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Abstract

In today’s competitive business environment, indestneed to improve their strategy in order toaatt
and retain customers. The strategy of Product-8eiSistems (PSS) is motivated by customers bedtause
fulfils their needs more than with traditional pesses. To satisfy these needs, a variety of melibgide

are proposed for PSS design. The field of PSS mefsés not fully mature and there is a need to tifien
the most urgent research directions for design adketlogies. Understanding research directions pesvid
a common basis to investigate research efficiefithis paper aims to identify research directions by
analysing eight methodologies proposed in stateefirt PSS design. It will focus on the similastiand
differences in the way these methodologies defiaeviee and PSS, their objectives, the proposed
tools/methods and the elements used in the toelaell as current research challenges. From thiswe
and assessment, a maturity model has been develop&lialise the current state of developmentS6 P
design through twenty dimensions. The maturity nhbdghlights that only three dimensions are strgng|
treated in current models: design processes fagiating products and services, definitions of new
terminologies and considerations concerning planaimd designing lifecycle phases. All the dimension
need to be substantially improved to support theeld@ment of innovative, useful and understandable
PSS concepts. To enhance the industrial applitalti the proposed methodologies, collaboration
between researchers and practitioners has to bdamiapd through spurring up challenges in two
dimensions: ontology and models for the represimtaif PSS. Since none of the models support the
generation of sustainable PSS, particular emplmasidoeen put on this dimension as well. On the eyhol
the review shows that the field of PSS design mnainitial stage of development and substantsgaech

is required to develop a practical PSS design naetiogy.

Keywords. Product-Service Systems, Design Methodol ogies, Ontology, Sustainability, Survey

1. Introduction

Globalization and increasing demands from custorpee a challenge to industry and prompt it to
become more sustainable. These challenges havenmegrified with the recent economic crisis and they
force industry to explore strategies to gain leger@Dne potential strategy is the shift from a poidto a



service-based economy. In a service based ecorgatigfying individualised customer needs play alvit
role rather than focusing on mass-production andswmption. Customers are more interested in
availability or capability rather than purchasingygical artefacts (Ministry of Defence, 2005). The
benefits derived from improved availability are omit for manufacturers and customers. Traditional
offerings are no longer valid in this scenarioémts of risk and uncertainty.

Within this context, manufacturers can add valuénbjuding various services within their offeringsis
change is commonly termed as servitization. Thandformation has emerged essentially due to
decreasing demands for products that become laesstate and from lower profits gained from selling
products. The main advantage in the industrial doma to lock the customer into a long-term
relationship (Vandermerwe, 2000). To build a susthle relationship in a competitive and challenging
environment, manufacturers should create enougtidemte for the customers and undertake and
manage the larger risks and uncertainties (Ng aip RO009). This transformation provides other
advantages like the difficulty for competitors toitate the service and improved knowledge through
better insight of product use (Alonso-Rasgado e28l04). Various similar concepts have been pregos
in literature such as ‘functional sales’, ‘integmsolutions’ and ‘soft products’.

In servitization, product-service systems (PSSinfar special case. A PSS is an integrated produtt an
service offering that delivers value in use to thestomer (Baines et al., 2007). Meier et al. (2010)
provided a wider insight of research scenariossactioe PSS research areas. They argued that PS8 ena
innovative function-, availability- or result-origzd business models. The aim of PSS is to valuet ass
performance rather than ownership and differemtiathrough the integration of products and services
(Baines et al. 2007). Meier and Massberg, (200deddhe idea that PSS provide solutions that iategr
products, services and business models.

In the process of transformation towards PSS, iniégsrequire support in terms of tools, technigaed
methods. They need assistance to develop systexdyg te deliver offerings over prolonged periods of
time. In literature some methodologies have beepgsed to support them. Even though their intestion
are similar, the proposed methodologies differ Injectives, scope and the elements used. These
differences need to be highlighted in order to ustd®d and choose the appropriate method. Theafoal
this paper is to harmonise all the different pothisy treat and point out the opportunities to iowerthe
state of art.

In this review, 8 well-represented methodologiemnfrliterature have been selected. Similarities and
differences between them are discussed regardmglefinition of service and PSS and the objectives
pursued. An in-depth analysis of their proposedstamd methods as well as their respective menits a
demerits is then undertaken. A maturity model thatng the current state of the art is identified.
Following this, the review discusses three majoallehges facing PSS today: the development of
ontology; systematic modelling approaches emphagizo-creation; and sustainability issues. The pape
concludes with a summary of research gaps and pespluiture directions of research to design preduct
service systems.



2 PSS resear ch methodology and fundamentals

2.1 Review of selected authors

In this paper, state of the art methodologies pgeddor PSS design are reviewed in-detail. Sinakepth
analysis is the main aim of this paper, only methogies proposed specifically in the PSS domairehav
been considered. Other product or service desighadelogies are not discussed here. We have decided
to focus on eight state of the art PSS design ndetbgies. The criteria for choosing these modelstza
summarized:

* The methodology should have been detailed ratlaer described with general models.

» The methodology should have been applied and danaged through industrial examples.

* The methodologies should be published in refemeadnjals and adequately cited in literature.

« The methodologies should be applicable in busitedrisiness environments where developing
products and services are complex and influenceddnyy factors.

Considering these criteria, the authors of thisepdqave selected these eight methodologies foy stud
was decided to restrict to only eight methodologiesrder to avoid loss of focus and not to overgka
the study. The methodologies selected are suffigietetailed and mature and as well as being highly
referred to within the PSS community. Table 1 dethie methodologies chosen resuming their approach
a brief description and the references explorgtieranalysis.

Table 1 Details of methodologies chosen for in-depth asedy

Approach Description References
Service CAD A method to design business modelsititatase eco{ Tomiyama, 2001; Komoto
efficiency from a systemic perspective. and Tomiyama, 2008, 2009

Komoto, 2009;

Service Model Focuses on service engineering to design produiths wSakao and Shimomura, 2007;
Service Explorer a higher added-value from enhanced services.| Shimomura et al. 2008, 2004
Sakao et al. 2009; Kimita et

al. 2009; Hara et al. 2009.

Integrated product and service  Exploits the potential of interrelations between Aurich et al. 2006a and b.
design processes physical products and non-physical services and the
development of corresponding design processes.

Fast-track Total Care design Develops innovative offerings consisting of hardevar Alonso-Rasgado et al., 2004;

process and services integrated to provide complete funetio Alonso-Rasgado and
performance. Thompson, 2006.
PSS Design Assists engineers in the joint developwiephysical Maussang et al. 2009.
products and interacting services to generate more
added value.

Heterogeneous IPS2 concept A model based approach of diffuse borders betwegn Meier and Massberg, 2004;
modelling products and services that generates heterogenepusVelp et al. 2008; Sadek ang
Industrial Product-Service Systems (IPS?) concept Theiss, 2010.




models in the early phase of IPS2 development.
The dimensions of PSS A comprehensive description of PSSs capable o Tan et al. 2009, 2010.
Design generating new PSS concepts.
The design process for the Development of methodological tools to support Morelli 2002, 2006.
development of an integrated designers and generate systemic solutions includipg
solution products and services.

Other methods that did not fulfil all criteria kthiat show interesting potential in developing P&Scited.
Bullinger et al. (2003) proposed methods to systmmathe development of services and discuss
transferring product development experience int shrvice sector. Weber et al. (2004) introduce the
concept of Property-Driven Design/Development (PDd}evelop a methodology for developing PSSs.
The MEPSS methodology structures steps for desigRiBS through strategic analysis, exploration of
opportunities, PSS idea development, PSS concepigrde and PSS project development and
implementation (van Halen et al., 2005). Luczakle{2007) presented an architecture that compadées
steps to be taken to design and develop profedsiendces. Ueda et al. (2008) proposed a valuaticre
model based on the concept of emergent synthesidelRand Ornés (2009) identified characteristits
PSS solutions likely to influence acceptance, anpgsed procedures for conceptual development 8f PS
based on methodology adapted from user-centredyrdebiiller et al. (2009) proposed a PSS Layer
Method for the development of Product-Service SystéPSS) through nine classes: lifecycle activities
needs, values, deliverables, actors, core prodpetipheries, contracts and finance. Even thougkeh
papers are not considered during the in-depth aeslythey provide a rich understanding of the tapit

aid our analyses by targeting specific aspectetcdmsidered in designing PSS.

2.2 Definitions and main aspects of PSS

The starting point in PSS methodologies dependt@ulefinition of the terms ‘service’ and ‘PSS’.€fa
are many definitions for services and PSS in liteea In this paper we have only reviewed those
proposed within the selected PSS methodologiesdier do identify similarities.

2.2.1 Services

Tomiyama (2004) defined a service as a set of iie8vthat delivers service contents through servic
channels from service providers to service recsivera service environment, and generates values fo
service receivers.

Sakao and Shimomura (2007) and Shimomura et ab9j2@efined services identically. A service is an
activity where a provider causes a receiver, ugweith consideration, to change from an existiragesto

a new state that the receiver desires, where lmitents and a channel are means to realize thieeserv
while a traditional service performed only by a lamis called “service activity”.

Aurich et al. (2006) argued that technical serviaesmainly non-physical and are realized and coesu
simultaneously. They classified three basic tedinservice functions: support function, requirensent
fulfilment and information procurement.



Maussang et al. (2009) stressed that the physiogcts are functional entities that carry out the
elementary functions of the system, while the servinits are entities (mainly technical) that wilsure
the smooth functioning of the whole system.

Alonso-Rasgado et al. (2004) pointed out that tiectional product supplier provides all the support
systems that are required to keep the hardwareablgerThe support systems are often referred to as
‘services’.

Welp et al. (2008) argued that industrial servibese evolved from being a peripheral add-on for
technology to become a complementary part of amgimat solution. Services exhibit a high degree of
intangibility.

Even though differences are clearly perceptiblevbet the definitions, they are all relevant in ¢batext

of PSS. From these definitions, two different vieaxsst to define service. They can be classifiedhgy
‘traditional’ and ‘broader’ perspectives taken.the traditional approach, a service is a set dvities
which intends to keep products functionally avd#alBuch services can be maintenance, repair, augrh
upgrade or other technical services. In a broadespective, a service is a set of activities wiitbnds

to satisfy customer value. Both views are possi@pending on the context of the application. If the
product is already matured then the traditionaspective is usually more appropriate. If the pradsién

the early stages of development then the broageoaph offers more advantages. Defining propedies
service vary according to the perspective chosernvi& properties such as intangibility, heteroggne
inseparability, perishability, concretization arichgltaneous consumption are suitable in the troiwiti
approach. However properties seen from a broadepeetive are not defined. The emphasis of the
process of co-creation is more adapted to the leroagproach because of the search for global value.
Broader approaches provide wider contexts for cmmgig environmental influences and substitution
between tangible and intangible objects. The differstages of service, such as creation, delivedy a
utilization could be commonly used in both appreschEvaluation criteria for services vary between
approaches. Criteria such as user experiencesxaedtations are emphasised in the broader perspecti
whereas uptime, failure rate and severity of faduare primarily emphasised in the traditional apph.
Table 2 summarizes the differences identified abdhe PSS design methodologies reviewed in the next
section will be referenced to these elements.

Table 2 Service definition variations through two approache

Broader Approach

Characteristics Traditional Approach
Primary objective Functionally available produdt.fbr Satisfaction of customer value.
use.
Applicability Matured product Initial stages of ddepment
Properties Intangible, heterogeneous, inseparable, Derived from customer value. Yet to
perishable, realized and consumed define concretely.
simultaneously
Stakeholders Involvement Co-operation in termsfdfrimation Co-creation should be considered
transfer and usage analyses. primarily.
Degree of freedom Restricted and focused to operaiti Wider scope with opportunities to
factors. substitute between tangible and




intangible objects.

Evaluation criteria Uptime, failure rate and setyeof User experiences and expectations.
failures

2.2.2 PSS

Various definitions of PSS were detailed in Baieesl. (2007). The definitions found in the PSSigles
methodologies studied in this paper are detailebdiscussed here.

Komoto and Tomiyama (2009) have argued that the ¢@B8ept has been proposed as a methodology to
design innovative business models from economigjr@mmental and socio-cultural perspectives. A
business model designed according to PSS conceptéeired to as PSS and the design process as PSS
design process.

Sakao and Shimomura (2007) and Shimomura et 8d9)2efined Service/Product Engineering (SPE) as
a discipline seeking to increase the value of aatff by focusing on service. SPE aims at intemsifyi
improving, and automating the entire frameworkervice creation, delivery, and consumption.

Aurich et al. (2006a) argued that PSSs consist ofually interrelated physical and non physical
components. PSS methodology is the integratiomadyct and service design processes.

Welp et al. (2008) characterised Industrial Prodietvice Systems (IPS2) by the integration of
investment goods (technical products) and inddstéevices along their entire lifecycle.

Maussang et al. (2009) argued that PSSs are cothpbgdysical objects and service units that refate
each other.

Alonso-Rasgado et al. (2004) defined Total Caredts (Functional Products) as integrated systems
comprising hardware and support services.

Morelli (2002) has referred to PSS definitions gsififferent perspectives:

 From a traditional marketing perspective the notddrPSS originates from a shift of focus from
marketing products to a more complex combinationpodducts and services which support
production and consumption (Manzini, 1993).

« From a service marketing perspective, a PSS ramsesn evolution of traditional generic and
standardized services towards targeted and perseth@nes (Albrecht and Zemke, 1985).

 From a product management perspective, the notidAS& refers to the extension of the service
component around the product for business activitiet are traditionally product-oriented or the
introduction of a new service component marketed psoduct for business activities that are usually
service-oriented (Mont, 2000).

Tan et al. (2009) have defined PSS as shift innassi strategy from a product-oriented to a service-
oriented focus, where instead of the product itsk# activity, its utility and performance assoethwith
the use of the product are considered to be of wedtee to the customer.



From these PSS definitions, three different themewrge, namely the development of innovative
business models, the integration of products amdces into a unique offer and extending serviaes t
increase the value realization of products. Thdssevations show that PSS design should focus on
integrating business models, products and serviogsther throughout the lifecycle stages, creating
innovative value addition for the system. A comgani of the service factors discussed in Table b thi¢
PSS definitions shows that innovation and addedievalill emerge by considering stakeholder
involvement, degrees of freedom and evaluatioreriait Figure 1 depicts the elements involved in.PSS
The next section emphasizes challenges and recemtemfor the development of PSS design
methodologies.

Stakeholders

Requirements

Innovative value addition
(Economic, Environmental and Social)

Evaluation

Support

criteria

Business Models i
objects

Products and

Services

Processes

Other
outcomes

Life cycle
stages

Figure 1 Elements involved in the PSS

2.3. Primary issuesin PSS design methodologies

The challenges observed by the authors of the ahweghodologies in the development of PSS design
are summarized and discussed in this section. Thleservations are important because they lay the
foundation for further development of the methodais.

Komoto and Tomiyama (2009) observed that theories methodologies for PSS are weak and too
general. There are multiple interpretations oftren ‘service’. Quantitative and probabilistic aexation

of PSS offerings considering uncertainty throughibet product life cycle during conceptual desigd an
emphasizing the behaviour of individual products arssing. Mont (2002) argued that there are many
fragmented PSS solutions, but few are fully degigfiem a life cycle perspective. The importance of
representation of PSS was stressed by Sakao amibi®@hbra (2007). They argued that service blueprint
lacks representation of design information andihasfficient normative notation. They have pointad

the separation between the design of functionslaosk of service activities.

Aurich et al. (2006) highlighted the insufficienbrsideration of mutual influences of products and
technical services in service design that is fratjyedetached from product design. They have stakss



that unavailability or unimplemented service degigocesses frequently results in unnecessary cosho
operational level when responding to changing eustodemands. Welp et al. (2008) have observed that
there are currently no integrated, model-basedogmbies available that support PSS designers toaiene
PSS concepts. They plead for methods that integstatkeholder's preferences in determining PSS
artefacts. Most of the authors commonly assertatitdentifying and differentiating products andvéess

in modelling is a challenge.

Maussang et al. (2009) stressed the importancpesfifying engineering product criteria in definiRGS.
They argued that the role of designers during P&Sgd is quite different from the development of
conventional products. They observed that no comj@es between physical objects and services are
effective since these choices are made a postévignioduct development. Alonso-Rasgado et al. 4200
pointed that modelling the proposed service systeems to receive little attention. They particylarl
emphasized the inability to accurately portray hanteehaviour to describe services. Many issues
identified in literature together with low similtigs stressed that the field of PSS design metlogiks is

not mature.

The following points summarize the issues that nieelle addressed in methodologies to generate and
evaluate PSS design.

» Identification of the requirements of stakeholderglved in the PSS including preferences and
how these change over time.

 An aid to understanding and identifying influencesmpromises and differences between
products and services throughout their lifecycle.

» A process for developing integrated solutions famdpicts and services that considers the overall
functionality to be delivered.

e A good schema for representing PSS concepts withropgate notation that avoids
misinterpretation.

» A comprehensive evaluation of developed PSS coadigit considers individualistic product
and service behaviour to identify implications sashuncertainty and risks for through life of
offering period.

Even though it has not been highlighted in litertgignificantly, the definition of PSS designisrsather
vague. Responsibilities of PSS designers in thdegorof the organization should be specified and
established. It should be noted that challengeslved in developing business models have not been
highlighted in the chosen methodologies. Theselehgés need to be identified and incorporated én th
developed methodologies. Addressing these issumddshelp develop design theory and methodologies
that contribute to the creation of adaptable PS®&&gts more systematically.

2.4. Derivation of required dimensionsto develop PSS

From the review of Sections 2.1, 2.2 and 2.3, amunfour understanding of PSS literature, the
dimensions required to develop effective PSS cagrbaped into six categories: context specification



positioning and importance of stakeholders; desigmes; development cycle; life cycle consideration
and representation. Issues underlying these dimesisire detailed below.
« Context specification
1. Maturity of the product and consideration of thdustrial domain (Business to Customer,
Business to Business and Business to Government)
« Positioning and importance of stakeholders
2. ldentification of requirements and preferences
3. Specification of roles and capabilities
4. Structuring the co-creation process
» Design stages
5. The design process for the integration of prodantsservices
The design process for creating business models
Influences of business models on the integratadisok
Incorporation of multi-disciplinary approaches
Specification of differences in the design prodesglifferent types of PSS (e.g. product-,
use- and result-oriented)
10. Focus on sustainable development
e Development cycle
11. Generation process
12. Evaluation process
« Life cycle considerations
13. Planning and design phases
14. Implementation and monitoring phases
15. Feedback loops between phases
* Representation rigour
16. Representation techniques
17. Levels of granularity considered
18. Definition of elements
19. Specification of quantitative and qualitative fasto
20. Dynamics involved

© o~

With these twenty points, the set of eight chosethadologies have been analysed and a maturityImode
has been derived. The following section discuskesftame of objectives and the elements used to
represent PSS along with the tools and methodsopeapby the authors.

3. Analysis of 8 methodologiesfound in literature and proposal of a maturity model for PSS design
research

3.1 Analysisgrid



The eight selected methodologies in Table 1 weedyaad to examine their contributions to the twenty
dimensions identified in section 2.4. The objectiaes to provide a state of the art review of curegpas
under focus and identify notable gaps. For thishegroup of authors was individually assigned aesco
going from 0 to 2 for each dimension. A score ofv@s attained when we found a discussion for that
dimension. A score of one was given when the isga® simply mentioned but not discussed. Zero was
assigned if the issue was not considered. The $ioale for the eight methodologies was then caledla
and expressed as a percentage to facilitate compsimn. The score is based on information fourtthén
papers studied and does not necessarily repredetiyy accurate idea of the reflection of the preed
authors but should give a reasonable indicationvioét issues are relatively well treated in literatu
today. The following sections briefly describe eanbthodology and discuss the maturity model. The
scores of the twenty dimensions are represanttte maturity diagram (Figure 10).

3.2 Literature proposed methods/tools

Komoto and Tomiyama (2008, 2009) aimed to improke PSS design process with systematic
information on creation supported by computatiofadilities. They proposed Service CAD to help
designers generate a conceptual design of PSSystiematically supports designer decision making
regarding design problems by evaluating the desigitepts and suggesting alternatives to improva.the
They argued that in the PSS design processes,néesigefine the activity to meet specified goald an
quality, and define the environment in which théwity takes place. The elements used in Servic®CA
are the service environment, provider, receivegnaoel, content, activity, receiver's intention,ger
promised goal, realised service, quality and valdeed. Figure 2 details the architecture of SerGig®.
They also developed ISCL (Integrating Service CAhva life cycle simulator) which has functions to
support quantitative and probabilistic PSS desigjngulife cycle simulation. The quality descriptsoim a
PSS model are the parameter values of constituemis the number of constituents in a market.
Probabilistic descriptions are included in the d¢tads and consequences of executing activities.

designer
¥ ¥ +

‘ Model builder ‘ ‘ Class hierarchy builder | Model browser ‘

\ [
Model base
A PSS model Class hierarchy including a set
class of PSS models
instance'
w

I I f

H

H

: register, instantiation

L
! wmmn evaluation algorithm |

i tion algorithm |
——>| Rule builder H Rule manager ‘ i —SUggestion agoritim
Hl |
H

[ [
rules ][ Quantitative rules ]J

class
instance

I I
[ A formal PSS model ][ Class-instance

Model specific rules

Figure 2 The architecture of Service CAD (Komoto and Tomiga 2009)

Komoto and Tomiyama (2008, 2009) argued that tineidel can be used as a meta-level representation in
which the designer can construct a PSS model fardiit views (aspects) such as process-orientgd (e.
using service blueprinting), stakeholder-orientegstem map) and correspondence-oriented (Serviset).



Importantly, products in a business model are iddial instances rather than assuming that all prsdu
have identical behaviour in the market and endfefdrocesses. They also expressed the difficudty f
designers to categorize elements as provider,vagahannel or content. The important limits tifieynd

in Service CAD come from: monotonically increasiagd decreasing functions; unrelated results of
evaluations of multiple sequences of activitiest thartially overlap; incapacity to identify conflice
objectives among multiple stakeholders in a PSSetaahd difficulty to optimize timing, frequency @n
interrelations of services within the PSS model.

Shimomura et al. (2009) proposed a method for dewjgservice activity and products concurrently and
collaboratively during the early phase of produesign. They argued that the design of services and
products should be integrated in order to maxinizgomer value, considering mutual effects of syper
alternatives and complementarities. They proposguifeed representation scheme of human and pHysica
processes in service activity. They expressed hiamge of state for a customer through Receivee Stat
Parameters (RSPs), which represent customer vEhagy. proposed a view model to handle functions and
attributes to represent RSPs. They argued thdbtiest-level functions are associated with reaitiest
such as hardware, humans and software. They extesgteice blueprinting to include physical processe
to connect with view models representing serviaetamt and employed the Business Process Modelling
Notation (BPMN). They included three phases in isendesign processes: identifying customer value,
design of service contents and design of servitigitgc They also developed a method to evaluags¢h
processes with Quality Function Deployment (QFDak& et al. (2009) developed a service model
consisting of four sub-models: ‘flow model (whoscope model (what)’, ‘scenario model (why)’, and
‘view model (how)’ (Figure 3). They developed amdplemented these models in a prototype system
called Service Explorer.

Provider1 Flow Mode!
Intermediate . Recelver
Agent |
/) scopeModel | .
Provider2 ... Scenario Model
State
>®;
. Scope Model | ¥ ‘n'.' A
el
View Model | 4wl Hierarchy of
-Sab, .'_,.," |~ important state
N ——] |7 % W% ) parameters
RSP RSP

| Function i . e

Entity e -

Figure 3 Relations between the sub-models: flow, scopeyasteand view models (Sakao et al. 2009)

Sakao and Shimomura (2007) argued that their metterdified the roles of products in the entirevims
by integrating the extended blueprint and the vieeadels, which are constructed independently and



linked mutually. They stated that future researobludes a simulation tool which enables service
designers to predict service availability basedhtenproposed extended service blueprint. A syrglesi
process with Service Explorer has to be developszhise the selection of contents and channels is
subjective. It was argued that Service Explorerld&mot evaluate specific activities that dynamigall
maintain and improve activity, content and chamqaehmeters, which finally influence RSPs.

Aurich et al. (2006a) introduced a process fordpstematic design of product-related technicalisesv
based on modularization that links with the coroegping product design process. They illustratedehr
different kinds of product service strategies: ilighdriven, function-driven and use-driven. Their
approach to systematic development of integratedymt and service design processes is illustrated i
Figure 4. It illustrates the general product antiise design process. They proposed an object{eden
technical-service model to support the specificatid technical services during design. They used th
Unified Modelling Language (UML 2.0) for represetida. They suggested that adapting already existing
product design processes to account for the spebeacteristics of technical services would lead t
greater acceptance for application within the gmise. They argued that modular reference process
models help develop common understanding of all ithelved entities concerning design and
manufacturing and help identify differences du@aeticular geographical or cultural backgroundshef
service partners and their different sizes or ta@ahds specified by the customers. The technicakse
design process involves: identification of custordemand, feasibility analysis, concept development,
service modelling, realization, planning and prgpital service testing.

Analyze existing Analyze overlaps between product ;
product design activities and service design processes Analyze offered services
L]
Analyze product design Align product and service Analyze service system including
organization organization related information exchange
y [ Y
Analyze product design related Align product and service related : oot
information exchange information exchange Analyze service organization
v L ] L]
Systematize product design Integrate service design process Integrate service characteristics
process into product design process into product design process
L] L] L]
SYSTEMATIC PRODUCT INTEGRATED Y SYSTEMATIC SERVICE
DESIGN PROCESS DESIGN PROCESS DESIGN PROCESS

Figure 4 Integrated product and service design processasctiet al. 2006)

Aurich et al. (2006a and b) noted the importancexdénded value creation networks to face changing
customer requirements flexibly. They claimed thghly individualized design processes are requiced
support the design of individual products, serviaed PSS. They argued that research is required on
systematic investigation of the interrelations hedw products and technical services as well as on
corresponding design activities.

Welp et al. (2008) argued that industrial PSS (JR®hsiders any combination of product and service
shares. They say that the IPS2 concept developimeasponsible for generating the principle sohaito
meet specific customer requirements. They presemtaddel-based approach to support an IPS2 designer
generating heterogeneous IPS2 concept models igattg phase of development. The proposed approach
allows for the combination of multidisciplinary stibn elements on arbitrary levels of abstractiamf
different development perspectives. The heterogenetPS2 concept modelling approach was
implemented as a software prototype and was ewaluai a typical IPS2 issue. They represented a noun



(IPS2 object) and a verb (IPS2 process) that domsta function. The combination of ‘IPS2 objecsd
‘IPS2 processes’ constitutes an ‘IPS? artefactjfe 5). They emphasized that the combination 88 IP
objects and IPS2 processes would generate funttimfmviour. Heterogeneous modelling of an IPS2
concept was developed using three different tyfpeaaulel elements: i) system elements, ii) distudgan
elements and iii) context elements. They definge fionstitutive characteristics that form the basis
characterize IPS? artefacts: specificity; domirteastsformation; scale of integration; capability fartial
substitution of an IPS2? artefact; and connectivity.
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Welp et al. (2008) stressed the need for a comibmatff multidisciplinary solution elements. This ams
subsequent simulation to develop suitable soNesdetermine the results of physical as well aggss
behaviour.

Maussang et al. (2009) developed a methodology rtwige engineering designers with technical
engineering specifications in relation to complsystem requirements as precisely as possible. They
focused not only on the design of physical objdutss rather considered the whole system and ddttike
physical objects and service units necessary teeldpva successful PSS. They argued that this
methodology can support the design of PSSs stdriimg the design of the architecture down to dethil
specification of physical objects (products). Thesed operational scenarios to go deeper into the
description of the system once the main elemerttgs{pal objects and service units) had been idedtif
(Figure 6). SADT representation was used to descsitenarios based on the description of activities.
They used the functional analysis approach (AFNQ@®891) to bridge the gap between the system
approach and product development. They proposedddhese tools jointly with functional scenarios t
design consistent PSS. They argued that a spegificnal analysis had to be carried out for eaep of

the product life cycle. They defined interactiomdtions, which correspond to functions providedthy
product to an outer environment during the prodifet cycle and adaptation functions that reflect



reactions, resistances or adaptations from ther oem@ironment. They stressed that accessibility
(economic and cognitive) and service availability the two main elements of the PSS.
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Figure 6 PSS Design (Maussang et al. 2009)

Maussang et al. (2009) insisted on using scendrtidag the design process in order to present dnate
solutions, to illustrate alternatives and to idigntiheir potentials. They pointed out that scermgan be
appreciated differently by different people becaihgy are highly context dependent.

Alonso-Rasgado et al. (2004) considered the twanraapects of Total Care Products: architecture and
business. The architecture consists of the hardesageservice support system. Business aspectdaclu
markets, risks, partnerships, business chains,eamgmets, sales and distribution. They described the
different combinations of hardware and serviceslabie in Total Care products: novel (new) hardware
adapted (from existing) hardware, new service sappgstems, and adapted service support systems.
They mentioned that the challenge is answering twoghoose the most suitable combination of products
and services to provide the best solution for alitips involved. From literature they showed tha t
service design process is broadly similar to itsivalent in the hardware field. They proposed th&t-f
track design process which breaks down the itergtivwcess between the customer and supplier into a
number of distinct stages necessary for the creatidhe Total Care Product (Figure 7). This wéiadl to

the integration of customer needs and the developofethe functional product concept simultaneously
They argued that to carry out the fast-track degigrtess in an efficient manner, a computationall to
would be necessary. They empathized that the catipoél tool should integrate service design,
simulation of services, hardware architecture, Wwaré and service support system costs. They also
emphasized that sensitivity analyses could be ezhrout to determine critical system elements, and
cost/benefit analyses carried out to determineuresdevels.



Figure 7 Fast-track design process stages (Alonso-Rasgalo2£04)

Alonso-Rasgado et al. (2004) argued that the fasktdesign process aids both customer and supplier
reducing the complexity of the process by simptifyidecision-making and facilitating the rapid
exploration of solutions and alternatives. Impadttiarthey stressed that use of this methodologyess
that the customer becomes fully aware of the valuthe Total Care Product business solution. They
claimed that by adopting the methodology suppobgdhe computational tool, it is possible to create
Total Care Product, including the business propasal short period of time. They also said thakglity

and maintainability of the service support andltogme system are important aspects that requtaleie
investigation and further research in the future.

Morelli (2002) adapted logical design sequencep@sed by Ulrich and Eppinger (2000) for the desifyn
services. Figure 8 represents the design procdissvéal for the development of a support service. It
emphasizes two dimensions of space: a problem spate design space. They claimed that problem
phases lead to new solutions, which in turn re$dbe problems and prompt new requirements.
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Figure 8 The design process for the development of sergideselli, 2002)

Tan et al. (2009) proposed four dimensions of A6 tad to be considered: value proposition, produc
life cycle, activity modelling cycle and the actwetwork. Figure 9 represents these dimensionsheget
with methodology steps. They argued that these esiésncover the essential design elements of a PSS.
They noted that an analysis in these four dimemssampears to give a good understanding of how murre
products and systems work and is also helpful mouer parts were dimensions could be aligned better



They suggested that a change in one dimensioreimfks the others and the designer has to ensiire tha
each of the dimensions of a new PSS concept suppolt other in order to be consistent. They ndtat t
PSS design methodology in the context of a compaay to deal with management, organisation,
coordination and integration of development adégitwhich are not covered in the four dimensiorseyT
mentioned that PSS solutions in the context of mpany are dependent on the business strategy, core
competencies, structures and/or relationships entikely to induce change to existing business eted
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Figure 9 The four PSS dimensions and design process (Taln 2009)

3.3. The maturity model

From the analysis of the methodologies proposetiténature, a maturity model has been generated.
Figure 10 illustrates the maturity for differensugs considered in the PSS domain. The maturigidev
are related to these issues but these are notuadsatings; that is, the maximum value does natesent
the complete development for that issue. The praeedor calculating maturity levels is detailed in
Section 3.1. The major conclusions for each of tlimensions considered are (starting from
‘Requirements list for developing PSS’ in Figure dflating clockwise):

1. The requirements for developing PSS vary betweethaodelogies and detailed requirement lists
are not presented. This means that the drivingfag¢added value, innovation, risks, uncertainties
and cost reduction) of PSS are not properly modelldeally, the methodology should also
incorporate changing customer requirements. Thigmignportant issue concerning the transfer of
risk and uncertainty between stakeholders and dhmibeveloped.

2. The roles and responsibilities of the stakeholdarsiesigning PSS offerings are not clearly
defined in the methodologies. In particular, thpatalities of the stakeholders are not discussed.
Only the network formulation of stakeholders is tiwmed.

3. The importance of co-creation between stakeholdesaly mentioned. It is not detailed enough to
understand the uniqueness of this process and diimyplement it in real-time. It should enhance
flexible network creation.

4. Integrating products and services is discussed m&jar objective to be achieved. The overall
processes involved in this integration are welhded. But the intricate steps within each stage ar
not mentioned.



10.
11.

12.

13.

14.

15.

The design processes for creating innovative basin@odels are not often elaborated in
methodologies.

The influences of business models on product arniceeoffers are not studied.

The necessity to incorporate multi-disciplinary eggzhes within the design methodologies is only
mentioned. Since PSS design is inter-disciplinargmny multi-disciplinary approaches should to be
incorporated in the design process to create viafiesustainable PSS.

The differences in PSS design processes for diffetgpes of PSS (Product / Use / Result
oriented) are not discussed.

The focus on sustainable PSS is only mentionedlinfahe analysed methodologies with no
support to achieve it. Significant support hasdateated to help generate sustainable PSSs.

The generation of PSS offerings is considered iatrabthe methodologies.

The evaluation of PSS offerings is at an initialggt of research and should be conducted with long
term perspectives necessary to treat related aisttsincertainties.

Industrial domains (B2B, B2C and B2G) and the

maturity of considered preducts
Dynamics involved in PSS characteristics both 100

Requi its list for developing PSS
for requirements and sclutions === el ba el st L

Specification of quantitative and qualitative - Roles and capabilities of the stakeholders
factors 80~ involved in designing PS5
70—
Definition of elements used 9 60— . Co-creation process
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Levels of granularity in PSS representation

' Design process of integrating products and
services

Representation of PSS

Feedback loops within the PSS process and |_- -
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Lifecycle phases of PSS involving planning, -
design

Evaluation of PSS offerings

. Design process of creating business models

*~_| Influences of business models on products and
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Incorperation of multi-disciplinary approach
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P55

" Focus to sustainable development

Generation of PSS offerings

Figure 10 Relativematurity of various issues considered in PSS domain

The initial lifecycle phases of PSSs involving plang and design are illustrated in all the

methodologies.

The other life cycle phases such as implementatimhmonitoring are not considered sufficiently

in the proposed methodologies.

The feedback loops between the steps involvedarPBS process and the stakeholders are, most

often, vaguely defined.

Many techniques are used to detail the representati PSSs. The merging unique features of
these representations into a commonly agreed R8&sentation is required.



16. The levels of granularity in PSS representatiomatedetailed. Parameter identification looks only
at the surface level of the PSS. More sub-layesildeare required during the conceptual stage to
evaluate the solutions in detail.

17. There is a huge variation in the usage of elembet&een methodologies to create PSSs. Even
though each term is defined in literature, a bettEnlogy is required to understand similarities
and differences between these elements and witkjrecified context.

18. The gquantitative factors (such as the frequencgeofices and product operating times) are more
correctly represented compared to qualitative fac{or example,. customer’s experiences and
desires, interactions and feedback processesviedah defining PSS.

19. Significantly, dynamics involved in PSSs charast&s both for requirements and solutions are
not adequately considered. A modular approach ghlighted for considering the involved
dynamics.

20. The differences between industrial domains (B2B,CBand B2G) and the maturity of
corresponding products are not distinguished irptposed methodologies.

To summarize the results of the maturity chart exgew the different categories chosen in sectidn I2.

is clear that the definition of the context neeal®¢ strengthened and the positioning of stakerollas

to be improved with more precise specificationsegfuirements and considerations for co-design and ¢
creation of value. Only the integration of produatsl services is largely addressed in the desagest
whilst business models and multidisciplinary apples are overlooked. Sustainability issues arelyhard
supported. As for life cycle thinking, only thetial phases of design are covered and the othexeghend
particularly feedback loops have been left out.rBggntation is unequally treated and essentiadlsetis

a need for harmonisation. These findings highligjiatt substantial improvements and a broadening of
scope are required in development of PSS desighadelogies. Globally, all of the points need to be
substantially detailed to help develop innovativegful and understandable concepts. In order toovep
design methodologies and increase applicabilithiwithe industrial context, knowledge transfer hesw
academic researchers and industrial practitiorsersf iparamount importance. In an industrial context
rigorous definition and representation of techn@egare an important issue. In the light of these
comments, the next section will consider more dedplo major dimensions as they are viewed in
literature: ontology and modelling techniques. tidition, considering the notable absence of mottels
support and generate sustainable PSS, the dinmeokgustainability will be further detailed. Indgehe
earliest definition of PSS had said that “a prodsetvice-system is a system of products, services,
networks of players and supporting infrastructurat tcontinuously strives to be competitive, satisfy
customer needs and have a lower environmental intipaic traditional business models” (Goedkoop et al
1999) while Tukker and Tischner (2006) noted tHaEmeld a prominent part of the sustainability agen

4, Challengesfor the development of sustainable PSS

The three important dimensions identified abovedigseussed in this section together with the chgks
involved in the development process.



4.1 Ontology for PSS

Ontology is commonly defined as an explicit fornsglecification of the terms in the domain and the
relations amongst them (Gruber, 1993). Common wwhaleding of terms within the domain could be an
important measure to define formal specificatiarnis klear from the various methodologies reviewret

the terminologies used to describe them vary cenalily. Since research leading to develop Product-
Service Systems is only at an initial stage, it lddue good to develop a robust ontology to helghan
weak spots. The advantages of developing ontologpitial stages of PSS research are that theteffor
required is less while there is opportunity forgmessive updating as domain understanding evolvds a
that it encourages methodologies to converge tadh@monly shared structure proposed by the ontology
In addition it could help researchers to commumicatd share their views without ambiguity and lead
more effective implementation of methods and taoisdustry.

To complete the ontology it is hecessary to incliudgortant terminologies proposed in the PSS domain
from other sources. Business models are widelyudised in the PSS sector. Tucker and Tischner (2005)
proposed three models: function-, availability-d aresult-oriented use models based on the customer-
supplier relations. Meier and Massberg (2004) diffiiated between business models by: production
responsibilities, supply of operating personnekyvise initiative, ownership, supply of maintenance
personnel and service turn model. Risks and unpéés are also important parameters and are often
sited (Erkoyuncu et al., 2009). Datta and Roy (3@f&ssified the key cost elements into recurriogt,c
non-recurring cost, overheads and hidden costs.

Other than business issues, the elements usedSndesSign must be reviewed. Factors distinguishing
services from products such as intangibility, irmsepility, heterogeneity, perishability, simultanso
production and consumption and ownership were digl by Maussang et al. (2009). They also noted
that the development of PSS is influenced by factorch as partners, organization, benefits fol RIS2
provider, benefits for the IPS2 customer, environtnesocial considerations, incitement to use IPS2
interactions between the system and users andnsystecycle phases. It was commonly noted that the
business models, technical artifacts, service itiesy the IPS? lifecycle, system context and resesi to
deliver added value need to be integrated. Matl@q) stressed the quality of the service as aantak
factor for customer retention. Brunner and Wagrg€08) identified the following quality criteria for
services: presentation and ambiance, reliabilitgcueacy, correctness, competence, politeness,
friendliness, cooperativeness, understanding, atitity, security, accessibility and availabilityngh
ability to communicate and socialize.

Baxter et al. (2008) showed an upper level PSStsirel capable of describing a combined product and
business- system. The central class ‘life cycleesysis comprised of three classes: product, poess
resource. Kim et al. (2009) proposed graphical emological representations of PSS, including value
product and service elements, and their relatiShen and Wang (2007) defined product service ogyolo
as the conceptualization of the product serviceyTsaid that service involves activity, outcomeycass
and resources. Jagtap (2008) found that the inesemformation required by designers mainly cotssis
of deterioration information, i.e. deterioration chanisms, deterioration effects, deterioration eaustc.
Also factors such as component failure, operatmgd@ions, maintenance, life cycle cost and religbi



were stressed. To sum up, PSS ontology will idgrdifaracteristics of requirements, product-seryices
stakeholders, design processes, life cycle stagéspmes, business models and support systems.

Development of PSS ontology is just starting. Thignate aim is to develop a unique ontology for the
PSS community. The challenges involved in its’ demment can be summarized below.

* Undoubtedly, terminologies proposed within the diontd PSS will increase exponentially in the
forthcoming years. Ontology needs to be undersaradl appreciated, but it should be properly
grounded with an appropriate structure to avoidgs#mollination of terminologies.

* The challenge is not in building various informatitechnologies but to develop a common
representation within the PSS community.

« Semantics for each term should be defined properlgvoid ambiguity between stakeholders
(researchers and industries).

* Substantial initial effort is required within thesB community to develop and understand this
fundamental structure of PSS.

« A common software platform and mechanism needsetaldveloped to update the ontology
progressively.

A PSS ontology should be intuitive so that it cohkl easily and appropriately implemented in
industries.

» Exclusiveness and exhaustiveness of the PSS ogitalitigevolve over time.

« Many applications need to be generated aroundrttudogy to validate and prove its usefulness.

4.2 System modelling techniquesin PSS Design

The primary motivation in PSS modelling is to ceate conceptual models that can be systematically
shared by stakeholders. This requires a multijligiry system’s approach to create viable offesing
large variety of representation techniques have beed and discussed in literature.

Representation techniques have been used in P3$gh dasthodologies to define different processes
involving products and services. They include UMBADT, Functional Analysis, extended Blueprint,
BPMN and SysML. Morelli (2006) argued that an Imtggd DEFinition method of modelling
functionality and information modelling (IDEFQ) iadequate in systems with a higher grade of
predictability, but cannot cover an infinite numleérconfigurations and situations due to subjettiand
unpredictability. Morelli (2002) detailed the preion of UML representation for use cases usedsto li
requirements for each functional element of a systBurugbo et al. (2010) argued that Data Flow
Diagrams (DFD) may be suitable for modelling thgamisation of a PSS, while the IDEF or Graphes a
Résultats et Activités Interreliés (GRAI) approazineay be suitable for representing PSS manufagturin
processes. They noted that a small company mayt adfiexible and easy to maintain model such as a
DFD, whilst a large company requiring a completmpping of its functions and processes may opt for a
Design structure matrix (DSM). Service Blueprintimgposed by Shostack (1982) provides good insight
into customer interaction by representing the lferisibility and the line of interaction. Becket al.
(2010) found that interfaces between products amdices and the degree of integration are seldom
addressed in modelling languages. They highlighteteta-model to integrate various approaches imto a
adequate PSS representation. Knutilla et al. (1288)lysed various process specification languages
through requirements grouped into the followingegaties: resource representation and characteristic



task/process representation and basic charaatsristisource characteristics; precedence/sequesitgs;
date/time. They observed that often these requinesnavere addressed through a combination of
approaches. The requirement list needs to be eadiiod PSS modelling.

Visual modelling languages have been used for stipgdunctional and behaviour analysis. Long (2002
explored languages like standard Functional FloaecBIDiagrams (FFBD), N2 charts, and Behaviour
Diagrams. He proposed that states and models futhésbase to represent operate systems, pretice fu
states, control the desired states, and assessmarfce. Ingham (2006) showed that State Analysific
be synthesized with a functional analysis modelairiprocess as a more comprehensive and rigorous
approach to system behaviour modelling. Browning0@@ noted that representation of function forms
that are sequential, concurrent, coupled or camulifiis possible in the Design Structure Matrix kDS
Kordon et al. (2005) argued that the iterative dmgosition process is part of traditional functional
analysis and decomposition results in a hierar¢Hyrections, physical components and requirements a
the links between them. Becker et al. (2008) argbet functional decomposition modelling could help
identify products and services within a PSS.

Information is an aspect in PSS representationrimition Flow Diagram models for PSS were reviewed
by Durugbo et al. (2010). PSS was considered imgesf open systems, social constructs and business
models. They argued that modelling a PSS basedranién orientation offers a useful way to distirsfu
system inputs and outputs with regards to how @atamnsumed and information is used. They insisted
that modelling the information flow for a PSS is amportant indicator to appreciate the level of
redundancy and inefficiency in the PSS deliverycpss involving actors, roles and scenarios. Baimell
(2007) noted that SysML provides features whichpsuiptraceability, rationalization of design, inteam
communication, decision tools, change impact aigmlgsd manage dependencies between processes and
the produced artefacts. To help collaboration betwdomain practitioners, system architects, deestop
and testers, the Model-Driven Architecture® (MDAfgamework specifies three viewpoints of a system:
computation independent-, platform independentd platform specific- (OMG, 2003). Dori (2002)
proposed Object-Process Diagrams (OPD) with cansilanatural language sentences known as Object-
Process Languages (OPL) to express the functiamgtste, and behaviour of systems in an integrated,
single model.

The characteristics expected from the applied nioddiechniques are:

» They must be clear, flexible, unambiguous and sbast, simple, complete, extensible, intuitive yeas
to learn, capable of translating and illustratingaa of interest with varying levels of detail and
capable of rationalizing capture (aid to understecisions).

e They should be widely used and supported in ingluatith less but more consistent notations
supported by standards. Also, they need to bedabdeeeasy to interpret and not time-consuming.

« They must represent dependencies and highlighitrthbact of changes made, be easy to integrate with
related methodologies and capable of creating réiffeviews supporting visibility and interactions
that are easy to document and easy to maintain.

The important issues that will help the processos€reation of PSS can be detailed as follows:

e The specificities of PSS call for multi-discipliyarmulti-level approaches. The PSS designer,
integrating diverse fields that can be technicalnagerial or service, needs to constantly move ftom



global vision of the system down to detailed feesudescribing the interactions between the physical
and service elements that compose it. To achidase tihio different strategies are possible: thet firs
seeks a unified model capable of piloting the dVesgstem and is inspired by system engineering
methods or models such as the V-cycle. The advantamild be their capacity to model complex
multi-technological systems with the difficulty mftegrating the great variety of views necessdrg; t
second will aggregate heterogeneous models or vigvie different sub-parts of the system in a
clear coherent framework. This approach would mau#iVidual components precisely, although the
sum of the components is not equivalent to thd.tota

» Detailed research studies are required to helpebtdlers choose the appropriate modelling
techniques based on applications at different staf®SS modelling.

* PSS models must represent stakeholders, prodectsces, support systems, business elements and
processes, work flow and interactions amongst tHdost importantly the models should represent
value (economic, environmental and social) credgdhe offering and its’ associated risks. Other
important elements that should be modelled areihetional maps and behavioural (state changes
and control) (un)predictability of the system. Adpmvith these elements, the capabilities of the
stakeholders should be more adequately represented.

« Usually, constructing models is very time-consumiRgusing models wherever possible is the best
practice and has been emphasised in PSS toolsasushrvice CAD and Service Explorer. However,
these tools do not provide any constructed domaidets to use or further develop in the particular
applications. It means that primary domain knowkedyolved in designing PSS needs to be captured
and structured for further development.

« Even though many representations support evalugifacesses, they need to be detailed with
reference to PSS characteristics. They shoulditieil validation of system behaviour in a given
context; verify suitability of the system and arsgyperformance (the ability to meet requirements
with respect to inputs). Simulating and analysinbat-if scenarios would be advantageous in
predicting system dynamics. Furthermore, optimizing development system would be the final and
iterative step for system improvement.

4.3. Sustainability

For the eight methodologies there is a clear lidtween the PSS notion, dematerialization and
sustainability and their works trace the major gleaaking PSS fundamentally sustainable. Indeed they
saw integrated products and services as a strdteggustainable competitive product development
(Kimita et al., 2009, Tan et al., 2009, Meier et a010). Aurich et al. (2006) stressed the potdraf
technical services for more sustainable productimmd consumption. For Tomiyama (2001),
dematerialization of products require enriching/er contents while Maussang et al. (2009) stretlsed
necessity to take into account the environmentabgnemical and social aspects of PSS regarding
sustainable development issues. Finally, MorellDO@® considered PSS as fundamental for the
development of solution oriented partnerships, @mbsequently for sustainable solutions.

However, some differences can be seen at the pbeérttry they had chosen. Tomiyama (2001) stipdlate
that the Post Mass Production Paradigm aims atitgtina satisfaction rather than quantitative
sufficiency. Maussang et al. (2009) saw that tolkesenvironmental problems, developed countriestmu
decouple economic growth and environmental pres€dme solution is to move from product to service-
based economies. For Kimita et al. (2009), PSSddfopportunities for manufacturers to differemtiat



their products by meeting diversely segmented costaeeds in a sustainable manner. Tan et al. Y2009
stated that PSS approaches are sustainable inmo&itategies in a total life cycle perspective Rtaier

et al. (2004) inscribed IBSn the search for technological and economicabmiidl that increase the
competitiveness and harmonize the ecology and ecprin one target system. Aurich et al. (2006)
developed the potential of technical services farensustainable production and consumption, while
Alonso-Rasgado et al. (2004) stressed the impataricre-use and remanufacturing of hardware for
sustainable design. Morelli (2002) emphasised degabaspect of PSS during the use phase.

The three basic principles of sustainable developnezonomic; social and environmental, are tretted
different extents. Economic sustainability covdrs shift from the consumption of energy and maleria
to service artefacts for Tomiyama (2001) leadingtianges in the economic model (Maussang et al.,
2009) and the entire production and consumptiortesys(Tan et al., 2009). Product ownership is
reconsidered to focus on more effective use rdttar added-value generation (Tomiyama, 2001). Socia
considerations include social value and recognifMaussang et al., 2009) while PSS have the patenti
to improve access to technology worldwide (Meiealet2010) in a more geographically balanced work
distribution (Stahel, 1994). Environmental aspe@fecting regulations and companies’ sustainable
development objectives must be included early i design process (Maussang et al., 2009). The
intensive use of capital goods through rentingriejaand pooling could lead to high environmentahg

in principle as a result of reduced consumptiomesiources and waste generation (Meier et al., 2010)
whereas the replacement of components should hgneesto be carried out under factory-controlled
remanufacturing conditions (Alonso-Rasgado e2&l04). Other key factors influencing sustainabitite

life cycle considerations; value co-production msses; knowledge management and actor networks.
Moreover, the value of products throughout thdé tiycle have to be balanced against cost (Hagh et
2009, Tan et al., 2009).

Recommended models and tools cover more generaloemental tools such as Life-Cycle Analysis,
Design-for-X, whilst some specific PSS and sentiogls cover environmental aspects. Simultaneous
Engineering can be used for manufacturing, rematwfiag and recycling and the Integrated Process
Model provides a full life cycle oriented processdule library (Aurich et al., 2006). The functiordbck
diagram (Maussang et al., 2009) and the flow m@¢8bimomura et al., 2008) introduce environmental
and social aspects into the evaluation of PSS flothiemodel establishes priorities in sustainabilggues.
The Product Life Gallery visualises mapping of stallder needs and activities, life-cycle, environtak
effects and other trade-offs (Tan et al., 2009).rédio(2006) has argued that the discussion about
methodology to design PSS is still open and clificathe development of sustainable solutions,Isthi
Bartolomeo et al., (2003) have stated that fewistutdave demonstrated the environmental effectssene
of services.

The challenges for the development of sustainaBie &e:

» PSS must integrate economic, environmental andisoonsiderations in a holistic approach in order
to produce radical changes and identify the degoééseedom for change in the overall production
and consumption system.

« Environmentally conscious design and manufacturimgclosed-loop economies must strongly
consider customers’ behaviour in the use phase.



» PSS must afford opportunities for manufacturerdeeelop the business potential of environmentally
conscious design and differentiate their produgtmbeting diversely segmented customer needs in a
sustainable manner.

» Methodological tools for designers must be devealojpeanalyse PSS as social constructs and extend
value and functional units to include the prolifigeof social and cultural significances of products
and services such as history, status, prestigetitgend so forth.

» PSS must consider product design within the protifgstycle perspective and combine the design
phases and activities with corresponding orgaripati issues to provide product engineers with
efficient means for optimization in the life cygerspective.

» They must provide more convenience through sersicas to intensify physical use with less energy
and material consumption.

* It is necessary to identify the main stakeholdershie business relationships and develop close
collaboration between the customer and supplieraim iterative procedure involving needs,
expectations and solution-exploration that ultimateould lead to the creation of the functional
product.

* The cost of the PSS (including monetary cost as aggbhysical load, mental load, and environmental
burdens) must be compared to the value provided.

» Sustainability, availability and higher custometisfaction must be guaranteed over the life cycle d
to intensified service and knowledge content and dharing throughout the product life cycles.

5. Conclusions

The paper has reviewed the state-of-the-art in (&&38n methodology and research gaps were idehtifie
and discussed. In particular, eight of the moserrel to methodologies in scientific literature aver
studied in order to evaluate the current level aturity. Firstly, the different points of view ragiéng
services and PSS along with their major issues waghblighted and discussed. Next, the tools and
methods proposed and the elements used in the togdther with current research challenges were
studied in detail for each research group. A maturiodel was then used to illustrate the prograss i
function of different dimensions. The last sectidiscussed the challenges for the development of
sustainable PSS. Three dimensions were underlomdtogy; modelling techniques and sustainability.

Analysis of service and PSS definitions and chglsn mentioned in literature identified twenty
dimensions grouped into six categories to be addrem order to develop effective PSSs. The caiegjor
covered were context, stakeholders, design stdgesjopment cycle, life cycle and representatiaghe
state of the art methodologies in the literatureentben selected to be analysed in-depth usingabis,

thus providing a maturity model of state of the B8S design. The referred papers were assessed
qualitatively using a three point scale (discusseehtioned and not at all considered) for each dgios.

The maturity model highlights that current PSS glesimethodologies essentially focus on three
dimensions: design processes for integrating prsdaied services, definitions of new terminologied a
considerations of planning and design lifecycle gaisa Other dimensions need adequate attention for
significant improvement. They include developmehtietailed requirement lists, better understandihg
issues concerning implementation and monitoring® 85, definition of the roles and capabilities & th
stakeholders involved, design processes for crgatimovative business models and better understgndi



of how the different types of PSS affect the degiggtess. Finally, although it has been commoniged)
that designing PSS is a co-creation process, tiig phould be more appropriately addressed.

It has been noted that the methodologies had neh evaluated in real time industrial contexts.
Evaluation in industry could provide more detaihcerning the weaker dimensions and help to identify
the PSS design needs from industry. Collaboratietwéen academic researchers and industrial
practitioners is vital to ensure and encourageatiicability of the proposed methodologies in isitiy

To foster this process, issues involving the ustewhinologies and the representation of PSS miadell
have been highlighted and discussed. Discussidrfarile the PSS community to develop a unique PSS
ontology helping to understand the fundamentalctires of PSS, facilitating the transfer of knovged
and updating through progressive recognition. PS&lefling must be considered through multi-
disciplinary and multi-level approaches. The arnalysighlights the importance of representing and
validating stakeholder capabilities and value dyrime development of PSS offerings. Support toedriv
sustainability and the benefits derived from theligption of PSS concepts are not detailed in the
proposed methodologies. Sustainability must incluble three pillars of economics, social and
environment within a life cycle perspective. Enwvineental considerations should be crossed with value
creation and the use-phase of the PSS.

On the whole, the review shows that the field oSRfgsign is as yet at an initial stage of develapgme
Furthermore, the gaps identified within currergritture stress the great amount of researchesgillired
to develop an efficient PSS design methodology.
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