
Chapter 10
Systematic Development
of Product-Service Systems
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Abstract Main problems occurring in Product-Service Systems (PSSs), are due
to an inadequate requirements analysis and lack of a strong PSS conceptual design.
Problems vary from exceeding budgets, to missing functionalities, unsuccessful mar-
ket launch, or even project abortion. Furthermore, the special characteristics of a PSS
have to be considered already at an early stage of the development process. Require-
ments Engineering (RE) and design methodology as well as supporting Information
and Communication Technologies (ICT) need to establish a common perception of
the targeted PSS. At the same time, the inner complexity of PSS leaves requirements
analysis, design activities and development tasks fragmented among many disci-
plines and sometimes conflicting, unstable, unknowable or not fully defined. In this
context, a concurrent, transdisciplinary and collaborative design of PSS is required
to create feasible and successful solutions. The objective of this chapter is to present
a structured approach to face the specific challenges of PSS development in detail,
to elaborate a general framework that features a systematic approach for PSS devel-
opment, and to consider the effects of changes in specific product and service design
on a systematic PSS development process.
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10.1 Introduction

Design and development of Product-Service Systems (PSS) is a complex process,
mainly due to the transdisciplinarity of the activities to be carried out and the cross-
disciplinarity of input and output data. As a consequence, a concurrent, transdis-
ciplinary and collaborative approach is required to promote the exchange of engi-
neering knowledge about user and system requirements, design specifications and
processing instructions between different stakeholders. In particular, this chapter pro-
vides and discusses a general overview of the design and requirements engineering
(RE) methodologies, and proposes a high-level integrated model for P-S lifecycle
management. Furthermore, a systematic PSS development framework is offered to
manufacturing enterprises to determine their own position on the PSS maturity sce-
nario and to plan future developments. It is based on a set of models determining the
different aspects of servitization [1]. An Innovation Potential model describes the
level of novelty of potential servitization approaches and gives the enterprise and its
partners an impression of the general options for product service combinations, the
required development work and the expected uncertainty. An Opportunity Potential
model identifies the opportunities for innovative combinations of products and ser-
vices and formulates a challenge to ask for ideas and trigger idea generation. Finally,
a Search Areas model helps manufacturing enterprises to look beyond well-known
domains that are already served (“looking out-of the box”) and do this in an efficient
way.

10.2 Design Methods for PSS

Usuallymanufacturing companies havewell-defined and structured product develop-
ment processes, but they lack a sufficiently definition of the service development pro-
cesses as found in traditional service companies. Therefore, they are poorly equipped
with appropriate approaches, methodologies and tools for supporting the develop-
ment of PSSs in an efficient way. With manufacturer business models increasingly
being extended to include the service phase of the product lifecycle, this poses a
significant issue.

In literature several methodologies have been proposed to design a Product-
Service System along its entire lifecycle [2]. Some of them are very theoretical
and hard to implement in practice, while others are very specific and have a limited
applicability range. The most significant existing PSS design methods to be applied
to manufacturing contexts usually come from service design and engineering. Some
of them are characterized by a transdisciplinary approach. The most significant are
listed below:

• UML 2.0 model: this approach allows to concurrently conduct a systematic
technical-services design and the corresponding product design process, as pro-
posed by Aurich et al. [3];
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• Model-based approach to allow Industrial PSS (namely IPSS) design modelling:
it fosters functional behavior and modelling of PSS artefacts (Welp et al. [4]);

• Service Computer-Aided Design (CAD): this is able to support decision-making
evaluation through the concepts design, prompting different alternatives scenarios,
but it needs a structured Integrating Service CAD Lifecycle simulation (namely
ISCL) to also allow a quantitative and probabilistic PSS design as suggested by
Komoto and Tomiyama [5]. It is transdisciplinary because it merges technical
issues and economical sciences;

• Software tools for designing service activity and products concurrently: these
usually have to be adopted in a collaborative way from the early phase of PSS
design. Different simulation tools have been recently proposed [6, 7], including
service availability prediction [8]. They all consider a variety of aspects with a
transdisciplinary perspective;

• Service Engineering based on StructuredAnalysis andDesign Technique (SADT):
SADT represents the PSS by its technical specifications by fully describing the
object-service system, considering the different combinations of the two main
aspects of total core products, from system architecture (i.e., hardware and ser-
vice support system) to business issues (i.e., markets, risks, partnerships, business
chains, agreements, sales and distribution) [8–12]. All mentioned studies report
valuable examples of transdisciplinarity, thanks to the combination of technical
and business aspects;

• Knowledge-sharing network: the traditional knowledge management systems
adopted in the majority of manufacturing industries are product-oriented and can
hardly be applied to PSSs, due to the wide set of competences required. In this
context, the role of Web 2.0 technologies is a key factor in managing knowledge
along the PSS life cycle in a transdisciplinary way [13];

• Lifecycle-oriented PSS approach: it implies a new definition of the product lifecy-
cle phases, from ideation to delivery, use, and disposal in order to be in line with
the service proposal. Indeed, the PSS lifecycle approach involves both the product
and the service development in order to align designers and providers in delivering
of the same solution that is more sustainable along all the lifetime [14–17];

• Layer-based DevelopmentMethodology for PSS: it is a new development method-
ology for Industrial Product-Service Systems (IPS2) that aims to integrate both
products and services into a unique solution for creating innovative business mod-
els able to generate an added value for the customer. Such a method involves
several models to support early PSS development phases, i.e. the PSS planning
and requirements engineering [18].

On the basis of industrial case studies, a list of design guidelines have been defined
in the current state of the art:

• Requirement Elicitation (RE) is a crucial method to identify themain requirements
according to the targetmarket. Indeed, offering PSS instead of a traditional product
requires additional competencies to identify the service functionalities to enhance
the product, and a better understanding of the customer requirements which must
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be reached [19]. REhas to be properly addressed for PSSby adopting user-centered
approaches;

• Design Structure Matrix (DSM) can be used to define the main PSS functions,
combined with Business Use Case (BUC) analysis, which defines the use-case
model and a goal-oriented set of interactions between external actors and the
involved system [20]. It is a transdisciplinary engineering tool since it merges
technical, economical and social aspects;

• Serious Games are useful to investigate the PSS lifecycle and human-system inter-
actions during the design stages [21];

• Quality Functional Deployment (QFD) technique allows mapping the customer
needs with the PSS functions in order to elicit the final PSS requirements for the
solution to be developed [22];

• UML 2.0 can be used to easily carry out PSS process modelling to define the main
activities to achieve the process tasks, identify the enterprise’s ability in capturing,
sharing and transferring the involved knowledge. The main common techniques
for process modelling come from static models, focusing on the information flow
(i.e., UML, Petri-Nets, flowcharting, IDEF0, etc.) and dynamicmodels for process
evaluation (i.e., Event-Process Chain), to provide a high-level technical view.

The combination of RE, DSM, QFD and Serious Games can assure a robust
user-centred design process and the definition of reliable design specifications. Fur-
thermore, the combination of process modelling techniques assures a deep process
analysis to achieve a comprehensive mapping of PSS tangible and intangible assets.

However, existing research focuses on the description of PSS technical solutions,
embedded technologies to enable product-related services, methods of data acqui-
sition and elaboration, and software interfaces. However, the focus on technology
often neglects the final customer needs. Applying a rigorous User-Centered Design
(UCD) approach to PSS has the potential to create customer-oriented and adapt-
able services and, finally, more effective and efficient models to identify usability
problems at the different stages of PSS design. A first example of an integrated trans-
disciplinary method to support technical and business issues in PSS design process is
presented by Peruzzini et al. [23], which tries to provide a QFD approach that drives a
designer along both axes of evaluation. Such a method is based on collaboration and
knowledge exchange between practice and science, in particular between technical
and social sciences (attention to social sustainability, human wellbeing, ergonomics,
work organization, etc.).

In order to achieve a transdisciplinary view, UCD techniques (such as interview,
questionnaires and role-playing) allow for directly involving users into the design
process. In particular, role-playing highlights the PSS users’ needs and tasks to be
created to satisfy thembydirectly considering a set of “personas” representing sample
users [24]. Role-playing is performed by experts in the specific PSS domain, who
play as characters into the real context of use simulating the actions and moods of
the consumers. Personas are widely used in the investigation of user experience as
fictional characters representing different user types and experiences. Indeed, the
combination of user-centered issues has been proven to benefit the final PSS by
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including the user needs and demands from the early design stages. It is an important
issue to develop successful PSS, but it is still not deepened in existingmethodologies.
In particular, the analysis of human-system interaction is fundamental to predict the
relationship that will be created between the user and the PSS and to optimize both
product and service functions to have a higher business impact. In order to do that,
functional prototypes enhanced with interaction features should be created. In this
direction, Mengoni and Peruzzini provide a methodological design framework to
support the design of PSS by adopting a UCD approach to involve end-users during
the different stages of PSS development, using interactive virtual prototypes [25].

By adopting thesemethods to industrial cases, some problems still occur. They are
mainly related to the definition and evaluation of the user experience generated by the
PSS, the complexity to predict the PSS behaviour during the design stage, and finally
the assessment of the human-system interaction. When interactive prototypes are
used, by exploiting different software tools (i.e., CADmodelling, virtual prototyping
developing platform, system simulation) to involve sample end-users to test PSS
usability and performance, time and cost for PSS prototyping and optimization can
be reduced. However, the creation of proper PSS simulation is still a hard taskmainly
due to system integration, proper interfacing with service provider platform(s), and
reliable data analysis and service behaviour prediction on small test data samples.

10.3 Requirements Engineering for PSS

Understanding the customer and other affected stakeholders expectations, i.e. their
underlying needs, and linking information from all phases of the product-service
lifecycle to the development process is a prerequisite for successful solution engi-
neering [26–28]. Inadequate RE is a main source for failure of development projects
and leads to exceeding budgets, missing functionalities or even the abortion of the
project [1]. Often the relevance of appropriate requirements is underestimated, which
in turn leads to errors in the requirements specification, not to mention foregoing
completeness, consistency, verifiability etc. of requirements. Such errors are mostly
discovered late in the development process, thus substantially contributing to higher
costs in order to compensate for and correct the errors [29].

Requirements are used to define the needs of stakeholders, such as organizations
or individuals along with their environment and specify what a solution must provide
to satisfy those needs. Their record, documentation and management are the main
objectives of RE. It is “a process, in which the needs of one or many stakeholders and
their environment are determined to find the solution for a specific problem” [30].

In traditional development approaches, mainly from the manufacturing domain,
RE is seen as a discrete development phase. This has substantial disadvantages
when dealing with the increasing complexity, dynamics and time constraints of PSS.
Change requests in later phases will not be included in the requirements specifica-
tion, so it is often insufficiently documented which parts of the original specification
are really implemented at the end and which not. Thus, it is difficult to use the
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requirements specification for change management and testing. Furthermore, each
development project will have its own RE phase, with no focus on requirements
re-usability [31], increasing the overall development time. An example illustrating
this challenge is that in traditional RE scenarios for simple products, the stakehold-
ers are generally aware of their needs. Often, a specific functionality is requested
and the product development is based on formalized requirements through a single
enterprise. In contrary, a Product-Service System is expected to solve a particular
customer problem without prescribing a specific functionality, allowing alternative
usage. In addition, cross-linking with other systems and integration into the system
environment increases the complexity of the system development even more. Sys-
tem integration leads to a fuzzy problem description which again influences the RE
process [32].

PSS require temporary collaboration of different stakeholders in Systems Engi-
neering, which increases the complexity of the RE process. Besides the customer
and user of the system, actors like the project manager, product designers, software
developers, service engineers, marketing experts, suppliers, quality assurance and
many more have to be involved, often being spatially distributed. This induces a
change in RE from a quasi-stable and simple environment to a more complex and
dynamic variation, making the RE process more challenging, due to both different
cultural issues, but also organizational issues like organization of meetings [33] and
conflicts as well as interdependencies have to be assessed for a larger number of
requirements.

10.3.1 RE Process for Products, Services and IT

In order to select or develop a suitable RE approach for PSS, it is necessary to
identify the specific characteristics of such systems. The analysis of some widely
used definitions of PSS found in the literature [34–36] reveals some characteristics
that seem to be specific for PSS in general. These characteristics are listed below:

• Integration of product and service shares, including software components
• Mutual planning, development, provision and use of product and service shares
• Fulfilling an end user need by delivering value in use
• Provided by either a single company or by an alliance of companies
• Dynamic adoption of changing customer demands and provider abilities
• Enabling innovative function-, availability- or result-oriented business models.

As far as product development, RE approaches have already been implemented
with a high degree of formalization. Structured fundamental models exist that pro-
vide a general development procedure including RE. However, they focus almost
exclusively on requirements development as the main process, which is only con-
ducted at the beginning of the development approach, e.g. by specifying the product
requirements document [37]. Sometimes, also aspects of requirements management
are adopted, but without explicit instructions for implementation [38].
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The following fundamental contributions regarding product engineering
approaches have been taken into account:

• RE for PSS—A State of the Art Analysis [39];
• Vorgehenszyklus für die Lösungssuche (i.e., Procedure Cycle for the Solution
Search) [40];

• Engineering Design [37];
• Product Design and Development [41];
• Erfassen und Handhaben von Produktanforderungen (i.e., Capture and Manage
Product Requirements) [42];

• Entwicklung technischer Produkte (i.e., Development of Technical Products) [43];
• Collaborative Product Design [44];
• New Product Development [45].

The analysis of the future development environment is commonly discussed
among the analysed approaches. Possible influences on the product development are
identified and the “overall objective of the development” is established. The stake-
holders are identified in order to elicit the requirements. The elicitation of require-
ments is addressed in product engineering approaches; however, procedures for the
elicitation of requirements for product-related services are not described. Moreover,
the authors state that there are weaknesses in the derivation of requirements from
the customer’s value chain processes, and cross-domain knowledge is not considered
[46]. Thenecessity of requirements translation of initial stakeholder’s requirements to
design requirements—concretized and in the language of the developers—is men-
tioned in the analysed approaches. However, procedures for the concretization of
requirements are not mentioned explicitly. Quality Function Deployment is applied
in product engineering, but the authors state that “it cannot be employed for new
development or for the derivation of design requirements from customer require-
ments” [39]. Furthermore, the procedures described are not applicable to services
due to focus on quantification of requirements. In source [42], the author analysed the
approach of [37] and comes to the conclusion that the translation of initial require-
ments to design requirements is lacking the provision of concrete methods and pro-
cedures. However, the concretization is supported by a guideline of characteristic
product features helping the developer to elicit the requirements systematically. The
guideline is adaptable to varying problems. To derive the priority, the requirements
are differentiated between wish and demand [42].

The product engineering approaches provide procedures for identification and
resolution of conflicts (e.g. influence matrices). However, the proposed procedures
are domain-specific and do not discover conflicts between requirements of differ-
ent domains. Negotiation with stakeholders and developers is commonly mentioned
to resolve conflicts. In source [43], the author proposes two methods to solve a
conflict—either to find a compromise between the conflicting goals or to avoid the
conflict by changing the concept. Procedures for the documentation of requirements
are provided by product engineering approaches. However, cross-domain documen-
tation is not considered. Influence or link matrices are used to trace the requirements
to its origin. Interdependencies between requirements of different domains are not
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captured. Change management is not described in detail; only the necessity of it is
observed [39]. Ahrens [42] argues that procedures are provided to structure require-
ments lists either by thematic affliction or alternatively by the product structure in
the methodology of Pahl und Beitz [37]. Requirements validation is mentioned in
the analysed approaches but not discussed in detail. Generally, validation is done
through evaluation of design drawings by the customer. The authors stated that “the
customer plays a central role during the entire development process” [46]. How-
ever, the integration of the customer and stakeholders is restricted to the early stages
of the development—the requirements elicitation and agreement. The dimension of
collaboration between domains is not covered by the state-of-the-art research.Modu-
larization, specification of interfaces and the re-use of modules for different products
are mentioned in the product engineering approaches [39]. The authors argued that
manufacturers are attempting to reduce costs by “increasing the use of the same parts,
or modules, across different products” [45]. Procedures are not explicitly mentioned.
Liu et al. described the state-of-the-art on collaborative engineering design systems
utilized in the collaborative design process—web-based CAD systems, and propose
a new system including tools to resolve conflicts [44]. The web-based collabora-
tive engineering design systems enable the developers from different locations and
businesses to share and integrate design models, e.g. via collaborative modelling or
multimedia tools such as online chat and meetings. Collaboration during the first
phases of the product development is not mentioned explicitly. The utilization of
collaborative networks is not mentioned in the analysed methodologies.

In the service area, numerous models for the systematic development of services
have been proposed [47, 48]. However, no systematic procedures for the effective
implementation of RE in industry have been established yet, because the charac-
teristics of a service (e.g. its complexity, pose greater challenges). Thus, Service
Engineering procedures do not integrate a holistic RE until now, but focus more on
methods like “trial and error” [49].

The following literature discussing the service engineering state-of-the-art and
approaches has been analysed:

• RE for PSS—A State of the Art Analysis [39];
• Design and Management Service Processes [50];
• Key Concepts for New Service Development [51];
• Ein Rahmenkonzept für die Entwicklung von Dienstleistungen (i.e., A Framework
for the Development of Services) [47];

• Dienstleistungsproduktion (i.e., Service Production) [52];
• Anforderungsanalyse für produktbegleitendeDienstleistungen (i.e., Requirements
Analysis for Product-related Services) [38];

• Service Engineering [47];
• Collaborative Service Engineering [53].

The elicitation process in service engineering comprises the tasks of identifying
essential information—e.g. service ideas, possible customers and their expectations,
and the sources of the requirements—and determining the goals, chances and risks.



10 Systematic Development of Product-Service Systems 273

The procedures are service-domain specific; cross-domain knowledge is not con-
sidered. Furthermore, no precise methods for the elicitation are provided. To this
end, van Husen analysed the elicitation process of conventional service engineer-
ing methodologies in detail and comes to the conclusion that procedures for the
requirements elicitation are described on a relatively general level [38]. The initial
requirements are concretized “by assigning them to quantifiable attributes related to
the implementation” [39] and classified into three dimensions—potential, process
and result. Consequently, the activities and resources needed for the development as
well as the result of the service provision can be derived. According to van Husen
[38], only Ramasway provided a detailed design process procedure including the
activities of prioritization of requirements according to their importance, specifica-
tion of attributes which are required to fulfil the needs, and creating a link between
the attributes and requirements [50]. The identification and resolution of conflicts
is not described explicitly in the service engineering approaches. In the analysed
approaches it is suggested to use the procedures known from software and prod-
uct engineering. The approaches analysed by Berkovich et al. [39] provided a set
of procedures to document requirements in natural language without giving detailed
information about creating a requirements specification. Traceability of requirements
and change management are only mentioned briefly according to the authors. It is
argued that the validation of the requirements is described as a comparison of the ser-
vice conceptwith the initial stakeholder requirements. The validation is not discussed
in detail.

Furthermore, the customer requirements are captured by the elicitation proce-
dures. However, the procedures are only vaguely mentioned. From the analysis it
can be derived that the customer and stakeholders are actively involved in the RE
processes. Explicit procedures for the collaboration are not described. The modular-
ization of services and re-use is recognized by the approaches analysed by Berkovich
et al. [39].

A third aspect to consider in PSS is the IT system. For the development of software
systems, standard procedures have been increasingly established. Besides generic
process models, specific methods for RE exist. According to the scope and risk of
the project, a suitable development model can be selected. In direct comparison with
product and service development, RE is integrated deeper and more comprehensive
into software development [38]. The following literature discussing the software
engineering state-of-the-art and approaches has been investigated:

• RE for PSS—A State of the Art Analysis [39];
• Requirements Engineering Framework [54];
• Requirements Engineering Process [55];
• Requirements Engineering Process [56];
• A Generic Process for Requirements Engineering [57];
• Engineering and Managing Software Requirements [58];
• Requirements Engineering [57];
• Collaboration in Distributed Software Development [59];
• Collaboration in Software Engineering [60].
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Requirements and their sources are identified in the elicitationphase and customer-
integration is emphasized in the software engineering approaches. Consequently, the
focus is laid upon the software domain—interdisciplinary requirements are not con-
sidered. Similar to the considered product engineering approaches, the necessity of
requirements concretization is recognized in the software engineering approaches.
The procedures are not described explicitly and are not suitable for the develop-
ment of new products or services. The procedures provided for the identification of
conflicts focuses solely on the software domain; interdisciplinary conflicts are not
discovered. Negotiation with stakeholders is suggested to resolve conflicts and find a
compromise [39]. The description of requirements, changes and responsibilities are
specified and documented. Model-based requirements documentation is commonly
used in software engineering; however, Berkovich et al. [39] state that “there are no
procedures and models for the representation of requirements on services, nor for
the relationship between the requirements of different domains”. Traceability proce-
dures are provided, specifying the affiliation of the requirement towards the different
layers of concretization (e.g. a requirement assigned to a component), and linking
the design requirements to the initial requirements. The authors describe the utiliza-
tion of traceability in detail [57]. Interdisciplinary traceability is not considered. It
is recognized that requirements can change during any lifecycle phase and changes
have to be captured and analysed to “check them for their feasibility by determining
their costs and impacts on other requirements, to prepare them for further stages of
development, as well as to ensure appropriate documentation” [39]. Change man-
agement is described as important during the whole lifecycle including the use phase
of the product [57].

Finally, requirements validation is an important part of the RE process to check
the requirements for ambiguity and falsity. The design requirements are validated
against the initial (stakeholder) requirements to determine the fulfilment of the stake-
holder needs. Validation procedures are discussed in detail in the software engi-
neering approaches. The validation focuses solely on software engineering [39].
Customer integration is restricted to the requirements definition stage; integration
in other phases such as the utilization of the software is not explicitly mentioned.
Modularization is recognized in software engineering approaches. Li et al. state that
“requirements encapsulation means organizing requirements into a set of clusters
along with external interfaces such that each cluster can be ultimately implemented
by a functional module” [61]. Moreover, Lanubile described the state-of-the-art of
collaboration in the software domain, focusing on the collaboration between soft-
ware engineers [59]. Collaboration in software engineering is taking place in various
ways during the whole lifecycle of the development, e.g. collaboration with stake-
holders to elicit requirements, identification of errors and collaborative working on
the software design. The author mentioned knowledge centres as web-enabled tools
to share knowledge and argued that “the quality of programmers is themost important
factor in software work” and thus, developers are hired regardless of their location.
Competencies from non-software domains are not explicitly mentioned. Further-
more, software companies outsource development work to programmers in low-cost
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countries to reduce development costs. The collaborative environment presented by
Lanubile and Whitehead referred solely to the software domain [59, 60]. Neverthe-
less, collaborative networks are created.

10.3.2 RE Approaches for PSS

RE for PSS has to be conducted for a growing number of tangible and intangible com-
ponents from a variety of distributed, multi-disciplinary stakeholders. Consequently,
only robust and transdisciplinary RE approaches that can deal with the complexity
of PSS, its openness and dynamics are suitable. Due the inherent complexity, the
direct involvement of the end user and information exchange between the different
stakeholders has to be enabled during RE. Thus, the domain specific formalisms and
tools have to be made interoperable or substitutable. In this context, the following
literature discussing the state-of-the-art and approaches of integrated product and
service development has been analysed:

• RE for PSS—A State of the Art Analysis [39];
• Integrated Product and Service Engineering versus Design for Environment [62];
• Solution Approach in the Hybrid Product Development [49];
• Life Cycle Management of Product-Service Systems [63];
• Framework for Development of Product-Service Systems [64];
• Systematic Translation of Customer-specific IT Solutions in Integrated Product-
Service Building Blocks with the SCORE Method [65];

• Review of PSS Design Methodologies [66];
• State-of-the-art in Product-Service Systems [35];
• PSS Design [67];
• Developing new product service systems [68].

According to Berkovich et al. [39], the literature about PSS development and
design discusses the process of development only abstractly without going into
detail. Firstly, the “organizational conditions are created in order to enable an inte-
grated development of services and hardware/software”. The stakeholder needs—in
regard to products and services—are identified. Concrete techniques or methods are
not mentioned. During the concretization the initial requirements are analysed and
assigned to the respective domains; a requirements model representing the product
structure is created and updated during the entire development. The development
process focuses on the single components of the PSS. However, concrete procedures
for the translation of initial requirements to domain-specific requirements are not
provided. They argue that identification and resolution of conflicts is only mentioned
briefly in the selected approaches.

Procedures for the documentation of requirements are provided; model based
requirements documentation is not applicable to PSS due to missing procedures and
models for the representation of service requirements. Furthermore, there are no pro-
cedures to capture the interdisciplinary relationship between requirements. Change
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management is not deepened in detail in any of the approaches [39]. The validation
of requirements “is not discussed in detail” in the analysed approaches. The impor-
tance of customer integration in all lifecycle phases is recognized. However, specific
methods or procedures are not specified. In addition, modularization is widely men-
tioned in literature to create standardized solutions [65]. Integration of the involved
domains is neither supported in the first phases of the development (e.g. elicitation)
nor in later phases such as requirements validation. The necessity of integration is
recognized; concrete procedures are not examined [66]. Due to the nature of inte-
grated products and services the necessity of additional competencies is recognized.
Aurich et al. noted the “importance of extended value creation networks” [63]. Addi-
tionally, the authors argue that the importance of collaboration is only mentioned and
“not detailed enough to understand the uniqueness of this process [the collaboration
between stakeholders] and how to implement it in real-time” [66].

Engineering of PSS, in contrast to a centralized development process for simple
products, requires the orchestration of distributed products, services andbusiness pro-
cesses for a common purpose. Therefore, organizational, technical and managerial
interoperability is a prerequisite for the realization of the system. The REmethodolo-
gies of the product, service and software disciplines focus on the respective domain,
neither consider the methodologies interdisciplinary requirements nor are interfaces
for the handling of interdisciplinary requirements specified. In addition, procedures
and methods are solely applicable to the respective domains, making it impossible
to apply them to other domains, let alone PSS as a whole. The elicitation procedures
in the product domain focus on technical requirements. The methods used to elicit
requirements such as checklist are not suited for the elicitation of service require-
ments.As the concretization of requirements ismainly done by assigning quantifiable
attributes, this is not applicable to the intangible part of the EP. Collaboration and
integration of development processes with other business partners are not explicitly
mentioned. In general, the lack of an interdisciplinary view and thus missing inter-
faces towards other domains, as well as the insufficient requirements documentation
complicate the adoption of product engineering methodologies.

The service engineeringmethodologies display weaknesses—the procedures pro-
vided focus solely on the service domain; interdisciplinary requirements are not con-
sidered. The service engineering methodologies are not detailed enough to be used
as a basis for PSS development. For example, for the identification of conflicts only a
reference to the already existing methods and procedures of the software and product
engineering ismade. Indeed, the software engineeringmethodologies do not consider
other domains and interdisciplinary collaboration. The procedures described for the
prioritization of requirements are not suitable for the development of new products or
services. Furthermore, the representation of service requirements is not possible with
the provided procedures and modelling techniques. Collaboration is strictly within
the software domain, e.g. through networks of companies spread worldwide.

The integrated approaches state the necessity of cross-domain knowledge, inter-
faces and interdisciplinary requirements. However, the RE methodologies of the
integrated products and services are too vague and do not provide the procedures
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necessary in order to realize a PSS. The procedures are not explained in detail or
similarly to service engineering, procedures of other domains are referenced.

To summarize, the adoption of existing requirements engineering methodologies
of the product, software and service domain to the development of PSS seems to not
be possible as they do not fulfil the requirements for a successful realization of such
a complex solution. Especially the lack of a holistic, interdisciplinary view and the
corresponding interfaces must be highlighted. A holistic view of the development
process of the PSS is necessary. Thus, integration of the development processes
of the individual components is mandatory. Missing interfaces to other domains
make it difficult to apply domain-specific requirements engineering methodologies
to the respective component of the PSS. Moreover, the methodologies of the product
domain do not cover all the lifecycle phases required to realize a PSS. For example,
change management is not intended after the product has been realized.

The requirements engineering methodologies of the individual domains do not
cover the collaboration across domains and the integration of development processes.
The requirements engineering methodologies of integrated products and services
cover all phases of the PSS, however they do not provide the required integration
interfaces. The selection of collaborative business partners depending on the config-
uration of the PSS and formation of business networks is not described in any of the
methodologies.

Thus, two main aspects will have to be supported by a suitable transdisciplinary
RE framework:

1. Collaboration and interoperability between stakeholders and PSS components
from different domains, especially products, services and software;

2. Management of unstable and unknowable requirements, taking into account
information from all PSS life cycle phases.

Integrating PSS components from different domains, like manufacturing and
service, requires collaboration between previously separated stakeholders. These
stakeholders needed for the realization of PSS typically have their own specific
development methodology, standards and even “language”. Thus, the “translation”
of requirements between domains needs to be supported by the RE framework to
enable a common understanding of the PSS. In order to be adaptable to changing
requirements throughout the lifecycle, the value chains have to be flexible even in
the PSS usage phase. To support interoperability between PSS components from
different domains, new methodologies are needed, also to describe emergent system
behaviour. Conflicting, unstable and unknowable requirements have to be identified
across the different PSS domains. Methods and tools need to anticipate dynamic
changes over the PSS lifecycle and environment. The interdependencies between the
tangible product and intangible service components as well as between the stake-
holders have to be described. In such a way, the PSS specification and stakeholder
information needs could be comprehensively identified.
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10.4 Roles in PSS Engineering

Pahl and Beitz defined a number of roles along the product lifecycle, from product
origination to disposal or recycling [37]. The following roles are relevant for the
product engineering process:

• TheMarket/Customer delivers information about the requirements and constraints
in order to generate and select product ideas and create a requirements specifica-
tion. Furthermore, he/she is the user of the product and gives feedback about
product quality.

• The Product Planner defines the product portfolio of the manufacturer according
to the information from the market (market pull) and the available technology
(technology push). The aim of the strategic product planning is the development
contract, specified by requirements and justified by a promising business plan.

• The Product Designer is responsible to specify the to-be product according to
the customer requirements within the necessary documents for prototyping and
production. He/she may also be responsible to create and review prototypes.

• The Production Planner allocates the necessary employees, materials and produc-
tion capacity in order to realize the product portfolio created by the Product Planner
and Designer. Thus, he/she plans the production and manufacturing processes for
the OEM.

• The Suppliers deliver the necessary materials, components and missing compe-
tencies to realize the product portfolio together with the OEM.

• The Product Development Team is comprised of representatives from several of
the roles defined above and deals with the coordination of the product development
process. Therefore it is responsible for the projectmanagement for specific product
lines and information exchange between the actors.

Moving to Service Engineering, Freitag et al. described a schematic role model
for Service Engineering, with the different role owners in seven phases, from the
idea contributor in the ideation phase to the service facilitator during market launch
[69]. The role model aligns the specific, function-oriented roles from Scheithauer
et al. to the service lifecycle [70]. As an example the owner of the role “Service
Manager” is responsible for a set of tasks in the role model. He/she has to decide
quickly on proposed service ideas on a strategic level, then allocate resources for the
service development project and control the execution of the decision. This role can
be fulfilled by an individual person as well as a team or department. Furthermore,
the PSS Engineering process is characterized by the inclusion of competences in the
form or various actors during the development phases [71]. During a PSS project, the
involved actors are determined, and development teams are established and assigned
to several PSS specific roles that can be found in literature [3, 71–74].

The application of agile development methods like scrum leads to the definition
of additional roles for the model:
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• SEProjectManager: Comprehensive and frequent communicationwith customers
about Service Engineering results; monitoring of the project’s economy regarding
development efforts and added value for customer/revenues;

• SE Project Team: Shared aim of highly flexible reaction to short-term changes of
customer demands, even in late development phases;

• SE Project Moderator: Control of the group members meeting working standards;
taking care of personal relations in an interdisciplinary team;

• The PSS Provider is the focal point of all involved stakeholders and is responsible
for the whole PSS lifecycle. The tasks of the PSS provider include the coordination
and execution of design, development and production of the product, as well as
planning and development of complementary services [75];

• The Production Network comprises various PSS suppliers who are responsible
for provision of materials, parts and components or system modules for the PSS
Provider;

• The ServiceNetwork contains distributors, subsidiaries and service partners,which
are mainly material and service specialists. The main task of the Service Network
represents is the PSS distribution, which includes the market-specific adaptation
of the integrated service shares and the handling of client orders including the
individual PSS configuration;

• The Customer plays another key role next to the PSS Provider. Especially in the
early stages of development, he/she is considered as the initiating part, because
demands towards the PSS will be drawn up and implemented based on the deter-
mined customer needs;

• The PSS Project Manager acts in various phases of the PSS development process
and performs management activities. The main tasks of the PSS Project Manager
include the establishment of the connection between the PSS project manage-
ment and the PSS development process. In addition, it is a task to coordinate the
PSS actors and their communication and networking over the phases along the
development process;

• The PSS Architect can be defined as another PSS specific role. The role is char-
acterized by its PSS specific knowledge and the overarching effectiveness in the
PSS development process. The duties of a PSS Architect include, among others,
the PSS idea generation, documentation and management of PSS concepts and
making the link to the PSS project management. Thus, the activities of the PSS
Architect also span over several phases of the development process.

All actors involved in the PSS development process need to communicate with
each other in different phases for different reasons. According to the respective
phases, thus there is a different distributionof tasks, competencies and responsibilities
as well as changing communication needs [75].
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10.5 Knowledge Management in PSS

The design phase in the lifecycle of products and services is characterized by an
intense exchange of engineering knowledge [76]. This even increases if an inte-
grated PSS shall be designed in a collaborative way, where the tangible and intan-
gible components are entangled and dependent on each other [77–79]. Explicit and
tacit knowledge for the engineering process, like user and system requirements,
sentiments, competences, design specifications or processing instructions has to be
exchanged between the involved stakeholders from different domains [80]. To this
end, both knowledge from the product side as well as the service side must be
shared in an appropriate way, combined and utilized, in order to create an attractive
product-service bundle for the customer. On the one hand, it has to be elaborated
which process steps are typically conducted in PSS design [79, 81, 82]. On the other
hand, the involved stakeholders have to be identified and described as the relevant
knowledge sources and targets [79, 80, 83]. Based on the results, the relevant types of
knowledge and appropriate exchange mechanisms and standards have to be defined
[79, 84, 85].

In the scientific discipline of Knowledge Management (KM), several approaches
to capture, develop and apply knowledge effectively during product design have
been developed. Knowledge-Based Engineering (KBE) for example is aiming at
establishing engineering knowledge models, for application in product design and
along the whole product life cycle [86]. First attempts have also beenmade to include
service knowledge into aKM framework for PSS aswell. These attempts are however
focusing on using service knowledge for product design and service operations only.
Furthermore, most approaches have been focusing on explicit formalized knowledge
inside an individual organization [87].

In order to identify the knowledge exchanged in PSS design and develop an appro-
priate Knowledge Management approach, it is necessary to identify the stakeholders
involved in the underlying processes, as they are the relevant sources and targets of
knowledge. As the kind of stakeholders depends strongly on the products, services
or industrial sector, a more generic classification is necessary. Thus role models are
applied, which have shown to be useful for orchestrating the contributions of various
stakeholders in innovation processes [88].

Aligned with the process models, role models describe a set of roles, which can be
assigned to role owners, which can be internal or external stakeholders. Assignment
of roles and tasks should thus be related to the underlying processes, organizational
structure, and competences of stakeholders, respectively. The roles define the divi-
sion of work between the stakeholders. They contain one or more tasks and can be
assigned to one or more individuals or organizational units. The following sections
will describe existing role models for product, service and PSS engineering.

In order to raise awareness, where relevant design knowledge can be found
(“knowing who knows”) and who might be interested in a specific knowledge asset
(“knowing who should know”), it is required to define distinctive roles for a PSS
design project. Such roles can be derived from the PSS lifecycle. Possible roles are
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Fig. 10.1 Outline of roles in PSS lifecycle

illustrated in Fig. 10.1. The roles of the PSS Provider (in blue) act as coordinators
and are responsible for the execution of design, development and realization of the
PSS. The PSS Architect generates documents and manages PSS concepts. The PSS
Project Manager coordinates the development team and their communication over
the phases along the development process. The PSSDevelopment Team is comprised
of representatives from the different domains and deals with the coordination of the
product and service development process.

The roles of the Production Network (in orange) are responsible for provision
of materials, parts and components or system modules to the PSS Provider. The
Product Planner defines the tangible portfolio for the PSS according to the informa-
tion from PSS Architect. The Product Designer is responsible to specify the product
components according to the PSS requirements. The Production Planner plans the
production and manufacturing processes for the products. The roles of the Service
Network (in green) include the market-specific adaptation of the integrated service
shares and the handling of client orders including the individual PSS configuration.
The Service Manager conducts comprehensive and frequent communication with
customers and the PSS Provider about Service Engineering results; monitoring of the
project’s economy regarding development efforts and benefit for customer/revenues.
The Service Designer reacts flexibly to short-term changes of customer and PSS
Provider demands, even in late development phases. The Service Implementer plans
the implementation of the services. The Customer plays another key role because
demands towards the PSS will be drawn up and implemented based on the deter-
mined customer needs. Furthermore, he/she is the user of the PSS and gives feedback
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about quality. Finally, the Suppliers deliver the necessary materials, components and
missing competencies to realize the product and service portfolio together with the
PSS Provider.

About knowledge exchanges in PSS, it is worth to consider that PSS engineering
is a dynamic process with fluctuating actors [80, 89], where the knowledge residing
in individuals has to be combined with knowledge assets that are essential for creat-
ing the intended (customer) value and have to be shared between the roles, as centred
in the so-called “2nd wave of knowledge management” [90]. While in “traditional”
product development knowledge assets aremostly explicit and formalized in the form
of documents, specifications and design etc. managed by applications such as CAD,
PDM or PLM, during PSS engineering when the intangible aspects come into play
knowledge is usually tacit, like skills, know-how, emotions and the like [84]. Explicit
knowledge for PSS engineering includes market needs and customer requirements,
product specifications and concepts, as well as the detailed product design or model
[81]. This knowledge can be formalized in text documents, spread sheets, diagrams,
CAD drawings and the like. However, only about 4% of organisational knowledge
is formalized [91]. Recent studies on open innovation, e.g. in the form of applica-
tion of crowdsourcing techniques [92] or implicit feedback leveraging from social
media [93], have established the important role of open, crowd-oriented opinion and
sentiment in enhancing products and services. This knowledge is mostly informal
and unstructured, consisting of individual posts and discussions, ideas, comments
and other interactions. Thus, it is difficult to codify and share, as it requires indi-
vidual interaction to transfer. It is however equally important as knowledge for PSS
engineering.

With respect to the ability to merge explicit knowledge from different domains,
ontologies are capable in terms of multi-domain knowledge (e.g. Web Ontology
Language—OWL [94]). Tacit knowledge, in the form of personal opinions and sen-
timents regarding PSS, poses extra challenges for the design and implementation
of knowledge sharing. The informal nature of the relevant data and the inherent
lack of formalization create additional issues [95]. The aspect of sharing explicit,
formalized knowledge during PSS design is well covered with concrete approaches
and frameworks in literature. Nemoto et al. described a framework to manage PSS
design knowledge represented by five elements (core product, need, function, entity
and actor) [79]. Zhu et al. and Zhang et al. formalized knowledge from previous PSS
cases in a physical and a service model [81, 82]. Furthermore, Baxter et al. defined
a KM framework for PSS design process knowledge, manufacturing knowledge,
service design and service operations knowledge [31].

Concerning tacit or unstructured knowledge, some approaches can be found in
literature, mainly on a conceptual basis. For instance, Bertoni emphasizes the impor-
tance of “bottom-up” knowledge sharing in PSS design and suggests Web 2.0 tools
such as blogs, wikis or social networks to capture tacit and unstructured knowledge
and tap into the “wisdom of crowds” [84]. This idea has been extended by Larsson
et al. [77] into the concept of “Engineering 2.0”, applying easy to use technolo-
gies for knowledge sharing, while Chirumalla explored the use of Web 2.0 tools for
knowledge sharing [78]. Also Natural Language Processing (NLP) has been validly
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adopted to enable formalization of tacit knowledge, according to a transdisciplinary
approach [95]. A balance has to be found that supports a “bottom-up” knowledge
sharing without sacrificing an efficient way to search and identify relevant knowl-
edge. Bertoni and Larsson have identified seven barriers for knowledge sharing in
PSS design, which have to be overcome: acceptability and self-censorship, commit-
ment and reward, resignation, time loss, awareness, language and models, and trust
[96].

Furthermore, it is important that all members of the development team have access
to the same knowledge in the right form [97]. For explicit knowledge sharing, SysML
seems to be appropriate to be extended for the purpose of modelling and exchanging
PSS design knowledge, as it is an established standard for systems engineering. A
key advantage lies in its extendibility. The needed meta-model layer is provided by
default in the specification of UML itself. Hence, an adaption to domain specific
needs can be performed. As it is not feasible for all stakeholders to use a common
standard for knowledge representation or work with models from other domains,
ontologies can be used to share knowledge across domains. However, modelling a
proper ontology can become very complex, in particular if a generic ontological
representation of a PSS is envisaged. The ontology needs to be filled with product
and service related knowledge from different domains. To define service features
and software elements demands for specific expertise not only from the field of
product design but informatics, service etc. The interface to the knowledge base has
to become user-friendly to ensure an acceptance by the end-user.

10.6 PSS Evaluation in Industrial Contexts

For manufacturing companies, the measurement of PSS performance is a crucial
aspect to identify the best solution to provide on the market and able to satisfy the
customer needs, improving the product value proposition. Moreover, identifying the
best PSS offer allows improving the company business model, its business perfor-
mance, and thus its revenues. In order to promote PSS performance measurement,
two main principles must be taken into account: “what cannot be measured can-
not be improved” [98] and the Plan-Do-Check-Act (PDCA) approach [99], since a
continuous monitoring is required during the entire P-S lifecycle.

According to the authors’ perspective, PSS performance evaluation involves both
the preliminary evaluation and the validation of the scenarios that will be imple-
mented by the company. Indeed, the evaluation is determining whether the process
in its entirety can yield an output that meets the desired requirements, while the val-
idation is determining whether the process as implemented can yield an output that
meets the specifications with acceptable capability. For validation, the process must
be challenged using verified measurement systems. The areas investigated refer to
the definition of a set of key performance indicators (KPIs), and the PSS assessment
according to the performance achieved referring to the global system sustainability,
according to its threemain dimensions: economy, environment, and social well-being
[100].
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In literature, four different kinds of performancemeasures canbe identified:Result
indicators (RIs), Performance indicators (PIs), Key performance indicators (KPIs),
and Key result indicators (KRIs). (K)RIs quantities the degree the company achieved
its defined goals (they are measured over a long time period), while (K)PIs recog-
nises the actions to do or that should be done in the future to increase the current
performance and achieve the defined objectives (they usually are evaluated daily
or at least weekly). KPIs in particular measure a current or future situation able to
encourage the stakeholders to adopt any strategy in order to face up the scenario that
arises. According to the aim of this research, KPIs are able to provide the guide-
lines to drive the company in the right business direction. Indeed, KPIs measuring
the company performance regarding a certain business give information to company
stakeholders during the decision-making process. Moreover, they are involved to
discover what are the non-adding value activities (that approximately represent the
60% of a company’s activities) inside a specific business [101]. Therefore, in order to
identify the right KPIs to adopt for evaluating a certain business, literature proposes
the adoption of the SMART principles, which are Specific, Measurable, Attainable,
Realistic, and Time sensitive [102]. KPIs that comply with these five criteria allow
companies assessing their real time performance, defining measures early enough
before problems occur, and collecting the appropriate KPIs for PSS evaluation during
the Design phase. This last one is a crucial aspect in PSS assessment, because the
evaluation and validation of a new PSS offer during the design phase allows both
reducing the time to market and successfully addressing the customers’ needs. It is
important to notice again that PSS assessment is different from product assessment,
as in PSS, product characteristics and service functionalities influence one another.
Currently in literature, few works about performance assessment in PSS exist; thus,
it is an open issue. An interesting research was conducted by Mourtzis et al. [103],
which classified KPIs with respect to the main PSS Design methods. Those classes
involved in this paper are the following: Customers (C), Business (B), and Sustain-
ability (S). Figure 10.2 shows how the KPIs classes refer to the related PSS design
methods explained in the previous chapter. They are groups into three classes: B if
referring to Business aspects, S if relating to Sustainability, and C if relating to the
Customers. The main KPIs involved and the relative classes are listed in Table 10.1.
Beyond the advantages that KPIs measurement offers to assess a PSS offer during the
Design phase, some weaknesses remain. KPIs measurement demands lot of effort
due to a frequent evaluation. For this reason, a critical aspect in the performance
measurement system is to compare the value of an indicator with the effort required
for its evaluation [104]. Furthermore, the number of indicators should be limited to
ensure a meaningful overview of the current situation.

Generally a PSS will provide not only a higher customer satisfaction, but also a
great advantage on the sustainability in respect to traditional products [105], accord-
ing to its threemain dimensions: economy, environment, and social well-being [100].
From the environmental viewpoint, PSS provides a more conscious product usage
thanks to the service functionalities delivered, increasing resource productivity and
a close loop-chain manufacturing. Moreover, because the PSS requires the involve-
ment of different partners and stakeholders, they will deliver a solution able to create
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Fig. 10.2 Design and development framework for PSS

a sustainable supply chain, according to the service provided. From the economic
viewpoint, PSS is able to create newmarket potentials and higher profit margins, and
can contribute to higher productivity by means of reducing investment costs along
the lifetime as well as reducing operating costs for the final users [35]. Finally, from
the social viewpoint, PSS can build secure knowledge intensive jobs and contribute
to a more geographically balanced distribution of wellbeing.

The PSS and the relative Servitization process extend the responsibility of the
PSS provider to the whole lifetime of the product [106]. For this reason, it is required
to perform assessment from a lifecycle perspective. In the manufacturing industry,
product sustainability is calculated by adopting a lifecycle design approach: it allows
quantifying product impacts and providing tangible commercial values in terms of
efficiency and costs [107]. They are based on the definition of several indicators to
assess the lifecycle performance and support comparative analysis. The technique to
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Table 10.1 KPIs list for PSS performance evaluation

KPIs Class KPIs Class

Customer satisfaction C Overall equipment effectiveness B

Acceptability C Technical availability B

Acceptance rate C Flexibility B

Availability for production plan C Stability B

Number of customer needs C Machine reliability B

On-time delivery C Service reliability B

Efficiency C Service assurance B

Quality B, C Team qualification B, C

Customer needs rate C Knowledge management B

Requirement inconsistency C PS maintenance efficiency B

Efficiency of collaboration C Development cost B

Privacy C Service delivery costs B

Product flexibility C, B Environmental quality cost function S, B

Expansion flexibility C, B Energy efficiency S

Sustainable product-service efficiency S Lease/reuse S

support this described lifecycle design approach is defined as Life Cycle Assessment
(LCA) according to ISO 14040:2006 (2006) [108] and it allows evaluating the envi-
ronmental impacts on the product.Moreover, another lifecycle approach to assess the
economic impact is LifeCycleCosting (LCC) [109],which has the scope to recognize
all the economic impact during the product lifecycle. More recently, also the social
impacts have been included in the lifecycle design approach by the so-called Social
Life Cycle Assessment (SLCA) [110]. Such methods defined for product assessment
could be “extended” and applied also to PSSs. However, the common indicators that
assess economic, environmental or social domains separately will not approach and
assess PSS sustainability in its complexity and wholeness. Indeed, the sustainabil-
ity of a system cannot be assessed by the use of a single criterion mainly because
of the intrinsic multidimensionality characteristic of sustainability. It is required to
generate and assess a unique value that is the combination of all relevant criteria.
In literature, some research calculates the sustainability of a PSS without adopting
the lifecycle approaches, while other research has proposed to translate the lifecycle
design approaches to assess the PSS sustainability demonstrating how to calculate
the sustainability impacts of an integrated PSS by considering not only the impacts
related to the product realization, usage and dismissing, but involving also the intan-
gible assets and the ecosystem actors, as reported in Table 10.2. It shows several
methods and relative indicators developed and used by different researchers in lit-
erature, which adopts a transdisciplinary approach. In the columns, the three main
lifecycle indicators are identified (i.e. Environmental Impact, Economic Impact, and
Social Impact), and also the integrated indicator to calculate the entire Sustainable
impact.
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Table 10.2 Lifecycle indicators in literature according to a transdisciplinary approach

References Environmental
impact indicator

Economic impact
indicator

Social impact
indicator

Sustainable
impact indicator

[22, 111] ENI
(ENvironmental
indicator)
measured by
Eco-indicator 99
point (EI-99)

ECI (EConomic
Indicator) refers
to all the lifecycle
costs through the
equivalent annual
cash flow
technique (EA)

SOI (SOcial
Impact) considers
separately Human
Health
contributions
according to
EI-99
methodology

SI = ENI + ECI
+ SOI (each
indicator is
normalized to
obtained a
monetary value
(e), that is SI)

[112] Total
environmental
impact along
lifetime

Total lifecycle
cost

None None

[110] Global warming
potential

Lifecycle costs QALY (measure
of well-being)

QALY as a
single-score
alternative to
direct
monetisation

[72] Life span,
efficiency of
resource
consumption,
closed cycle
efficiency, and
potentials for
improvement

None None None

10.7 An Extensive Design and Development Framework
for Industrial PSSs

On the basis of a critical analysis of the existing literature about the different aspects
of PSS development, we can conclude that the design and development of successful
PSS has to focus on the identification and interpretation of interactions between
products and services to fully reflect stakeholder requirements. Design decisions
cannot be merely technology-driven or manufacturing-related, but the user needs
have to be the main focus. In this context, UCD techniques become a driving force.
Thus, in the case of PSS, innovation relies on sharing knowledge between partners
from different domains, maintain a common understanding of the design concept
derived from customer needs and re-use experiences from other PSS projects; the
usageof “downstream”knowledge from later phases of the life cycle and the inclusion
of the customer into the design process is important as well. While in a conventional
static OEM-supplier relationship contractual obligations set by the leading company
definewhat andhowknowledge is shared, such amodel is not feasible for the dynamic
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collaboration required forPSS.Besides themissing lead-time required settingup such
an arrangement, there might simply not be a partner powerful enough to impose its
standards.

Based on this analysis, it can be stated that:

• Elicitation of customer needs is the key point and the first issues to solve in PSS
design and development. It can be done by UCD techniques (ethnography, per-
sonas, role-playing);

• Technical analysis of PSS function can be executed by Business Use Case (BUC)
analysis, which provides a user-centred investigation of the conceptual PSS model
and a mapping of goal-oriented interactions between external actors and the PSS
items;

• Design of the PSS functions by Design Structured Matrix (DSM);
• Definition of the PSS process model and system infrastructure by UML 2.0 dia-
grams and extended SysMLmodels for systems engineering. The PSSmeta-model
layer is provided byUML, and extension of SysML allows exchanging PSS design
knowledge, as it is an established standard. Tacit knowledge sharing can be sup-
ported usingWeb 2.0 tools for the PSS stakeholders on a dedicated social platform;

• Definition of the Business Model and involved stakeholders by CANVAS mod-
elling;

• Identification of the new business strategies and trends by a simplified STEEP
analysis;

• Management of the PSS knowledge sharing by formalization of explicit engineer-
ing knowledge and flexible exchange of unstructured and tacit knowledge between
the stakeholders involved;

• Creation of cross-functional teams to foster knowledge sharing during the design
phase, including people coming from the different functions, domains and organ-
isations involved (i.e., stakeholders from product, service, or system integration).
For this purpose;

• PSSmodel validation by Serious Games and hybrid PSS digital mock-ups in order
to simulate the human-system interaction;

• Evaluation of PSS performances by proper key performance indicators (KPIs),
investigating different areas such as Business, Sustainability and Customers. The
latter include also the evaluation of the user experience by tests with samples users.
Interactive prototypes can be adopted for this scope: high-fidelity mock-ups that
combines realistic visualization (e.g., high quality aesthetic rendering, realistic
environments, truthful use cases) with high level of interaction and simulation
of the PSS behaviours according to the PSS conceptual model (e.g., movements
of product parts according to some interaction with its interface or the service
functions, real-time feedback connected to the service delivery).

The overall framework defined to support PSS design and development is repre-
sented in Fig. 10.2. It integrates the above-mentionedmethods along the P-S lifecycle
management (P-SLM) and considers the actors involved, as presented in Fig. 10.1.

In addition, Table 10.3 shows the selected KPIs for an overall evaluation of the
PSS performances, according to the three identified areas: Business, Sustainability
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Table 10.3 Selected KPIs for PSS evaluation

Area KPIs PSS methods for design and
development

KPIs for business (B) Overall equipment
effectiveness

Technical availability

Flexibility

Stability

Machine reliability

Service reliability IPS2 models

Service assurance IPS2 models

Team qualification

Knowledge management Layer-based methodology

Knowledge sharing Layer-based methodology

PS maintenance efficiency Lifecycle oriented approaches

Development cost Lifecycle oriented approaches

Service delivery costs Lifecycle oriented approaches

Environmental quality cost
function

Lifecycle oriented approaches

Quality Software tools

Product flexibility Software tools

Expansion flexibility Software tools

KPIs for sustainability (S) Environmental quality cost
function

Lifecycle oriented approaches

Energy efficiency Web-based models

Lease/reuse Web-based models

Sustainable product-service
efficiency

Lifecycle oriented approaches

Sustainability assessment (SA) Life cycle assessment (LCA)
and costing (LCC)

KPIs for customer (C) Customer satisfaction Usability assessment

Acceptability Service engineering

Acceptance rate Service engineering

Availability for production plan IPS2 models

Number of customer needs Requirements elicitation

On-time delivery Service engineering

Efficiency Usability assessment

Quality Software tools

Customer needs rate Requirements elicitation

(continued)
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Table 10.3 (continued)

Area KPIs PSS methods for design and
development

Requirement inconsistency Requirements elicitation

Efficiency of collaboration IPS2 models

Privacy IPS2 models

Product flexibility Software tools

Expansion flexibility Software tools

Team qualification

Effectiveness Usability assessment

and Customers. In respect to the state of the art, Business indicators have been
extended to consider also knowledge management and knowledge sharing among
all the stakeholders, while Sustainability indicators have been expanded according
to the last researches in this field (as cited in Table 10.2) and Customers indicators
have been integrated with usability, value and interaction indicators.

10.8 Summary and Outlook

This chapter discussed the most useful methods for PSS Requirement Elicitation
(RE), design and development and proposes a structured way to manage such a
complex and transdisciplinary process, with a special attention to transdisciplinary
methods. Themost significant RE approaches for PSS and themost successful design
methods are presented, and numerous examples of transdisciplinary methods from
recent literature are discussed. After that, the chapter focuses on knowledge man-
agement, which is a key aspect in PSS due to the increased complexity and the
higher quantity of data and knowledge exchanged during PSS design and develop.
The discussion highlights how to identify the stakeholders involved in the underlying
processes, as relevant sources and targets of knowledge, and how to choose the best
role models for orchestrating the contributions of various stakeholders in the innova-
tion process. Finally, the measurement of PSS performance is presented as a crucial
point to identify the greatest solution to provide on the market and able to satisfy the
customer needs, improving the product value proposition. A set of Key Performance
Indicators (KPIs) suitable for PSS are defined according to the reference area: busi-
ness, sustainability, and customer. This overview about design methodologies and
evaluation strategies allows having a high-level view and useful tools to develop a
systematic PSS development framework, in order to help manufacturing enterprises
to determine their own position on the PSS maturity scenario and to plan future
actions toward servitization, according to knowledge exchange and transdisciplinary
view [113].
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