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Abstract. The world industrial economy has turned into an economy of service
over the past two decades. Evidence can be easily found, such as the shift of more
and more manufacturers from traditional product-centered logic towards a ser-
vice-centered logic. Transactional business models are evolving towards recur-
ring revenue models, which raises questions about the new value proposition to
be met. The addition of complementary services to the product to maintain,
among other things, the performance of assets throughout the whole PSS life cy-
cle presents both an opportunity and a complexity. To make this integration sus-
tainable, we suggest operationalizing the PSS concept so that the value proposi-
tion is customer oriented, considering simultaneously the engineering of the of-
fering, the processes, and the support network. We suggest developing scenarios
of new value propositions based on service value process models. Our contribu-
tion will present a three-dimensional engineering framework as well as a service
process value model.

Keywords: Process Value Model, Smart Product Service System, Three Dimen-
sional Concurrent Engineering, Customer Orientation.

1 Introduction

Sustainable development has become a priority issue for manufacturing companies
since: their commitment to a responsible policy aiming to avoid waste and resources
overconsumption, rare and precious metals real criticality consideration, individual and
collective awareness to reduce both one’s own waste and environmental footprint, etc.
Consequently, many challenges raise: which offer for which customer? how to do more
with less? how to do better with less globally? how to adapt the offer to individual and
collective usage which evolves over time? which business model for which product?
how to eco-design? how to increase eco-circularity? etc.

Product Service Systems (PSS) defined as integrated solutions of services and goods
based on the sale of a performance in use or a usage and not on the simple sale of goods”
[1], [2], linked to modular eco-designed systems supported by specific business model,
are a first step to reduce the renewable rate of products/service consumption in the so-
ciety—rather measured at a micro economic level, and for specific sectors. Other strate-
gies, such as the 10 R strategies, are in progress to emphasize circular economy and
intensify the use or expand the life of products or material, or recover products [3].
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They allow preserving the value of the products. In general, product design needs to be
thought in a comprehensive way, encompassing production processes, logistics sys-
tems, consumption patterns and lifestyles. The development of IOT and ICT plays in
important role in the implementation of the 10 R strategies, enabling the collection of
customer behavioral data in real time and thus to renegotiate service level agreement
based on real usage or to manage maintenance, etc. [4]. PSS, IOT and ICT association
is currently implemented in what is called Smart PSS solutions. While promoting many
advantages, Smart PSS still question on their effectiveness to satisfy the sustainable
character and thus their design remains prevalent to promote sustainability [4, 5].

PSS design must encompass the compatibility and overlap of some components
(subassemblies of the system) addressed to the consumer, and the processes supporting
the design, manufacture, and provision of this offer. Both PSS design framework and
smart PSS design framework have been proposed in the literature which mostly focus
on the offering, sometimes on the coupling process, sometimes on the supporting net-
work organization but rarely on these three dimensions simultaneously [6-8]. Modular-
ity in PSS design is also exploited but only considering the offering dimension and not
yet the support organization. To address such concerns, a three-dimensional PSS design
framework is proposed in this paper based on a modular approach of products, services,
and resources (industrial partners) or production resources used to support the offering
production and delivery.

The following section reviews several useful notions and concepts to address the
scope of our study. Section 3 reviews the design challenges that guided the key princi-
ples of the framework. The implementation and operationalization of the framework is
presented in section 4 and 5. Finally, the paper ends with a conclusion that highlights
the main points of the proposed framework and the directions for future work.

2 Problem Statement

The above-mentioned definition of PSS emphasises the sustainability of a solution de-
veloped to satisfy customers’ requirements through a high value-added offering that
favour companies’ profit [1]. The concept of PSS has taken shape through several ty-
pologies linked to different coupling between the products and the services and to dif-
ferent business models. The satisfaction mentioned in the definition and primarily
linked to the customers has been extended over the years to all stakeholders. The sus-
tainability discussed initially based on environmental concerns has gradually integrated
social and economic dimensions and is trying to consider the whole system lifecycle.
The potential for added value has been opened to users and all stakeholders of these
systems through the development of personalised e-services. All these evolutions, for
which the core concepts are outlined hereafter, have a significant impact in the assump-
tions and structuring of the design framework we propose.



Smart Product Service System: Process Value Model 479

2.1 PSS and Smart Typologies and Representation

The first recognized typology distinguishes three types of PSS: product-oriented PSS,
use-oriented PSS and result-oriented PSS [9]. The difference between them concerns
the offer dominant logic and the associated business model. This typology drawbacks
are: first, the unrepresentative of the possibilities found in practice and, second that it
is no more representative of the market evolution: customers’ requirements and sus-
tainable concerns. The classification proposed by Van Ostaeyen [10] distinguishes PSS
based on: the performance orientation of the dominant revenue mechanism and the de-
gree of integration between product and service elements. This typology question the
coupling between the product and the service to determine if the service is supported
by the product or added to the product or to the service expected by the product as a
tangible support. Accordingly, the delivery mode can be constrained and the offering
component proper existing conditions challenged. More recently Aas et al. [11] have
proposed a typology with eight categories relevant in the digital era delineated in con-
junction with the business models relates to the suppliers’ ownership of delivered prod-
ucts degree, the smartness of the services provided degree and the performance orien-
tation of contracts degree. This typology is more suitable with Smart PSS, the link to
the business model is explicit, and the features of the service are considered. But the
product and service coupling that can be a weakness regarding the sustainable concerns.

Smart services can be viewed as the combination of: (1) products: i.e., tangible sup-
ports for functional services inherent to the products, that cannot be sold independently;
(2) support services: services linked to physical supports/functional services allowing
to preserve its initial performance that cannot be sold separately; (3) additional services:
pure service existing by themselves that can be sold separately. These services can be
online (e-service) or offline. [oT can be used to help users or solution providers to better
manage the product (e.g., maintenance) or to optimize its performance (e.g., energy
management). It is also possible to imagine helping the system provider to design more
reliable systems through, for example, feedback on incidents that have occurred during
use. E-services as defined by Casati [12], are an “application accessible via the web,
providing a set of functionalities to companies or individuals or viewed as a component
provided by an organization to be assembled and reused in a distributed environment
on the Internet”. For their implementation, product support infrastructures are needed.
These infrastructures may be other PSS or smart PSS solutions created to meet other
primary needs. IOT + ICT can be used to propose either support or additional service.

Figure 1 summarizes the evolution from product to Smart PSS and the underlying

typology.
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Fig. 1. From Product to Smart PSS.
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2.2 Smart PSS as a Lever to Respond to Stakeholders' Sustainability
Concerns

Smart PSS solution are intended to be sustainable as their predecessors should be, either
for customers and providers. Indeed, whatever the business model, customer usage
needs satisfaction remains at the heart of the initial offer to which can be added services
to ensure the tangible supports for functional services performance preservation if pos-
sible (e.g., maintenance). In the latter case, advantage may be: to anticipate failures
before they occur and thus reduce the downtime or, to avoid excessive maintenance due
to major failures in case he would own the solution. In the case where the owner of the
solution is the provider, feedbacks obtained from remote sensors allow, in the case of
maintenance, to anticipate or to remain in control operations and thus to replace just
what is necessary, or even, for a defective solution that should leave the market, to
imagine the R4 to R9 strategies. These strategies show that Smart PSS are high added
value solutions for different stakeholders: users, providers, the society, or politicians,
regarding their injunctions to reduce waste, minimize the consumption of natural re-
sources and reduce energy consumption.

Smart PSS can be a lever for environmental performance if they are designed con-
sidering the potential they represent and if the support infrastructures for their design,
production, provision, use and end-of-life treatment exist and are rationalized. To help
achieve this objective, several requirements derived from [7] need to be considered (Ta-
blel). As can be seen, the offer reconfigurability to adapt over time to the usage needs
and to satisfy the customer in the long term is a common requirement to both the user
and the provider of the solution.

Table 1. Stakeholder’s requirements regarding a Smart PSS offering (derived from 7).

X customer / . . e
requirement user provider society politicians

response to functional requirements X X

quality of user experience

customised offering

Al b

reconfigurable offer

market drivers

economical dimension

social dimension

PR <
>

environemental dimension

good compromise between cost, quality and time

technological innovation

e-service proposition

L L A s
S R A R e

safety and reliability

2.3  From Smart PSS to Smart Reconfigurable PSS

Reconfigurable systems have been around for a long time now. The well-known are
Reconfigurable Manufacturing Systems (RMS), defined as being able to quickly
change their structure, as well as their hardware and software components, to quickly
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adjust to new production needs. To do so, RMS are designed based on predefined equip-
ment components that can be rearranged, moved and replaced quickly using the follow-
ing principles: modularity, scalability, integrability, convertibility, reliability, maintain-
ability and customization [13]. Considering the definition and typology of Smart PSS
and the requirements set out in table 1, a Smart PSS can be viewed as a new type of
reconfigurable system which must obey the same rules of rapid adaptation to needs, i.e.
usage needs and not production needs. In any case, the adaptation must be quick and
with the least effort. We thus propose to use modularity, key concept of RMS to design
Smart and sustainable PSS [14].

Modularity concept has already been used to design PSS [15], [16]. Here we assume
that the design of Smart PSS will be based on the composition of products and services
functional units, assembled to obtain a sustainable composition, considering all the re-
quirements above-mentioned. Smart PSS instrumentation allows to consider two dif-
ferent cases: one involved in the design of the initial solution and the other involved in
the redesign or adjustment of this solution to the customer's usage needs over time.

In the first case, the choice of products, support services and additional services can
be personalized and the whole can be instrumented according to the customer's needs,
defined based on the desired uses and the accessible product support infrastructures.

In the second case, since usage information can be collected either through direct
interaction with the customer or through direct feedback from sensors integrated into
the initial offer, the system can be augmented or reduced in functionality. The use of
modularity is, in this case, a key element to increase or decrease the functional scope
of the physical part of the PSS and thus improve PSS sustainability as it allows to reach
the highest level of the 10 R strategies. Reconfigurability through modularity has an
advantage for scalable solution design, able to meet users' needs over the long term,
provided that the user can explicit his needs when designing the first offer. For this, we
suggest a co-design user-provider of the offer.

2.4  User-provider Smart Reconfigurable PSS Co-design

A customized solution, co-designed by the user and the provider at the outset and
adapted to changes in usage throughout the link between the solution and its user, en-
sures a high value-added solution for these two stakeholders. This is because the system
is then adapted to the most demanding requirements and its unused components can be
reused by the provider to meet the needs of other customers. This opportunity is part of
the Corporate Social Responsibility (CSR) and on the way in which organisations make
a PSS offer available to their clients, other objectives such as the search for quick prof-
itability compromise the sustainability of the offers proposed. Several drawbacks
emerge in this context: the needs to which the PSS respond are sometimes unclear, the
scope of the related service system is poorly defined and the impact of the definition of
the service system on its components poorly qualified and quantified. These facts gen-
erate problems of mismatch between specifications and needs, service delivered, and
service wanted, cost and value, or services offered and uses of services, which nega-
tively impact on the objectives of the companies. This is reinforced in a multi-organi-
sational context because the difficulty is not only to propose a coherent offer, but also
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to analyse the compatibility of the processes and the logistical network supporting this
offer throughout its life cycle, while guaranteeing the satisfaction of all its stakeholders.
The co-design user-provider allows to have a customer centric approach recognised by
several authors as allowing the delivery of higher service quality and enhancement of
customer satisfaction [17].

Based on all the considerations presented in part 2, we propose in the next section
the design challenges and principles on which we propose to build the three-dimen-
sional framework for Smart reconfigurable PSS design.

3 Design Challenges and Framework

The design framework is based on the simultaneous engineering of product, process
and supporting infrastructure. The product is here extended to Smart PSS. The require-
ments that drive this design are those presented in table 1. Interaction with the customer
is heard throughout the design process, i.e., until the best compromise between all ex-
pectations is found. The processes here are the support processes for the design, manu-
facturing and implementation of the Smart PSS consisting of the product, the support-
ing and additional services, and the associated technologies. The supporting infrastruc-
ture is considered as being made up of all the partners constituting the supply chain
required for the design, realization, provision, maintenance in operational conditions
and treatment at the end of the product's life (Figure 2).

The principle of modularity consists in assuming the smart PSS as an arrangement
of functional units of products and services. Therefore, as soon as the needs are ex-
pressed, an analysis of the functional units of the library formed by solution providers
is carried out to see whether units are available. Three scenarios can occur:

- all the necessary units exist without a variant. An analysis then consists in sim-
ulating the coupling and comparing the solutions on the basis of criteria classi-
cally used in reconfigurability analysis (time, difficulty of coupling, etc.).

- all the necessary units are present with a variant, the analysis then consists of
simulating the coupling and comparing the solutions on the basis of criteria clas-
sically used in reconfigurability analysis. Once the choice is done, a double anal-
ysis of process compatibility and support networks design can be carried out.

- some elements are missing and. In this case, either the requirements must be
revised or a solution must be found through innovation.

In case there is no process compatibility or the support network design is not feasi-
ble; the offering must be modified (Figure 3). The metrics proposed to ensure the sus-
tainability of the offer and stakeholders satisfaction, the tools as well as the methods
allowing to perform the different sub activities contained in the three main ones are
further detailed in [7]. It corresponds to the first case of the initial design of the offer
but does not exclude other phases related to the redesign of adapted offers over time.
Indeed, it will then be a question of analyzing the additional modules desired or those
to be removed and of redesigning the adapted offer by checking the compatibility of
the processes and supporting infrastructures as initially. Obviously, a digital twin of the
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PSS, processes and supporting infrastructures would be useful in carrying out tests,
particularly about the complexity of coupling.

Three Dimensional
Concurrent Engineering

Process design:
stakeholder
involvments

Product design:
Design spécification
quality, materials.

Pcrfo
upply ch

sourcing/outsourcing
customer/supplier
relationship

tak

Agreement, Reconfigurablg
supply chain, CSR

Product Design field [ > Smart PSS Design field

Fig. 2. 3DCE Smart reconfigurable PSS principles, adapted from (6).

———— |

Process design
prloduct ) l g >
fonctional unit ‘
—>
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Fig. 3. 3DCE dynamic.

4 Framework Implementation

4.1 Modeling Process Approaches and PSS

In [18], the authors introduce the basic principle of a service delivery, that is an inter-
action within a service provider/consumer pair oriented from the provider to the con-
sumer. The intensity of the service delivered grows in the same way as a parameter that
characterizes the provider/consumer pair. A provider is identified by his function and
is noted P. A consumer is characterized by his need. Of course, an object cannot be
limited to being a provider or a consumer. Therefore, it is generally considered that
objects can behave simultaneously as both. The initial principle presents an object as a
single provider or consumer of services. Clearly, a complex object can provide and/or
consume several services. Consequently, an object can be a provider/consumer of sev-
eral services. The service provision relationships then become more complex, i.e., each
relationship is defined for a given service. An object is then part of a series of services,
linked to another object upstream as a service consumer and to an object downstream
as a service provider. The authors proposed to call the "object" providing or demanding
the service a "service agent" or, in short, a "sergeant".
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4.2  Modeling of Behavior, Functions, and Data

Indeed, the service modelling also requires the modelling of the interactions between
multiple services; this process can lead very quickly to a significant level of complexity
from a static point of view and even more in a dynamic view. proposed in previous
works [19] a first tentative to represent service in simulation. We therefore focus in this
paper on the establishing operations for a single service coupling in the G-DEVS for-
malism [20]. This discrete formalism is selected because of its formal property and its
time management capability. We propose to model each service component through a
G-DEVS model based on attributes. The model attributes are described from a qualita-
tive and quantitative point of view and all elements (actors and material) that interact
within its environment are required. New Smart PSS design and development is based
on a strategic analysis whose objective is to define lines of innovation while keeping
sustainability as core concern. Most of the time, innovations are incremental -series of
small steps -as enterprises find ways to update their products and processes or to inte-
grate basic services. Simulation principle is to analyze the possibility that new func-
tionalities supplement a PSS existing one while receiving benefits, if any, of compo-
nents already used to fill these existing functionalities. Specifically, the assembly of
components can be simulated to measure their capacity to easily interact and to cope
with the customers’ need and use, with the manufacturers ‘profit expectations and with
the environmental incentive. The simulation of scenario tests can give clue to manufac-
turers to develop and set up a win-win strategy with their customers, and environment.

4.3 Service Process and Service Process Value Model

Service process is an important part of service as it is the operational workflow for
service delivery. The execution of service processes is respecting an SLA between ser-
vice provider and customer. The SLA specifies the requirements of the customer used
to monitor and verify the contract. Under the SLA, the candidate service elements of
each service can be divided into different service set, and the service process reaching
customer's requirements can be constructed quickly. As described by Zhou in [21], for
the same requirement of the customer, under different SLA constraints, the service pro-
vider can select different service elements to form different service processes.
According to Zhou [21], Service value is a common metric recognized by the stake-
holders of a service, the service requester, and the service providers. System require-
ments of smart PSS toward customer needs and co-creative value propositions Several
parties have to contribute to co-create value in a collaborative production to meet an
overall value expectation [4]. However, in general, different PSS actors can have dif-
ferent PSS value expectations [5]. Therefore, value is multidimensional, and an actor's
expectation of value may contain only some of these dimensions. Because of the dif-
ferent concerns, each person may define their values from different dimensions. For
example, value can be defined from the economic point of view, ownership of the prod-
uct, the economy of resources used and the customer experience, etc. Three dimensions
were used to define service value: time and space, profit, and experience in [21]. The
time and space dimension refers to the requirements of creating service value in time



Smart Product Service System: Process Value Model 485

and space, which can only be achieved by meeting the requirements. Service value is
strongly related to the activities in the service process. Time and space dimension re-
flects the time consumption and location/status changes in activities.

The profit dimension refers to the different benefits obtained by actors in the service
activity, including economic benefits, physical products ownership, information ob-
tained, etc. It is related to the service actors since each actor in the service process,
including the customer, benefits from it.

The experience dimension refers to the intangible value or impact of service process
or service results, including corporate reputation, social impact, customer satisfaction,
experience, and skills, etc. Experience dimension is related to the effect of service pro-
cess or result.

The sustainability dimension must be considered in the early design phase to reduce
potential failure to meet the environmental and social requirements in delivery stage.
However, according to [22], the existing PSS evaluation frameworks consider less about
characteristics of digitalization and smartness.

In addition, in the design process of smart PSS [23], since the creation of value is
inseparable from the use of smart resources, the resources need to be extended to smart
objects, tools, materials, products, data, etc. The operationalization of the 3DCE frame-
work in the context of Smart PSS consists in adding the process and value dimensions.

5 Framework Operationalization

5.1 Smart PSS Value

Smart PSS value includes the profit and usage dimensions that refer to the benefits
obtained by actors in the service activity. Since Smart PSS, it adds the sustainability
dimension [22] as a core global benefit since it reduces the environmental and social
impact. Obviously, it is related to the service actors involved since each actor in the
service process must contribute in a sustainable way and/or benefits from it.

Then, the experience dimension refers to the intangible value or impact of service pro-
cess or service results, including corporate reputation, social impact, customer satisfac-
tion, experience, and skills, etc. Experience dimension is related to the effect of service
process or result. The PSS user experience dimension is increasingly important in the
service and digital domain (in digital domain it is known as UX, i.e., User Experience).
It corresponds to the way a service is perceived by its users or the customers. The user
experience includes several criteria that are not yet extensively defined but literature up
to now. It can include criteria such as ergonomics, usage, and satisfaction. In addition,
in the process of PSS, the creation of value is inextricable from the use of resources.
These resources can be human, materials, data, such as described in MDISE [24].

5.2 Smart PSS Service Process

In the proposed approach, a smart PSS is composed of different service elements com-
ing either from a library (Figure 5 top left side), such as described in sergeant approach,
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which represent specific activities or tasks in the service process or service to be created
on demand. Hence, each service process is composed of different activities organized
in workflows (Figure 5 middle left side), which are executed by resources (Figure 5
bottom left side) to complete the whole service. In the service process described in
Figure 5 right side, each activity needs to be fulfilled by at least one actor that can be
human, including customer, service provider and participant and artefact or digital sup-
port form IT. By participating in the activities, resources (co-)create value, exchange
value, and meet their own value expectations. Workflows are picked from library or
created on demand according to the specification of customer needs.

5.3 Smart PSS Process Value Model

The user experience and sustainability are central element in mixing product and digital
content in the building of Smart PSS process value. The goal is to create the most fluid
and frugal pairing possible between the product, service, and user through a PSS and
potentially a web-based data collection form [oT for smart PSS such as described in the
figure 3 right side. The idea is, when pairing process, to limit the overlap between func-
tionalities and resource used at the frontier of PSS subcomponents connection. A fluid
connection of services and its smart support generates less consumption of resources
and make much easier the smart PSS usage, reduces the impact on the environment and
can increase loyalty of customer, as it is the case in buying and using physical products.
In a chaotic e-service where it is almost impossible to find, produce and provide what
the user is looking for or in slow PSS delivery; the potential customer will not be in-
clined to proceed to the PSS usage. On the contrary, in an ergonomic and aesthetic
service delivery approach, the same customer will be much more likely to spend time
there and to proceed to the act of service usage. The main causes of unpleasantness that
spoil the user experience are usability issues that prevent from non-expert to use it, bugs
that start over the service during run time, non-intuitive usage that slow down the access
to the service, information not found that demotivate to reuse the service. Users who
leave the e-service support frustrated are unlikely to try again on the same PSS, so they
will naturally go to its competitors. Therefore, the contribution proposed will contribute
to monitor the user experience on the service delivery process and applications and
make it a central element of the PSS digital strategy.

6 Conclusion and Future Works

This paper presents a framework for Smart Reconfigurable PSS design that lays on
several principles: the integration of multiple stakeholders’ requirements to reach sus-
tainability objectives, the co-design user/provider of the solution to increase satisfac-
tion, the use of modularity to ensure user satisfaction over time, the use of IOT and e-
service to get behavioral information on the user and update user’ SLA, process and
support infrastructure reconfiguration. A way to implement this framework is briefly
presented. Future research aims at consolidating the framework and testing its imple-
mentation on real design cases. Another perspective is to define the digital twins of the



Smart Product Service System: Process Value Model 487

process of creating the offer and the supporting infrastructure to be able to digitally test

the

design possibilities of a Smart Reconfigurable PSS.

Specification of Customer needs

Services Tor PSS
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Fig. 4. Coupled approach mixing product and service for Smart PSS.
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