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	Abstract
Urban agriculture (UA) is sprouting up in the empty spaces of post-industrial landscapes. Beyond the opportunities toward improving local food supplies and economies, UA may also foster social inclusion and environmental sustainability. The project AGRiS, winner of the UrbanFarm2021 competition, was developed for Troisi Park in Naples (Italy), where an abandoned agricultural area of 0.5 ha needed renovation. Following a multi-disciplinary design approach, multifunctional UA was chosen to support the environmental, social, economic, and cultural well-being of the local community. To create a feasible and economically viable design solution, an incremental approach was proposed, based on a multi-criteria analysis to select the most preferable project scenario in which to invest the initial funding. The environmental impact of AGRiS was considered by assessing the energy demand, water usage and emissions associated with facility operations. Additionally, renewable energy sources, rainwater collection, and zero-waste strategies were integrated to minimize resource/material inputs and waste outputs. The design also incorporated sustainable crop production practices which promote biodiversity, such as crop rotation and intercropping, compost fertilization, recyclable growing-media, organic pest management and seed-to-seed cycles. Moreover, the architectural elements of the design were conceived from a circular-economy perspective and relied on the participation and feedback of the project stakeholders. The strong emphasis on feasibility and community involvement suggested that this UA project in Troisi Park is readily achievable and could also serve as a model for similar sites in need of regeneration.
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INTRODUCTION
A key challenge for the agriculture sector is to feed an increasing population expected to reach 11.2 billion by the end of the century (     Ritchie, 2019), while at the same time reducing the impact on the environment and conserving natural resources. Intensive crop production, necessary to meet the requirements of the global population, has imposed significant environmental costs since it both affects and is affected by climate change. Industrialized, field-based agriculture contributes toward increased greenhouse gases emissions, soil degradation, erosion, nutrient imbalance, pollution, loss of biodiversity and yields, all of which represent serious threats to future food security (Bindraban et al., 2012). Climate change, exacerbated by intensive agriculture, is leading to global warming, altered rainfall patterns, higher CO2 concentration in the atmosphere and local scarcity of resources; all factors on which field-based crop production is directly dependent. In addition, urban areas are expected to increase 40-70 % globally by 2050, leading to both a decrease in agricultural land availability and higher food demand in urban areas (Li et al., 2019). In this complex context, innovative urban crop production systems, often relying on technological innovation, can serve a critical function in urban food security (Orsini et al., 2020a). Urban agriculture (UA) comprises various innovative solutions, recreating the conditions for growing food in controlled systems such as artificially illuminated and highly insulated zero-acreage farming (Z-farming). Especially in at-risk areas, UA can address urban poverty and improve the well-being of communities (Rogge et al., 2018; Orsini et al., 2013). AGRiS (Agriculture, Growth and Regeneration inspired by Sustainability), is a multi-disciplinary design project which aimed to address urban food insecurity through the four dimensions of sustainable development: i) environment, focusing on sustainable agricultural practices and conservation of natural resources; ii) economy, focusing on prosperity of local communities; iii) society, focusing on people’s needs; and iv) cultural heritage, which was recently recognized as the fourth pillar of sustainability. AGRiS proposed a renovation of an agricultural area of 0.5 ha in the urban Troisi Park in Naples (Italy), which included several dismissed greenhouses and open spaces. The design approach used for this UA site renovation was centered on project feasibility and meaningful collaboration with local community stakeholders to create a sustainable UA project. In doing so, AGRiS could serve as a model for similar sites in need of regeneration.
 
MATERIALS AND METHODS
The UrbanFarm2021 competition and the location
[bookmark: _heading=h.gjdgxs]The International Student Challenge UrbanFarm is an international competition that brings student to redesign abandoned and vacant urban spaces toward the implementation of innovative UA projects that integrate the three spheres of sustainability (social, environmental and economic) (Orsini et al., 2020b). The UrbanFarm2021 edition requested students to redesign an abandoned agricultural area of 0.5 ha located in the Troisi Park (Naples, Italy).  The area consisted of 4 greenhouses (G1-G4) and 2 open spaces (OS1-2) for a total of 891 m2 (Figure 1). The Park is placed in a neighborhood that suffered from the estate building speculation of the 1960s, today dealing with elevate population density and social instability. The challenge asked participants to identify a management model fostering social, environmental, and economic functionalities of the proposed activities. Other crucial points were that none of the buildings or infrastructure could be removed or modified due to urban planning issues, and that the funding already available for the project accounted for about 70’000 €. The vision for a renewed Troisi Park was socially oriented and embraced the FoodE (Food Systems in European Cities) mindset: “Think global, eat local” (Pennisi, 2020; Vittuari et al., 2021). The foundational concept of AGRiS was sustainability, represented as the four pillars of sustainable development: environmental protection, economic viability, social equity and cultural enhancement. Pursuant to the United Nations Sustainable Development Goals (SDGs), AGRiS project started with a comprehensive sustainability assessment, utilizing multi-criteria analysis (MCA) (Marques-Perez et al., 2018; Tapia et al., 2021). The MCA developed for this project took the cultural, economic, environmental, and social criteria related to distinct scenarios for the renovation as input parameters. Each scenario of the sustainability assessment involved the renovation of one greenhouse and two outdoor spaces. Each greenhouse was designed to serve a different function: G3 and G1 were dedicated to crop production; G2 was devoted to workshops and social events; and G4 was implemented as a community garden and a social garden for low-income people. OS1 and OS2 were designed as spaces for a local market and other social events (Figure 1). 
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Figure 1. Functional distribution of greenhouses and open spaces in the Troisi park

The overall aim of AGRiS was to create an urban agriculture solution which was feasible and economically sustainable both in the near- and long-term. Therefore, it was proposed an incremental approach with the renovation project. Based on results from the sustainability assessment, the most preferable project scenario in which to invest the initial funding and expediently launch the renovation were selected. To address social sustainability, collected informal feedback were collected through surveys spread among the local community on social media networks and an online meeting with citizens, schools and local associations was organized, whose opinions guided the design decisions for the project. Additionally, a smartphone app was proposed to allow interactive communication between citizens and stakeholders. Moreover, the architectural design was conceived in a circular-economy perspective and relied on a strong participatory approach. The agricultural sustainability of the project was based on cultivation practices promoting biodiversity and efficient application and cycling of water and nutrients within the growing systems. These practices include crop rotation and intercropping, compost for fertilization, recyclable growing-media, organic pest management and seed-to-seed cycles. Concerning environmental sustainability, the project maximized resource-use efficiency and minimized negative environmental impacts resulting from construction and on-site activities. The energy demand, water usage, and emissions associated with facility operations were assessed, and technologies and systems were integrated to minimize resource and material inputs and waste outputs using renewable energy sources, rainwater collection, and zero-waste strategies. These design and management strategies supported the concept of multi-dimensional sustainability and pointed to the strength of AGRiS: all pillars of sustainability were addressed without sacrificing economic feasibility. 

RESULTS AND DISCUSSION
1. Agricultural aspects 
To promote sustainable agricultural practices, the approach was based on agroecology, an integrated approach that applies ecological and social principles to the design and management of agricultural systems. These principles include i) diversity, ii) synergies, iii) efficiency, iv) resilience, v) recycling, vi) co-creation, vii) social values, viii) culture and food traditions, ix) responsible governance, and x) circular economy (Barrios et al., 2020). Intercropping and crop-rotations were designed to enhance diversity, prioritizing traditional/endangered cultivars that, in contrast to commercial hybrids, are genetically prone for seed-to-seed cycles. Participatory processes were promoted and the AGRis concept relied on traditional producers’ knowledge to enable co-creation and food traditions. Synergies involving actors at different scales were created, reconnecting producers and consumers through a circular economy approach that prioritizes local markets, thus supporting the local economy. To increase efficiency, the use of natural resources and the recycling of water, nutrients, and materials to minimize waste and pollution and create sustainable and user-friendly cultivation systems were promoted. Organic substrates were recycled through the creation of a composting structure in the open areas next to the complex, so that herbaceous residues after crushing and maceration could be used for low-cost and eco-friendly fertilization. Each greenhouse was dedicated to a specific purpose, selecting the species, the cultivation systems and the design accordingly. G1 was dedicated to leafy greens production (especially local cultivars) in floating raft systems, which allows lower production costs, more efficient use of water and nutrients, reducing risks of foliar diseases and high-quality production (Bilialis et al., 2009).  Plants were grown on coconut coir substrate, an environmentally friendly substrate that can be used for soilless culture as a good alternative to rockwool (Shinohara et al., 1997). G2 was implemented as a “teaching greenhouse” to host workshops and events. Cultivation systems were designed using different recycled materials such as boards, plastic boxes and bottles. Moreover, small aquaponic systems were included in G2, featuring a closed-loop aquaculture and hydroponic system, in which fish waste fertilizes the crop in exchange for bio-filtration performed by the plants and a bacterial community. The aquaponic system was conceived as a teaching tool (Konig et al., 2016). G3 was the main production greenhouse, with species chosen according to a co-participatory approach and different cultivation systems according to the species. G4 was implemented as a community garden and a social garden for low-income families, often characterized by food insecurity (Tarasku et al., 2015; Soga et al., 2017).

2.Environmental sustainability 
The environmental sustainability of the proposed design was inspired by the SDGs 13 ‘Climate Action’ and 15 ‘Life on Land’. To this end, eco-friendly technologies and design components were incorporated, as well as environmentally-responsible construction, operation, and waste management strategies that function to increase the overall environmental sustainability of the project. The design and operation of the Troisi Park greenhouse facilities emphasized resource-use efficiency (RUE) — maximizing desired outputs from the system (e.g., crop yields, social and cultural benefits, education, sustainable economic activity) while minimizing resource inputs (e.g., energy, water, fertilizers, materials) and waste streams (e.g., discarded materials, nutrient-enriched wastewater, emissions). In order to monitor all of these system dynamics, the utilization of the cloud-based farm management software AgSquared (https://www.agsquared.com/) was proposed, since it enabled to coordinate all aspects of the facility operation — crop management, maintenance activities, business sales and financial outcomes, and inventory management. Such a tool not only enables smoother operations of the Troisi Park facilities, but also provides data that can be used to benchmark the performance of the facility and inform decisions to improve its operation in the future. To minimize energy use for cooling and ventilation operation while maintaining a comfortable climate for both plants and humans inside the greenhouses, a natural ventilation system comprising motorized sidewall curtains and automatic roof vents was included in the design. Given the mild climate of the Naples area, the heating of the greenhouse facilities relies on solar gain during the day and good insulation materials to maintain sufficiently high temperatures at night. In order to offset the energy demand, bi-facial photovoltaic (PV) panels were integrated. This PV deployment strategy served a dual purpose of both generating electricity and providing some needed shading in the open-air spaces. These panels were selected for their enhanced durability and power conversion efficiency characteristics, with the ability to harvest solar irradiance for electricity from both the front and rear side of the panel (Zhao et al. , 2018). Water use in the AGRiS project was also considered. Using the growing system and production specifications outlined the Agricultural section, yearly irrigation requirements were calculated for all crops grown within each greenhouse. Moreover, a rainwater collection system was integrated into each greenhouse facility, comprising roof gutters, mechanical and biological filters, and reservoir tanks for water storage. The rainwater collected was to be utilized both for irrigation of the greenhouse crops in addition to the outdoor green spaces. To address the issue of materials and waste, the development of an inventory management system, also including an end-of-life management plans, to record and track materials used in facility construction and operation was proposed. With regard to emissions, the design and operation strategies proposed sought principally to minimize the carbon footprint associated with the materials used for facility renovation and operation. By minimizing raw materials needed for the facility renovation and maximizing the utility of existing materials, the life cycle for the facility structural components was extended and its carbon footprint reduced.

3.Design a multifunctional structure
The Design mainly targeted to tackle the four pillars of sustainability. This multifunctional approach was meant to satisfy the community needs and complement the development process in the neighborhood as a whole, by addressing its main criticalities, as the lack of parks, green areas and public facilities. Bearing in mind the SDGs (Sustainable Development Goals) and according to the community needs, a variety of functions was proposed: greenhouses G1 and G3 were dedicated to agricultural production and cultivation. The most relevant interventions in architectural terms were introduced in G2. It was devoted to Education through different activities, by offering workshops, seminars and classes for youth and children in the area and raise the awareness of the community about urban sustainability and local agriculture. In addition to this, a zone was designed to be used as a coworking space for students to work and study together. G4 was implemented to be a community garden for local citizens and low-income households to enhance their sense of belonging to the place, while the open spaces were designed and divided into two main zones: the former serving as an open market that sells local grown products and maximizes community involvement; the letter, due to its closeness to the teaching greenhouse, serving as a playground for students and children of the park’s visitors. The willingness to implement circular economy principles in the architectural design (Pomponi et al., 2017) led to choosing recycled materials and multi-purpose furniture (Figure 2).
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Figure 2. Examples of multi-purpose furniture

4. Economic feasibility
The project AGRiS dealt with the economic feasibility issue through a transdisciplinary approach by integrating different methodologies and relying on knowledge co-production through the stakeholders' involvement (Lang et al., 2012). Specifically, the process towards the economic sustainability of the project rested on the integration between: 
▪ short-term evaluation, based on a sustainability assessment, performed through a multi-criteria analysis (MCA). It aimed to provide effective support in deciding how to develop the project by defining a priority order among the different design interventions. Indeed, the need to launch the project, combined with the budget constraints (the available starting budget was 70.000,00€, then increased by 35.000€ through a crowdfunding campaign), called for an incremental approach. This approach implied that the interventions in the different greenhouses should be developed according to a specific timing, dependent on the access to funding sources. Thanks to the application of the MCA, based on a set of criteria, defined according to the project objectives, it was possible to define a priority order of interventions (Figure 3).
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Figure 3. Decision tree to support the definition of the priority order among the different interventions and Schedule of interventions, according to the order suggested by the Sustainability Assessment.

▪A long-term evaluation, based on a Discounted Cash Flow (DCF) analysis, which considered all the different costs (construction costs, capital goods costs, management costs) to be borne and the revenues generated by agricultural production and the other activities. Indeed, the grounding idea with AGRiS in economic terms was to set a self-sustainable management model, in which all the revenues from the planned activities allow to cover the necessary costs.  As a starting point for the implementation of the DCF analysis, the time horizon was set at 15 years (European Commission, 2014a) and the discount rate was set equal to 4%, representing the indicative benchmark to be used for EU Member States (European Commission, 2014b). The evaluation of the long-term sustainability of the project was based on two profitability indicators: the Net Present Value (NPV) and the Internal Rate of Return (IRR) (Manganelli, 2015). Coming into detail, the results from the analysis (NPV equal to € 114.707,60 and IRR equal to 8,17%) showed that the adopted incremental approach to the AGRiS project made it sustainable also from a financial point of view.  

5. Participatory approach and community involvement
AGRiS placed the co-creation methodology in a participatory approach as a pivotal element of the project. The research of co-creation has increased rapidly since 2000. The new co-creation paradigm pinpoints the importance of collaboration of different stakeholders in order to boost innovative solutions in products, services and processes development (Korosak et al., 2018). Indeed, a strong relationship with the different stakeholders from the 6th municipality of Naples was established. Citizens, third sector associations, schools, local producers and traders were engaged. To overcome the challenges related to the COVID-19 pandemic, the participation was implemented through a social media campaign, which included a variety of tools: i) Targeted online surveys; ii) Zoom meeting with citizens; iii) Information sheets with a request to support the project and suggestions for future collaborations; iv) Requests of short-videos to support the project; v) Creation of an app to increase participation in the project's initiatives. The community response to the survey was enthusiastic (around 750 responses). All the responses guided choices in terms of agricultural product, economic and architectural design. Through an interactive play card format, during the zoom meeting, the dimension of intervention (cultural, social, environmental, and economic) that the participants considered to be the priority were identified. Moreover, the meeting allowed an interactive exchange not only between the AGRis design group and the community members, but also between neighbors themselves, who may have few opportunities or platforms to discuss local problems together. To promote the spread of sustainable behaviors and social engagement with the AGRiS project, always following a participatory approach, a local market in the open spaces was designed. The market would give local producers the opportunity to sell their products, and proposed “sustainability tickets”, that are coupons to be purchased to help funding the AGRiS project. The value of these tickets, however, will be redeemable in food products at the market or in allotment in G4. This last point will help the crowdfunding campaign for the project implementation. 

6.Project concept and main innovations
The main concept of the AGRiS project can be summarized in a quote by Leonardo da Vinci “Simplicity is the ultimate sophistication”. Indeed, the main elements of innovation were efforts toward simplicity: i) multi-use space: the AGRiS design envisions Troisi Park as a multi-use space that serves many functions for a diverse group of stakeholders. The integration of these functions stems from the joint effort between interdisciplinary experts and the local community, in order to produce a design solution that addresses all needs effectively; ii) Financial feasibility: with the goal to enable local community members to reclaim ownership of the Troisi Park site as soon as possible, we proposed an incremental approach to the renovation project that carefully addresses its financial sustainability, which is one of the main challenges for low-profit public initiatives; iii) Respect: The AGRiS is a respectful project. It respects the environment in its efforts to limit resource waste and to re-use existing materials. It respects the Troisi Park space by proposing a transformation project in continuity with its original design. Finally, rather than using 'community involvement' as just a label, the AGRiS project respects people by placing them and their needs at the core of the design.
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