
 

 

VERTICAL GARDENS IN THE ARCHITECTURE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Final degree project - Course 2019-20 

Presented by:      

RUBÉN ANTONIO POLO MARTÍN 

Tutor:      

ERIK SOLÉS BRULL  

 

Barcelona, July 2020 



 

 

VERTICAL GARDENS IN THE ARCHITECTURE 

 

 

 

 

 

 

 

 

 

 

WORK PERFORMED AS PART OF  

THE REQUIREMENTS TO OPT TO 

 THE DEGREE IN ARCHITECTURE 

Presented by:      

RUBÉN ANTONIO POLO MARTÍN 

Tutor:      

ERIK SOLÉS BRULL 

Web Page:     

https://polomartinarchitec.wixsite.com/polomartinarch 

 

Barcelona, July 2020 

https://polomartinarchitec.wixsite.com/polomartinarch


 

 

 

Abstract 

 

The conceptual contributions of the work aim to recognize the different aspects that surround a 

green facade installed on a building. Today, terms such as comfort and environmental 

sustainability are widespread among the majority of the population. For this reason, the first part 

of the work delves into the qualities that vertical gardens bring from the urban and building point 

of view. 

The second objective of the work is to study the different construction systems existing in the 

market. For this purpose, a search has been carried out in the different companies with patented 

green facade systems. Likewise, to complement the explanation of the facade system, the 

construction section of an existing building that incorporates the studied green facade has been 

carried out. 

The work also comments on the importance of vegetation for Catalonia and specifically for the 

city of Barcelona. The tool used to carry out the research is the Biodiversity and Green Plan of 

Barcelona 2020 realized by the city administration. It is possible to observe the distribution of 

vegetation in the different districts of the city and compare the need for vertical gardens in each 

of them. 

In the last part of the work, an analytical methodology is followed, studying three different 

buildings with a green facade. The section shows how the facades can be related to the interior 

space of the building and how their construction influences the way architecture is experienced. 

 

Keywords: Green facade, Vertical garden, Sustainability, Comfort, Semi-outer space, 

Construction system 
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1. Introduction 

1.1 Justification 

When dealing with the subject of green walls and facades, it is possible to distinguish two different 

points of view, environmental sustainability and the shaping of a space. Architecture is, without 

a doubt, the element that unites both aspects to obtain the greatest advantages of vertical gardens. 

On the one hand, environmental measures when designing are increasingly strict. However, on 

the other hand, the designer must never abandon the search for quality in spaces. 

Today, the whole world is in an alarming situation regarding environmental sustainability. José 

Manuel Naredo rejects the power that the economic factor has acquired over the social and, above 

all, the environmental one. According to the United Nations Development Programme (UNDP), 

it is estimated that, as of 2017, human beings are responsible for the 1ºC temperature increase due 

to global warming. In other words, to limit warming to 1.5°C, global CO2 emissions should 

decrease by 45% between 2010 and 2030, and reach zero by around 2050 (United Nations, n.d.) 

On the other hand, since the beginning of industrialization, the human being has been in charge 

of exhausting the resources provided by the planet, ignoring that they are finite, carrying out a 

transformation of the environment without taking into account the consequences that this change 

has for biodiversity and even for the human being itself. Although polluting industries has been 

confronted in recent years with increasingly strict measures and restrictions, we need to look at 

the places where energy consumption continues to increase over the years. In Spain, 

approximately 50% of the total energy consumed is related to housing. For this reason, local 

policies must introduce measures to reduce the environmental impact. Luís Balairón highlights 

the importance of a recovery in the construction sector aimed at adapting buildings to improve 

energy efficiency, which could make vertical gardens a common resource. 

Within the vertical gardens it is possible to differentiate between green walls and green facades. 

At first sight both are the same, a set of plant species that rise vertically to cover the skin of a 

building. However, green walls lack the main function offered by any type of facade in a building. 

They are not capable of offering the subject a relationship between the interior and the exterior of 

the building since the wall becomes an impassable limit even for the eye. In other words, their 

architectural interest is limited to the users of the city. 
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In contrast, there are vertical garden construction systems that allow these visual limits to be 

eliminated, creating a totally different experience for the subject residing in the building. This 

typology of systems allows the creation of filters for the light, the view and even the space through 

a series of gardens. Normally, these gardens are used in double skin facades due to their lack of 

thermal insulation. 

 

1.2 Objectives 

The work aims to achieve four objectives covering different aspects of vertical gardens. Most 

people are not yet aware of the role these facades can play in the city and in buildings. For this 

reason, the first part of the work is dedicated to the functional aspects of green facades. 

When designing a green facade, it is necessary to understand what qualities you want to provide 

to the building and what aspects are most notable in each of the systems. In the second block, we 

intend to carry out an investigation of the construction systems on the current market. In order to 

better understand them, they will be explained through the drawing of constructive sections of 

existing buildings. 

Concern about the densification of cities is leading the administration to act on the problem. The 

next objective is to understand the current situation in the city of Barcelona and how vertical 

gardens can play a decisive role in public initiatives. 

Finally, the architectural value of this type of facade is taken into account. For this reason, a 

chapter will be devoted to understanding the influence of green facades on the interior and exterior 

spaces of a building. 

 

1.3 Historical context  

Today, the architect has a wide variety of techniques to project a green facade. All these systems 

come from the architecture of past times. The builders of different places in the world took 

advantage of the knowledge they had of their climates to intuitively develop their constructions 

with local materials. 

The vernacular architecture responded to the needs of the citizens, while providing certain 

aesthetic values. In much of northern Europe the use of vegetation such as grass was especially 
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developed. The builders understood that vegetation together with its substrate layer offered better 

insulation than typical buildings made of wood or stone. 

1.3.1 Early period 

Since the beginning of architecture, man has evolved, leaving a great imprint on the existing 

nature all over the planet. However, he was able to understand the great potential that vegetation 

could provide not only in the agricultural aspects, but in the creation of new microclimates that 

could surround palaces, houses and even cities. 

According to some writings, the first recorded garden was built between 605 B.C. and 562 B.C. 

It is said to be the Hanging Gardens of Babylon, of which it is said that they occupied an area of 

1600 m2 and that they rose with a system of terraces up to 90 meters high, to the top of the temple 

(Ochoa, 1999). 

However, it is not until later that the use of the garden becomes commonplace in homes. All the 

villas of the Roman period were formed by an atrium and a courtyard with vegetation as in the 

case of Pliny's Villa in Laurentum (100 BC).  

Figure 1. Turf house, Bakkagerdi. Traditional style building in 
Iceland 

Figure 2. Representation of the Gardens of Babylon 
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1.3.2 Middle Age 

The evolution of gardens in architecture suffered a hard blow after the fall of the Roman Empire. 

The life imposed by the barbarian invasions caused a stagnation in the use of vegetation. At the 

same time, however, a great deal of knowledge about the basic principles of botany was 

accumulated in the monasteries. As a result, simple gardens were obtained in terms of design but 

with great complexity in the species used and other aspects.  

1.3.3 The Renaissance 

During this time, the rediscovery of classical Roman architecture inspired the use of vegetation 

in architecture. At this time a new trend appeared that would influence later periods such as the 

Baroque, in which it was possible to include nature as an important part of the constructed 

building. 

On the other hand, French gardens like Versailles are a representative example of plant 

architecture. The garden acquires an aesthetic sense where every detail is projected on the plane. 

1.3.4 Modern and Contemporary Age 

At the beginning of the 20th century, a new term appeared, organic architecture. It is an 

architectural movement raised against the rationalism of gardens projected until this century. 

There were great architects like Frank Lloyd Wright who were attached to organic architecture. 

This type of architecture wants to prevent it from becoming an imitation of nature. Its purpose is 

to ensure that, through the form of the architecture, the materials and other aspects, the building 

is able to integrate itself into a natural environment. 

On the other hand, in 1988, the stainless-steel cable system appeared, which allowed for more 

verticality on the newer designs. At the same time, in the early 1990s, work was done on modular 

panel systems with trellises or gabions (Navarro, 2013). 

Figure 3. Waterfall house, Pennsylvania (1936 - 1938) 
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2. Characteristics of plant facade 

2.1 The green facade in the urban environment 

When a green facade is planned, it must be taken into account that the level of performance goes 

beyond the building itself. The potential that this typology acquires is capable of influencing the 

city's metabolism. It is possible to improve the level of health of the population, as green facades 

act on the effects of climate change while providing a different perception of the city. 

- Heat island effect: This phenomenon is produced by the incision of solar radiation on 

the surfaces of buildings and urban elements. The materials that form them absorb this 

energy which then returns to the city's surroundings, generating a specific increase in 

temperature. However, when incorporating the vegetation in the facades it should be 

taken into account that these organisms, when doing the photosynthesis, are capable of 

absorbing up to 35% of the light energy through their leaves. In other words, the 

difference in temperature emitted by a vertical wall of ceramic bricks and a green wall 

could reach 11.6ºC (Pérez, Coma, Sol, Cabeza, 2016). In Yanill's thesis, he explains how 

this temperature reduction provides comfort to the citizen based on the dimensions of the 

street. The streets most sensitive to this change are those with a ratio h / d> 2 (where h is 

the height of buildings and d is the width of the street). (Guzmán, 2018) 

 

 

As shown in the graphs above, considering a person's heat gains and losses in relation to 

radiation, temperature, humidity and wind throughout the day, the number of hours of 

thermal comfort in the streets with 30% of the surface covered by vertical gardens 

increases (Echave, 2007). 

 

Figure 4. Comparison of comfort hours between a normal facade and another with more than 30% volume of 
vegetation. Source: (Echave, 2007) 
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- Decreased climate change effects: The vegetation on the facade, through the 

process of photosynthesis, causes chlorophyll to capture solar energy and carbon dioxide 

(CO2). The combination of this process with the water that the plants absorb through their 

roots results in glucose and oxygen (O2) being expelled into the city's atmosphere. It is 

important to bear in mind that 1m2 of a green roof is capable of producing the amount of 

oxygen a person needs to live a whole year. 

 

- Reduction of water runoff and retention of polluting particles and dust: 

Vegetal facades can be translated as a barrier against external agents to the building. 

Pollutant particles emitted into the atmosphere by human actions can be trapped in this 

plant barrier. Daniel Lacueva explains that 1m2 of plant cover traps a quantity of 130g of 

polluting particles per year. Likewise, although it has not been studied in depth, it can be 

deduced that this type of facade, like green roofs, is capable of retaining rainwater. 

(Babylon, n.d.) 

 

- Increase in green: In dense cities like Barcelona, the creation of green walls can be a 

strategy to follow in order to introduce a green lung in the city. Elena Ruiz and Javier 

Turrillo explain in their study that the World Health Organization establishes minimum 

parameters of 10m2 of urban green in consolidated areas, and up to 15m2 / person in 

newly built areas (Ruiz, Turrillo, n.d.). 

 

- Aesthetic impact: Some studies have carried out surveys of different citizens about 

the plant facades and their aesthetics. The vast majority of people support the aesthetic 

result of this type of facade. Moreover, the visual benefit in a totally artificial city is 

undeniable. 

 

2.2 The green facade in the building 

- Erosion protection: Vegetal facades and green walls are a good ally when it comes to 

protecting the building envelope from the weather. For example, a double skin with a 

layer of vegetation is capable of containing the force of the wind towards the interior of 

a building, but also of avoiding an acceleration of the erosion of the elements of the facade 

due to the force of the rain water. 

 

- Thermal isolation: There are studies that support that, in the same way as green roofs, 

green facades and green walls are a good element to consider for thermal insulation. 

According to Gabriel Pérez, who states that between 20 and 60% of the energy consumed 
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in buildings is given by the design and construction of the building envelope. The results 

of the application of this system in a building are translated inside it as an increase in 

temperature and a lower relative humidity in winter and, conversely, a lower temperature 

and an increase in relative humidity in summer. 

With empirical data, a reduction of up to 5.6ºC can be observed during a day of high 

sunshine and 3.5ºC during summer nights and up to 21ºC in the surface temperature of 

the facade. In winter up to 30% of heat loss could be avoided with the use of perennial 

plants (Perez, Coma, Sol, Cabeza, 2011). 

Depending on the plant species included in the facade, it is necessary to take into account 

the "shadow effect" since the incidence of direct solar radiation inside the building may 

or may not vary depending on whether the species is deciduous or perennial. This effect 

can reduce the demand for air conditioning in homes by 20-30% (Guzmán, 2018). 

 

- Acoustic isolation: One of the studies that deals with the acoustics in the vegetable 

facades is that of Dr. Miguel Urrestarazu. The result was positive. Vegetal facades are 

capable of absorbing noise from the outside. However, due to the low density of the wall 

studied, the results were impaired. It is a green wall of 50 Kg/m2 as opposed to the 200 

Kg/m2 of the brick or the 280 Kg/m2 of the concrete blocks. On the other hand, it is 

necessary to take into account the construction system of the green wall since it could be 

a vibration bridge to the interior of the building (Azkorra, Pérez, Coma, Cabeza, Bures, 

Álvaro, Erkoreka, Urrustarazu, 2015). 

 

 

 

 

 

 

 

 

 

 



 

 
  8 

 

3. Types of green walls and facades 

 When making a facade of any kind, it is necessary to take into account different factors such as 

its efficiency in transmitting heat, its waterproofing and, in aesthetic terms, its external 

appearance. On the other hand, the architect must take into account the needs required by the 

building when designing a green facade. This typology of facades is based on three basic needs: 

a plant species that covers the facade, an organic environment where this species can take root 

and grow (substrate) and a structure typology that supports the plant species. 

On the basis of these three main elements, it is possible to classify these facades into different 

types that will provide some advantages or other advantages and disadvantages. For this reason, 

the architect must be aware of the existence of all the variables to ensure the best result in his 

project. 

After searching for information about green facades and walls and their construction systems, it 

has been decided to classify them according to the planting method. This can be vertical or 

horizontal, depending on the surface of the substrate where the different species will be planted. 

 

 

 

 

 

Table 1. Classification of plant facades. Source: Own elaboration 
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3.1 Horizontal planting  

The horizontal plantation is the one that is best known by the citizens. The plantation plane of the 

species is horizontal, so that, a priori, it is the most logical way to carry out a plantation. However, 

technology has offered a great variety of systems and makes this type of method increasingly 

specialized over the years. 

3.1.1 Traditional system or Adherence creeks  

As the name of this group indicates, these green facade systems arise from traditional green walls. 

The main characteristic of this type of facade is the species used. These are climbing plants or 

vines that are able to adhere to the walls of a building through the roots. 

- Classic green wall: This can be named as the clearest example of a green wall. In this 

case, climbing species attach themselves to the walls of a building facade through 

adventitious roots or other elements (depending on the species). These types of plants 

tend to appear naturally in structurally weaker walls, such as an ordinary masonry wall 

where mortar and some porous rocks can be penetrated by such roots. 

The main characteristic of this system is its simplicity and its ability to appear naturally, 

without human intervention. It also offers us protection against sunlight in the openings 

of the facade. However, the greatest advantages are to be found in the economic and 

maintenance element. It is only necessary to cultivate the climbing species and carry out 

minimal maintenance based on pruning and cleaning the openings in the facade when 

necessary. 

On the other hand, the system offers some disadvantages. Depending on the species 

anchoring system on the wall, it can insert its roots through cracks and fissures in the 

facade or, if it is a species that is fixed with suction cups, it could leave marks on the 

facade, which would cause aesthetic damage if the plant surface were removed (Navarro, 

2013). In aesthetic terms, the flexibility of the system is also scarce since there is no 

established guide for facade species. 

The time needed to cover the facade with the species is long. Manfred Köhler conducted 

a study in which he said that these plants grew at a rate of 0.7 to 1.5 meters / year (Koehler, 

2008). 
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- Double skin facade:  This system arises from the need to avoid damage caused by the 

green wall system directly on the building facade. It is based on transferring what has 

been learned previously to a structure of wire cloth, steel mesh and metal latticework that 

is exempt from the building's facade and on which the climbing species rests to cover the 

entire surface. 

Architecturally, it is a good system for generating intermediate spaces in the buildings, 

as the green facade can function as a filter several meters away from the conventional 

facade. 

Obviously, the advantages of this system with respect to the previous one is basically the 

decoupling of the plant species with the facade of the building, which allows a longer life 

of the facade and, consequently, a better thermal and watertight operation. 

As far as aesthetics are concerned, even though it allows greater flexibility thanks to the 

guide system, it cannot be said that a great variety is possible because the type of species 

suitable for this system is reduced. 

 

Figure 5. Montjuic castle 

Figure 6. Facade of climbing plants of the Barcelona power 
station, Zona Franca 
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Plan 1: Constructive detail of the facade of the Barcelona power station. Source: Own elaboration 
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3.1.2 Container or planters 

This method is based on the typical planting of pots on the balconies of city buildings. However, 

this idea can be taken to the extreme or not, creating structures that rest on the facade where these 

containers can be added or even creating a building whose facade is a large pot. 

In situ planters: This strategy is implicit in the architectural project, so its use in the 

renovation of facades is excluded. The system is based on the creation of large containers 

in situ where to place the substrate to generate large pots for planting different plant 

species. 

This system has some advantages such as the generation of a shadow factor in the 

openings of the building. However, its thermal insulation is not increased. 

In terms of aesthetic and architectural values, this system can be very useful to generate 

a visual quality of the facade and also to establish a relationship between an intermediate 

space of the building and the outside. 

 

 

 

 

 

 

 

Figure 7: Planeta building projected in 1976, Barcelona 
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 Plan 2: Constructive detail of the facade of the Planeta building. Source: Own elaboration 
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3.2 Vertical planting 

Specialists refer to this type of planting when the plane of the substrate is on a vertical plane. 

Vertical planting is related to more contemporary systems and therefore requires higher 

maintenance and installation costs. However, these methods offer a wide variety of advantages 

over horizontal planting systems, for example, increased thermal and acoustic insulation. 

These types of systems were born, in their great majority, in an era where the speed of installation 

is the priority, therefore, the great majority of these methods of vegetal facades are modular. 

3.2.1 Solid substrate systems 

The relationship between the following methods of building vegetal walls is the appearance of 

the substrate as a base for the growth of vegetal species. 

- Modular panels: There are different companies that carry out this type of system. In this 

search we decided to explain the system through the SingularGreen Leaf Box system.  

This system is based on the fixing of 40 x 40 mm tubular profiles with a thickness of 3 

mm to the load-bearing facade of the building through supports. The container panel is 

fixed to these profiles, which consists of a waterproof panel and a substrate panel with a 

plasticized metal mesh. (SingularGreen, n.d.) 

The design flexibility is considerable, unlike traditional plant facades. However, the most 

positive aspect is the reduction of the waiting time for vegetation to cover the entire 

facade. 

One of its main advantages is that the substrate is made of moss, which provides lightness 

to the containers, and also allows oxygenation of the roots. The moss is also able to 

provide savings in the irrigation of the plantations, as it is capable of storing 20 times its 

weight in water. Furthermore, as the panels are factory-made, installation is simple. 

However, the main disadvantage of the system is the thickness of the facade, as it reduces 

the number of useful meters of the building. 

Figure 8: Green facade of modular panels of the Celler 
Cooperatiu, Rubí 
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Table 2: Constructive detail of the facade of the Celler Cooperatiu of Rubí. Source: Own elaboration 



 

 
  16 

 

- Metallic gabions: This system will be explained through Babylon Company. It is a 

constructive system of galvanized steel gabions with standardized measures of 50 x 104 

cm and 14 cm of thickness of substrate. The mesh of the gabion forms a grid of 10 x 10 

cm and the diameter of the wire is 4.5 mm. The gabion as a whole with the substrate is 

hung in metallic profiles in form of V of correct size. 

Like the previous system, the gabions with substrate allow a considerable flexibility in 

terms of aesthetics, however, the planting of species is limited to 100 units, as there is a 

strict weight limit for these containers (Babylon, n.d.). 

The structure ignores the original facade of the project, thus avoiding possible damage to 

it. However, this implies an installation, not complex, but specialized that will require 

costs. 

In addition, in the container panel system, the dimensional problem still appears, making 

the facade thicker than desired. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Green facade of metal gabions from Espai 
Tabacalera, Tarragona 
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Plan 3: Constrive detail of the facade of the Espai Tabacalera: Own elaboration 
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- Plastic or ceramic cells: Whether it is a system based on plastic cells or ceramic elements, 

both share great similarities with each other. For this reason, the ceramic system is 

explained in more detail. The SingularGreen Eco-Bin system was chosen for study. 

The Eco-Bin works as a self-supporting ceramic masonry sheet supported by an existing 

wall. However, if the vertical garden is of considerable height, the cells can be punctually 

supported on an aluminum substructure made up of tubular tubes with 40 mm sides and 

supports where the set of cells is supported. A panel with two layers of geotextile sheet 

is placed on the substructure, which helps to direct the water for irrigation and prevents 

it from reaching the facade's wall. 

This ceramic sheet is made up of small waterproof cells formed in pairs with an outer 

hexagonal section and an inner cylindrical section of 90 mm. They are placed like a 

common brick wall, with an inclination in the cells of between 7º and 15º to retain the 

water at the bottom. The holes in the cells are filled with the substrate for subsequent 

planting (SingularGreen, n.d.). 

The system provides simplicity in its construction as it is a structure composed of metal 

uprights and supports and the ceramic wall turns out to be a simple masonry work. 

Likewise, the system provides great flexibility when it comes to creating an aesthetic on 

the facade, with the possibility of varying the different species such as the shade of the 

cells. Architecturally it is a good option when creating a green wall, however, the 

construction system limits the possibility of establishing a relationship between both sides 

of the vertical garden. 

From the functional point of view, this typology generally offers an acoustic and thermal 

cushion (variable according to the species and density). 

One of its greatest disadvantages is the impossibility of carrying out simple repairs, since 

it is an element formed in situ, which results in careful maintenance of the different 

elements. 

Figure 10: Green wall with the ceramic cell system of the 
Ushuaia hotel, Ibiza 
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Plan 4: Constructive detail of the facade of the Ushuaia hotel. Source: Own elaboration 
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3.2.2 Hydroponic systems 

Hydroponics consists of planting flora in places where there is no solid substrate. The nutrition 

of these plants is produced by means of aqueous solutions that already carry the minerals 

necessary for the growth of the plant. The greatest advantage of this type of system is the absence 

of substrate, so the weight of the entire installation is considerably reduced, being about 25.2 Kg 

/ m2 (Terapia urbana, n.d.). 

The main disadvantages of hydroponic systems arise from technological challenges. They are 

contemporary methods that incorporate automated control technology. In addition, the personnel 

needed for the installation must be specialized, so finally the total cost of installing green walls 

of this type ends up being high. 

- Textile bags or mixed system: Terapia Urbana has developed the Fytotextile system, 

which is based on the creation of bags with three different layers: waterproof, drainage 

and breathable. The first one, located at the back, prevents the irrigation water from 

coming into contact with the substructure, the drainage layer allows the water to slide by 

gravity to the planting bags located underneath and, the last layer, allows the roots to 

transpire and, consequently, improves their behaviour. The entire multilayer fabric is 

placed on a galvanized steel structure sized according to the project. 

The system has modules of different sizes, both vertical and horizontal (S, S2, H1, H2, 

H3, V1, V2, V3) and the total thickness of the system is about 70 mm with a saturated 

module weight of 25.2 Kg / m2 (Terapia urbana, n.d.). 

The main advantage of the system is its lightness and flexibility, so it is possible to adapt 

the system to a curved wall, for example. The textile layers help the plant to have a better 

performance and a longer life. 

As in the previous systems, the plant surface is quickly covered and the plants come from 

nurseries. The system also allows great flexibility in the design of the vertical garden. 

Its installation is not difficult but it is specialized, and in case of malfunction or leakage 

it is possible to remove the damaged module without damaging the whole green wall 

installation. 

On the contrary, it is a system that cannot establish a relationship between the interior 

and the exterior of the building. 

Another point against it is the useful life of the materials used, since the wear and tear of 

the green facade is high. 
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Figure 11: Posejdon building with textile bag system, Poland 
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Plan 5: Constructive detail of the facade of the Posejdon building. Source: Own elaboration 
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- F+P system: This system developed by SingularGreen is similar to the one explained 

above for textile bags. In this case there is no solid substrate, but the plant species are 

directly rooted in the felt of the geotextile on which the aqueous solution with the 

nutrients runs. The greatest advantage of this system is the lightness it gives to the 

modules. 

However, the company has improved this system by creating the F+P Preplant. Like the 

basic F+P system, it is supported by a metal structure made up of 40 x 40 mm tubes and 

a thickness of 3 mm. On this substructure, the corresponding waterproof panels are added 

on which the geotextile sheets are stapled through which the irrigation water will flow. 

The most positive aspect is the incorporation of a non-conventional substrate which is 

rock wool, normally used in conventional facades as thermal insulation. The panels are 

modulated to standard measurements of 100 x 60 cm and a thickness of 4 cm. This 

improvement in the system considerably increases the thermal behavior of the green 

facade without affecting its weight. The data translates into the addition of a resistance of 

2,644 m2. K/W, which means an increase of 270% over the existing insulation in the 

building's facade (Martínez, 2016). 

 

 

 

 

 

 

 

 

 

Figure 12: Palacio de Congresos y Exposiciones Europa 
incorporating the F + P Preplant system, Vitoria - Gasteiz 
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Plan 6: Constructive detail of the facade of the Palacio de Congresos of VItoria-Gasteiz. Source: Own elaboration 
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- Vegetal concrete: It is possible to talk about the LeafSkin system, developed by 

SingularGreen. It is a process that does not require a previous structural installation, so 

installation costs are drastically reduced. Different layers and membranes are projected 

on a concrete wall with the intention of waterproofing it and adhering the seeds of plant 

species to the wall. 

At the level of thermal and acoustic comfort the contribution is dismissible, and 

aesthetically its resources are very limited since there cannot be a great variety of 

organisms capable of adapting to a concrete wall with these conditions. 

 

3.3 Conclusions of constructive systems  

After researching the different vertical garden construction systems, a summary table has been 

drawn up with the most important aspects to be taken into account when designing a green facade. 

The following table shows the variety of characteristics offered by the construction systems on 

the market. It is not possible to highlight any of them above the others, as each of them has 

advantages over the others. 

The construction costs in the following table are indicative, and in no way fixed. They depend on 

many factors, including the square meters that the vertical garden will acquire, the bigger it is, the 

more the price per square meter will be reduced. In the SingularGreen systems the prices are 

around 300 euros per square meter. However, the EcoBin system stands out, which could reach 

400 euros per square meter. On the other hand, one of the most economical hydroponic systems 

is the LeafSkin (Vegetal Concrete), which can reduce its price to 150 euros/m2 due to its method 

of planting, using the projection of seeds (SingularGreen). 

Figure 13: Vegetal facade with biological concrete in the Prat 
Aeronautical Cultural Center. 
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However, the maintenance cost of hydroponic systems that require greater monitoring than others 

due to their complexity can be highlighted. 

On the contrary, systems using climbing species require less maintenance and also installation 

costs. However, the use of these systems is more likely to lose out on other factors such as acoustic 

and thermal insulation. 

A wide variety of systems have been seen. This is due to the different conditions required for the 

buildings being designed today. The first difference can be seen in whether it is a public building 

or a block of flats. In a residential building, it is necessary to take into account that the 

maintenance costs will be contributed by the resident’s association, which would make it possible 

to opt for the use of systems with low installation and maintenance costs, for example, a double-

skin system.  

Likewise, the façade of an isolated residential block cannot be designed in the same way as a 

block between party walls. The space occupied by the system, the speed of installation and the 

amount of light it allows to pass through the openings are factors to be taken into account, 

especially in places such as Ciutat Vella, where the buildings in party walls are located on narrow 

streets with little natural light. In this case, a good construction system would be a hydroponic 

system such as that of textile bags which, as it has no substrate, acquires less thickness. On the 

other hand, it would be necessary to evaluate the economic costs of maintenance that could 

acquire the vegetal facade.  

Table 3. Summary of the comparison between the construction systems on the market. Source: Own elaboration 
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In the case of a hotel, the economic relevance is less and aspects such as the way of relating to 

the interior architecture acquire importance. In this type of programme a good solution would be 

to opt for a system of planters in situ, as in Hotel Renaissance by Jean Nouvel in L'Hospitalet de 

Llobregat. In this case, the architect manages to turn a simple vertical access through a staircase 

into a visual spectacle by creating an interior atmosphere while being outdoors.  

In public buildings it is also necessary to assess what are the requirements of the program of its 

interior. In the case of a school, factors such as acoustic and thermal insulation will be of great 

importance. On the other hand, in a library it will appear as a relevant factor how light enters the 

building. In these cases, the choice of a system can be more varied as the economy becomes 

dependent on the administration, which can provide more freedom. However, functional and 

architectural quality factors take on greater relevance.  
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4. Vertical gardens in Barcelona 

Barcelona has a Mediterranean climate, characterized by a dry climate, warm in summer and 

humid throughout the year. The results obtained from research confirm that, in the case of 

Barcelona, springs and winters are synonymous with higher rainfall, making them the wettest 

seasons of the year. On the other hand, July sees the highest temperatures of the year, so it is the 

time when the effects of vertical gardens can be most appreciated with regard to thermal comfort. 

 

After explaining the contributions of green walls and facades to their environment, it is possible 

to confirm the benefit of these natural structures. However, in Catalonia there are many conditions 

regarding the density of cities. It is not possible to compare the density of cities like Lleida or 

Girona with the capital of the Autonomous Community. For this reason, at an urban level, 

Barcelona is a great example where vertical gardens can be implemented, as it would be possible 

to mitigate the "urban heat island" effect and contribute to the reduction of greenhouse gases 

expelled into the atmosphere by the activity of the cities. 

On the other hand, investing in vertical gardens in the densest cities of Catalonia implies a new 

strategy of introducing vegetation into the city that avoids land occupation. 

Likewise, since the first oil crisis, the aspects surrounding the environmental sustainability of 

cities have been masked by economic policies. However, in recent years, environmental issues 

have taken on increasing importance, becoming one of the most prominent topics on political 

agendas. A good example is the initiative of Barcelona City Council, which promotes greater 

involvement of vegetation in the city, not only in public spaces, but also on the facades and roofs 

of buildings. 

The city of Barcelona has created the Barcelona 2020 Biodiversity and Green Plan. The city's 

most representative green systems appear in the plan. Each of these systems has been assessed on 

the basis of qualities, from the quality of the habitat to cultural interest. 

Table 4. Environmental characteristics of the city of Barcelona. Source: (Rojas, Roset, Navés, 2015) 
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The following table shows the assessments that Barcelona City Council has made of the attributes 

of the green facades: 

 

 

According to the graph, vertical gardens generate a wealth of species while improving the air 

quality of the city. On the other hand, this type of facade can create an attractive aesthetic for the 

public with a variety of colors. 

The most outstanding values of vertical gardens are environmental and sensory, which greatly 

helps the purpose of architecture, which is to achieve a benefit for both the city and the building. 

For this reason, Catalonia is trusting in the implementation of this type of facades, even awarding 

prizes for their construction, as is the case of the vegetal facade of the Espai Tabacalera 

(Tarragona) in 2014. However, today the dismantling of the plant structure has just been ordered 

due mainly to maintenance problems. 

In the documentation for the Barcelona 2020 Biodiversity and Green Plan, it is highlighted that 

Barcelona has 3,611 hectares of green areas, of which 30% are urban, 50% correspond to the 

municipal part of the Collserola Park and the remaining 20% belong to private property. In 

comparison with other provinces, Barcelona has 6.6 m2 of green surface/house, which places it in 

second position behind the Community of Madrid. 

Figure 14. Attributes of green facades. Source: Plan del verde y la biodiversidad de Barcelona 2020 
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One of the big problems with the city's plant structure is the lack of connectivity of green spaces 

and the small size of these, as 57% of the plant areas are less than 1,500 m2. Finally, to date there 

has been a shortage of investment and confidence in vertical gardens and green roofs (Barcelona 

2020 Biodiversity and Green Plan) 

The following graph shows the vegetation of the city compared to the density of the inhabitants. 

Differentiating the different districts. There are three types of districts depending on the 

relationship between the vegetation and the inhabitants. Places like Sants-Montjuïc, Sarrià-Sant 

Gervasi and the Eixample have a large amount of free space that forms a dispersed urban 

environment. There are other neighborhoods where the relationship tends to be balanced. 

However, neighborhoods like Ciutat Vella and Gràcia are made up of high-density environments 

where public space is insufficient. For this reason, it is in these areas where the inclusion of 

vegetation is most important. 

 

In conclusion, it is in these denser areas where the plant facades can become more important due 

to the lack of public space. Likewise, by combining investment in this type of facade with the 

trends in Barcelona towards the disappearance of the automobile, an urban environment with air 

quality favourable to the city's health can be achieved. 

 

Figure 15. Comparison of the density of inhabitants and vegetation by districts. Source: Plan del verde y la 
biodiversidad de Barcelona 2020 
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5. Relationship between space and facade 

5.1 Bosco Verticale, Milan 

This project, carried out by Boeri studio between 2007 and 2014, is located in the Italian city of 

Milan. This new architecture aims to expand the relationship between man and other living 

species in their daily lives. The project is part of a new architectural prototype focused on 

biodiversity. In this case, it involves the construction of two towers of 80 and 112 meters high 

that house a total of 800 trees and around 5,000 bushes, the equivalent of 30,000 m2 of horizontal 

green surface (Boeri Studio, 2014). 

 

The architects of the project intend to propose a clear and innovative solution to the current 

proposals to introduce green spaces in dense cities. When they create a vertical garden, the 

occupation of urban land with vegetation is limited. 

 

 

 

 

 

 

Figure 16. Bosco Verticale project, Milan 
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In the previous plan you can see the floor plan of one of the two towers which will serve to explain 

the relationship established between the vegetation and the architectural space which in this case 

is for residential use. 

The contour of the building can be compared to a high rise. The vertical reinforced concrete 

structure is formed by a perimeter of rectangular pillars and a nucleus displaced to one of the 

facades to absorb the forces of the wind. From this point onwards, the functional scheme of the 

buildings accompanies the structure, i.e. the vertical accesses, the technical spaces and the 

installation steps (dark colour) are incorporated inside the core. 

On the second gradient are the different types of dwellings, following a radial distribution in the 

interior, leaving, as far as possible, the wet areas in the interior area and the living areas next to 

the facade (intermediate colour). 

Plan 7: Standard plan of one of the towers of the Bosco Verticale project. Source: Own elaboration 
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Finally, the perimeter of the facade is surrounded by a series of balconies with a 3 meters 

cantilever to house the planters where the vegetation will be planted (light colour). The 

differentiation of the plants in height helps to create a play in the terraces that makes that there 

are not 2 continuous plants with the aligned balconies. In this way, it is possible to place the 

highest vegetation, such as small trees. 

 

Observing the general plan and the section at the same time, it is possible to understand the 

complexity that the visuals acquire towards the outside from the inside of the house. The entire 

semi-outdoor space is surrounded by vegetation, which makes a clear view of the city impossible. 

However, in most of the terraces there is a zone free of vegetation that allows a strategic view. 

Just as in many buildings the terrace is perceived as an addition that stands out from the building's 

facade, this is not the case of this project. From the outside, an overwhelming amount of 

Plan 8: Constructive detail of a terrace of the Bosco Verticale project. Source: Own elaboration 
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vegetation is perceived, making it impossible to clearly distinguish where the facade is. On the 

other hand, from the balcony, the shade and microclimate generated by the vegetation causes a 

sensation of not having left the interior of the house. Other factors such as the similarity of the 

pavement between the terrace and the interior and the large windows that open up to the balconies 

enhance the relationship that is established between both spaces. In a way, it can be said that it is 

possible to eliminate the carpentry from the facade and the set of balconies and the living area 

would form a unit. 

 

 

5.2 Baró de Viver civic center, Barcelona  

This civic center was built in 2014 and designed by the architects of Territori 24. The building 

achieves a high quality in its spaces and is energy rated with an A, despite having a budget 34% 

lower than the average of public facilities in the city of Barcelona. The building incorporates 

1,700 m2 of equipment with different programs such as leisure areas, workshops and exhibitions.  

 

 

 

Figure 18. Render of the exterior image of the green facade of the Baró de Viver building. Source: 
Territori 24 

Figure 17: Photograph from inside to outside area 
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In the above location map, the block where the civic center is located has an attached nursery 

school. Although they are two different projects, both share the same building system when 

creating the boundary of the plots. It is a fence that acquires a great thickness to be able to 

introduce vegetal species in it and to create a green wall. Although it only appears in the school 

in the south and west zones, the civic center is completely surrounded by it. 

On the other hand, it should be noted that this enclosure with a green border does not end there, 

but rather aims to achieve a greater dimension by growing at different points in the form of a 

pergola and even joining it with the green roof. 

In the following floor and section plans it can be seen with greater precision how the vegetation 

limit acts at different points on the perimeter of the building, that is, the relationship of the 

vegetation facade with the space is different according to the orientation of the building's facade. 

Along the northern and much of the eastern facade, the plant boundary and the functional 

envelope of the building acquire a significant thickness, which can be accessed for maintenance 

reasons, although the intention is for both facades to form a unit. 

Plan 9: Site plan of the Baró de Viver project. Source: Own elaboration 
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 Plan 10: Plan of the distribution of the Baró de Viver civic center. Source: Own elaboration 
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On the other hand, in the southern part of the site, the two facades begin to function by themselves, 

leaving the function of the building's envelope to the concrete panels and the land's limit to the 

plant structure. This generates a large patio to the south of the plot with an external filter that 

cannot be physically crossed, but visually through the climbing plants. 

To further enhance the nature in this space, the entire courtyard is formed by a natural grass 

pavement, leaving only a few strategic points where a concrete slab rises. In this way, the open 

leisure space is totally differentiated from the perimeter access for maintaining the plant filter. 

The following section of the construction shows the thickness of the building envelope added to 

the green facade. Both work independently as they never touch each other. For this reason, it is 

possible to create the plant filter that generates different spaces. 

The thermal, structural and watertight envelope resides in the interior facade which consists of an 

upper and a lower part. The upper part consists of a lightweight structural panel of 20 cm, 

accompanied by a vapor barrier, a 2 cm air chamber and a 10 cm thick insulation. An 8 cm thick 

panel with an outer layer of aggregates of different shades is used for the finish. 

On the other hand, the lower part has a wooden finish and is supported by metal profiles where 

the thermal insulation is included. All these elements are accompanied by a vapor barrier and a 

tyvek. 

 

 

 

 

 

 

Plan 11:General section of the Baró de Viver civic center. Source: Own elaboration 
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Plan 12: Constructive detail of the green facade of the Baró de Viver building. Source: Own elaboration 
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5.3 Turó de la Peira Sports Center, Barcelona 

This sports center was designed by architects Anna Noguera and Javier Fernández in 2018. The 

construction is very complex in relation to the urban fabric of the city due to the physical and 

social situation. Before the intervention, the team of architects faced an abandoned space without 

any urban organization and with a shortage of architectural, landscape or social values. 

The first strategy of the project was to organize the program of sports tracks and swimming pools 

in height, which allowed a large part of the space within the block of the area to be liberated. 

The following plan shows the new relationship between the place and the building through the 

incorporation of vegetation. In this way, the architects manage to generate a new social meeting 

point to reactivate the place. The ground floor of the building is equipped with a program of 

indoor swimming pools, a large area of changing rooms, toilets and a reception. 
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Plan 13: Site plan of the Turó de la Peira project. Source: Own elaboration 
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One of the most outstanding characteristics of the building is the position of the main entrance, 

located on the facade opposite the main street. The position of this is due to the intention of the 

architects to enhance the interior of the block. 

 

Plan 14: Plan of the upper floor of the sports center. Source: Own elaboration 



 

 
  42 

 

As shown in the map above, the second-floor program is dedicated to a large sports court and is 

accessible by elevator and stairs. However, the building encourages access from the main street 

through a perimeter walkway under a porch, so that on the top floor there are horizontal perimeter 

communications, leading the designers to create an architectural space in this walkway. 

 

 

As can be seen in the next section, the proposed solution is the construction of a green facade that 

leaves the walkway in an intermediate space, protected from external views, but physically open. 

 

 

Figure 19: Perimeter ramp access to the upper floor of the 
building 

Plan 15: General section of the Turó de la Peira sports center. Source: Own elaboration 
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On the other hand, the vertical garden causes a continuity of the park inside the block, fully 

involving the building in the urban fabric. However, this second vegetable skin does not reach the 

ground, leaving a ground floor without any kind of filter. 

As in the Baró de Viver civic center, the vegetation used is of climbing species due to its good 

functioning as an architectural filter between spaces. For this reason, the system used is based on 

the placement of small planters attached to a metal mesh where the climbing plants can be 

supported and grow. 

In the constructive detail, it is possible to clearly differentiate where the thermal and watertight 

envelope of the plant filter is located. The interior facade is formed by a wall of rods with metallic 

profiles that is supported by the wooden structure of the building. It is worth noting the change in 

the facade material as the building reaches height, as it moves from a glass envelope to a 

polycarbonate wall due to the programme of its interior. 

The perimeter platform is two meters wide, allowing for fluid circulation, but also allowing for 

exit to the outside while remaining inside the building envelope protected from the visions. 

This envelope provides great protection against the incision of direct light to the perimeter 

platform and to the interior of the building. However, the architects decided to improve the 

protection against direct light with polycarbonate panels that turn it into a diffused light that 

allows the comfortable development of sports activities. 

Finally, there are openings in this facade that generate a renewal of the natural air inside the 

building. This effect is enhanced by the green facade, which reduces the temperature behind its 

green barrier and allows for renewal with higher quality air. 
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 Plan 16: Construction section of the facade of the sports center. Source: Own elaboration 
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6. Conclusions 

After carrying out the first part of the work, it is possible to confirm that the vertical garden can 

become a type of facade widely used by today's architects, as it combines an attractive aesthetic 

for the citizen, while providing positive environmental and comfort values. However, these values 

are conditioned by the construction system used as not all of them provide the same 

characteristics. For this reason, it can be said that, when designing a green facade, it is easier to 

offer an urban environmental improvement rather than thermal comfort inside the building, since 

the values that make up the urban scale depend to a greater extent on the vegetation and not on 

the construction system used to place the vegetation. 

On the other hand, we can highlight the very small number of companies dedicated to innovation 

in green facade construction systems. Furthermore, the information that can be acquired on the 

websites of these companies is scarce and sometimes confusing. However, these companies 

include an extensive catalogue of projects in which they have participated with their systems. 

Some companies offer complete systems for sale. However, it is the architect who can decide 

whether to manipulate the system to create a mixed one, for example, in the power station of 

Barcelona, where the gabion becomes a mesh that rises vertically to support climbing species. 

In Barcelona the need has arisen to introduce green in the city. However, after studying the 

Biodiversity and Green Plan of Barcelona 2020, a great imbalance in the distribution of the city's 

vegetation can be observed. There are districts that are so dense that the most effective way of 

introducing vegetation into their streets can be from the creation of green facades in the 

rehabilitation of buildings. 

Finally, through the three cases studied, the influence of the green facade towards the interior 

space of the building has been verified. In all cases the vegetation has had the common function 

of controlling the visuals both from the outside of the building and from the interior. However, in 

each one of them it has achieved this by establishing limits to the space and relating them in one 

way or another to the space inside or outside the building.    (Hablar del confort térmico y acústico) 

 

 

 

 

 

 



 

 
  46 

 

7. References 

Academic works 

Echave, C. Potencial de habitabilidad térmica en espacios urbanos. Thesis UPC. Department of 

Architectural constructions I. Barcelona, 2007. 

Guzmán, Y. E. Fachada vegetal para la mejora del comportamiento térmico y acústico de 

edificaciones unifamiliares en República Dominicana. Master's final thesis UPC. Barcelona, 

Febrary 2018. 

Martinez, S. Estudio y aplicación de las fachadas verdes para mejorar la eficiencia energética 

en edificación. Caso práctico de estudio barrio Cremor, Castellón. Final degree project 

Universitat Jaume I. Barcelona, 2016. 

Navarro, J. Los jardines verticales en la edificación, Master's final tesis UPV. València, 2013. 

Ochoa, J.M. La vegetación como instrumento para el control microclimático. Doctoral thesis 

UPC. Department of Architectural Constructions I. Barcelona, October 1999. 

Ruiz, E., Turrillo, J. Implantació de murs verds a façanes d’edificis de la Universitat Pompeu 

Fabra UPF. Final degree Project UPC. Barcelona, (n.d.). 

 

Articles 

Koehler, M. Green facades: a view back and some visions. Urban Ecosyst. May 2008, 11, 423. 

[Query: 03/05/2020]. Available in: < https://doi.org/10.1007/s11252-008-0063-x> 

Pérez,G., Coma, J., Sol, S., Cabeza, L.F. Green vertical system for buildings as passive systems 

for energy savings. Applied Energy. Lleida., December 2011, Vol. 88. [Query: 26/04/2020]. 

Available in: 

<https://www.researchgate.net/publication/232393324_Green_vertical_systems_for_buildings_

as_passive_systems_for_energy_savings> 

 

Documents 

Ajuntament de Barcelona Plan del verde y la biodiversidad de Barcelona 2020. 
Barcelona, 2020. Available in: < bcn.cat/Habitaturba> 

 

 

 

 

 

 

 

 

https://doi.org/10.1007/s11252-008-0063-x
https://www.researchgate.net/publication/232393324_Green_vertical_systems_for_buildings_as_passive_systems_for_energy_savings
https://www.researchgate.net/publication/232393324_Green_vertical_systems_for_buildings_as_passive_systems_for_energy_savings


 

 
  47 

 

Web pages 

Cype Ingenieros S. A. Generador de precios España [On line]. Spain, (n.d.). [Query: 

12/06/2020] Available in: 

<http://www.generadordeprecios.info/obra_nueva/Fachadas_y_particiones/Ajardinamientos_ver

ticales/FJI_Subestructura_soporte_y_vegeta/FJI020_Ajardinamiento_vertical_con_cultivo.html

#gsc.tab=0> 

Paredes vegetales Babylon Flexiverde [On line]. Bogotá, (n.d.). [Query: 14/05/2020] Available 

in: <http://flexiverdebabylon.com/es/productos/productos-babylon.html> 

SingularGreen Jardines verticals SingularGreen Jardines verticales [On line]. Alicante, (n.d.). 

[Query: 12/05/2020]. Available in: <https://www.singulargreen.com/jardines-verticales> 

Terapia urbana Fytotextile system [On line]. Sevilla, (n.d.). [Query: 18/05/2020] Available in: 

<https://www.terapiaurbana.es/sistema-fytotextile-para-jardin-vertical/ventajas-jardin-vertical-

fytotextile/> 

United Nations Sustainable Development Goals [On line]. New York, (n.d.). [Query: 

27/05/2020] Available in: <https://sustainabledevelopment.un.org/?menu=1300> 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.generadordeprecios.info/obra_nueva/Fachadas_y_particiones/Ajardinamientos_verticales/FJI_Subestructura_soporte_y_vegeta/FJI020_Ajardinamiento_vertical_con_cultivo.html#gsc.tab=0
http://www.generadordeprecios.info/obra_nueva/Fachadas_y_particiones/Ajardinamientos_verticales/FJI_Subestructura_soporte_y_vegeta/FJI020_Ajardinamiento_vertical_con_cultivo.html#gsc.tab=0
http://www.generadordeprecios.info/obra_nueva/Fachadas_y_particiones/Ajardinamientos_verticales/FJI_Subestructura_soporte_y_vegeta/FJI020_Ajardinamiento_vertical_con_cultivo.html#gsc.tab=0
http://flexiverdebabylon.com/es/productos/productos-babylon.html
https://www.singulargreen.com/jardines-verticales
https://www.terapiaurbana.es/sistema-fytotextile-para-jardin-vertical/ventajas-jardin-vertical-fytotextile/
https://www.terapiaurbana.es/sistema-fytotextile-para-jardin-vertical/ventajas-jardin-vertical-fytotextile/
https://sustainabledevelopment.un.org/?menu=1300


 

 
  48 

 

8. Bibliography 

Academic Works 

Azkorra, Z. Estudio comparativo de eficiencia energética: Fachada ventilada frente a fachada 

vegetal. Master's final thesis EHU. Department of heat engines and machines. País Basco, 2015. 

Ramos, E., Gironès, J. Estudi mediambiental dels murs verds i análisis dels sistemas constructius 

aplicats a un projecte d’implantació a Barcelona. Master's final thesis UPC. Barcelona, May 2015. 

 

Articles 

Azkorra, Z., Pérez, G., Coma, J., Cabeza, L.F., Bures, S., Álvaro, J.E., Erkoreka, A., 

Urrustarazu, M. Evaluation of green walls as a passive acoustic insulation system for buildings. 

Applied Acoustics. Lleida, 2015, 46-56 [Query: 20/04/2020]. Available in:                                                

< https://www.sciencedirect.com/science/article/pii/S0003682X14002333> 

Pérez,G., Coma, J., Sol, S., Cabeza, L.F Green facade for energy savings in buildings: The 

influence of leaf area index and facade orientation on the shadow effect. Applied Energy. Lleida, 

November 2016, 424-437 [Query: 27/04/2020]. Available in: 

<https://isiarticles.com/bundles/Article/pre/pdf/150422.pdf> 

Rojas, G.M.; Roset, J. y Navés, F. La vegetación en el confort micro climático. Comparación 

de especies del clima mediterráneo de Barcelona, España., Barcelona, September 2015, 59-84. 

[Query: 07/05/2020]. Available in: ACE: Architecture, City and Environment < 

https://upcommons.upc.edu/bitstream/handle/2117/78453/3589-1398-1-

PB.pdf?sequence=5&isAllowed=y> 

 

Books  

Baran, Y., Gültekin, A. B. (n.d.). Green wall systems: A literature review (Vol. 7). Springer. 

Available in:<https://doi-org.sire.ub.edu/10.1007/978-3-319-64349-6_8> 

Convertino, F., Scarascia, G., Schettini, E., Vox, G. (n.d.). Heat Fluxes in a Green Facade 

System: Mathematical Relations and an Experimental Case (Vol. 67). Springer. Available in: 

<https://doi-org.sire.ub.edu/10.1007/978-3-030-39299-4_21> 

Ottelé, M. (2015). A Green Building Envelope: A Crucial Contribution to Biophilic Cities. 

Biotechnologies & Biomimetics for Civil Engineering, 135. ISBN: 9783319092867 

https://www.sciencedirect.com/science/article/pii/S0003682X14002333
https://isiarticles.com/bundles/Article/pre/pdf/150422.pdf
https://upcommons.upc.edu/bitstream/handle/2117/78453/3589-1398-1-PB.pdf?sequence=5&isAllowed=y
https://upcommons.upc.edu/bitstream/handle/2117/78453/3589-1398-1-PB.pdf?sequence=5&isAllowed=y


 

 
  49 

 

Vach, T., Mašín, I. (n.d.). AHP-Based Evaluation of Vertical Gardens Design. Springer. 

Available in: <https://doi-org.sire.ub.edu/10.1007/978-3-030-33146-7_48> 

 

Journals 

Kurbán, A., Grasso, C. Confort térmico en espacios verdes urbanos de ambientes áridos. Revista 

Hábitat sustentable. (n.d.)  Vol. 7, nº 1, p. 32-43. 

Fernandez, R., Pérez, L., Franco, A. Naturalización urbana y jardinería vertical: De las 

fachadas verdes a los muros vegetales. Revista Parjap. Autum 2013, nº 72, p. 6-11.  

Naredo, J. M. La reconciliación virtual entre economía y ecología en el nuevo desarrollismo 

ecológico. Papeles de Relaciones Eco sociales y Cambio Global. Madrid, 2007, nº100, p 22-51. 

 

Web pages 

Ángel Chaparro Jardín vertical del Celler Cooperatiu de Rubí [On line]. Barcelona, October 

2014. [Query: 13/05/2020] Available in: <https://www.alijardin.es/blog/jardines-

verticales/jardin-vertical-del-celler-cooperatiu-de-rubi/> 

Boeri studio Bosco vertical [On line] Milan, 2014 [Query: 08/06/2020]. Available in: < 

https://www.stefanoboeriarchitetti.net/project/bosco-verticale/> 

Boeri studio Bosco verticale. Plataforma arquitectura [On line], 2014 [Query: 08/06/2020]. 

Available in: <https://www.plataformaarquitectura.cl/cl/777541/bosco-verticale-stefano-

boeri-architetti?ad_source=search&ad_medium=search_result_all> 

Noguera, A., Fernandez, J. Polideportivo Turó de la Peira. Plataforma arquitectura [On line], 

2015 [Query: 12/06/2020]. Available in: 

 <https://www.plataformaarquitectura.cl/cl/777095/centro-civico-baro-de-viver-terretori-

24?ad_source=search&ad_medium=search_result_all > 

Paredes vegetales Babylon Paredes vegetales Babylon [On line]. Bogotá, (n.d.). [Query: 

14/05/2020] Available in: <http://www.v-ter.com/paredes-vegetales/sistema-babylon.html> 

Territori 24 Centro Cívico Baró de viver. Plataforma arquitectura [On line], 2015 [Query: 

10/06/2020]. Available in: < https://www.plataformaarquitectura.cl/cl/777095/centro-civico-

baro-de-viver-terretori-24?ad_source=search&ad_medium=search_result_all > 

https://www.alijardin.es/blog/jardines-verticales/jardin-vertical-del-celler-cooperatiu-de-rubi/
https://www.alijardin.es/blog/jardines-verticales/jardin-vertical-del-celler-cooperatiu-de-rubi/
https://www.stefanoboeriarchitetti.net/project/bosco-verticale/
https://www.plataformaarquitectura.cl/cl/777541/bosco-verticale-stefano-boeri-architetti?ad_source=search&ad_medium=search_result_all
https://www.plataformaarquitectura.cl/cl/777541/bosco-verticale-stefano-boeri-architetti?ad_source=search&ad_medium=search_result_all
https://www.plataformaarquitectura.cl/cl/777095/centro-civico-baro-de-viver-terretori-24?ad_source=search&ad_medium=search_result_all
https://www.plataformaarquitectura.cl/cl/777095/centro-civico-baro-de-viver-terretori-24?ad_source=search&ad_medium=search_result_all
http://www.v-ter.com/paredes-vegetales/sistema-babylon.html
https://www.plataformaarquitectura.cl/cl/777095/centro-civico-baro-de-viver-terretori-24?ad_source=search&ad_medium=search_result_all
https://www.plataformaarquitectura.cl/cl/777095/centro-civico-baro-de-viver-terretori-24?ad_source=search&ad_medium=search_result_all


 

 
  50 

 

9. Annexes 

Annex A 

 

 



 

 
  51 

 

 

 

 



 

 
  52 

 

 

 



 

 
  53 

 

Annex B 

 



 

 
  54 

 

 

 



 

 
  55 

 

 

 



 

 
  56 

 

 

 



 

 
  57 

 

Annex C 

 

 

 



 

 
  58 

 

 

 

 

 

 



 

 
  59 

 

 

 

 

 



 

 
  60 

 

 

 

 

 



 

 
  61 

 

 

 

 

 



 

 
  62 

 

Annex D 

 



 

 
  63 

 

 

 



 

 
  64 

 

 

 



 

 
  65 

 

 

 



 

 
  66 

 

 


