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Abstract
Agricultural food production will face important challenges in the coming decades, mainly associated with climate change and resources’ scarcity. The growing population rates and the expansion of urban areas require alternative solutions to ensure food security and social stability. In this context, the identification of innovative production techniques resilient to climate change, featuring efficient use of resources and adaptability to densely populated areas, assume considerable relevance. Urban agriculture initiatives are blooming worldwide as a response to these needs, also thanks to the evolution of building integrated technologies that allow to move from more traditional urban farming systems (e.g., community and allotment gardens) toward the colonization of the built landscape (e.g., indoor vertical farming systems and rooftop farms). However, to achieve a significant sector development, urban many farming technologies still need to be properly validated in experimental conditions, both in terms of the potential production of a wide range of crops, and in the quantification and optimization of resources use and savings. Governmental and not-governmental institutions are already starting to move toward this direction, supporting projects and research. The European project H2020 "FoodE - Food Systems in European Cities” (www.foode.eu) represents one the examples, promoting the sustainability assessment of City-Region Food Systems initiatives with a key eye on urban farming systems. The present paper elaborates on strengths and weaknesses, as well as on potentialities and risks associated with these innovative urban farming systems, toward the definition of their role on city food security in the upcoming years.

Keywords: urban farming, allotment gardens, vertical farms, rooftop agriculture, city/region food systems (CRFS)

INTRODUCTION
With the majority of the world’s population already living in cities and the urbanization trends confirming the trend will further increase over the next 30 years, cities are at the core of the climate change fight. The need to make cities more sustainable was matter of debate at the Paris Agreement in 2015, where the role of urban centres in mobilizing strong and ambitious climate actions was recognized (COP 21, 2016). The important role of cities in achieving sustainable development is also reflected in the Sustainable Development Goals (SDGs) of the United Nations (Stevens and Kanie, 2016), in particular by SDG 11 - Make cities inclusive, safe, resilient and sustainable. This SDG is mostly linked to greenhouse gas (GHG) emission reductions, focusing on the implementation of sustainable transportation systems, green buildings and the reduction of the environmental impact of cities (UN-SDG11, 2015). The urge for new planning policies to make cities more sustainable is also envisaged in the recent reports of the Intergovernmental Panel for Climate Change (IPCC), which have estimated that urban areas account for 67-76% of global energy use and 71-76% of global energy-related carbon dioxide (CO2) emissions (IPPC, 2014). Furthermore, a 2017 report from United Nations Framework Convention on Climate Change (UNFCCC, 2017), reported that 20% of the worldwide anthropogenic GHG emissions come from urban infrastructure such as buildings and transportation (of which buildings and construction account for about 70% and transportation for about 30%). In this scenario, the rapid expansion of the urban population also requires and results in massive increase of the urban infrastructure. In developing countries, the growth rate is expected to be exponential. On the other hand, in cities in North America, Europe and Oceania (that are experiencing slower rates of urbanization) it will be fundamental to reduce gaps, replacing older infrastructures. A 2016 report by McKinsey Global Institute showed that historical underinvestment and the public spending cuts adopted to face the 2008 financial crisis resulted in an infrastructure shortfall of 350 billion dollars per year, most of which concentrated in industrialized European and American countries (McKinsey Global Institute, 2016). Additional investments are then required to meet SDGs goals, directing infrastructure evolution towards low-emission options and significant mitigation potential (UNFCCC, 2017). 
In addition to climate change and urbanization trends, current food systems will also have to face the important challenge of how to satisfy the rising demand for food under a constantly decreasing productive land availability. Food crops are not only competing for land but also water, nutrients, and other resources. In this context, horizontal and vertical surfaces in the city, such as rooftops, facades, squares, and interior spaces, can host a multiple urban food production systems, taking off pressure from the agricultural land (Specht et al., 2014). Cities benefits from a range of available resources, including land, labor force, energy, water and a ready-made market for food production (Cockrall-King, 2012), making agriculture feasible for urban areas.
The need for new urban green infrastructures, as well as new sustainable solutions for food production in cities, also referred to as Urban Agriculture (UA), could effectively contribute to climate change adaptation, playing a crucial role in making cities healthier and greener (Specht et al., 2014). In this sense, UA should not be considered just as a food-related practice, but instead, as a tool for planners and practitioners to boost cities sustainable development (Roggema, 2016). Governmental and non-governmental institutions are already getting aware of the potentialities of this form of agriculture, investing on the development of research and projects. For instance, "FoodE - Food Systems in European Cities” (www.foode.eu) is a H2020 European project focused on the sustainability assessment of City-Region Food Systems initiatives to implement more resilient and sustainable cities. However, to achieve this sustainability, reducing CO2 emissions and implementing new green infrastructures, a new innovative form of architecture and urban design is required. Nowadays, it is possible to integrate food production within- and on- buildings, recycling resources and shortening the food chain, with consequent impacts on gas emissions. Hydroponic technologies, allowing plants to grow on media instead of soil, are the best option to harvest crops in high densely built-up areas where the availability of space often limits the size of the production unit (Dubbeling, 2011). Therefore, it is fundamental for urban planning strategies to consider new off-soil production systems to foster the implementation of green architectural projects while creating a new favorable market for fresh and local urban food production. 

Building-Integrated Agriculture (BIA)
The variety of UA forms can be classified in various ways, depending on its actors, purpose, land use, scale, location, property, technology, and production system (Nadal et al., 2011). UA concepts refer to the production of food crops within and around cities. It includes commercial and non-commercial activities, and covers food processing as well as other activities of food value chain (Dimitri et al., 2015). Accordingly, UA becomes a multi-dimensional concept (Bohn and Viljoen, 2011) that can deeply vary across different projects. An analysis made by Tujil et al. (2018) identified diversities among UA projects, and categorized them into several macro typologies depending on location, dimension and strategic focus (Figure 1).
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Figure 1. Broad applications of Urban and Peri-Urban Agriculture (adapted from Specht et al., 2014).

Out of all these typologies, ZFarming (or Zero-Acreage Farming) offers the best solutions to integrate agricultural activities within buildings in a highly dense urban environment, enabling to achieve intense production while minimizing the use of land. The term was introduced to describe all types of urban agriculture characterized by the non-use of farmland or open space, thereby differentiating building-related forms of UA from those in parks, gardens and urban wastelands (Specht et al., 2014). Hence, ZFarming differs from ground-based UA. More specifically, it complements ground-based UA, offering opportunities for resource-efficient synergies between buildings and farming (Thomaier et al., 2014). Implementing ZFarming models within cities requires new regulation frameworks, as well as advanced and diversified technical knowledge (e.g., on farming practices, food technologies, building engineering, marketing). The strategic objectives of ZFarming projects, as well as their peculiar characteristic of producing food without using land space, make this special subtype of UA particularly interesting for professionals involved in sustainable urban construction and planning. Architects, planners, and engineers recently developed an increasing interest in ZFarming methods to implement green buildings design, trying to connect aesthetic, functional and ecological principles (Bohn and Viljoen, 2011). The need to reduce cities’ resources consumption, create sustainable infrastructure and plan more inclusive cities, make ZFarming a powerful tool to implement new green urban designs (Lehmann, 2010). This might be particularly true for Building-Integrated Agriculture (BIA), a specific subtype of ZFarming, defined as the practice of locating off-soil greenhouse systems, such as hydroponic, aeroponic and aquaponic, on and in mixed-use buildings to exploit the synergies between the building environment and agriculture energy and nutrient flows (Specht et al., 2014). BIA is considered to be highly compatible with sustainable bioclimatic design principles (Puri et al., 2009). Nonetheless, as noted by Thomaier et al. (2014), in many cases the synergies between buildings and farming are not fully exploited. This is probably due to the fact that most BIA projects are integrated with existing buildings that are not necessarily compatible with the food-productive infrastructure. However, BIA can be a very powerful tool for the retrofitting of abandoned buildings and old industrial sites. For instance, integrating food production in abandoned sites is an opportunity to bring back to life post-modern ruins, creating new mixed-use buildings that can generate revenues and implement local living quality while also improving the urban landscape (Orsini, 2019).
Z-farming and BIA can be declined in different ways as reported in Figure 1. Among the various, the cultivation of rooftops, also defined to as Rooftop Agriculture (RA) (Orsini et al., 2017), represents an interesting solution to integrate agriculture in cities without consuming both urban land and building internal spaces that may be invested for other uses. In fact, this form of agriculture, which can be applied both as open-air gardens or rooftop greenhouses, has the characteristic to use underexploited building spaces, futhermore adding benefits to building enviroment (e.g., rooftop climatic insulation) and inhabitants (e.g., self-production, recreational space). For these reasons, this form of UA is rapidly developing worldwide, benefitting different realities (e.g., commercial farms, recreational spaces for office employees, self-production in low-income families) across the World (Appolloni et al., 2021).

Potentialities of BIA
Finding new spaces for agriculture in urban environments drove scientists and researchers to develop new technologies that can maximize yields in limited spaces. In this scenario, ZFarming and BIA experiences have raised taking advantage of vertical spaces in cities to increase urban food production. In particular, the advantages of BIA projects are not only connected to the possibility of producing food without occupying urban land, but also in the way they could implement synergies between buildings and agriculture processes (Specht et al., 2014). In this regard, the application of advanced farming systems within the constructed environment represents a new opportunity for planners, architects and engineers, taking advantage of UA technologies to implement circular flows of resources in cities. In fact, cities are the hubs where circular strategies can be experimented and implemented: here, the confluence of government actors, business and citizens “creates live innovation labs for addressing the complex challenges of linear economic models” (WEF, 2018). Furthermore, local municipalities can act faster than national governments, making it more agile for cities to move towards circular policies (Ellen MacArthur Foundation, 2015). In this sense, the transition to a circular economy requires to rethink market strategies and models that encourage the responsible consumption of natural resources, educating consumers and proposing new sustainable behaviors (WEF, 2018). For instance, at city level (WEF, 2018), circular economy can: 
create a circular supply chain, in which residual outputs from one process feed into another process; 
recover the resource value of materials in a manner that creates new value from these same materials; 
extend the work-life of a product, improve food access and ownership; 
improve the usage rates of products through shared use. 
In this context, implementing BIA is coherent with cities’ circular development goals. Closed-loop agricultural ecosystems can treat waste as a resource developing metabolic synergies between buildings and farming, recycling and reusing nearly every element of the farming process, from energy, to wastewater and nutrients (Al-Kodmany, 2018). Ideally, in closed-loop systems, everything remains in the system, leading to a zero-waste outcome (Al-Kodmany, 2018). To do so, the development of high-tech farms, from the design to the production configuration, must ensure optimal light exposure, along with the correct dosage of water and nutrient solution for plants. Closing loops in controlled environment farms would dramatically reduce the need for harmful herbicides and pesticides, fostering both food safety and environmental preservation. Current research targets the development and adapt high precision soilless farming methods in order to deploy them in diverse contexts, minimizing their environmental impact (Al-Kodmany, 2018). However, in order to maximize yields and limit the costs, farming methods and technologies should be tailored for the climatic, social and economic context in which each specific BIA project is developed. Hence, determining the scenario of intervention is crucial for minimizing waste and foster the overall sustainability of the project. 

Food production and architecture: integration strategies for contemporary BIA projects 
As previously reported, BIA takes advantage of soil-less production methods (e.g., hydroponics, aquaponics) to maximize yields on relatively small urban surfaces. Accordingly, it requires architectural structure in order to be operated. In this regard, the term Enclosure defines the characteristics of the structures that host the growing systems. The transition from soil-based agriculture to soil-less practices, requires permanent facilities that allow year-round crops, regardless of local climate. This type of production is known as Controlled Environment Agriculture (CEA) and includes two main systems: (i) greenhouses and (ii) indoor growing facilities (Figure 2).
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Figure 2. Differences between Greenhouses and Indoor Facilities.

In addition to controlling the indoor climate, CEA has the potential to dramatically reduce the risk of crop loss due to natural calamities, as well as the need for herbicides and pesticides (Proksh et al., 2019). The main difference between the two cited CEA systems is based on the interaction with the exterior contexts: 
· Greenhouse horticulture is considered a (semi-)controlled environment. Greenhouses mainly use solar energy for plant photosynthesis (Barthel et al., 2018). Passive strategies can be used to heat the greenhouses through solar radiations and to cool them down through ventilation. In more advanced systems, heating and cooling devices can be used to achieve a fully controlled environment. The main characteristic of all greenhouse typologies is the transparency of covering materials, which allow thermal exchange with the exterior climate. In this regard, the relation between the costs (heating and cooling) and benefits (solar radiation) of greenhouse production largely depends on the latitude and external climate conditions of the site (Graamans et al, 2018).
· Indoor facilities (or Plant Factories with Artificial Lighting, PFALs) are air-tight structures that do not permit any relation with the outside climate. Indoor farming is a closed production system where the enclosure is designed to maximize production density, productivity and resource use efficiency (Graamans et al, 2018). High productivity can be achieved by creating indoor climate conditions that favor plants’ growth. Thus, the use of technical devices is fundamental to uniform lighting, temperature and relative humidity (Graamans et al, 2018). In order to reach optimal indoor climate conditions, it is crucial to minimize interactions with the exterior climate. Limiting these interactions can also benefit the efficient use of energy, water and CO2 (Goto, 2012). Due to its characteristics, indoor farming is particularly suitable for BIA initiatives, as it can maximize production capacity in relatively small urban spaces, exchanging resources with the hosting buildings. Plus, PFALs offer new design solutions for the retrofitting of abandoned buildings, possibly creating new job opportunities (Appolloni et al, 2019). 
The different type of enclosure of greenhouses and PFALs lead to different design approaches that highly influence how the production methods are integrated in the architectural environment of BIA projects. In a recent research analyzing 25 BIA case studies (D’Ostuni et al., 2022), several different approaches of integrating agriculture within architectural buildings emerged, ranging from low-tech systems, such as growing containers, to high-tech systems such as rooftop greenhouses, vertical facades and various types of indoor growing facilities. Each system has its way to implement the overall sustainability of the building, from mitigating roofs heat absorption, to adding extra green insulating layers to existing facades. In particular, high-tech greenhouses and PFALs are the most used systems in BIA, as they present the great advantage of maximizing production yields, making them more suitable for the integration in mixed-use buildings. Furthermore, they allow to host multiple functions in the buildings other than food production only. In this regard, it was noted how rooftops and south facing facades were the most commonly used spaces for active building integration with high-tech greenhouses. In most cases (e.g., the ICTA building in Barcelona, Spain; the Oberhausen office in Oberhausen, Germany; the Utrecht Greenhouse Restaurant in Utrecht, Netherlands) these greenhouses operated resource efficient methods, using closed hydroponic systems, recovering rainwater and exchanging heat with the host building. Indeed, the heat absorbed by the building and transferred to the greenhouse is an efficient way to lower the production’s energy demand, resulting in a win-win symbiotic relationship between the two systems. On the other hand, integrated greenhouses can also improve the environmental performances of the host buildings, providing additional insulation, cooling horizontal and vertical surfaces directly exposed to sun radiation and extracting exhaust air from the building using it to create more favorable condition for plants to grow. While integrating high-tech greenhouses in architectural projects their orientation must be taken into account, maximizing exposure to solar radiations, PFALs rely exclusively on artificial light for plant production, opening a new world of possibilities for their integration in buildings. As reported by Graamans et al. (2018) PFALs are better suited to extreme climates, where temperature swings are a larger concern than lighting (Graamans et al. 2018). Nonetheless, the constant research developments on the topic, make it suitable for the integration of this typology into the darkest spaces of buildings (e.g., basements and cellars), creating new design opportunities. It is possible to develop three main concepts of greenhouse horticulture integration in buildings and urban environments, as well as three concepts for indoor farming integrations as reported in Figure 3. 
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Figure 3. Agricultural integration in buildings. Greenhouse facilities in private/public open spaces (a), sun-exposed facades (b) and private rooftops (c). Indoor farming integration in building’s common hallways (d), shaded facades (e) and private inner spaces (f).

Strengths and weaknesses
Cities are focal points of climate change fight and sustainable development of urban areas is a priority in most industrialized countries. In this context, BIA can provide planners and architects with new solutions to implement green architecture and green infrastructure while providing cities with fresh produce. Understanding advantages and limitations of building-integrated agriculture is crucial to develop smart solutions, enhancing the synergies between buildings and food systems. In this regard, social, educational and economic goals as well as environmental and food production goals must be taken into consideration when approaching BIA as they might be the key for the success of initiatives, involving all three spheres of sustainability (social, environmental and economic). For instance, defining the environmental aspects of these projects is crucial for architects and engineers to justify the integration of food production systems within their design. ZFarming and BIA can therefore be a source of inspiration for the development of green buildings, both in renovation or new construction projects (Specht et al., 2014). Nonetheless, the use of advanced indoor and hydroponic technologies must be approached carefully and the cooperation with other practitioners like agronomists and engineers is fundamental to fully integrate the food spaces within the building structure.

1. Food Security and Health.
UA projects are often linked to several health benefits (Table 1), such as enhancement of physical activities while gardening or improved access to food in urban areas. Nonetheless, ground-based UA can present some hazards if not traded carefully: the proximity of industrial plants, dump sites and traffic areas may contaminate the plants or the soils; water can be poisoned by heavy metals and contaminations could be fatal to plants and dangerous for humans’ health (Santo et al., 2016). Furthermore, in densely populated urban areas, the risk of food-borne diseases throughout the population is high (Specht et al., 2014). In the case of soil-based ZFarming, risks of food contamination connected to air pollution are to be seriously considered. In this regard, rooftop greenhouses and PFALs may dramatically reduce the risks of pollution and food pathogens, being the production carried on in a controlled environment physically distant from main pollution sources. Indoor production is said to reduce the use of pesticides and herbicides (Graff, 2019) improving food quality and people’s health. The use of soilless technologies in BIA (e.g., hydroponic or aquaponics) can also guarantee higher yields than conventional soil-based agriculture, being 5 to 7 times more productive (Sauerborn, 2011). Whilst this may be an advantage, limitations concerning indoor production are related to the use of advanced technologies, which may require technical backgrounds, limiting the access to the production of a great part of the local community. On the other hand, a controlled environment can be very fragile, and risks of plant diseases due to human cross-contamination can increase with multiple people working or visiting the production spaces (Specht et al, 2014). In conclusion, BIA practices might guarantee safer food, being distant from the main roads and detached from the ground. Moreover, advanced production can guarantee higher yields and reduce the risks of food-borne diseases. Nonetheless, the application of advanced technologies and the relatively small productive spaces represent a limitation in the involvement of a large part of the local community, as well as a limitation for several crops (e.g., cereals, root vegetables and fruit trees) to be produced (Specht et al, 2014). Hence, it is important to bear in mind that UA and BIA could rarely supply citizens with all the food they need (Specht et al., 2014), therefore keeping the supply of food from rural areas of fundamental importance. Nonetheless, they can provide access to healthy fresh food in “food desert” areas (Santo et al., 2017) in which the lack of food markets, groceries and retails represents a limit to food security both in the northern and the southern hemisphere (Table 1).

	Table 1. The food security and health dimension of Building Integrated Agriculture (BIA).

	Advantages
	Limitations

	Lower risks of food-borne disease and soil contamination (Specht et al, 2014).
May reduce “food deserts” in developed countries, while providing more accessible food in developing regions of the world (Thomaier et al., 2014)
Increased yields and greater access to fresh food within the larger community (Santo et al., 2017).
Address the issues of transparency, fairness and equality in food production, bringing closer consumers and producers (Thomaier et al., 2014).
May improve fruits and vegetables, consumption, or willingness to try fruits and vegetables, raising awareness on healthy diets (O’Brien et al., 2009).
Controlled production environments with improved air filtration and steady humidity and temperature have downstream health benefits on other building’s residents (Santo et al., 2017).
	In soil-based rooftop farming, air pollution might endanger the crops and people’s health (Specht et al, 2014; Thomaier et al., 2014).
Food-borne diseases might affect plants due to the cross contamination with multiple actors involved in the production (Specht et al, 2014).
Advanced technologies limit the access to food production to parts of the local community (Thomaier et al., 2014).



2. Social Dimension.
Most of the advantages connected to the social dimension of urban food production are connected to the possibility of educating people on healthier diets and sustainable food production while giving them new job opportunities and meeting places. Education is a powerful tool to boost social inclusion, especially in mixed-income and multicultural western cities. In this context, BIA has a huge potential in providing learning and educational facilities inside urban areas (Specht et al., 2014), connecting production sites with multifunctional buildings. For instance, placing rooftop greenhouses on top of schools represents a powerful hands-on learning tool to teach children the pillars of sustainable food production. The synergy between schools and rooftop greenhouses, used as an extension of the teaching spaces, provides new opportunities for practical learning (Blyth, 2006). 
ZFarming initiatives can also implement forms of self-made agriculture for personal use, contributing to reduce “food deserts” (Santo et al., 2016). Nonetheless, BIA practices often require high-budget investments and may produce high-value crops that are not affordable by the low-income population (Ackerman, 2011). Moreover, the high investments required and the consequent high value of the crops may push investors to implement BIA projects in those areas of the city where wealth is more concentrated, increasing the gap between wealthy areas and low-income neighborhoods in the same city (Jürkenbeck and Heumann, 2019). Hence, whilst PFALs may allow for implementing diffuse systems of urban food production throughout the city, their costs may result in exclusive initiatives rather than inclusive ones. On top of that, it is easy to encounter a form of skepticism towards new advanced high-tech production methods (Specht et al., 2014), as European consumers seems to prefer organic agriculture and soil-based UA rather than hydroponically grown food (Jürkenbeck and Heumann, 2019) (Table 2).

	Table 2. The social dimension of Building Integrated Agriculture (BIA).

	Advantages
	Limitations

	Foster opportunities for social inclusion, bringing people together and creating spaces to meet (Specht et al, 2014; Thomaier et al., 2014).
Raise awareness on health-related topics such as sustainable food production and healthy diets (Specht et al, 2014; Santo et al., 2017).
Promote education for young people and low-income citizen opening to them new job-opportunities in the urban agro-industry (Santo et al., 2017).
Foster education for young and children, teaching sustainable life-styles and respect for the environment (Santo et al., 2017) (Blyth and Menagh, 2006).
	High initial costs may limit investments in low-income neighborhood, increasing the gap between wealthy and poor areas of the city (Specht et al, 2014; Santo et al., 2017). 
High-value crops may not be accessible for low income population, failing to achieve food security in food deserts (Specht et al, 2014). 
Advanced technology requires an existing know-how, limiting job opportunities to non-educated people (Specht et al, 2014; Santo et al., 2017).
Forms of skepticism regarding hydroponics may discourage entrepreneur in investing on ZFarming (Specht et al, 2014). 



3. Economic Dimension. 
Bringing food production within the city boundaries has been considered an important asset to regenerate distressed areas, increase proprieties value and encourage further investments (Santo et al., 2016) (Table 3). 

	Table 3. The economic dimension of Building Integrated Agriculture (BIA).

	Advantages
	Limitations

	Attract investments for the redevelopment of distressed urban areas (Specht et al, 2014; Thomaier et al., 2014; Santo et al., 2016).
Off-soil intensive production can generate high revenues, creating new job opportunities in the field of food production and other related activities (Thomaier et al., 2014; Santo et al., 2016).
Integrating food in buildings may improve sustainable design, attracting investments from real estate developers (Thomaier et al., 2014; Santo et al., 2016).
	Investments in distressed urban areas might increase land value, marginalizing low-income citizens (Hoover, 2016; Santo et al., 2016).
High initial costs might be unbearable for small entrepreneurs and start-ups that will be immediately cut out of the market (Specht et al, 2014).
For commercial oriented ZFarming projects, the high operational costs might be an obstacle to maintain long-term revenues (Mok et al., 2014; Santo et al., 2016).
Financing sources are vital to start ZFarming projects, thus their realization highly depends on external investors (Specht et al, 2014; Thomaier et al., 2014; Santo et al., 2016).
Profitability of ZFarming cannot be guaranteed only by food production only (Santo et al., 2016).


When talking about BIA initiatives, financing plays a key role in transforming projects from ideas into reality. The high cost of buildings retrofitting, combined with the high costs of technological installations and possible structural consolidation, prevent many operations from being realized (Specht et al., 2014). Furthermore, food production might compete with other building’s functions: in the case of PFALs, it could be more valuable to regenerate buildings for housing or commercial purposes rather than for food activities. At the same time, rooftops can be used to install solar panels, receiving financial aids from local municipalities (Santo et al., 2016). In this scenario, young entrepreneurs and small start-ups might be discouraged to carry on ZFarming and BIA projects. Nonetheless, UA projects have a great potential to attract capital (Santo et al., 2014). Real estate developers are growing fond of the idea of improving the sustainable design with the integration of food production practices (Thomaier et al., 2014), sharing the cost of co-financing with new urban farmers. Transforming abandoned buildings into indoor farming is also catching the attention of developers and municipalities (Thomaier et al., 2014). Renovating the urban heritage and forsaken industrial architecture is, in fact, a successful sustainable planning strategy (Kamari et al., 2017). Nonetheless, the high costs of some ZFarming projects and the increased value of properties and land connected to these investments may cause the displacement of disadvantaged categories in low-income areas, marginalizing and pushing them out of their “land” (Hoover, 2013) (Table 3). In conclusion, many aspects of the Economic Dimensions are connected to the social aspects of BIA initiatives. Indoor farming and hydroponics, which allow high yields and may improve food sustainability, have the potential to create high revenues. To achieve this, new financing sources and adequate planning are required in order not to exclude low-income parts of the population from these initiatives and invest in educational and social spaces to make ZFarming more inclusive. 

4. Environmental Dimension.
Urban Agriculture has been promoted as part of the transition towards a more environmentally sustainable food system (Santo et al., 2016). Applications of UA are also considered to have a great potential in favoring the transition towards lower-carbon cities, making them more resilient against food shortages in case of future economic or pandemic crises (Barthel et al., 2013). Further environmental benefits of UA are addressed to resolve climate change issues, enhancing resource-saving and resource efficiency (Specht et al., 2014). In this regard, BIA projects are strategic in the development of green buildings, recycling resources and reducing food transport emissions. Eco-effective architecture design can be influenced by integrated agriculture systems, exploiting the synergies between buildings and food production spaces. For instance, water recycling and grey-water usage in BIA can dramatically reduce water consumption in urban food production (Caplow, 2009). Rooftop gardens, and especially rooftop greenhouses may work as an additional insulation layer, with the double potential of (i) avoiding heat loss and (ii) cumulating heat that can be exchanged with the building (Specht et a., 2014). Integrating gardens and greenhouses on walls and rooftops can also contribute to reducing the urban heat-island effect thanks to plants' transpiration, contemporarily adding new food and green spaces in highly dense urban areas (Santo et al., 2016) (Table 4). It emerges that ZFarming and BIA projects might be a viable solution to mitigate climate change and help planners and architects in developing more sustainable cities. Nonetheless, combining the application of advanced resource-recycling technologies with food production systems requires high investments and it may be difficult to apply in case of retrofitting projects. The building-integrated energy use and food production issues are the most crucial to be solved. In this regard, planners, engineers, architects, agronomists and all the other practitioners involved in the development of BIA projects must work together to overcome those issues. Implementing resource efficiency is crucial to enhancing the sustainability of BIA projects. Soil-less agriculture and indoor production are, in-fact, resource-intensive operations that may increase GHG emissions and water usage in urban settlements (Sanyé-Mengual, 2015), in particular, PFALs are highly energy consuming compared to solar-powered greenhouses. However, if appropriate crops and methods are chosen, BIA projects have the potential to dramatically reduce GHG emissions compared to industrial ground-based agriculture (Kulak et al., 2013) (Table 4).

	Table 4. The environmental dimension of Building Integrated Agriculture (BIA).

	Advantages
	Limitations

	Shortening the food chain with potential reduction of GHG associated with food transportation (Specht et al, 2014; Santo et al., 2016).
Provision of new design strategies and tool for the development of green buildings, fostering synergies between buildings and food systems (Specht et al, 2014; Thomaier et al., 2014).
Reduction of the urban-heat island thanks to plants transpiration (O’Brien et al., 2009; Wolf and Robbins, 2015).
High potential for water recycling in closed off-soil systems. Possible integration of grey and rain water to reduce to almost zero water inputs for food production (Specht et al, 2014; Sanyé-Mengual, 2015; Santo et al., 2016).
Implementation of buildings’ energy efficiency in cooling and heating processes, exchanging resources (Specht et al, 2014; Thomaier et al., 2014; Santo et al., 2016).
	Transport foot-print is just a small percentage of current food system footprint. Reducing the food-mile might not result in actual gain in terms of GHG emissions (Weber and Matthews, 2008; Specht et al, 2014; Santo et al., 2016).
Small-scale fragmented ZFarming projects might not be efficient in terms of resource consumption (Santo et al., 2016).
Intensive indoor farming and soilless systems require high energy inputs to operate. Appropriate crops and methods must be chosen to avoid an increase in GHG emissions for advanced urban production (Specht et al, 2014; Sanyé-Mengual, 2015; Santo et al., 2016).



CONCLUSIONS
The new urbanization trends and the need for a sustainable transition of our contemporary food system may be the spark for the implementation of a new sustainable, environmental and people-friendly urban food system, where the agricultural production is fully integrated within the architectural landscape promoting a novel circular food economy. When an urban food system goes circular it supports more resource-efficient and regenerative agricultural practices like precision and organic farming, as well as low and high tech protected cultivations. Here, the use of all by-products and waste streams along the whole food supply chain is recirculated, making wastes and inputs collide and limiting the use and exhaustion of resources like soil, energy and fertilizers. In urban areas, circular food strategies can be connected with the built environment and the principles of circular construction, thus promoting sustainable design principles such as modular construction and the use of building materials within high value closed loops for efficient assembly and disassembly techniques. Hence, adopting circular urban horticulture in BIA projects is an opportunity to connect all the different spheres of sustainability with the urban living. In this context, BIA initiatives are the means to spread circular horticulture in cities, intended as a circular economy of food that consciously emulates natural systems of regeneration so that waste does not exist, but instead works as input for another cycle (Ellen MacArthur Foundation, 2019). Today, thanks to hydroponics, it is possible to fully integrate greenhouses and plant factories in buildings, generating new synergistic relationships between the two entities. Indeed, the target in BIA cultivation systems should always be to save resources and energy and to develop zero emission. Nonetheless, it must be taken into consideration that the degree of circularity and sustainability of BIA projects highly depends on the quality of the inputs (Sabeh, 2016) and the technical knowledge possessed by the practitioners. For instance, in hydroponic production, the quality and quantity of water flowing through the system is fundamental to determine and design the circular production system. In this scenario, designing the right treatments for all the resources recovered from the buildings is crucial to maintain a high quality production in building-integrated agriculture developments.
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