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Abstract 

During the last 10 years, manufacturing companies have faced new challenges for improving their value proposition and being more efficient 
and effective on the market, satisfying the customer needs. According to this trend, several technologies have been developed and applied in 
different sectors and with different aims, in order to support such the companies in their reconfiguration. For example, the recent advances in 
Information and Communications Technologies (ICT) could give also to manufacturing industries the competences required to develop novel 
sustainable products embedded with a dedicated infrastructure able to provide more service functionalities to customer. In this context, the 
application of Internet of Things (IoT) have allowed developing the so named Product Service Systems (PSSs). Moreover, the cross-
fertilization between such the technologies with the development of other ones have fostered the application of these novel ICT technologies 
inside the manufacturing companies also at process level. This approach has encouraged the study and development of Cyber-Physical Systems 
(CPSs). The present paper deals with a real industrial use case, where the application of ICT technologies and specifically the adoption of IoT 
at a plant of plastic extrusion pipes have allowed optimizing the production process in terms of energy efficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 9th CIRP IPSS Conference: Circular Perspectives on Product/Service-
Systems. 
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1. Introduction  

Manufacturing companies are changing from being the 
owners of the only competences and skills to realize more and 
more products on the market (i.e. mass production), to being a 
set of human competencies, skills and machine technologies 
able to realize a complex process. The outputs are products 
tailored on the customer needs and delivered when these 
customers require (i.e. production just in time). According to 
this trend, the rapid technological changes combined with a 
highly competitive market have fostered the implementation 
of new approaches for reducing “time to market” [1][2], waste 
and failures, as well as in order to be both appropriate in terms 
of quality and cost effective [3] and meet the customers’ 
expectation. Thus, several technologies have been developed 
and applied in different sectors and with different aims, in 
order to support such the companies in their reconfiguration. 
In this way, a new level of human-machine interaction has 
become possible and more widespread, as well as the 

opportunity to have more sustainable industrial processes, 
more efficient factories and more optimized supply chains. 

In this scenario, also the company offer is changing 
according to market demand and customers’ needs, fostering 
the development of Product Service Systems (PSSs) instead 
traditional products. Indeed, PSS implies the design of a wide 
set of services that should be delivered by the physical 
product through the implementation of a dedicated hardware 
and software infrastructure. This allows delivering to 
customers new personalized service functionalities able to 
satisfy their needs and expectations. This approach has been 
defined in literature as Servitization process [4] and defines 
the four different integration degrees between tangible (i.e. 
product) and intangible (i.e. service) assets.  

Moreover, in the last years, the PSS spread has been 
increased by the diffusion of pervasive Information and 
Communication Technologies (ICT), which strongly reduced 
the cost for additional sensors and cloud technologies, 
enabling data monitoring, storage and post-elaboration. The 
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ICT propagation has allowed the creation of higher service 
layers, which deliver products with new smart behaviors and 
communicating capabilities (i.e. monitoring the surrounding 
environment, monitoring the users’ habits, interacting with 
other connected devices, etc.) [5]. In this context, the Internet 
of Things (IoT) paradigms have become the main tool for 
connecting the products in order to develop a PSS, and 
according to this concept, Follett [6] enlists as significant 
emerging technologies a networked, smart world connected 
by IoT. 

The adoption of these novel technologies in manufacturing 
companies is the current challenge for Industry, because their 
application implies a complete reconfiguration of the 
company, even if they are able to produce benefits, for 
example in terms of costs reduction, energy efficiency, 
process performance and product quality. For  this reason, the 
relevance of these technological advances has been 
implemented in several governmental programmers, like the 
German “Industry 4.0” paradigm [7] and the United States 
Smart Manufacturing Leadership Coalition (SMLC) [8] 
aiming at introducing CPS and PSS into manufacturing [9].  

In this context and thanks to the availability of these novel 
technologies and the national programs, the current concept of 
Industry 4.0 has been arisen and diffused in the entire Europe. 
The main scope is reorganize the industrial companies step by 
step, implementing the IoT and ICT technologies in order to 
produce some benefits that the companies themselves can use 
to both: 1) be more and more sustainable in their industrial 
processes or along their supply chain; 2) to create a new 
strategic advantage in the market and rather than their main 
competitors. 

The present paper shows an approach to design a CPS and 
its implementation in a real industrial use case, where the 
application of ICT technologies and specifically the adoption 
of IoT at a plant of plastic extrusion pipes have allowed 
optimizing the production process in terms of energy 
efficiency. Such the paper displays also what are the main 
benefits for the involved company, due to the exploitation of 
the specific CPS. 

 
Nomenclature 

PSS Product Service System  
CPS Cyber Physical System 
IoT  Internet of Things 
ICT  Information and Communication Technologies 
P-SLM  Product-Service Lifecycle Management 

2. State of the art 

The literature review proposed in the following aims to 
give an overview about what is the factories of the future, 
how ICT and IoT technologies can foster their development, 
and how PSS and CPS are involved in this context.  

2.1. ICT and IoT for the factory of the future 

The opportunity to develop PSS in order to move 
manufacturing companies towards the factories of the future 

is born with the arising and more diffusion of ICT 
technologies and IoT approaches. Indeed, the recent advances 
in Information and Communication Technologies could give 
also to manufacturing industries the competences required to 
develop sustainable PSSs and production processes. 
Moreover, recent studies demonstrated that ICT could validly 
support sustainable business by the development of smart 
products that are able to improve the stakeholder’s 
communication, increase the social inclusiveness and the 
consumer empowerment [10]. However, despite the ICT 
potentials, little is known about how such the technologies 
should be integrated into products to create a sustainable PSS 
and which opportunities can arise.  

Instead, at process level, the implementation of ICT 
foresters the development of CPS, which conduct the current 
factories toward the so called factories of the future, where 
any information required has been translated in digital data.   

At the same, IoT is considered by the research community 
the paradigm with the highest economic impact [11] on PSS 
development, and on connectivity in general. This technology 
is wide used by several manufacturing companies that 
approach the transition from product-centered production to 
the creation of a new value proposition service-oriented. 
Moreover, the connection of different devices to a same cloud 
to share information (i.e. connectivity) can be extended also to 
a set of machineries that belonged to a same plant or facility, 
in order to have a “digital production”. In this way, IoT can 
support manufacturing companies not only in the PSS design 
but also in the CPS design and development. Therefore, in 
order to these manufacturing companies are able to design one 
of these smart systems (i.e. PSS, CPS) they need to 
investigate in deep their current processes and the adopted 
technologies, in order to define a collaborative environment. 
This aslo implies that companies innovate with external 
partners by sharing both risks and rewards. According to this 
new industrial context, the boundaries between a firm and its 
environment have become more permeable and innovations 
can easily transfer inward and outward. Thus, also the 
knowledge management acquires a key role in the design and 
development of both PSS and CPS. 

2.2. Product Service System design 

In literature, PSS concept is mainly centered on the 
integrated bundle of products and services, and concerns 
directly the customer. Indeed, it is defined by several 
researchers as a mix of tangible products and intangible 
services designed and combined to increase the value for 
customers [12][13]. During the recent years, clear evidence 
shows that service plays an increasingly important role in 
many manufacturing industries, especially in those ones 
produce complex products, which have moved to delivering 
PSSs. The Servitization process is a fundamental mean for 
manufacturing companies that would find new business 
opportunities and involve new customer segments, increasing 
their market share [14][15]. Their aim is to propose and sell 
no more a product (based on its ownership), but rather its 
usage (e.g. renting, pay-x-use, etc.) and performances (e.g. 
pay-x-performance).  
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Usually manufacturing companies product-centered have 
well-defined and structured product development processes, 
but they lack a sufficiently in defining service development. 
Therefore, they are poorly equipped with appropriate 
approaches, methodologies and tools for supporting in 
efficient way the design and development of a PSS.  

In literature, several methodologies have been proposed to 
support industrial companies to design a PSS along its entire 
lifecycle [16]; the main ones are:  

• Service Computer-Aided Design (CAD), able to 
support the decision-making evaluation through the concept 
design, prompting different alternatives scenarios [18]; 

• Software simulation tool for designing service 
activity and products concurrently and in a collaborative way 
during the early phase of PSS design [19][20][21]; 

• UML (Unified Model Language) 2.0, which allows 
conducting concurrently a systematic technical-services 
design and the corresponding product design process [22]; 

• Model-based approach to allow Industrial PSS 
design modelling, fostering the functional PSS behavior [23]; 

• Service Engineering based on Structured Analysis 
and Design Technique representations [24][25][26][27]; 

• Lifecycle oriented approaches [28][29][30]; 
Requirement Engineering (RE) is a crucial method within 

the Service Engineering approach to adopt during the design 
process of a PSS, in order to identify the main requirements 
according to the target market. Indeed, offering PSS instead 
traditional product requires additional competencies to 
identify the service functionalities to enhance the product, and 
a better understanding of the customer requirements to reach 
[31]. This implies a huge quantity of implicit knowledge to 
elicit and a big variety of actors to involve [32]. 

Anyway, some of these methods are very theoretical and 
hard to implement in practice, others are very specific and 
have a limited applicability range. For this reason, in the last 
years, some authors have studied new PSS design approaches, 
and the most recent and innovative one provides the 
integration of some existed tools along the P-SLM [17]. 

2.3. Cyber Physical System in manufacturing 

At manufacturing companies, a CPS can be seen as a PSS 
translated at factory level. Indeed, such as in PSS there are 
two main components, one tangible that is the product and 
ICT infrastructure, and another intangible that is the service 
delivered and the knowledge required, in CPS there are the 
cyber component and the physical asset [33][34]. In both the 
systems, the ICT connectivity is the pillar [35] and it allows 
the connection and the monitoring of the tangible asset in 
order to address a specific aim. Indeed, CPS is a collaboration 
system that provides and uses different service functionalities 
to assess and process data from industrial processes [36]. For 
example, CPS is able to provide new ways of human-machine 
interaction using advanced sensors and actuators. They rely 
on knowledge and engineering principles from computational 
and engineering disciplines. Moreover, in order to reach the 
full potentialities of CPS, they can also comprise the logistics 
and management processes, as well as internet services 
receiving, processing and analyzing data from the sensors and 

controlling the actuators, connected by digital networks and 
multi-model human-machine interfaces.  

The relation between the CPS and the PSS concept can be 
seen as interdependent or symbiotic [37]. When looking from 
a CPS perspective, the physical and ICT domains are 
complemented with service engineering for the development 
of the solution. This increases the number of stakeholders and 
adds additional domain-specific models, methods and tools to 
the development process. As a result, complexity rises, 
because every service element has to be aligned with all 
physical and ICT elements of the CPS. 

Several characteristics can be identified that describe CPS 
and distinguish them from other complex systems. The 
eponymous aspect of CPS is merging the physical and virtual 
world. CPS involve a multitude of parallel and interlinked 
sensors, computers, and machines, which collect and interpret 
data to decide on this basis and control real world physical 
processes. Thus, systems engineering need to integrate 
industrial processes and control systems with information 
technology [38]. Secondly, CPS has to be able to actively 
configure services and networks with other systems or part of 
systems, which may be unknown in the beginning, and 
provide new and composite components and services in a 
controlled way [39]. Furthermore, an important CPS 
characteristic is their ability to adapt to environmental 
changes. This requires continuous monitoring and assessment 
of environmental and application data [40]. Finally, CPS have 
to interact with humans also on a physical level, which 
requires multimodal control interfaces, recognition, and 
interpretation of human behavior and interactive decision 
making between the system and single persons or groups [41]. 

3. Cyber Physical System design approach 

The paper aim is to support industrial companies in their 
reconfiguration toward the factories of the future, adopting the 
CPSs. Thus, they need a structured design approach that they 
use as a decision-making tool. 

Indeed, usually manufacturing companies have acquired 
CPS stand-alone solutions and have installed them into their 
industrial context, with the aim to exploit some activities. 
Instead, currently, they need to put under control the entire 
industrial plant and digitalize all the information in order to 
provide several optimizations. According to such the vision, 
this paper proposes a design approach, which has been 
inspired by [42] and [43], in which authors define a method 
for PSS designing. Indeed, the research aims are the same:  
design a system that involves both tangible and intangible 
assets, according to the user requirements. 

The methodological approach proposed by this paper is 
composed by five steps that drive industrial companies in the 
analysis of the current situation, in the modeling and design of 
the possible CPS, and finally in the definition and 
implementation of the novel scenario that provides the 
exploitation of the CPS solution designed. 

In the following, the detail of each methodology step: 
Step 1. Analysis of the AS-IS scenario: it involves two main 

actions. The first one is mainly focused on the investigation of 
the current production process. This activity is supported by a 



360   Eugenia Marilungo et al.  /  Procedia CIRP   64  ( 2017 )  357 – 362 

dedicated modelling tool able to describe in detail the 
involved company processes, identifying all the activities and, 
for each activity, the related input required and output 
generated, the needed resources exploited (e.g. human, 
material or raw material, etc.), the involved competences and 
skills, and the control unit (e.g. company’s departments, 
process’s managers). The second action is focused on the 
definition of the current business model, according to the 
canvas model. Both such the actions are necessary to have a 
clear vision of the current company status and business, in 
order to understand which the main strategic process’s areas 
to improve are. 

Step 2. Mapping of the tangible and intangible (T/I) assets: 
it is focused on the mapping of all the involved company 
assets, both tangible (e.g. machineries, raw materials, any 
devices, sensors, etc.) and intangible (e.g. competences, skills, 
knowledge, relations among tangible components needed to 
realize another product functionality). Moreover, during this 
step, also the ecosystem analysis is conducted, through the 
adoption of interviews and ad-hoc questionnaires to 
company’s employee (Marketing, Sales and R&D 
departments), which investigate different aspects of the value 
creation process. Indeed, each question has been defined 
starting by the analysis of the current company business 
model, and the survey’s results are assessed and elaborated 
through Datamining technics. The tools used to reach this 
scope were diagrams and manual aggregations of responses to 
individual questions. 

Step 3. ICT infrastructure modelling: it aims to model the 
ICT infrastructure that make an industrial process a CPS. 
During this step, the main sensors and devices are identified 
according to the company needs, the database to collect the 
digital data is defined, and finally, the technology required to 
elaborate such the data and give benefits along the process is 
recognized.  

Step 4. Definition of the new process: according to the 
infrastructure needed to realize the CPS, the Business Use 
Case (BUC) techniques have be used [44][45] both to model 
the novel process that involves the exploitation of CPS, and to 
identify its main functionalities. At this stage, the company 
business model can be updated according to the improvement 
at process level, which can involve the company key 
resources and key activities, the value proposition and the 
company relationships with customers. 

Step 5. Analysis of the main CPS benefits: at this stage the 
company is ready to implement and exploit the new CPS 
solution into its factory. Actually, a preliminary phase where 
the new process is tested and that allows monitoring the main 
solution benefits is needed. The quality and benefits of the 
CPS solutions implemented can be verified in different ways 
(e.g. lifecycle approaches, performance indicators 
measurement, customer satisfaction, etc.). This paper is focus 
on the benefits directly into the production, thus they will be 
measured in terms of energy efficiency. 

4. Industrial use case and result discussion  

The use case has been conducted on an Italian plastic pipe 
manufacturing company which has three plants, one for each 

different product family (i.e. PE pipes, PVC pipes, corrugate 
pipes), where the plastic extrusion process was performed. 
More in detail, the plant involved in this study is affected by 
the production of polyethylene (PE) pipes, because it has the 
younger production lines and the whole plant is now 
changing. 

The PE plant involves different macro areas. The main 
ones are four: 1) the raw materials storehouse, 2) the 
production area where there are the eight different extrusion 
lines, many of which are of the latest generation and have a 
PLC on board, 3) the refrigeration unit, and finally 4) the 
finished product storage area, which involves the machineries, 
devices and sensors that allow storing the finished products. 

The company involved in this study needs to design a CPS 
on the entire production plant, in order to monitor its 
production process for optimizing and making it more 
efficient, delivering more sustainable products. 

In the following, the detail of each methodological step 
described in Chapter 3. 

4.1. Analysis of the AS-IS scenario 

The first action is to model the current company’s 
industrial processes. This has been done through the 
implementation of the IDEF-0 model, after to have analyzed 
in deep the processes map and its value stream model. The 
result has been the plastic extrusion process modelled in terms 
of input needed, output resulted, resources required to exploit 
the process itself, and finally the constrains and tools involved 
along the process. About the inputs, the main one is the raw 
material that is convoyed by the raw material storage area to 
the extrusion feeder at the beginning of the production line. 
Indeed, the extrusion line is composed by several 
machineries: the feeder (AL), the extruder (E1), the extruder 
head (TE), the co-extruder (CO), the vacuum tank (VV), the 
cooling tanks (VR1, VR2, VR3), the seal press (M), the drag 
system (TR), and finally the cutting system (TA).  

Fig. 1 shows the scheme of the so composed extrusion line. 

 

Fig. 1. Extrusion production line scheme 

About the output, the production process results are the 
plastic pipes, while the resources exploited are the electric 
energy, to start the engine and activate the extrusion, and the 
water, to cooling the pipe extruded inside the cooling tanks. In 
this context, the main constrains are linked to the process 
parameters (e.g. extruder head temperature, extruder speed, 
drag system speed, etc.) that are needed to be under control.  

4.2. Mapping of the tangible and intangible (T/I) assets 

During this second step, all the processes involved into the 
factory plant (i.e. the raw materials storehouse, the production 
lines, the refrigeration unit, the finished product storage area) 
have been investigated in terms of T/I assets. Currently these 
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industrial processes are traditional processes; this means that 
they are mainly composed by tangible assets, as shown in 
Table 1.  

Table 1. Tangible and intangible assets recognition 

Company’s  
processes 

TANGIBLE  
ASSETS 

INTANGIBLE 
ASSETS 

Extrusion 
lines 

Machineries, raw material, final 
product, refrigeration water, 
electric infrastructure 

People competences 
and skills 

Refrigeration 
unit 

Machineries, refrigeration 
water, electric infrastructure 

- 

Raw 
materials 
storehouse 

Machineries, raw material, 
electric infrastructure, storage 
infrastructure 

Management 
software 

Finished 
product 
storage 

Machineries, final product, 
electric infrastructure, storage 
infrastructure 

Management 
software 

For each asset identified, the related owner and supplier 
have been identified through the investigation inside the 
Marketing, Sales and R&D company’s departments. The 
company has decided to focalize any effort only in the 
production area where the production lines work, because this 
is the area that exploit most of the resources. 

4.3. ICT infrastructure modelling 

During this step, the ICT infrastructure that will be 
involved in the development of the new CPS has been 
modelled. According to the results of the previous step, it has 
been designed to digitalize the production process, in order to 
monitor and control the production lines, for optimizing the 
main resources’ consumption and the resources exploitation. 
Fig. 2 shows such the infrastructure model. 

 

Fig. 2. ICT infrastructure along the production lines 

The sensors’ network allows properly monitoring the 
energy and the other resources consumption along the 
production line. Data measured have been stored into a 
dedicated database to be used by the production plant 
manager through a tailored software application, which allows 
monitoring the technical parameters of the production plant 
and the energy performances of each production line.  

4.4. Definition of the new process 

According to the process digitalization and the company 
need of managing the production data in order to schedule the 
production size for reducing the energy exploited and used 
along the production process, the BUC has been modelled. It 
has highlighted the key resources and key activities needed to 
implement the proposed CPS with the design ICT 
infrastructure. The main object derived was the optimization 
of the energy exploited along the production line. According 
to this result, also the company business model needs to 
change, above all in the areas that involve the resources, 
activities and costs. 

4.5. Analysis of the main CPS benefits 

This new extrusion process is able to monitor several 
process parameters (i.e. energy used, power consumption, 
head extrusion temperature, spindle push, extrusion flow, 
production speed, weight per each meter of extruded product) 
in order to calculate the production line efficiency and the 
energy consumption. All these values have been stored into a 
dedicated database, and through a tailored algorithm, data 
elaboration has been possible. Fig. 3 shows the efficiency of 
each extrusion line, according to the elaboration of data 
collected by the ICT infrastructure. 

 

Fig. 3. Extrusion lines efficiency 

Data collected and elaborated have allowed optimizing the 
production plant, scheduling the production according to the 
lines’ efficiency. In this way, the entire energy plant spent for 
the production process has been reduced a lot. The energy 
efficiency assessed at the end of the first month, in which 
such the CPS has been implemented into the production plant, 
was about a 5%. This was a very great result for the company, 
considering that this process is high energy consuming.  

This implies that for manufacturing companies that are 
energy consuming, the adoption of a CPS can generate 
positive results in terms of resource efficiency and 
sustainability. 

5. Conclusions  

The case study investigated a methodological approach to 
design a CPS into an industrial factory. Such the CPS aims to 
investigate the energetic performances for an extrusion 
process, analysing the AS-IS scenario, its main T/I assets, and 
defining the ICT infrastructure according to the product and 
process parameters measured in the most critical area of the 
plant involved. Such the case study have demonstrated that 
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following the proposed methodology it is possible to design 
and implement a successful CPS, with great results for the 
company itself in terms of energy efficiency. Anyway some 
improvements are required because the methodology 
proposed has been applied only in this specific case study and 
thus needs to be tested more in order to define a general 
model that can be adopted in any industrial sector.  

Another investigation area that is under analysis in the 
same company, and that represents a future work, is about the 
delivering of service functionalities together with the product 
(i.e. PSS) through the adoption of the defined CPS. 
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