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Abstract. Product-Service is a recent concept based on a novel product under-
standing consisting of integrated product and service shares. It represents a new 
trend for industries to innovate their artefacts and create fresh business opportun-
ities. However, moving from product to services requires the identification of the 
needed assets to create the new solution and the integration of both product-
related and service-related activities into a unique product-service lifecycle. In 
practice, such an evolution can be defined theoretically but it is hard to imple-
ment since supporting tools are strongly product-centred yet. As a consequence, 
product-service is still a fascinating idea especially in manufacturing sector. This 
paper tells about a success story of product-service management in manufactur-
ing industry; it describes how a household appliances’ manufacturer shifted from 
traditional product lifecycle towards product-service lifecycle to manage the new 
service. The study starts from analysis of the AS-IS processes and mapping of 
the ecosystem tangible and intangible assets, and describes how the company 
was supported into the definition of an integrated product-service lifecycle. 

Keywords: Product Lifecycle Management, PSS (Product-Service System), 
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1 Introduction 

Numerous manufacturing enterprises are challenged by the transition from a tradi-
tional product-oriented model to a new extended service-oriented one, which can be 
realized by Product-Service Systems (PSS) [1]. This trend mainly consists of adding a 
wide range of services to increase the value perceived by the customers and better 
satisfy their needs. In particular, Product-Service Systems (PSSs) consist of the com-
bination of tangible and intangible assets and their integration in Product-Service 
modules, which are mutually determinant throughout the whole lifecycle [2]. Addi-
tional services and added value move the product towards an extended product really 
tackling the customer’s needs and offering a solution. In this context, technical ser-
vices represent the easiest way to create a PSS in manufacturing industry: from main-
tenance to training, retrofitting and product monitoring. Indeed, they can be easily 
realized by improving the product communication capabilities in order to make data 
flow from product to external systems to realize supporting or differentiating services. 
This integrated understanding leads to new and customer-oriented solutions, and  
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enable innovative functions and result-oriented business models. Furthermore, servic-
es can bring great advantages for industry: from the economical viewpoint, services 
can create higher profit margins and contribute to higher productivity by means of 
reduced investment costs along the lifetime as well as reduced operating costs for the 
final users [3]; from an ecological viewpoint, product-services can be more efficient 
thanks to a more conscious product usage, an increased resource productivity and a 
close loop-chain manufacturing as reported by some examples [4]; finally, services 
create socially advanced scenarios, as they secure knowledge intensive jobs and con-
tribute to a more geographically balanced wellbeing distribution [5]. 

However, producing product-services opens a big issue in enterprise modelling and 
data management since they overcome the model of traditional products and the 
boundaries of the single company. Indeed, if tangible assets can found in the manu-
facturer company and its supply chain, intangible assets require medium-term colla-
boration with service companies and the creation of the so-called Virtual Ecosystems 
[6]. These ecosystems are replacing the former single enterprise and take over the 
lifetime responsibilities for the new PSS; they were also called Virtual Manufacturing 
Enterprise (VME). As a result, the cohesion between the product, associated services 
and the life cycle ideas is expressed by the product-service concept. For this reason, 
product-service requires the management of all assets and entities involved as well as 
the PSS designed and by modelling the complex the interrelations between products 
and non-physical services. In this context, the paper describes an industrial case study 
focusing on product-services in household appliances sector. 

2 Product-Service Management for Manufacturing Companies 

A product-service consists of proposing a mix of tangible products and intangible 
services designed and combined to optimize the product use and increase the value for 
customers [7]. Value creation can be provided through an extended business network 
involving different stakeholders, which concur to create the services. Product-service 
idea starts from the concept of extended product [2], where intangible services are 
incorporated into a core product to add value. The term PSS usually includes the tang-
ible product, the related services, the enterprise network and the infrastructures 
needed [8]. In manufacturing applications PSS are almost based on technical services 
for two main reasons: they have a concurrent lifetime to the product to which they 
relate since they support the product use and interact with the customers during the 
operation stage [9]; and they can be added to product with low impact for manufac-
turers since they are usually available at low-cost and have a shorter time-to-market 
[10]. After-sales services are usually provided as PSS. Here are located the services 
that ensure and restore the availability of the material good. Furthermore, they can 
extend the life cycle of the product and reduce consumption, emissions and operating 
costs [11]. Specifically, after-sales services encompass: maintenance, hotline services, 
tele-service, spare parts, service and customer training.  

There are various forms of servitization with different features and, as suggested 
by [12], there is a transition line from pure product manufacturers to service  
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providers. At one extreme of the line there are product manufacturers, which produce 
core products and services purely as an add-on to the product, and services are used as 
a differentiating factor in product marketing strategy. At the other extreme, there are 
service providers, whose products are merely an add-on to services since products 
represent only a small part of total value creation. The transition is based on an ex-
tended service business, starting with a few product-related services and ending up 
with a large number of service offerings. In the evolution of servitization, many man-
ufacturing companies have moved into services and that caused the boundaries be-
tween products and services to become blurred [13]. 

In parallel with servitization, industrial models in manufacturing have recently 
evolved from rigid, deterministic supply chains, to a next generation of completely 
flexible, open and dynamic ecosystems with new economic opportunities. In such 
ecosystems, members share knowledge, innovate and collaborate together, interact or 
connect with each other, design new products, communicate globally and develop 
projects [14]. Ad-hoc selection of the most suitable partners for each customer de-
mand is needed in order to become more flexible and reactive on the global dynamic 
marketplace [15]. In fact, the collaboration between the main manufacturing company 
and its key partners is fundamental to propose a new value by the right delivery chan-
nels and the best strategies by developing new business models. 

It is evident that the increasing importance of services represents big challenges for 
manufacturing companies. However, the biggest challenge is carrying out a reliable 
management of PSS and a successful coordination of all the activities related. In par-
ticular, small and medium businesses often do not have sufficient knowledge and 
resources to professionalise its service business.  

Manufacturing companies have usually a clearly defined product development 
process, but they lack a sufficiently defined service development process as found in 
traditional service companies. Many companies recognise that the existing corporate 
structures and processes do not allow for efficient development and market position-
ing of innovative services. In addition, they are faced with the problem of being poor-
ly equipped with appropriate approaches, methodologies and tools for an efficient 
development of services. In addition, due to the often unclear or unstructured portfo-
lio of services in the firms, a lot of time and resources is spent for coordination and 
consultation work between the main actors.  

In a nutshell, services represent an excellent opportunity for manufacturing  
companies, but companies need to be supported properly to fully catch this new  
opportunity. Several methods have been recently proposed to manage PSS (from mod-
ularization-focused approach, to stochastic and behaviour-focused approach, until life-
cycle-focused methods) [16]. However, some of them are very theoretical and hard to 
implement in practice, while others are too specific and have a limited applicability. 
Several recent studies focused on requirement elicitation in product-services [17-18]: 
they highlights the main challenges of requirement engineering in virtual manufactur-
ing ecosystems and proposes an approach based on Business Use Cases (BUC) and 
Serious Games to elicit PSS requirements and investigate the PSS lifecycle. Moreover, 
the existing business models in manufacturing are not well suited to servitization  
and collaboration, which are required to enter new markets [19]. Indeed the company 
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business model must change from product to services: PSS requirements should be 
satisfied through the analysis of both internal and external factors (i.e. environmental, 
economic, social, technological and political), and the ecosystem factors. In this con-
text, STEEP analysis well support the identification of internal (related the company 
structure) and external (related the company ecosystem) requirements and the defini-
tion of a new business model for a certain idea. Then, Canvas Business Model can 
straightforwardly schematize the model by providing a clear definition of how an or-
ganization creates, delivers, and captures value throughout its ecosystem [20]. 

However, companies still have a lot of difficulties in selecting the most appropriate 
tools for supporting PSS and selecting the partners to create the Virtual Manufactur-
ing Enterprise (VME), as well as to define a valuable business model and a simple but 
reliable PSS lifecycle to refer their activities and those of their partners in the VME. 

3 Methodology to Shift from Product to Product-Service 
Lifecycle Management 

The research methodology provides a set of tools and a straightforward workflow to 
support manufacturing companies in realizing and managing a product-service idea to 
innovate their business. The crucial point is the analysis of the company ecosystem 
and the correlation between the tangible and intangible assets offered and the assets 
necessary for the new PSS, and the definition of a valuable PSS business model.  

The proposed method starts from the analysis of the current situation and the map-
ping of the company’s ecosystem assets to answer these research questions: a) Is the 
company ready to create a PSS? b) How to select the right partners to realize the 
product-service VME? c) How to manage the PSS lifecycle? 

The method steps are described below. 

1. Analysis of the AS-IS Processes and Assets: It consists of two main activities; 
the first is related to the analysis of the current Product Lifecycle Management 
(PLM) process, from its ideation, through design, manufacturing and delivery, to 
disposal; the second consists of the mapping all the involved assets of the com-
pany and its ecosystem, both tangible (i.e. machines, materials, devices, sensors) 
and intangible (e.g. competences, skills, knowledge, relations among tangible 
components needed to realize another product functionality). The first analysis is 
supported by a modelling tool able to represent the company processes, identify 
all the activities involved in each process and, for each activity, the related input 
and output, the needed resources (e.g. human, material or IT), the involved com-
petences and skills, and the control unit (e.g. company’s departments, process’s 
managers). The second mapping is supported by interviews and ad-hoc ques-
tionnaires, which investigate different aspects of the value creation process. In 
particular, each question is directly linked to a specific key business activity or 
resource identified in the company business model. 

2. Analysis of the Servitization Readiness: It allows understanding if the compa-
ny ecosystem is ready to create and manage a PSS solution or which areas 
should be improved. Such an analysis is based on the assessment of four areas 
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(i.e. lifecycle management capability, ecosystem creation capability, innovation 
level, network management capability). Different questionnaires are defined to 
analyse the four areas. 

3. Mapping of Tangible and Intangible Assets: It is based on the correlation be-
tween the new PSS items (i.e. product, services, ecosystem and infrastructure) 
and the related assets, mapping of the company ecosystem [21]. In fact, the PSS 
idea is defined by a set of tangible and intangible assets, coming from the specif-
ic competences and skills of the ecosystem partners. The mapping consists in 
tracing the network relations within the ecosystem, in terms of who has a certain 
knowledge, who provides a certain components, who realize a certain software 
application, who produces a specific product, who implements a specific service, 
etc.  

4. Business Model Definition: It is based on the adoption of the Canvas model and 
allows clearly defining the company business model according to the previous 
results. It involves several areas within the company that should be defined in 
detail in order to identify which are the core areas where action is needed to im-
plement the new business, such as key partners, key resources, key activities, 
value proposition, customer segments, channels, revenues streams, cost struc-
ture, and customer relationship. Business Model Canvas is used to analyse the 
building blocks of the new business model (service-centred), while STEEP anal-
ysis considers both internal and external factors related to environmental, politi-
cal, economic, technological and social trends. 

5. Definition of the TO-BE Integrated Product-Service Lifecycle and VME: It 
finally identifies the new lifecycle to properly manage both product-related and 
service-related activities and the actors involved. Starting from the previous AS-
IS processes modelling, it modifies the core factors individuated in points no. 2 
and 3. Moreover, thanks to the definition of the new business model (point no. 
4), the company can identify the partners and their own specific knowledge and 
skills that are necessary to realize the VME and develop the PSS desired.  

After step no. 5, the company is ready to create, produce and manage the new prod-
uct-service solution; in particular, it has defined a certain PSS and a precise VME to 
support its creation, delivery and operation. At this stage, the quality of the service 
implemented can be verified in different ways. This research focused on analysing the 
customer satisfaction and the sustainability index. Satisfaction can be analysed by 
satisfaction questionnaires and usability testing by directly involving final users, 
while sustainability is calculated by specific methods (i.e. LCA and LCC applied to 
the specific PSS solution) to compare the exist product with its related product-
service to be developed.  

4 The Industrial Case Study in Household Appliances 

4.1 The Company Ecosystem 

The case study has been realized in collaboration with an Italian company producing 
household appliances and home care devices. The company ecosystem is guided by 
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“Product Design”, “Product Manufacturing”, “Product Delivery and Commercializa-
tion”, and “Product Use”. For each process stage, experts from both company and 
academia detailed the main activities and identified the departments involved, se-
lected the key resources and modelled the activity flows. Moreover, interviews and 
questionnaires allows tracing the current assets and defining the product items in 
terms of functionalities, features, number of sensors, brand, production line, materials, 
any hardware supports (tangible assets) and intangible assets like partners involved in 
the ecosystem, brand resources, and customer relationships after sales. 

 

Fig. 2. The product maintenance process analysis (AS-IS scenario) 

4.3 Analysis of the Servitization Readiness 

The analysis shows if the company is ready to implement the specific product-service 
solution and highlights the strengths and the possible weaknesses of the company in 
designing and managing the “Smart Maintenance Service” process. In the case study 
the analysis revealed that the company already has an ecosystem made up of different 
partners, suppliers, consortia and research centres and theoretically able to support 
product-service lifecycles, but such ecosystem is still strongly product-centred; ser-
vices are perceived almost as tools to differentiate the product and do not represent 
the core business. The analysis also highlighted that the company is interested in un-
derstanding how to model and fully exploit PSS innovation projects. The case study 
defined also those areas (and related processes) to be improved to efficiently move to 
product-service solutions; they are: “Service Ideation”, “Requirements analysis”, and 
“Ecosystem governance and decision making”.  

4.4 Mapping of the PSS Assets and Creation of the VME 

According to the PSS idea to develop (i.e. Smart Maintenance Service), a set of part-
ners in the ecosystem are selected for their competences, skills, supplies, devices and 
knowledge, and their relationships are mapped in order to identify the better configu-
ration of virtual manufacturing enterprise. The result of this study has given the  
following VME configuration: a research centre to support the PSS modelling, a tech-
nological partners to develop the IT infrastructure, a smart home provider able to 
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share its competences about the household appliances connection into a network, a 
consortium for disposal, a consortium that studies innovative solutions, a partners to 
support the company during the delivery phase (e.g. during the best practices propos-
al) of the PSS, and the customers themselves. 

 

Fig. 3. Example of PSS assets mapping 

4.5 Business Model Definition 

A value proposition has been identified for the specific case study according to the 
Business Model Canvas. It consists of monitoring the household appliances and sup-
ports the maintenance process by web or mobile application and involving a group of 
selected partners (i.e. VME) performing the key activities to carry out preventive 
maintenance and coaching actions, PSS delivery and management. Figure 4 shows the 
identified business model: it addresses people that love smartness and convenience, 
and aims at creating making a long-term relationship between the customers and the 
company through on-line feedback, dynamic proposition and loyalty programs. Such 
a model can be delivered by local retailers as well as on-line shops, and can be im-
plemented by different payment modes, from leasing contract to mobile payment. 

4.6 The Integrated Product-Service Lifecycle and TO-BE Processes 

Finally, an integrated product-service lifecycle has been defined to organize and man-
age all the information gathered in the previous steps. It starts from a recent model 
proposed in literature [22], that considers how the lifecycle phases are affected by 
changes due to transition from product to service (e.g. ideation, design, delivery). 
Figure 4 represents the global view of the TO-BE process by detailing the process 
activities, data input (e.g. target customer, partners in the ecosystem, competitors 
analysis), data output (e.g. from the PSS ideated to the creation of the Smart Mainten-
ance), exploited resources (e.g. brainstorming activity, procedures, software infra-
structure), and finally the involved competences and skills needed (e.g. coming from 
company departments, research centre, or technological partners). 
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