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Barriers and Opportunities Regarding the

Implementation of Rooftop Eco.Greenhouses (RTEG)

in Mediterranean Cities of Europe

Ileana Cerón-Palma, Esther Sanyé-Mengual, Jordi Oliver-Solà,
Juan-Ignacio Montero, and Joan Rieradevall

ABSTRACT Today 50 percent of the world’s population lives in cities. This entails an exces-
sive exploitation of natural resources, an increase in pollution, and an increase in the
demand for food. One way of reducing the ecological footprint of cities is to introduce agri-
cultural activities to them. In the current food and agriculture model, the fragmentation of
the city and the countryside means energy use, CO2 emissions from transport, and large-
scale marketing requirements. Rooftop Eco.Greenhouses (RTEG) consist of a greenhouse
connected to a building in terms of energy, water, and CO2 flows; it is a new model for
a sustainable production, an eco-innovative concept for producing high quality vegetables
and improving the sustainability of buildings in cities. The main objective of this study is
to examine the barriers and opportunities regarding the implementation of RTEG in Med-
iterranean cities in Europe. The work method consisted of discussion seminars involving
an interdisciplinary group of experts in the area of agronomy, architecture, engineering,
environmental sciences, industrial ecology, and other related disciplines. The barriers
and opportunities of RTEG take into account social, economic, environmental, and tech-
nological aspects and were determined and analyzed according to three scenarios of
implementation: residential buildings, educational or cultural buildings, and industrial
buildings. We would highlight the interconnection of the building and the greenhouse
as an opportunity of RTEG, making use of water, energy, and CO2 flows between both,
as well as the decrease in food transportation requirements. The methodology applied to
the study was positive due to the interdisciplinary participation of experts which facilitated
a global vision of the implementation of the project.

KEYWORDS Greenhouses; Food Self-sufficiency; Eco-cities; Urban Agriculture

Introduction

In recent years, cities have increased pressure on local and global natural ecosys-
tems, a result of an increase in the urban population, the expansion of urban land,
the exploitation of natural resources, the increase in the demand for food, water,
and energy flows, as well as an increase in the pollution of the atmosphere and
water (Lee, 2008).
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The world’s cities are directly or indirectly responsible for 75 percent of global
energy consumption and 80 percent of greenhouse gas (GHG) emissions (Ash
et al., 2008). The urban population is projected to be roughly 60 percent of the
total world population by 2030 (United Nations, 2008), while global primary
energy demand and related GHG emissions are predicted to increase 40 percent
relative to the 2007 reference values (IEA, 2009). With these data, the incorporation
of sustainability criteria in this process of urban growth will be one of the main
challenges of the twenty-first century (Alberti, 2008).

The sustainable urban model for the future should facilitate the exchanges of
flows between cities, the natural environment, and urban subsystems from an
industrial ecology perspective. In order to improve urban systems, analysis
and quantification data are required of the inflows of energy, water, materials,
natural resources, and the outflows of emissions from the urban system
(Saheley et al., 2003). The most common city model has linear ingoing and out-
going flows, characterized by imported resources and exporting emissions
without closing cycles (Wadel et al., 2010). Currently, the flow of food to cities
follows a linear model, causing a high consumption of energy resources and
the generation of waste and CO2 emissions per food unit (kg) throughout its
life cycle (EEA, 2010). At the same time, cities use over two-thirds of the
world’s energy production and account for more than 80 percent of global green-
house gas (GHG) emissions (IEA, 2008). Figure 1 shows the flows of resources
and emissions as well as the fragmentation and disconnection of cities from
rural areas.

The growth and concentration of the population in cities are associated with
the increase in commercialization on a global scale, the exploitation of new lands
for agricultural use, and as a result, the loss of biodiversity (Winston, 2010).
According to the Food and Agriculture Organization of the United Nations
(FAO), over the next 30 years, many of the environmental problems associated
with agriculture will remain serious, such as the loss of biodiversity caused by
the expansion and intensification of agriculture in developed countries (FAO,
2010).

Figure 1: Linear flow system in urban and agricultural systems.
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Food Production Initiatives in Cities

Apart from agriculture in rural areas, there is an incipient development of agricul-
ture in urban and peri-urban areas that is incorporated into urban economic and
ecological urban systems (Viljoen et al., 2005). Community gardens, school
gardens, urban farms, among others, are some forms urban agriculture is taking
(Grewal and Grewal, 2012). Incorporating agriculture into urban lands and build-
ings can optimize urban space.

Initiatives to Incorporate Food into Urban and Peri-Urban Lands

Initiatives to introduce agriculture into urban lands exist in countries around the
world. Cities in Latin American countries such as Brazil, Colombia, and Peru,
have used urban agriculture to alleviate urban poverty and improve food security
at the local level (Dávila, 2006). In Vietnam, geographical research has been carried
out about increasing the surface area of urban agriculture in order to satisfy the
population’s food needs (Thapa and Murayama, 2008). In Africa, various studies
have demonstrated the need to increase the production of vegetables in the
future because of urban growth, and the idea of incorporating urban agriculture
to be managed by communities themselves is being considered (Parrot et al., 2008).

In Europe, various projects in new neighborhoods and restoration projects in
existing neighborhoods have incorporated food production and flow synergy
techniques, based on the conviction that incorporating agriculture into urban
spaces would provide the area with fresh produce and promote sociability
among the community of neighbors; an example of this strategy is the community
gardens in East London (Sustain, 2012). Farreny et al. (2011) carried out an inter-
disciplinary study of concepts for a sustainable district in Barcelona, Spain, and
Jansma et al. (2010) did the same thing for the city of Almere in The Netherlands.
Catalonia in northeast Spain offers an example of land protected from develop-
ment by the creation of agricultural parks—some of which are planned and
others are already in operation. These include the Agricultural Park of Llobregat,
in operation since 1998, the Agricultural Park of Sabadell, and the Rural Space of
Gallecs, among others (Ruralcat, 2009).

Initiatives to Incorporate Food into Buildings

Currently, actions to promote introducing food into buildings are being
implemented by different strategies. Rooftop farming is the practice of cultivating
food on the rooftops of buildings, and this is done in roof gardens (RG) and
rooftop greenhouses (RTG).

The RG is sometimes confused with the term “green roof,” but a green roof
requires a complicated multi-layer structure to support it and usually covers a
large area. RG is an area that is generally used for the recreation of a building’s resi-
dents and is available for local food production (Ong, 2003). Examples of buildings
with a roof garden are Trent University in Ontario, Canada; Chicago City Hall
(Schwartz, 2009), and Changi General Hospital in Singapore (Wilson, 2005).

RTGs have as their objective more intensive production than rooftop gardens
(Puri and Caplow, 2009). In New York, greenhouses were built in two educational
centers—Eleanor Roosevelt School and New York Harbor School—to provide stu-
dents with information and practical training about sustainability, the environment,

Implementation of Rooftop Eco.Greenhouses in Mediterranean Cities 3
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food production, and nutrition in cities (BFS, 2009). Similar efforts have been
made in the European Union (EU) to integrate greenhouses and buildings with
the construction of façade and/or rooftop greenhouses. For instance, the second
prototype of the Watergy project funded by the EU and consisted of the experimen-
tal assembly of a greenhouse on the facade of a building constructed in Berlin,
Germany with the aim of reducing energy consumption in Northern European
cities (Zaragoza et al., 2007).

Vertical Farming (VF) is other initiative and the concept refers to skyscrapers
used to produce food within the skyscrapers (Despommier, 2010). Despommier
(2008) defined the VF technique as a future model of agricultural production in
cities using hydroponic cultivation systems. One obstacle to the implementation
of VF is the limited availability of sunlight for vegetable production on multiple
layers, besides the major investment needed to construct and integrate technol-
ogies in the case of new buildings exclusively designed for producing food.

There has been some research on how RG produces energy savings in build-
ings. Ekaterini and Dimitris (1998) found that, from the total solar radiation on the
rooftop with a garden, 27 percent was reflected, 60 percent was absorbed by plants
and soil, and 13 percent was transferred into the building. The effect of RG on
reducing the energy consumption of commercial buildings was measured to be
up to 14.5 percent in Singapore (Wong et al., 2003). In the case of VF, the projects
are still at the design level and currently no demonstrative prototype is available.
There are demonstrative and operational models for RTG, but there is no quanti-
fication data regarding energy savings in the buildings where they are used.

Initiatives for Developing Greenhouse Technology in Cities

New technical developments in horticulture aim at achieving a zero-environ-
mental-impact greenhouse (Montero et al., 2008). This is particularly important
in urban environments, where emissions from greenhouse production must be
strongly minimized if food production is to be compatible with urban living.

The closed or semi-closed greenhouse concept is a less-input, low-emission
greenhouse production system that reduces energy for heating and recycles the
drainage water from irrigated crops (Montero et al., 2009) so it is a suitable
concept for urban food production.

Some closed greenhouse technologies have been implemented and researched
in urban greenhouses. For example, a solar desalination system by the Seawater
greenhouse was implemented in United Arab Emirates in 2000 (Seawater, 2000).
This system is primarily focused on water efficiency and proposes produced
fresh water for irrigation by evapo/condensation, using only seawater and sunlight
(Davies and Paton, 2005). The advantages of CO2 accumulation and non-chemical
pest control could not be provided.

A new humid air solar collected is proposed in the Watergy project financed
by the European Union (Buchholz et al., 2004). The first experimental prototype of
greenhouse focuses mainly on reduced energy and water consumption in
Southern European greenhouses; it allows 85 percent recycling of irrigation
water. (Buchholz et al., 2008). The collector is formed by a greenhouse connected
with a solar chimney, inside of which a cooling duct contains an air-to-water heat
exchanger connected to a heat accumulator (Zaragoza et al., 2007). Economically
the system was not viable because of the high costs of heat exchangers.

4 Journal of Urban Technology
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The GeslotenKas system, developed by Innogrow Company, is a closed
greenhouse system for increased horticultural production, using CO2 accumu-
lation. It is designed to collect and store energy from the sun without releasing
it into the environment. The climate control system is mainly focused on
primary energy (heat pump) and this is a disadvantage because it uses fossil
fuels (Opdam et al., 2005) The first commercial-scale Innogrow system was built
in Holland in 2004 on 5.4 ha. This greenhouse, occupying 27 percent of the pro-
duction area resulted in 36 percent energy savings in the first year of operation
(Timmenga, 2009).

In Sweden, the Plantagon company developed a vertical greenhouse, the
Plantagon Greenhouse. It is a spiral-shaped transport mechanism that moves
soil-filled planting boxes upward. With the boxes resting on a pair of rails that
corkscrew through the entire volume of the structure, a third rail carries a
device that continuously cycles from the top of the spiral to the bottom,
nudging each box a few centimeters upward. When they reach the top, the
mature plants are pushed out onto the harvest platform, and new boxes of soil
and seed are pulled in at the bottom. (Plantagon, 2011). This system requires
large economic investments in construction and technology.

A plant factory is another initiative in which all the environmental elements
are artificially controlled. There are three types of plant factories, one with com-
plete artificial lighting in a totally-enclosed environment, another with combined
use of solar and artificial lighting, and a third with solar lighting alone (Yano
Research Institute, 2011). This initiative was designed to decrease costs and intro-
duce special varieties of plants. A Closed Transplant Production System (CTPS) at
Chiba University is a materially-closed system for producing a maximum number
of high-quality transplants, with a minimum use of resources and a minimum
emission of environmental pollutants and heat (Chun and Kozai, 2001). The
CTPS is a warehouse-like structure covered with opaque thermal insulators.
Further research in needed in this system to elaborate the utilization efficiencies
of light and water of the CTPS, in comparison with those in the greenhouse and
the fields (Kozai, 2006).

Justification and Objectives of the Study

In Barcelona, a number of studies have identified a surface area of 95 ha of roofs on
private and public buildings in the city with the potential for green and farming
use (BCN Ecologia, 2010). If considering that in the city, buildings are one of the
priority areas for reducing energy consumption for the European Union, since
40 percent of the total consumption corresponds to this sector (European Parlia-
ment and Council, 2010); then establishing new synergies seems to be an advan-
tageous way to make cities more sustainable and self-sufficient.

RTG and VF are strategies that propose the integration of food production
into buildings; however, these strategies are in an emerging stage of research
and development. In Mediterranean cities in Europe there is another concept,
“greenhouse-buildings” that we have called Rooftop Eco.Greenhouses (RTEG).
RTEGs are greenhouses interconnected with buildings in terms of energy, residual
heat, water, and CO2.

The aim of this study is to examine the barriers and social, economic, environ-
mental, and technological opportunities regarding the implementation of this new
interconnection concept called RTEG in Mediterranean cities in Europe.

Implementation of Rooftop Eco.Greenhouses in Mediterranean Cities 5
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Definition of the Study System

Conceptualization: RTEG is presented as an eco-innovative system that incorpor-
ates agriculture into the rooftops of buildings in the city from an industrial ecology
perspective, as a new approach to sustainable food production in urban settings.
It is defined by three main aspects: (1) the eco-innovation represented by the green-
house-building incorporation as a model for producing food and as a new option
of occupying territory for agriculture, using a rooftop; (2) the eco-design of the
greenhouse with the criteria of low environmental impact and energy efficiency;
(3) the incorporation of the concept of symbiosis and industrial ecology into the
exploitation of flows. Figure 2 presents the conceptualization of the project.

Future research will attempt to determine whether food produced in rooftop
greenhouses that share energy, water, and CO2 flows in a common metabolism
with a connecting building can generate significant economic, environmental,
and social benefits.

Type of Greenhouse and Growing System: In this study, the setting for the RTEG
was the Mediterranean city of Barcelona, Spain. The RTEG system examined
had a Mediterranean design, which means that the greenhouse weight was
approximately 7.7 kg/m2 (Euphoros, 2009) and was a relatively light structure
adapted to the mild climatic conditions of the Mediterranean. It was designed to
withstand the wind more than the snow. Mediterranean greenhouses are usually
a plastic film rooftop with a large surface area of windows to eliminate excess
heat. In some cases, they have heating systems, although in the Southern Mediter-
ranean, heating is not usually essential. It is a predominantly passive greenhouse,
meaning that it has low energy consumption and little air conditioning equipment,
since the Mediterranean climate is by nature very favorable for growing crops.

Figure 2: Conceptualization of RTEG. The illustration emphasizes the interchange of water, energy and
gas (e.g., CO2) flows between the rooftop greenhouse and the associated building.

6 Journal of Urban Technology
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Two main hydroponic systems could be used: aggregate culture, where the
plants are grown in containers of various shapes and sizes filled with inert
(perlite, pumice, rockwool) and/or organic (peat, coconut coir, etc.) substrate;
and water culture, where bare-rooted plants are cultivated in stagnant (floating
system) or flowing (nutrient film technique or NFT) nutrient solution. Aggregate
culture is generally used for growing row crops such as fruit and vegetables (e.g.,
tomatoes and strawberries), while water culture is more appropriate for leafy veg-
etables and herbs that are grown at high crop density.

For this study, tomatoes were grown. Tomatoes are the most important crop
in terms of production in the EU-27 (around 14 million tons produced per year),
particularly for Mediterranean countries; Spain is the second largest producer of
tomatoes in the EU-27, contributing 27 percent of the total European tomato pro-
duction (EUROSTAT, 2009).

Materials and Methods

The perception study of the barriers and opportunities regarding RTEG in Medi-
terranean cities in Europe was carried out through discussion seminars. An inter-
disciplinary team was set up of 15 people who specialize in agriculture,
environmental sciences, engineering, and city planning. They came from both
private companies and research institutes.

Figure 3 summarizes the areas of knowledge and the actors involved in the
study, who came from both private companies and research institutes such as
ICTA of Autonomous University of Barcelona, IRTA and companies within the
consortium “Vertical Farming S.L.”

Once the interdisciplinary team of experts had been formed, the work ses-
sions began. Figure 4 shows the methodology applied to evaluate and analyze
the study system.

Phase 1

In the first session, each of the actors introduced themselves and specified their
field of work. Then a coordinator gave (I) the spoken and visual presentation of
the RTEG study system. After the general presentation of the RTEG (II) a series

Figure 3: Areas of knowledge involved in the RTEG study.

Implementation of Rooftop Eco.Greenhouses in Mediterranean Cities 7
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of questions were drafted (see Table 1) from the first impressions of the actors
involved in these discussions.

Once the initial questions were examined, an analysis was performed
regarding the implementation of the proposed system in terms of four aspects
(III): environmental, social, economic, and technological. This analysis consisted
of determining the opportunities or positive aspects that could be exploited in
RTEG, as well as the barriers or negative situations that can affect RTEG and,
in this case, suggest strategies to overcome these in each of the aspects. Sub-
groups were formed to discuss each of these subjects in various sessions. Each
group had a sub-coordinator who was in charge of the analyses as well as of
recording the main contributions. At the end of each session, each sub-coordina-
tor gave a summary, in front of the whole meeting, of the matters discussed, con-
clusions, and actions to be taken or researched before the next session for each
group.

Phase 2

Once the barriers and opportunities regarding RTEG were defined, a specific per-
ception study (IV) was performed for different building typologies to be used for
the RTEG system. (See Table 2.)

The scenarios were chosen on the basis of the main building type in the city of
Barcelona, blocks of multi-family residential buildings (Idescat, 2009). Scenarios B
and C were defined mainly by taking into account the use and structural system.

Table 1: Work group’s initial questions.

Questions

(1) Will the economic, environmental, social, and technological aspects of agricultural systems
improve through the production of food on building rooftops?

(2) What degree of food self-sufficiency can be reached in cities?
(3) How technologically complicated is the adaptation of RTEG in existing buildings or new

buildings?
(4) How will thermal flows perform in the greenhouse-building?
(5) Will aspects of foods production and quality improve with the greenhouse-building flow synergy?

Figure 4: Methodology of work sessions regarding the perception study of the RTEG Project.

8 Journal of Urban Technology
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Phase 3

In order to bring the work sessions to an end, a final debate on the results obtained
was held, and strategies to overcome the barriers to implementing the project
were considered.

Results

This section describes the results of the qualitative evaluation obtained from the
work sessions. The results are presented in the following order: opportunities
and barriers regarding the implementation of RTEG in Mediterranean cities of
Europe; perception accords to the building typology, and strategies to overcome
the barriers to implementing RTEG.

Opportunities of RTEG

Economic Opportunities: The results indicate that for the majority of the
members of the work group, the economic opportunities of the RTEG project in
urban systems are the following: the present proposal will help to decouple the
use of resources from economic growth: the production chain will be switched
to a local scale, thus radically reducing transport needs. In addition, with local
production, the product acquires an added value since it brings the consumer
closer to the product, avoiding transport. The surface area of the building rooftops
also acquires an added value for the owner since it becomes a mixed-use space. It
is another space and, therefore, provides additional income, increasing the econ-
omic profitability of the building. Urban horticulture has very considerable poten-
tial to supply the city’s needs (at least partially); depending on the crop type,
urban greenhouses may yield from 10 to 50 kg/m2 per year of fresh fruit (toma-
toes, cucumbers, etc.) and leafy vegetables (lettuce, herbs, etc.) for fresh consump-
tion. Vegetable consumption in EU- 27 at present is around 84 kg per capita per
year (230 g/day). This means that a 1,000 m2 greenhouse could provide fresh veg-
etables to approximately 120 to 600 people. This means that a city of three million,
such as Berlin, would require approximately 1,000 ha of greenhouses that rep-
resents approximately 1 percent of the city’s area.

Lastly, the group of experts agreed that the project could reduce energy costs
by improving the energy efficiency of the building through adapting the eco-
greenhouse, as well as reducing water costs through reusing rain water and grey-
water.

Social Opportunities: Regarding opportunities in the social context, most notable
is the promotion of sociability among the community of neighbors through the

Table 2: Scenarios in which RTEG can possibly be implemented.

Questions Scenario A Scenario B Scenario C

Use Multi-family residential Education and/or cultural Industrial
Ownership Private Public Private
Location City City Industrial estate
Layout Attached blocks Between dividing walls Isolated
Structural system Concrete Concrete Light steel structure

Implementation of Rooftop Eco.Greenhouses in Mediterranean Cities 9
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creation of jobs in the case of residential buildings because tenants would be in
charge of managing this new space. In the educational context, incorporating
greenhouses into buildings would be a tool to demonstrate not only food self-
sufficiency policies, but also energy and water saving policies. In this way,
environmental education is strengthened. Also, there would be easy access to
fresher products of better quality in terms of safety, taste, and nutritional
values. This would be achieved through the hydroponic cultivation of cultivars
with better organoleptic and nutritional properties, the application of crop-
specific bio fortification strategies, and the adoption of biological control of
pests and diseases (so, no pesticides would be used).

Environmental Opportunities: The reduction of the carbon footprint of horticul-
tural products by minimizing the distance between growers and consumers (the
km 0 approach) is one of the main environmental opportunities of the RTEG
system. At present, the carbon footprint of shipping tomatoes from producers
in southern Spain to consumers in Barcelona is 166 gCO2 per kg of tomato
(Sanyé-Mengual et al., 2012). Also notable in this system would be the reduction
in the flow of water resources and fertilizers through the incorporation of hydro-
ponic systems compared to current peri-urban agriculture and the collection and
use of rain water and greywater from the building. Annual per capita water con-
sumption may exceed 90 m3 (EWA, 2010) and the proportion of greywater may
reach 80 percent of the total wastewater generated by households. Water con-
sumption of year-round greenhouse cultivation is 0.7–1.5 m3/m2, depending on
crop and site. Therefore, the irrigation water from a rooftop greenhouse operation
of 1,000 m2 can be wholly supplied by the greywater produced by fewer than 200
inhabitants. Grey water is suitable for reuse in horticulture because of its low
organic pollutant and pathogen content.

Also, greenhouse gas emissions from buildings can be decreased by fixing the
CO2 of the air coming from the ventilation systems in the greenhouse caused by
the photosynthetic activity of the crops. CO2 concentration in non-residential
buildings is normally around 2,700 ppm, making this a rich source for plant
carbon dioxide enrichment. Lastly, of the environmental opportunities, most
notable are the reduction of the building’s energy demands through the insulation
of the rooftops and the "naturalization" of the city by creating new urban green
spaces for food production.

Technological Opportunities: Regarding technological opportunities, the group of
experts highlighted the reduction of the demand for urban infrastructures that
would come with RTEGs, making cities more self-sufficient. Also, they noted
there is a growing body of information on the technologies associated with
RTEG, including information, climatic architecture, lightweight materials, and
energy control systems. Also, the European Union, in particular, has devoted con-
siderable efforts to devising strategies to integrate new technologies and “smart
city” concepts (Caragliu et al., 2011). RTEG can be part of this technology and of
eco-innovation in cities.

Barriers to Implementing RTEG

Economic Barriers: There were several barriers to implementing RTEG in Medi-
terranean cities according to the majority of the members of the work group. In the
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economic context, investors perceive a low profit margin for agricultural products,
a high investment cost as well as long-term repayment. It would also be expensive
to rehabilitate existing buildings to accommodate RTEG. Implementing this
system makes it difficult to develop other rooftop business models such as
those related to renewable energy (thermal or photovoltaic), and presents legal
difficulties when being installed on rooftops, considering the legal framework sur-
rounding greenhouses. Furthermore, it presents installation difficulties in cities
due to local regulations concerning the maximum building height, surface area,
and volume that can be built in a certain place. It can involve a high supply
cost of drinkable tap water if rain water and greywater resources are not sufficient.
In addition, drinkable water is normally not permitted by law for agricultural use.

Social Barriers: Of the social barriers, most notable is the functional incompatibil-
ity that can be created in urban buildings when an agricultural activity is mixed
with industrial and service activities. Another barrier is consumers’ lack of trust
in the quality of urban agricultural products since it is a new model of food pro-
duction, and not enough data exist about how it performs in view of the environ-
mental pollution in cities. The lack of agricultural professionals qualified in urban
systems and the possible job losses in rural areas are also considered as social bar-
riers to the implementation of RTEG.

Environmental Barriers: Of the main environmental barriers, most notable is the
reduction of surface areas available on building rooftops for other environmental
purposes such as renewable energy (photovoltaic installation, thermal solar
panels). Likewise, the impacts associated with the life cycle were also highlighted,
such as: materials, building and dismantling the greenhouse with a high environ-
mental impact. Lastly, local resources such as rain water would not be sufficient to
meet the crops’ needs, and in a semi-arid atmosphere, its contribution would be
very low.

Technological Barriers: Of the technological barriers, most notable was the com-
plexity of incorporating flows of food, energy, water, and emissions between the
greenhouse and buildings, as well as the complicated rehabilitation that would
be required in the building’s structure in order to adapt it to the excess loads gen-
erated by the greenhouse and the crops. The lack of simulation models of these
agro-architectural hybrid systems was considered to be a technological barrier.

Table 3 presents a summary of the results shown in this section.

Perception of Incorporating RTEG According to Different Urban Building
Typologies

The opportunities regarding the implementation of RTEGs on building rooftops
without specifying the activity or the typology of the building are applied to the
three study scenarios outlined in Table 2, highlighting the promotion of sociability
in scenario A and incorporation into the educational system in scenario B. Of the
implementation barriers, most notable is that concerning the rehabilitation of
existing buildings when the structure needs to be strengthened due to the extra
weight of the greenhouse. This would mainly affect scenario C due to the type
of light metal structure commonly used in this type of industrial building in
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industrial estates. Furthermore, the type of activity carried out in these scenarios
could bring about an incompatibility of uses with the production of food.
However, it could be positive in terms of the logistic aspects of food production
due to the large surface areas of these industrial estates for maneuvering as
well as the greater surface area of rooftops.

Recommendations and Observations of the Work Group Regarding Actions to
Overcome the Barriers to Implementing RTEG

As the final part of the evaluation process of the RTEG project, recommendations
and observations to facilitate the implementation were presented.

. Consider the rooftop greenhouse as part of an installation in the building (like
ventilation towers, cooling system, solar panels, etc.) so that it is not affected
by the local regulations that limit its implementation. Infrastructure and new
technology has become an integrated and necessary part of urban life, and
today’s urban dwellers use many types of technology to keep the urban environ-
ment civilized, habitable, and comfortable (Tschangho et al., 2009).

Table 3: Barriers and opportunities regarding implementing RTEGs in
Mediterranean cities.

Fields Opportunities Barriers

Economic † Reduced transport costs
† Cost savings related to energy and

water consumption
† Revaluation of unproductive space
† Innovative project attractive to

investors
† Existence of financial aid for new

products

† High cost of supporting
infrastructure

† High cost of management and
investment

† Narrow profit margin for
horticultural products

† Investor distrust of new products
† Long-term repayment
† Labor availability

Technological † Trend of self-sufficiency in cities
† Experience in greenhouses and

climatic architecture
† Minimizing consumption through

regulating or controlling energy
systems

† Technological complexity
† Complexity of adapting existing

buildings / Rehabilitation
† Building overloading
† Possible need to strengthen the

structure
† Lack of simulation models for these

agro-architectural hybrid systems
Environmental † Reducing impacts associated with

transport
† Reuse of gray water and rainwater
† Minimization of resource use in

hydroponic systems
† Carbon fixation
† Naturalization of the city
† Reduction of energy demand in the

building

† Reduction of surface area for rooftop
solar panels

† Environmental impact of the
greenhouse construction materials

Social † Development of sociability
† Value of fresh produce
† Food safety
† Integration in education system

† Incompatible uses
† Need to train qualified personnel
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. The problem of the water cycle is crucial. One constraint may be the source of
the water: rainwater alone will not be sufficient to meet crop needs, and in a
semi-arid environment its contribution will be very small. On the other hand,
drinkable water cannot be used for crop production as this is normally prohib-
ited by law and in any case the price is too high. The project will consider the use
of greywater for the greenhouse. For this, a fraction of the building’s greywater
will be treated before being used for irrigation. Research must be done on devel-
oping technology to collect rain and condensation water and, more importantly,
treating the greywater from the building and processing the drainage water
from crop irrigation.

. The energy cycle is particularly important: the greenhouse can act as a solar col-
lector during the day, providing heat for the building; at night the building’s
residual heat can help to maintain a given set-point greenhouse temperature
to favor plant growth. During warm periods, plant transpiration and roof
shading can help to reduce the heat load of the building. All of these energy
exchange processes need to be quantified and modeled. They also require
new technologies for the interchange of flows. Moreover, innovative and specific
control systems are needed to manage the greenhouse-building combination.

. In order for RTEGs to be profitable, a business model describing the types of
investments required and the benefits offered must exist, defining a new
value chain for the sustainable city of the future with less waste, emissions,
and energy consumption, and drafting a marketing plan with sales forecasts,
profits, and losses.

. The technological solutions of the project in all building typologies must present
the least environmental impact possible during the entire life cycle. Therefore,
eco-design methodologies and environmental tools such as life-cycle analysis
are recommended prior to construction in order to guarantee the use of low-
environmental impact materials and techniques.

. RTEGs must be able to operate in new buildings and existing buildings. This
means they must overcome the technological and integration barriers presented,
as well as the technical problems related to water, energy, and gas exchange.

Conclusions

This investigation presents the results of a participative experience through work
seminars with an interdisciplinary group of experts to determine the barriers and
opportunities regarding the implementation of the Rooftop Eco.Greenhouse
(RTEG) project in Mediterranean cities in Europe. RTEGs are greenhouses inter-
connected with buildings for producing high-quality vegetables and improving
the sustainability of buildings in European urban environments by integrating
buildings and food production. A goal of this project is to demonstrate that build-
ings having food produced in rooftop greenhouses can reduce energy, water, and
CO2 flows and generate significant economic, environmental, and social benefits.

The experts agreed that the reduction in the transport of foods is one of the
main opportunities of the project in favor of the environment since the energy con-
sumption and CO2 emissions were reduced in the three implementation scenarios
studied. Furthermore, RTEG would be the start of a trend of self-sufficiency in
cities. For scenario A most notable is the sociability between the community of
neighbors, as well as an environmental education tool for scenario B. One of the
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largest barriers in the three scenarios concerns local regulations regarding build-
ing the project on the rooftop. Therefore, it was suggested that the greenhouse
should be considered as another building installation. In order to overcome the
investment and long-term repayment of the project, a business model was
created that would define a new value chain for the sustainable city of the
future with less waste, emissions, energy consumption. Also drafting a marketing
plan was recommended if it included forecasts of sales, profits, and losses. For
scenario C, the complexity of strengthening the structure involves a greater invest-
ment, but at the same time the larger surface areas are in industrial zones. To mini-
mize the possible environmental impact on materials to strengthen the structure,
the use of environmental tools to quantify the impacts on stages prior to building
is advised.

The methodology applied to the study provided positive results, studying the
barriers and opportunities of the project from environmental, economic, social,
and technological points of view. The interdisciplinary character of the experts
who participated in this study provided a broad and comprehensive perspective
on the topic.
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