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1

PRODUCT SERVICE SYSTEMS IN 21 S T CENTURY: TOWARDS A
NEW INDUSTRIAL REVOLUTION

Heather Ashford, Research Associate and Kerry Thomas, Senior Lecturer.
Technology Innovation Centre, University of Central England, Curzon St, Birmingham, B4 7XG, UK,
e-mail: H.J.Ashford@btol.fsnet.co.uk, kerry.thomas@tic.ac.uk

1.1

INTRODUCTION

Meeting the fundamental needs of humanity whilst preserving those life support
functions upon which they depend is the essence of sustainable development – a
challenge today clearly borne out in environmental documents and action plans at
local and global levels. In light of ever increasing pressures to adopt more
sustainable approaches to production and consumption, the requirement to develop
sustainable products and services has become a challenge of international concern
facing industry in the 21 st century.
Many different initiatives at both policy and operational levels have evolved over the
last decade to support companies in developing more sustainable manufacturing.
Yet as present trends in population and economic growth continue to make
unprecedented demands on natural resources, it is evident that little progress has
been made towards achieving the goals of the sustainability agenda.
1.2

FROM CRADLE TO GRAVE MANUFACTURING

The drive to make industry less destructive dates back to the earliest stages of the
first industrial revolution when factories were so destructive and polluting they
posed a serious threat to human health. Since then the typical response to
industrial destruction has been to find a ‘less bad approach’ (McDonaugh and
Braungart, 2002). In modern-day industry this approach has its own familiar
vocabulary: Dematerialisation, pollution prevention and cleaner production to name
but a few. These terms are central to eco-efficient design – a post-modern design
strategy that has been taken up by industries across the globe. A strategy for
change that embraces the precept of ‘doing more with less’ – a strategy that works
within the same system that caused the problem in the first place. Whilst it can be
argued that eco-efficient approaches to manufacturing has successfully reduced
significant amounts of dangerous toxins and emissions released by industry, any
environmental gains made can potentially be offset by the pace and scale of global
consumption as increasing populations meet new levels of affluence. Clearly an
alternative strategy for change is in order – one that must determine success for the
long-term rather than present a mere illusion of it.
1.3

THE PSS CONCEPT: A NEW AGENDA FOR CHANGE.

An interesting idea that has emerged out of current debate is the concept of
Product-Service Systems, defined as: ‘An innovation strategy, shifting the business
focus from designing and selling physical products only, to designing and selling a
system of products and services which are jointly capable of fulfilling specific client
demands’. The fundamental basis of this innovation is a shift in focus from selling
products as a result of industrial production to selling the functionality and
satisfaction that they offer, through a marketable range of mutually dependent
products and services that are equally capable of fulfilling the same client demands,
but with less environmental impact. For many authors and leading institutions of
4

research (Maxwell and Van der Vorst, 2003), the key interest of PSS is the
potentialities it presents for sustainable solutions. However, trends in research
towards the development of PSS within this very context (table 1), still
predominantly advocates the provision of eco-efficient strategies.
Table 1. An outline of the principle trends in the development of PSS (Mont, 2002)

The sale of the use of the product instead of the product itself
The change to a leasing society
The substitution of goods by means of a leasing machine
A repair society instead of a throw-away society
A change in consumer attitudes from sales to service orientation
1.4

RETHINKING THE NOTION OF SUSTAINABILITY

The linkage of eco-efficiency with sustaining the environment can be traced back to
the official introduction of sustainable development in 1987, where it is articulated –
perhaps
most famously in the Brundtland report “Our Common Future”:
“Industries and industrial operations should be encouraged that are more efficient
in terms of resource use, that generate less pollution and waste, that are based on
the use of renewable rather than non-renewable resources, and that minimize
irreversible adverse impacts on human health and the environment” (McDonaugh
and Braungart, 2002)
It is not surprising therefore, that current literature has begun to question the
conventional paradigm of sustainable development as a foundation for design.
Ehrenfeld (Ehrenfeld, 2001), proposes an alternative strategic framework for
sustainable development that replaces the Brundtland triad of Economy,
Environment and Equity with new ontological Moralistic, Naturalistic and Humanistic
domains. The strategies that can be understood to flow from these new apexes, in
fact address the fundamental interactions between those previous ones. In the
industrial sector, Innovative designers McDonough and Braugnart have introduced
the concept of Cradle to Cradle manufacturing. Based on the principle of ‘waste
equals food’, this manufacturing model encourages the elimination of the concept of
waste in industrial design.
A new field of sustainability science is evidently emerging (Kates et al, 2001). Its
agenda seeks to understand the dynamic interactions between nature and society;
and how science, and technology and policy can best guide those interactions along
more sustainable trajectories.
1.5

PSS TOWARDS SUSTAINABILITY

The concept of PSS has the potential to bring about such changes in production and
consumption patterns that will be necessary to make the transition towards a more
sustainable society. However, this potential can only be realised if we are to evolve
our thinking beyond the level that continues to create a legacy of unsustainability.
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The development of sustainable PSS systems will principally require:
o Cradle to Cradle manufacturing
o Closing of material cycles
o Independence from the value of the larger system
(i.e. cannot be offset by global consumption footprints)
o Integration of the science and technology community with the societal and
political agendas driving sustainable development
o A greater understanding of societies capacity to guide a transition along more
sustainable trajectories
o A shift from ‘being’ to ‘having’
References
• Ehrenfeld, J. (2001), Designing ‘sustainable’ Product/Service Systems [Online].
Available at: <http://www.capitalizingonchange.org/docs/Ecodesign2001final.pdf> [Accessed 20 March 2004]
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2

LIFE CYCLE ORIENTED TECHNICAL PSS DESIGN

Jan C. Aurich (Professor), Christian Fuchs
Institute for Manufacturing Engineering and Production Management - FBK, University of
Kaiserslautern, Kaiserslautern, Germany, e-mail: aurich@cck.uni-kl.de

2.1

PRODUCT LIFE-CYCLE PERSPECTIVES

Product performance can best be maximized by jointly considering product
engineering, production, usage and deproduction (Westkämper et al., 2000). Lifecycle engineering (LCE), defined as ‘the design and manufacture of products with
the goal of protecting the environment and conserving resources, while encouraging
economic progress, and at the same time optimizing the product life-cycle’ (Jeswiet,
2003) provides this holistic life-cycle perspective. LCE is usually referred to in the
context of physical product design. However, it provides a promising starting point
for the systematic design of non-physical products, i.e. services as well. Therefore,
in the following a recently developed life-cycle oriented model for technical service
design in the manufacturing industry will be introduced and conclusions for
integrated design of Product-Service-Systems drawn.
Two different life-cycle perspectives need to be distinguished with respect to
products offered in business-to-business relations by one manufacturing enterprise
to another. From the point of view of the industrial customer the product life-cycle
consists of product purchasing, usage and disposal. This perspective is highly
investment oriented. The customer needs specific requirements met, i.e. expects a
certain benefit level at minimum life-cycle costs. However, from the manufacturer’s
or supplier’s point of view, the product life-cycle starts with product engineering
respectively design, followed by product manufacturing, product servicing and
product re-manufacturing. Thereby the aim is to meet customer requirements by
delivering the expected benefit level while at the same time achieving optimum
balancing between manufacturing/servicing times, product/service costs and
product/service quality. Apparently, customer benefits represent the common
denominator of both perspectives.
Technical services in the manufacturing industry, such as operation, maintenance or
retrofitting support the usage of high-quality investment goods (e.g. manufacturing
equipment) and thus provide additional customer benefits. Furthermore, they offer
win-win situations to business and environment and can thus be referred to as
powerful sustainability enablers. Economically, they contribute to the differentiation
of technically similar rival products. Ecologically, technical product-related services
such as preventive maintenance or retrofitting provide longer and more beneficial
physical product life and thus result in decreased resource consumption.
2.2

LIFE-CYCLE ORIENTED TECHNICAL SERVICE DESIGN

Product life-cycle costs, quality and performance, i.e. the level of customer benefit
fulfillment is largely determined by product engineering. Corresponding state-of-theart approaches such as simultaneous engineering aim at reducing costs and time as
well as improving product quality by explicitly exploiting mutual influences of
products and production processes. Consequentially, product and production design
activities are performed in a parallel way. The same is possible for products and
technical services that also strongly influence each other. As an example, the
quality of maintenance and upgrading services depends on the product architecture
7

(e.g. capability for disassembly). However, systematic service design is currently at
best addressed in an isolated manner. In order to support realization of technical
Product-Service-Systems the focus of current life-cycle oriented product and
process engineering approaches therefore needs to be extended to perform product,
manufacturing process and technical service design in a simultaneous and
integrated way.
As the first step towards realizing PSS by means of integrated design, a reference
process model for technical service design is required. Recently, a corresponding
model has been developed at the Institute for Manufacturing Engineering and
Production Management (Aurich et al., 2003). This service design process is based
on physical product design processes that are usually well developed even in
smaller manufacturing enterprises. The below mentioned service design phases are
therefore oriented at classical product design schemes (Wheelwright and Clark,
1992):
o Customer demands identification,
o Technical and economical feasibility analyses,
o Concept development,
o Service modelling,
o Realization planning,
o Prototypical service testing.
As an example, the service modelling phase corresponds with classical product
construction. It refers to preparing all documents that describe the objects of
technical service design, i.e. the service system, service product and
servicing/information exchange processes. The service system model represents the
ideal interactions between relevant manufacturer and customer staff (e.g. callcenter, service manager/ technician, warehousing, product user). The service
product model depicts service characteristics as well as physical, non-physical and
personnel components thereof (e.g. spare parts, supplies, information, service
technician qualification profiles). Finally, specification of servicing and information
exchange processes provides a detailed overview of all activities necessary for
realizing a service product.
2.3

CONCLUSIONS FOR LIFE-CYCLE ORIENTED TECHNICAL PSS DESIGN

The described service process model can be used as the basis for developing a lifecycle oriented PSS design process. It therefore needs to be implemented into
existing product-process models such as the IPPM proposed by Warnecke et al.
(Warnecke et al., 1996), (Aurich and Wagenknecht, 2003). The IPPM is a modular
product-process model in which additional modular processes (e.g. service design)
can be integrated. Modular processes consist of so-called process modules that
represent a set of activities and corresponding input/output information that
determine possible combinations thereof.
Modularizing the above service design process requires identification of cohesive
design activities and corresponding input-output information. Input/output
information thereby results from analyzing interactions in between these activities
and especially from mutual product and service influences. The latter can best be
analyzed by clustering technical services according to their life-cycle benefits, e.g.
allocation (e.g. operation), preservation (e.g. maintenance), enlargement (e.g.
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retrofitting). The resulting service design process modules can then be integrated
into the IPPM to support realization of technical Product-Service-Systems.
References
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Saarbrücken, Germany, pp. 17-20.
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3

THE MISSING LINK BETWEEN CORPORATE SOCIAL
RESPONSIBILITY AND PRODUCT SERVICE SYSTEMS

Arianne Bijma MSc
Category: PSS and the new business development process in companies

3.1

CSR

As the interest of Western governments in sustainability is weakening, initiative has
been taken over by the private sector. Business is dealing with triple P sustainability
(see Figure 1) under the name of Corporate Social Responsibility (CSR). Corporate
Social Responsibility has taken an enormous flight in recent years. No international
operating company can afford to remain silent about their social and environmental
performance, especially if they are stock market listed. Even though environmental
or social reporting is in no country obligatory, the number of companies taking
responsibility for their actions in a voluntary annual report is growing rapidly. This
increasing transparency is a direct result of the pressure of investors and clients
who are adding sustainability issues to their selection criteria. Again and again new
studies are released correlating advanced CSR practices with economic gain (see
for example Social Funds and The Work Foundation).These developments are
causing a true revolution in the business world, where money is no longer the
prevailing paradigm.

Figure 1 : Triple P
When companies start with CSR, they broadly go through the steps of Figure 2.
After they have become aware of the need for CSR, they start with committing
themselves to improve their performance on ecological and social aspects next to
the traditional financial goals. They put their intentions in a mission, a corporate
strategy and policy. Then comes the hard part: putting words to practice. Recently,
the developed world, especially western Europe, has seen a virtual explosion of
consultancies specializing in assisting companies to apply CSR. The usual approach
is to define the stakeholders of the company and to define the influence of the
company on these stakeholders. After that the company must find a way to engage
its stakeholders in dialogue and to alter operations to keep as many stakeholders as
happy as possible. Other typical CSR actions are employee programs, sponsorships
and involving partners from the supply chain.
10

Figure 2 : CSR cycle and the role of innovation

3.2

INNOVATION

Corporate Social Responsibility is firstly focussing on the way a company is doing
business, not on the product or service it is selling. However, a company taking CSR
seriously sooner or later arrives at the question: What is the impact of my product or
service on society? How can I reduce negative impact in the future? How can my
product or service contribute to a sustainable society? This last question is the
ultimate question a company truly dedicated to CSR can ask itself. This is where
Innovation for Sustainability comes in. Pioneering companies in CSR have now
arrived at the point where they regard sustainability as a positive drive for
innovation. Companies like British Telecom, DSM, BMW group, Sony and General
Motors are all mentioning innovation as an input as well as a result of their CSR
policy.

3.3

PSS

As advanced as these pioneers may be, they are not yet applying the most
advanced form of innovating for sustainability: Product Service Systems (PSS). No
bridge has been built across the gap that is separating pioneering companies in
CSR and the academic community exploring the possibilities of CSR.
PSS is a field of research which after years of theoretical analysis, is ready for the
reality check. Theory needs to be tested and companies are looking for ways to
innovate for sustainability. This paper argues that here lies an opportunity for both
sides that should not be missed. Researchers need to link their subject to CSR,
because this is a language companies understand.
Researchers and company representatives should collaborate to develop
sustainable product service systems that will be launched in the market. Only a PSS
that is actually on the market can be analyzed regarding sustainability and client
satisfaction.
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FUNCTIONAL SALES OF IT APPLICATIONS FOR PRIVATE
CUSTOMERS

M. Brandstötter a , P. Nittnaus b R. Knoth c , B. Kopacek d P. Kopacek e
a

Austrian Society for Systems Engineering and Automation, Vienna (AT),
brandstoetter@ihrt.tuwien.ac.ata,

b
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4.1

INTRODUCTION

The presented project aims at developing strategies of turning the existing system –
distribution of PCs through sales – into a product service system (PSS) in order to
stop the trend of shortening lifetimes of IT products and to significantly reduce the
amount of waste out of this sector. The project addresses the following trends:
constantly increasing sales figures for IT products, constantly decreasing life-span
of the products due to innovations in hardware and software.
4.2

GOALS OF THE PROJECT

The value of a PC for an average user lies in easier, faster and cheaper
accomplishment of his tasks using certain software products. Currently, every user
owns his own hard- and software using it approximately 2-5 years. However, a user
does not need to own a PC, but rather to receive the demanded functionality and
accomplish his task. Thus, the project aims to reform the existing system of “via
sales” distribution of PCs with additional purchase of software, Internet access, etc.,
into an efficient service system comprising a network of participating organisations,
companies, and the consumer himself. The stakeholders considered comprise
producers of consumer products, content providers who offer services and serve as
managers between end user and producer, infrastructure providers (e.g. internet
access), logistics partners responsible for delivery and take back of products,
recyclers that take back old appliances and return it into the life cycle due to the reuse at the highest possible level, and finally the end user [1]. The project will assess
the feasibility of the cooperation of these stakeholders on the case of Vienna.
Obviously the conventional scheme offers no comfort to the end user who – in some
cases - has to pay three different providers for the fulfilment of a service. Besides
this, the end user has a lot of organisational “overhead”, including retrieving of
goods and services from several sources and caring about the products’ end-of-life
handling. Typically, the user has to buy the product(s) necessary to engage the
demanded services. This results in high initial costs. The approach product service
systems take is to avoid the mentioned disadvantages.
It is the primary contact to the user: Ideally, the user does not need to own the
necessary equipment for the fulfilment of the service(s), and thus, has no big initial
expenses. Title to the devices remains with the producer or the PSS provider, being
an incentive for both of them to maintain and care about the products as long as
possible, keeping them in use instead of deposition.
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Finally the following goals can be accomplished in the scope of the project:
- Evaluation of required competencies of SMEs for development and
implementation of PSS, investigation of existing obstacles;
- Development of a network structure enabling the provision of service and closed
life cycle of appliances;
- Determining conditions for a service “software application” that will fulfil the
needs of Viennese inhabitants to solve problems in a simplified way without
owning the applicable hard- and software;
- Dematerialisation – designing a service in energy, material, and cost efficient
way;
- Development of products with long technical life;
- High use-time of devices through flexible and adaptable products;
- Intensive use of hardware;
- Upgrade, refurbishment, re-use and recycling;
- Increased quality of living as well as security of employment and income.
4.3
-

CONCEPT
The consumer is given a refurbished PC enabling him to log into a central unit.
All programmes running at the central unit are easily maintained and actualised.
The consumer is paying only for the time the software is used.

The basis for the system is the network of different partners that work in close
cooperation in order to bring the service to the end user. The project will lie down
the detailed structure, tasks, communication, etc. necessary for successful
cooperation [2].
4.4

BENEFIT OF THE PRODUCT-SERVICE SYSTEM

The environmental benefits can be clearly named:
- All the programmes are running on a central unit, the hardware requirements for
the end use devices are moderate, thus, not being affected by the fast-paced
developments in electronics industry which will lead to an extended use time.
- Sharing of the equipment among users, thus, a smaller number of devices will be
used more intensively.
- Since the devices during the whole life are owned by the service provider, it is
much easier to close the life cycle of the product.
For producers the competitive advantage over the competitors lies in a close
relationship to the customer and ability of offering a customised service best suited
according to customer’s specific characteristics. Also small and medium size
enterprises are getting an opportunity to participate in this highly competitive market
due to high specialisation and cooperation with producers and service providers.
Thus, the competition is no more based on price and quantitative advantages, but
on quality, individualisation, and customisation of the offer.
The system offers consumers who cannot afford an investment into a PC and
Internet access an opportunity to use the device and to choose a product that best
suits them in terms of price and characteristics.
The success of the proposed product-service-systems will lead to the greater
awareness of the environmental problems among the consumers and will facilitate a
change in current consumption behaviour into an environmentally conscious one.
Concluding the qualitative results of the project are the following [3, 4, 5, 6]:
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A network model of companies defines the players, the structure of network,
their tasks, communication methods, logistical specifications, and quality
assurance.
Segmentation of customers and definition of their needs according to various
studies. The cultural and social environment still considers ownership of
products as indication of status and social position. This is why in the
developed concepts along with the environmental side, value side has to be
considered winning over the conventional purchase of the product with its
benefits for the consumers.
Necessity of creating environmental (and PSS-) awareness within the
population (transfer of knowledge, social marketing).
Supporting and encouraging companies implementing PSS.
Research activities regarding PSS, the gap between environmental awareness
and sustainable consumption, and utilisation behaviour. Publication and
dissemination of results and recommendations.
Enlargement of informational and educational programmes.
A successful implementation of PSS requires thorough market surveys.

It is intended to implement the presented system as demonstration project in
selected Viennese areas.
References
[1] R. Knoth, M. Hoffmann, B. Kopacek, P. Kopacek: Re-use of End-of-Life
Electronic Equipment and Components – Logistic Aspects. In: Proceedings of the
2nd International Symposium on Environmental Conscious Design and Inverse
Manufacturing, GoingGreen – EcoDesign 2001, Tokyo, Dec. 11-15, 2001
[2] M. Brandstötter, R. Knoth, B. Kopacek, P. Kopacek: Using IT Trade-In Trials to
improve Collection Processes. In: Proceedings of the International Symposium
Going Green – CARE INNOVATION 2002, Vienna.
[3] Spectra Marktforschungsges.m.b.H.:
http://www.spectra.at/archiv/Aktuell_11_02.pdf; (valid on 25th Aug., 2003)
[4] Austrian Internet Monitor: http://mediaresearch.orf.at/internet.htm; (valid on 25th
Aug., 2003)
[5] Hutchison 3G Austria: http://www.drei.at/; (valid on 25th Aug., 2003)
[6] Mobilkom Austria: http://www.a1.net/; (valid on 25th Aug., 2003)
CV Michael Brandstötter
Diploma in Automation and Control Technologies from the Vienna University of
Technology; Coordinator of several EC projects; experiences in Design for
Environment, Ecodesign and recovery technologies for WEEE; MSc. in Engineering
Management, Oakland University (Rochester, MI, USA); Author/co-author of approx.
15 publications.
CV Bernd Kopacek
Ph.D in
Mechanical Engineering, Vienna University of Technlogy; MSc. in
Engineering Management, Oakland University (Rochester, MI, USA); Managing
Director of the Austrian Society for Systems Engineering and Automation;
Experiences in automation and robotics, life cycle engineering, reverse logistics,
recycling technologies and management and project coordination of more than 10
15

RTD projects (national and international) in the electronic industry sector; Member
and chair of the steering board of CARE Electronics; Organiser of several
international conferences; Chair of the IEEE engineering management chapter
central Europe; Numerous publications and presentations on related subjects.

16

5

MEASURING SUSTAINABLE PRODUCTION

David Burdick
Sustainable Milwaukie, Oregon 97222 USA Email: dwburdick@sustainablesteps.com

Section III of the Plan of Implementation from the Johannesburg’s World Summit on
Sustainable Development 2002 calls for the development of a 10-year plan to
accelerate the shift towards sustainable consumption and production. A necessary
component of this is to insure that, at a minimum, the sum impacts from all human
actions fall within earth's carrying capacity to manufacture, power and sequester
these activities. Although methodologies exist to determine a sustainable and
equitable maximum amount of earth’s resources per individual (the ecological
footprint concept), devising a means to assign these parameters to the businesses
that create these goods and services has, until now, not yet been developed.
This paper offers a preliminary method to meet this challenge through a 3-step
process.
Step 1 equitably allocates to an individual corporation their share of biophysical
resources (land, air, water, ocean) relative to their financial contribution to world
revenues. Step 2 determines a corporation’s actual consumption of resources
through a Life Cycle Analysis of its production, with results expressed in biophysical
units of land, air, water and ocean. Step 3 compares the allocated amount of land,
air, water and ocean to the organization's actual consumption of these biophysical
resources to both establish a tangible sustainability goal and determine the
corporation’s present level of sustainable production.
Utilization of this methodology offers corporations a tool to:
1.
2.
3.
4.
5.
6.

Establish a definitive goal for attaining ecological sustainability in simple and
easily understood terms,
Prioritize efforts for attaining sustainability,
Realize market advantage.
Benchmark efforts,
Gain leadership recognition
Earn credibility through measuring their part in achieving total sustainability

CV: Burdick, David
David Burdick’s 15-year experience reflects a blend of international acumen,
academic knowledge and manufacturing expertise. He has been involved in
certification practices for several years, including establishing an office in Japan,
auditing Quality and Environmental management systems in the US and developing
LCA criteria for determining more sustainable and environmentally preferable
products.
He is currently principal at Sustainable Steps, (www.sustainablesteps.com), an
organization committed to verifying steps towards sustainable business practices
and includes authentication to several certification schemes. Among them are
accreditation requirements ISO 62 and ISO 66, organizational requirements ISO
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9000 (Quality) and ISO 14001 (Environmental) Management Systems; eco-labeling
programs, the National Organic Program and Forest Stewardship Council (FSC)
Chain-of-Custody for sustainably harvested timber.
He has degrees in Mechanical and Industrial engineering, a Masters in
Environmental Decision Making, a Professional Engineering license and has lived
and worked 8 years abroad; 5 in Denmark and 3 years in Japan.
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THE TRANSFER AND APPLICATION OF SUSTAINABLE PRODUCT
SERVICE SYSTEMS IN UK MANUFACTURING COMPANIES

Matthew B Cook & Tracy Bhamra
Cranfield University, Bedford, Bedfordshire, UK, m.b.cook@cranfield.ac.uk

This paper reports the results of research undertaken by Cranfield University to
assess the concept known as Sustainable Product Service Systems (SPSS) and
particularly, the extent to which these might assist in the development of sustainable
patterns of production and consumption in the UK.
It highlights the notion that if SPSS is to offer utility within this context it must be
transferred from academic and policy making circles and applied within UK
manufacturing companies. More specifically therefore, this paper focuses upon
research which sought to identify the extent to which this important concept can be
transferred to and applied within UK manufacturing companies and as a corollary,
the extent to which PSS is a viable business option in certain parts of the UK
manufacturing sector.
Several factors were found to determine levels of receptivity - the ability and
willingness of companies to accept, absorb and utilize the SPSS concept. These
were defined as the attributes of receptivity which are specific to the Sustainable
Product Service System concept. It was found that resource based theories of the
firm offered considerable utility here and a framework for interpretation of the
adoption process. As such, the match between the SPSS concept and core
capabilities and the degree to which SPSS could assist companies to achieve their
strategic goals were both identified as key determinants. However, also and
importantly, the research highlighted the central role played by managers in the
adoption process. As individuals and groups, managers are responsible for
interpretation of internal and external environments and the selection of concepts to
meet certain demands arising as a result of the interplay of these. Therefore, inter
alia cognitive bias and bounded rationality were found to be of importance, as too
were personal attitudes toward environmental stewardship the role of their firms’ in
this and society.
The attributes of receptivity are detailed in an analytical framework which, it is
hoped will assist those wishing to encourage adoption of this important concept in
UK manufacturing companies. It clearly identifies the key factors which determine
successful adoption and thus enables intermediaries to identify actions which could
increase receptivity. In this sense it provides useful theoretical insights to those
developing public policies to enable ecological modernization.
CV: Matthew B Cook
Dr Matthew B Cook is a Lecturer in the Institute of Water and Environment at
Cranfield University. He has over 4 years of research experience and has been
active in developing research concerning the impact of ecological modernization
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Management for Business at Cranfield University. He convenes a number of
modules concerned with ecological modernization and strategic management.
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CO-DESIGN OF PRODUCTS AND SERVICES

Walter Ganz, a Thomas Meiren b
a

Fraunhofer Institute for Industrial Engineering, Stuttgart, Germany
e-mail: walter.Ganz@iao.fhg.de,

b
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When comparing the research on services to those research activities that focus on
material goods, an obvious gap can be observed: While there exists a broad range
of methodologies and tools for the development of goods, the development of
services has hardly become a topic of scientific literature.
Since the middle of the 80's the issue has been discussed only by a small number of
authors (e.g. Bowers, 1986; Ramaswamy, 1996; Cooper and Edgett, 1999). The
majority of them belongs to the service marketing discipline and approaches based
on engineering science are still a rare occurrence in the service sector to this day.
So far only few, very generic attempts have been made to operationally capture
"services" as an object of a systematical development procedure.
However, many companies have recently begun – not least as a result of the
growing pressures of competition – to rethink their strategy for service provision.
They want their services to be "regular products", i.e. reproducible, exportable, even
tangible and therefore developable. Services more and more undergo a systematic
design process like any other product.
During the second half of the 90's, in Germany "service engineering" has emerged
as a new research area (Fähnrich, 1998; Meiren, 1999), that is concerned with the
systematic development and design of product-related services using suitable
methods and procedures. In particular, the holistic and sustainable co-design of
products and services is being examined. The conference presentation will include
the following topics:
o services as an R&D object,
o structuring development processes for the co-design of software and services,
o methods and tools supporting co-design processes,
o key factors for successful co-design of software and services,
o future research topics and outlook.
Furthermore, a case study and results from an empirical study of 184 German
companies will be presented.
References
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Ministry of Economics and Labour for the establishment of service topics.
CV: Thomas Meiren
Thomas Meiren studied Industrial Engineering and Management at the University of
Karlsruhe. In 1996 he joined the Fraunhofer Institute of Industrial Engineering as a
research assistant. Since 2000 he is head of the Market Focus Unit "New Service
Development". The main research interests of Thomas Meiren are in the field of
developing and designing new services. In numerous research and consulting
projects he made a significant contribution in establishing the disciplin of Service
Engineering in Germany. Thomas Meiren is founder and vice president of the
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ECOTOPTEN-INNOVATIONS

Kathrin Graulich, Rainer Grießhammer.
Öko-Institut e.V. – Institute for Applied Ecology, Freiburg, Germany, k.graulich@oeko.de

The Institute for Applied Ecology is working on behalf of the German Research
Ministry (BMBF) on the project EcoTopTen-Innovations. The overall objective of the
EcoTopTen project is to develop and market sustainable products and services for
the mass market – supported by consumer research and a major campaign. The
campaign focuses on around 30 products or services in ten product fields of
particular relevance in terms of environmental impact. The production, use and
disposal of these products currently cause around two-thirds of total environmental
impacts in Germany.
The criteria for EcoTopTen products and services are: high-quality, affordable and –
of course – green. For each product group we set individual criteria. The Institute
cooperates with companies and support organizations on individual product
initiatives and special marketing campaigns. As far as possible, there shall be no
competition with the environmentally related quality seals already awarded to
products, notably the existing eco-label schemes. On the contrary, every effort is
made to integrate existing environmental quality schemes into the EcoTopTen
criteria.
The EcoTopTen product fields are: housing, mobility (car/rail), foods, kitchen
appliances (refrigerators and freezers, cookers, dishwashers), textiles, washing
machines and driers, PCs/printers, TV/video equipment, electricity, and financial
products/insurances. In each of these fields, one or several products or services are
newly developed, further developed or supported in marketing, a focus being placed
on new target-group-specific marketing approaches (an integral part of the project is
consumer research). Examples of EcoTopTen services are the T-Net-Box (virtual
answering machine substituting individual telephone answering and fax equipment)
or national Car-Sharing Associations with standardized access and account card.
The strategy of the EcoTopTen-project to promote sustainable consumption is
- to take into account those products or services which are relevant in terms of
environmental impact;
- to set individual “EcoTopTen-criteria”;
- to address the mass market;
- to follow and develop new target-group specific marketing approaches (thus
consumer research is an integral part of the project);
- to meet modern consumer requirements: as all-round quality products and
services, professional information, to focus on products and services of particular
relevance in terms of environmental impact;
- to enable consumers to chose more environmentally friendly products and
services (thus EcoTopTen offers consumers credible recommendations on a
range of attractive products and services).
EcoTopTen will be the largest consumer-focused campaign spanning entire product
fields in Germany. It is planned to support EcoTopTen by a sister campaign
EcoTopTen-Business, which shall focus on public-sector and large-scale private
sector procurement. Also is planned within the next two years, to launch EcoTopTen
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as an EU-wide initiative. Preparations for the project began in 2000. The initiative
will run by the end of 2006.
Publications / Projects:
• EcoTopTen – Innovations for sustainable consumption patterns Grießhammer,
R.; Gensch, C.-O.; Eberle, U.; Graulich, K.; Möller, M.; Quack, D.; Rüdenauer, I.;
in cooperation with the Institute for Social-Ecological Research ISOE, Frankfurt
a.M.; Freiburg
• Product Sustainability Assessment (PROSA) – Methodology development and
dissemination Grießhammer, R.; Buchert, M.; Ebinger, F.; Gensch, C.-O.;
Graulich, K.; Hochfeld, C.; Rüdenauer, I.; Freiburg/Darmstadt/Berlin
• Sustainable old age provision Graulich, K.; Schmitt, B.; Grießhammer, R.;
Hochfeld, C.; Berlin/Freiburg/Darmstadt
• Environmental and sustainability transparency for financial markets Hochfeld, C.;
Graulich, K.; Schmitt, B.; in cooperation with the Sustainable Business Institute
at the European Business School ebs, Oestrich-Winkel and the Centre for
European Economic Research ZEW, Mannheim; Berlin/Freiburg/Darmstadt
• Environmental analysis and evaluation of green life insurance schemes Schmitt,
B.; Graulich, K.; Grießhammer, R.; Hochfeld, C.; Strubel, V.; Freiburg 2000
• Environmental funds compared Grießhammer, R.; Fritsche, U.; Graulich, K.;
Hochfeld, C.; Schmitt, B.; Strubel, V.; Freiburg/Darmstadt 2000
• Concretizing sustainable development for Motorola. Ebinger, F.; Grießhammer,
R.; Graulich, K.; Freiburg 2003
• Development of criteria for improved consumer information about mobile phones.
Graulich, K.; Küppers, C.; Heinrich, E.; Hainz, C.; Freiburg/Darmstadt
• Integrating contaminant-related inventories into life-cycle assessments of
residential buildings: From low-energy house to low-contaminant house.
Graulich, K.; Freiburg 2001
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Together with Dr. Rainer Grießhammer she is responsible for the project
management of the EcoTopTen-project at the Öko-Institut.
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management of the EcoTopTen-project at the Öko-Institut.
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SUSTAINABLE HOMESERVICES IN EUROPE: EVALUATION OF
SUSTAINABILITY AND CUSTOMER ACCEPTABILITY

Minna Halme
Helsinki School of Economics Helsinki, Finland, halme@hkkk.fi

The presented project “Sustainable Homeservices” relates to the following topics of
conference: PSS and assessment of ecological, economic and social sustainability,
PSS and market acceptance, and the topic area households. It is funded by the
European Commission Research Directorate-General (H) within the framework of
the program „The City of Tomorrow and Cultural Heritage”, and carried out in
corporation with IÖW (Austria), IZT (Germany), IVAM (The Netherlands),
Prospektiker (Spain), HSE (Finland) and INETI/Cendes (Portugal). For more
information see www.sustainable-homeservices.com.
The basic idea behind the Homeservice project is the notion that environmental and
social burden can be reduced by replacing products with services that fulfil the same
need of the consumer. Previous studies indicate that consumers must be able to use
such services as easily or conveniently as the products they own themselves.
Therefore we define sustainable homeservices as services that are offered to
consumers at or near their home, and that contribute positively to sustainable
development in its three dimensions: environment, society, and economy. Over 100
home-related services have been gathered and their sustainability potential is
assessed by a newly developed evaluation method combining the environmental,
social and economic sustainability of the homeservice. It consists of altogether 18
indicators and an ordinal rating scale assessing whether, and roughly how much, the
respective service enhances sustainability in ecological, economic and/or social
dimension. For practitioners, e.g. housing organizations and other household
service providers the method provides a simple way to assess how their service
could be made more sustainable.
The project examines on one hand the prominent the distribution channels and on
the other hand the customer acceptance of household services that can enhance
sustainability. It appears that the housing organizations either as direct suppliers or
in various forms of co-operation with other service providers (private firms, public or
non-profit organizations) play a crucial role. The findings imply that providers of
sustainable household services could create new marketing channels via cooperation with housing organizations or housing management. As to customer
acceptance, a resident survey of 300 residents regarding service use and
willingness to use has been conducted. The results indicate that the omission of
social sustainability, i.e. quality of life –factors, may be one of reasons for the
market failure of many eco-efficient consumer services. It also appears that the
studied countries vary with regard to service use tendencies. One of the main
distinctions is the difference between more “do-it-yourself” -oriented cultures (e.g.
Finland and Austria) and pro-service use ones (Portugal and Spain).
Finally, the project investigates obstacles and promoting factors for sustainable
household services in compensating product-related consumption, both at a
European and national levels. We will also suggest strategies for promotion of
sustainable household services, taking specifically into account the differences
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between the national service-use cultures, and the institutional contexts of housing
and homeservice provision in different European countries.

CV: Minna Halme
Dr. Halme is an assistant professor at Helsinki School of Economics. Her areas of
interest include: sustainable services, business models for sustainable development,
actor networks, environmental corporate cultures, environmental communication &
marketing, and sustainable business strategies in forest industry. Dr. Halme is
currently working with an EU-project on Sustainable Homeservices. Her other recent
project topics include the potential of service-orientation and IT to enhance
demateralization, and cross-sectoral sustainable tourism networks (EU-DGXII). She
teaches Master’s degree and executive MBA courses on corporate environmental
management, and courses on research methods, and business policy and strategy.
She is a member of the editorial board of Business Strategy and the Environment
and of the Action Planning Committee of the Greening of Industry Network.
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SUSTAINABLE PRODUCT SERVICE SYSTEMS: A TOLL FOR
VALUATION AND CRITERIA FOR FAILURE AND SUCCESS

Mark Hammer, Sustainable Europe Research Institute (SERI) a
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Rainer Pamminger, Vienna University of Technology, Institute for Engineering
Design, ECODESIGN Research Group d
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A-8010 Graz, Austria, e-mail: barbara.hammerl@joanneum.at

c

The Institute for Environmental Management and Economics (IOW), Rechte Wienzeile 19/10
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Vienna University of Technology, Institute for Engineering Design, ECODESIGN Research Group,

A-1040 Vienna. Email: jasch.christine@ioew.at.

Getreidemarkt 9, A 1060 Wien. Email: pamminger@ecodesign.at.

The implementation of eco-efficient product service systems (PSS) is seen as a
contribution to sustainable development on the micro level. The basic idea of PSS is
not to sell the product itself, but rather the service that is offered by the product.
The development AND successful - in the sense of positive impacts on sustainable
development - implementation of PSS, are however challenging for companies.
Sustainability is seen as a three dimensional concept (economic, social,
environmental), expressed via a set of criteria, such as reduction of environmental
burden, competitiveness of the companies, employment situation, consumer
satisfaction, and others. Barriers and trade-offs between different sustainability
targets arise.
For many years PSS have been known and acknowledged as effective means
towards more sustainable production. On the other hand PSS are not automatically
sustainable and this believe is also widespread. Despite several singular initiatives,
the PSS have still not been implemented widely. Reasons for this failure of
dissemination of the concept may be (a) the lack of inappropriate support
methodologies and tools for the companies and (b) the (still) missing acceptance of
consumers. Here we address the former barrier. This paper presents the application
of a multi-criteria tool which was developed in order to evaluate PSS ideas
according to their contribution to sustainable development. The PSS ideas were
generated by eleven companies according to an array of sustainability criteria. This
evaluation was part of a research project with the aim to implement PSS in Austrian
companies (Joanneum Research 2003, Omann 2003). The development of criteria,
which describe the sustainability of PSS sufficiently and of an Excel based
evaluation tool, which allows comparing the new ideas with existing conventional
products were the main tasks. The tool offers a service and development aid for the
companies as it generates a learning effect. They learned about the idea of
sustainable development, about their products' sustainability impact and about what
to consider if trying to reach sustainable development. This learning process is an
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important issue for generating new knowledge which is important for problem solving
in organizations such as companies. The results of the evaluation are presented and
interpreted in relation to the integration of the different sustainability dimensions.
In a second project we are going to analyze factors of failure and success for the
implementation of (sustainable) PSS. With this paper we will present this ongoing
research project.
References
• Joanneum Research (Hrsg) (2003). Nachhaltige Produkte und Dienstleistungen.
Leitfaden zur Entwicklung zukunftsfähiger Geschäftsfelder. Graz.
• Omann, I. (2003). Product Service Systems and their Impacts on Sustainable
Development. A multi-criteria evaluation for Austrian companies.Paper
presented at the frontiers2 conference of the ESEE, February 2003,
Teneriffe/Spain.
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University of Vienna. 1997-2002 interdisciplinary study of human ecology and
environmental economics at the University of Vienna, Economics University of
Vienna and University for Agricultural Sciences. Master thesis “Material Flows and
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Institute of Anthropology at the University of Vienna. From 1992 to1995 he worked
as a volunteer at the environmental NGO Global 2000 (Vienna). Since 2000 he is
working as researcher at the Sustainable Europe Research Institute. In summer
2001 he participated in the Young Scientists Summer Programme (YSSP) at the
International Institute for Applied Systems Analysis (IIASA, Laxenburg). He's main
research interests are sustainability indicators, material flows, sustainable
production, globalisation and development issues.
CV: Friedrich Hinterberger
Born 1959 in Schwanenstadt/Austria. Studies in economics and statistics at the
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group for Ecological Economics and Ecological Economic Policy at the Wuppertal
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CV: Barbara Hammerl
Barbara Hammerl (born in 1973 in Graz, Austria) studied business administration at
the University of Graz and the Università Cattolica del Sacro Cuore in Milano. From
1997 until 2000 she worked at the Institute for chemical engineering fundamentals
and process design at the Graz University of Technology. Since October 2000 she
works as scientist at the JOANNEUM RESEARCH Institute of Sustainable
Techniques and Systems (JOINTS) and is engaged in the fields of ecodesign,
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qualified in mediation at the WIFI Graz. She is writing her PhD thesis on the future
potential of environmental mediation in the context of realizing a sustainable
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MATCHING SUPPLY AND DEMAND: THE BUSINESS MODEL FOR
BABIES

Nicholas Jacobsson, IIIEE, Carl Dalhammar, IIIEE, Oksana Mont, IIIEE
The International Institute for Industrial Environmental Economics at Lund University
Lund, Sweden
E-mail: oksana.mont@iiiee.lu.se

In recent decades we have witnessed a shift in business thinking from selling
products to providing service solutions to customer needs. The shift is mainly driven
by plummeting margins in especially saturated sectors, and the desire to find new
value propositions and establish long-term relations with customers. The new
business models sometimes have a positive side effect - the potential to reduce
environmental impact. The majority of examples come from business-to-business
markets with a few well-known cases in business-to-consumer markets, such as car
sharing and washing services. The latter examples are often criticised for not being
linked to producers and not exploiting the environmental improvement potential.
Besides, there are too few examples of fully-fledged business models in which life
cycle improvements can take place. Companies often lack knowledge and
experience in developing solutions that would be economically feasible and
environmentally more beneficial than traditional business models. This calls for the
exploration of the B2C market and for the development of new business models that
will simultaneously increase profits and be more sustainable. This paper presents a
new business model based on selling the function that baby prams provide, and
discusses the necessary changes in product design and the supply chain to make it
work. The presented process of developing the model is more elaborated than
traditional descriptions of existing services or product-services as it describes a
step-by-step development: identification of a suitable product, discussions on
market strategies, collaboration with the design team, financial scenarios provided
by an external expert, and an assessment of the role of the actors in the product
chain.
Currently, there is a big second-hand market developed by private users. This
market today dominates the total market for prams—it is estimated to represent 6575% of total sales in Sweden. So producers are making profit only from the first
customer, while private actors make all the consequent purchases. For all the
customers, but the first one, prams come in a worn-out to a different degree
condition. However as the first pram model is often used for only 6-8 months, it is
not economically feasible for the large part of customers to invest 800-1200 Euro in
a new pram. Many parents cannot afford to buy a new high quality pram, as the use
time is so short, while price is substantial. Therefore, a new business model is
needed that would provide the function of the high quality pram for an affordable
price. A leasing scheme may provide customers with the high quality pram in a “like
new” condition for the period they need it, and may help avoid the additional costs of
having to sell the pram on the private market.
The prams have a very high quality, durability and a significant recovery value after
the first user. In order to utilise the high quality of products more efficiently and
reduce environmental impacts of the production and products, the company could
gain control over the second-hand market through a leasing scheme. The product31

service system in this case could include the organisation of a reverse logistics
system with different levels of refurbishment and remanufacturing of prams. The
goal of such a system would be to re-introduce second-hand products in a “like new”
condition for the customers. It is envisaged that remanufacturing will not require any
complex processes or high levels of inputs of new materials. Prams are relatively
mature products with established design cycles. Product characteristics of
importance are quality, functionality and product lifetime. The direction of design
improvements and diversification of offers include the variety of colours and textiles
(influenced by fashion), but also a timeless design (navy blue and neutral patterns).
Other directions are modularity (the chassis have longer design cycles), attempts to
standardise the chassis designs in order to generate higher production volumes of
each model, use of aluminium chassis, which implies a move towards non-welded
joins at many points in the chassis.
Most efforts must de directed towards re-organising the system of reverse logistics,
in which retailers must play an important role. The case company has an established
system of retailers. Each retailer is continuously updated and informed about the
company’s activities through regular newsletters and personal contacts. All prams
come with a two-year guarantee, which is also administrated through the retailers.
Retailers are often encouraged to replace defective prams. Currently, the retailers
will repair only minor flaws, but the producer aims to intensify the relationships with
the retailers so that more complex repairs can be carried out on-site in order to
avoid the transport back to the production site. They also carry out a service check
three months after the purchase; partly to adjust the pram, but also to attract
customers back to make additional purchases from the store. Close customer
contacts are seen as an important argument in the marketing activities.
Prams are not perceived as environmentally hazardous, and there are no regulatory
requirements developed for the use phase. There are, however, some regulations
for the use of chromium in the production phase. The potential environmental
benefits of the new system would come from prolonging each pram’s lifetime,
improved recycling systems, possible feedback from customers on pram design, and
incorporation of the remanufacturing possibility as criteria in product design.
Economic reasoning and gaining additional second-hand market shares could be
drivers for the company to start a pilot project. Economic estimations point to a
significant potential for increased profits. The environmental potential of the PSS
system should be further investigated. In an ideal case a pilot project could include
organising the entire system of reverse logistics for a certain number of prams.
Some barriers for the envisioned system were identified. The biggest barrier is the
fact that the company competes on quality and the established brand name.
Association with second-hand products might possibly damage the company’s
image. Other barriers include the knowledge and attitudes of suppliers, the need to
educate suppliers, and the need to involve a financial actor as the revenues will
follow a different time pattern and thus affect the solvency situation of the pram
manufacturer.
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12.1

INDUSTRIALISED SUSTAINABLE SOLUTIONS

The arising concept of industrialised sustainable solution (as a sustainable system
of products and services that are specifically related to a given user in a given
context) presupposes a strategic alliance among a network of different stakeholders
sharing a common vision. In other words, it requires the collaboration of various
players (private firms, public institutions, voluntary associations and, directly or
indirectly, the end users themselves) oriented to deliver a service of a complex kind
in a specific context and in a highly effective way.
Such a network can be defined a Solution Oriented Partnership, a model of network
of advanced industrialisation able to activate win-win relations between different
kinds of players on the market. Relations that do not exclude leadership and
enterprise roles for local players, fruitful co-operations between profit and non-profit
organisations, symbiosis between multi-nationals and SMEs, or specific market
sharing, in a mainly bottom-up innovation logic that brings new skills, activities and
services into play on a local basis.
12.2

HICS

This paper aims to present part of the results of the activity of a group of research
centres and European enterprises, from 2001 to 2004, funded under the European
Community 5 th Framework Programme. The work, known as HiCS, Highly
Customerised Solutions, has taken the shape of an action research: a research
project in which theoretical and methodological reflection has been carried out side
by side with a complementary design activity (the specific subject of which was
“food for people with reduced mobility”) that has both fuelled the reflection itself
while also serving as its testing ground.

12.3

SOLUTION ORIENTED PARTNERSHIPS

How to develop and deliver highly contextualised, sustainable solutions, in an
effective and efficient way?
A Solution Oriented Partnership is a strategic alliance generated and implemented
in a specific context: a partnership that has to be able to act in a given social and
business environment, where several opportunities and limits are already existent. A
partnership that can take advantage of such a context by rethinking the local-global
relationship, through a strategic distribution of the decisional power, and thorough a
context-lead design of the system flexibility.
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To bring sustainable value in specific social and market contexts, a new idea of
industrialisation is needed; an idea based on the network economy, the context
specificity, the enterprise of local partners and the active participation of end users.
And based more on bottom-up strategies, than on the traditional top-down ones.
Within the implementation activity of the HiCS project, this solution-oriented
approach has generated three different examples of Solution Oriented Partnership,
each one characterized by a different way in which a set of players collaborate in
sustainable ways, with a view to sustainable objectives, though operating on
different scales and following different rationales.
12.4

A CASE OF IMPLEMENTATION: PUNTO X

By the point of view of the system architecture, the Punto X solution (the project
result of the Italian based implementation) is a the clearest example of system
flexibility obtained thanks to the integration of a core set of actors and capabilities
with local ones, according with a modular approach and bottom-up strategy.
Actually, the original value of the system lies in the possibility of combining the
same competences and functions (a Platform of products, services and instruments)
in different ways, integrating them with local elements, so as to offer contextualised
solutions for different users. In the Punto X system the Platform of is delivered by a
group of providers composed by both local and multinational firms, where the
leading organisational role is played by a SME.
This group of so called Platform Providers produces an offer that can be described
as a packet of B2B services directed towards other players: thus, they are
integrated by players at local level who bring the expertise necessary for solutions
to be set up in specific contexts, and who act locally. They are not generic clients,
but partners in shaping the solution itself, and an integral part of the system.
Together (Platform and Integrative Partners) they become, finally, able to deliver
B2C solutions addressing (specific) intermediate or final users.
Such a progressive increase of the value of the offer is a bi-directional, interactive,
process, where each partner has his own role in adding expertise, and where
continuous adjustments can take place, according with the changes occurring in the
specific contexts of delivery and use.
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Building networks of stakeholders focused on developing a product-service-system
according with a shared vision is a substantial challenge that must be faced at
different stages of the development of a solution.
The research project HiCS (Highly Customerised Solution, in the E.U. 5° Framework
Programme, Growth) concluded in March 2004, has had the aim to explore and
propose methodologies to facilitate the convergence of networks of partners on
shared visions, in order to become Solution Oriented Partnerships developing
Partner-Based-Solutions. Within the implementation of this research, the need to
involve different kind of players in the project has occurs several times, even after
that the set up of the core group of industrial partners has been created.
This need is emerged both in the phases of exploring the interest of new possible
business partners in taking part in the solution, and in the phases of exploring the
interest of the users (intermediate or final users) in adopting the solution.
Thus, it can be said that, given a base of actors with a common idea (that's to say a
platform of partners sharing and delivering a set of co-ordinated products, services
and competences suitable to outline the core of a certain solution) the following step
is to identify complementary and integrative stakeholders to complete and/or to
deliver the solution in specific contexts-of-use. Moreover, the solution has to be
assessed/tested with possible users. Pro-active materials for communication are, so
far, needed.
These materials have to be finalized to different possible communication aims:
- to explore the interest of possible integrative partners in a solution idea, by
outlining the idea in its highlights and by underlining the possible benefits in
joining the Solution Oriented Partnership
- to discuss and to make new partners converge upon a solution idea, clearly
agreeing on tasks, responsibilities and benefits for each player, and given a
framework of constrains already defined
- to verify the interest of possible users in the solution, and to get feedbacks
from them
- to make the solution be known, and to present the solution to possible users
Within this framework, the communication issue is a critical one and can play a
leading role in helping network of partners to born and to grow up.
It is, furthermore, a strategic activity that needs to be carried on at different levels
and stages of a product-service-system development, according with a B2B and
B2C approach. It is, finally, a first step in assessing the market and social
acceptance of a solution in a certain context-of-use.
A well conceived communication material can bee seen as a tool to organize the
complexity of the information that must be exchanged among the stakeholders in the
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phases of the set up of a new value network: it can be seen as an internal and
external communication tool describing the "rules of the game" of the solution, in
terms of services exchanged among the players.
In conceiving this method to elaborate pro-active material for communication,
several models or communication have been taken into account as inspirational
inputs. Among the others, these are the most relevant:
- franchiser – franchisee like communication materials
- advertising like brochures
An appropriate Communication Support Material (CSM) for product-service-systems
can help in fitting the gap between the design level and the implementation level of
a solution development.
In the elaboration of such CSM they must be considered several points of view from
external perspectives – e.g. as potential consumers/users can see the proposed
solution.
A theoretical background about how to communicate complex projects is presented
and its characteristics are pointed out.
The proposed method to elaborate the CSMs is described in the follow phases:
(1)The selection of communication materials available in the market based on
some criteria such as: similarity of the offer (product, service), quality of the
material (communication efficiency), language functions exploration. This
can be defined a benchmarking of the communication material;
(2)The analysis of the so collected communication materials, according with
the functions of language proposed by Jackobson (1976);
(3)The identification of the key-contents to be communicated by the CSMs and
the outlining of some possible graphic formats: graphic representations,
verbal and non verbal communications;
(4)The presentation and the discussion of the contents with the stakeholders
already involved in the project;
(5) The refinement of the “customized CSMs project”;
(6) The presentation of a prototype of the CSMs for a selected solution.
A specific case study taken from the solutions developed in the research project
HiCS - the "Your Dining Corner solution” - is discussed. It is particularly interesting
because it is a multipart service that occurs on 4 levels of interactions between
several different profiles of stakeholders.
The results of this work reinforce the idea that the proposed CSMs elaboration
method can support designers in developing new product-service-systems.
During the development of a product-service-system the CSMs – in its progressive
versions can play some relevant roles, such as:
• an explicit base to discuss operational details and to understand intermediary
providers' and final consumers' expectations that migh be not clear in the design
activity;
• a tool to analyze the operational/technical feasibility of the service and the its
acceptance by the user (business or final user);
• a frame to promote discussions about strategic points of the business, such s
the market position, the identity and the brand importance, etc;
• a communication support (that acts as an interface) to facilitate the contact
between the different service levels.
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The authors at the Environmental Policy & Management Group (EPMG),
Department of Environmental Science and Technology, Imperial College
London have developed a pragmatic approach for supporting Sustainable Product
and/or Service Development (SPSD) in industry. One fundamental aspect of this
approach is incorporating a focus on functional needs and considering the most
sustainable way to provide these needs, whether it be through a service, product or
a Product Service Systems (PSS) combination. The proposed presentation would
describe the SPSD approach and how it incorporates functional based thinking and
PSS concepts to achieve a more sustainable offering. The SPSD approach has been
tested on a representative group of companies (with varying activities, industry
sectors, sizes, role in supply/value chain). The results of the implementation of
SPSD illustrated sustainability benefits as well as other benefits. These new
industry case examples, to include several resulting in PSS, will be used to illustrate
the sustainability and other business benefits (cost savings, competitive advantage,
improved supplier relations and capability building) which can be achieved.
The SPSD approach provides a framework for implementing SPSD throughout the
complete lifecycle of an offering – be it a product, service or Product Service
System (PSS) (i.e. a product and/or service) and the associated supply chain. SPSD
is the process of making products and/or services in a more sustainable way in
terms of achieving an optimum balance between environmental protection, social
equity and economic prosperity throughout their entire lifecycle (cradle to cradle)
while still meeting traditional product and/or service requirements. It aims to identify,
assess and implement the options for integrating sustainability in product and/or
service development. The SPSD approach integrates with existing Sustainable
Production approaches for industry and builds on existing Sustainable Product
Development initiatives e.g. ecodesign. The SPSD approach represents an
innovation in the tools and methods for developing sustainable products and/or
services in industry.
The SPSD approach is the result of a research project which investigated the
requirements for developing offerings with real TBL sustainability benefits and the
ability of existing available approaches, concepts, methods, tools etc.. to achieve
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this. In order to determine what was needed in an SPSD approach, criteria for
“effective” SPSD implementation, i.e. resulting in the production of products and/or
services with reduced sustainability impacts and meeting relevant industry
requirements, were determined. The SPSD approach was developed following an
assessment of existing approaches in line with the criteria identified for effectively
developing sustainable products and services in industry (Maxwell and van der
Vorst, 2002 and 2003). This resulted in a rethink of the existing approaches, largely
designed with only environment in mind, and to incorporate the increasing shift
towards the more holistic sustainability requirements, as well as other key criteria
identified as necessary for effective implementation. These criteria were
incorporated into the SPSD approach. They include the following:•

Using the supply chain dynamics for specific product and service supply
chains to determine the most effective target organisations and ways to
implement SPSD in the first place. SPSD uses a new approach that
targets the product supply chain rather than individual companies, which
traditional environmental performance improvement methods target.

•

In implementing SPSD in an organisation:⇒ Use of a strategy level approach with sustainability and the
development of sustainable products and/or services as a
corporate aim, which is integrated into existing business systems
to include product and service development;
⇒ Use of a simple, flexible, practical approach based on a
qualitative framework of suggested actions with suitable
customised supports;
⇒ Provision of relevant supporting information to include the
business case for implementing SPSD, legal and market drivers,
compliance requirements, standards and innovative case
examples;
⇒ Incorporating mechanisms for effective integration and coordination of supply chain organisations;
⇒ Incorporating mechanisms for effective communication,
organisation and management internally and across the supply
chain;
⇒ Use of business language suited to the company/industry culture.

•

In the product and/or service development process:⇒ Focus on the provision of functions rather than products and
determine the optimum sustainable way to provide the function to
include the consideration of services, products and PSS as
suitable;
⇒ Consideration of the wider systems (infrastructure etc.) in which
the product and/or service currently, or will operate in;
⇒ Incorporate all lifecycle phases from product conception (when
there only is a function) through to end of life (incorporating all
recovery, reuse, recycling and disposal options, as relevant)
using a cradle to cradle approach;
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⇒ Integrate sustainability criteria (environmental, social and
economic issues) with traditional product and/or service criteria
e.g. quality, cost, technical feasibility etc
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15.1

INTRODUCTION

The relevance of systemic solutions consisting in systems of products and services
is commonly recognised in several design and corporate contexts. However the
definition of specific methodologies to manage the design process of Product
Service Systems has rarely been considered in design-related disciplines.
Several contributions from marketing and management disciplines (Ramaswamy,
1996 ,Normann, 2000, Eiglier, 1977, Goedkoop, 1999, Shostack, 1982) are a good
starting point for such a definition, however the innovation potential of product
service system requires an accurate design process, which consider product design
issues, as well as communicational, social and economic aspects.
A product service system is a social construction, based on ‘attraction forces’
(goals, expected results) which catalyse the participation of several actors in a
network.
This network is the base for the value co-production process 1. Its effectiveness is
based on the vision of possible and desirable scenarios.
Designing a product service system means working on the catalysing factors that
generate cohesion, that means:
• Working on the identification of the actors in the network, on the basis of defined
analytical frameworks;
• Working on possible PSS scenarios, verifying use cases, sequences of actions
and actors’ role;
• Working on possible representation and management tools to represent a PSS in
all it components, i.e. physical elements, logical links and temporal sequences.
This presentation refers on a teaching experience at the school of Architecture and
Design at Aalborg University. This experience is based on previous research work
by the author ({Morelli, 2001, 2002a, 2002b, 2003) and by other researchers
involved in this teaching experience.
Tools and methods discussed in this presentation are not new, they are commonly
used in other disciplines. The contribution of this paper, however, consists in the
application of such tools in a design education exercise, with the aim of verifying
them and generating a methodology for the design process of a PSS.
15.2

IDENTIFYING THE ACTORS NETWORK

Industrial products and services are not only a technical entity, but also the result of
a socio-technical process. Innovation process and the trajectory that determines the
success or the failure of design solutions are strongly influenced by the actors who
directly or indirectly participate to such processes ({Bijker et al 1987, Bijker 1995).
Such actors include animated entities (such as companies, designers, users and

1 The concept of value co-production in service activity has been introduced by {Ramirez, 1999,

Normann and Ramirez 1994)
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suppliers) and unanimated factors (such as regulations, technologies and other
products and services used in the same production and consumption system). 2
Bijkers (1995) provides a set of criteria for the analysis of relevant social groups.
Such framework considers, for each group, a series of parameters according to
which the group will tend to shape a product or a system.
Examples of students’ work will be showed, on the use of such a method in a project
for a public service.
15.3

ENVISIONING THE PSS: SCENARIOS AND USE CASES

The design discipline is very familiar with tools to represent and envision the
technical and physical characteristics of products. Designers, however, are not
familiar to any methods to envision complex systemic constructions including social
and cultural factors.
Scenarios and use cases may prove useful for this process. Such methods are used
in information technology to develop the architecture of information
systems.(Leffingwell, 2000, Kulak, 2000). The use of such technique in the design
discipline has been proposed by the author in some recent papers {Morelli, 2002a
and b)
The development of scenarios is based on the actors’ profiles and on the possibility
that different actors are involved in different configurations of the PSS. Each
scenario is composed by a number of descriptions of events (use cases) that
describe the details of sequence of action for each function included in a scenario.
Use cases may be described in a diagrammatic way, that shows the flow of events,
actors involved, pre and post-condition for each use case and alternative paths. The
graphical description may also include further information such as the space in
which each action takes places and other actions beyond the line of visibility of the
service (e.g. procedures and infrastructures that have to be in place in order for the
service to work, without necessarily being perceived by a normal user).
15.4

REPRESENTING THE STRUCTURE OF PSS

Once defined through scenarios and use cases, a PSS needs to be thoroughly
explored, in order to understand all the phases in which the designer’s intervention
is required.
While the development of the physical features of a product is based on an
exploration of dimensional, esthetical technological and mechanical characteristics
of the product, the service components of this project required them to add more
variables to the project. The new variable included the time dimension, the
dimension of the interaction between people, and other hidden dimension related to
cultural mind frames, social habits. The paper will illustrate the use of IDEF0
(Integration definition for function modelling) in order to model the functions
2 The perspective including unanimated factors among those factors influencing the social shaping of

an artefact has been considered by Law (1987) and Callon (1989); the author has proposed the same
perspective in previous papers (Morelli, 2001, 2002a and b). The inclusion of non-animated factors as
‘actors’ shaping a PSS is of course an abstraction. It is clear, however, that non-animated products
and technologies are, in turn the result of a previous social construction process. Such products and
technologies have embedded social, cultural and technological values and believes that shaped them.
Such values are critical for the construction of the new PSS.
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(activities, actions, processes, operations) required by a system or enterprise, and
the functional relationships and data (information or objects) that support the
integration of those functions National Institute of Standard and Technology (1993).
The model allows for a progressive detailing of the functions and actions in the
system, while keeping the link between each element in the system.
The methodological approach proposed in this paper combines tools and methods
illustrated in this abstract. The intrinsic complexity of some PSS requires that such
tools to be used with a high degree of flexibility: ‘narrative’ tools, such as scenarios
and use cases should be preferred in the definition phases, whereas more
‘technical’ tools are preferable for defining the structure of PSS.
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16.1

INTRODUCTION

The paper will introduce the open front research on design of sustainable PSS in
emerging contexts based on the hypothesis that innovative solutions, based on the
PSS concept, could act as a mechanism for a sustainable socio-economic
development in emerging contexts. First, the reasons for the applicability of PSS in
emerging contexts will be explained. Then, it will be introduced the idea that PPS
already exists in emerging contexts and this can be taken as a premise to the
design of PSSs that address the economic, environmental and social dimensions of
sustainability.
The considerations here presented are the result of a multilateral confrontation
process generated by a design exercise, on sustainable PSS, coordinated by the
Politecnico di Milano that involved experts from design education and research
institutions in Brazil, India, Turkey, Hong Kong and China. The content also
presents some partial results and thinking referred to a PhD research currently
being conducted by one of the authors.
16.2

APPLICABILITY OF PSS IN EMERGING CONTEXTS

The applicability of PSS in emerging contexts can be justified first of all because a
PSS is (or should be) more eco-efficient on the system level and cheaper to be
implemented. Second, PSSs are generally more labor and/or intellectual intensive
activities, putting therefore the emerging contexts in an advantageous position
regarding competition in the global market. Third, once PSSs are more focused on
specific contexts of use, it fosters local empowerment. Finally, PSSs are based in
satisfaction rather than ownership, and this may find correspondence in some
cultural contexts in emerging contexts.
If the PSS are more eco-efficient on a system level because of the stakeholders’
convergence of interests, a PSS solution is in principle also “cheaper” on a
macroeconomic scale. In fact, a PSS as a whole (and for a given demand) requires
fewer resources. In other terms, an economic implementation and expansion in
poorer contexts of such systems (for the given satisfaction demand) could be easier
than other resources-intensive solutions.
Furthermore, PSS do not require significant investments in specific technologies,
except for Information & Communication Technologies, which, generally speaking,
require a drastically lower investment cost, in comparison with technological
infrastructures transferred to emerging contexts in recent times.
PSS are generally more labor and/or intellectual intensive activities, because
services are generally so. And the lower labor costs may lead developing contexts
up to an advantage. Hence their PSS could be more competitive on a global market.
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Being PSS focused on specifying the context of production and use/fruition, they
should foster the increase in power and local stakeholder involvement, improving
local economies and activities raising both employment and salary. And in a broader
sense, PSS may act as a promising entrepreneurial concept to facilitate the process
of socio-economical development - by jumping over or by passing the stage
characterized by individual consumption/ownership of mass produced goods towards a more advanced “satisfaction-based” and “resources-saving” serviceeconomy.
16.3

PSS ALREADY EXISTS IN EMERGING CONTEXTS

For example we see more shared use of products (in keeping with cultural norms)
than in industrialized contexts. The use of car-pooling system is a common solution
for mobility in several worldwide developing contexts. That is a sharing solution,
hence in a mere environmental perspective better than using a single car per
person, i.e. per km and per person transported the environmental impact is lower
compared to private car transportation in industrialized contexts.
On the other hand, some cases show the introduction of the most modern utilities
offered and accessed by large numbers of people through service brokers. An
example is the dissemination of Internet cafe sites in developing and newly
industrialized contexts, which is even more rapid than in the developed ones. And
this kind of PSS is appreciable by both emerging and industrialized contexts, so
forth offering a globally “sharable” quality standard. This service favors the access
to the internet to people that otherwise would not be able to afford a pc or an
internet connection. Hence those kinds of solutions are sustainable, not only in
environmental and economical terms, but also in the socio-ethical dimension of
sustainability.
But looking closer we can verify that a number of systems based on traditional
services can actually offer a very rich starting point for the debate of PSS concept in
emerging contexts. And when opening up the debate to local experts we find a great
deal of concern that local cultural set of values cannot be overlooked when
introducing new system models. Actually a cultural-led approach to PSS or a
localised sustainable PSS approach that is based on the local culture are seen as
the desirable roads.
Therefore, the hypothesis is that there are potential PSSs already existent in
emerging contexts that are based on local competencies, local capabilities and local
knowledge that can be taken as a starting point for the development of sustainable
systems. Once identified, those existing PSSs in emerging contexts can be further
developed improved in their social and environmental qualities. The foreseen
impacts of such action are twofold. First, the resulting innovative systems, based on
the PSS concept, would act as “catalysers” for a sustainable socio-economic
development in these contexts that would reach sustainability through own specific
solutions. Second, these resulting systems could serve as models to be adapted
and implemented elsewhere (i.e. industrialized contexts), a matrix to be replicated,
helping the transition towards sustainability at large.
This is indeed, a novel approach regarding PSS research, and only very recently the
debate and research on PSS has recently begun to address the PSS potentials to
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improve the socio-ethical dimension of sustainability. The overall framework is the
avoidance to pass through the obsolete (unsustainable) development models
presented by the industrialised countries, reaching instead, sustainability through
own specific solutions. UNEP has also addressed this desirable trend: “For
developing countries, (.) a PSS may act as an opportunity to facilitate the process of
industrialization, by jumping over or by passing the stage characterized by individual
consumption/ownership of mass produced goods – towards the more advanced
service-economy.” (UNEP, 2002)
Furthermore, PSS research has so far been mostly addressed to industrialized
contexts, where the shift towards producing and delivering PSS is already
underway. The research of PSS in emerging contexts is apparently very new, what
has been confirmed by fellow Turks experts.
A second level of the hypothesis come to pass to the designers attributions through
the investigation of the role of the designer in the development of sustainable PSSs
in emerging contexts, the evaluation of the design competencies in this field,
identifying his methods, tools and project approaches. What we propose is the
development of a specific methodology that is based on local knowledge. This
methodology will take as guideline some ongoing research on PSS like the HiCs
research (Highly Customized Solutions - European Union FP5 project) and the
MEPSS project (Design Methodology and Toolkit for Industry - European Union FP5
project). Its construction will also derive from observation of some selected best
practices cases.
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Abstract
Product-Service Systems is both a novel concept and approach for developing and
analysing sustainable products and services, which is very suitable for taking into
account both the whole lifecycle, the demand side and the full supply chain.
Therefore the PSS approach might combine several environmental improvement
strategies in a system oriented approach A PSS may include services, one or
several products covering theirs entire life cycle, the behaviour of users and
consumers, and services and arrangements enabling the full PSS. If properly
designed and applied, PSS may also contribute to a product to service switch as a
major dematerialization and environmental improvement strategy. A key thought
behind the latter strategy is that adding service to products could satisfy (growing)
consumer and customer needs, while at the same time the cost of the service
component is added and the share of labour in the price increases. This results in a
reduced environmental burden per unit of expenditure enabling economic growth
without increasing material usage.
This paper presents backcasting as a participatory approach for developing
sustainable PSS using stakeholder workshops and normative scenarios and applies
it to the field of catering, food services and eating out in the Netherlands. Though
this sector can be seen as a traditional service sector having a core business of
selling combinations of foods to which service is added, it may have potential for
further service extension, sustainable product development, the development of
sustainable product-service systems, and an extended contribution to product-toservice switch. However, its present growing environmental burden should be
decreased, and incorporating social sustainability in its activities is necessary. This
paper includes the following:
• It describes the present eating out and food service sector, emerging trends and
developments, main unsustainabilities and a stakeholder analysis including
demand side and supply chain.
• It elaborates why eating out and food services can be seen as examples of PSS,
explores the potential of Food Services and what makes them unsustainable
PSS
• It discusses the sustainability potential of eating out and food services,
environmental improvement strategies and how this can contribute to an
environmentally sound product-to-service switch
• It describes the backcasting approach applied an it reports on several
stakeholder workshops where creativity was applied in a structured way for
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•

generating ideas and proto-scenarios for sustainable eating out and sustainable
catering.
It reports on how scenarios were elaborated into PSS proposals, their
environmental gain and how further development and realisation could take
place.
It reports on elaborated scenarios (based on stakeholder workshop results), their
environmental gain and how further development and realisation could take
place and what kind of implementation strategies, (business) stakeholder
alliances and policies could help.

Keywords: Sustainable Eating Out; Catering and Food Service Sector; Consumption;
Product-Service Systems, Backcasting, Scenarios
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18.1

INTRODUCTION

This paper contributes to SusProNet a fundamental contextualization of PSS design
that to date is lacking from the more pragmatic research focus into PSSs, as well as
some preliminary findings of experiments designed to elucidate these more
fundamental design contexts.
18.2

DESIGNERLY PSS

The notion of product-service systems emerged from the maturation of debates
about sustainability, particularly in relation to resource productivity (Schmidt-Bleek,
1993; Stahel and Jackson 1993). To this extent, PSSs represent the convergence of
sustainable development and new business development (Goedkoop et al 1999,
Zaring 2001. Vogtlander, Hendriks and Brezet 2001). This history is evident in the
nature of the participants and research foci of SusProNet. However, there is the risk
that this legacy blinds the work of SusProNet to the fundamental difficulties involved
in getting industrial designers to design PSSs instead of plain products.
Industrial design processes for the last century have centered around the
materialization of tangible outcomes (Findeli, 2001). Given the dematerialization
ambitions of PSSs, tools developed to facilitate the design of PSSs need to explicitly
take into account the extent to which they are going completely against the grain of
conventional designing (Tonkinwise, 2003). This is not being done in most cases (eg
Morelli, 2003). If there is evidence that less ambitious ecodesign tools have not
been taken up widely by designers because of their lack of fit with the history and
nature of design processes (Lindahl 2003), this danger is considerably greater for
PSS design tools.
Given these difficulties, it is appropriate to suggest that PSSs probably should be
developed by actors other than industrial designers. However, unless industrial
designers are active participants in the design of PSS — to the extent that they are
offering PSS-type solutions to briefs from clients for conventional product
innovations — the ability of PSSs to dematerialize our societies will be undermined
by the continued product-centric output of industrial designers.
How then should we teach designers to see PSSs as creative design solutions that
they can and should generate?
18.3

NOVICE PSS DESIGN

Some design research experiments have been run at three Australian universities to
test the ability of design students to notice and elaborate PSS design solutions. The
aim was to identify the best ways to teach designers to include PSSs in their
solution repertoires when designing. The experiments involved documenting and
analyzing the processes and responses of design students to briefs that allowed but
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did not specify PSS solutions, as well as briefs that required the generation of PSS
solutions. In iterations of either case, various PSS design tools developed by
SusProNet researchers were offered to assist the students (Brezet, 2001)
The findings of the experiments indicate the importance of educating designers in
the design of PSS in ways that:
1) confront the key motivational issues behind the identity of designers (as
opposed to entrepreneurs) and the satisfiers that sustain them through
difficult briefs (Harrison, 1979)
2) support their processes with ‘designerly’ (Cross, 2001) tools, that is, are not
merely plans or checklists but orient the mood and situated actions of design
processes (Winograd & Flores, 1987; Suchman, 1987)
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19.1

AIM AND DESIGN OF THE PROJECT ‘INERIWI’

For Austrian business-to-business sectors of high economic and ecological
relevance potentials for innovative product service systems (PSS) shall be examined
in order to increase overall resource-efficiency. The project ‘INERIWI’ is funded by
the program ‘Factory of Tomorrow – an Initiative of the Austrian Federal Ministry of
Transport, Innovation, and Technology (BMVIT)’ and consists of 4 steps (carried out
from 05-2003 till 10-2005):
o Survey on a broad range of functions needed by different business sectors. For
in-depth analysis the following areas have been selected:
 B1: Protection of goods against external impacts (at transport),
 B2: Cleaning of industrial systems and containers,
 B3: Shaping (e.g. via extrusion) & treatment of forms (e.g. with cutting
tools),
 B4: Chemical processing & separation,
 B5: Treatment of surfaces and preparation of semi-finished products for
following procedures.
o Companies offering products and/or services in the selected areas have been
invited to a first workshop or have been interviewed in order to find out their
experiences and their (regular) customers.
o Potential clients of PSS in B1 – B5 are contacted by questionnaire asking for
their experiences and preferences. The information collected will be
supplemented by personal interviews in selected companies.
o Companies offering PSS and potential customers of PSS will meet in ‘tandems’
in order to (further) develop models within the selected areas. These models will
be analysed by the project team with respect to their economic, ecological and
social implications.
19.2

SURVEY WITHIN AUSTRIAN COMPANIES ON MARKET
ACCEPTANCE OF PSS

A questionnaire has been sent to the managers of more than 1.500 companies. The
following hypotheses shall be verified:
o In the areas selected (B1 – B5) the functions needed can be provided by PSS.
o Potential clients of PSS in B1 – B5 are members of the business sectors
identified as target groups of the questionnaire.
o Companies having many and different kinds of co-operations and/or acting within
networks more likely accept PSS offers than those companies having fewer
relations.
o (Possibility of) changing to PSS directly relates to a small number of suppliers.
o Companies reporting good experiences with market-ready services (e.g. leasing
of movables or real estates, contracting of energy or machines) more likely
accept PSS offers in other areas.
o Companies prefer the use of PSS in fields peripheral to their core business (i.e.
supporting processes).
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Companies taking sustainability into account in their product design are (more)
interested in PSS.
In addition, the survey will illustrate the PSS state-of-the-art in Austria in selected
areas and sectors. Needs and demands of companies with respect to PSS will be
high-lighted and potential offering partners shall be named in order to jointly develop
successful PSS models driven by market demands.
o

Thus, the questionnaire collects data on the companies profiles and consists of the
following parts:
o Products and the product design process in the company
o (Semi-finished) products, services and infrastructure needed for the production
processes
o Business relations
o The company as a client of innovative PSS
The results of the customers survey will be available by end of April 2004 and can
thus be presented on the ‘sus|pro-net’ conference.
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BRINGING PRODUCT SERVICE SYSTEMS INTO BUSINESS
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After some years of experimenting with the development and implementation of
product service systems (PSS) aimed at leap frogs towards sustainability several
research programs put a lot of effort into the development of methodologies for
organizing and designing this kind of innovation processes (Brezet et al. 2001 a ,
Brezet et al. 2001 b ) These different methodologies are showing a high degree of
similarity. A certain consensus can be discovered among researchers and
consultants working on the development of sustainable product service systems.
The results of the “reflective practice” programs on PSS in which the authors were
involved can be summarized as follows:
o It is possible to create future PSSs concepts with a high sustainability potential,
using both existing products and new technologies. Examples: the “MITKA”
comfort-bicycle annex service system, the flexible office; the wash-in concept
(combining collective wash services and new technology). Creative approaches
and tools for PSS concept development (scenario techniques, stake holder
analysis, life cycle assessment of product-systems etc.) are available;
o The implementation of these PSS concepts requires the formation of new
business coalitions and involves power shifts that can delay or block their
realization. Only few of the consciously designed sustainable PSS’s have
successfully reached the market;
o Involved industrial designers have underestimated the need of involving
sufficient knowledge and expertise on entrepreneurship (perceiving and realizing
market opportunities), particularly on new venture development, in the
implementation phase (Berchicci 2003).
Therefore, the focus of today’s Design for Sustainability program is on the
involvement of the entrepreneurial sciences into the program. A joint venture has
been set up with the Center for Entrepreneurship of the Erasmus University in
Rotterdam, not only involving senior staff and PhD research but also joint designbusiness project activities of both the industrial design student from the Delft
University of Technology and the entrepreneurship students of the Erasmus
University Rotterdam with several incubators in the area.
As a consequence, in the industrial design curriculum more attention will be given to
disciplines such as business planning, new ventures etc. Some first new productservice business combinations have been established by the students. This paper
will address the results of the new business development by the teams of students.
A part of the teams has developed PSS’s for existing companies another part
developed PSS’s for new ventures. Besides the descriptions of the cases, this paper
will reflect on the integration of design and business and on the PSS-methodology
and –tools used by the students.
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21.1

INTRODUCTION

Better control of product life cycles gives the possibility of more sustainable use of
resources. This control can come from using information technology to improve our
knowledge of the manufacture, transport, use, maintenance and disposal of the
product, enabling better decisions on resource use and re-use. The EC-funded
ELIMA (Environmental life cycle information management and acquisition for
consumer products) project (www.elima.org) has developed an information
management system which collects data from two prototype products with additional
IT functions (data capture and communications by RFID or GSM). This system
allows reporting of events and analysis of data to provide unique tools for controlling
the life cycle of products - in manufacture, in transit and storage or in use and
disposal.

21.2

ELIMA

The ELIMA information management system consists of a database with
communication facilities, security features to control access by various
stakeholders, analysis of raw data with statistical functions, and query and
reporting. This system is currently accepting data from batches of two products –
400 refrigeration appliances and 200 consumer entertainment products. Initial
results show that data collected from the products is proving of value to the
producers, once processed appropriately. This forms a model for a future PSS
where the value added by the information drives the business model; we have
therefore developed a method for creating business models of information-based
product/service systems in order to explore their characteristics and feasibility
(Simon & Dixon, 2003).
In a typical product life cycle there are requirements for many different stakeholders
to access the information management system. For example, stakeholders fulfilling
different roles such as manufacturer, design/development, reuse/recycling, etc. will
require access to the information for PSS decision-making such as design
improvement, associated services or recycling. This multi-user access is possible to
the Environmental Life-cycle Information Management System for consumer
products (ELIMS) which was developed by De Montfort University.
The data input to the information system is acquired via an identification data unit
(IDU), the database can communicate with the IDU - using, a GSM connection, or a
readable RFID tag. The system includes: a data store with a range of management
components including data manipulation, security monitor, transaction management,
concurrency control and database administration; a core program using a Web
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browser-based interface which will allow the individual stakeholders to select,
manipulate and download the data relevant to them. The total added environmental
impact of the extra electronics and the infrastructure of the information management
system add less than 1% to the environmental impact of the product (McManus &
Simon, 2003).
It is essential that such systems record dynamic use data as well as static build
data; the ELIMA project tests two show that the value of the collected information is
potentially high for the producer, but unless the PSS is specifically designed to give
direct user benefits, there may be little incentive for the user to co-operate.
However, a PSS which modifies consumer behaviour in the direction of reduced
resource consumption could have a significant sustainability impact; changing
consumer behaviour is an important but neglected area of sustainable development
(Simon & Dixon, 2001).
We have surveyed a variety of users in Europe to establish their attitudes to the
data collection and related possible PSS concepts. Of 200 fridge testing users,
most are happy for data to be collected (for payment), over half are not bothered
exactly what is collected; many are concerned about use of the data and think prior
consent should be gained; many oppose passing data beyond the producer to third
parties. Of 330 members of the UK public, most can see the benefits for the
producer and some are hostile to the concept of use data collection;few can see a
direct benefit to themselves.
This project is also modelling component and product reliability to generate
estimates of material arisings at repair and end-of-life stages, linked to life cycle
costing. It is difficult to use mathematical solutions to work out this dynamic and
stochastic situation with large numbers of products involved, which is where
simulation comes in. The Arena computer simulation program has been employed to
develop a dynamic system model, with which product failure can be predicted and
the history records of each product can be tracked as a function of service time.

21.3

CONCLUSIONS

Design and manufacture for sustainable development requires that producers take
control and actively manage the life cycles of their products. Exploiting ICT systems
to do this, along with product identification systems, is likely to be cheap and add
little to overall environmental impact; however, there are social consequences in
terms of privacy invasion.
Product/service systems are not necessarily more sustainable solutions – but they
do involve closer relationships between actors in the supply chain. Results of early
studies show that not all applications of the ELIMA concept are commercially viable;
however, some are viable and potentially profitable as long as the correct
relationships between stakeholders exist.
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22.1

INTRODUCTION

One key issue regarding the Product Service System (PSS) is to what extent it
reduces material use and environmental pressures. This study examined a
quantitative method of evaluating the PSS for electric and electronic equipment
based on product lifespan and product demand. The method is simple, yet
effectively illustrates the quantitative environmental contribution of PSS.
A lease/reuse system is one major type of PSS for electric and electronic equipment
such as copier machines, TV sets, refrigerators, washing machines, and personal
computers. In Japan, the lease system for electric and electronic equipment has
been frequently used in business sector, but not yet in households. One survey,
however, showed that the average age of leased products is shorter than that of
purchased products by several years. This finding suggests that the lease system
shortens the product lifespan, which contradicts the purpose of PSS. On the other
hand, most leased products are reused as “lease-back products,” and the lease
system could increase the ratios of collection and reuse of products compared to the
conventional reuse system. This complex situation requires a quantitative evaluation
of PSS in terms of environmental improvement. This study therefore examined a
quantitative method of evaluating the lease/reuse system for electric and electronic
equipment based on product lifespan and product demand, in order to clarify the
contribution of PSS to reducing material use and environmental burdens.

22.2

EVALUATION OF THE LEASE/REUSE SYSTEM

This study devised a quantitative evaluation method and examined three systems:
non-lease/non-reuse system, conventional reuse system, and lease system. For
simplicity, we considered static conditions (taking into account the current situation
in Japan): the total number of products in use is 100T units, the lifetime of nonreused products is 10 years; 10% of total products in use are secondhand products
and they are reused until their product age becomes 15 years; lease products
account for 2% of total units in use; they are supplied until their product age
becomes 5 years, then these products are reused as dominant secondhand
products; oversupply of secondhand product does not increase the share of
secondhand products in use. The evaluation method is simple. The annual product
demand (APD) is calculated by dividing the number of products in use by the period
in use. The lower the value of APD, the more environmentally preferable the system
is.
Based on these conditions, APD of the non-lease/non-reuse system was calculated
as 10T unit/year. APD of the conventional reuse system (excluding lease system)
was 9T unit/year. The reuse system contributes to a 10% reduction of products in
use. APD of the lease system (including lease system) was, however, 9.2T
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unit/year. Even if all of the lease-back products are reused until their product age
becomes 15 years, this kind of lease system, which shortens the product lifespan, was
considered to be inferior to the conventional reuse system.
However, as noted above, the lease system could increase the ratios of collection
and reuse of products and may increase the share of secondhand products in use. It
is calculated that a 2% increase of the secondhand product share would give the
same APD as that of the conventional reuse system. Although it is necessary to
study whether the lease system can achieve this increase, the devised method
provides useful information for system evaluation.

22.3

CONCLUSIONS AND FUTURE RESEARCH

The results of a case study showed that the devised quantitative evaluation method
is simple and yet effectively illustrates the quantitative environmental contribution of
PSS for electric and electronic equipment. However, the results were based on
unproven assumptions regarding the system conditions, and we could not conclude
which system is superior. Detailed empirical research on system conditions
therefore needs to be undertaken.
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Environmental concerns are at the forefront of much of manufacturing industry’s
thinking.
This can take the form of simply responding to ever increasing
environmental legislation, energy management to meet the requirements under
Climate Change Levy agreements, waste management to reduce the impact of
landfill taxes, through to the full implementation of an environmental management
system such as ISO 14001 or EMAS. The primary aim of all these is to improve the
environmental efficiency of the companies concerned. Much of the latest
environmental legislation however is associated with producer responsibility and
concerns the whole life-cycle of a product.
Systems used in the assessment of the life cycle of products often take the form of
capturing the products ‘carbon footprint’. This generally is limited and Ashley et al,
2001 introduce the concept of technical elements into the assessment of
sustainability and conclude that progress towards sustainability necessitates
complex multi-criteria and multi-objectives, each having disparate and
incommensurate units of measurement, in decision making. This is further supported
by new and emerging initiatives such as design chemistry (McDonough and
Braungart, 2002), the Sward concept (Ashley et al, 2001), the SpeAR concept (Ove
Arup, 2002) and Flexiframe. are developing sustainability indicators in the spheres
of environment, societal, natural resources and economic.
To capture this extended multi-criteria and multi-objective data requires a rethinking
of the product/service system. This paper argues that item-attendant ICT,
encompassing the technologies and principles that are traditionally referred to as
automatic identification and data capture (AIDC) can be used to provide the
effective solutions for capturing the environmental footprint of products from source
to end of life and offer the prospect of radical systems improvement and significant
process and product innovation.
AIDC is a collective term for a range of identification and data carrier technologies,
ranging from linear bar codes, through two-dimensional multi-row bar code and
matrix codes, composite codes, magnetic encoding technologies to silicon-based
contact memory and radiofrequency identification (RFID). The data carrier based
technologies may also be referred to as item-attendant, in that the data carriers are
attached to, incorporated or accompany items and are used for the purpose of
identifying the items and carrying data or information about them or concerning the
way in which they may be handled. Such carriers can be considered to carry itemattendant data. Part of the data payload may in clued ‘licence plate’ codes that can
be used as keys to information (item-associated information) stored elsewhere.
These facilities for identification, item-attendant and item-associated data provide a
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powerful vehicle for distinguishing manufactured products and facilitating
environmental support functions (concerning recycling and disposal) and
assessment of environmental sustainability.
For environmental process support purposes product/service data captured through
the use of AIDC technology can be exploited in a number of ways:
•

•
•

•

Development of an all-encompassing ‘environmental footprint’ as opposed to
the limited ‘carbon footprint’ currently offered by life-cycle assessment
packages.
A system to help in the design for the environment (DfE) concept.
A system which allows ‘buyers’ in companies to meet their corporate social
responsibilities to enable buying decisions to be made not only on an
economic basis but also on an environmental footprint basis. The
information could also be used for bench-marking, either between rival
products or within a manufactures product portfolio to detect internal trends
towards greater sustainability.
As AIDC technology is a dynamic form of information capture then it will be
possible to update the ‘environmental footprint’ on suitable products as they
are transported large distances. This will encourage more local production
to satisfy local markets, indeed a more sustainable system meeting the
requirements of the Ontological version of the Sustainability Triad
(Ehrenfeld, 2002) i.e. moralistic, humanistic and naturalistic.

Depending upon the type of data carrier data may be read-only, write-once-readmay or read / write, the latter being characterised by the more sophisticated siliconbased and magnetic data carriers. Carriers are available in a wide variety of forms
to meet equally varied environmental conditions and other application requirements.
Some are achievable by direct marking or inclusion within the item or product on
manufacture. Data carriers may also be used to carry location data and time-stamp
information as a basis for more inclusive support and assessment strategies
concerning environmental sustainability. The type of data carrier also raises issues
of cost and the energy foot-print they represent. Part of the methodology for
applying AIDC covers the need for justification of data carrier usage in economic,
environmental and technological terms.
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As SusProNet, the broadest and deepest set of considerations of PSS to date,
concludes, assessments are being made of the business and environmental
sustainability of these initiatives. One of the latest and most comprehensive
evaluations is Arnold Tukker’s “Eight Types of Product-Service Systems: Eight Ways
to Sustainability” (2003).
This paper is a response to Tukker’s insightful survey. It aims to exploit an
outsider’s perspective in order to draw attention to what perhaps is being missed by
the insiders. It is particularly motivated by an attempt to hold open all the
possibilities and ambitions behind the PSS approach to sustainable development for
translation to the South East (SE and E Asia via Australia).
The idea of PSSs has attracted research funding because it represents, amongst
several decades of sustainability initiatives, one of the most promising ways of
effecting change to existing conditions in ways that are nonetheless compatible with
existing conditions (Giarini and Stahel 1993; Manzini and Jegou 2003). However, for
this same reason, it is crucial that evaluations of PSSs are symmetrical, matching
the pragmatic demand for short-term compatibility with creative and sophisticated
accounts of their longer-term effectivity.
In this context, it is important to acknowledge the extent to which the twin
decouplings behind most of the more ambitious PSS ideas — unlinking 1) material
consumption from wealth generation and 2) use from ownership — are radical. If
they are, then existing cases of even limited PSS feasibility offer opportunities for
major paradigmatic restructuring.
As with Life Cycle Assessments, the outcome of evaluations of PSS should not be a
selection (this or that PSS, yes or no), but a design challenge (Ryan 2000). This
paper outlines some of the ‘ontological designing’ (Winograd and Flores 1987;
Spinosa, Flores and Dreyfus 1999) strategies appropriate to that challenge, and
which need to be taken into account as viable possibilities when evaluating PSSs.
These strategies derive from philosophies of material culture, the social construction
of technologies and soft systems social learning (eg Shove 2003).
As a result, this paper concludes by emphasizing that the key to both the feasibility
and effectivity of PSSs is their social sustainability, an aspect more often than not
ignored (eg Tukker 2003). A social sustainability perspective indicates that on the
positive side, in the terms of Ezio Manzini, PSSs enable a new sense of what it
means to be productive (Manzini 1993). But on the negative side, in the terms of
Arendt, PSSs threaten to marketise what remains of spheres of public action (Arendt
1989).
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25.1

BACKGROUND

Management of environmental, social and economic challenges of sustainability
requires a change in patterns of production and consumption. Due to increasing
uncertainties, complexities of relationships and interdependencies, focusing on a
specific level of change is extremely difficult. Grasping the nature of change needed
requires rather concentrating on systems crossing different societal levels.
According to Rotmans et al. (2000, p. 20), transitions are not caused by single
variables such as a policy act, a price change or a new technology, but are the
results of developments in various domains, which sustain each other such as
technology, economy, institutions, behaviour, culture, ecology and images or
paradigms.
Hence, system innovations for sustainable production and consumption shall involve
changes in sociotechnical systems beyond a change in technical components, since
technical improvements (such as efficiency improvements) have not been sufficient.
This implies that a blend of product innovations, organisational innovations and
technological innovations shall be encouraged.
25.2

LOCATING CAPABILITIES & INSTITUTIONS REQUIRED FOR
SYSTEMS INNOVATION

In this respect, we propose that management of change in the system of production
and consumption shall focus on elements of system innovations. This system is built
around a product life-cycle chain (from extraction of raw materials to use and endof-life management phases) providing a certain function 3 to satisfy a certain human
need area. It encompasses static and dynamic capabilities of product chain actors
(i.e. raw material extractors, producers, retailers, consumers and end-of-life
managers), together with formal and informal institutions, in which they function.
Our previous studies dealt with these crucial factors for system innovations aiming
at triple bottom line (TBL) improvements both at the micro i.e. corporate dynamics
level and at the meso level i.e. societal actors’ interactions (Kuhndt et al. 2003a,
Kuhndt et al. 2003b). As the most powerful players of the innovation system,
designers and marketers deserve considerable attention in the system of production
and consumption. Significantly, dynamic capabilities focusing on the interaction with
societal actors, such as communities, financial institutions, governmental
institutions, technology providers, non-governmental organisations, waste
processors and recyclers, are essential to achieve system wide improvements. It
was concluded that mobilization of resources beyond capabilities internal to a
3 Supported as well by UNEP (UNEP, 2003, p. 7), “functional-based approach” aims at tracking

consumption patterns in each need area such as mobility, food, energy, housing, clothing, leisure, etc.
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corporation are required to achieve system-wide improvements, since transition in
the economic, physical and social infrastructures is a collective process rather than
a single actors’ job.
25.3

THE PROCESS OF DEVELOPING INNOVATIVE PRODUCT-SERVICE
MIX IDEAS

Our recent research concentrates on development of a practical tool to aid
corporations for the development of new business ideas aiming at achievement of
significant TBL improvements. The tool concentrates on the initiation phase (Roger,
2003, p. 420) of the innovation process and aids recognition of sustainability
improvement opportunities. At the same time, identification of required capabilities
and institutional set-up to realize these options is aimed. Assuming that options for
improvement and required capabilities can alter from one sector to another, we have
initially studied the case of ICT sector.
The process begins with the identification of the need for system innovations
with TBL significance. Business can foresee such need in recognition of market
opportunities or market risks. Following the stage of need identification, generation
of new product-service mix ideas comes next.
At the matching stage, an organisation can locate innovation potential of these
concepts and ideas using the “TBL Significant Scanning Tool”, which integrates
stakeholder sustainability concerns. This would enable a comparison for social and
economic value creation and environmental improvement potential. This tool also
helps the organisation to place the idea in the context of the production and
consumption system. In parallel, “TBL Capability Scan Tool” aims at assessing
whether the organisational capabilities and institutions surrounding the organisation
are suitable to achieve innovations with sustainability performance. Construction
process of both tools and suggestions for practical applications will be discussed
during the presentation.
Finally, we will draw some implications for the role of public institutions in the
creating a framework to stimulate and to encourage change at micro, meso and
macro levels. In this study, we have shown that attainment of skills, knowledge and
communication with societal actors is essential for corporations, which have a direct
role in the design and management of production and consumption systems.
However, it is seldom that governments handle the issue of improving organisational
capabilities linked to product-service system development.
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A new way of combining methods for environmental product development and
business development designed for small companies has been tested in a case
study. Nineteen small and medium-sized companies producing and selling services
or products have participated in two different regional projects between August 2002
to April 2004. Fifteen of the companies were service companies and mainly in the
tourist sector. The approach of IPP (Integrated Product Policy) is a central part in
the study. Key principles for IPP such as life cycle thinking, working with the market
and continuous improvements were taken into account. The aim was for the
companies to identify customer demands and their environmental impact and then
work with development projects that gave increased customer satisfaction and less
environmental impact from the service or product. A further aim was to create a
systematic procedure for continued environmental improvements and continued
business development in the companies. The project focused on what the individual
companies thought would gain their business development process the most.
A development council with different experts has supported the companies, and
several seminars, workshops, meetings and visits have taken place. In the first step
the companies conducted a simplified QFD (Quality Function Deployment) to get a
picture of the customer needs or in some cases the employees needs. In step two
they used Eco-indicator 99 to get a profile of the company’s environmental impact.
Step three was an individual development project and step four was about
communicating improvements made. To be able to communicate internally and
externally in a trustworthy way it was important that the companies found their own
words for expressing ideas and results. The focus in the communications has been
towards sustainable development to show a holistic approach that includes
economic, environmental and social development.
In the study we found that there were no problems in handling both service and
goods producing companies in the same project, on the contrary they had a lot of
experiences to share with each other. The companies have very few customers
expressing specific environmental needs today. The only issue where some of their
customers have opinions are regarding waste and recycling. The Eco-indicator
analysis showed that for a majority of the companies the energy consumption is the
single most important environmental issue.
Thus, most of the companies chose to plan for better recycling, identify and plan for
future investments that decrease energy consumption. Working environment has
also been frequently discussed since many of the employees are central in
delivering the service in a service company. Many of the companies in the tourist
sector use season-hired personnel and that can give them some specific problems
regarding participation. But working environment was also important in the other
sectors. As working environment became such an important issue for the companies
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the social perspectives increased. The projects moved towards more of sustainable
business development than it was originally indented. The study presents a couple
of good examples, where investments has decreased environmental impact and
increased both employees and customer satisfaction and some has identified new
customer segments through the QFD. One result is also that the companies in
general found the QFD method easier to use than the LCA-tool.
The most important result is that almost all of the companies in the study express
that they will continue working with the methods and on a regular basis conduct
customer surveys and try to use the simplified LCA to make sure that the company
moves in the right direction.
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In response to the demands for sustainable development, which advocates reducing
resource consumption, but delivering better, more widely available goods and
services, strategies for developing Product-Service Systems (PSS) are becoming
increasingly important. Product-Service Systems promote a focus shift from selling
just products to providing a product service mix while fulfilling the same client
demands with less environmental impact. (Manzini and Vezzoli,2002). However,
serious analysis and development of PSS is still in its infancy (Votta 2001) as there
are still not many examples of PSS schemes in place to serve as testing grounds.
Insufficient know-how about PSS in consumer products and a lack of dissemination
of information about successful PSS in the consumer goods sector is something of
an obstacle (Mont 2003, Wong 2003). Furthermore, to design, develop, and deploy
Product-Service Systems is intrinsically complex in nature. Any available
technological support would benefit the situation, but so far, little attention has been
given to methodologies and tools to design and develop PSS (Tomiyama 2003).
Research into developing practical tools to help enterprises implement sustainable
PSS solutions is at a formative stage (Wong 2003). In order to address the issues
an investigation of Product-Service Systems is being carried out under the European
Commissions Framework V funded project entitled ELIMA (Environmental Life-cycle
Information Management and Acquisition for consumer products).
As identified in the literature there is a shortage of reliable information regarding
PSS implementations for consumer products. A research study aimed at creating
methodologies and support tools for realizing Product-Service Systems is described
in this paper. The approach is derived from a PSS conceptual model, which was
proposed in the first instance.
Product life cycle data is a valuable asset. Through acquisition and use of life cycle
data from the product it is possible to realise benefits in regard to sustainable use of
the resources and reduced environment impact, but furthermore, it can provide the
basis for facilitating value-added services to various stakeholders. Pervasive
Information and Communication Technologies (ICT) enable such capabilities and
value-added services to be realised. A Product-Service Systems conceptual model
for consumer products is shown in Figure 1.
The proposed PSS conceptual model for consumer products consists of five main
parts, namely, (i) the Product, (ii) Identification Data Unit (IDU), (iii) Communication
Support Infrastructure (CSI), (iiii) Service Enabler and (v) Value-added Services.
The IDU is responsible for acquiring the product life cycle data that can be obtained
from the product. The Product and IDU integrated together make up the so-called
“Smart Product”. The Communication Support Infrastructure serves as a channel to
transfer the life cycle data and deliver the value-added services. The PSS Service
Enabler is defined in this research study as “a combination of an information
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management system and expert system capable of jointly enabling services (e.g.,
monitoring, fault isolation, diagnostics, interpretation, etc) to stakeholders involved
during the product life cycle by processing the acquired product life cycle data and
inferring the product domain knowledge“. The Service Enabler is a key component in
the proposed PSS because it is responsible for: (i) receiving the acquired product
life cycle data from the IDU and saving it within the data/information store; (ii)
enabling the services by processing the life cycle data and inferring the domain
knowledge; and (iii) delivering the value-added services to
the stakeholders
The conceptual model presented above is used as a blue print for implementing a
PSS for consumer products. In this approach the PSS is realised through three
steps: (i) making the product “smart”, (Kango et al. 2003) so that its life cycle data
can be acquired, (ii) transmitting the acquired life cycle data to the Service Enable,
and (iii) processing the acquired life cycle data to enable the value-added services
via the Service Enabler. The proposed PSS for consumer products is a composition
of hardware, software, communication and management tools, integrated to provide
multiple services over wide area networks to the various stakeholders involved
during the product life cycle.
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Figure 27.1: Conceptual model of the proposed PSS for consumer products
The Service Enabler is identified as a key building block in the realization of PSS
solutions. In order to aid the building of PSS, tools and methodologies have been
developed to facilitate the realization and deployment of the PSS Service Enabler
(Moore 2003). These tools and associated methodologies have been applied and
tested in the implementation of Service Enablers in product service systems for
various consumer products including whitegoods appliances and games consoles
within this research project.
In summary the proposed approach to realising PSS for consumer products
involves: (i) recognising product life cycle data as a valuable asset and it being
utilised to achieve sustainable PSS; (ii), the PSS exploits appropriate Information
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and Communication Technologies; and (iii) a Service Enabler concept and
implementation framework is needed as a key constituent in realising PSS. The
proposed PSS implementation methodology can be perceived as a service-oriented
business model that enables manufacturers of consumer products to shift their focus
from simply selling product to delivering a product-service mix to achieve both
economic gains and reduce their environmental impact.
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