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Introduction

During the last fifteen years many manufacturing companies approached the design and development of Product Service Systems (PSSs) instead of traditional products, in order to create new business opportunities and improve their product sustainability. According to this trend, several researchers investigated the pillars of PSS in different ways in order to support the designing and the assessing of PSSs in industry. It is proved that designing PSS represents a new perspective for traditional manufacturing companies, which conventionally establish their business on producing goods, to evolve their business model toward a service-oriented framework and adopt a new interpretation of the basic design concepts to embrace both product and services [START_REF] Manzini | A strategic design approach to develop sustainable product service systems: examples taken from the 'environmentally friendly innovation' Italian prize[END_REF]. Indeed, in the modern scenario, companies need to change their current structures and processes that are unsuitable for mastering a new integrated offering. The develop-2 ment of a product-service solution raises new issues since the service component introduces further requirements to follow the customer needs, perceptions and preconceptions in a situated and changeable context, to encompass a life cycle perspective, and to fulfil the need for a more sustainable society [START_REF] Cavalieri | Product-Service Systems Engineering: State of the art and research challenges[END_REF].

A relevant stream of the literature, mainly rooted in the European research, has assigned an increasing emphasis to the role of PSS as a concrete response to these emerging pressures. The basic idea behind the PSS concept is that it pushes innovation strategy, shifting the business focus from the design and sales of physical products to the design and sales of a system consisting of products, services, supporting networks and infrastructures, which are jointly capable of fulfilling specific market demands. Furthermore, recent studies focused on new aspects that need to be considered from the earliest phases of design. Indeed, PSSs entails two important changes in company processes: firstly, traditional product lifecycle has to be enhanced by including also service management; secondly, the product-oriented company model must be extended to realize a service-oriented ecosystem [START_REF] Peruzzini | Shift from PLM to SLM: A method to support business requirements elicitation for service innovation in Product Lifecycle Management[END_REF]. Furthermore, Information and Communications Technologies (ICT) can be integrated to support sustainable business by the development of smart products, improved stakeholders communication, increased social inclusiveness, and consumer empowerment [START_REF] Pardo | Sustainable Product Service Systems in Small and Medium Enterprises (SMEs): Opportunities in the Leather Manufacturing Industry[END_REF].

In a nutshell, creating PSSs entails two important changes in the company processes: firstly, traditional product lifecycle has to be enhanced by including also service management; secondly, the product-oriented company model must be extended to realize a service-oriented ecosystem [START_REF] Peruzzini | Shift from PLM to SLM: A method to support business requirements elicitation for service innovation in Product Lifecycle Management[END_REF]. Indeed, interrelations between physical products and intangible services are complex to model and manage; they require creating relationships with different stakeholders, where each partner is defined by means of its key resources and strategic factors [START_REF] Ghaziani | Keywords and cultural change: Frame analyses of Business Model public talk, 1975 to 2000[END_REF]. In this context also the design of a global production network becomes an important capability to emerge in highly global competitive markets [START_REF] Peppard | From Value Chain to Value Network: Insights for Mobile Operators[END_REF].

This paper aims at providing a review of the current literature approaching PSS along the last fifteen years in order to understand what are the main descriptions, methods and tools to support PSS design and development. This due to the several methods disseminated in literature and faced PSS design and assessment by different point of view, but without finding an integrated vision. Moreover, there are different perspectives to frame PSS. The paper gives an overview of PSS development in manufacturing industry, laying the groundwork for designers to develop an integrated tool able to incorporate some of the design methodologies and support manufacturing companies involved in the proposal of the PSS instead of traditional product.

Product-Service System concept

Several terms to identify the new trend of manufacturing companies to integrate product and service exist in literature (e.g. extended products, technical services, productservice systems (PSSs)). Anyway, they represent the same concept: a mix of tangible products and intangible services designed and combined to increase the value for customers 6 [START_REF] Furrer | Le rôle stratégique des services autour des produits[END_REF]. Value creation can be provided through an extended business network involving different stakeholders, which concur to create the services.

The PSS concept starts from the idea of the Extended Product [START_REF] Thoben | Extended Products: Evolving Traditional Product Concepts[END_REF], where intangible services are incorporated and integrated into a core product to add value for customers and improve company's profits and competitiveness. In particular, the common idea shift from consumers buying products towards consumers buying solutions and benefits, and this evolution can be represented along a linear axis like four different steps: 1) tangible product, 2) product and supporting services, 3) product and differentiating services, 4) product as a service. The steps 2 and 3 are defined also like Product+Service, and they mean the selling of product plus several services; while Product2Service (i.e. step 4) refers to selling only the services [START_REF] Hippel | Democratizing Innovation[END_REF]. According to this view, PSS is current defined like a combination and integration of product and services into a system to deliver required functionalities in order to satisfy the customer needs [START_REF] Aurich | How to design and offer services successfully[END_REF], and it is able to produce synergies among profit, competitiveness, and environmental benefit.

The so defined PSS is composed by four main elements: the product, the related services, the ICT infrastructure required, and the partners' network to involve [START_REF] Mont | What is behind meagre attempts to sustainable consumption? Institutional and product-service systems perspective[END_REF]. The main PSS variants are three and depend by the following perspectives [START_REF] Tukker | Eight types of product-service system: eight ways to sustainability? Experiences from SusProNet[END_REF]:

• Product-oriented, where the core is the product that has extra services delivered after product selling. The consumer acquires the product and uses services that the company offers, adding value to the product. Examples of this category can be represented by product maintenance, product monitoring, detergent supply.

• Use-oriented, where the product use is sold together with the services that add value to it, but the product itself remains the property of the company offering its use. Examples of this category can be represented by car-sharing or rental services.

• Result-oriented, that needs of a higher dematerialization of a product by including services. In this case, consumers buy a result or a competency and not the product. An example of this category can be the washed clothes in place of purchasing a washing machine product. Some authors have presented real application of these PSS variants, while other authors shown different perspectives. For examples, Manzini and Vezzoli [START_REF] Manzini | A strategic design approach to develop sustainable product service systems: examples taken from the 'environmentally friendly innovation' Italian prize[END_REF] have analysed PSS according three main characteristics [START_REF] Zacharewicz | Product-service systems scenarios simulation based on G-DEVS/HLA: Generalized discrete event specification/high level architecture[END_REF]:

• Services providing value added to product lifecycle; • Services providing final results to customer; • Services providing enabling platforms to customers. This classification can be compared with the previous ones, where services for final customers are the same of result-oriented, services to add product lifecycle are productoriented, and services enabling platforms to customers are used-oriented.

The PSS concept, regardless of its typology, can be translated in manufacturing industries like the application of technical service concept [START_REF] Mont | Clarifying the concept of product-service system[END_REF]. This means that manufacturing companies provide the physical product to customer; then, they deliver nonphysical product (i.e. services) to extend their business portfolio; finally, manufacturing companies provides its customers with highly tailored solutions, no longer distinguishing between product and services [START_REF] Schuh | Fit for Service e Industrie als Dienstleister[END_REF]. Moreover, technical services can be realized through the product-service life cycle management, in accordance to the specific customers' demand [START_REF] Aurich | Life cycle oriented design of technical Product-Service Systems[END_REF]. In order to design both product components and service functionalities in PSS design, manufacturing companies need to define a tailored partners' network; it involves both several stakeholders, like suppliers, ICT partners and customers [START_REF] Kimita | Development of the Design Guideline for Product-Service Systems[END_REF]. Table 1 shows how several authors along the time have faced the PSS concept. PSS composed by: product, related services, ICT infrastructure, and partners' network Goedkoop et al., 1999 [20]; Mont, 2004 [11] Integration of product and service to reach customer needs Mont, 2002 [14]; Brandstotter et al., 2003 [START_REF] Brandstötter | IT on demand-towards an environmental conscious service system for Vienna[END_REF]; Aurich et al., 2010 [START_REF] Aurich | How to design and offer services successfully[END_REF] PSS typology: product-oriented, use-oriented, result-oriented Tukker, 2004 [12]; Baines et al., 2007 [22]; Alix and Zacharewicz, 2012 [START_REF] Zacharewicz | Product-service systems scenarios simulation based on G-DEVS/HLA: Generalized discrete event specification/high level architecture[END_REF] Technical services Mont, 2002 [14]; Aurich et al., 2006 [23] PSS to reduce the environmental impacts Brandstotter et al., 2003 [START_REF] Brandstötter | IT on demand-towards an environmental conscious service system for Vienna[END_REF]; Baines et al., 2007 [22] 3

Product-Service System design methodologies

Usually manufacturing companies have a well-defined and structured product development process, but they lack a sufficiently defined service development process as found in traditional service companies. As consequence, they are poorly equipped with appropriate approaches, methodologies and tools for support in efficient way the development of PSSs. In literature, several methods have been proposed to manage PSS along the entire lifecycle [START_REF] Garetti | Life Cycle Simulation for the design of Product-Service Systems[END_REF]. Some of them are very theoretical and hard to implement in practice, others are very specific and have a limited applicability range. Table 2 shows an overview of the main methods faced by different authors that deal with PSS design.

Requirement Elicitation (RE) is a crucial method 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 [START_REF] Miller | The problem of solutions: balancing clients and capabilities[END_REF]. This implies a huge quantity of implicit knowledge to be elicited and a big variety of actors to involve [START_REF] Wiesner | Requirements Engineering for Servitization in Manufacturing Service Ecosystems (MSEE)[END_REF]. Recent studies about the application of RE in PSS design in order to investigate the customer needs propose the following approaches:

• multi-level analysis or the Design Structure Matrix (DSM), that can be used to define the main PSS functions; • Business Use Cases (BUCs) analysis, which define the use-case model and a goal-oriented set of interactions between external actors and the system under consideration [START_REF] Peruzzini | Shift from PLM to SLM: A method to support business requirements elicitation for service innovation in Product Lifecycle Management[END_REF]; • Serious Games to elicit PSS requirements and investigate the PSS lifecycle [START_REF] Wiesner | Requirements Engineering for Servitization in Manufacturing Service Ecosystems (MSEE)[END_REF];

• Quality Functional Deployment (QFD) technique [START_REF] Thompson | A taxonomy of virtual business networks[END_REF] that allows mapping the customer needs with the PSS functions to elicit the final PSS requirements for the solution to be developed by the correlation by means of a sequence of Houses of Quality (HoQ). The combination of these techniques with a deep process analysis and related modelling allows achieving a comprehensive mapping of the PSS to develop. Indeed, process analysis and modelling allow defining the main activities to achieve the process tasks, and identifying the enterprise's ability in capturing and sharing process knowledge and transferring it. The main common techniques for process modelling come from static modelling focusing on the flow of information (i.e. UML, Petri-Nets, flowcharting, IDEF0, etc.), to dynamic modelling for process evaluation (i.e. Event-Process Chain) [START_REF] Cohen | Quality Function Deployment, How to Make QFD Work for You[END_REF]. They are useful for process representation and performance evaluation, providing a high-technical view.

Table 2. PSS design methods

PSS Design methods Authors

System MePSS Van Halen et al., 2005 [29] Service Engineering

Arai and Shimomura, 2004 [START_REF] Arai | Proposal of Service CAD System -A Tool for Service Engineering[END_REF]; Shimomura and Tomiyarna, 2005 [START_REF] Shimomura | Service Modeling for Service Engineering[END_REF]; Sakao and Shimomura, 2007 [START_REF] Sakao | Service Engineering: a novel engineering discipline for producers to increase value combining service and product[END_REF] Agent-Based model Maisenbacher et al., 2014 [START_REF] Maisenbachera | Applicability of Agent-Based Modeling for Supporting Product-Service System Development[END_REF] Blueprinting Geum and Park, 2011 [START_REF] Geum | Designing the sustainable product-service integration: a product-service blueprint approach[END_REF] Quality Functional Deployment (QFD) The development of a PSS necessarily requires the creation of a structured network of partners and stakeholders, able to exploit the necessary tangible and intangible assets and create valuable solutions to share among all partners. This means moving from the traditional concept of manufacturing enterprise to the new idea of Virtual Manufacturing Enterprise (VME) [START_REF] Patel | Dynamic Business Process Modelling (BPM) for business process change[END_REF] or Global Production Network (GPN). They would repre-6 sent an aggregation of several partners with different knowledge and capabilities, focused on the realization of a specific PSS idea. Moreover, the VME and GPN imply the definition of a proper Business Model in order to recognize the strategic factors for each partner as well as the key resources and activities to involve in the new PSS scenario to develop [START_REF] Ghaziani | Keywords and cultural change: Frame analyses of Business Model public talk, 1975 to 2000[END_REF].

Product-Service System assessment

According to the PSS definition, it could provide not only a higher customer satisfaction [START_REF] Aurich | Life cycle oriented design of technical Product-Service Systems[END_REF], but also a great advantage on the sustainability [START_REF] Mcaloone | Eco-innovation in the value chain[END_REF], according to its three main dimensions: economy, environment, and social wellbeing [START_REF] Adams | The Future of Sustainability: Re-thinking Environment and Development in the Twenty-first Century[END_REF]. Indeed, from the economic viewpoint, PSSs can create new market potentials and higher profit margins, and can contribute to higher productivity by means of reducing investment costs along the lifetime as well as reducing operating costs for the final users [START_REF] Baines | State of the art in Product-Service System[END_REF]. From an environment viewpoint, PSSs can be more efficient thanks to a more conscious product usage, increased resource productivity and a close loop-chain manufacturing [START_REF] Favi | A lifecycle design approach to analyse the eco-sustainability of industrial products and product-service systems[END_REF]. Finally, PSSs can be also socially advanced, as services able to build up and secure knowledge intensive jobs and able to contribute to a more geographically balanced wellbeing distribution [START_REF] Stahel | The Utilization-Focused Service Economy, Resource Efficiency and Product-Life Extension[END_REF]. However, the biggest challenge is carrying out a reliable sustainability assessment for PSS in order to identify the most sustainable solution to offer to customers.

In manufacturing industry, product sustainability can be achieved by adopting lifecycle design approach: it allows quantifying product impacts and providing tangible commercial values in terms of efficiency and costs [START_REF] Jeswiet | A definition for life cycle engineering[END_REF]. They are based on the definition of several indicators to assess the lifecycle performance and support comparative analysis. Some techniques to support this described lifecycle design approach are the Life Cycle Assessment (LCA) [START_REF]:2006 Environmental Management -Life Cycle Assessment -Principles and Framework[END_REF], in order to evaluate the environmental impacts, and the Life Cycle Cost Assessment (LCCA) [START_REF] Woodward | Life cycle costing -theory, information acquisition and application[END_REF], in order to recognize all the economic impact during the product lifecycle. In recent times, also the social impacts have been included in the lifecycle design approach by the so-called Social Life Cycle Assessment (SLCA) [START_REF] Weidema | The integration of economic and social aspects in life cycle impact assessment[END_REF].

Recently, some researches apply the sustainability issue also to the PSS [START_REF] Mont | Clarifying the concept of product-service system[END_REF], [START_REF] Young | Design thinking and sustainability[END_REF], but they do not adopt lifecycle approaches. Instead, other researches propose to translate a lifecycle design approach to PSS [START_REF] Peruzzini | A sustainability lifecycle assessment of products and services for the Extended Enterprise evolution[END_REF], [START_REF] Peruzzini | Product-Service Sustainability Assessment in Virtual Manufacturing Enterprises[END_REF], [START_REF] Kwak | Economic and Environmental Impacts of Product Service Lifetime: A Life-Cycle perspective[END_REF]: they have demonstrated how to assess the sustainability impacts of an integrated PSS by considering not only the impacts related to the product realization, usage and dismissing, but involving also the intangible assets and the ecosystem actors.

According to the aim of supporting designer, another tool can be useful to assess PSS at design stage. It consists in Business Process Modelling (BPM) technics that are the most appropriate to analyse the scenario to develop. It can be considered as conceptual tools able to support industrial companies to identify, understand, design, analyse, and change their current Business Models (BM) [START_REF] Osterwalder | Clarifying business models: Origins, present and future of the concept[END_REF]. In the context of product servitization, the development of PSS forces product-centric firms to innovate their current business model and evolve their own processes, and for this reason they need to have support in defining and adopting the new BM in order to develop the designed PSS. This issue represents a challenge for industrial companies and offers opportunities for investigation [START_REF] Mont | Product-service system: Panacea or myth?[END_REF].

In literature, several research studies identify the same method to develop a new BM for a PSS; it involves four main research steps [START_REF] Barquet | Employing the business model concept to support the adoption of product-service systems (PSS)[END_REF] Application of the developed framework by means of a case study. Such approach was used also by Barquet et al. [START_REF] Barquet | Employing the business model concept to support the adoption of product-service systems (PSS)[END_REF] to develop a framework for industrial company able to define the adoption of PSS. Other authors, like [START_REF] Zacharewicz | Product-service systems scenarios simulation based on G-DEVS/HLA: Generalized discrete event specification/high level architecture[END_REF], face that the main pillars to define a PSS Business Model require involving: the value proposition to offer in the market, the management of communication and distribution channels, and the software infrastructure, the definition of financial aspects.

Discussion and Conclusions

The present paper provides a comprehensive review of the latest researches about PSS design methodologies and assessment approach. The added value of this work is its focus on designers and manufacturing companies since It aims to understand how the PSS topic is extended in industry and which are challenges and issues to face in design.

There is a lack of integrated tools able to support traditional manufacturing industries to implement PSS and support designers in PSS development process. Moreover, PSS assessment is usually carried out after the product design and is not integrated directly with the service design phase and service knowledge; furthermore experience regarding PSS business models is limited. A typical problem consists of lack of information sharing and management of product-service relations. According to this discussion, the literature review highlights how designing and developing a new methodology to create a close-loop between design and assessment phases along the PSS lifecycle is required.
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Table 1 .

 1 PSS concept in literature review

	PSS concept	Authors
	Extended product	Manzini and Vezzoli, 2003 [1];
		Brady et al., 2005 [18]; Wiesner et
		al., 2014 [19]
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