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Abstract 
This paper discuss the change in early design imposed by a Product-Service Systems (PSS) 
perspective onto the design and development phases of engineering design and how this affects 
the today de-facto standard of virtual modelling of product properties. The approach is 
exemplified via PSS situations related to aerospace and automotive industry in order to clarify 
“parameters of change” due to PSS reasoning, and challenges are displayed regarding early 
modelling and simulation. 
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1 INTRODUCTION 
Manufacturing companies have traditionally focused 
their design and development activities on realizing 
technical and engineered aspects of physical 
artifacts. The changed business climate during the 
twentieth century have forced industries to 
continuously innovate their approach toward the 
development of new products, where in the last 
decades the competition on the global market has 
driven manufacturing companies to reconsider the 
traditional concept of goods production [1].  
Companies have begun to realize that gaining 
competitive advantage and expanding market 
shares is not achievable purely through continuous 
technical improvements; rather, it is necessary to 
develop closer relationship to the customer to gain a 
deeper understanding of expectations, needs, and 
perceived value [2]. Hence, companies have been 
forced to radically rethink the aftermarket activities, 
and to consider themselves not only as product 
sellers but also as service providers.  
This phenomenon has been largely driven by 
customers and has moved companies’ focus toward 
the establishment of the relationship with 
customers, through broader offerings, including 
product-related services. Initiatives such as Total 
Offers, Functional Products, Product-Service 
Systems (PSS) and Integrated Product Service 
Engineering reflect the shift toward this new offers, 
hereafter named as PSS in this paper [3] [4] [5].  
As stated, due to the changes in the business 
environment such as increased competition, 
customer awareness and greater facility to retrieve 

information, among the others, have made the 
design of products and service a new and almost 
unexplored matter: what was true yesterday is not 
anymore today and tomorrow will change again.  
This paper discusses the change in early design 
due to a PSS perspective, and how this claims for a 
further upgrading in the current virtual modelling 
techniques that take into account the value of 
different design option. The thesis of this paper are 
exemplified and strengthened by PSS situations in 
aerospace and automotive industry, and challenges 
are displayed regarding early modelling and 
simulation schemes. 
 
2 RESEARCH APPROACH 
The research approach adopted by the authors has 
the character of a prescriptive study. The contents 
of the paper are derived mainly by the authors’ 
collaboration with industrial partners currently 
dealing with PSS offerings in automotive and 
aerospace development.    
 
3 PSS EARLY DESIGN: WHAT CHANGES? 
The starting point to clarify the reasons why design 
changes under a PSS perspective are the main 
pillar of traditional design: the engineering 
requirements. When developing a product, a set of 
requirements is set based usually on experience, 
previous products or by customers using methods 
such as Quality Function Deployment [6]. Usually, 
the validity of the requirement is modelled and 
simulated through virtual tools such as CAD 
models. When dealing with early PSS design, a 
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change on how these requirements are set and 
fulfilled is based for the following reasons.  

3.1 Extended Ownership and Life Cycle 
responsibility  

The PSS concept implies a greater ownership along 
the product’s life cycle, being responsible for 
instance also on the end-of-life activities. This 
increases the opportunities for system optimization 
and more sustainability friendly solutions, since the 
shift is now on a larger timespan [7] [8].  
This profoundly affect the way the design 
requirements are set, increasing the uncertainty of 
what is best for the company. For instance, a car 
manufacturer that nowadays is focusing on reducing 
the weight of the car might discover that moving 
towards a PSS solution (such as car sharing) the 
most convenient solution is to design a more robust 
car, thus increasing the weight, in order to decrease 
maintenance costs and environmental impact. In 
fact, looking at a longer time span the cost of 
maintenance might become higher than cost of 
manufacturing (now the main voice of cost, in 
traditional business).  
Another problem related to the extended ownership 
is about uncertainty about the future. If we are 
developing a car that lasts, let us say, 20 years, the 
uncertainties about material availability, fuel costs 
etcetera become higher and so the current set of 
requirement based on experience falls down and 
has to be re-set diving susses fully in the swamp of 
uncertainty.  

3.2 Increased perception of intangible values 
Due to the increased awareness in the last decades 
by the customers, the perception of intangible value, 
such as experience, knowledge about the company 
and its products and services, and emotions, has 
become higher. ‘Intangibles’ have been defined by 
New World’s dictionary as: that cannot be touched, 
incorporeal, and impalpable; that represents value 
but has not intrinsic value or material being; that 
cannot be easily defined, formulated or grasped. 
Steiner and Harmon [9] state that intangible value 
do not belong only to the service arena but rather 
they create a ‘third layer’ that contribute to provide 
value together to the product and service layers. 
The statement seems correct, since every of us 
have at least once bought a pure product also 
because of perceived intangible values, such as a 
well-known brand.  
Developing a PSS solution has the possibility to 
provide increased intangible values, and 
opportunities of co-branding and user co-creation 
cannot be underestimated [10]. However, focusing 
on perceived intangible value also impacts the way 
the engineering requirements are set. Back to the 
example of developing a car for a car sharing 
system, the company might decide to increase the 
user experience developing an anti-glare 
windshield, now used only in luxury cars, since now 
the higher cost can be shared by many customers, 
hence the intangible benefit becomes higher than 
cost.  

3.3 Necessity of increased supply chain 
collaboration in early development  

In the last decade, has grown a strong interest 
around the integration of the entire value chain 
since the very beginning of product development. 
One of the pioneers and probably the most 
successful company in such a model has been 
Toyota Corporation, where the 1st tier and 2nd tier 
suppliers collaborate with the OEM [11]. This allows 
avoiding cost erosion and delays in time of 
development, since problems are solved in the early 
design, where the cost of change is still at 
minimum.   
Due to its unique characteristics, the development 
of product-service systems offerings requires even 
more integration, internal the company as well as 
cross organizational, of the entire value chain since 
the early design phases, including possibilities of 
user co-design. Regarding the latter, PSS design 
has the potential to offer higher level solution where 
the customer does not need to specify in detail 
requirements of the solution he/she wants, and 
more importantly the customer does not need to 
specify what is the combination of product and 
services that better fulfil her or his expectations [12]. 
For instance, the customer might say ‘I want to 
move comfortably from A to B’, letting the provider 
to find the solution that fits best.    
This increased integration has much strength but 
presents also a certain amount of risks and 
challenges. Question that a company that wants to 
move towards PSS might ask itself are: who is 
going to be our partner in the development? How 
can we explain what are the benefits that the 
supplier will get in the partnership? How can we 
explain that we are not going to become 
concurrent? How to easily communicate our design 
activities to the customers and receive fast and 
useful feedbacks before manufacturing and 
establish anything? 
 
4 UPGRADING A VIRTUAL SIMULATION TOOL 

PACKAGE: VALUE MODELLING AND 
SIMULATION  

As discussed in the previous chapter, this transition 
involves a radical change; not only in the way the 
products are offered, but also in the way they are 
designed and developed. The focus of the design 
activity shifts from the definition of new products to 
the re-organization of existing elements on the 
basis of new needs and values, thus the designer’s 
role consists in synthesizing customer’s, provider’s 
and society perspectives. 
It is necessary to design products that meet 
engineering requirements, providing, at the same 
time, higher value for the customers, considering 
the new ownership structure of a PSS. Hence, 
developing a PSS is not choosing the best technical 
solution but is rather about finding the best 
combination of products and services maximizing 
stakeholders’ and customers’ value. However the 
selection of the favourite design alternative is not 
straightforward, since guidance that translates the 



 

desires of customers and business developers into 
terms that are immediately meaningful to PSS 
engineers is needed. 
It appears clear that new methods and tools that 
provide this guidance are needed; and the current 
virtual modelling of products has to be upgraded by 
new schemes that will allow designers to 
successfully deal with the new paradigm.    
In this session some of the approaches developed 
in the recent years are presented, and divided by 
four aspects that the authors consider as key points 
in order to provide a comprehensive virtual 
simulation tool: ideation phase, conceptual design 
and requirements definition, collaboration and 
knowledge sharing, value visualization and 
communication. 
4.1 Ideation phase 
Due to the holistic nature of a PSS offering, the 
development team needs to have creativity skills in 
order to translate customer goals and expectations 
into product-service functions and successively into 
preliminary design options, which consist by 
different product and service combinations. This 
matter has been well treated in research and 
education in the recent years and many frameworks 
for creativity sessions are available.  
After what can be consider a pure creativity phases, 
it is necessary to translate what comes out from the 
workshop into common schemes that allows rapid 
feedbacks by customers, suppliers and decision 
makers. Among the others, to be cited Scenario 
Based Design [13] and computer based tools such 
as Activity modelling, PSS modified service 
blueprint and PSS representation tool [14].  
4.2 Conceptual design and requirements 

definition  
When design options and preliminary concepts are 
defined, it is necessary to define what combination 
of product service can be consider the “best 
design”, and what are the requirements that 
physical artefacts need to be fulfilled. This phase 
becomes critical in PSS, since the design space is 
now wider than an experience-based product 
development, and so this phase needs guidance 
and support also by new methods and tools.  
This phase can be successfully aided by Value 
Driven Design approaches. The concept of Value 
Driven Design (VDD) grew after almost 50 years 
research on system engineering mainly in the 
aerospace sector [15]. The main goal of the 
approach is to find the design from a Value 
perspective, rather than a design that ‘just’ meets 
the requirements. In the framework, no requirement 
is set a priori, but instead the team is asked to 
maximize an objective function that converts the 
different design attributes into a score. Literature 
unfolds the main benefits of VDD: it enables 
optimization from a system level, since the team 
focuses now to seek the ‘best design’ instead of 
limit itself to find the design that meets only the 
requirements; it prevents design trade conflicts and 
it avoids cost growth and performance erosion, 

since the solution has been optimized from a 
system level.  
Naturally, the benefits of every solution has to be 
trade off with the cost of change and thus new tools 
that enables value and costs simulation are 
necessary, in order to reach a situation where 
value, cost and technical risks are limited according 
to lean approaches [16]. It is important also that the 
value score comprehend economical value as well 
as functional and emotional aspects [12].  
4.3 Collaboration and knowledge sharing 
As stated in chapter 3.3, the holistic nature and 
wider design space that the development of a PSS 
offering implies requires collaboration capabilities 
both internally and throughout the entire value 
chain. Approaches that use web 2.0 technologies 
are currently in development phase [17] [18], even 
though opportunities of these approaches applied in 
value simulation for supply chain collaboration are 
yet unexplored.  
4.4 Value visualisation and communication 
In order to reach an fast and efficient way of 
developing artefacts and receiving feedbacks by 
customer and supplier as well as to allow decision 
makers to easily understand and take decisions 
among different design options, easy to use and 
visualize systems has to be place side-by-side to 
the mathematical models that constitutes value 
calculations. Approaches currently in development 
in aerospace industry include the communication of 
value using color-coding implemented in usual CAD 
systems [19] and combined them with the 
knowledge background behind the solution in a way 
that the trustworthiness around one solution is 
visualized in real time [20].   
 
5 CONCLUSIONS 
PSS early design seems the place where subjects 
such as System Engineering, Supply Chain 
Management and Total Quality Management merge 
altogether at their best. The new business model 
permits a paradigm shift in the traditional design of 
products and services in such a way where system 
optimization is enabled and where offer provider, 
supply chain and customer collaborate together 
receiving increased value.  
However, a successful PSS design is not so simple 
to achieve and it is still under current investigation 
by academia and industry. The extended ownership 
and hence the life cycle responsibility, the increased 
perception of intangible values, and the necessity 
for the OEM to collaborate with supply chain and 
the customer are one of the reasons that make the 
current design methods and tools lacking.  
The authors strongly believe that new methods and 
tools that provide guidance to engineers since the 
preliminary phases are needed. This guidance has 
to go in form of virtual modelling tools that has to be 
incorporated in the current CAE systems that every 
development team uses. Such systems have great 
potential to become successful: the habit of 
engineers to use them, their facility to transfer 



information cross organizationally, and their 
capacity to create a common language.  
Many approaches are in development, but effort has 
to be dedicated to link the tools altogether, and 
collaboration between research, industry and 
governmental organizations is wished in order to 
promote a successful early PSS design.    
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