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Product Service System: definitions and design approaches
Prof. Paolo Gaiardelli, Prof. Xavier Boucher, Dr. Giuditta Pezzotta, and Prof. Dr. Shaun West

1 Introduction to Product-Service Systems

Ever-increasing customer expectations coupled with rising competition compel companies to seek
new value propositions and business models. Among these are Product Service Systems (PSSs) where
customer demand is met by selling satisfaction instead of providing the product per se. The transition
of physical products to PSS can be seen as the evolution of product identity based on material content
to a position where the material component is inseparable from the service system (Figure 1).
Introduced for the first time by Vandermerwe and Rada in 1988 with the term “servitization”, the
transition of industrial companies towards PSS identifies a challenging and complex management
transformation based on “innovation of an organization’s capabilities and processes to better create
mutual value through a shift from selling product to selling PSS” (T. S. Baines et al., 2007). It also
represents an economical transition: (i) from a product-oriented economy towards a function-oriented
economy, (ii) from value transactional economic models towards value-in-use relational models, (iii)
from industrial strategies of production volumes towards strategies of value co-creation along the
lifecycles, which requires active collaborative processes among networks of stakeholders and value
creation actors (Medini and Boucher, 2016).

Core product with added
Product (or Service) sercive (Servicing)
Product = Value Prodcut = value Product-service system
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\ Service is a bolt-on /
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Figure 1: The transition from pure product to a Product Service System
(based on Vandermerwe and Rada, 1988) (lllustration by Kodel Bahram)

Literature highlights different scenarios that can result in poor PSS. It mainly happens when
the design is dominated by one side (product or service) over the other. Indeed, as pointed out by
Kowalkowski (2016) and highlighted in Figure 2, the processes characterizing new product and new
service development do not differ in their distinctive components, but on the time and resources
involved. As a result, a product orientation that is too high, rather than an emphasis on service
orientation, can lead PSS designers to develop sub-optimal solutions.

Adopting design and engineering methods and methodologies that are able to capture both
product and service perspectives in a comprehensive and collaborative way, emerges as essential to
create successful PSS, as done by companies such as GE Aero, Caterpillar, Hilti, and Xerox. Atthe same
time, the ever-increasing importance played by digital technologies calls for the implementation of
new methods supporting the design and engineering of technology-based PSS.
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Figure 2: Spend profiles for new product development and new service development
(based on Kowalkowski, 2016) (Illustration by Kodel Bahram)

Based on this premise, this chapter introduces, through an extensive analysis of existing
literature and the presentation of successful industrial applications, the main methods,
methodologies, and tools for designing and engineering traditional and smart PSSs.

2 Notion of Product Service Systems and conceptual definitions

PSS is an interdisciplinary research field, which attracts many different points of view and
contributions. The concepts, definitions and typologies come from distinct complementary areas.
Typically, business management investigates the bundling of products and services to form solutions.
A well-recognized definition in this area considers PSS as “a market proposition that extends the
traditional functionality of a product by incorporating additional services” (T. S. Baines et al., 2007).
However, the emphasis on sustainable development has been a key focus for the deployment of this
type of business model, leading Mont to define PSS as “A system of products, services, supporting
networks and infrastructure that is designed to be: competitive, satisfy customer needs and have a
lower environmental impact than traditional business models” (Mont, 2002). By integrating the
industrial dimension of business model transformation, Meier considers that “an Industrial Product-
Service System is characterized by the integrated and mutually determined planning, development,
provision and use of product and service shares including its immanent software components in
Business-to-Business applications and represents a knowledge-intensive socio-technical system”
(Meier, Volker, and Funke, 2010). Although these three definitions are not exhaustive, they underline
some of the crucial perspectives of PSS development, leading to the statements that PSSs:

- are defined as “value propositions” where the transactional unit is no longer the product by itself,
but the outcome or utility delivered by the system.

- consist of a bundle offer of products and services, designed and coordinated throughout the
process of value creation, and integrated by the PSS delivery processes' internal organization.

- are considered as a system-of-systems (e.g., an aircraft engine on an aircraft).

- are characterized by a transformation of the “focus” of the design and manufacturing processes
with the integration of product and service activities over the whole lifecycle (Figure 3).

- are characterized by dynamics of networked co-production (customer/provider relationship,
collaborative value networks, and multiple actors and stakeholders).

- generate new forms of value co-creation processes and key-value factors where collaboration and
cooperation are crucial.

- increase the value of the product-in-use to satisfy the outcomes better and come with a
perspective of minimizing environmental impact.
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Figure 3: The three main phases within the PSS lifecycle
(based on Wuest et al., 2016) (Illustration by Kodel Bahram)
Table 1 provides an overview on the different kinds of definitions for PSS, with their specificities.

Table 1: PSS definitions
Definition Source

Social Aspects and partnerships

Tangibility, intangibility
Networks, infrastructures

Sustainability

Industrial process

> Concept of system
> Marketing

A marketable set of products and services capable of jointly Goedkoop,
fulfilling a user's need. The PS system is provided either by a 1999
single company or by an alliance of companies. It can enclose

products (or just one) plus additional services. It can enclose a

service plus an additional product. And product and service can

be equally important for the function fulfilment.

A system of products, services, supporting networks and Mont, 2002 X X X X X
Infrastructure that is designed to be competitive, satisfy

customer needs and have a lower environmental impact than

traditional business models.

A product service system (PSS) can be defined as "an Manzini and X X

innovation strategy, shifting the business focus from designing  Vezzoli, 2003

(and selling) physical products only, to designing (and selling) a

system of products and services which are jointly capable of

fulfilling specific client demands”.

A system consisting of tangible products and intangible Tukker, 2004 X X X

services designed and combined so that they jointly are

capable of fulfilling specific customer needs.

A social construction, based on "attraction forces" (such as Morelli, X X
goals, expected results and problem-solving criteria), which 2006

catalyze the participation of several partners. A PSS is a result

of a value co-production process within such a partnership. Its

effectiveness is based on a shared vision of possible and

desirable scenarios.

A market proposition that extends the traditional functionality Baines et al., X
of a product by incorporating additional services. 2007
An Industrial Product Service System is characterized by the Meier et al., X X X

integrated and mutually determined planning, development, 2010

provision, and use of product and service shares, including its

immanent software components, in Business-to-Business

applications and represents a knowledge-intensive socio-

technical system

A Product Service System (PSS) is an integrated bundle of Boehm and X X
products and service which aims at creating customer utility Thomas,

and generating value. 2013



2.1 Basic PSS typologies

Different kinds of PSS can be considered, depending on how products and services can be
associated or integrated, but also depending on the type of economic model deployed. PSS typologies
provide interesting support to help creativity during the design of value offers and then PSS solutions.
A first basic, and widely accepted, typology of PSS has been proposed based on the work of Hockerts
(1999) and reinforced by several authors, notably Goedkoop (1999) and Tukker in 2004 (Figure 4).
There are many examples of the three typologies described by Tukker, however, many of the PSS are
hybrids of the three typologies combining aspects of product-, use- and result-orientation within the
individual value proposition.
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Figure 4: Usual PSS typology (based on Tukker 2004) (lllustration by Kodel Bahram)

2.1.1 Product-Oriented PSS

The product is sold in a transactional model, but the sales contract includes services deployed
along the product lifecycle to support the management of the asset in use. This includes all after-sales
services, such as maintenance (in its different contractual formats), diagnosis, repair and overhaul,
spare parts and consumables, transportation, installation and commissioning, cleaning, refurbishing,
updates, upgrades (recycling and take back), as well as information, training and consulting services
on the use of the product, and management related activities. These can include help desk support,
product, process and business trainings and consultancy solutions. Each solution can be provided
individually or in the form of packages. Examples of packages can be all-inclusive maintenance
programs or promotional packages for spare parts and options installation.

Examples of product-orientated PSS include GE’s Multi-year Maintenance Program or ABB
Turbo Systems’ basic maintenance agreements, where all of the services are bundled into a contract
with a performance commitment for the service level (e.g., availability of spares or call out time). Other
examples include the installation and startup services offered by HP (Care Pack) and Cisco (IOS Auto-
Upgrade Manager), and remanufacturing solutions such as the Caterpillar Certified Rebuild Program.

2.1.2 Use-Oriented PSS

The provider contracts with the customer for access to the product or use of the product
without purchasing it (relational economic model). The products remain the property of the provider
or a financial intermediary. Both product usage and additional services are embedded in the contract:
the providers are generally responsible for maintaining the functioning of the product system,
according to a pre-defined level of quality, as part of the contract. This approach involves an advantage
for the service supplier, reducing its commercial efforts in service sales, as services are already included




in the provided solution. On the other hand, customers enjoy better control of the total cost of
ownership, and by transferring the risk directly to the supplier benefit from simpler asset management.

Examples of use-oriented PSS include leasing, short and long period renting services, product
sharing and pooling. There are many practical examples of use-oriented solutions, ranging from
automotive to office solutions (e.g., pay per use solutions provided by Xerox), from toys (Rent-That-
Toy), to equipment for transport like pallets and containers (e.g., Chep). For instance, Caterpillar
provides a broad range of value propositions based on this model on both short- and long-term
contracts. Hilti, known for manufacturing high-quality hand tools, has seen over 70% of its growth from
its service business based on use-oriented contracts. GE Aero or Rolls-Royce both provide advanced
forms of use-orientated PSS: here the product is sold to a financial intermediary who leases the product
to the airline while the OEM’s revenue model is based on operational hours and rewards the outcomes
(e.g., unit availability and fuel efficiency).

2.1.3 Result-Oriented PSS

Independently of any pre-defined product, the provider guarantees to answer specific
customer needs, with a contracted defined by the final result/performance. Service activities are
embedded in the contract, but the provider's engagement is defined according to the performance
defined in the agreement between the firms. This is very similar in content to traditional out-sourcing.

Examples here are Thales Training & Simulation, a leading provider of simulation software in
the field of defense, transportation and energy management, who offer integrated training solutions
for the use of their software systems with the formula "you pay according to what you have learned",
while Aggreko offers a “rental” of their generation units based on the power they deliver. Nobel
Enterprises moved into results-orientated PSS with their explosive services, where the explosives are
only part of the overall PSS.

2.2 Extended PSS typologies

Several complementary contributions addressing PSS typology can be found in literature
(Adrodegari et al., 2015, Gaiardelli et al., 2014 and Park et al., 2012).

An extended vision of Tukker’s typology has been proposed by Boucher and Peillon (2015),
built from academic contributions and the result of a quantitative study of industrial service
deployment. The approach gives a generally applicable, yet pragmatic PSS classification, useful for any
sector of activity as a design aid. The classification proposed is based on the typologies established by
Gebauer and Kowalkowski (2012), Hockerts (1999), and Tukker (2004). The classification, which can
support the design of new PSS (Figure 5) and extend existing PSS offerings, has two levels:

i The first level differentiates the solution according to the level of maturity/complexity of
the PSS offer: the three first categories are associated with product-oriented PSS, but add
value to the usual ‘after-sale’ services (e.g., maintenance), moving towards services
offering the customer diagnostic capacity and reconfiguration of its activities or
processes. Categories 4 and 5 correspond to the use- then result-oriented PSS of Tukker's
(2004) typology.

ii. The second level of the classification differentiates sub-categories of PSS solutions for
each of the 5 main classes. For the 3 first ones, the sub-categories depend on the services'
situation in the life cycle (before sale; supporting the selling process itself; or after-sales
services).

More specifically, in the use- and result-oriented PSS the sub-categories correspond to generic
types of PSS in the industrial area: for instance, a ‘Mutualized Resource Platform’ offers an open panel
of customers the opportunity to pay for a limited utilization of a technological system, made available
and functional through a platform implemented by an intermediary (Territorial Innovation Hubs often
provide such opportunities for SMEs).
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2.3 Industrial capabilities for PSS design and delivery

PSS development can lead to the transformation of industrial companies’ culture and
management through changes to support the integration of service activities in their business models.
In general terms, the transformation of manufacturing firms has been studied in depth through
servitization research. One of the key managerial questions is identifying the key generic capabilities
to be developed internally. Story et al., (2017) made a large study of UK-based industrial companies
concerning their capabilities to deliver “advanced services” based on PSS, offering insights and lessons
for firms moving from product-based to PSS-based value propositions.

The first lesson from this study is a proposal to structure the analysis of capabilities by using as
filters a set of “key business activities” considered crucial for companies. Six business activities are
identified: Innovation; Interaction processes; Actor insight; Business culture evolution; Working with
other actors; Infrastructure development and management. As these six activities are necessarily
developed in interactions among various actors of the business ecosystem, the implementation and
management are found to be highly dependent on the capabilities of all actors of the network. The
study also highlights the need for multi-actor capabilities. This emphasizes the collaborative nature of
PSS design and development: any company engaged in servitization has to be aware of its internal
competencies and the capabilities of its potential partners. Specifically, three key actors in the value
chain are considered: the manufacturer, the intermediary and the customer.

For manufacturers, six key capabilities are proposed, corresponding to the 6 structuring
business activities. Among these capabilities, three are as unique and critical for the development of
advanced services:

- Manufacturers need to balance product and service innovation — without service innovation
they are often limited to offer basic services.

- Managing risk-reward service contracts — Customer-focused through-life service
methodologies appear to be critical to managing risk/reward service contracts.

- Creating distinct, yet synergistic product and service cultures — this is one of the most
significant challenges, requiring changing organizational mindset from a product to a product-
and service-focus.

Intermediary actors often form a critical part of the PSS value network: they install or integrate
the system and are necessary to coordinate and integrate third-party products/services. Five key
capabilities for servitization are identified, but only one is considered critical for the deployment of
more advanced services:



- Becoming informed providers — because of their key role in the value network, in interaction
with third-party partners, intermediary actors need to become informed providers of
products and services, able to push advanced offerings towards customers.

Finally, for customers, two capabilities appear critical for advanced services:

- Co-creating innovation — this is particularly important, since advanced services are based on
building then offering a collaborative vision of value delivery, which requires customers and
suppliers to work at new offer development collaboratively.

- Contract management capabilities — customers need to develop a capability to manage and
contract service outsourcing to ensure the efficient delivery of their proper key operational
processes, including product-related processes.

2.4 PSS design

Companies encounter many difficulties in formulating a PSS value position. These are related
to the external contextual environment and to internal aspects in the firm. The external factors mainly
relate to the market norms and customer’s preferences. The internal aspects refer to the definition of
processes, methods and techniques required to support its design and engineering. Designing and
developing solutions that simultaneously cover both tangible and intangible aspects are far from
traditional product engineering. Above all, manufacturing firms generally do not think systematically
about both aspects, because historically, services have always been managed either by the after-sales
function or by the marketing department.

The lack of a systematic approach has been well underlined by Behara and Chase (1993): “if
we designed cars the way we seem to design services, they would probably come with one axle and
five wheels”. Problems that generally occur in the engineering of PSS solutions can be due to the lack
of:

- anappropriate innovation management process,

- organizational structures and qualified personnel,
- appropriate models and methods,

- digital tools to support the development process.

To find a systematic way to address these issues, Product Service Design and Service
Engineering fields were consolidated during the 1990s, mainly in Germany and Israel, as a branch of
engineering sciences that study the systematic development and design of integrated product-service
solutions through the use of appropriate procedures, methods and tools (Bullinger, Fahnrich, and
Meiren, 2003). Product Service Design and Engineering adopt a technical-methodological approach
trying to use both existing engineering know-how in the product and systems development area and
tools from the world of marketing (New Service Development) and design thinking (Service Design
Thinking) in order to create innovative services and PSS.

Designing and developing a PSS is a complex task due to the long and unpredictable lifecycle,
the number of interactions among the actors involved, and the constituent components. While
designing integrated product and service solutions, the fundamental elements to consider are:

- integrated solution or value proposition — a PSS system is composed of product and service
content, the network of actors and the infrastructure to support its delivery.

- lifecycle perspective — a PSS value proposition and implementation presupposes the
extension of the producer’s responsibility and the involvement of the customer throughout
the entire life cycle from the beginning of life (e.g., design, build, install) through the middle
of life (e.g., operations and maintenance) to the end of life (e.g., upgrade, recycle or disposal).

- ecosystem actors — engineering an integrated solution requires all actors' active involvement
(including the active stakeholders and the beneficiaries) over the lifecycle.

| Example of ecosystem actors involved in PSS design




Ecosystem actors include all the value chain actors that deliver the PSS over the lifecycle.
These actors must be actively involved in the engineering phases as they are fundamental to creating
value and satisfaction. For example, an aero-engine will have the following actors involved in the
PSS design and delivery:
e the manufacturer — the firm who develops and manufactures the engine,
e system integrator — typically the airframe manufacturer,
e regulators — often the Federal Aviation Administration as well as environmental regulators,
e financial leasing firms — often the owner of the engine,
e aircraft maintenance service — the providers of maintenance, completions, repair, and
overhaul services for aircraft and engines,
e airline — the operator of the aircraft and the engines,
e airport —the owners and operators of the airport.

Most of the models, methods, and tools developed in this field allow the customer's active
involvement either as co-designer or co-producer.
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Figure 6: Actors and their roles over the PSS lifecycle(lllustration by Kodel Bahram)

To design a PSS, it is necessary to adopt a formal development process to convert new PSS
ideas into real elements of value (Froehle and Roth, 2007). However, formalizing a development
process does not mean adopting rigid and inflexible schemes, but rather defining guidelines that help
companies work effectively and with focus (Bullinger, Fahnrich, and Meiren, 2003).

The development processes are generally based on reference models that contain internal
indexes. The V-model is one such reference model, which involves early and comprehensive
identification of outcomes based on use cases, that describes the user and their needs within an
operating environment. The needs and operating environment are then translated into detailed and
testable system requirements, detailed design, implementation, and acceptance testing of the
implemented system to ensure it meets the stated requirements (system verification). The process
emphasizes requirements-driven design and testing with all design elements and acceptance tests
traceable to one or more system requirements. Individual requirements must be addressed by at least
one design element and acceptance test.

The adoption of a structured development approach is fundamental because it highlights the
need for proper resource capabilities, the level of involvement of different customers and
stakeholders, the perspective along the life cycle, and the development process on the added value
the company aims to provide. There are different methodologies, methods, and techniques for



developing a PSS, Table 2 lists the main ones. For each method, the description and the engineering

phase in which the methods are used (Cavalieri and Pezzotta, 2012) are reported.

Table 2: Methods used in PSS design

Method or tool

Description

Phase based on
(Cavalieri and Pezzotta
2012)

Source

Actor and
(eco)system
maps

Analytic
Hierarchical
Process (AHP)
and  Analytic
Network
Process (ANP)
Avatar
mapping

DEMATEL

Empathy Map

EVA

Extended
Functional
Analysis
Journey
mapping

Kano model

Persona

Product-
Service
Concept Tree
Prototyping

ProVa

QFD

Method to map and visualize all the actors
involved in the PSS provision process

Multi criteria decision making method for
organizing complex decisions. It is based on
pairwise comparison of different criteria

The Avatar map represents the product or
machine, showing inputs, process and outputs
allowing its interactions with other actors to be
clearly defined. It is the counterpart to the
empathy map

Decision Making Trial and Evaluation Laboratory
(DEMATEL) is a method dealing with large
problems of group decision-making by assessing
the direct and indirect relationships among all
elements as well as studying the direction and
intensity of the relationships among already
defined components.

The map provides an overview of who the focal
actor is, and helps identify inconsistencies in the
perception of the same actor from various team
members.

A 2-step procedure composed of multi-criteria
decision-making methods with specific criteria for
a comprehensive value assessment of PSS from
both the customers’ and the provider’'s
perspectives.

Method helping define which PSS features
(functions) should or should not be included in a
solution. Based on cost or customer value.

A representation that describes step-by-step how
actors interact with a service. The process is
mapped from the focal actor’s perspective. It is
closely related to service blueprinting

Method that classifies customer preferences in
five different categories

Method is mainly adopted in user-centered
design. A persona is a fictional person created to
represent a user type of a PSS. People belonging
to the same persona would act in the same way.
Method developed to support the definition of a
PSS solution starting from customer needs.

This method consists of creating samples or
models of the PSS to test its functionality.

A structured method to analyze the provider value
for each PSS.

Quiality Function Deployment (QFD) analysis is a
structured method to define customer needs and

Requirements

identification and
analysis; PSS Design
Requirements
identification and
analysis; Concept
development
Requirements analysis;

Concept Development

Requirements  analysis
and Test
Requirements analysis;

Concept Development

Concept Evaluation

PSS Design

Requirements analysis;
Concept Development

Requirements

identification and
analysis

Requirements
identification and

analysis

Requirements analysis

PSS Design and Test

Concept Evaluation

Requirements analysis;
Concept Development

Lindahl et al., 2014

Fargnoli and Haber,
2019; Song and
Sakao, 2017

West et al., 2020

Liu, Ming and Song,
2019

Ferreira et al., 2015

Rondini et al., 2020

Andriankaja et al.,
2018

West, Stoll,
@sterlund, et al.,
2020

Haber et al., 2020;
Van Halen et al., 2005

Hara et al., 2009

Rondini Alice et al.,
2016

Exner et al., 2016

Matschewsky et al.,
2018

Fargnoli and Haber,
2019; Kim and Yoon,




Service
Blueprinting

Simulation

TOPSIS

TRIZ

translate them into product/service

requirements.

Method adopted to represent the service process.
It gives a cross-functional perspective of the
resources involved in the process.

Method consisting of the representation of a
business process in a dynamic process, helping
predict outcome.

A method designed to designate a preferred
alternative according to a finite number of criteria.
A problem-solving, analysis and forecasting tool
derived from studying patterns of invention in the
global patent literature. The method is based on
logic and data, not intuition.

PSS Design

Test

Concept Evaluation

Concept development;
Requirements

identification and
analysis; PSS Idea
generation

2012; Peruzzini et al.,
2015

Pezzotta et al., 2016;
Sakao et al., 2009

Bertoni et al., 2019;
Pezzotta et al., 2016;
Rondini Alice et al.,
2017

Song and Sakao, 2017

Song and Sakao, 2016

In addition to all the different methods proposed, comprehensive methodologies have been
developed to design a PSS. Among the pioneer works on the topic, two of them pave the way: the
Service CAD on which a tool (Service Explorer software) has also been developed, and the MePSS
(Methodology for Product Service Systems - (Van Halen, Vezzoli, and Wimmer, 2005)). The approaches
adopt a broad perspective, addressing many issues such as development strategies and innovation in
services, aspects of organizational design and human resources management in service development,
and information technology support. A list of the most comprehensive methodologies is provided in

Table 3.

Table 3: Methodologies for PSS design

method to evaluate the
modeled services

satisfaction). It consists of the following phases:
1. Persona model (to define customer features);
2. View model (to define product and service
function associated to the customer); 3.
Blueprinting (to correlate customer value and
service activities); 4. Evaluation of structure of
the service delivery process designed
considering three different indexes (visibility to
receiver, interactivity with the receiver and
degree of receiver participation).

Aim or purpose Source Methodology developed (description) Reference method

Define a methodology | Hara et al., | The methodology aims at designing an | The methods adopted
based on a modeling | 2009 integrated Product Service solution considering | are: Functional analysis
method for PSS and a as main goal the change of the RSP (customer | (for the definition of

requirements)
Blueprinting (for the
definition of the
processes) and AHP
method to calculate
the RSP of customer.

PSS

development

to be followed to implement a PSS successfully.

Definition of a PSS | Pezzotta, et | SEEM is a step-by-step methodology which | The methods adopted
engineering methodology | al., 2016 considers both customer and the company | are: Functional
aiming at offering a solution perspective by adopting an iterative approach. It | analysis, QFD; Service
to the customer that has been developed in collaboration with an | Blueprinting
balances both customer industrial company Simulation, F2F
satisfaction and company Interviews
internal performances
Propose a methodology for | Sakao et al., | The methodology developed is based on the | The methods adopted
designing service activity | 2009 following phases: 1. Functional analysis (through | are: Blueprinting, QFD,
and product concurrently view model) used to describe service content; 2. | Functional Analysis,
and collaboratively. Service blueprinting used to describe the service | AHP Method

processes; 3. QFD used to match together

functional analysis and blueprinting. AHP used

to define the importance of Receiver state

parameters (RSP).
It aims to define a | VanHalenet | The methodology developed (MEPSS) is | The MEPSS is based on
structured and systematic | al., 2005 composed of 5 main phases that are supposed | the following methods:

Gate model, Project

10



methodology to exploit
existing business  and
technologies to enter new
markets properly.

Each phase is composed by a different number
of steps by specific input, output and actions. At
the end of each phase, their decision node
would define the project worthiness to be
continued. For each phase/step specific tools
are suggested

management  model,
Need and function
analysis, Kano model
for customer needs,
F2F interviews, Focus
groups, life  cycle
costing

It represents a systematic
procedure for the
development of Product
Service Systems (PSSs) by
focusing on designing
services related to the
proper functioning of their
products fulfilling
customers’” needs and
expectations.

Fargnoli et
al., 2019;
Haber et al.,
2020

The methodology is based on 3 steps: PSS
Components definition; Services’” Modules
definition; PSS optimization.

The methods adopted
are: Kano Model, AHP
and QFD.

The Product Service System
Lean Design Methodology
(PSSLDM), is a structured
methodology to develop
PSSs along their entire
lifecycle integrating product
and service design
perspectives.

Pezzotta et
al., 2018;
Sassanelli et
al., 2018

The PSSLDM encompasses four phases, namely:
customer analysis, solution concept design,
solution final design, and offering analysis.

The methods adopted
are: Persona Model,
PSCT, Blueprinting with
BPMN; DfX techniques.

The Extended Functional
Analysis (EFA) approach has
been developed as a PSS
design method for Business
to Business context. The
objective is to cover the full
design process from
analysis of the strategical
context until decision for
the PSS solution's
industrialization.

Andriankaja
etal., 2018

To facilitate industrial acceptability EFA
approach is based on the integration of a PSS
design approach and an industrially used
product design methodology (Functional
Analysis). The five key phases of the
methodology cover PSS context & usage
analysis; PSS external functional analysis; PSS
internal functional analysis; PSS Detailed design;
PSS industrialization. The design covers 3 main
PSS dimensions: products, services, value
network (with its economic model).

Additional to usual
design methods
(notably product

functional analysis), a
method and tool are
proposed for Service
and Value Proposition
design (PS3M tool),
then for Value Network
simulation (PS3A tool).

Among the more recent methodologies, the methodology SEEM (SErvice Engineering
Methodology) (Pezzotta et al., 2016) focused on the engineering and re-engineering of the service
offering and the PSS design framework based on the Extended Functional Analysis (EFA) approach
(Andriankaja, Boucher, and Medini, 2018), covering the three dimensions of product, service, and

value network design.

2.4.1 SEEM: SErvice Engineering Methodology

SEEM aims to support companies making the shift from a traditional product business offering
basic services to one with a more advanced PSS value proposition based on service-dominant logic, as
well as re-engineering an already servitized business. In particular, SEEM supports companies in
engineering and re-engineering their PSS while balancing the value perceived by customers with the
service delivery processes' internal efficiency and productivity. The SEEM framework, shown in Figure
7, is divided into two main areas:

i Customer area — the analysis of customer needs, that represents the starting point to design
new product-services, and the re-arrangement of the company service portfolio.

ji. Company area — it deals with the design and assessment of the service delivery process to
support the definition of a service delivery process considering the company's external and
internal performance.
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Figure 7: The SErvice Engineering Methodology (SEEM) (Pezzotta et al., 2016) (lllustration by Kodel
Bahram)

As shown in Figure 7, the first two phases belong in the customer area, while the remaining
two address the company area. Customer needs analysis is based on the customers' needs and
outcomes (expressed or not expressed), analyzed through feedback and complaints analysis (if an offer
already exists), market research, interviews, focus groups, or more innovative tools such as sentiment
analysis. In addition, the customer journey map can be a useful tool to highlight all the client's decision-
making moments and all the interactions between client and company. Process Prototyping includes:
the generation of the concept, the evaluation and selection of the concept to be added in the value
proposition and, finally, the delivery process's design. In this phase, the Product Service Concept Tree
(PSCT) (Rondini et al., 2016), is used, which is based on the principles of design thinking. The purpose
of this tool is to support the analysis of customer needs, defining the relationship between customer
needs and provider’s resources. The PSCT in Figure 8 is presented as a tree consisting of four
hierarchically arranged levels: needs (N), wishes (W), solutions (S), and resources (R).

N1 N2 Needs
X N
is fulfilled through
(W1 (W3 Wishes
determines
Soll So|2 So So So|5 Solutions
qures \ /
(R1; {R2) (R3] (R4, (R5: [R6 I(R7  Resources

Figure 8: Product Service Concept Tree (PSCT) (lllustration by Kodel Bahram)

The solutions defined are evaluated using the Engineering Value Assessment (EVA) (Rondini,
Bertoni, and Pezzotta, 2020) a MCDM approach to support the selection of the most suitable
solution(s) to be added to the company offer. This phase represents one of the most critical aspects to
date for manufacturing companies that tend to develop services without having analyzed in detail
which are the most appropriate.

Once selected, the solution is designed in detail. Product and service design activities will
follow separate paths by staying connected thanks to the work done in these preliminary phases. In
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particular, product design will follow the traditional approaches already available in most companies,
while for the service the design is based on the definition of possible alternative delivery processes.
The method proposed to describe the delivery process is Service Blueprinting. In re-engineering, this
phase involves mapping the existing process (if any) and identifying possible alternatives for
improvement.

Process validation assesses the performance of the alternative service delivery processes
previously designed, as well as identifying the most suitable process and its best resource
configuration. To this end, SEEM adopts a process simulation approach (e.g., DES, ABS, hybrid
approaches), since it allows for the dynamic analysis of a system (the service process, in our case)
under different conditions and scenarios.

Offering/value proposition identification and analysis is a post-launch confirmation of market
acceptance. KPIs are defined to monitor its performance, to have an effective and efficient value
proposition with close market fit. The analysis carried out in this phase can then be used to start a new
design or re-engineering process.

Case: Low voltage breakers as a PSS

This application deals with re-engineering the actual product-related service portfolio of a company operating low voltage
breakers. The rationale behind this decision is threefold. Firstly, more than fifty service-related employees are working in
the service delivery process, making it difficult for the service manager to assess how balanced it is. Secondly, the product-
related service portfolio is complex, redundant, and not aligned with real customer needs due to the company's traditional
product and technological orientation. Finally, the customer segments are highly diversified.

Customer area: customer needs analysis and company service portfolio

The initial step of the SEEM application has been about the identification of the main customer needs and the analysis of

the company service portfolio. Two customer types have been identified as the most relevant for the service offerings:

e Customers type I: are those that trust company capabilities to maintain their installed base in a good operating
condition.

e Customers type ll: are those that directly take care of their installed base maintenance, and only resort to company
support for complex service jobs and for spare parts.

Both of these customer types share the same need: maximize availability.

Currently, 90% of the revenues of the company's BU service is based on the following offering:

e Preventive and corrective maintenance,

e Replacement,

e Retrofit,

e Spare parts provision.

From this analysis, it has been decided that the focus of the re-engineering task performed in the next two phases of the
methodology should be on both customer types and the four service products.

Company area: Process prototyping

The process prototyping phase uses the customer needs identified in the first step, as an input to define the service
delivery process. The first SEEM task is the definition of the process's main requirements. Starting from the main customer
need —i.e., to maximize availability - the PSCT has been deployed. After the definition of the tree, the application of the
EVA has been performed. The service delivery manager and customer interfacing engineers were responsible for assessing
all the criteria considering the two customer categories' different behaviors towards achieving higher availability of their
installed base. The result is aligned with the definition of the customer type I: if they want to perform the maintenance by
their own, they will need a good training and a fast spare parts delivery. On the other hand, the customer type Il, who
relies entirely on the company, recognizes the importance of a proper definition of the contract terms and conditions and
the service job.
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Figure 9: Short extract of the PSCT(lllustration by Kodel Bahram)

The second step in the process prototyping is the process design using the blueprinting methodology. Four service delivery
blueprints have been drawn, one for each service offering analyzed. The set of activities identified (about 120 for each
blueprint) are performed by either the customer, by front-end resources (e.g., proposal, onsite technicians), by backstage
resources (order handlers, workshop technicians) or support processes (e.g., logistics, administration).

Once the service blueprinting maps were complete, a good static overview of the processes was available. No product
changes have been required, so no product redesign has been proposed to the company product development team.
Process validation

In this case, the main goal of process validation is the assessment of the process’s performance and the identification of
the resource configuration that maximizes the tradeoff between customer satisfaction and internal efficiency, also
considering the company future targets. To this purpose, SEEM suggests using simulation to develop a “what-if” analysis.
Thus, considering the company predicted targets in its service business and a change in the offering composition, a “what-
if” analysis has been carried out in order to understand how the current process (“AS-IS”) would perform when the future
targets are set. Based on these results, it would be possible to identify the best (“TO BE”) configuration of the service
delivery that ensures a proper balance between customer value and process performance.

In the simulation model, the entities are the customer requests for the different services and the events represent the
process activities.

The main variables considered in the analysis were the following:

e Number of completed service jobs in one year for each kind of service,

e Lead time to complete a service job, split for the different services,

e Saturation of the resources.

For each kind of service, the improvement actions suggested in the scenarios helped in designing a new delivery process
better able to answer changing customer needs in terms of the composition of the service offering and capturing the new
trends. Thanks to the new configuration, the company defined a solution focused on reaching a higher customer
satisfaction (measured in terms of Lead Time) and a proper resource utilization (lower than 80%).

2.4.2 Extended Functional Analysis (FA) approach and application

As highlighted by the methodological scheme of Figure 10, the EFA framework covers design
from contextual analysis of the PSS situation to support for solution industrialization. It has 5 main
methodological blocks: PSS context & usage analysis; PSS external functional analysis; PSS internal
functional analysis; PSS Detailed design; and PSS industrialization, which aim at designing the products,
the services, and the economic model of the value network.

The PSS context and usage analysis embed activities related to the strategy and context
analyses, as well as usage analysis. Standard approaches are used to capture these strategical insights,
like SWOT and PEST (Political, Economic, Social and Technological analysis (Clulow, 2005)) analyses. As
mentioned in the previous sections, this initial PSS contextualization is important before getting to the
core of the design method. The usage analysis follows, to identify expectations and requirements for
products and services, translating them into functionalities and service opportunities throughout the
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product life cycle. From a larger stakeholders’ point of view, usage analysis defines various PSS
opportunities and the key value creation factors for all actors involved. The potential PSS
functionalities resulting from this analysis can be broken down into primary and secondary usage
functions to support the ‘external functional analysis’ of the PSS.

Formulation of requirements and preferences, PSS Context
roles and capabilities in the PSS co-reaction process, and usage analysis
positioning of stakeholders (A, B1)
i ————————— > ﬁ PSS strategical contextualization
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Figure 10: Extended Functional Analysis Framework (Andriankaja et al., 2018) (lllustration by Kodel
Bahram)

The PSS external functional analysis is at the core of the PSS design process. This stage gathers
all tasks required for both product and service offers. The usage analysis outcomes are on one side
(tangible) transformed into technical functions and on the other side (intangible) transformed into
service offer specifications. Service design starts with the ‘service ideation’ by identifying key service
ideas from the product usage functions and exploring new service opportunities (creativity sessions)
through the whole PSS life cycle. After exploring the organizational impacts vs. opportunities of service
delivery for each PSS actor, service ideas are refined and specified in a ‘catalog of service offers’. The
value proposition is then characterized from an economic point of view by a first definition of the PSS
global offer validated by the design team.

The PSS internal functional analysis stage completes the PSS design's functional phase by
transforming product specifications into technical functions, and service opportunities into service
activities. For product it is supported for the product by standard FA tools such as: SADT, FAST or FBD
models. A specific PSS design tool developed for the EFA framework, the PS3M environment provides
computer-based support for specifying services catalog, delivery activities, delivery scenarios and
value offer structure. Thus, PS3M is used by the design teams to build a full specification of the whole
PSS offer.

The PSS detailed and quantitative design stage covers quantitative analysis of expected
performances and progressive decision-making on selecting the PSS delivery chain for implementation.
On the product side, detailed design is executed with the usual tools, and the product's technical
performance parameters are characterized. In parallel, the PSS delivery scenario has to be assessed.
This starts with prioritizing key PSS delivery scenarios to reduce the scope of the subsequent
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quantitative evaluation. A contextualized simulator is built to evaluate performance and compare
delivery scenarios, aiming to consolidate performance evaluation with the customer’s objectives. This
simulator is built by customizing a generic PSS simulation platform (PS3A platform). Third, using this
contextualized simulator, performance analysis on alternative PSS delivery scenarios identifies the
most effective performance drivers and looks for trade-offs among various value chain actors,
including the customers.

The industrialization of PSS solution deals with the deployment of product manufacturing
processes, as well as the concrete implementation of service delivery solutions and integrating the
value network. The industrialization decision-making consists of company-oriented operational
decisions. The EFA Framework does not include specific tools to perform this post-design process.
Nonetheless, it seems crucial that companies make sure that they can complete the implementation
and market launch.

Case: Industrial Autonomous Cleaning Robot

The case study focuses on the qualitative design stage of both the robot and the service opportunities for characterizing
the PSS offer specifications, then on the assessment of the PSS delivery scenario to help decision-making for
industrialization. The key customers for the PSS under design are in the meat transformation industry, facing increasing
international competition as well as evolving hygiene standards. Industrial cleaning should benefit from innovative
solutions to increase the cleaning process's efficacy. The PSS will be implemented within a French meat transformation
enterprise (E1) to clean cold storage warehouses. The adoption of PSS thinking is motivated by a desire to unleash the
potential of high-added value solutions coupling robotics with service. The innovation consortium involves 3 industrials: a
medium-sized company from the meat industry (E1), a small-sized company manufacturing special machines including
robotics and providing customized solutions (E2), a small-sized company manufacturing batteries (E3).

Only some results of the 3 main phases of EFA framework are underlined.

PSS external functional analysis

This phase of the design methodology led to lots of results. The definition of the PSS requirements is customer-driven as
it stems from the customer expectations identified during context and usage analysis. PS3M is a modelling design tool,
with ‘PS3M function hierarchy view’, in which the external FA of the robot and the PSS usage services identification are
performed following the Functional Hierarchy Modelling (FHM) principles adapted from (Van Ostaeyen et al., 2013). The
decisions about technical functions relating to the product part of the PSS are impacted by service ideas and vice versa,
resulting in a functional analysis tree that mixes both technical and service functions.
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Autonomous and
effective cleaning

EU Requirements
Autonomous
displacenment

process
Technical Function Technical Function Service Function
Ensure the energy Guarantee the Facilitate the

autonomy personnel safety equipment position
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Figure 11: PS3M hierarchy modelling view(lllustration by Kodel Bahram)

Service opportunities are defined using a generic service opportunity typology which covers the full PSS lifespan. A
creativity session brings together the PSS project team to identify pertinent service ideas, which could maximize the value
of the robot throughout the whole PSS usage scenario. The refined services are then a ‘Service catalogue’ characterizing
service opportunities by the key required competencies, indicia or priority and deployment time horizon (Andriankaja,
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Boucher, and Medini 2018). This service catalogue is the input to go one step further for specifying offer selling modes. In
the case of the PSS design 3 complementary value propositions:
i. A product-oriented contract, where the customer buys the robot while the PSS provider offers and charges
after-sales services (significant revenue from the robot usage for the PSS provider).
ii. A user-oriented contract: where the robot is owned by its manufacturer who sells the use of the robot by
a leasing or renting contract to the customer. The robot usage lifecycle can be extended and multiple
customers served. The high availability of the robot(s) becomes a key factor.
iii. A result-oriented contract: the robot manufacturer sells the cleaning activity, with a mix of services
provided by several stakeholders, while the PSS provider maintains the ownership of the robot and the
customer pays only for the cleaning services.

The PSS internal functional analysis

Using PS3M as a modelling tool, the three offerings are further specified during the internal functional analysis, by defining
a structured model of each offer (including first specification of contractual elements), then by defining a delivery scenario
representing the value networks to be implemented for each of these offers. Such scenarios gather the key pieces of
design knowledge from the previous steps. Figure 12 displays an example of this scenario.
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Figure 12: Graphical representation of delivery scenario with PS3M (lllustration by Kodel Bahram)

PSS detailed and quantitative design

As displayed in Figure 12, each scenario corresponds to a specific offer associated with a specific economic model for the
stakeholders and specific responsibilities and activities (roles) for the actors. Behind the graphical representation, the
model includes all the economic factors making it possible to evaluate quantitatively the comparative performance of
these scenarios. Using the EFA simulation platform, a simulator was built dedicated to this PSS design, which led to
interesting conclusions of the various scenarios. A full comparative analysis of all alternative scenarios was developed to
study uncertainty factors and their impact on economic results (Boucher and al., 2019) and to provide recommendations
to decision-makers. In this specific context, comparing the alternative scenarios along a period of ten years, the simulation
highlighted the economic advantage of moving from the usual product-oriented model towards a user-oriented PSS for
both providers E2 and E3, while the customer E1 maintains an economic advantage with their current cleaning process

2.5 Transition from PSS towards Smart PSS

The growing interest in the digital transformation of manufacturing firms has raised academic
interest on incorporating tech-based research into traditional PSS areas of investigation (Lee and Lee
2019). In this context, Smart PSSs, defined as “IT-driven value co-creation business strategy consisting
of various stakeholders [...], intelligent systems [...], smart, connected products [...], and their generated
services [...] that continuously strives to meet individual customer needs in a sustainable manner”
(Lerch and Gotsch, 2015) express the most recent manifestation of digital technologies integration into
products and services (Zheng et al., 2019). The paper by Zheng et al., (2019) is in alignment with the
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earlier work of Porter and Heppelmann (2014), who provided a five-step model from pure product to
system-of system (Figure 13).
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Figure 13: Connected products within complex systems creating a new perspective of PSS
(based on Porter and Heppelmann, 2014) (lllustration by Kodel Bahram)

As described in recent state of the art (Pirola et al., 2020), the role played by technological
innovation is supporting the evolution of Smart PSSs, which can be depicted as:
i Value offering manifestation,
ii. Customer value manifestation,
iii. Value creation interaction,
iv.  Technology capabilities.

2.5.1 Value offering manifestation

Advanced technologies promote the creation of new forms of product-service value
propositions. The transformation of data into information and knowledge enhances the development
of different Smart PSSs (Ardolino et al., 2017; Hartmann et al., 2016). In particular, according to
Allmendinger and Lombreglia (2005), the adoption of data-driven technologies supports
manufacturing companies to expand and complement their offerings by developing advanced services.
For instance, technology improves the visibility of the asset in use in terms of operating conditions,
improving maintenance and repair activities, or providing opportunities for operational support
activities. This can then feed back to the Beginning Of Life (BOL) and enhance equipment design and
operation behavior while reducing, at the same time, service delivery costs (Lightfoot, Baines, and
Smart, 2011). This approach can be accompanied by, or substituted for a different logic, where adding
intelligence and communication into the products allows service providers to expand their business
opportunities, by offering broader high-value activities.

In the agricultural machinery sector, precision farming systems not only ensure the
minimization of vehicles’ travels, but also to optimize herbicide and fertilizer yield. Tracking of vehicle
position in real-time, integrated with information about mission, allows the system to assist the driver
to set the best vehicle trajectories and automatically configure the fertilizer dosage according to the
soil conditions. In the automotive industry, installing a black box to record all events by associating
them to the external and/or vehicle conditions as well as driving style, allows the creation of targeted
insurance policies. In some cases, data collected can be sold to insurance companies, instantly
monetizing the information.

2.5.2 Customer value manifestation

Researchers and experts agree that easy access to real-time information provides the
opportunity to develop a better understanding of customer behavior, easing the development of new
PSS. Nevertheless, as technological innovation accelerates, it becomes possible to deliver original,
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customized service solutions that meet new customer needs and expectations (Marilungo et al., 2017;
Huang, 2014). In addition, thanks to the adoption of innovative technologies, products and services
become proactive smart entities able to anticipate customer needs through new complementary
value-added services (Wuest et al., 2018), thus overcoming co-design methods that are generally
implemented to develop innovative PSS addressing multiple customer requirements.

A clear example comes from business mobility, in particular from sharing services. Here the
use of technology not only facilitates the process of service booking, purchase, and payment, as well
as the traceability and management of each vehicle, but also allows customer profiling in time and
space. This makes it possible to create "ad hoc" solutions according to different customer needs, styles,
and profiles. For instance, a bike sharing service proposed by Piaggio becomes a powerful tool that the
Italian company adopts to deliver customized services based on each individual’s experience of the
city, which change throughout the day, week or year and depend on needs and wishes concerning
work, family, home, health, culture, sport and the environment. Similarly, in the world of
communication equipment, information panels, television sets and monitors are transformed from
passive to dynamic information tools, which change their role according to people’s needs. Then a
monitor moves from being an advertising screen to an information totem, while a television set is
transformed from an entertainment tool to an agenda for the planning of work, family, and health
activities.

2.5.3 Value creation interaction

Comprehensive information sharing and coordination enhanced by technologies supports the
development of new forms of PSS based on cooperation (Auramo and Ala-risku, 2005) (Martinez et al.,
2010) and leads to value co-creation (Baines et al., 2017; Benedettini, Neely, and Swink, 2015). In
particular, platforms interconnecting products and actors are adopted to simplify the information flow
within the ecosystem and enhance knowledge sharing among all the service actors involved (Sakao,
Ohrwall Rénnback, and Olundh Sandstrém, 2013; Selviaridis and Norrman, 2014). The availability of
information opens up new forms of competition, where actors from sectors not necessarily similar,
but converging for the same interest in technology, develop strategies of cooperation rather than
competition. In this sense, thanks to technological innovation, linear PSS configuration characterized
by transactional relationships, moves towards sophisticated non-hierarchical networks organized
around shared relationships (Y. Liu and Xu, 2016).

Google and Volkswagen have recently signed a joint research in the field of quantum
computing, aimed at improving machine learning systems for traffic management. Similarly, CNH
Industrial and Microsoft have reached an agreement to redefine the world of connected industrial
vehicles. This has resulted, on the one hand, in a new integrated platform for simplified access to
vehicle data and, on the other, in the development of a mixed reality tool to facilitate remote
maintenance.

2.5.4 Technology capabilities

Technological infrastructures embody a key point to support integrating products and services in
a "system management" perspective (Park, Geum, and Lee, 2012). Although current literature
recognizes technology as a fundamental enabler of Smart PSSs, it fails to provide a unique model able
to identify the best set of technologies that can ease such a journey. Therefore, the selection of suitable
technological infrastructure emerges as essential to support Smart PSS implementation (Grubic and
Jennions, 2017). In this perspective, the identification of technological capabilities supporting PSSs at
the different phases of the product-service life cycle becomes fundamental. In particular, the
progressive intensification of collaboration between partners driven by Smart PSS implies the
development of open technological infrastructures, based on shared standards and interoperability
protocols. These are necessary to ensure information sharing and exchange among all product and
actors operating in the value chain, in order to meet market demands (Thoben et al., 2017).

In the heavy transport industry this transformation is already taking place even if in an embryonic
phase. MAN, a German company belonging to the Volkswagen group, leader in the heavy transport
sector, has recently improved its exposure to the digital market by developing a partnership with RIO
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Cloud, a marketplace that allows customers to manage vehicle-related information through a single
platform. This is a first example of the creation of a virtual cloud ecosystem that, through an integrated
digital platform adopting common standards, allows all actors to connect virtually, balancing
contractual power of involved users, customers, IT solution providers and vehicle producers.

2.6 PSS, digitalization and smartness

Product-Service-Systems are intrinsically linked to digitalization, in the sense that selling a
product as a service induces change from a transactional model towards a relational economic model.
Here, the management of the relationship with the customer becomes central in the process of
service-oriented value creation. However, in the first generations of PSS, this was not necessarily
embedded in the product itself. The transition from PSS towards Smart PSS consists of three steps:

i profoundly extending the digital capabilities of PSS systems along the whole life cycle of
the system from a passive provision to active digital services, increasing the added value
along the entire lifecycle.

ii. embedding part of the data treatment chain on-board on the physical product with
capacities of interoperability with its environment.

iii. broadening the digital added value to various stakeholders.

To understand Smart PSS, it is important to question the notion of smartness. Unfortunately,
‘smart systems’ are still not fully defined. The notion of smartness has been rarely analyzed
scientifically. Romero et al., (2020) consider that Smart Systems “can be considered as systems that
are able to update their internal knowledge used for reasoning to make optimum decisions. For this
purpose, Smart Systems must have the capability to continuously perceive the environment and to
control it, and to allow communication between their elements”. They identify six key characteristics
of smart systems as intrinsic capabilities: communication capability; embedded knowledge; learning
capability; reasoning capability; perception capability; and control capability. Two properties are
considered as results: self-organization and context-awareness. Not all of the components necessary
to implement such smartness need to be embedded on the product but can be distributed both on the
product and in its environment, making it necessary to generalize interoperability.

Consequently, considering smartness for PSS makes us consider on the one hand the extension
of the digital capabilities of the system under development to include smart characteristics and, on the
other hand, to transform these basic capabilities into new value offers along the life cycle. This means
that the design process for Smart PSS requires new advances: (i) systematically manage all digital
development associated with product and service delivery, but also (ii) create new forms of digitally-
based value exchanges.

2.7 Implications for design methods

The complexity of PSS offers generates a complexity of design processes and methodology,
however, the three following orientations highlight three key considerations:
- the need for a strongly integrated design process,
- the pre-eminence of value-driven design,
- the importance of considering smartness at all levels of the design.

2.7.1 Integration of the design process

Integrated design is usual in product design, embedding various technical areas of a complex
product (mechanical, electronics, automatics, ...), as in a typical example of mechatronics. However,
PSS design requires an even higher level of integration by the necessity to involve three key conceptual
areas of system design: products, services, and value networks. Value Network design requires
innovative methodologies oriented on value capture, and value channel configuration, as well as
economic model calibration: this requires an important transformation of firms’ internal design skills
(Andriankaja, Boucher, and Medini, 2018). This integrated PSS design process is now relatively well-
known and structured (Andriankaja et al., 2018; Cavalieri and Pezzotta, 2012). This makes it possible
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to address a fourth dimension of the integration: time. PSS and Smart PSS designs must respect the
lifecycles of the full system solution, with an intricate interlacing among product lifecycles and service
lifecycles. This allows the integration of design-oriented Decision-Support-Systems (DSS) that can
address the various stages of the lifecycles, with consistent interoperability (Haber, Fargnoli, and
Sakao, 2020), which should encompass the three key conceptual dimensions of PSS design mentioned
above, namely products, services, and value networks.

2.7.2 Value-driven design methodologies

Value-driven design starts with the methodologies to capture and analyze value expectations
from the customers. Most PSS design methods include Design Thinking approaches to capture and
understand the articulated and unarticulated customer expectations for PSS requirements. The notion
of value itself has to be enlarged, to cope with several non-economical dimensions, including
ecological, societal, information or relational impacts of the PSS solution (C.-H. Lee, Chen, and Trappey,
2019; Pirola et al., 2020). Existing Smart PSS Design and Engineering approaches commonly use design-
thinking tools like customer journey mapping and customer personas (C.-H. Lee, Chen, and Trappey,
2019; Z. Liu et al.,, 2019), helping to manage low-structured, uncertain and evolving ‘value
expectations’ from the customers and stakeholders. However, beyond value capture, two crucial issues
should also be addressed: the design of a value delivery system, and the balance of value sharing
mechanisms among stakeholders. The design of the value system includes modeling and integrating
the value flows among all the actors of the delivery chains. Designing value-sharing mechanisms
addresses the distribution of risks amongst the actors of the PSS value network, with Decision Support
Systems helping to ensure win-win conditions for all actors involved in the delivery of the Smart PSS
solution.

2.7.3 Smartness considerations

Even if the digital functionalities linked to product lifecycle are intrinsic to PSS, the transition
towards Smart PSS induces a systematic integration of embedded and interoperable digital capabilities
in the solution. This high-level Product/IT integration opens new ways to contribute to service delivery
and broaden the potential and variety of value offerings. For design methodologies and decision-
supporting tools, this means the necessity to consider smartness at all levels of the design (Pirola et
al., 2020), whereas with PSS the integration of products and services has been managed without
considering all the implications of smartness. Smartness has to be anticipated in the very early design
phases of value expectation capture and analysis, followed by service ideation. Smartness should be
considered through its specific digital risks along all the design process. Smartness requires the analysis
of the economic implications of data-value for the actors in the value chain (data monetization).
Smartness opens the opportunity to design innovative ways to manage PSS delivery and PSS life-cycles,
providing performance and value management support systems for all the stakeholders. Designers’
skills and methods should evolve to address all these features.

Managerial literature underlines the existence of several challenges concerning successful PSS
engineering applications. To the evident difficulty of capturing changing customer needs, which are
generally vague due to unexpressed needs related to complex contexts, are added other aspects,
mainly related to the complexity of the PSS delivery process. The latter is characterized by ecosystems
consisting of a large constellation of different stakeholders and by difficulties in developing effective
revenue models, often quite difficult to monetize due to a higher influence of service components and
uncontrollable risks. Such complexity leads to ambiguous situations that lead to the development of
conflicting ecosystems. Consequently, there is a clear need to develop a formal structured approach
to guide decision-makers and designers to effectively engineer Smart PSS solutions.

2.8 Methods for Smart PSS design

The growing diffusion of technology into PSSs has called for a rethinking of both logic and
design methods. In particular, as highlighted by Pirola et al., (2020) and outlined in Figure 14, this
evolution has concerned two main directions. On the one hand, research emphasis has been placed
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on the output (PSS), with the aim of developing new methods capable of capturing its smart
perspective. On the other hand, studies have been focused on the development of smart enabled
methods, to seize the opportunities offered by technology to create more efficient and effective PSSs,
regardless of their level of smartness.

However, as underlined by literature, most of the work currently available for Smart PSS design
is based upon approaches, methods and tools very similar to those already used for traditional PSSs,
except for minor changes. Conversely, simulation (Medini et al., 2015; Rondini Alice et al., 2017;
Wibowo, Tjahjono, and Tomiyama, 2017) and, more recently, digital twins (Loizou et al., 2019;
Schroeder et al., 2016) are increasingly being used to facilitate decision-making and the development
of the main PSS components. Finally, it emerges that new technologies are also used to improve the
design of traditional PSSs. In particular, several studies have recently proposed using the Internet of
Things (loT) to capture customer behaviors (Hara, 2018; Kammerl et al., 2016), while Machine Learning
and Artificial Intelligence have been recommended to collect and integrate customer feedback (Neves-
Silva et al., 2016), supporting data and information transformation into knowledge and wisdom
(Abramovici et al., 2018; Chowdhery and Bertoni, 2018), in order to build PSS solutions suited to
distinctive market features.
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Figure 14: PSS design evolution (Source (Pirola et al., 2020)) (Illustration by Kodel Bahram)

Among different methodologies proposed to enhance the design of Smart PSS, (Coba et al.,
2020) is the introduction of a risk-oriented methodological framework to support the development of
effective PSS engineering activities. Based upon the integration of Design Thinking, Systems
Engineering, and PSS prototyping, the framework consists of five methodological blocks (Elicitation of
stakeholder needs; Prototype of the general value concept; Prototype of the detailed value concept;
Experimental prototyping of the Smart PSS solution; and Simulation of the PSS value network
scenarios) developed around three main principles:

i Iterative prototyping of Smart PSS —the Smart PSS solution is tested and validated throughout
the whole engineering process, following a structured but flexible process. Cost analysis and
risk management activities are incorporated in the activities of the blocks to assure the
financial success of the Smart PSS concept in the market.

ii. Risk management along the design process — risks are identified, characterized, assessed, and
monitored continually, to guide decision-makers in deciding whether to continue/reformulate
the Smart PSS development.

iii. Economic value-sharing risk modelling and assessment — economical risk-share distribution
amongst the actors of the Smart PSS value network is represented, to ensure win conditions
for actors involved in the delivery of the Smart PSS solution. This can be in the form of risk-
reward outcome focused revenues or embedded risks that are implicit to the value
proposition and its revenue model.
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From establishing of stakeholder’s expectations to the evaluation of PSS delivery value
networks, the engineering process is structured by the five methodological blocks of the framework
(Figure 15) and makes various iterative design loops, depending on the risks identified along the
process.

Iterative
Design

Iterative
Validation
Loop

<<<<<

—» Market Launch - End of design

Figure 15: Smart PSS engineering framework (Coba et al., 2020,) (lllustration by Kodel Bahram)

Concluding remarks

The potential economic-financial advantages arising from the integration of products and
services explain why, in recent years, the industrial world has been characterized by an acceleration of
the servitization phenomenon, highlighted by the growing interest in PSS. Combining product and
service components allows a growth strategy, even in mature sectors, increasing market penetration
through a longer and deeper contact with customers. Recently, the dynamics at the basis of this path
have been further articulated by the increasing integration of technology in the PSS, leading to a
growing interest in developing digital servitization strategies, which correspond to numerous
operational, marketing and business benefits.

Although research has, over the years, promoted several methods and methodologies to
support the engineering of PSS, the design of win-win solutions is not so obvious. Indeed, empirical
cases evidence that successful PSS engineering requires a multi-perspective and multidimensional
vision, calling companies to develop suitable organizational structures and governance approaches.
Nevertheless, even though in recent years many companies have started to develop (digital)
servitization strategies through (smart) PSS, the concept still remains distant from many realities,
especially SMEs. Therefore, a complete rethinking of operational processes and organization
structures, as well the development of suitable skills and competences focused on PSS engineering,
become a prerequisite for organizations to develop and implement in a systematic way with effective
methods and methodologies for PSS design and engineering.
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