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The Mediterranean region faces challenges such as water scarcity, climate change, food
and energy insecurity and biodiversity loss (Antonelli et al., 2019). Building on circular economy
principles, the Water-Energy-Food-Ecosystems (WEFE) Nexus is increasingly used in this region
as conceptual approach for analysing interconnected natural resources management and
sustainability issues (Luca et al., 2023).

In maritime and coastal areas, understanding the complex relationships between different
sectors is especially important, as water resources, energy production, materials flows,
agricultural, algae and fishery production converge in port infrastructure, offshore industries, and
ecosystem management. However, integrated governance across sectors and policy coherence
remains challenging, as sustainability goals must be balanced and trade-offs managed (Weitz et
al., 2017).

This paper presents the Péle Mer Méditerranée (PMM), a French competitiveness cluster,
as a regional case illustrating how water-energy-material-food nexus thinking can be
operationalized through governance, cleaner production processes, value co-creation and policy
alignment. The objective was to understand how the nexus integration is embedded in
organizational practices and multi-actor strategic orientations.

This study is based on a qualitative case study approach (Yin, 2018). PMM was selected
as an exemplary case of a nexus-oriented innovation cluster in the maritime and coastal context,
given its long-standing role in coordinating actors across energy, water, food and environmental
management. The analysis focused on policy frameworks, the PMM governance structure and
cooperation, and sustainable value co-creation via nexus projects. This allowed us to link
organizational evolution and governance arrangements with broader policy objectives in the fields
of resource efficiency and sustainable regional transformation.

Data were primarily collected through ten semi-structured interviews with key actors of
PMM. Interviewees were selected using purposeful sampling to ensure representation of the main
actor categories involved in the cluster (employees of the organization, industrial members, a
public representative, researcher and NGO). The primary data was triangulated with open
accessible documents and website contents. Interviews were transcribed and data analyzed using
thematic coding.

Founded in 2005 as part of France’s national ‘pbles de compétitivité’ (competitive clusters)
policy (French Ministry of the Economy, 2025), PMM brings together more than 500 members
such as large industrial firms, SMEs, research organizations, and public authorities to foster
sustainable maritime innovation. Its strategic domains—marine renewable energy, port and
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logistics systems, coastal environmental protection, maritime security, and aquaculture and
fishery—place it directly at the intersection of water, energy, and food systems.

National frameworks such as the France 2030 strategy for the ecological transition (French
Ministry of the Economy, 2021), and EU initiatives including the European Green Deal (European
Commission, 2019) support cleaner production priorities. They provide not only financial
resources but also encourage firms to integrate sustainability into core innovation strategies. PMM
is also co-financed by 50% via regional subsidies and functions as an intermediary between public
and private actors, translating policy goals into operational projects (Mames et al., 2025). This
intermediary role is crucial for overcoming fragmentation and fostering cross-sectoral
collaboration and learning, a prerequisite for effective integrated governance.

The PMM governance model is composed of three main organs: a steering committee,
including representatives from the four different actor groups, an executive board for the strategic
roadmap, and an engineering and animation team responsible for projects and operational issues.
The collaboration between members mainly takes place via common projects or networking
events like workshops.

Water-energy nexus projects in offshore renewables and port electrification illustrate how
decarbonizing maritime energy systems can decrease pressure on water resources, particularly
by reducing reliance on water-intensive thermal power generation. Next, a material-food nexus
example is the project ECO ECRIN allowing an oyster producer to develop an innovative eco-
designed, reusable and recyclable box for oysters, which decreases vibrio and virus plagues,
improves animal welfare and reduces the environmental impact. The MELTEM project focuses on
a smart, eco-designed port pontoon that integrates solar energy production, rainwater collection
and filtration, and features that support marine biodiversity. Finally, PMM reveals that nexus
projects in the maritime and coastal areas show complementary insights to terrestrial nexus
projects, like eco-villages or agro-industrial ecology parks (de Vries et al., 2024).

Through its cross-sectoral research and innovation projects, governance model as well as
alignment with national and European sustainability agendas, the French case PMM offers an
interesting example of how the water-energy—-material-food nexus can be operationalized. It
highlights the importance of a well-defined governance structure, policy coherence, and
innovation in translating nexus concepts into sustainable transformation. As coastal
Mediterranean regions confront accelerating climate and resource challenges, such nexus-
oriented innovation systems are likely to become increasingly central to sustainable development
strategies. Cleaner production is then not only an environmental obligation but also offers
competitive advantages in maritime industries facing regulatory and market pressures. Yet,
further institutionalization of nexus and sustainability metrics could strengthen the impact of
policies.
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