes requires
intensive cooperation with customers. The core content of this cooperation is risk
management. The example of Voith’s rail service demonstrates the typical risks
associated with outsourcing services. With its rail service, Voith carries out main-
tenance work on rolling stock. While Voith only used to assume responsibility up
to acceptance and focused solely on the spare parts business, its rail service now
incorporates responsibility for technical availability (including post-acceptance).
This means that Voith is in daily contact with the customer and thus has full trans-
parency over the state of the rolling stock. This can lead to high payments being
made if the rolling stock is out of use when not expected.

In order to minimize such risks, innovation projects involving outsourcing ser-
vices are recommended in order to create special developments with selected cus-
tomers. With such customized developments, it is difficult to distinguish the actual
innovation from the rendering of the outsourcing service. Customers also expect
continual improvement of the outsourced processes. Initial outsourcing projects
are headed by existing customer managers from the sales organization. Once ini-
tial experiences have been gained from outsourcing projects, Outsourcing Partners
can establish experts for these services. Specialist teams are then responsible for
the actual development and subsequent service rendering. This ensures continual
quality improvements, including during the time where outsourcing services are
actually being rendered. With the example involving ABB and Nokia, an industry
specialist heads a joint project team, which continually promotes improvement of
the OEE (Overall Equipment Effectiveness). This key figure is broken down into
availability (uptime versus downtime—planned and unplanned), service efficiency
(actual versus design capability) and yield percentage. The entire organization of
the innovation process is therefore similar to that of a project organization cover-
ing both development and rendering of the service.

Only very few service innovations are redeveloped during the actual develop-
ment phase. Outsourcing services are heavily based on existing services. Hilti’s
fleet management contains, e.g., existing services such as repairs and device ex-
changes. Core elements of the innovation process are therefore not service innova-
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tions but risk management as well as intensive investigation and coordination of
the cooperation and agreements of outsourcing services.

During the brainstorming phase, ideas for outsourcing services are evaluated
and selected based on risks and benefits. Only if the risk is justifiable in propor-
tion to the benefit will an outsourcing project be launched in the form of a cus-
tomer-specific pilot scheme. An industry specialist heads the outsourcing project
and uses, e.g., the quality function deployment method to start investigating the
customer’s requirements with regard to outsourcing a business process as well as
the service indicators of existing services. Nokia’s requirements of OEE (Overall
Equipment Effectiveness together with the service parameters availability, service
efficiency and yield) combined with ABB’s existing services result in a precise
requirements profile for the outsourcing service. In order to achieve 95% produc-
tion system availability, operators need, e.g., extensive training in order to elimi-
nate operating errors and conduct maintenance activities twice a year. Also re-
quired are operating staff who work in three shifts and a team of process engineers
who optimize the production process once a year.

Despite in-depth information regarding the services required to ensure the ser-
vice parameters, there is still a certain amount of risk involved. This remaining
risk has to be incorporated into the billing model for outsourcing services and then
quantified (priced). Risk estimate and pricing form a key part of the business plan.
The subsequent detailed outsourcing service concept involves outlining the ser-
vices related to the outsourced customer process and definition of a method that
can be used to implement that outsourcing service. The developed outsourcing
service is then trialled during the course of a prolonged pilot test conducted with
the customer. The outsourcing services innovation process does not just end with
the roll-out of the service at the selected customer, it also involves continual ad-
justment of the outsourcing services after market launch.

The gathering of initial experiences in connection with risk is expected to push
the core content of the Outsourcing Partner’s service innovations towards intense
investigation and coordination of the cooperation and agreements with the cus-
tomers. With Voith’s rail service, this is used in a targeted manner to devise the
risk management. The associated potential can be seen in the success of Voith In-
dustrial Service’s (an outsourcing specialist and part of the Voith Group) business.
This business area currently generates 19% of the Voith Group’s sales.

12.5 Future Trends

There are a number of issues that follow a focus on service innovation and its rela-
tion to specific Product-Service Systems and service strategies. The first issue
concerns how much research a company need to invest in the development of ser-
vice innovations. At the present, most companies use 90 to 100 % of their avail-
able resources for development projects related to products. We argue that it
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within the development projects for pure projects to include service innovators to
prepare the product both technologically and ergonomically to be included in
Product-Service Systems. If the service part of the business is given too little re-
sources it will reflect in the type of priorities that are made within a company. If
almost all resources are used in order to develop the hardware this will reflect the
priorities made inside a firm. The question then is why the employees’ prioritise
services should if the company does not?

Another important issue is that most development models and tools have their
origin in the development of products. The question is, if these models and tools
are suited to develop service innovations. Most engineering methods are based on
tangibility, accuracy and reliability—requirements that often are not fulfillled
working with service. There is a need for models and tools based on a service
logic focusing on the moment of truth, service delivery process and human issues
of service. Engineers working with service need training and the right tools to be
able to design a service that is able to provide a good service experience. Services
need a tool set on its own and it should not be left with “hand-me-downs” from
their big brother, i.e. hardware. We need tools that capture customers using the
service or what sometimes is called in-situ methods.

12.6 Conclusions

Taking the present problems with service innovation as our point of origin, we
have shown how industrial firms can overcome these problems by aligning their
way to develop service innovations with the existing Product-Service Systems and
the service strategy. By answering the two questions “In which service categories
can we promote innovations?” and “How do we need to align service innova-
tions?” we show how industrial firms should work with service innovation. The
outlined service strategies and our guidelines on how to develop services are how-
ever not isolated from one another. From a company perspective, it is not an ei-
ther/or decision between the two service strategies: After-Sales Service Provider
and Outsourcing Partner. Companies could well combine service strategies with
one another and/or switch between service strategies. Mikron, for example, moved
in the last few years from After-Sales Service Provider to Customer Support Ser-
vice Provider with service innovations such as an exchange service, product sup-
port and business consulting. In the individual areas of business consulting, Mik-
ron is also gathering initial experiences as a Supplementary Service Provider.
Testo is following a similar approach. In product-related areas, Testo is a typical
Customer Support Service Provider, while Testo Industrial Service GmbH has po-
sitioned itself as a Supplementary Service Provider. Hilti with its fleet manage-
ment has switched directly from being a Customer Support Service Provider to an
Outsourcing Partner.
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There is of course the option to stick with a service strategy and therefore con-
centrate on the associated potential for growth. A change to the service strategy
and/or the combination of service strategies only makes sense for companies if
there is a clear strategic or financial motivation, or if customers are expecting a
change or combination of service strategy. When selecting or combining service
strategies, companies have to take account of the following three points:

1. Strategic view: a change of service strategy or the combination of service
strategies opens the door to new differential potential or makes it more diffi-
cult for competitors to gain access to the customer.

2. Customer perspective: customer requirements and expectations of the service
offering have changed. This change requires a change of service strategy.

3. Financial perspective: stagnation of the current service strategy requires an
investigation into new growth potential and a change of service strategy.

To succeed with the introduction of service innovation on the market, the services
that are offered must be based on the customers’ problems and value-creation
processes. Traditionally, service innovations have been introduced based on what
is technologically feasible instead of what are the customers’ real problems. A
service innovation strategy based on a true customer perspective provides an op-
portunity to identify service innovations that has a growth potential in the market.
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Postal Address: 651 88 Karlstad, Sweden

Breif Biographical History and Interests

2004-Present  Professor, Karlstad University, Sweden

1999-2004 Associate professor, Karlstad University, Sweden

1998-1999 Assistant professor, Karlstad University, Sweden

19962000 Assistant professor, Quality Technology and Management,
Linkoping Institute of Technology, Linkdping University

Anders Gustafsson is a professor of business administration in the Service Research
Center at Karlstad University, Sweden. He has a Master of Science degree in Indus-
trial Engineering and Management, a Licentiate degree, a PhD degree and a docent
title all in the subject of Quality Management from Linkdping University.

Dr. Gustafsson is the author of nine books including: Competing in a Service
Economy: How to Create a Competitive Advantage through Service Development
and Innovation (Jossey-Bass, 2003), and Conjoint Measurement - Methods and
Applications (Springer, 2007, 4th edition). In addition, Dr. Gustafsson has pub-
lished over 100 academic articles, book chapters and industry reports. He has pub-
lished articles in journals such as the Journal of Marketing, Journal of Economic
Psychology and Journal of Service Research.

Dr. Gustafsson works on issues such as customer orientation, customer satisfac-
tion and loyalty, new service development, service infusion in manufacturing, and
management of customer relationships.

Kebir, Noara

Affiliation: Managing Director
MicroEnergy International
Email Address: Noara.Kebir@MicroEnergy-

International.com
Postal Address: Horstweg 16, 14059 Berlin, Germany
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Breif Biographical History and Interests

2007—Present ~ PhD Project within the Graduate Program Microenergy Systems
2003—Present =~ Managing Director, MicroEnergy International, Germany
1993-2003 Technician at Siemens Corporation

The combination of practice and science has always been specific to the career of
Noara Kebir. She started as a trainee for machines and systems at Siemens Corpo-
ration and graduated while working part-time as a technician for service and main-
tenance in the same company. She got her diploma with great distinction in energy
and process engineering at the Technische Universitdt Berlin in 2004. After an en-
ergy research project in cooperation with the microfinance institution Grameen
Bank in Bangladesh, she founded the company MicroEnergy International in
2003. The company supports microfinance institutions developing energy pro-
grams and is active in many countries in Africa and Asia. Currently, she is com-
pleting her PhD at the University of Luxembourg.

Kindstréom, Daniel

Affiliation: Assistant Professor
Department of Management and
Engineering, Linkdping University, Sweden
Email Address: daniel kindstrom@liu.se
Postal Address: SE-581 83 Linkdping, Sweden

Breif Biographical History and Interests

2005-Present  Assistant Professor, Linkoping University, Sweden

2004 Visiting Fellow, Massachusetts Institute of Technology, USA
1999-2001 Business Development Consultant

Daniel Kindstrom is an Assistant Professor in Industrial Marketing at Linkoping
University. His current research focuses on the development of industrial offerings
and the value-creation potential of increased service content in traditionally prod-
uct-focused companies. Other topics of interest are e-business and the impact of
ICT on business models.

Komoto, Hitoshi

Affiliation: Researcher
Intelligent Mechanical Systems,
Department of Biomechanical Engineering,
Faculty of Mechanical, Maritime and
Materials Engineering, Delft University of
Technology

Email Address: h.komoto @tudelft.nl

Postal Address: Mekelweg 2, 2628 CD Delft, The

Netherlands
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Breif Biographical History and Interests

He is currently a researcher at Delft University of Technology, the Netherlands,
since 2004. He received a BS and a Dipl- Ing. in mechanical engineering from the
University Karlsruhe (TH), Germany, in 2003 and 2004, respectively. His research
interests include product-service systems design, life-cycle simulation, service
CAD, and system architecting of adaptable mechatronic systems.

Kowalkowski, Christian

Affiliation: Assistant Professor
Department of Management and
Engineering, Linképing University,
Sweden

Email Address: christian.kowalkowski@liu.se

Postal Address: SE-581 83 Linkdping, Sweden

Breif Biographical History and Interests
2008—Present  Assistant Professor, Linkdping University, Sweden
2007 Visiting Scholar, Imperial College London, UK

He received an MSc, a LicSc, and a PhD in Industrial Marketing from Linkoping
University in 2004, 2006, and 2008, respectively. His research focuses on service
infusion in manufacturing firms, service logic, and on possibilities and challenges
associated with enhanced industrial service offerings (in terms of organizational
requirements and capabilities, marketing strategies, business development and
value co-creation).

Larsson, Andreas C.

Affiliation: Assistant Professor
Division of Functional Product
Development, Luled University of
Technology, Sweden

Email Address: andreas.c.larsson@ltu.se

Postal Address: SE-971 87 Luled, Sweden

Breif Biographical History and Interests

Larsson received his BSc (1999) and MSc (2000) degrees in Computer Science
with emphasis on Human Work Science at Blekinge Institute of Technology,
Sweden. He earned his PhD degree (2005) in Computer Aided Design at Luled
University of Technology, Sweden. At the core of his research agenda is the crea-
tion of a rich blend of needs-motivated research activities dealing with cross-
functional knowledge sharing, local and distributed teamwork, and participatory
innovation. These interests can be summarized in the overarching aim to support
product developing individuals, teams and organizations in effectively and effi-
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ciently sharing knowledge across a wide range of boundaries (i.e. teams, organiza-
tions, cultures, languages, time zones, etc.)

Larsson, Tobias C.

Affiliation: Professor
Division of Functional Product
Development, Luled University of
Technology, Sweden

Email Address: tobias@ltu.se

Postal Address: SE-971 87 Lulea, Sweden

Breif Biographical History and Interests
2007-Present  Professor, Lulea University of Technology, Sweden
2005-2007 Associate Professor, Luled University of Technology, Sweden

Professor Tobias C. Larsson earned his PhD at Luled University of Technology in
2001 within the area of simulation-driven design with respect to vehicle dynamics.
The applications were within the automotive sector and high-speed trains.

His core focus today is within Engineering Product Development, Knowledge
Based Methods and Functional Product Development (Product Service Systems).
The product development process design and efficiency is of interest. His focus is
on Functional Product Development where the combination of physical artefact
development and services development is joined in the early concept stages with
support of knowledge-based methods for faster development of new solutions to
industrial needs and opportunities. Automation of engineering work tasks with use
of design rationale analysis and simulation approaches are in focus.

Lindahl, Mattias

Affiliation: Assistant Professor
Environmental Technology and
Management, Department of Management
and Engineering, Linkdping University

Email Address: mattias.lindahl@liu.se

Postal Address: SE-581 83 Linkdping, Sweden

Breif Biographical History and Interests

2003—present  Assistant Professor, Linkoping University

2008—present ~ Board member Polyplank AB

1997-2003 PhD Student, Department of Technology, University of Kalmar

Mattias Lindahl has been doing research and teaching activities in Design for En-
vironment (DfE) since 1997 when he completed PhD (his thesis is entitled: Engi-
neering Designers' Requirements on Design for Environment Methods and Tool),
and in Integrated Product Service Engineering (IPSE) since 2000.
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His research has mainly been in co-operation with companies and he has also been
project leader for five major research projects. He is also of the founders of and a
steering committee member of the Design Society’s special interest group in eco-
design. He is also actively involved in the International PSS Design Research
Community.

He has published articles in journals such as the International Journal of Automa-
tion Technology, Journal of Systems Science and Systems Engineering, Journal of
Cleaner Production, Journal of Engineering Design and International Journal of
Internet Manufacturing and Services.

Matzen, Detlef

Affiliation: PhD student
Department of Management Engineering,
Technical University of Denmark

Email Address: dema@man.dtu.dk

Postal Address: Produktionstorvet, Building 426

2800 Kgs. Lyngby, Denmark

Breif Biographical History and Interests

2005-2009 PhD project, “A systematic approach to service-oriented product
development”, Technical University of Denmark

2003-2005 Product development consultant, Dansk IngenierService A/S,
Denmark

Detlef Matzen achieved a MSc in engineering design and product development in
2003 from the Technical University of Denmark. His research interests include

design methodologies and sustainability issues, such as development support for
PSS.

McAloone, Tim

Affiliation: Associate Professor
Department of Management Engineering,
Technical University of Denmark

Email Address: tmca@man.dtu.dk

Postal Address: Produktionstorvet, Building 426

2800 Kgs. Lyngby, Denmark

Breif Biographical History and Interests

1998—present  Associate Professor, Technical University of Denmark

1998—present  Consultant for Danish and international industry related to Insti-
tute for Product Development

1993-1998 Research Assistant, Cranfield University, UK
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Tim McAloone has been a member of staff at DTU since 1998. He works closely
with Danish industry, finding new methods and models for a wide range of prod-
uct development issues, such as environmental issues, mechatronics, prod-
uct/service-systems, product innovation and the process of product development
itself.

Miiller, Patrick

Affiliation: Dipl.-Ing.
Industrial Information Technology, TU
Berlin

Email Address: patrick.mueller@mailbox.tu-berlin.de

Postal Address: Pascalstr. 8-9, 10587 Berlin, Germany

Breif Biographical History and Interests
2008—Present  PhD student and research assistant; Industrial Information Tech-
nology, TU Berlin

20062008 PhD student and research assistant; Engineering Design and
Methodology, TU Berlin
2006 Diploma in Mechanical Engineering, TU Berlin

Mr. Miiller is active in research on the integrated development of products and
services. He is working on a German research project on Industrial Product-
Service Systems, called Transregio 29, and he is a member of the International
PSS Design Research Community. His further research interests include product
development, information technologies and process modeling.

Olsson, Annika

Affiliation: Assistant Professor
Department of Design Sciences, Lund

University, Sweden S ,.';.*
Email Address: annika.olsson@plog.lth.se

Postal Address: SE-221 00 Lund, Sweden '

Breif Biographical History and Interests

2006—present  Assistant Professor, Lund University, Sweden

2003-2007 Tetra Pak Business Support AB, marketing manager (part time)

20002005 Lund University, Design Sciences, PhD Student (part time)

19862001 Alfa Laval & Tetra Pak, Prohject manager & Global Product
manager

Olsson received her MSc in Food Engineering at Lund University in 1986, an In-
ternational MBA at Baldwin Wallace College, USA, in 1997 and a PhD in Pack-
aging Logistics at Lund University in 2006. Her research area includes user-



270 Biographies

oriented product and service development, service innovation, value addition and
innovation and learning. The research is applied and carried out in close coopera-
tion with relevant industry and with a specific focus on packaging development
and the packaging industry.

Panshef, Veselin

Affiliation: Sales Manager
Department Commercial Web Presses,
Koenig & Bauer AG, Wiirzburg, Germany

Email Address: veselin.panshef@kba.com -
Postal Address: Friedrich-Koenig-Str. 4, 97080 Wiirzburg, .
Germany ‘ '
A

Breif Biographical History and Interests
2009—Present ~ Sales Manager, Koenig & Bauer AG, Germany

2003-2008 Scientific Assistant and Doctoral Graduation, Chair of Printing
Science and Technology, Darmstadt University of Technology,
Germany

1999-2003 Service Technician, MAN AG, Mexico and Germany

19962002 Master Degree Student in Economic and Mechanical Engineer-

ing, [lmenau University of Technology, Germany

He specialized in Process Quality Management and in 2002 acquired a degree as a
“Quality Systems Manager” from the European Organization of Quality. His re-
search interests include quality aspects of customized production and sales proc-
esses as well as environment engineering of machine manufacturers. His research
focuses on the question how manufacturers should customize their own value-
added chain from purchasing management through profitable regional sales man-
agement up to on-site after-sales service for customers around the world.

Sakao, Tomohiko

Affiliation: Professor
Environmental Technology and
Management, Department of Management
and Engineering, Linkdping University

Email Address: tomohiko.sakao@liu.se

Postal Address: SE-581 83 Linkdping, Sweden

Breif Biographical History and Interests

2007—present  Professor, Linkoping University, Sweden

2005-2007 Guest Researcher, Darmstadt University of Technology, Ger-
many

1998-2005, 2007 Researcher/Senior Researcher, Mitsubishi Research Institute,
Inc., Japan
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He received a BS, an MS, and a PhD in precision machinery engineering from the
University of Tokyo in 1993, 1995, and 1998, respectively. His research interests
include engineering aspects in industrial management (e.g., Integrated Product
Service Engineering), environmental engineering (e.g., Ecodesign), and intelligent
machinery (e.g., self-maintenance machines and cellular machines).

Shimomura, Yoshiki

Affiliation: Professor
Department of System Design, Tokyo
Metropolitan University, Japan

Email Address: yoshiki-shimomura@center.tmu.ac.jp
Postal Address: Asahigaoka 6-6, Hino-shi, Tokyo 191-0065,
JAPAN

Breif Biographical History and Interests
2005—present  Professor, Department of System Design, Tokyo Metropolitan

University

2001-2005 Associate Professor, Research into Artifact, Center for Engineer-
ing (RACE), the University of Tokyo

1998-2001 Research Group Leader, Kawasaki Heavy Industry Co., Ltd

1984-1998 Engineering Group Leader, Mita Industrial Co., Ltd

He has been a Professor in the Human Mechatronics Systems Course, Faculty of
System Design, Tokyo Metropolitan University, since 2005. Prior to this appoint-
ment, he was an Associate Professor in Research into Artifacts, Center for Engi-
neering, The University of Tokyo. He received his PhD in precision machinery
engineering from the Graduate School of The University of Tokyo in 1997. Dr
Shimomura's research interests include service engineering, life-cycle engineering,
design theory and methodology, intelligent systems, reasoning mechanism, and
soft machines (self-maintenance machines and cellular machines).

Stark, Rainer

Affiliation: Professor Dr.-Ing.
Virtual Product Creation, Fraunhofer IPK,
Berlin and Industrial Information
Technology, TU Berlin

Email Address: Rainer.Stark@ipk.fraunhofer.de

Postal Address: Pascalstr. 8-9, 10587 Berlin, Germany
‘ L.

Breif Biographical History and Interests

2008—Present  Director Industrial Information Technology, TU Berlin, and of
the division Virtual Product Creation, Fraunhofer IPK, Berlin

1994-2008 Research & Development at Ford Motor Company:

1994-1997 System Development in Body Engineering
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1997-2002 (Senior) Technical Specialist / Supervisor C3P Digital Solution
Development in Research & Vehicle Technology

2002-2008 Global Technical Leader / European Manager C3P Next Genera-
tion and digital methods development & deployment

1989-1994 Research Assistant at the Chair of Design Engineering / CAD at
the Technical Faculty, University of Saarland, and at the Center
for Innovative Production in Saarbriicken, PhD

1984-1989 Study of Mechanical Engineering at Ruhr-University Bochum
and Texas A&M University, Diploma

Memberships and Collaborations:
e VDI (Verein Deutscher Ingenieure): Member of the Fachbeirat
Produktentwicklung und Systeme
o ASIIN (Akkreditierungsagentur fiir Studienginge der Ingenieurwissenschaften
der Informatik, der Naturwissenschaften und der Mathematik e.V.)
e Forschungsvereinigung Programmiersprachen fiir Fertigungseinrichtungen
e.V.: Member of the Advisory Board

Sundin, Erik | "\_.
Affiliation: Associate Professor { 4
¥

Division of Assembly Technology, ~
Department of Management and
Engineering, Link&ping University

Email Address: erik.sundin@liu.se et

Postal Address: SE-581 83 Linkoping, Sweden ‘ by .
Breif Biographical History and Interests

2008—Present  Associate Professor, Linkoping University, Sweden

2004-2008 Assistant Professor, Linkdping University, Sweden
1999-2004 PhD Student, Linkdping University, Sweden

Erik has been an Associate Professor since fall 2008. His doctoral studies were fo-
cused much on remanufacturing and his Ph.D. thesis from 2004 was entitled:
Product and Process Design for Successful Remanufacturing. Erik holds a MSc
degree from 1998 in Applied Physics and Electrical Engineering. His research and
teaching interests are in the area of integrated product and service engineering
(ISPE), product/service systems (PSS), service engineering, life-cycle engineer-
ing, remanufacturing, recycling and ecodesign. Erik is a member of the Interna-
tional PSS Design Research Community. He has published research papers in
journals such as Journal of Cleaner Production, Journal of Industrial Ecology, In-
ternational Journal of Production Economics, Journal of Manufacturing Technol-
ogy Management and Computer-Aided Design. More information can be found at:
www.iei.liu.se/mt/personal/eriksundin.



Biographies 273

Tan, Adrian

Affiliation: PhD student
Department of Management Engineering,
Technical University of Denmark

Email Address: atan@man.dtu.dk

Postal Address: Produktionstorvet, Building 426
2800 Kgs. Lyngby, Denmark

Breif Biographical History and Interests

2005-2009 PhD project, Service-oriented product development strategies,
Technical University of Denmark

2004-2005 Mechanical design engineer, RADIUS Product Development,
Denmark

2001-2003 Product development consultant, Institute for Product Develop-
ment, Denmark

Adrian Tan achieved a MSc in mechanical engineering in 2001 from the Technical
University of Denmark. His research interests include design methodologies and
sustainability issues, such as ecodesign and product/service-system development.

Tomiyama,Tetsuo

Affiliation: Professor
Intelligent Mechanical Systems,
Department of Biomechanical Engineering,
Faculty of Mechanical, Maritime and v
Materials Engineering, Delft University of

Technology

Email Address: t.tomiyama@tudelft.nl

Postal Address: Mekelweg 2, 2628 CD Delft, The
Netherlands

Breif Biographical History and Interests

He has been a Professor of Intelligent Mechanical Systems in the Faculty of Me-
chanical Maritime and Materials Engineering, Delft University of Technology,
since 2002. Between 1998 and 2002 he was a Professor, Research into Artifacts,
Center for Engineering (RACE), The University of Tokyo. Between 1987 and
1998 he was an Associate Professor, Department of Precision Machinery Engi-
neering at the same university. He received BS, MS, and a PhD in Precision Ma-
chinery Engineering from the University of Tokyo, Japan in 1980, 1982, and
1985, respectively. He is a fellow of JSME and CIRP. He is a member of JSPE,
IPSJ, JSAI, AAAI, ACM, ASME, IEEE, and the Design Society. His research in-
terests include Design Theory, Design Methodology, Knowledge Intensive Engi-
neering, Service Engineering, Life-cycle Engineering, Maintenance.



274 Biographies

Witell, Lars

Affiliation: Associate Professor
Service Research Center, Karlstad
University, Sweden and Asc. Professor,
Linkdping University, Sweden.

Email Address: Lars.Witell@kau.se

Postal Address: SE-651 88 Karlstad, Sweden

Breif Biographical History and Interests

Lars Witell received a Master of Science degree in Industrial Engineering and
Management, a Licentiate degree, a PhD degree and a docent title all in the subject
of Quality Management from Linkoping University. His research focuses on ser-
vice management in manufacturing companies, product and service development,
customer orientation, and quality management. Lars has run several research pro-
jects on the topic of service transition of manufacturing firms such as “Value
Creation through Service” and “Service Innovations in Manufacturing firms.”

Olundh Sandstrém, Gunilla

Affiliation: Assistant Professor
Integrated Product Development, .,\
Department of Machine Design, School of !
Industrial Engineering and Management, X
Royal Institute of Technology

Email Address: gunilla@md.kth.se

Postal Address: SE-100 44 Stockholm, Sweden

Breif Biographical History and Interests

2006—Present  Assistant professor, Machine Design, KTH,

2000-2006 PhD Candidate, Machine Design, KTH, Research school
ProViking,

1998-2000 Project leader and environmental administrative officer, Stock-
holm Energy

The research interests of Gunilla Olundh Sandstrém are within the areas of Prod-
uct Service Systems (PSS), Integrated Product and Service Engineering (IPSE)
ecodesign. Her research interests and research projects are also focused on innova-
tion management and innovation capability. Gunilla is a member of International
PSS Design Research Community. More information can be found at
www kth.se/itm.
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Affiliation:

Email Address:
Postal Address:
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Assistant Professor

Industrial Economics and Management,
Department of Management and
Engineering, Linkdping University
anna.ohrwall.ronnback@liu.se

SE-581 83 Link6ping, Sweden

Breif Biographical History and Interests

2007—present
2005 — Present
2002 — Present

2002 — Present
1994 — 1997

Director of the Center for Applied Management for Small and
Medium-sized Enterprises

Board member Atvidabergs Sparbank.

Project Manager Result Center, a national forum for product re-
alization research in Sweden, involving appr. 400 researchers
(www.resultcenter.com)

Assistant Professor Industrial Economics and Management
Project manager and development engineer (Dental CAD/CAM
system, Optronic Group, Skellefted, Sweden)

In 2002 she received her PhD in Industrial Economics and Management from the
International Graduate School of Management and Industrial Engineering (IMIE)
at Linkoping University. Research areas include collaborative product develop-
ment, and technology-based business development, especially for small and me-
dium-sized enterprises (SMEs), which is also her area for teaching. Since 2007 she
has been a Director of the Center for Applied Management for SMEs at Linkoping

University.
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