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ABSTRACT 

 

The earth for a long time and to an increasing extent has been suffering the 

effects of our neglect of the environment around us. it is therefore urgent to take 

measures that restore healthy coexistence and respect for an asset whose 

importance is fundamental to human life. 

Today the building construction is one of the oldest and less efficient sectors in 

terms of technological development and in terms of waste during each phase. 

One of the key aspects to improve the building impact on the environment is to 

reduce his energy demand. This could be an easy task to a new building, it is 

possible to design without major problem an energy efficient building, the same 

cannot be said for the existing one. Probably the most efficient way to improve 

an existing building is to add a double skin façade, which is an additional layer 

that aim to reduce the energy demand for heating and cooling. 

In this work the focus will be to assess which are the new technologies for the 

façade of the building. Compare the traditional double skin façade with a green 

façade, and to have a better comprehension of the future development of this 

kind of façade with the implementation of grey water management system, and 

the soil-less solution of moss. This different kind of façade will be evaluated in 

term of feasibility in order to understand if this is a sustainable solution or if more 

work is needed to improve this technology.  
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La terra da parecchio tempo e in crescente misura sta subendo gli effetti della 

nostra negligenza verso l'ambiente che ci circonda. è perciò impellente adottare 

misure che ripristino una sana coesistenza e rispetto verso un bene la cui 

importanza è fondamentale per la vita umana. 

Oggi l'edilizia è uno dei settori più vecchi e meno efficienti in termini di sviluppo 

tecnologico e di sprechi in ogni fase. Uno degli aspetti chiave per migliorare 

l'impatto dell'edificio sull'ambiente è ridurre la sua domanda di energia. Questo 

potrebbe essere un compito facile per un nuovo edificio, è possibile progettare 

senza grossi problemi un edificio efficiente dal punto di vista energetico, ma lo 

stesso non si può dire per quello esistente. Probabilmente il modo più efficiente 

per migliorare un edificio esistente è quello di aggiungere una facciata a doppia 

pelle, che è uno strato aggiuntivo che mira a ridurre la domanda di energia per il 

riscaldamento e il raffreddamento. 

In questo lavoro si cercherà di valutare quali sono le nuove tecnologie per la 

facciata dell'edificio. Confrontare la tradizionale facciata a doppia pelle con una 

facciata verde e comprendere meglio lo sviluppo futuro di questo tipo di facciata 

con l'implementazione del sistema di gestione delle acque grigie e la soluzione 

senza suolo del muschio. Questo diverso tipo di facciata sarà valutato in termini 

di fattibilità per capire se si tratta di una soluzione sostenibile o se sono necessari 

ulteriori interventi per migliorare questa tecnologia.  
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1. INTRODUCTION 

 

The rising crisis of climate change has proved to be one of the most pressing 

global challenges of our time. The increasing concentrations of greenhouse 

gases, primarily carbon dioxide, methane, and nitrous oxide, have led to a 

significant rise in global temperatures, resulting in drastic changes to weather 

patterns, sea levels, and ecosystems. The built environment, particularly the 

construction industry, plays a pivotal role in both contributing to and mitigating 

this crisis. 

The construction sector is responsible for a substantial portion of global carbon 

emissions, due to the production of building materials, energy consumption 

during construction, and the operational energy use of buildings. Traditional 

building materials such as concrete and steel are highly energy-intensive to 

produce, leading to considerable carbon footprints. Moreover, the energy 

required to maintain, heat, and cool buildings contributes further to greenhouse 

gas emissions. 

In response to these challenges, the industry has been increasingly focusing on 

sustainable building practices and technologies aimed at reducing environmental 

impact. The adoption of green building standards, such as LEED (Leadership in 

Energy and Environmental Design) and BREEAM (Building Research 

Establishment Environmental Assessment Method), promotes the use of energy-

efficient designs, renewable energy sources, and sustainable materials. These 

standards encourage the integration of features such as enhanced insulation, 

solar panels, and green roofs, which can significantly reduce a building's carbon 

footprint. 

Furthermore, vertical greenery systems (VGS) and green facades are being 

incorporated into urban landscapes to mitigate the effects of climate change. 
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These systems not only enhance the aesthetic appeal of buildings but also 

contribute to energy savings, improved air quality, and increased biodiversity. 

Direct systems, where plants grow directly on the building surface, and indirect 

systems, which use supporting structures, are both effective in promoting 

sustainability and resilience in the built environment. 

European environment agency state that Almost 75% of the building stock is 

currently energy inefficient and more than 85% of today's buildings are likely to 

still be in use in 2050.  

The EU's renovation wave will play a key role in massively upgrading existing 

buildings in Europe. It will help make them more energy efficient and adapted to 

climate change. This will be an important element in achieving a climate-neutral 

EU by 2050. 

Housing accounts for 52% of the EU’s material footprint, making it the sector with 

the highest environmental impact. About one third of the Union’s material 

consumption goes to construction. The use of buildings accounts for 42% of the 

total energy consumption and 35% of greenhouse gas emissions. [1] 

It is essential to make the building energy efficient. 

 

 

 

 

 

  

https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/renovation-wave_en
https://www.eea.europa.eu/en/analysis/publications/material-footprints-in-european-policy-making
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2. TRADITIONAL DOUBLE SKIN FAÇADES 

 

One of the most effective ways to improve the energy efficiency of a building is 

to enhance the performance of the envelope. The relation of the interior space 

with the exterior environment is the key of creating a sustainable building, this is 

translated in the current architecture in the focus on the façades, since they are 

the element with the most impact in term of energy efficiency, ventilation and 

lighting.  

Conventional façades can lead to poor natural ventilation, low level of daylighting, 

thermal discomfort, and increased energy consumption. [2] That is where double-

skin façades are implemented, a general definition is that a DSF is a special type 

of envelope, where a second “skin”, that can be transparent or opaque, is placed 

in front of a regular building façade. 

 

2.1. Classification of façades 

Double skin façades split in two major groups, the airtight (the “cappotto” for 

Italian building) and the ventilated. [2] 

In practical terms is useful to categorize to four conditions: 

- Closed 

- Mechanical exhaust 

- Natural convection to outside  

- Window ventilation 
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Figure 1 - Design classification of DSFs, Bottom Schematic representation of the working 

modes for DSFs, Source [3] 
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Figure 2 - Different airflow patterns in DSFs. Source [2] 
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2.2. Stratigraphy  

Generally, the double skin facades are similar of conception they have the 

requirement of enhance thermal (as the main one) and acoustic property, along 

with ad external envelope that has an aesthetic function and double as a layer of 

protection of the insulation and impermeabilization layer underneath. 

In the following picture there will be a schema of the stratigraphy of a ventilated 

and non-ventilated double skin façade. Which is clear that the main change 

between the two system is the ventilated cavity, that need an additional layer of 

protection.  

Other design could have the necessity to add layers, depending on the demand 

of the double skin facades, to have different structure, depending on the geometry 

and the material of the original façade, or to have a completely different approach, 

based on the requirement of the project.  

This is therefore not representative of all the possible solution but is a schema of 

one of the most common stratigraphy. 
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Figure 3 - Stratigraphy of non-ventilated facades, section. source[4] 

 

  

Figure 4 - Stratigraphy of non-ventilated facades, render. source[4] 
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Figure 5 - Stratigraphy of ventilated facades, section. source[5] 

 

 

Figure 6 - Stratigraphy of ventilated facades, render. source[5] 
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2.3. Limitations with the systems 

Double skin facades are widely used in modern architecture to improve energy 

efficiency, indoor comfort, and aesthetics. However, their traditional designs 

present several problems in terms of performance, maintenance, and compliance 

with European regulations.  

 

• Fire safety risks  

• Problem: Traditional Double-skin facades can act as chimney-like 

structures, facilitating the rapid spread of fire between floors. 

 

• Regulations: The EN 1364-1 and EN 1363-1 standards define fire 

resistance tests for facades. After incidents like the Grenfell Tower fire, 

stricter national regulations (e.g., Germany’s DIN 4102, UK’s Approved 

Document B) impose fire stops, non-combustible materials, and 

compartmentalization measures. 

 

• Challenges: Retrofitting Double-skin facades to meet these new fire 

safety requirements can be complex and costly. 

 

• Overheating & Thermal Performance 

• Problem: Traditional Double-skin facades can cause excessive heat 

accumulation in summer, requiring additional cooling. 

 

• Regulations: The Energy Performance of Buildings Directive (EPBD) 

requires buildings to reduce cooling energy demand. The ISO 52016 

standard assesses the thermal behavior of facades. 
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• Challenges: Many traditional Double-skin facades fail to integrate 

adaptive shading or ventilation strategies, leading to poor energy 

performance. 

 

• Airflow & Ventilation Inefficiencies  

• Problem: Double-skin facades rely on natural or mechanical ventilation, 

but poor design can lead to stagnant air, condensation, and mold growth. 

In colder climates, air leakage issues can create drafts and discomfort.  

 

• Regulations: The EN 15251 standard defines acceptable indoor air 

quality and comfort levels. 

 

• Challenges: Older Double-skin facades often lack smart control systems 

to regulate airflow efficiently. 

• Acoustic Performance Limitations  

• Problem: Traditional DSFs can amplify external noise (traffic, aircraft, 

industrial sounds) if not properly sealed. 

 

• Regulations: ISO 16283-3 and EN 12354-3 define acoustic insulation for 

facades. 

 

• Challenges: Achieving optimal ventilation without compromising sound 

insulation remains a design difficulty. 
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• Maintenance & Cleaning Complexity  

• Problem: Double-skin facades require frequent maintenance to clean the 

inner cavity, remove debris, and check mechanical systems. Accessing 

the ventilated cavity for maintenance can be difficult and expensive. 

 

• Regulations: According to ISO 15686-1, maintenance combines all 

technical and administrative actions, including supervision, that are 

necessary to reinstate an element to a condition in which it fulfills adequate 

performance requirements.[6] 

 

• Challenges: Many older Double-skin facades lack proper cleaning access 

points, leading to dust accumulation and reduced efficiency. 

 

• Cost & Return on Investment 

• Problem: Initial installation costs for Double-skin facades are high. Many 

traditional DSFs do not deliver expected energy savings, making the return 

of investment longer than expected. 

 

• Regulations: The EU Taxonomy for Sustainable Finance promotes cost-

effective energy solutions, discouraging inefficient DSF implementations. 

 

• Challenges: Justifying Double-skin facades in climates where simpler 

facade solutions (e.g., triple-glazing + shading) provide similar benefits at 

a lower cost. 
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• Urban Heat Island phenomenon 

Urban heat island Is a problem that affect all around the world areas dense of 

structures. 

The urban heat island (UHI) phenomenon is caused by the replacement of green 

spaces with hard buildings and pavements that have high heat capacity. This 

causes urban surfaces to absorb and retain large amounts of heat, increasing 

temperatures in urban areas. The urban heat island effect negatively affects the 

thermal environment of the city and increases the energy consumption of 

buildings. Island heat mitigation is a critical issue in densely populated Italian 

cities. 

The European Environment Agency has mapped the phenomenon across the 

territory. 

 

Figure 7 - The average summer season intensity of urban heat island. Source [7] 
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3. VERTICAL GREENERY SYSTEM 

 

3.1. Green facades 

• Direct system (climb on the wall) 

The vegetation grows direct on the wall without any support or structure to keep 

the plants attached. For this application is used self-adhering plants (that can be 

also helped with minimal support).  

 

Figure 8 - Structure of Direct green façades. Source [8], [9] 

The most common plants used are Ivy (Hedera helix), Parthenocissus 

tricuspidate (American vine). This system although, does have some issue, even 

if it is economical and easy to install and do not require additional facilities, it can 

damage the wall surfaces and it require a strong and durable wall to be installed.  
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• Indirect system (has a structure)  

The vegetation grows on supports that are attached on the façades but separated 

from the building, such as grids or nets. The plants grown in pots or on the ground 

and climb the structure that can be made of steel wood or composite materials. 

With the support made out of wire mesh (stainless steel wires), wooden or 

synthetic material racks. 

 

Figure 9 - Structure of Indirect green façades. Source [8], [9] 

 

This system has little to none risk of damage the structure underneath and is 

much easier to do maintenance, on the other hand it requires a sturdy support 

system and sufficient space to be installed. 
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3.2. Living Walls (LWS) 

They are high-tech systems in which plants grow in modules or panels fixed to 

the façade. The key feature of this system is that the vegetation is inserted in light 

substrates (rock wool, felt, earth), it is integrated irrigation system and fertilization 

system. 

 

 

Figure 10 - - Structure of Living Walls. Source [8], [9] 

 

This kind of double skin has great differences with the previous system described, 

thermal and acoustic proprieties are the main parameters that are enhanced, 

along with this it is possible to have a wider choice of plants. This system can be 

applied for indoor use also.  

The downside of the living wall is the high cost of installation and maintenance 

and the complexity of the system. 
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• Modular Green Façades 

It is a variation of the living walls, based on prefabricated modules containing 

substrate and plants. The pre-assembled modules are installed directly on the 

structure that is connected on the building façades.  

 

Figure 11 - - Structure of Modular green façades. Source [8], [9] 

 

The installation is more flexible because it is easier and quicker the process. 

Another advantage is in the maintenance because this system allows an easy 

replacement of damaged parts, this came although with a higher cost of the 

double skin. 
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• Cassette plants walls 

This system has some similarities in the structure of the living walls and the 

modular green walls, but the plants grow in pots or boxed integrated into the 

structure.  

 

Figure 12 - - Structure of Cassette plants walls. Source [8], [9] 

 

As the previous system its modularity and ease of installation is a feature of this 

solution, the cost could be contained respect the living walls, but it is a bulkier 

façade. 
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• Hydroponic systems 

It differs from the previous technological system because the plants grow without 

soil, their roots are immersed in nutrient solutions. This solution enhances thermal 

proprieties and reduce maintenance.  

There are different typologies of hydroponic systems: 

Nutrient Film Technique (NFT): A thin layer of nutrient-rich water flows over plant 

roots. 

Drip Irrigation System: Water and nutrients are delivered in controlled 

amounts. Aeroponics: Plants are suspended, and roots are misted with 

nutrients. 

 

 

Figure 13 - example of an hydroponic system in the facade source[10] 
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4. SOIL-LESS SOLUTION  

Soilless solutions for facades, such as hydroponic systems or bioreceptive green 

walls, offer several advantages over traditional systems that use soil.  

Here are the main advantages of using this kind of solutions: 

• Less weight: Soil-free green walls are often lighter, reducing the load on 

building structures. This is especially beneficial for existing buildings, 

where additional weight could be a problem. 

 

• Less maintenance: Hydroponic and bioreceptive systems require less 

maintenance than traditional green walls with topsoil. Because there is no 

topsoil, the need to replace or regenerate the substrate is reduced and the 

risk of weed growth is minimized. 

 

• More control: Hydroponic systems allow greater control over the supply 

of nutrients and water to plants. This can lead to more efficient growth and 

less waste of resources. 

 

• Efficient use of water: Many soil-less systems, especially those with 

mosses or microalgae, require less water than systems that use soil. This 

makes them suitable for arid regions or where water is a scarce resource. 

 

• Sustainability: Soil-free green walls can use recycled or low-cost 

materials for substrate.  In addition, they can help purify the air and reduce 

the urban heat island effect. 

 

• Ease of installation: Soil-free systems can be easier to install, especially 

those that are modular and mobile. This makes them more adaptable to 

different types of buildings, including prefabricated buildings. 
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• Costs: Implementing indirect green facades with planters range from 

€310.91/m² to €563.15/m². Systems with moss vary in cost between 

€210/m² and €590/m². 

 

• Environmental benefits: Green facades can sequester carbon dioxide 

(CO2), with estimates ranging from 13.41 to 97.03 kg CO2eq per year for 

an area of 98 m². Mosses and algae help thermally insulate buildings and 

remove pollutants from the environment. Studies have found that the 

presence of plants can lower the surface temperature of buildings by up to 

3.7°C. 

In summary, soil-free solutions for facades offer a number of advantages in terms 

of weight, maintenance, control, water use and sustainability, making them a valid 

choice over traditional systems in many situations. [11], [12], [13], [14], [15], [16], 

[17], [18] 
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4.1. Technological system of Moss 

In recent years, the growing focus on environmental sustainability and green 

architecture has led to an increase in the use of moss in building facades. This 

innovative solution is part of a broader trend toward the adoption of design 

strategies aimed at reducing the environmental impact of urban construction, 

improving the energy efficiency of buildings and creating healthier spaces for 

citizens. Due to its unique characteristics, moss is a viable alternative to 

traditional vertical gardens and green facades, offering advantages in terms of 

maintenance, durability and ecological performance. 

The use of moss in building which falls under the umbrella of Nature-Based 

Solutions, is distinguished by its ability to combine aesthetics, functionality and 

respect for the environment. Interest in the use of moss in facades stems from its 

peculiar bio-receptivity and remarkable water retention capacity, characteristics 

that make it an ideal element for creating “living” facade systems. 

Unlike the vascular plants used in conventional green facades, moss is a 

nonvascular plant that absorbs water and nutrients directly from atmospheric 

moisture, eliminating the need for complex irrigation systems and significantly 

reducing maintenance. In addition, its ability to capture atmospheric particulate 

matter and absorb carbon dioxide helps improve urban air quality, making it a 

particularly beneficial choice for cities with high levels of pollution. 

Facades employing moss, often made with bio-receptive panels, are not just 

decorative elements, but true active systems that contribute to the well-being of 

the building and its surroundings. These systems can promote thermal insulation, 

improve air quality and reduce the environmental impact of buildings, 

demonstrating how architecture can integrate with nature to create healthier and 

more sustainable environments. The bio-receptivity of moss, or its ability to 

adhere and grow on building materials, is a key factor in this context. 
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Architecturally, the use of moss in facades allows natural elements to be 

integrated into buildings without adding significant structural loads, due to its light 

weight compared to traditional soil substrates. This makes it ideal for application 

on vertical surfaces and for creating modular systems and prefabricated panels 

that can be easily installed and replaced. In addition, moss has excellent thermal 

and acoustic insulation properties, contributing to the reduction of energy 

consumption in buildings and improving living comfort. 

A key aspect for the success of these facades is the water retention of the 

substrate on which moss grows. Increased water retention, in fact, provides 

plants with constant access to nutrients, accelerating their development. This 

characteristic, combined with moss's ability to absorb moisture from the air, 

makes it particularly suitable even for hot, arid climates where water scarcity is 

often an obstacle to the growth of other forms of vegetation. 

The implementation of moss facades is not limited to a simple aesthetic choice 

but represents a real technological innovation in the field of bio architecture. The 

most advanced systems integrate sensors for monitoring humidity and 

temperature, as well as automatic maintenance mechanisms that ensure their 

durability over time. Thanks to these developments, moss facades are finding 

more and more applications not only in residential buildings, but also in 

commercial facilities, offices, and public spaces. 

Research in this field focuses not only on identifying the most suitable moss 

species for façades, but also on the most effective construction materials and 

techniques to promote their growth and survival. The porosity and roughness of 

the materials used, for example, are key determinants of water and nutrient 

retention, directly influencing moss development. 

However, despite its many advantages, the use of moss in architecture also 

presents some challenges, such as the need for favorable environmental 

conditions for its optimal growth. Factors such as air humidity, exposure to 

sunlight, and air quality directly affect the ability of moss to thrive in an urban 
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setting. Therefore, careful design and the adoption of innovative technologies is 

essential to ensure the long-term sustainability of these installations. 

In summary, the use of moss in facades represents an innovative and 

multifunctional solution that: 

• Promotes environmental sustainability by integrating nature into the built 

environment. 

• Improves the energy efficiency of buildings through thermal insulation. 

• Contributes to urban well-being through air purification and increased 

greenery. 

• Provides low-impact solutions that require reduced maintenance and use 

of water resources. 

• Introduces a new aesthetic value in architecture, creating dynamic and 

evolving facades. 

As new technologies and materials continue to develop, moss facades could 

become an increasingly common component of tomorrow's buildings, 

contributing to greener, healthier and more efficient cities. The exploration and 

implementation of this technology promises to be an important step toward 

creating cities that are more sustainable, resilient and in harmony with nature. 
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5. USE OF GREY WATER 

One of the most critical parts of a green façades is the water requirement for 

irrigation which is strictly related to the plant species types and secondly is related 

with the climatic zone of the site.  

In the study of “Green perspectives for Italian buildings façades”[19] was 

estimated the water consumption making the hypothesis of a similar requirement 

of a square meter of lawn in Piedmont which is in spring and summer between 

1050 and 2000 millimeters of water [20]. It was highlighted in the study that is not 

always to satisfy the water demand with rainwater, partially because in existing 

building is not always possible to install a system with a storage tank big enough, 

partially because rainwater is a variable quite aleatory, which lead to the use of 

aqueduct water to satisfy the water demand of the green façades.  

This lead to conclude that the major challenge remains to satisfy the water 

requirement since the use of the aqueduct not only is an expensive solution but 

is a waist of a precious resource.  

 

In Italy especially the aqueduct system is far behind the state of the art. 

ISTAT released periodically the data related to the use of water in Italy which 

state that currently even if the tendency is slightly in reduction “Italy has 

reconfirmed, for more than two decades, in first place in the European Union for 

the amount, in absolute value, of fresh water withdrawn for potable use from 

surface or groundwater bodies” [21]  
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Figure 14 - Water delivered for authorized uses in municipal drinking water distribution networks 

by region. Year 2022, volumes in millions of cubic meters and per capita in liters per inhabitant 

per day. Source [21] 

 

This led us to avoid the solution of using aqueduct for irrigation and offer us two 

different choices: 

• Find plant species types that require low amount of water 

• Use for irrigation other source: grey water.  
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5.1. Key points 

The use of greywater in green façade systems is specifically studied here in 

Politecnico di Torino by Elisa Costamagna [22] and published in different articles, 

it represents an innovative and sustainable strategy for managing water 

resources and promoting greener urban environments. Greywater, defined as 

domestic wastewater excluding that from toilets, is particularly suitable for on-site 

reuse, reducing potable water consumption and relieving pressure on natural 

water resources. 

Here is a detailed overview of greywater use in green façade systems, based on 

information in sources: 

• Definition and characteristics of greywater 

Greywater includes water from sinks, showers, washing machines, and 

dishwashers, excluding toilet flushes. This water accounts for a significant portion 

of domestic wastewater, about 70% in Europe. 

Compared to black water, greywater has a lower concentration of pollutants and 

is produced in larger volumes. The production of greywater varies seasonally and 

depends on users' habits. 

Greywater can be divided into “light GW” (from sinks and showers) and “dark 

GW” (from laundries and kitchens), with the former having a lower pollutant load. 

 

• Green façade systems for greywater treatment 

Green facades, or green walls, are vertical systems that integrate vegetation and 

growth substrates, offering a solution for greywater treatment in urban 

environments with limited space. 
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Green wall systems mimic the natural processes of artificial wetlands 

(constructed wetlands) by using a porous medium for plant growth through which 

greywater flows. 

Greywater is supplied to the top of the green wall and percolates vertically 

through the substrate, feeding the plants and being treated. 

Excess water, collected at the base of the system, is purified and reusable for 

non-potable purposes. 

 

• Types of green façade systems for greywater 

Vertical flow systems are among the most proven systems for greywater 

treatment. In these systems, greywater flows through vertically arranged vessels 

or panels. 

Semi-horizontal flow systems involve water flowing horizontally within the vessels 

before moving to the lower level. 

Modular systems with prefabricated pots or panels are common, and the fill 

materials used vary from sand to expanded clay, coconut fiber, perlite, and 

others. 

Hydroponic systems use modular containers or panels with water-holding 

materials, without substrates, and are distinguished by the absence of structural 

decomposition of the growing material. 

 

• Benefits of using greywater in green façades 

Reduced potable water consumption: reuse of greywater for green façade 

irrigation reduces the need to use potable water for this purpose. 
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On-site wastewater treatment: green façades provide greywater treatment 

directly on-site, obviating the need for traditional wastewater treatment systems. 

Improved water quality: green façades contribute to greywater purification 

through processes of filtration, sedimentation, adsorption, microbial degradation, 

and absorption by plants. 

Environmental benefits: green façade systems improve air quality, provide 

thermal insulation, reduce the urban heat island effect, and promote biodiversity. 

Reduced environmental impact: The use of greywater in green façade systems 

decreases freshwater demand and the environmental impact associated with 

wastewater treatment. 

Sustainability: Green facades contribute to the United Nations Sustainable 

Development Goals (SDGs), particularly Goal 6 (clean water and sanitation) and 

Goal 11 (sustainable cities and communities). 

 

• Efficiency and operational considerations 

Pollutant removal efficiency varies with system configuration, environmental 

conditions, and type of filter material. 

Green facades can achieve removals of 7-99% for total nitrogen, 25-99% for 

BOD5, 28-97% for COD, and 32-100% for Escherichia coli. 

The choice of plant species is crucial, opting for plants that can withstand high 

water volumes and low pollutant loads, with appropriate aesthetic value. 

The presence of plants promotes the development of microorganisms that 

contribute to water purification. 
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Medium- and long-term performance monitoring is essential, considering the 

possibility of clogging or reduced hydraulic performance. 

 

• Examples and case studies 

Several studies have demonstrated the effectiveness of green walls in greywater 

treatment, with varying but generally high pollutant removal rates. 

The “vertECO” system has demonstrated more than 90 percent effectiveness in 

pollutant removal and produces water suitable for reuse for irrigation and toilet 

flushing[16]. 

The choice of plants and fill materials affects the efficiency of the system, and the 

addition of coconut fiber or sand to expanded clay (LECA) can improve 

performance. 

Studies have shown that some plants, such as Mentha, are more effective in 

water removal than others. 

 

• Additional considerations 

To ensure safety and compliance with quality standards for reuse, additional 

disinfection treatment may be required for some applications. 

The design of a green façade system for greywater treatment must take into 

account the local microclimate, water flow rate, and available materials. 

The choice of fill materials with good water retention, porosity, and roughness is 

essential for plant growth and water purification. 
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Irrigation management, including intermittent feeding cycles, is critical to promote 

aerobic and anaerobic conditions that optimize purification. 

In summary, the use of greywater in green façade systems represents a real 

opportunity to promote environmental sustainability, reduce potable water 

consumption, and create healthier and more livable urban environments. 

Understanding the treatment mechanisms and operational dynamics is critical to 

the effective design and implementation of these systems. 
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Regulations 

The regulations for grey water reuse have different requirement among different 

countries. It will not be the focus of this research an evaluation of this regulation.  

It will be sufficient to say that based on the methodology of the current state of 

grey water system, they are in line with many countries regulation and guidelines. 

For some of the most restrictive standards it will be necessary an additional level 

of treatment to comply with the regulation.  

In this study it will be considered satisfied with the regulation the characteristics 

of treated grey water, thus not considering another level of wastewater 

purification. 

 

 

Figure 15 – Overview of regulations and guidelines for GW reuse. source [23] 
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Figure 16 – Proposed guidelines and reports for GW reuse (no standards or limits are 

available). source [23] 
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6. CASE STUDY 

6.1. Project  

The project is located in the North part of the metropolitan city of Turin, included 

between Corso Regio Parco, Piazza Abba, Via Gabriele Rossetti, the Po River 

and street at the Manifattura Tabacchi; the context, included between the historic 

Borgata del Regio Parco and the Po River, turns out to be of great urban 

significance with strong environmental values (Location: 45.08818N 7.71496E). 

The EX-Manifattura Tabacchi, is an industrial building that was once an industry 

of Tobacco but from the mid-fifties the decline of the factory began which first 

closed some departments and then, in 1996, ceased its activity. 

 

 

Figure 17 - Extract from PRG of Turin source[24] 

 



 

 

40 

The Manifattura tabacchi has a winning project for renovation that will reuse 

partially the old building and will expand in the green areas behind.  

Architectural project managers Eutropia Architecture + Pinifarina Architecture 

together with Weber Architects and a large group-interdisciplinary  

The project will have different branch under the cultural point. 

 

 

Figure 18 - Schema of the project function source[25] 
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The project aims to create a bond between culture, history and innovation. 

 

Figure 19 - rendering of the new Manifattura tabacchi source[25] 

 

The portion that is taken in examination is the section constructed by Pier Luigi 

Nervi after World War II. It’s a portion of the building that develops from West to 

East, having the North facades that face Via Gabriele Rossetti and the south 

façade (the one in examination) that face an inner courtyard. 

 

Figure 20 - 3D view of the Manifattura tabacchi with the designated building source [26] 



 

 

42 

 

Figure 21 - Planimetric view of the ground floor with the section highlighted 

A 

A 
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6.2. Green facades  

There will be the development of three different solutions for the façade in order 

to have a comparison of the impact and cost of the solutions. 

• Traditional double skin facades 

• Green facades with grey water treatment 

• Green facades with soil-less solution with moss 

In the following picture there will be highlighted the portion of the south facades 

that will be developed in scale 1:50 and then 1:10 for the detail. 

 

 

Figure 22 - Section of the building case study (not in scale) 
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Concept of the double skin façade 
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Concept of the double skin façade 
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Concept of the double skin façade 
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7. Financial analysis 

In this paragraph it will be evaluated all the different aspect that practically in 

economic terms will discriminate one solution to the other.  

this evaluation will be done through cost-benefit analysis, which is a 

methodological approach that aims to systematically assess the cost-

effectiveness of a project or decision by examining and comparing all the costs 

and benefits associated with it over time.  

It involves quantifying, if possible, in monetary terms, both the initial expenditures 

and investments and the future benefits, which may be direct, such as revenues 

or operational savings, or indirect, such as positive effects on the environment, 

society, or the local economy.  

This method takes into account the fact that money has a different value over 

time, thus applying discount factors to bring all cash flows to present value. In this 

way, cost-benefit analysis not only helps determine whether an initiative is cost-

effective, but also allows for the comparison of different alternatives, facilitating 

more informed and transparent decisions. 
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• Input data 

• Relation facades-surface: Some of the input data is based on the 

planimetric square meter although we are considering the parameters for 

one square meter of facades, in order to assess this relation, it is 

considered a section of the building of 1 meter that as the south facades 

of 16.4 m2 and a total floor area of 54.6 m2. Dividing the floor area on the 

surface of the facades is obtained that 1 m2 of façade affect 3.33 m2 of 

floor area (number which will be multiplied in the calculation). 

It's important to say that for this calculation it is considered a section of the 

building with the boundaries entirely opaque, so a section of the building 

without the windows. The calculation is made for a section of the façade 

with the depth of 1 meter, this could be made of smaller modules that are 

not multiple of 1 meter, to simplify the calculation it is consider that the 

façade made out of modules are multiple of 1 meter, thus having no excess 

or waste cost due to cut out.  

 

• Cost of heating: based in Turin, the cost of gas for heating, hot water and 

cooking is roughly 4141 € for an apartment of 110 m2 with 4-5 people, 

class G. [27] The case study (in base configuration) follow under the same 

class G since it has a demand of 141 kW/m2 of heating, assuming that 

70% of this price is just for the heating is possible to obtain that the price 

of heating of a square meter is 26.35€ for one year (26.35 * 3.33 = 

88.25€/year). 

 

• Cost of cooling: In order to evaluate the cost of cooling some 

considerations are needed: for the size of the case study 54.4 m2 is 

sufficient a cooling power of 12000BTU [28] which corresponds to 1.05 

kWh [29] this energy is assumed (since it has a very variable cost) to be 

0.15 €/kWh [30]. Considering the use of the cooling only in the hottest 

period which is July and August for Turin [31] with an usage of 6 hours a 
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day the total cost of cooling for one square meter is: 1.04 €/m2*year 

(1.04*3.33 = 3.47€). 

 

• Property value rent: The property value of this building was found with 

the website “agenzia delle entrate”, in the year of 2024, selecting the city 

(Turin), the district (D14/Periferica/CIMITERO MONUMENTALE – 

BOTTICELLI), and the destinated use (Terziario – uffici). The result 

obtained indicated a monthly value between 4.2€ and 8.4€ for one square 

meter. Considering an average of 6.3€/m2*month extending the period for 

the full year is obtained: 75.6€/m2*year (75.6*3.33 = 251.7€/year). 

 

• Property value: The same procedure can be done to the real value of the 

property, the website indicated that for the same parameters the price is 

between 680€ and 1350€ for one square meter, assuming an average of 

1015€/m2 (1015*3.33 = 3379.9€). 

 

• Water consumption: It was calculated that for the office use and for the 

density of the persons the average consumption of domestic water is 

0.05m3/m2 assuming that 70% of the total is greywater, the average cost 

of is 2.62€/m3 the cost for the case study will be 0.09€/m2 (0.09*3.33 = 

0.3€) 

 

• Lifespan: The lifespan considered for this kind of system is assumed to 

be of 50 years, after this period is possible that regular maintenance is no 

longer sufficient, but it could be necessary a full refurbishment thus leading 

to the end of the previous system. In this scenario is present the 

installation, maintenance and the disposal of the double skin facades.  

 

 

 

 



 

 

56 

• Rent value of building: A study has been conducted by “Maiora 

Solutions” [33] about the value of the house in Milan related to his 

energetic class it has been assumed to have the same validity for the city 

of Turin. With an increase of value for the case study of 15% with a 

construction of double skin façade – green façade. 

 

 

Figure 23 - percental raise of the value [33] 
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Notes for the table: 

• Installation cost: Inside the installation cost it is embedded labor costs 

and business profit 

 

• Maintenance: Inside the maintenance cost it is embedded labor costs and 

business profit, the maintenance consists of ordinary if needed and 

extraordinary. 

 

• Benefit: the demand column is the cost that the building requires by 

design the reduction is the factor of improvement form the façade and then 

the cost is obtained. A saving for heating, cooling and water and an 

increase in the propriety rent. 
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Double skin facades 

This solution is based on the data collected by “Cost Implication of Implementing 

External Facade Systems for Commercial Buildings”[34] assuming to have the 

same cost of disposal as the green facades. This data has been chosen because 

it is the mean value between different prices and has also the data for the 

maintenance.  

 

 

Green façade - Traditional 

This solution is based on the cost of the installation, maintenance and disposal 

of a living wall system. [35]  

Input Data: cost € period note

Masonry 123 one time

insulation 15.96 one time

structure 32 one time

sarking 5.99 one time

disposal  layer disposal 218.56 one time

BENEFIT reductiondemand

heating 26.48 0.7 88.25 euro/mq 

cooling 0.347 0.9 3.47 euro/mq 

water saving 0 1 0.30536 euro/mq

proprierty rent 37.76 0.15 251.7 euro/mq

Energy

Installation

Maintenance annual9.93Replacement panel
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Green façade – Grey water 

The system is very similar in his core to the previous system, so it has been 

chosen to evaluate the system keeping the same costs of installation, only the 

maintenance will change since irrigation is no longer a cost, because instead of 

using aqueduct water it is used wasted water.  

 

Input Data: cost € period note

Plant 27.49 one time

supporting system 176.23 one time

Irrigation system 27.61 one time

Installation 83.5 one time

Pruning 14.41 annual

Irrigation 0.96 annual

Replacement plant 6.05 annual

Replacement panel 2.75 annual

replacement pipes 2.85 annual

cladding renovation 486.96 one time

disposal Green layer disposal 218.56 one time

BENEFIT reductiondemand

heating 26.48 0.7 88.25 euro/mq 

cooling 0.347 0.9 3.47 euro/mq 

water saving 0 1 0.30536 euro/mq

proprierty rent 37.76 0.15 251.7 euro/mq

Energy

Installation

Maintenance

Input Data: cost € period note

Plant 27.49 one time

supporting system 176.23 one time

Irrigation system 27.61 one time

Installation 83.5 one time

Pruning 14.41 annual

Irrigation 0 annual

Replacement plant 6.05 annual

Replacement panel 2.75 annual

replacement pipes 2.85 annual

cladding renovation 486.96 one time

disposal Green layer disposal 218.56 one time

BENEFIT reductiondemand

heating 26.48 0.7 88.25 euro/mq 

cooling 0.347 0.9 3.47 euro/mq 

water saving 0.092 0.7 0.30536 euro/mq

proprierty rent 37.76 0.15 251.7 euro/mq

Energy

Installation

Maintenance
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Green façade – Moss 

The installation data cost is taken by “Moss manufaktur”[36], the maintenance it 

has been evaluated only for replacement items.  

  

Input Data: cost € period note

Replacement plant 6.05 annual

Replacement panel 2.75 annual

disposal Green layer disposal 218.56 one time

BENEFIT reductiondemand

heating 26.48 0.7 88.25 euro/mq 

cooling 0.347 0.9 3.47 euro/mq 

water saving 0 1 0.31 euro/mq

proprierty rent 37.76 0.15 251.7 euro/mq

Energy

Installation

Maintenance

600 one time
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7.1. Net present value – NPV 

Net Present Value (NPV) is a financial metric used to evaluate the profitability of 

an investment or project. It is a technique for discounted cash flow (DCF) 

analysis, which considers the time value of money. The fundamental idea behind 

NPV is to assess whether an investment will generate a positive or negative 

return after accounting for the time value of money 

Formula: 

1 (1 )

n
n

n

CF
NPV

r
=

+


  

 

Where: 

• CFn is the cash flow for the n year  

• r is the interest rate 

• n is the number of years  

Consideration about the result of NPV: 

• If the NPV is positive, it indicates that the investment is expected to 

generate a profit, and the project is potentially worthwhile. 

• If the NPV is negative, it suggests that the investment may not be a 

good idea, as it is expected to result in a loss. 

• A higher positive NPV is generally preferred, as it implies a more 

significant potential for profitability. 
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Notes for the table: 

• Since it is not exactly a cost benefit analysis the interest rate cannot be 

place equal to 4% (the one given by the European regulation [32]) this is 

a financial analysis so the interest rate has been chosen equal to a btp of 

comparable duration in years [37] of 2.15% 

 

• In the table below there is a column (period) that represent the number of 

years of the project, an inflow of the money saved or gained, an outflow of 

the costs of installation and then maintenance. The difference between the 

two column is the cashflow and from this the nvp is calculated. 

 

• It’s essential to notice that the costs related to extraordinary maintenance 

and disposal has been embedded in the beginning in order to have first all 

the negative value than the positive one (otherwise the calculation is not 

operated correctly). It has been done actualizing the price of the expense 

to the date selected using the formula of the compound interest because 

the period is longer than a year.  

 

Where: 

• K is the cost actualized  

• M is the real cost  

• i is the interest  

• t is the number of years  
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Double skin facades     Green façade – Traditional 
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Green façade – Grey water     Green façade – Moss 
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In those tables is found a column with the year, followed by the inflow, (which is 

zero first year since it is the one where the system is installed, so it doesn’t 

produce yet income, but it has only the installation cost), the outflow, the total 

cash flow and the NVP related to that year, the sum of which creates the total 

NVP. 

The table for the NVP show that among the 4 solution the double skin facades 

has the highest score 1402.10, followed by the Moss façade with quite a gap, 

because it has 1014.46.  

The solution with the traditional green façade and the one with grey water are 

comparable.  

This means that it is relevant that double skin façade as it has been designed has 

the highest chance of be profitable.  
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7.2. Internal rate of return – IRR 

 

Similar to Net Present Value (NPV), IRR helps assess the profitability of an 

investment by considering the time value of money. However, instead of focusing 

on the net present value of cash flows, IRR identifies the discount rate at which 

the present value of the cash inflows equals the present value of the cash 

outflows.  

The formula for the IRR is the following one: 

 

The difficult part about this calculation is that there is not a straightforward way to 

solve for IRR, the possible way to solve it Is either using an iterative method or a 

financial calculator. For the project the function IRR (TIR.cost in Italian) has been 

used. 

Consideration about the result of IRR: 

• If the IRR is greater than the required rate of return or cost of capital, the 

investment is considered attractive. 

• If the IRR is less than the required rate of return, the investment may be 

less appealing. 
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Figure 24 - description of the function used source[38] 

 

Double skin façade          Green façade - Traditional 

 

Green façade – Grey water     Green façade – Moss 

 

 

The highest IRR correspond to the double skin façade with 21% the other IRR 

are all comparable.  
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7.3. Payback period – PBP 

 

The payback period is a simple financial metric used to evaluate the time it takes 

for an investment to generate cash inflows sufficient to recover its initial cost or 

investment outlay. It is a basic measure of liquidity and risk, indicating how quickly 

an investor can recover their initial investment. 

 

Payback Period = Annual Cash Inflow / Initial Investment 

 

Consideration about the result of PP: 

• The shorter the payback period, the more attractive the investment is 

considered. A shorter payback period implies a quicker return of the 

initial investment, which is generally preferred. 
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The discounted payback period is an extension of the traditional payback 

period, taking into account the time value of money by discounting future cash 

flows. While the traditional payback period simply divides the initial investment 

by the annual cash inflow, the discounted payback period considers the present 

value of these cash flows. 

𝐷𝑃𝑃 =∑
𝐶𝐹𝑛

(1 + 𝑟)𝑛

𝑛

1

 

Where: 

• CFn is the cash flow for the n year 

• r is the new interest rate 

• n is the number of years 

 

Consideration about the result of DPP: 

• Unlike the traditional payback period, the discounted payback period 

recognizes that a dollar received in the future is worth less than a dollar 

received today. It applies a discount rate to adjust future cash flows to 

their present value. 

• Similar to the traditional payback period, a shorter discounted payback 

period is generally considered more favorable. It indicates how quickly 

the project can recover the initial investment, accounting for the time 

value of money. 
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Double skin façade     Green façade – Traditional 
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Green façade – Grey water        Green façade – Moss 
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The most representative data is the discounted payback period because it 

would be not realistic considering time value of money.  

This is clear if the results are compared, the most effective one is the double 

skin façade, that has a PBP of 5 year and the period for the DPB is 6 years this 

is a close gap because the period is not long enough to experience a real 

difference in value over time.  

If the results of the green façade traditional are compared the two indicators 

vary in a significant way, because in one is 19 years and the other is 25 years, 

this is a period long enough where the value of money need to be related to the 

time.  
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7.4. Sensitivity analysis  

 

Sensitivity analysis is a financial modeling technique used to assess how 

changes in the input variables of a model impact the output. It helps identify the 

sensitivity of a project or investment to variations in specific factors, providing 

insights into the potential impact of different scenarios. 

 

 

• Impact of greywater treatment  

 

Greywater reuse is a hot topic in the current studies and different methodologies, 

hypothesis or primary data led to different outcome. 

In the study “A review of nature-based solutions for greywater treatment: 

Applications, hydraulic design, and environmental benefits” [23] it has been 

summarized the Life Cycle Analyses of 30 different studies done in the past years 

to summarize the pros and cons.  

 



 

 

74 

 

Figure 25 - Evaluation of GW reuse by means of LCA and environmental-social-economic 

assessment. Part 1 – source [23] 
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Figure 26 - Evaluation of GW reuse by means of LCA and environmental-social-economic 

assessment. Part 2 Source [23] 
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• Greywater reuse in urban areas can decrease of about 30% water 

consumption in buildings [39] 

• Greywater reuse in multi-story buildings in Israel may save 150 Mm3/y of 

freshwater use [40]. 

• Reduction of about 50% in greenhouse emissions compared to traditional 

wastewater treatment plants [41]. 

• This improvement for vertical flow CW is distributed among transportation 

stage (up to ~19 kg CO2-eq/PE/y less), treatment stage (up to ~40 kg 

CO2-eq/PE/y less), and sludge handling.  

• An indirect effect of greywater system is the decentralization of the 

treatment thus leading to an energy saving form traditional (centralized): 

1.224–1.914 kWh/ m3 to the one in situ 0.2460.970 kWh/m3 which means 

a reduction up to ~80% [42] 

 

A general analysis shows that although results may vary by site-especially in 

terms of net economic benefits-most studies indicate that greywater treatment 

with decentralized approaches is more beneficial than conventional methods, 

both in terms of net energy consumption and economic costs.   
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• Material price 

 

Since the project is based on a building located in the North of Italy, is possible 

to look at report of ISTAT “Istituto Nazionale di Statistica”, an Italian institution 

that periodically review the prices of construction.  

 

 

Figure 27 - Construction output price index numbers. residential and non-residential buildings 

source [43] 
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Figure 28 - Construction output price index numbers. residential and non-residential buildings 

source [44] 

 

As is possible to evaluate, the price increased drastically in the past years. It 

could be a good approximation that the price increased statistically of 17% in less 

than 10 years for construction cost of residential and non-residential building. 

The Italy state took notice of the rising price of the materials and partially refund 

the building site that were in the middle of the construction facing costs that are 

no longer close to the original.  

Even if the price of the material has seen a big fluctuation it will be took into 

account the same range of -10% +10% because this rise that happened was for 

the major part due to the pandemic which is an anomalous event. The common 

fluctuation does not experience gap this big. 
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Double skin façade 
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Making a comparison of the tree variable that were evaluated it is clear to see 

that rent has the most impact on the same deviation, because it has the steepest 

line. 
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Green façade - Traditional 
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Making a comparison of the tree variable that were evaluated it is clear to see 

that material has the most impact on the same deviation, because it has the 

steepest line. 
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Green façade – Grey water 
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Making a comparison of the tree variable that were evaluated it is clear to see 

that material has the most impact on the same deviation, because it has the 

steepest line. 
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Green façade – Moss 
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Making a comparison of the tree variable that were evaluated it is clear to see 

that material has the most impact on the same deviation, because it has the 

steepest line. 
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8.  COMPARISON 

Here is summarize the indicators that were evaluated during the cost benefit 

analysis, with each solution.  
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Form this evaluation the double skin façade appears to be the economical best 

choice.  

The evaluation is trying to represent the most useful and realistic case but is 

essential to understand that even if in this case study the double skin façade 

has an economical advantage it is not always true. 

There are some key points that need to be enlighten in order to have a better 

comprehension: 

 

• The double skin façade is the solution with the most kind of 

typologies, thus it’s easy to make significant impact in the results 

changing the stratigraphy.  

 

• The green façade is a relative new façade, and it is not spread in the 

same measure that the traditional one especially the one with grey 

water treatment and soil less technology. This means that the 

availability is limited and that has a correlation to a highest price. 

 

There are other kind of benefict from a green façade that are not represented by 

an economic indicator or that it would be difficult to quantify in other manner, but 

never the less they are present and should not be underestimated. The most 

important are:  

 

• The architectural value, that is highly dependant by the context of the 

building because it could not have a particular appeal a green façade in a 

rural area surrounded by nature but it coul be inestimable if the building 

is contructed in a city where there is no green spaces and it is the only 

solution to add it.  

 

• The life qualitiy, it is hard to evaluate the psycological aspects, contact 

with greenery is known to reduce stress and improve mood. Green 

facades can help create more relaxing and stimulating environments, 

promoting the general well-being of users. 
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• Improving air quality, plants absorb carbon dioxide and pollutants, 

releasing oxygen. This helps reduce the concentration of pollutants in the 

air, improving the health and well-being of residents. 

 

• Reduction of noise pollution, the plant structure helps attenuate outside 

noise, creating a quieter and more comfortable environment, both for 

building occupants and the surrounding area. 

 

Overall, all of these aspects are essential to take in consideration to. make the 

best choice in the design phase of a project.  
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9.  APPLICATIONS 

In this section there will be some consideration of the possible application of this 

solution of double skin, in other kind of context. 

9.1. Different climatic zone 

Climate zones significantly influence the performance of green facades. Climatic 

factors such as outdoor air temperature, outdoor relative humidity, wind speed 

and solar radiation intensity are critical determinants of the effectiveness of 

greening systems 

Several studies have examined the impact of climate zones on green façade 

systems: 

• Tropical climates: Green façade systems play an important role in 

improving the energy efficiency of buildings. In these climate zones, it is 

important to emphasize designs that emphasize cooling and moisture 

control. 

• Mediterranean climates: In continental Mediterranean climates, Green 

façade can passively reduce building energy consumption by up to 59%. 

[15] In winter, it can lead to energy savings of 4.2%. Evergreen species 

offer year-round benefits. 

• Hot summer and cold winter climate zones: Climatic characteristics 

have a significant impact on the energy-saving effect of Green façade.  

Long-term monitoring results show that the average monthly energy-

saving rate in winter is only 3.6 percent, with the highest value being just 

11.3 percent, and there are also many months without energy saving. In 

these areas, it is important to choose species that can withstand both hot 

and cold weather. 

• Arid climates: Higher temperatures can lead to greater 

evapotranspiration and, if the reduction in flow is not accounted for, lead 
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to less mass removal, leading to an inaccurate representation of actual 

system performance [45] 

Plant selection based on regional temperature and humidity conditions is critical 

to optimizing the performance of green façade systems 

For example, tropical areas might prioritize species with high evapotranspiration 

rates. The fundamental mechanisms of green façade, such as shading, 

evapotranspiration, and insulation, remain unchanged, allowing knowledge 

gained from the Hot summer and cold winter climate zones context to be applied 

elsewhere with appropriate adaptations. 

Here follows a map of the different climatic zone of the world. 

 

 

Figure 29 - K ̈oppen-Geiger climate classification source [46] 
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This is a characterization of how much in a single state is possible to encounter 

different climate. 

 

Figure 30 - K ̈oppen-Geiger climate classification Italy source [47] 

 

This is fundamental knowledge in order to design the best, in terms of 

performance, double skin façades, especially green facades, because not only 

different conditions affect the need to make a double skin façade, but it affects 

also the performance requirement and in case of a green facades it affect also 

the kind of plant species that is possible to have.  
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9.2. New vs renovation 

 

Green facades can be classified as direct or indirect systems, with different 

implications for application on existing versus new buildings. [19] 

Here are the main differences in application between the two types of buildings: 

 

Existing buildings 

 Indirect systems are generally preferred. These systems use lightweight external 

structures, such as trellises, nets or cables, to support the growth of climbing 

plants. 

Indirect systems can integrate planters into the exterior structure, even at different 

heights, which is useful when planting directly into the ground at the base of the 

wall is not possible. 

Indirect green façade systems can be adapted to any type of façade, even on 

existing buildings. The configuration can be optimized according to solar 

exposure to provide shade without excessively obstructing the view from the 

inside. 

Application of Vertical Greenery Systems on existing buildings is a strategy to 

reduce heat islands and absorb carbon dioxide. 

New buildings 

Both direct and indirect systems can be considered. Direct green facades have 

no support structures and plants climb directly on the wall. The project is easily 

designed to accommodate the use of greenery in the facades. Space can be 

provided for planting directly into the ground at the base of the wall. 
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The installation of Vertical Greenery Systems can lead to energy savings for 

cooling buildings and mitigate the urban heat island effect. 

In summary, while in new buildings there is more flexibility in the choice of green 

façade system, in existing buildings it is often preferable to choose for indirect 

systems that are better suited to existing structural features.  

Usually also the Existing building for this lack of predisposition of a double skin 

façade have higher cost respect a new building that has this structure by design.  
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9.3. Roof systems 

It will not be the focus of this thesis but is important to mention the other areas of 

application of greenery, the main are green roof. 

Green roof are vegetation-covered building roofs designed to improve the energy 

efficiency of buildings and promote urban sustainability. They can be extensive, 

with low-maintenance plants and low weight, or intensive, with more diverse 

vegetation and a roof garden-like structure.   

• Pro of Green Roofs 

• Thermal insulation and energy savings: Reduction of heat loss in winter 

and overheating in summer, resulting in savings in air conditioning costs.   

 

• Rainwater absorption: Decrease water runoff, reducing the risk of urban 

flooding.   

 

• Pollution reduction and air quality improvement: Plants absorb CO₂ 

and atmospheric particulate matter.   

 

• Increasing biodiversity: They create habitats for insects and small 

animals, promoting the urban ecosystem.   

 

• Extended roof life: They protect the underlying roof from weathering and 

UV rays, increasing the useful life of the structure.   

 

• Aesthetic benefits and psychological well-being: They improve the 

urban landscape and visual comfort, contributing to the quality of life.   
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• Contrary to Green Roofs 

• High initial costs: Installation requires specific materials, waterproofing, 

and an appropriate structure to support the additional weight.   

 

• Necessary maintenance: Even extensive systems require minimal 

maintenance for plant health and water drainage.   

 

• Additional weight on the building: May necessitate structural 

verification and, in some cases, reinforcement of the building to support 

the load.   

 

• Variable efficiency depending on climate: In very dry areas, an 

irrigation system may be necessary, while in very rainy climates drainage 

management must be carefully designed.   

 

Ultimately, green roofs are an effective solution for improving urban sustainability, 

but their implementation requires careful evaluation of cost, building structure, 

and climate context. 
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10. CONCLUSION 

 

This paper presented the topic of green facades and in particular new 

technologies applied to them.   

The environmental impact of construction on climate change was highlighted, we 

focused on how to reduce this impact through the use of double skin facades.  

An excursus was made on how traditional facades are composed, what kind of 

limitations and problems they present, then the different types of green facades 

present were analyzed.  

Soil-less technologies (through moss) and graywater reuse were analyzed, in 

particular what is involved in using these technologies and what are their merits 

and drawbacks.  

Four technologies: Double skin façade (traditional), green façade (traditional), 

green face with grey water, moss facade, were compared directly in the case 

study of the EX-Manifattura Tabacchi, going on to design an example of a facade 

with its stratigraphy. 

The main focus has been from the design of these facades to go to parametrically 

analysis of a square meter of facade by cost benefit analysis, net present value, 

internal rate of return, payback period and sensitivity analysis. 

This returns a result that is representative only of this example, where from the 

purely economic aspect it appears that the double skin façade would seem to be 

the most beneficial solution.  

This does not take into account some aspects, architectural, perceived quality, 

psychological that are not assessable in a parametric way but nevertheless 
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remain essential to be taken into account at the design stage and can be 

determinant in other cases.  

Finally, it was pointed out that the applicability of these solutions can be expanded 

from this context and condition, so it is possible to adopt them in other areas and 

building types as well. 
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