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H I G H L I G H T S

• A method for the selection of appropri-
ate schools for rooftop greenhouses
(RTG) is proposed.

• Economic, environmental, social & gov-
ernance indicators guide the selection
process.

• The MIVES model provides objective
sustainability options for student RTG
applications.

• Social & governance indicators were the
most discriminatory indicators for
school selection.
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Today, urban agriculture is one of the most widely used sustainability strategies to improve the metabolism of a
city. Schools can play an important role in the implementation of sustainability master plans, due their socio-ed-
ucational activities and their cohesive links with families; all key elements in the development of urban agricul-
ture. Thus, themain objective of this research is to develop a procedure, in compact cities, to assess the potential
installation of rooftop greenhouses (RTGs) in schools. The generation of a dynamic assessment tool capable of
identifying and prioritizing schools with a high potential for RTGs and their eventual implementation would
also represent a significant factor in the environmental, social, and nutritional education of younger generations.
Themethodologyhas four-stages (Pre-selection criteria; Selection of necessities; Sustainability analysis; and Sen-
sitivity analysis and selection of the best alternative) in which economic, environmental, social and governance
aspects all are considered. It makes use of Multi-Attribute Utility Theory and Multi-Criteria Decision Making,
through the Integrated Value Model for Sustainability Assessments and the participation of two panels of multi-
disciplinary specialists, for the preparation of a unified sustainability index that guarantees the objectivity of the
selection process. This methodology has been applied and validated in a case study of 11 schools in Barcelona
(Spain). The social perspective of the proposed methodology favored the school in the case-study with the
most staff and the largest parent-teacher association (social and governance indicators) that obtained the highest
sustainability index (S11); at a considerable distance (45%) from the worst case (S3) with fewer school staff and
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parental support. Finally, objective decisionsmay be takenwith the assistance of this appropriate, adaptable, and
reliable Multi-Criteria Decision-Making tool on the vertical integration and implementation of urban agriculture
in schools, in support of the goals of sustainable development and the circular economy.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

The environmental footprint of modern-day cities that rely heavily
on resources imported from rural areas exceeds their natural
biocapacity (Baabou et al., 2017; Doughty and Hammond, 2004;
Ewing et al., 2010; Galli et al., 2017). Metropolis consumption of re-
sources and energy is constantly increasing to maintain the lifestyle of
the residents of these urban areas, which represents a serious threat
to the environment (Girardet, 2014). The transformation of modern
‘compact cities’ into more sustainable environments requires the devel-
opment of a more circular economy where fewer resources are con-
sumed and more are reused or recycled. In 1992, Agenda 21 proposed,
within the United Nations, the compact city with mixed land uses as
an urban model for achieving sustainability (United Nations, 1992).

The adaption of vacant rooftop space is a documented strategy
among city planners in the context of sustainability strategies for cities
(Carter and Keeler, 2008; Elzeyadi et al., 2009). Rooftops have a high po-
tential for exploitation as they occupy 21% to 26% of all built-up areas
(Getter and Rowe, 2006) that can be used for the introduction of
Urban Agriculture (UA). These usages cover photovoltaic cells and rain-
water harvesting, as multifunctional rooftop strategies for increased
sustainability, energy savings and the reduction of environmental im-
pacts (Soler and Rivera, 2010).

In this sense, UA alternatives can be classified into two main groups
that include numerous additional options. A) Traditional form (mainly,
land and conventional irrigation): private gardens, community gardens,
city farms, and backyard farming. B) Technological form (soil-free
growing system, light-emitting diode - LED – lighting and others):
green walls, rooftop greenhouses, green roofs, (Nadal et al., 2015).
Both forms generate significant benefits under the three pillars of sus-
tainable development (Cohen and Reynolds, 2014). Rooftop green-
houses (RTGs), described as greenhouses built on rooftops of buildings
using soil-less culture systems to produce vegetables (Cerón-Palma et
al., 2012a; Nadal et al., 2017b, 2015; Sanyé-Mengual et al., 2015) are
specific technological examples of formsof UA.Mixed land use and roof-
top greenhouses (RTGs) in compact cities where residential density is
high, and there is limited access to such space, can provide the opportu-
nity to produce food with maximum efficiency, minimizing production
impacts and optimizing unused space (Nadal et al., 2017b). Also, the
cultivation of plants and vegetables in urban RTGs increases the supply
of nutritious vegetables and promotes food security and self-sufficiency
in highly populated areas (Nadal et al., 2017b).

In this compact citymodel, the service sector operates out of diverse
building types with a wide variety of uses (Pérez-Lombard et al., 2008).
The sector covers all public buildings and various activities, among
which: administration, education, culture, sports, housing, health, and
others (Oliver-Solà et al., 2013). School centers, dispersed throughout
the city, often have large buildings, reliable service infrastructure, are
constructed of durable materials, and their load-bearing profiles are
available (in many cases the rooftops are left unused and considered
as residual spaces).

The environmental and socio-educational aspects of schools can also
reach out beyond the students to their families and neighborhoods.
RTGs represent a viable alternative for strengthening this approach, be-
cause of several qualitative and quantitative characteristics that can lead
to good synergy in social, environmental and economic aspects
compared to other possibilities. So, transforming school rooftops to
“agro-green spaces” (spaces with potential for urban agriculture

development) can be a viable and very useful strategy that will improve
the metabolism and the circular economy of our compact cities. In this
context, a quantitative assessment of the potential installation of RTGs
in schools is provided in this research: a strategy for improving the en-
vironmental, socio-educational and economic development of a com-
pact city.

1.1. Urban agriculture opportunities in educational centers

At present, educational facilities play an important role in develop-
ing the sensitivity of students, families, and neighbors towards environ-
mental sustainability and social cohesion, through educational activities
related to food andUA (Sanjuan-Delmás et al., 2016). Scholar Agenda 21
was launched to reinforce the role of educational centers in the environ-
mental improvement of the city, increasing their level of sustainability,
including environmental education in the centers and the involvement
of children, parents and teachers in different environmental issues
(United Nations, 1992). Specifically, the Green Schools Program is a pri-
ority action included in Agenda 21 for the reorientation of education to-
wards sustainable development applied throughout the world, through
environment-related work plans integrated in their curricula
(Somwaru, 2016; United Nations, 1992).

In addition to the social values that schools can foster, educational
buildings in the compact citieswithin Catalonia and along itsMediterra-
nean coastline present compatible structural-architectural characteris-
tics for the development of the UA in the form of RTGs: a) schools
have prime locations within compact neighborhoods; b) educational
buildings often have oversized roof structures such as reinforced con-
crete slabs that can withstand the minimum loads for the installation
of an RTG, among other possible applications (Al-Otaibi et al., 2015);
c) schools often have large percentages of roof space (relatively large
unoccupied rooftops) (Al-Otaibi et al., 2015), which means they are a
type of building with high potential for the installation of an RTG; and,
d) school centers usually have kitchens and dining rooms where prod-
ucts from the RTG, if not sold outside, could be prepared and consumed.
Schools could therefore be places with a closed UA cycle.

All this implies that schools with RTGs have a high potential for sus-
tainable and agro-green development. Compared to other alternatives
such as photovoltaic panels and rainwater harvesting, RTGs have fur-
ther social benefits such as the promotion of social cohesion, sover-
eignty, and food security. Specifically, their installation would bring
numerous benefits. Direct benefits, with support for the creation of
jobs and the local economy; promotion of environmental and nutrition
education and sensitization; and improvements to health and quality of
life, upgrading abandoned tops and strengthening city security; among
others (Cerón-Palma et al., 2012b; Sanyé-Mengual et al., 2013). Indirect
ones, through the efficient use of resources, such as reducing food pack-
aging and transportation distances for fresh food. It is important to note
that some urban schools in Europe use a high percentage of their own
roofs spaces as playgrounds, in densely built environments, which
pose a limitation for this new application (Pons Valladares, 2009).

UA is increasingly investigated, with special emphasis on demon-
strating the benefits that it can bring to the urban population. However,
studies that focus on the implementation of UA in the form of RTGs are
limited, all the more so when studying UA in educational service build-
ings. In this paper, a study is presented of the integration of RTGs con-
structed over a specific period in various educational centers in
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