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Abstract

:

The paper deals with a case study in an Italian maritime cluster seen through a multiple paradigms framework, based on Sustainability (SUS), Open Innovation (OI), and Value Co-creation (VCc). The proposed theoretical framework helps to interpret a true phenomenon consisting of the design of a new product with a prototype created in a network of multiple actors. The approach adopted stems in part from recent writings in qualitative research methodology and is quite apt in this context considering the qualitative, confirmatory nature of this work. The prototype named “TESEO I” was realized through open innovation aimed at sustainability, not only directed at environmental aspects but synergistically with value cocreation, which emerged from interaction among the actors, while also including social and economic aspects. The work concludes with a discussion of theoretical implications related to the proposed framework and the results that emerged from the case study, with both referring to sustainability, open innovation, and value cocreation.
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1. Introduction


It is common knowledge that entities create public funding programs (e.g., the European Union in agreement with its countries members) by stimulating the establishment of networks, with the objective of realizing research and innovation activities. An example is the Italian public funding program, the Italian National Operational, Research and Competitiveness Program (PONREC) that aims to achieve sustainable goals (enhance quality of life, improve business competitiveness, and employment of young people) in regional areas [1].



Networks are increasing in importance in many economies throughout the world [2] (p. 418), and this presents an excellent opportunity to access funding (or cofounding) programs to realize research and innovation activities. One of the elements of the success of these projects, i.e., the greater value obtained from the applicability of knowledge, can be found in the relational view theory [3,4,5,6] adopted by each actor involved in the network. The relational view can be understood not only as a perspective for understanding the organizations but also as a cultural way able of supporting the setup of a network and the interactions with other actors, as well as of facilitating the vale cocreation.



Value created collaboratively with interactions for mutual exchange shapes processes of value cocreation (VCc) [7]. In the case of networks, interactions between the actors involved stimulate the emergence of value propositions that are “used to connect the firm with its suppliers and customers” [8] (p. 21).



As early as the middle of the last century, it emerged from literature that in innovation management, organizations need external links in the innovation process [9,10,11,12]. Chesbrough (2003) proposed the open innovation (OI) paradigm, meaning that “valuable ideas can come from inside or outside the company and can go to market from inside or outside the company as well” [13] (p. 43). In this way, the use of different external sources (ideas and knowledge) facilitates collaboration between organizations, entities, customers, suppliers, universities, and research centers in their innovation activities [14,15].



As stated above, public entities provide the opportunity to co-fund innovative projects that require the establishment of partnerships/networks to achieve results in sustainability and competitiveness. This is the case in which one or more actors belonging to the same network may have common goals, such as (1) to seize the opportunity to realize an innovative project that already exists but not implemented; and (2) to seize the opportunity to design and implement a new project that meets the requirements of the demand. In both cases, normally, the major common requirements can be identified as innovation and sustainability of outcomes, and establishment of a partnership/network composed of organizations with entities, social actors, and universities/research centers.



The aim of orienting innovation (using the OI paradigm) towards sustainability through VCc by collaborative interaction with multiple actors and stakeholders’ engagement, going beyond company boundaries, deserves in-depth analysis.



The current period represents a key moment in the evolution of sustainability, given the landmark achievement set up by the adoption of the 2030 Agenda [16]. This Agenda, which foresees a shared global vision towards sustainable development for all, considers some sustainable development goals (SDGs) that are necessary in order to achieve environmental protection. Among these, much attention is given to marine protection with the proposal of the so-called “Objective 14”: to conserve and sustainably use the oceans, seas, and marine resources for sustainable development. This goal starts from the consideration that increasingly adverse impacts of climate change (including ocean acidification), overfishing, and marine pollution are jeopardizing recent achievements in protecting portions of the world’s oceans. In particular, in limiting the impact of human activities related to the sea and coastal areas, it also means considering the marine in all its implications, such as fishing and yachting activities to allow navigation in protected or environmentally sound areas without compromising the ecological balance, while not contributing to pollution (emissions and noise) of the sea and port areas. This environmental aspect in the maritime sector also includes social and economic implications, making the adoption of sustainability, in line with the Triple Bottom Line paradigm [17], particularly fitting in this field.



Traditional energy production systems of marine vessels are mostly based on the use of highly polluting internal combustion engines (diesel), and emissions from the international maritime transport sector account for 3% of global greenhouse gas (GHG) emissions and 4% of EU GHG emissions [18]. These environmental effects have stimulated the introduction of energy-efficient and environmentally-friendly energy-generating systems as, without interventions, these emissions are expected to increase significantly.



It is necessary to contribute to the diminution of greenhouse gas emission also through measures that are the most environmentally effective and make the most economic sense. Thus, the need for environmental protection has engendered a growing public consciousness and created an opening for what the European Commission has referred to as Blue Growth [19]. This concept acknowledges Europe’s strong maritime heritage and looks to provide guidance and solutions to harness the potential of the seas for jobs and economic growth. Among the several efforts made to achieve a comprehensive international solution, a range of instruments including technical and market-based measures have been elaborated, together with the implementation of a series of international proposals in the marine sector, which are increasingly rigorous in terms of environmental protection.



The aim of this paper is twofold.



Firstly, using a multiple paradigm method, a unique theoretical framework based on sustainability, open innovation, and value co-creation paradigms was drawn up. Interactions between the three paradigms and relevant influences are discussed.



Secondly, a specific case study using a business case research method [20] is used to read the theoretical framework. The case study selected is TESEO, which is part of a large program co-funded by public entities (European Union, Italian public entities). One of the most significant project scopes is the construction of a prototype of a sustainable fishing vessel, realized using high innovation shared throughout the network established for the project.



The central question investigated in this work is to understand the interactions between three paradigms (Sustainability, Open Innovation, and Value Co-creation) in the value network by using a single case study method.



Adopting a lens of a value network [8] in the field of marine transport, the paper intends to investigate how different partners have given varied support in each phase of the jointly carried out project. The objectives of the value network, conceived as an overall purpose of the partnership, were to develop innovation in the marine sector by the adoption of maritime vessels with high efficiency and low environmental impact, and to improve the marketability of boats powered by hybrid electric engines, thanks to solutions combining efficiency (low costs in both the production and consumption phases) with environmental goals, being thus sustainable in the three dimensions of corporate social responsibility (CSR) (economic, social, and environmental).



The twofold scope of the cooperation was to develop applications to improve efficiency by reducing fuel consumption and to pursue safety maximization for the crew with low levels of irradiated noise. The study of this network offered insight into innovation through knowledge sharing, in a context aimed at finding solutions with regard to energy savings, lower environmental impact, and better labour conditions of health and safety. Cooperation took place in a context of coupled OI in which organizations actively cooperated to co-develop product and process innovations [21] to co-create value [22,23] by using the so-called “Fuzzy Front End” (FFE) [24]. This last is the realist stage of new product development (NDP) process and “begins when an opportunity is first considered worthy of further ideation, exploration, and assessment and ends when a firm decides to invest in the idea, commit significant resources to its development, and launch the project” [25] (pp. 269–270); this also presents one of the greatest opportunities for improving the overall innovation process [26] (p. 46).



The empirical investigation allows for the interpretation of the meta-paradigm in context, highlighting critical features of the interaction among actors. The case study represents a concrete experience that testifies how OI and VCc practices work, and the kind of mutual benefits that can arise, while at the same time producing positive environmental effects and highlighting the virtuous social implications of sound economic behavior.



The paper is organized as follows. Section 2 discusses the theoretical framework based on the multiple paradigms approach; the research methodology, based on the qualitative case study approach, is examined in Section 3, which describes the motivation of the study, the data setting, and the data analysis. The results of the study are presented in Section 3.2, while Section 4 outlines the discussion addressing the research aim. Section 5 draws conclusions and examines limitations and the further direction of the study.




2. Theoretical Framework


A theoretical framework based on multiple paradigms of Sustainability (SUS) [17] Open Innovation (OI) [13] and Value Cocreation (VCc) [23] is provided (Figure 1). The multiple paradigm approach “stems at least partially from recent writings in qualitative research methodology” [27] (p. 23) and is very apt in this context considering the qualitative nature of the work. Under the holistic perspective, different but integrated viewing angles help one to better comprehend the observed phenomenon.



In the perspective of Kuhn [28], a paradigm is the whole world view in which theory and limitations (as acceptable degree of error) are covered. It can also be defined as a conceptual structure, or a theoretical perspective (a) shared and accepted in the scientific community of a specific discipline; (b) founded on previous knowledge in the same discipline; and that (c) operates by addressing the research in terms of (c1) identification and choice of relevant event to study, (c2) formulation of a hypothesis through which to position an explanation of the phenomenon observed, and (c3) preparation of necessary empirical research techniques [29] (p. 18).



In the specific case study examined in this research that is along the design process in a project context, the three paradigms are useful for interpreting the phenomenon observed (Section 4), as they reflect the innovation co-created in this open, collaborative way, which is finalized to create a new product, along with the co-created value through interaction between the multiple stakeholders engaged in the value network and sustainability. The latter, under the perspective of the Triple Bottom Line (TBL) framework, represents a cultural aspect that has characterized all the strategic decisions and operational policy of the case and is found in the economic, social, and environmental implications of the case study, following the explanation of each paradigm of the framework and the interactions between them.



2.1. Sustainability Paradigm


The topic of sustainability involves various disciplinary areas and, in an environmental optic, is today considered an indispensable value in the model of modern development, acknowledged to be no longer measurable just in terms of monetary wealth but also in terms of wider, long term meaning including respect for nature. Over thirty years ago, the well-known Bruntland report issued by the World Commission on Environment and Development (WCED) (1987) launched the idea of “sustainable development” with regard to an anthropocentric or human-centered approach as a way to “meet the needs of the present without compromising the ability of future generations to meet their own needs” [30] (p. 8).



The aforementioned definition remains a milestone in the world debate on sustainability, though more recent studies have in part questioned its validity, shifting attention to a form of transdisciplinary thinking that focuses on the connections among fields as much as on the contents of those fields involving the development of new concepts, methods, and tools that are integrative and synthetic, non-disciplinary and analytic, and that actively create synergy, not just summation [31].



In the virtuous, complex path towards a more sustainable future [32,33], an important role is played by the so-called sustainable entrepreneurship [34]. This notion starts from the belief that human beings seek value across a fairly wide spectrum that includes social value (creating beneficial relationships), economic value (increasing wealth), and environmental value (ensuring perpetuity in the natural environment) [35,36].



From a management perspective, protection of the natural environment is currently part of the strategic vision adopted by private, public, and non-profit organizations oriented towards adopting proper environmental management tools to reduce impact on the environment caused by the life cycle of products [37]. This perspective fosters innovation toward finding solutions that are not only focused on production phases but that are also oriented towards reducing the environmental impact and extending the valuation, since the choice of raw materials and the use of products coherently form a “from cradle to grave” philosophy.



Modern businesses interact with the external environment using new dynamics, mostly unknown in the past, and this innovational path is inspired by a growing consciousness of the need for reducing the impact of the firm on the environment, thus assigning a role of primary importance to sustainable development.



The notion of sustainability must be identified from a wider point of view, as today’s challenge is to define operational and consistent terms of sustainability from an integrated social, ecological, and economic system perspective. In other words, sustainability leads to the multifaceted concept of balancing the triple bottom line (TBL) [17,38] of economic, social, and ecological goals [36,39,40]. Thus, both public and private institutions are, directly or indirectly, increasingly involved, and are called on to be responsible (and accountable) for the results of their actions on the environment [41].




2.2. Open Innovation Paradigm


Innovation is a significant driver of firms’ performance [42,43], as has been pointed out in the managerial literature over the last 85 years [44,45,46,47,48,49,50,51,52,53,54].



From another perspective, innovation has led to a rise in competitive standards in many areas, making it more difficult for businesses to reach market success [55]. However, innovation always represents a change [56] and can be considered as “one mechanism through which a firm gains superior insight about, and access to, firm-specific resources with positive future value” (p. 390). According to Adrian Smith et al. [57], “the challenge for innovation no longer rests solely in economic potential, but also in the societal changes induced by innovative activity and the consequences of this for environmental and social sustainability” [57] (p. 437).



From literature, different types of innovation have been defined, as, e.g., radical or incremental. The first one “concerns the development of new business or product lines—based on new ideas or technologies or substantial cost reductions—that transform the economics of a business and therefore require exploration competencies” [58] (p. 5). The second one “introduces relatively minor changes to the existing product, exploits the potential of the established design, and often reinforces the dominance of established firms” [59] (p. 229). Although both radical and incremental innovations “describe different types of technological process innovations”, the first “are fundamental changes that represent revolutionary changes in technology” [60] (p. 1422). Linked to the previous and depending on the innovative specific capabilities of the organizations in the context of high technologies, it is possible to describe also the exploitative and explorative innovations. The first one “is based on intensive search, which means experimentation along an existing knowledge dimension”, while the second one “includes things captured by terms such as search, variation, risk taking, experimentation, play, flexibility, discovery, innovation” [61] (p. 71). Considering the aim of this work, the radical innovation is the kind of innovation that is more suitable to explain the case study investigated.



There is a widespread, shared awareness that it is preferable for realizing successful innovations through collaborations between two or more actors, and also through a network [55,62,63,64]. Starting from this concept, the transition from closed innovation to open innovation is provided by Chesbrough [13]. In the former, firms generate innovation ideas and “then develop, build, market, distribute, service, finance, and support them on their own” [13] (p. 20) [65] (p. 2). Open innovation (OI), instead, represents a paradigm that proposes opening up firm innovation processes, enhancing and sustaining appropriate collaboration with different external players to create, develop, distribute, and commercialize innovations, keeping ahead of the competitive global game and getting new products/services to market before other firms [13,14,65,66,67,68]. Since the pioneering work of Chesbrough [13], OI has caught the attention of scholars around the world, gaining a growing position in managerial studies [15,69]. This new paradigm assumes a different perspective regarding the concept of innovation: it is considered not a single and linear process of internal company R&D, but an interactive process of discovery, development, and exploitation of new ideas between firms’ internal resources and external partners [13,49,70]. These external partners can include customers, suppliers, experts, universities, private/public R&D institutions, competitors [14], the general community as a whole, and also, directly, a range of institutions inside the innovation system [51,71,72,73,74]. Collaboration with partners such as universities and public/private research centers is usually linked to the will to or necessity of acquiring new scientific knowledge [75,76] (sharing them in the network context), also deemed useful for strengthening firms’ internal technological competencies. This collaboration can also harden the knowledge and skills (not yet present in the firm) that are related to the management of research programs, which are essential for success of the innovative process [77,78,79].



Starting from Chesbrough [13], Gassmann and Enkel [80], and Enkel et al. [81], it is possible to understand how firms apply OI activities to sourcing and commercializing external knowledge. The definition of the three core OI process archetypes is provided: inbound, outbound, and coupled. The first one, outside-in process, refers to the internal use of external knowledge from partners, universities, research centers, etc. The second one, inside-out process, refers to the external exploitation of internal knowledge. The third one is comprised of the joint outside-in and inside-out processes.



In the first case, the firm looks at the competitive environment to capture possible technological solutions and knowledge that can be added to what they already have. This is the case in which the firm has “absorptive capacity”, defined by Cohen & Levinthal [12] as the ability of the firm to be able to identify, assimilate, and apply external knowledge in the firm.



In the second case, firms do not only rely on internal technological paths but also try to exploit their capabilities through the commercialization of specific technology/knowledge or through other ways [14]. Activities in this way can be various and varied as, for instance, licensing, alliance, and technical/scientific consultancies [13,82,83,84,85,86,87,88].



In the third case, “two actors (typically organizations) continue their separate efforts at creating innovation and other useful knowledge, but then share that knowledge” and, when they interact, the knowledge “takes place outside one particular firm” and innovation outputs are “being created in a collaborative activity of all parties together” [21] (p. 38), [15] (p. 5).



From empirical studies on OI, it emerges that firms consistently carry out more inbound than outbound activities [83,85,86], which shows that firms fail to fully grasp the potential benefits of adopting OI practices.




2.3. Value Cocreation Paradigm


The application of knowledge and skills (competencies) by one entity for the benefit of another is called “service” [22,23], so “the value is created collaboratively in interactive configuration of mutual exchange” [7] (p. 145). This value-creation configuration in so-called service systems, as well as the “study of service systems and of the co-creation of value within complex constellations of integrated resources”, is the so-called service science [7] (p. 145) [89,90]. Therefore, in the context of service (and more specifically using a Service-Dominant Logic perspective) the “value is always co-created jointly and reciprocally in interactions among providers and beneficiaries through the integration of resources and application of competencies” [7] (p. 146). So, the value cocreation “is the process of creating something together in a process of direct interactions between two or more actors, where the actors’ processes merge into one collaborative, dialogical process” [91] (p. 209).



Starting from the work of Prahalad and Ramaswamy [92], the VCc concept has captured ever-growing attention of scholars who have worked on the issue from different perspectives in literature concerning marketing and post-modern marketing, as well as service (service management and—individually or simultaneously—service-dominant logic). But it is in management studies that VCc is considered as an emerging paradigm [15,92].



The VCc paradigm provides a clear framework that is useful for understanding how to add value to “existing value” [93] or for using this latter concept to facilitate the growth process through interactions between the firm and actors. It describes how actors can be involved as active partners through multiple interactive channels in service innovation. The basic assumption in such service systems is the interaction for the cocreation of value [94]. “The firm’s roles in value creation, the proposition of value and provision of service, are intermediary to the value cocreation process. Value propositions establish connections and relationships among service systems” [7] (p. 148). The interactions “can be understood as the locus of value because it is thanks to them that engaged individuals have experiences, to be interpreted as the basis of co-created value” [15] (p. 2). These interactions represent the way in which exchanges are handled and are regulated by the extent of relationship between two or more actors in a partnership, in a market, or in a network as part of it. The information exchanged is an important condition for co-creating value.



The service-dominant (S-D) Logic is “[…] an alternative to the current (goods-) dominant logic”, “[…] a lens, mind-set, through which phenomena can be viewed” [95] (p. 105); it is focused on the process of serving other heterogeneous parties (i.e., firms, customers, and network partners), in which each party’s skills, competences, and capabilities interact with the others to co-create value and several benefits for all of them [7]. The source of value and the purpose of exchange come from “specialized knowledge and abilities that people do for themselves and others (i.e., service, applied abilities) and the activities they want done for them, not the goods, which are only occasionally used in the transmission of this service” [96] (p. 47). The S-D logic has been enriched by several authors and from different perspectives, from which it has been adapted to specific contexts and related to different approaches to signal its usefulness in understanding the essence of exchange processes.




2.4. Integration of the Three Paradigms


To fully investigate the proposed framework, a literature review was carried out. The review was conducted with the following keywords search: “Sustainability”, “Open Innovation”, and “Value co(-)creation”, and was realized using the same keywords with the term “paradigm”. The main aim of this review was twofold: firstly, to verify the originality of the framework, and, secondly, to investigate the result. To date, the proposed framework involving the three SUS, OI, and VCc paradigms, based on the multiparadigm approach, has turned out to be original and therefore unique.



From literature it emerges that there are various studies that have explored the best way of combining the concept of OI and VCc [97,98], identifying value co-creation as a possible path towards open innovation, and more recently also for linking emerging paradigms [15]. The context of OI is an ideal field for VCc, as it is characterized by collaborations, partnerships, networks, or forms of interactions, generated by relations of mutual exchanges for a common intent: reducing the risks and maximizing the outcomes. So, the link between OI and VCc can be identified by the following keys: (1) Interactions and relations are win-win between the actors of the network (with a specific scope), so the first two terms can be considered as enhancer of the value cocreation; (2) Knowledge sharing is realized by the resource integrators (involved in the value cocreation processes) to contribute benefits to others [22]; (3) When in a network involving public entities, value is co-created also through institutional arrangements [99]; (4) A relational view can increase stakeholder engagement and facilitate knowledge sharing, and therefore the emergence of value propositions.



The first point is also dealt with in the area of project management. For instance, in the fifth edition of the Project Management Body of Knowledge (PMBOK) Guide, a new area of knowledge was added: the management of project stakeholder [100], referring to managing relationships with project stakeholders [101]. Considering that “not all interactions between service systems co-create value” [102] (p. 20), in a value network established for specific innovative projects, a relational view [4,5,6] can reduce this weakness, strengthening interactions between the multiple actors involved and thus favoring the emergence of value propositions for VCc. In the context of projects, the second point brings a significant advantage that consists of optimizing time constraints through the lead time of the design processes. The third point provides for the possibility that public entities are part of or support the network (or project). The support can be, e.g., of a financial nature, and the advantage in this case is twofold: from one side the funds to carry out the projects (also in cofounding form); from the other side, the institutional arrangements that facilitate the project development with specific and formal rules and procedures. Also, this last point, as for the knowledge sharing, can support the optimization of time constraints in managing innovative project. The fourth and last point represents an opportunity for strengthening the common expectations of each stakeholder involved in the network, understanding the relational view as a mindset that can facilitate the stakeholder engagement, and from this point obtaining more knowledge sharing and value propositions (as part of value co-creation process).



Through a strategic lens, studies on the combination of paradigms between OI and SUS are provided by Chesbrough and Appleyard [103]. It is stated that firms and whole industries “are experimenting with novel business models based on harnessing collective creativity through open innovation”; “many of these experimenters now are grappling with issues related to value capture and sustainability of their business models, as well as issues of corporate influence and the potential co-option of open initiatives” [103] (p. 57). Innovation must be characterized by sustainability. “Through OI, companies can leverage knowledge management to an asset that promotes sustainable innovation in terms of a social, environmental (or ecological) and economic point of view” [104] (p. 476). The integration of OI and SUS is also described in the agro-food system and its operationalization which is “aimed at re-designing the whole set of farming practices and, to that end, at enhancing and integrating different sources of knowledge” [105] (p. 1400). Another interesting point relates to “sustainable oriented innovation” (SOI). The interaction between these terms is considered as “an important mechanism to address SOI, as internal company members are often not fully aware of potential social and environmental impacts” [106] (p. 2413).



Regarding the interaction between the SUS and VCc paradigms, no significant works investigating interactions between the two paradigms or that propose a model were found.



The framework that is based on the multi paradigms of OI, VCc, and SUS proposed in this work represents a good lens through which to read a real phenomenon. The virtuous interaction among OI, VCc, and SUS introduced in Figure 1 can explain important synergies in perceiving common goals when cooperating on innovative projects.



Assuming this lens, the overlapping areas within the above-mentioned approaches can be interpreted as the way followed by the network that enhances the achievement of the declared aims and fulfills benefits for each partner (Figure 2). This way of managing relations in the value network through the relational view [4,5,6] can be considered as an enhanced form of support for stakeholder engagement, facilitating the emergence of value propositions from each partner involved with the aim of maximizing the outcome of value cocreation [5] (p. 230).





3. Methods and Data


With the aim of exploring the significant implications of the three paradigms outlined in the conceptual framework, the case study research method was adopted. This approach is considered appropriate for our purposes in that it allows a more precise, detailed examination of the subject matter compared to other methods [20]. Furthermore, this method enables us to understand the complexity of the activity in which multiple sources of evidence are used and much information is identified [20].



We deemed the TESEO network as a typical case [107] concerning the implementation of sustainable technology, adopting both OI and VCc paradigms. This network was considered a suitable setting for our investigation for two main reasons: first, it represents a test bench on how to build the bridge between OI and VCc in line with sustainable development; second, it aids in the finding primary documents for in-depth analysis. Indeed, we had the opportunity to explore the phenomenon under investigation thanks to easy access to internal documents, as well as official project reports, as one of the authors of the research is the president of the board of statutory auditors of the Sicilian Maritime Cluster “Navtec”, the collaborative network within which the TESEO project was developed. This extraordinary circumstance, as is well-known, represents a favorable condition under which to make the selection of a case study [108].



The research is based on combined data collection tools and makes use of diverse types of materials, methods, and investigations [109]. Different data sources were used, such as: (a) official documents, Internet documents, published interviews; (b) scientific papers; (c) semi-structured interviews with key informants; (d) informal follow-ups based on e-mails and short phone interviews [20]. The document analysis was conducted skimming (superficial examination), scanning (thorough examination), and interpreting data, as an iterative process that combines elements of content analysis and thematic analysis. Through a careful, more focused re-reading and review of the data, as well as category construction based on data characteristics, the analysis tried to uncover themes pertinent to the phenomenon under investigation. Particularly, the research detected the themes, as well as related words: innovation, cooperation and coordination, value creation and sustainability/sustainable development, and similar items deemed useful for interpretation in the context of the theoretical framework adopted [110].



As interviews were considered the primary source gathering instrument for the research, a semi-structured interview was chosen as an open-ended guideline, assuming the form of guided conversations rather than structured questionnaires [111]. The choice of the semi-structured interview was motivated by the fact that it offers enough flexibility to approach several respondents differently while still covering the same areas of data collection. Questions were carefully designed to provide adequate coverage for the aims of the research [112].



More specifically, we interviewed the scientific director, that is, the academic referent for technology transfer between research centers and industrial laboratories of R&D; the chief engineer responsible for realization of the prototype; and some representatives of fisher association involved in the project.



They can be considered as key informants and respondents since they have detailed information on the main industrial and financial aspects of the value network [20].



The selection of fishermen interviewed was made assuming as a starting point the preliminary survey carried out by the project team, which aimed to customize the prototype to meet the users’ needs and to select the best solutions for environmental protection, realizing a prototype suitable for respecting on-board comfort and livability parameters during the fishing period. Indeed, in the value network, a “sustainable value can be created only when the firm and customers’ need and objectives fit, so a deep understanding of customers and their participation to the value creation process can generate solid financial results” [113] (p. 4).



Among other issues, respondents helped us to deepen some aspects deemed relevant for the analysis, such as contributions and benefits characterizing each partner involved in the project, and the risks incurred and criticalities that emerged in the coordination of the activities carried out during the different phases of the process. The interviews took place between June and September 2017, were tape-recorded to ensure an accurate account of the conversations and were then transcribed. Each interview lasted about two hours and followed methodological prescriptions on data collection through personal interviews [114]. Data derived from the interviews were integrated and triangulated with other secondary information to increase the information flow and also to allow checking of the judgment provided by the various subjects [115]. All the transcripts, after being checked by the interviewed subjects, were reported with the appropriate corrections. The interview protocol in Appendix A reports the open-ended questions that were posed to the various respondents.



Furthermore, participant observation generated insight into and better understanding of the phenomenon under study. The observed phenomena of interest in the environment studied gave the researchers the opportunity to draw on information that was not obtainable from other methods [111].



Considering the topics involved in our study, from the respondents’ interpretation, we gained further insight into the meaning of SUS, OI and VCc when investigating the interdependence of actors in the project, and the model of interaction adopted.



In the following paragraph, we first outline the case study context (Section 3.1), describing the general aim of the value network (TESEO Project); Section 3.2 deals with the main aspects of the realization of the prototype of a fishing vessel (TESEO I) selected to explore the research question in depth; in the Section 3.3, we present the results of the analysis.



3.1. Case Study Context


As is well-known, also in the maritime sector, traditional energy systems are mainly based on highly polluting internal combustion engines (diesel) that supply energy for propulsion and electrical power. These systems are characterized by low thermodynamic efficiency that causes pollution (emissions and noise) or alteration of the ecological equilibrium, as well as of the seas and ports. Thus, widespread use of echo-compatible technologies for vessels represents a goal determined by the need for re-directing the entire transportation field to achieve low environmental impact and high sustainability.



The case study concerns the construction of a prototype of fishing vessel, built according to sustainability criteria using cutting-edge techniques and modern scientific knowledge. The project was financed under the National Research & Competitiveness Operational Program (PON R & C) funding program. Funded with European Structural Funds managed by MIUR (Italian Ministry of Education, University and Research), the program involved four underdeveloped regions in Southern of Italy: Calabria, Campania, Puglia, and Sicily.



The construction of the prototype (TESEO I) as explained below is a part of a larger project called TESEO. The acronym of the project (also the name of the vessel) stands for Tecnologie ad alta Efficienza per la Sostenibilità Energetica ed ambientale On-Board (High Efficiency Technologies for On-board Energy and Environmental Sustainability); it was chosen as it evokes the mythological figure of Teseo—Theseus, the son of Poseidon, King of the Sea.



It is worth noting that the TESEO Project is one of the many projects developed by the Sicilian Maritime Cluster “Navtec”, the collaborative network founded in 2008, in the form of a consortium company, with the aim to fostering innovation in the maritime sector by promoting collaborative relationships between private industrial actors and the main public scientific organizations operating in Sicily (the three major Sicilian Universities and the National Research Council).



The mission of this collaborative network is strictly linked with fostering innovation by sharing research and development (R&D) activities among partners, and likely the most important role of the network is to coordinate the efforts of each partner in the process, above all facilitating access to public subsidies [116]. On this topic, collaboration among firms seems to have been assigned a central role. As outlined by a recent study conducted in this field with regard to Italy, “public authorities willing to enhance firms’ innovation capabilities are increasingly recognizing inter-organizational collaborations when granting public financial research and development (R&D) incentives, also referred to as public subsidies (PS)” [117] (p. 1).



Although R&D subsidies can alleviate firms’ budget constraints and contribute to innovation, since the application process for public funding requires energies and specific know-how not always in the domain of an SME, firms under time and budget constraints, or lacking such expertise, may choose to focus on their own investment efforts rather than on public grants. The creation of a network can encourage the single firm to take this path, thanks to the external support coming from cooperation.



Furthermore, there is wide empirical evidence that public subsidies improve the efficiency of collaboration in the OI approach. As argued by Greco et al. [117], the positive effect of public subsidies on OI adoption can have three desirable outputs: (1) By enhancing OI, public grants may transitively improve fund beneficiaries’ innovation performance, generating positive externalities for the society in terms of occupation and value creation; (2) Public subsidies can positively impact in environmental and social terms, especially where funds are directed towards incentivizing research fields in which a higher gap between private and social returns is assumed to exist, such as in the sector of sustainable energy; (3) Other positive externalities are expected by stimulating knowledge dissemination.



Consistent with the previous experience in this field, the role of the Cluster “Navtec” in this field is twofold: first, it supports firms, helping them to access public subsidies; secondly, it fosters interaction and cooperation of partners on R&D activities [118]. In both cases, the network is an instrument that is able to overcome some limitations of each firm, rendering the investments carried out more effective.



The fact that the regional universities and the National Research Council (CNR) joined the network, thanks to their reputation and to knowledge-based nature, attributed a particular feature to the cooperation. Thus, as emerged in literature, their participation can produce positive effects in terms of efficacy of the OI process [119] whilst increasing trust among partners [118].



More specifically, the TESEO project, coordinated by the National Research Council (CNR) of Italy, ITAE (Messina), was developed with specific CNR institutes, the Institute for Advanced Energy Technologies “Nicola Giordano” (ITAE) Messina, the Institute for Coastal Marine Environment (IAMC) Torretta-Granitola, Mazara (TP), the Engine Institute (IM) Naples, three Sicilian Universities (Messina, Catania, and Palermo), and a leading Italian company in the maritime sector (CETENA-Fincantieri), as well as a Sicilian small firm (Cantieri Tringali) that is closely linked to the local context and highly specialized in certain production phases.



The general aim of the project, which is in full agreement with European Directive 2008/56/CE [120] issued for the protection of the marine environment, was to contribute to implementing energetic technologies already available for ships (fuel cell systems with hydrogen and liquid fuel, 3rd generation batteries, and photovoltaic and wind generation systems). The main purpose was to stimulate the adoption of maritime transport systems with high efficiency and low environmental impact, by preparing, at the same time, an embryonic framework for the diffusion of hybrid ships; this latter issue has been an interesting opportunity for both end-users and constructors. In this project, two general objectives were addressed: firstly, the aim to apply some energetic systems and related devices, representing the state-of-the-art of industrial research, in the area of high efficiency technologies with low environmental impact, in several kinds of ships; secondly, to create new, more advanced energetic systems, suitably developed for maritime applications. Table 1 summarizes some information that refers to timing and cost of the project.




3.2. TESEO I, an Emblematic Case of Integration of Sustainability, Open Innovation, and Value Cocreation’ Paradigms


The realization of the prototype vessel (TESEO I), considered the most significant result achieved by the project, is here outlined following a temporal path whose sequence is deemed helpful in order to analyze (a) how the partners cooperated in this project, (b) what benefits they obtained, (c) the collaborative aspects that characterized the project, and (d) which critical aspects emerged from this cooperation.



The main purpose of the TESEO project was to develop the use of energy technology and apply it to the maritime sector. It regarded two main objectives: (1) to make available and install energy devices and systems representing the state-of-the-art in the field of energy efficient technologies on different types of vessels, and (2) to study and realize new, more advanced energetic systems directly developed for the maritime sector.



The purpose is entirely embedded with sustainable development issues that have been constantly taken into account during all the various phases of the project, in particular regarding the development of high efficiency energy technologies with low environmental impact that are to be applied in the designed and built boats.



To demonstrate the application feasibility of such technology, different types of vessels were identified, such as mega-yachts, yachts, and sailing and fishing boats. In parallel, new technologies with a strong innovation character, specifically dedicated to the maritime sector, were developed for medium and long-term application. New energy technologies that were directly tested on board were supported by structural and engineering studies, together with appropriate energetic analysis.



In the course of the project, cooperation among the various partners was crucial in the development of the several systems addressed in the project plan. Specific testing controls were identified and applied, and appropriate subsystems were designed for every new technology.



The first objective was developed in three projects that aimed to realize a prototype or a pre-industrial product:




	
Pleasure craft, such as yachts and sailboats, should use a polymeric electrolyte fuel cell. Therefore, both hybrid and purely electrical configurations were studied. Particular attention was paid to renewable sources, such as photovoltaic sources, to ensure energy sustainability and efficiency. In addition, specific studies were devoted to methodologies based on the integration of renewable energies (available on-board), which aimed to generate electricity for auxiliary systems.



	
For the electric propulsion of large vessels, the project dealt with the development and implementation of a complete power generation system with a maximum power of 210 kW, comprising control and management systems, and the study of constraints in current legislation with the purpose of issuing specific guidelines on new security criteria related to the use of new technologies and their certification.



	
For small and medium size vessels, such as yachts and sailing boats, both hybrid and pure electrical engines were investigated.








To achieve high technical performance and low environmental impact, improving efficiency and reducing fuel consumption, cooperation among partners was aimed at designing a fishing vessel prototype, characterized by high innovative solutions for hull fluid dynamics and structure. At the same time, it was necessary to optimize the propulsion system by also studying different configurations with different degrees of thermal-electric hybridization. The most modern pollution abatement technologies were applied, making them suitable also for heavy duty diesel engines, such as those used on fishing vessels.



The second main objective regarded the study and development of new, specific technologies for maritime applications, which were not intended to be used to obtain prototypes or pre-industrial products within the result of the project but only to carry on in-depth studies in the specific field within the basic research.



As fishing provides a vital source of food, employment, recreation, trade, and economic well-being for people throughout the world, it should be conducted in a responsible manner, for the sake of both present and future generations. Therefore, the implementation of new, more ecological vessels could represent an important step forward towards ensuring sustainable activity of (commercial) fisheries and effective mitigation of putative risk to species and habitats of conservation concern (see Figure 3).



In line with Figure 3, one of the three projects related to the first objective of the TESEO Project involved the production of a prototype vessel for fishing: the TESEO I. The specific aim was the realization of a prototype of high efficiency and low environmental impact that, at the same time, was able to meet the needs of comfort and safety of fishermen during the various phases concerning their activities on board. Indeed, over the period of the development of the prototype, not only were issues identifying innovative solutions consistent with low environmental impact considered, but quality, reliable, sustainable, and resilient infrastructure to support well-being on board was also promoted and realized.



TESEO I, realized according to the aforementioned objectives, has characteristics that make it completely compatible with the sustainability principle.



Moreover, it represents the result of a concrete example of how OI, which is a pervasive aspect of the project, can be linked to VCc in the implementation of economic, ecological, and social solutions obtained through knowledge sharing.



Retracing the various phases (from the generation of the idea to its development) of the realization of TESEO I, it is clear that the outward opening aimed at VCc regards, almost indiscriminately, all the phases of the process, even if to different degrees. They will be described below, highlighting the contribution given by different partners, each with their own specific knowledge. The following Table 2 shows the partners involved in the construction of the prototype.



It is important to underline that, as mentioned above, the realization of the TESEO I prototype represents, in truth, one of the conclusive phases of the wider TESEO Project. Therefore, the complex, important upfront or fuzzy front-end of the product development (FFE) [25], as a predevelopment step of the innovation process, must be considered as accomplished during the determination of the larger aims of the TESEO project.



The first stage of the activity regarded analysis of the regulatory framework and an evaluation of the real needs of the fishing industry. Different types of fishing were considered in relation to the structural characteristics of the prototype. In this phase, both CNR Sicilian institutes, ITAE and IAMC, played a primary role.



In the following stage, the designing the prototype, and the support given to the project by actual stakeholder engagement, which was carried out by the network itself, was fundamental. Fishermen, in particular, need to be mentioned for their role in building the prototype. They were engaged through a questionnaire devised by IAMC and CETENA to help identify issues related to:




	-

	
different technical and structural features when adapting the layout of the ship;




	-

	
specific conditions of safety that needed to be taken into account, among which was the impact of noise on people and fish;




	-

	
comfort level for fishermen, considering the long time they usually spend onboard;




	-

	
the need to customize the vessel according to the type of fishing activity;




	-

	
the need to ensure the correct preservation of fish in special refrigerated cells on board;




	-

	
the operating speed of the vehicle in the different phases of fishing (research, transfer, exit, and return to port) and the duration of transfers for the different types of fishing.









This category of stakeholder was considered the most important for two reasons: first, for their specific competence on the type of fishing and then the opportunity to meet their expectations, as they are the users of the ship; secondly, for the competence of such people regarding the nature and degree of environmental impact of the vessel, along with the opportunity to learn from their knowledge and experience.



During the realization of the prototype (Figure 4), the procedure foresaw continuous inter-functional involvement always supported by the coordination activity carried out by ITAE. People responsible for the various functions were involved in working together under constant supervision. It is important to highlight that the entire management of the collaboration took place not only through frequent meetings but also through the use of technological communication tools and highly professional, scientific software.



Having collected and checked data related to the questionnaire, boat features were tailored to the needs of fishermen, considering permanence on board of 10 people for 3–5 days maximum, with intermediate support from other ports.



Researchers were looking for innovative solutions for the hull that addressed the optimization of fluid dynamics of the keel, and different types of hull were defined and studied through numerical simulations and hydrodynamic analysis to assess hydrodynamic performance and optimization.



In this phase, Informatica Navale and Cantiere Tringali were supported by CETENA S.p.A. (a Fincantieri Company), an important study center in the maritime field, located in Castellammare (Palermo). As well as needs relating to livability on board (see Figure 4), the propulsion system was developed by studying possible configurations of different degrees of thermal-electric hybridization and designing the propeller to maximize efficiency and silence of the ship.



Great emphasis was put on optimizing the hybrid propulsion system. Taking into account performance and overall requirements on board and the relative fishing operations, CNR IM, Informatica Navale, and CETENA, together with the technicians of the Cantiere Tringali, identified a specific diesel-electric hybrid architecture. The solution allowed the adaptation of the hull profile to fishing and the achievement of high efficiency by reducing pollutant emissions. Diesel engines can be switched off when maximum power is not required, for example, at the moment the nets for fishing are down (Figure 5).



Greater efficiency of the boat and reduction of fuel consumption were obtained thanks to innovative solutions found for the fluid dynamics of the keel and hull structure. The most modern techniques for reducing polluting emissions were also evaluated. In particular, CETENA S.p.A. provided a fundamental contribution to the hull design through optimization of the hull shape and propeller tunnels, in particular with reference to levels of radiated noise. Structural solutions were also developed, aimed at improving hull resistance without increasing the weight of the boat, and at the same time a more rational redistribution of the components’ weights of the hull resulted in greater stability of the boat.



The next step involved the construction and preparation of the vessel prototype. This phase was carried out at the Cantiere Tringali, located in the port of Augusta (Syracuse). After having prepared the construction plan and drawings that were related to the type of single-hull vessel, types of systems and accessories on board were identified, as well as the materials to be used. The engineering-structural study of the hull for the evaluation of spaces, dimensions, and weights also concerned the fishing plants, refrigeration, and preservation of the catch on board, and a sizing of their maximum. In this phase, it is worth citing the participation of another CNR institute, IM in Naples, which aimed at improving combustion efficiency, choice of the particulate filter, and the hybrid on-board propulsion and power generation architecture. As well as other activities carried out within the project, also the construction of the prototype in the Cantiere Tringali was coordinated by ITAE, which also developed, realized, and tested the specific components of an adsorption cooling machine for the preservation of the catch, which uses the waste heat produced on board during navigation.



The realization of the prototype was completed with the construction and launch of a semi-displacement hull, with an innovative design concept 17.44 m in length, width 7.62 m, height 2.70 m, built entirely in steel, 4 mm grade. Stability tests were carried out on board with positive results for obtaining the final test.



There are two key points that make the experimental prototype decidedly innovative for high energy efficiency:




	(1)

	
Dedicated Maritime Geometries;




	(2)

	
Hybrid propulsion.









With regard to the first point, the main geometric innovation lies in the hull of the prototype based on the principle of “partial hydrodynamic sustenance” that, compared to a conventional displacement boat, ensures higher speeds at equal power. A second distinguishing aspect is the empty weight of the prototype, which is less than half compared to the traditional type but is able to ensure the same commercially useful flow rate. A further innovation is the geometric profile form with a drastic reduction of the sail area, which is used to get a better grip to leeway during mail operations. Finally, the advantage offered by the new geometry concerns the safety and comfort of the crew, thanks to the considerable increase in the area of Covered Bridge, which is available for the equipment and operation of the vessel (see Figure 5), as well as the increase in accommodation space for 10 people.



The second key point is the introduction, to the fishing sector, of hybrid propulsion, the simplification of plants, and the control and management of energy resources. For the type of fishing envisaged, it will be possible to use only electric motors in fishing zones to maintain position or move at very low speeds during the phases of lowering the fishing gear.



A comparison with existing fishing vessels from an energy point of view, through the forecast analyses conducted, indicates a significant reduction in diesel consumption resulting from the combined effect of the two above-mentioned characteristics, giving the vessel greater energy efficiency with consequent lower environmental impact and a lower operating cost. This may pave the way for the modernization of the fishing fleet, also in view of the selectivity of fishing gear and the preservation of fish on board which, by increasing the value added by the fishing vessel, improve the cost-benefit ratio of the fishing activity.




3.3. The Results


Working through the design process of the realization of TESEO I has given us the opportunity to better understand that value of co-creation, which is seen as a possible way towards open innovation; this point has already been highlighted in the theoretical background. More precisely, from case study it emerged that the co-creative process is linked with the innovative process in a general context deeply inspired by sustainability since energy saving, resulting in a reduction of greenhouse gas emissions, which represents one of the foremost global environmental issues.



Indeed, it is well known that OI can be characterized in terms of level of integration, organization, and forms of governance [121] but according to Lanzarotti and Manzini [122], studies of other variables are significant to OI: “namely, the number of and types of partners and the phases of the innovation process which are “open” to external contributions” (p. 616). On this topic, “the number of and types of partners with which a company collaborates is something that determines the level of openness of the innovation process of a company: the more partners the company has, the more “open” its innovation process”, as well as “the number and type of phases in the innovation process for which the company accesses external sources of technology and know-how” [122] (p. 616), giving information of openness of the innovation process [123].



From literature, a number of different approaches are used to measure the degree of openness of companies, which are consistent with the multidimensional nature of the phenomenon [124], but the use of the two aforementioned different variables is considered useful to the aim of this paper. This approach is consistent with the fact that the various stages in the innovation process have very different features, and OI can be addressed only to specific phases, such as idea generation [123] prototyping and engineering and production [125].



By focusing on such variables starting from the first and until the last phase, we measure the degree of OI also by considering the number of and type of partners involved in each process; see the Table 3 below.



As said above, the context of OI represents an ideal environment for VCc, which is considered as a dynamic and continuous process that is able to cocreate stable value in the long run, engaged each time in different ways and generating different “values” both for firms and individuals in a continuous cycle [126].



The model proposed in this work regards the coupled process of OI and fits with the investigated case study, as this kind of OI process is realized when partners actively collaborate and cooperate [81] and thus when outside-in and inside-out processes are run simultaneously [127]. Moreover, the network in which the cooperation took place led to an authentic co-creation of value in which each individual co-creates value and captures it continuously in different forms and ways over time. The suitable application of different knowledge and skills, together with the integration of resources and enforcement of competencies, enhanced the value of each entity by creating benefits for all partners into one mutual exchange through a collaborative and dialogical process. In this context, a variable that undoubtedly impacted the designing process is time, a strategic factor that deeply influences innovation processes in terms of development, adoption, and diffusion of technology. Indeed, the lead time played a crucial role in this project, in which many actors were asked to act under a common management, given the need to coordinate the various phases and the simultaneous contribution required from each one, to achieve the goals of the entire project.



It is acknowledged that the time factor is fundamental in every environment, sometimes representing a not negligible obstacle to overcome, especially for SMEs that have fewer organizational resources with which to address research activities that are embedded in managing innovation processes. This aspect represented one of the major challenges, and the synergic and synchronic cooperation of actors required a great deal of effort (also considering problems faced during the process that were not foreseeable in advance). The case under investigation, as well as others studies in literature [122,128], demonstrate the importance of the time dimension along with the achievement of different innovation goals.



The previous Figure 6 shows tasks and phases detailed in the project, which were assigned to the various partners, considered also in reporting documents required by public administration as lead time to respect for the success of the process. It allows a deeper understanding of the complexity of the interaction among involved actors.





4. Discussion


This section discusses the results of the case study that deals with a radical innovation in a maritime cluster, as well as the proposed multi paradigms framework as a valid lens, deemed useful for reading a real phenomenon. Theoretical and practical implications are also provided.



The case investigated reveals how each partner of the value network interacted with others in a platform of involvement, co-creating value for themselves and for others, regardless of whether it acted only in its own interest or even in the interest of the structure to which it belongs [93].



Regarding the benefits of the realization of the prototype for each partner, it is important to highlight that these benefits are particularly concerned with the results that were already transferred in the production phase—those that require further development for the purpose of a possible transfer to production and the benefits that derive from the increase in knowledge applicable to further R&D programs.



Each result represented a different kind of advantage for each partner.



The greater energy efficiency, lower environmental impact, and greater functionality also for the part related to the fishing equipment of the boat opened the way for the Tringale Shipyard in industrial production, which was able to modernize the fleet of fishing vessels, especially in the Sicilian sea.



The research bodies involved, each for their own competences, have been able to acquire deeper technical knowledge of the problems faced, testing the theory, in practice, and contributing to the dissemination of research results. They improved their capacity to share their knowledge, working together and interacting with industrial partners to validate technical solutions studied in their laboratories with regard to the possibility of industrial exploitation of theoretical results.



The application of hybrid engines in the maritime field and for fishing represented a meaningful novelty for the research institutions (ITAE, IAMC, and IM) with regard to the study of the best energy saving solutions. Although, in fact, the use of engines powered by electricity is spreading worldwide, specific studies on their use in marine environments can be considered at an early stage, and the experience achieved so far thanks to the realization of the prototype can be considered as of primary importance for improving future marketable solutions in this field. Concerning this point, it should be pointed out that a critical aspect that emerged in the phase of the use of the hybrid engine in the prototype was the difficulty of locating some components in the market, since suppliers had never received a request for this kind of application.



Another aspect that deserves to be stressed is the role of stakeholders’ engagement in the project, with particular regard paid to the end user of the fishing vessel. The fishermen, involved in the survey through their own co-operative association, provided useful information regarding the main issues to consider in the building of the prototype, given that the quality and usefulness of any product must be evaluated in the perspective of the client. Indeed, the functions and attributes of a product are valuable, that is, they have value if they add value for the users. Moreover, their support was important in enhancing the ecological compatibility of the fishing boat. Nonetheless, the engagement of fishermen, deemed neither negligible nor avoidable, led to delays in the production process, due to the difficulty of interacting with their association. Moreover, communication was to some extent difficult due to the lack of shared language codes on some technical aspects.



In the light of the above, we can say that the case of TESEO I, selected as the focus of the research on the link among the three paradigms—SUS, OI, and VCc—demonstrates how such paradigms converge when environmental and economic results are pursued through modern forms of cooperation on innovative projects that aim to co-create value. Table 4 shows the various dimensions relating to realization of the TESEO I prototype. TESEO I can be considered best practice in the development of a new product through knowledge sharing, being a tangible result of how to improve economic and ecological performance through cooperation, and of how OI can be linked to VCc and SUS.



The value cocreated with the contribution of different partners, selected on the basis of their highly specific competences, shows how it is possible for each partner to obtain benefits from collaboration, rendering the relationship active, effective, durable [15], and profitable for participants. In other words, every partner was truly involved in the OI process, and this relationship allowed for the creation of value, achieving results that are meaningful both in terms of monetary and non-monetary value (environmental and social goals). From the case study emerges that the TESEO’ network was already created with the intention of adopting an open innovation logic. Concretely, the OI and VCc processes started simultaneously from the phase in which the knowledge sharing (at different levels) was verified to identify all the possible critical issues related to the project solved when the value propositions emerged from the interactions between the multiple actors involved.



Based on the theoretical background presented in this work, the TESEO case was analyzed, and we can argue that each paradigm and its theoretical purpose were found in the field study.



The interaction among SUS, OI, and VCc revealed important synergies in the perceptions of the goals of the project. The cooperation among partners resulted in major opportunities for each participant, assuring the achievement of the declared aims and the fulfillment of benefits for each partner.



More specifically, the overlapping areas (Figure 7) within the above-mentioned approaches reveal the main objects of cooperation (activities and goals); more precisely:



Starting from the results of the case study, it was observed that in the context of the OI value network established for an innovative and sustainable purpose, VCc was realized. Sustainability of the outcome project corresponds to the purpose of the triple bottom line paradigm, as it implies environmental (environmental protection), social (growing awareness of environmental protection), and economic (implications for the production of vessels with low environmental impact, and efficiency and effectiveness of on-board equipment) effects.



From the case study, it emerges that the relations between people involved in the project enhanced the stakeholders’ engagement, and from this the value propositions emerged. These last ones are considered, in this context, as minor business changes [129] derived in the TESEO I project from a constant sharing of knowledge and experience between each actor of this value network. As stated, the value propositions are part of co-creation process and in every phase of the project all the solutions provided to fix specific problems have contributed to the total process of value co-creation.



Sustainability of the outcome of the TESEO I project corresponds to the purpose of the triple bottom line paradigm [17], as it implies environmental (environmental protection), social (growing awareness of environmental protection), and economic (implications for the production of vessels with low environmental impact, and efficiency and effectiveness of on-board equipment) effects. The core concept of sustainability in the TESEO I project scope has stimulated the collaboration and dialogue in solving problems mainly related to the preservation of the environment and the well-being of human resources, who are direct users of the product.




5. Conclusions


The theoretical framework built on sustainability (SUS), open innovation (OI), and value cocreation (VCc) constitutes a unique framework that is not found in current literature. The synergistic interactions of these three paradigms allow for possible future research to be framed in confirmatory case studies. This case study highlights the validity of the theoretical framework, demonstrating how OI and VCc can be directed towards the creation of a new product designed and built with high sustainability criteria. The interactions between multiple actors and relationship management led to better engagement that, in the TESEO project, facilitated the creation of value propositions and, starting from this, the co-creation of value.



The theoretical implications for this study are the theoretical framework proposed, which, however, needs further research to generalize its applicability. One of the research avenues can be the deconstruction of each paradigm of the framework in order to define specific variables and indicators and investigate the possible relations between them.



The practical implications are represented in the opportunity for those organizations that intend to establish a network and can manage an innovative project through sustainability to co-create value. Concretely, in this type of network the relationships have a win-win nature, and the knowledge sharing among the actors’ pursuit of value facilitation (as part of the total process of co-creation) and reduced project risk aims to maximize value co-creation. The main impact in adopting this framework is the awareness of the potential of the values in uses that are obtainable from the “collaborative process of cocreation between parties” [130] (p. 256).



Through the framework and this case study it is also possible to adopt a method to reduce the risk of project failure, capturing the potential of stakeholder engagement to maximize the emergence of value propositions to co-create value through sustainability.



The main limitation of this study is the non-generalizability of the results, also considering that the “generalizability is not a characteristic of the results of a study, but a characteristic of the theory, which needs to be achieved through replications” [131] (p. 9). This is for two main reasons: Firstly, the methodology adopted in this work is a single case study and is not sufficient for generalization; Secondly, the context of the case study is a network that is established to access public funds to realize an innovative product.



Starting from these points, further research can be oriented in two ways: firstly, by replicating the conditions to realize a multiple case study with another project for confirmatory analyses; secondly, by investigating the possibility of applying this framework not only in the context of projects.
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Appendix A


Appendix A.1.


Interview Protocol (For the Scientific Director and for the Chief Engineer)



	
Can you please give us a brief description of the aim and the more relevant activities of the project?



	
What are the main benefits for the overall project that are expected from the collaboration among partners?



	
Which kind of benefit do you feel has been more relevant for each partner?



	
What are the main problems faced during the collaboration?



	
How the partners of the project develop cooperation with regard to innovation?



	
To what extent have sustainability issues been assumed in the design process?



	
Which kinds of implications were deemed as strategic features in the development of innovative solutions through the network?



	
What factors could hinder future collaborations with the partners?



	
Which aspects of the cooperation turned out to be more complex and needed more coordination?



	
Which contributions by each partner involved in the project do you consider to be more relevant?



	
Do you plan to engage in similar collaboration projects in the future?



	
How have the innovative solutions of the project been identified?



	
For the purposes of energy saving, have alternative solutions been assessed?



	
Do you think that the same model of the network in the innovation process could be usefully replicated in another context?







Appendix A.2.


Interview Protocol (For Some Representatives of Fisher Association)



	
Can you please give us a brief description of your activity?



	
Which types of fishing have you carried out?



	
Usually how long do you spend on board for your fishing?



	
What are the main issues that may be identified in the type of vessel that is used routinely?



	
Does the space intended for rest fit your needs?



	
Is the space for board activities functional for the specific requirements of the fisheries?



	
To what extent does the environment have to be considered in the innovation process?



	
Do you feel the safe on board when properly secured?



	
Did you feel like you were an integral part of the project when you made the TESEO I vessel?
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Figure 1. Theoretical framework based on SUS, OI, and VCc paradigms. 
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Figure 2. The interactions between the paradigms. 
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Figure 3. Potential pollution by a board. 
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Figure 4. The livable area projected by fishermen (Source: Tringali Shipyard). 
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Figure 5. The mechanism of pollution reduction. 
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Figure 6. Assignment of phases to partners. 
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Figure 7. The synergistic interactions in the framework and overlapping areas. (A) (SUS-VCc-OI) Cooperation by each part involved in the network on innovation process to pursue economic and environmental goals; (B) (OI/SUS) sharing knowledge to innovate the fish vessel toward sustainability; (C) (SUS-VCc) value co-creation in a pluridimensional perspective pursuing innovation and social benefits (more efficiency, less environmental impact both in production and in consumer phases, easier access to public subsidies, and users’ satisfaction); (D) (OI-VCs) stakeholder engagement (fishermen, research center, university, and SMEs) and cooperation among partners to meet users’ expectations. Also, considering both theoretical point of view (see Figure 1 and Figure 2) and the results, the VCc can be seen as a possible path towards OI. 
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Table 1. Timing and cost of the TESEO project.






Table 1. Timing and cost of the TESEO project.





	Time



	Start date—7 July 2012



	End date—7 July 2015



	Costs



	Total: €15,088,936



	Research: €10,542,997



	Development: €3,609,839



	Education: €936,100
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Table 2. Partners involved in the construction of the prototype.






Table 2. Partners involved in the construction of the prototype.





	Partners
	Province, Country





	CNR ITAE (Coordinator)
	Messina, Italy



	CETENA
	Palermo, Italy



	Cantiere Tringali Srl
	Augusta, Italy



	Informatica Navale S.a.s.
	Naples, Italy



	CNR IM
	Naples, Italy



	Distretto Agrobiopesca
	Palermo, Italy



	CNR IAMC
	Capo Granitola (Trapani), Italy
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Table 3. Degree of open innovation considering the number and type of partners involved in each process.






Table 3. Degree of open innovation considering the number and type of partners involved in each process.





	
Month

	
Phases of the Innovation Process

	
Assignment of Phases to the Partners






	
M 1–11

	
1

	
Definition of the regulatory framework and analysis on the real needs of the fisheries sector

	
CNR-IAMC, Cetena




	
M 1–18

	
2

	
Preparation of the construction plan and the drawings

	
Cantiere Tringali Srl, Informatica Navale Sas




	
M 1–30

	
3

	
Analysis of the different types of fishing that can be conducted in relation to the structural characteristics of the prototype

	
CNR-IAMC, Cetena




	
M 1–34

	
4

	
Search for innovative solutions for the hull addressed to the optimization of the fluid dynamics and the structure of the hull itself

	
CNR-IAMC, Cetena, Informatica Navale Sas




	
M 1–42

	
5

	
Integration of activities of project TESEO I with those of PESCATEC project supported by Agrobiopesca technological district

	
CNR-IAMC




	
M 3–30

	
6

	
Engineering-structural study of the hull for the evaluation of spaces, dimensions, and weights

	
Cantiere Tringali Srl, Informatica Navale Sas




	
M 3–30

	
7

	
Implementation of the executive design, detailed engineering, and approval of the classification body

	
Cantiere Tringali Srl, Informatica Navale Sas




	
M 3–24

	
8

	
Development of the main components of the adsorption refrigerating machine for conservation of fishes

	
CNR-ITAE




	
M 7–24

	
9

	
Application study of after-treatment of exhaust gases

	
CNR-IM




	
M 7–25

	
10

	
Study of hybrid engine variants, with different levels of electrification

	
CNR-IM, Informatica Navale Sas




	
M 7–42

	
11

	
Study of systems for monitoring the propulsion system

	
Cantiere Tringali Srl




	
M 9–42

	
12

	
Optimization of the main engine for reducing fuel consumption and emissions

	
CNR-IM




	
M 13–33

	
13

	
Study of new propulsion schemes in order to obtain the best performances and an accurate management of the irradiated noise

	
Cetena




	
M 19–42

	
14

	
Prototype assembly of adsorption chiller (proof of concept) for the conservation of fishes by using waste heat available on board

	
CNR-ITAE




	
M 20–42

	
15

	
Prototype realization

	
Cantiere Tringali Srl




	
M 34–42

	
16

	
Tests, checks, and final tests

	
Cantiere Tringali Srl
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Table 4. The dimensions of coupled OI processes that lead to environmental and economic value cocreation for TESEO I (Own adaptation by [15]).






Table 4. The dimensions of coupled OI processes that lead to environmental and economic value cocreation for TESEO I (Own adaptation by [15]).









	Dimensions
	Dimensions of Coupled Open Innovation Processes Leading to Environmental and Economic “Value Co—Creation”





	Actors
	
	
Public scientific support for innovation (CNR Institutes; Universities);



	
Private Industrial development of innovation (Tringali Shipyard, CETENA-Fincantieri);



	
Sicilian Fishermen








	Coupling Topology
	Network



	Impetus for collaboration
	Active roles for all individuals and benefits for all participants



	Locus for innovation
	Interactive
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