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INTRODUCTION
According to Technical Code, an almost zero energy consumption building (ECCN) is a building

that fulfils the regulatory requirements established for new buildings as developed throughout
the Basic Document HE Energy Saving.

As a general definition, we regard ECCN as a building with great energy efficiency, so it is fully
or almost completely supplied by renewable energy sources.

In 1997, the EU member countries joined together to commit themselves to the Kyoto Protocol to
reduce the emissions of gases that are causing the greenhouse effect. In fact, 40% of all energy

consumption in the European Union comes from buildings, hence the importance to discuss it to
achieve more energy-efficient buildings. Directive 2010/31 / UE of the European Parliament and
of the EU Council established the energy efficiency of buildings resulting in a new regulation:

“...a más tardar el 31 de diciembre de 2020, todos los edificios nuevos sean edificios de consumo de
energía casi nulo, y de que después del 31 de diciembre de 2018, los edificios nuevos que estén ocupados
y sean propiedad de autoridades públicas sean edificios de consumo de energía casi nulo.”
In 2017 Spain made changes to the Technical Building Code DB HE and HS by which they de-

fine what a building must comply with to be considered as a building with almost zero energy
consumption.

Hence, at the beginning of this century, sustainability evaluation systems including LEED,
BREEAM, VERDE, PASSIVHAUS certificates emerged.

However, none of the Southern European countries, Spain being among them, are prepared

to comply with the objectives established by the European Union, since there is a critical factor
that hinders their outcome to meet with the EU directive: that is, the warmer weather of these
countries as opposed to that of the northern countries.

Therefore, this project aims to study the Passivhaus certificate (a certificate of German origin)

to understand how it behaves in a Mediterranean climate and the current energy certificate that
exists in Spain.
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OBJECTIVE
Living in a country with a Mediterranean climate, I was interested to investigate further about the

certificates that some buildings feature in Spain, to explore how they work, and operate. Most of
these certificates are developed in central Europe, so the parameters to fulfil such certificates
correspond to a colder and drier climate.

My purpose is to study three houses affected by the same climate and with different certificates
to see which one is more decisive. With this in mind, I have selected the following schemes:

Firstly, a pioneering scheme, a sustainable and efficient house, designed in 2009 by

architect Josep Bunyesc that became the first passive house in Spain.

Secondly, a house signed by H architectes studio, since they are growing exponentially

and are known for their designs where the material is a fundamental basis of their work.

And thirdly, Arquitir, an architectural firm directed by Eva Jordán and specialising in hou-

ses following the Passivhaus certificate.

Therefore, I am committed to analyze the three houses outlined earlier and study how they work
so I can understand what they have to comply with to achieve an A+ certificate and a Passivhaus
one.

For a better understanding, I included graphic documentation, drew some sketches, drawings
and diagrams. All this has been done from graphic drawing programs like AutoCad and also in
pencil.

CASA MONTORNÉS
Architect: Josep Bunyesc
Location: Montornés del Vallés

CASA 1101
Architect: H arquitectes
Location: Sant Cugat del Vallés

CASA PALAU
Architect: Arquitir
Location: Palau de Plegamans
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ENERGY CERTIFICATES

INFORMATION ABOUT THE DIFFERENT ENERGY CERTIFICATES AVAILABLE AROUND THE
WORLD

PASSIVHAUS
LEADERSHIP IN ENERGY & ENVIROMENTAL DESIGN

ORIGIN: 1988, Germany
MAIN CHARACTERISTICS:
> Heat recovery ventilation
> Tightness
> Thermal bridge free design
> Thermal insulation
> High precision windows and doors

ORIGIN
The Passivhaus concept was born in Germany in 1988 from a dialogue between Bo Adamson,
professor in Sweden and Wolfang Feis, a German professor. Together, they developed a model,
a standard, known as Passivhaus. They argued that a home can save up to 70% of its energy
consumption compared to a conventional home.
To achieve this, the indoor home quality has to improve by focusing on the cons- truction and
operation of the home. The Passivhaus standard is based upon five construction principles that
seek improving the indoor and quality of the house environment. Although the Passivhaus idea
first appeared in 1988, it was not until 1996 that the certificate as we know it now, was created.
A Passivhaus based house is a type of energy efficient construction that also takes bioclimatic
architecture considerations on board. Furthermore, it is able to function, capture, store and only
function autonomously. Passivhaus, in short, tries to incorporate this concept saving energy
consumption.

EXPECTED STANDARDS

				
					
					
					

→ Heating demand ≤ 15 Kwh/m2 year
→ Cooling demand ≤ 15 Kwh/m2 year
→ Primary energy consumption ≤ 120 Kwh/m2 year
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ENERGY CERTIFICATES

BASIC PRINCIPLES
· A Passivhaus house is a type of efficient energy construction where resources are used with
bioclimatic architecture considerations in mind.
· Passive is when an element is capable of operating, capturing, storing, and only operating
without outside help.
· Passivhaus, ultimately, tries to develop this concept by saving the energy consumption of the
home.
· This standard takes into account 5 principles as outlined below:
1. THERMAL INSULATION: Prior to the design of the house, a thorough study
of the necessary thermal insulation must be conducted in order to achieve
a low thermal transmittance. The isolation will depend on the climate in
which the project is located, therefore, the results will vary depending on
whether we are in a warm environment or not.
2. HIGH PERFORMANCE WINDOWS AND DOORS: Generally, thermal bridges
appear in the openings of the house. That is why a passivhhaus house
will focus on improving these openings using low emission double or triple
glazing. Also, it is likely to feature good quality carpentry to avoid these
thermal bridges.

3. ABSENCE OF THERMAL BRIDGES: It is inevitable that thermal bridges
appear in a house. These are the weak points that you have to try to control, since they cause unwanted energy to be lost or gained and can affect
the comfort inside.

4. AIR TIGHTNESS: In a conventional house, draught is generated that originate from the envelope gaps making it less airtight. It is for this reason that
one of the basic principles of this standard is that the house is airtight. To
correct this problem with draught, mechanical ventilation is used. With a
good airtightness, we prevent humidity, home energy efficiency, improve
acoustic insulation and obtain good comfort indoor.

5. MECHANICAL VENTILATION WITH HEAT RECOVERY: Vetilation with heat recovery generates a good quality of air inside. This equipment makes it possible to recover part of the energy from the air conditioned inside a room.
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ENERGY CERTIFICATES
ENERGY CERTIFICATE C.T.E
LEADERSHIP IN ENERGY & ENVIROMENTAL DESIGN

ORIGIN: 2013, Spain
MAIN CHARACTERISTICS:
> Thermal characteristics of the building
> Heating installation and hot water supply
> Air conditioning installations
> Natural and mechanical ventilation
> Lighting installation
> Design, location, building orientation and environment
> Solar installation and solar protection
> Indoor climatic conditions
> Internal loads

ORIGIN
The Kyoto Protocol took place in 1997 with the purpose of discussing climate change and the
reduction of the consumption of fossil fuels and its recommendations came into force in February 2005.
Currently, the consumption of buildings and houses accounts for 17% of the overall Spanish
energy consumption. For this reason, one of the objectives is to minimize the energy consumption of Spanish homes.
Royal decree 235/2013 passed by government in 2013, indicates that the energy efficiency ratings of new buildings and homes that are for sale or rent should be made public.
The certificate is graded with letters from A to G, being A the most efficient and G, the least
efficient, according to estimated consumption and the amount of CO2 it releases into the atmosphere.

EXPECTED STANDARDS

				
					
					
					
b

→ Heating demand ≤ 19,7 Kwh/m2 year
→ Cooling demand < 10 Kwh/m2 year
→ Primary energy consumption < 38,4 Kwh/m2 year

8

ENERGY CERTIFICATES
BASIC PRINCIPLES
The procedures for the assessment of energy efficiency of buildings in Spain must take into
account some of the following charateristics:

1. THERMAL CHARACTERISTICS: The materials used must meet certain thermal parameters to achieve good comfort. Thermal conductivity, density,
specific heat are taken into account.

2. HVAC : The HVAC facilities have heating and air conditioning systems if
necessary. These equipments must be as sustainable as possible.

3. VENTILATION: There are two types of ventilation, natural and mechanical
ventilation. When both, ambient pressure and temperature conditions are
right, ventilation can be obtained through natural ventilation. When this is
not feasible, mechanical ventilation will take its place.

4. LIGHTING: The quality of light that, the interior of a house must have, is
essential. The design will be of paramount importance in this area in both
natural and artificial light.
5. DESIGN AND LOCATION: To create a project, we must know the location
where it is located, its orientation and a careful study of the weather conditions where the house is located, since these factors can affect the design
of the house.
6. SUN PROTECTION: The sun is a source of energy that can be very useful
when designing a building. A house can capture, store and distribute solar
energy that can be used in winter and at the same time must have the capacity to reject solar heat with solar protection. All this must be taken into
account in the design of the house.
7. ENVIRONMENTAL CONDITIONS: The indoor environmental conditions determine its suitability to be inhabited by people who have a good level of
comfort. Some of the measures to take into account are: indoor temperature, humidity, draught, noise, lighting and the environment in which it is
located.
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ENERGY CERTIFICATES
LEED

LEADERSHIP IN ENERGY & ENVIROMENTAL DESIGN

ORIGIN: 1993, United States
MAIN CHARACTERISTICS:
> Sustainable location
> Water protection and efficiency
> Energy efficiency and renewable energies
> Materials conservation and natural resources
> Indoor environmental quality

BREEAM

BUILDING RESEARCH ESTABLISHMENT ENVIRONMENTAL ASSESSMENT METHOD

ORIGIN: 1990, United Kingdom
MAIN CHARACTERISTICS:
> Management				> Waste
> Health and well-being			
> Land uses and ecology
> Energy					
> Pollution
> Transport
> Materials

VERDE

VALORACIÓN DE EFICIENCIA DE REFERENCIA DE EDIFICIOS

ORIGIN: 2009, Spain
MAIN CHARACTERISTICS:

			

> Site selection			
> Service quality
> Site and planning project
> Energy and atmosphere
> Indoor environmental quality
> Natural resources and socio-economic impact

WELL

WELL BUILDING STANDARD

ORIGIN: 2014,United States
MAIN CHARACTERISTICS:

> Air		
> Feeding
> Water		
> Lighting

> Action			
> Thermal comfort
> Mindset
> Community

CASBEE

> Sound
> Materials

COMPREHENSIVE ASSESSMENT SYSTEM FOR BUILDING ENVIRONMENTAL EFICIENCY

ORIGIN: 2007, Japan
MAIN CHARACTERISTICS:

> Energy efficiency
> Efficiency in the use of resources
> Local environmental impact
> Indoor environment
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ANALYSIS

BASIC INFORMATION ABOUT THE PROJECTS TO ANALYZE

THREE UNRIVALLED PROJECTS
For this project I have had to investigate three houses that shared the same climate, were single-family houses and that have followed an initial approach to achieve good energy certificates.
To this purpose, I have selected the following houses:
CASA MONTORNÉS

Casa Montornés ( 2014 ) is a project by architect Josep Bunyesc and located in the town of
Montornés del Vallés, in Vallés Occidental county. This three-storey house has the CTE energy
certificate, A rated, which means that is has a very high efficiency and has an energy consumption 55% lower than average homes. It is a wooden house and it consists of a ground floor, first
floor and loft. It also features an inner courtyard that takes central stage and all the rooms are
distributed around it. As a renewable energy source they use the sun, through solar panels on
the south façades.
CASA PALAU

Casa Palau ( 2014 ) is a project of Arquitir studio and it is located in Palau-Solità i Plegamans
in Vallés Occidental county. It is a wooden house too with a tile roof. The house is designed in
such a way that it can take full advantage of sunlight and natural lighting, so the openings are
strategically designed and thought through. The house has a traditional look and character and
an L-shape layout. Thanks to the latter, the outdoor space provides three green areas: the first
one, at the entrance, the second one is the garden covering two wings of the house and the last
one, at the rear of the house. Thanks to its design, it is Passivhaus certified.
CASA 1101

Casa 1101 ( 2013 ) is a project of H arquitectes studio and it is situated in Sant Cugat del Vallés, in Vallés occidental county. It is a two-storey house distributed in three modules. The house
consists of three brick modules and the joints are made up of porches with folding windows that
generate natural air flow. The benefit of this solution is that in summer it cools down the house
and in winter it generates a green-house effect. This house has a B-rating CTE energy certificate, meaning that it has good energy efficiency. This is why we would need to achieve an A rating
in order to obtain a house with excellent energy efficiency.
This analysis format comes from the comparative classification system used in the exhibitions
and catalogs of the three editions of the Argentina Architecture Biennial, from 2014, 2016 and
2018. This documentation and systematization is a reference for teachers and researchers from
the American continent and, in different variants, it is detected in the descriptive methodology
used by professional architects in conferences about their work and, also, in descriptive editorial
articles of said works.
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CASA MONTORNÉS

NUCLEAR

MATERIAL: Casa Montornés mainly uses wood

SYSTEM: Casa Montornés is distributed around

as the main material throughout its project, with
the exception of the basement that has reinforced
concrete walls and screed concrete. In an interview about Sustainable Architecture, Josep Bunyesc commented that he works with materials of
natural origin since they are elements that have
little transformation and that nature can produce.
These materials have little built-in energy and are
easy to recover.
The house uses wood in different ways. Outside, it
uses pine wood on the façade, OSB for the indoor
panels and parquet.

an inner courtyard located in the center. Around
it, we find all the rooms. The common area where we identify C-S-C is in the south front while the
rooms are distributed in the east and west wings.
The inner courtyard has been designed as a bioclimatic strategy that generates passive cooling.
This is particularly good in climates with high temperatures as it cools down the interior by means of
natural ventilation.

INPUT
CONTEXT: The house is located in Montornés
del Vallés. It belongs to the central pre-coastal
Mediterranean climate, also known as C2 climate. Montornés del Vallès is only 28 km from
Barcelona.
The plot has a significant topography where we
can find a slope of 4 meters.
The climate is temperate and warm. According
to the Köppenn classification, this climate belongs to Cfa. The average temperature in this
town is 16,1ºC. Cfa belongs to humid or dry
sub- tropical climate.

TIES: Josep Bunyesc is an architect who stands

out for his inovation in low-consumption housing
in Spain, more specifically in Catalonia. Bunyesc
was the first to obtain the PHPP certificate in a
home. Since 2005 he began working on renovations but it was not until 2009 that he began to
build passive houses and energetically positive.
He always tries to use pine wood material. Surely the master’s degree in sustainable architecture
that he obtained in Belgium inspired him ahd with
that he was able to build houses with high energy
efficiency. In all the projects he has completed, he
has included his materials, that defines him par
excellence, which is wood.

OUTPUT
CHARACTER: Casa Montornés follows a style

REFLECTION: Casa Montornés is an example

very characteristic of its architect. Bunyesc arquitectes are characterized by designing houses with
great energy efficiency, using wood as the main
material. Homes that are in a warmer climate often
incorporate an inner courtyard that is used as a
passive cooling approach.
The main objective of Bunyesc is to create architecture with high energy efficiency and at the same
time, it blends in perfectly with the environment in
which the project is located.

of passive architecture designed by architect Josep Bunyesc. This house in particular, is a model to study as far as a passive house with high
energy efficiency is concerned. The strategy used
has been taken up by several passive architecture
practices that have been created after this architecture practice. Bunyesc arquitectes has been
the pioneering and innovative practice in this type
of cohstruction.
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CASA PALAU

NUCLEAR

MATERIAL: Arquitir believes in constructive free-

dom with ecological and durable materials, that is
why in all their projects the material they employ
is wood. Working with wood has the benefit of making each project unique since it can take a large
variety of shapes and styles. A project can acquire a traditional style or a more contemporary one,
when treating the material.
The Palau house is made of wood, material that is
used not only on floors but also façades, walls and
roofs. We will see in the house how wood is used
in different ways, for instance there are OSB, PFF
plasterboards, wooden slats, solid wood beams,
parquet and wood planks.
On the façade, the wooden slats gamble and are
placed both vertically and horizontally.

SYSTEM: The house is composed of two L-Sha-

pped modules. The first one, located in the south,
is where the living room, kitchen and dinning room
are situated and it is a place that everybody can
share. The second module is devoted to the bedrooms and bathrooms.
With this modular system, the areas of the house
are cleverly laid out in order to make the most of
the sun orientation and the different environmental
factors.

INPUT
CONTEXT: The house is located in Palau-Solità
TIES: Arquitir is a studio that since its inception
i Plegamans at 30 km from Barcelona. It is situated in the Vallés Occidental county, so it s part
of the coastal mountain range. It has a central
pre-coastal Me- diterranean climate, C2 climate.
It is warm and temperate, with an average annual temperature of 15.8ºC. The rainfalls are also
strong throughout the year.
The Köppen G climate classification, a classification of all climates worldwide, created in 1900
is Cfa. Cfa belongs to a humid or dry subtropical
climate.

has had sustainable construction as a fundamental pillar. That is why many of their projects have
the Passivhaus certificate. Bunyesc arquitectes
has been a practice that has influenced Arquitir for
being the pioneer in building the first passive house in Spain, and this was critical in their innovation.
This architecture practice has been influenced
by the pioneering studies developing this passivhaus methodology in other European countries.
The main material that Arquitir uses in its projects
is wood given that it is a versatile, ecological and
environmentally friendly material.

OUTPUT
CHARACTER: Arquitir s a relatively young archiREFLECTION: Arquitir Is a pioneering architectutecture practice compared to the other practices
analysed. From the beginning, they have been
very clear about their goals in their projects. The
first one is a conscious construction using sustainable and ecological materials. It is about making
the most of the resour- ces made available by nature to build more sustainable and environmentally friendly buildings. A further objective is energy
saving, applying passive criterion in order to reduce energy consumption and obtain almost zero
NZBE energy consumption buildings. Finally, all
the projects they design are therefore intended to
achieve maximum mental and physical wellbeing
for the house occupants.
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re practice, responsible for designing the first house with the Passivhaus certificate in the Mediterranean region. This practice was one of the first ones
to conduct projects with passivhaus certificates
in Spain. That is why many practices from all over
Spain have looked into their projects at some point
and have served as inspiration. There are already
many pas- sivhaus houses in Spain that use wood
as the main construction material.

CASA 1101

NUCLEAR

MATERIAL: H arquitectes use brick as one of the
main building materials. By working with this material,
they achieve that although its function was not designed to be seen but to become part of the aesthetic
vision of the house. They use brick as it is a simple
and basic material. H arquitectes does not attempt
to define a social status through the material chosen for the project. They believe that by working and
studying the material they can generate an aesthetic
vision that makes you feel and experiment, thus generating a complex and quality architecture.
The main material used is smooth Gero with Catilian
measure (240 x 120 x 90) of Category I and type LD.
Throughout the project i is used traditional tackle.

SYSTEM: The house is composed of three modules
and are distributed according to their users.
The central module contains the common rooms
C-S-C. However, the other two are intended for the
partner and children.
It is a modular system, a more versatile, efficient and
organised system in terms of interior layout. With
this modular system, the house adopts different
environments.

INPUT

CONTEXT: The house is located in the MiraSol neighbourhood, in Sant Cugat del Vallés, at 17 km from
Barcelona. Geographically speaking, Sant Cugat
is located in the coastal depression along with the
coastal mountain range. The topography of the plot
where the house is located is flat with maximum unevenness of half a meter.
In respect of its climate, it is within the central
pre-coastal Mediterranean climate, C2 climate. Therefore, in summer they account for high temperatures
and in winter mild temperatures. The rainfall is scarce
and irregular. The average temperature is 24ºC and
the main wind is the Ostro, coming from the North.
Its classification according to Köppen is Cfa.

TIES: H arquitectes is a studio that over the last
twenty years has been defining and finding its own
style. Since 2007 we appreciate that they opt for a
traditional and verncacular form. The firm also use
the concept space-structure where the material of
the structure is used to define some spaces avoiding hiding it with some type of plaster. They take
care and work the material to develop it and show
it off. Some architects like Peter Zumthor, Anne Lacaton and Jean-Philippe Vassal have been inspirational.
Since 2008 we see that the use of brick as a construction material has been present in several houses
before this one (house 1101).

OUTPUT

CHARACTER: Casa 1101 stands out due to its

REFLECTION: La casa 1101 has served as

simplicity and plainness while highlighting elegance using brick as the main material and for its unique shape. A house known as the “house of three
cubes”. It uses the same texture both inside and
outside, brick, though inside is white painted leaving the same texture. This project stands out for
its interstitial space that work with great dynamism
at different times of the year. The porches that
connect these modules are used as a temperature
regulator. In summer they generate natural ventilation with draught that cools down the house and
in winter the windows are closed, thus causing the
greenhouse effect.

reference for some subsequent projects. The latest is a project called Casa Rosario designed in
Mexico 2019, although the main material is not
brick. It still uses the same type of rigging with
concrete blocks. The project follows the same
system of modules and is distributed in different
cubes. In Australia 2013 Clare Cousins architects
designed a single-family house with similar characteristics to those of Casa 1101. The main material was brick and the porches were used as a
form of transition to other modules. H architectes
has inspired and continues to inspire every day
with its projects, each one more interesting.
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SUMMARY
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CASA MONTORNÉS

ROOF FLOOR

SECOND FLOOR

B

A

FIRST FLOOR

GROUND FLOOR
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CASA MONTORNÉS

LONGITUDINAL SECTION A

LONGITUDINAL SECTION B

NORTH ELEVATION

SOUTH ELEVATION
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CASA PALAU

ROOF FLOOR

GROUND FLOOR
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CASA PALAU

WEST ELEVATION

LONGITUDINAL SECTION

SOUTH ELEVATION
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CASA 1101

ROOF FLOOR

FIRST FLOOR

GROUND FLOOR
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CASA 1101

SOUTHEAST ELEVATION

LONGITUDINAL SECTION

NORTHWEST ELEVATION

21

INVESTIGATION

COMPARATIVE STUDY OF THE BUILT AND ENERGY EFFICIENCY ENVIRONMENT OF
EACH HOUSE

With the aim of drawing conclusions and create a comparative table of the three houses, an
analysis has been conducted (shown in the Annex due that there is a limit to this research). The
analysis has been conducted from key data generated from a range of sources: this include the
architects of these houses, the energy efficiency report, the software programs that I have learnt
through the tutorials and conversations that I have had with other architects.
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CONCLUSIONS

PROPOSAL FOR IMPROVEMENTS

PROPOSAL FOR IMPROVEMENTS FOR THE CASA 1101
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PROPOSAL FOR IMPROVEMENTS

PROPOSAL FOR IMPROVEMENTS FOR THE CASA 1101

Following this study, I wanted to delve a bit deeper into Casa 1101 and propose an improvement
to its energy rating.
In the study of Casa 1101, that is, in the Annex and in a summary table on the previous page,
we can understand what the small deficiencies are. Proposals for improvements are hypotheses
and proposals through the CE3X program, which are summarized in the Annexes.
Before proposing possible improvements that would provide a better rating of the energy certificate, the elements of the house that cannot be manipulated due to its history and architecture have been evaluated. Since what characterizes the house is its exposed brick structure
both outdoors and indoors, we cannot propose anything that would mean a change to these
elements, such as a better insulation, coating or a plastered interior that improves the thermal
transmittance. This also affects the carpentry, which we can see it could be of better benefits;
even so we will not include them in improvements because it would change the aesthetics of the
façade. Therefore, all these improvements aim to have the least environmental impact possible
in this house.
The first proposal is the adoption of solar panels that would be located in the central module
(above the dining kitchen), the solar energy will play a key role in the heating system reducing
the consumption of Co2.
Another improvement that would be obtained based on the vegetation is the addition of bindweed with a metal structure on the porches. These have folding windows becoming a weak side
of the dwelling since the solar radiation has a greater impact. The deciduous bindweed will allow
it to gain entry to the house in winter and in summer it will create a type of vegetable canopy,
preventing mostly the sun radiation generating a cool climate underneath.
These two proposals have been included in the CE3X program to verify their effectiveness. The
program has rated this house with an A, adding the improvements.
I would like to conclude by pointing out that these improvements are hypotheses and ideas proposed without any thorough research since I do not have the adequate knowledge to work out,
study and analyse the impact of possible improvements to a home yet.
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CONCLUSIONS

The objective of this project has been based on the study of three houses, its functionality and
its constructive development in order to better understand energy certificates. After analyzing
them and carrying out the entire process of studying the energy demand of the building, I have
reached the following conclusions:
Following the analysis of the houses from a construction and architecture point of view, we can
underline that the dwelling that has the least energy consumption is Casa Montornés because
it has the A-rating CTE energy certificate. This is greatly due to its design in the form of the inner courtyard creating a micro-climate that regulates the temperature in summer. And in winter,
being a solid construction, it avoids possible thermal bridges and energy losses. It is definitely a
house that adapts to our Mediterranean climate, thus being an example to follow.
Casa Palau has been issued the Passivhaus certificate, a certificate of German origin, which is
ruled by specific regulations for its climate, a colder climate than the Mediterranean. In the individual study of the house it has been verified that the heating consumption is low and is due to
the envelope. This is due to the thickness of the thermal insulation and the carpentry, which have
good properties that avoid possible thermal bridges. However, the demand for refrigeration is higher than the other three. For this reason, they have used a single-zone system for refrigeration.
Even so, this house consumes little thanks to the use of energy by biomass and by aerothermal
energy.
The last house analyzed is Casa 1101, this house has a B-rating CTE certificate. Despite this
result, according to the CE3 X program, my analysis indicates that it would really have a higher
qualification. I believe that the program is designed for conventional houses taking into account
only the m2 of holes and the m2 of wall. Nowadays, new construction buildings apply this type of
insulation and improvements for energy efficiency using renewable energies such as geothermal, etc. I verify that the program does not really take into account some characteristics such
as: the closed porches that serve as a connection between the three modules that, when they
can be manipulated and opened, allow the regulation of outside air in, refreshing the house by
means of draught in summer and generating the greenhouse effect in winter.
To finish my research project, I have proposed some improvements to this house to increase its
energy certificate rating to A. By investigating possible improvements, I have found a new area
of research on what methods and in which homes can be improved in terms of their energy rating, turning them into higher quality homes.
All the houses are clear examples of constructions of almost zero consumption that adapt to
the new regulations already in force and provide good practice in terms of construction design,
projection and energy analysis.
They all use renewable energy, such as biomass, geothermal energy and solar energy. By putting renewable energy in the agenda of home design, we can achieve a more efficient home that
is environmentally friendly.
So we can also confirm that one of the best ways to guarantee low energy consumption is to
have a good construction system from the outset. Affordable and adequate demand conditions
can be achieved according to regulations.
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CONCLUSIONS

To conclude with the two certificates analyzed, the certificate of the technical building code is
the most suitable for buildings in a C2 climate, since it is closer to a Mediterranean climate than
to a colder one. As we have demonstrated with the Passivhaus standard, we can confirm that
the house gets a good rating but loses in terms of cooling demand. This is due to being designed
for a colder climate, by embracing it into a warmer climate where the temperature in summer
is higher, we can confirm that the house is not prepared in terms of efficiency for cooling and a
cooling system has had to be installed in order to perform in a way that the design of the house
had not envisaged.
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ANNEXES

INTRODUCTION
This project is the study, analysis and comparative analysis of key programs including CE3X
and CERMA. This explains why all the material that I have used to reach the conclusions of this
work is attached in this chapter. In this section we will present part of the analysis, a photographic report, explain in detail the program MEs used and finally, the energy certificate.
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ANALYSIS CASA MONTORNÉS
HOUSE DESIGNED BY BUNYESC ARQUITECTES

SETTING/LOCATION OF THE BUILDING
The study house is located in the town of Montornés del Vallés, belonging to the Vallés Occidental county.
Montornés del Vallés has around 16 288 residents. The house is situated on the outskirts of the
town centre and reaching the coastal mountain range of Catalonia.
The house is located on Mariana de la Pineda Street. There is good access by foot and car. It is
on this street heading East-West.

Location plan of the casa Bunyesc
Montornés del Vallés
From the data collected from the ICC

ENVIRONMENT DATA
Montornés del Vallés is located between Montmeló, Granollers, Vilanova del Vallés, Vallromanes, Santa Maria de Martorellas de Arriba and Martorellas. According to planning regulations,
Valldoreix mostly belongs to 14b, which is a management area for single-family isolated buildings. It is located in a place where it has little unevenness and few irregularities. This explains
in part why the town grew so rapidly.
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Planning map

Montornés del Vallés
From the data collected from http://ptop.gencat.net/

According to town planning regulations, the plot where the house is located belongs to zone
14b. This area is residential, specifically an isolated building area.

REGULATIONS
The following regulations have been applied for the design and construction of this house:
CÓDIGO TÉCNICO DE LA EDIFICACIÓN (CTE )

This regulation specifies the parameters necessary to be able to fulfil with current Spanish regulations. Following these criteria, the house has obtained the best energy rating: A. It means that
this house consumes less than ol 55%, that is, it has a low energy consumption.

CLIMATE
The town of Montornés del Vallés has an area of 10.20 km2 and is at an average height of 413
meters above sea level.
The central pre-coastal Mediterranean climate is a temperate climate, the annual average temperature is 16.1C; Throughout the year, the temperature varies by 14.7 C. Average rainfall is 621
mm, the month with the most rainfall is in October with an average of 86 mm.
The wind in this area come from south to north most of the year. The position and direction of
the house is located following the draught that will be beneficial for natural and cross ventilation.
For this project, the weather was an important factor since the house has an inner courtyard, the
court works as a passive cooling alternative and allows draught through the interior generating
natural ventilation. Inside the courtyard, a comfortable micro-climate is generated, thus allowing
the climate to be regulated naturally.
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BUILDING DESCRIPTION
The plot where the house is located has 702 m2 and adjoin east and west with two plots of single-family homes, in the north is the access street and in the south we find a plot for agricultural
use.
The project was planned in 2014. It is located parallel to Mariana Pineda Street, respecting the
5 meters away from the street. The house is set up around a courtyard located in the center.
The house is surrounded by a garden with a pool in the south side of the plot, in the north side
coinciding with the entrance to the house there is an organic garden.
The dwelling has three levels, the lower one is where the garage is located, all the rooms are distributed on the second floor and finally on the third floor, which is a loft, it has been transformed
into a studio with views of nature.

CHARACTERISTIC USE OF THE BUILDING
This house has all its layout around a central courtyard of 2,80x2,30m.
This glazed property provides a great panoramic view to the entire interior,
allowing to visually connect all the rooms. On the side of this courtyard there
is a staircase that connects the garage, situated on the ground floor to the
loft that is on the roof.

The house is mainly distributed on the ground floor, the entire south façade
is for the living space that the residents share including the living room, dining room and kitchen. The latter is connected to the laundry and pantry. In
the centre of the façade there is a setback towards the interior turning this
space into a porch that connects to the dining room.
On the east and west façades we find the bedrooms and bathrooms. In
the graph that we show on the left hand side, we can see that on the west
façade (dark green) it is an en suite bedroom comprising a bedroom, a bathroom and a dressing room.
On the east façade (light green), we find three single rooms and a bathroom.

A study / office space has been created in the loft. It is an area that receives
natural light from three façades (north, south and west). This will create a
place with natural light throughout the day.

On the ground floor we find the garage and a machine room. This plant
has access through the indoor stairs or on the north façade that leads to a
walkway that connects to the street almost at the same height.

36

CASA MONTORNÉS

DESCRIPTION OF THE GEOMETRY OF THE BUILDING AND ITS RELATION TO
THE ENVIRONMENT

As mentioned earlier, the geometry of the building is defined around a courtyard and located parallel to the axes of the plot. The house fulfils with all the parameters of habitability, functionality,
town planning regulations and criterion to obtain the energy certificate.
The bird’s-eye view geometry is a formation of overlapping cubes.
The position of the house is central to the plot, leaving two large
green spaces in the north and south.
Since the plot of land has a slope of 3,5 meters, the architect had to
do a previously study of earthworks. In order to be opt for a leveled
area with a swimming pool, the terrain had to be adapted. In the
south side there is a land almost leveled with a difference of half
a meter, while in the north side everything is unevenness trying to
reach the street level.

ACCESSES
Since it is a plot of land with a large unevenness, we find access
to the house at height 2,66, with the street at height 0,00. The road
access is in the northern side of the plot that connects to the garage
that is on the same level. For pedestrian access, although the entrance to the plot is in the same area, in order to access the interior
of the house, people need to go upstairs to reach the ground floor
((2,66).

PROJECT SURFACES
The following table shows the surfaces of the house following the regulations of article 56 where
they explain the minimum PROGRAMS for the correct purpose of the house. The habitability
decree has also been taken into account.
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CONSTRUCTION SYSTEM
FOUNDATION SYSTEM

Based on the geotechnical study and earthworks, the concrete slab surrounded by retaining
walls was decided as a foundation, since it is a terrain with a large unevenness, there is part of a
wall that will have to support land.
There is an area of the house that does not require retaining walls and uses isolated footings on
treated ground. This only happens in the southern part of the house.

East facade elevation

FACADES

In order to study properly the components of the house, I have used the CERMA program to clearly differenciate the composition of each façade, ground,
roof ... The façade is ventilated and the layers from
outside to inside are as follows: the outdoor finish are
pine wood vertical slats. These slats are fastened by
an internal wooden structure; between this structure,
there is a 10 cm air chamber, a polypropylene sheet,
a woo- den panel that holds a 26 cm thick layer of
MW mi- neral wool. Behind this insulation layer is a
polypro- pylene sheet and an OSB panel or a Fermacell interior finish. This façade has a U-value: 0,22
W / m2K.
The carpentry is made of wood, the frame is made of
low medium density wood with a U-value: 2,00W /
m2K, the glass is double and low emission 4-15661a with a U ^ 1,40W / m2K. In all the façades, except for the north, the glazed openings have a sunblinds box with adjustable horizontal slats. This is to
have a better control of the sun radiation in summer.
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ROOF

In this house there are two types of roofs, the roof of the loft and the roof of the ground floor. The
first one is leaning, the exterior finish is made of metal sheet fastened by wooden joists, leaving
the space of the thickness of the joist (15cm) as an air chamber. A felt-back sheet passes over
a pine wood panel and just underneath is a 26 cm thick layer of thermal insulation. Under the
insulation is a felt-back sheet and an OSB panel. Thermal transmittance is 0,14 W / m2K. The
roof of the ground floor is plain, it is composed of the same layers as the plain roof, it has a slope
of 3%. It is an impassable metal sheet roof.

COMPARTMENTALISATION SYSTEM

The non-structural internal divisions have been made using plasterboard or coated wood panels.

AIR CONDITIONING SYSTEM
The house has two air conditioning systems that help to achieve comfort inside the house. The
heating system is produced by a biomass boiler, using wood pellets as fuel energy sources. The
boiler burns the fuel and the heat generated during this combustion is transmitted to the water
circuit in the exchanger incorporated in the boiler, with this process hot water is obtained for the
heating system. For the ACS, is used the electric boiler to extract the energy from the solar panels on the south façade. This boiler has a nominal heat output of 1,5 Kw and is located on the
same floor as the garage.
The cold air is produced by a single zone. It is a device that releases cold air directly onto the
space, in this case it is the air conditioning located in the living room. This system will generate
cold air inside that will go throughout the house.
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VENTILATION
This project works with natural ventilation, there are some small intake and exhaust openings in
the rooms to guarantee ventilation. In the transition spaces, cross ventilation is generated, which
in summer can be optimal for the house as a whole.
Furthermore, this project provides ventilation through the inner courtyard. The courtyard can
generate a micro-climate that allows passive cooling of the building. Normally, the indoor temperature of a patio is lower than outside due to the micro-climate it generates. In summer the generated currents are introduced inside the house refreshing it. The bio-climate of the courtyard
intervenes indirectly in the conditioning of the interior of the house. The evaporation generated
by the plants inside the courtyard causes the temperature to drop, creating a high pressure
area that sucks the air above it. In order to complete this ventilation path, windows are opened
allowing air flow into the house. The opposite situation exists in winter, the outside temperature
is lower than the inside of the courtyard.

NATURAL LIGHTING/SHADOW STUDY
The inner courtyard provides ceThtral lightiThg that helps to illumiThate circulation areas such
as stairs and hallways. The courtyard guarantees that all the rooms of the house receive natural
li- ghting. Artificial lighting is produced thanks to the solar panels that are in the south facade and
that provide electrical energy.

40

PHOTOGRAPHIC REPORT
CASA MONTORNÉS

The photographs provided by Bunyesc Arquitectes show the different areas of the house and
the main phases of construction. In the photographs, we can see the different layers of a façade
and the structural elements of the house.

Josep Bunyesc. North and East facades perspective

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. View from the entrance of the house

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/
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Josep Bunyesc. Construction phase

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc.Stairwell.

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. Retaining walls
tMontornés del Vallés. 2014

Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/
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Josep Bunyesc. South facade under construction.

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. Interior view.

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. Top view under construction.

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/
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Josep Bunyesc. Inside view from the courtyard

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. Solar panels

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. Living-Dining room under construction

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/
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Josep Bunyesc. Main facade of Casa Montornés.

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. Inside view from the stairs.

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/

Josep Bunyesc. Rear facade under construction.

Montornés del Vallés. 2014
Picture taken from the Bunyesc arquitectes home page: http://www.bunyesc.com/
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PROGRAMS USED
CASA MONTORNÉS

PROGRAMS
AUTOCAD

This is a program used in conducting a study, using this 2D drawing tool the house blue- prints
and construction details have been made. The reason why this program has been chosen for
drawing is for its wide use in the world of design and computer drawing. AutoCad is a program
that in the Architecture degree is used as the main working tool. That is why due to its closeness
to this program, I have used it for the drawing.

SKETCHUP

Through the modeling and drawing tool Sketchup, 3D models of the building have been fulfilled,
as well as the study of shadows.
Its easy accessibility coupled with easy control along with a wide variety of complementary tools
have been the main reasons for our choice.
In Sketchup not only we have been able to make a study of shadows, but also an improvement
plan that sun protection.

CERMA

This program is Cerma version v 4.2.5. It is a recognized program for the certification of energy
efficiency by which the basic procedure for the energy certification of new buildings is approved.
The energy efficiency rating on newly constructed residential buildings can be obtained by offering a detailed study to improve the rating obtained.
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PROGRAMS
CERMA

Through this program, the house has been studied and analyzed so that the operation of this
project has been understood. CERMA’s structure is made up of the following series of tabs:

CERTIFICATE

GLOBAL

ENVIRONMENT
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WALLS

ROOF

LAND
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SHAFT
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THERMAL BRIDGES

HEATING

ACS

COOLING
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RESULTS
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ENERGY DEMAND

COMPLIANCE
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ENERGY CERTIFICATE
CASA MONTORNÉS

TEMPERATURE
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CADASTRAL INFORMATION
CASA MONTORNÉS
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GRAPHIC DOCUMENTION SUMMARY
CASA MONTORNÉS
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ANALYSIS CASA PALAU
HOUSE DESIGNED BY ARQUITIR

SETTING/LOCATION OF THE BUILDING
The study is located in the village of Palau-Solità i Plegamans, belonging to Vallés Occidental
county, near the city of Barcelona.
Sant Cugat has around 14 711 residents. The house is situated on the outskirts of the centre
near the Caldes brook. The neighborhood where it is located is within a residential complex of
single-family houses.
The house is located on Pineda street. Acces to the house, both pedestrian and vehicle, is on
this street heading North-South.

Location plan of the Casa Palau

Palau-solità i Plegamans
From the data collected from the ICC

ENVIRONMENT DATA
Palau-solità de Plegamans is located between Caldes de Montbui, Lliçà de Munt, Lliçà de Vall,
Montcada, Mollet del Vallés, Santa Perpetua de Mogoda, Polinya and Sentmenat. According
to planning regulations, Valldoreix mostly belongs to 20a/10, which is a buildings management
area for single-family isolated. It is located in a place where it has little unevenness and few irregularities. This was an advantage that explains why the town experienced such a growth.
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Accroding to urban regulations, the plot where the study house is located belongs to
zone 6c2. This is a residential area.
REGULATIONS
To carry out the study, the following regulations have been applied:
CÓDIGO TÉCNICO DE LA EDIFICACIÓN (CTE )

This regulation has been applied to get the necessary parameters and terms to be able to define
the house fulfiling the Spanish government regulations.
PASSIVHAUS STANDARD

The certification criterion for residential buildings according the standard has been used to
achieve all the factors necessary to obtain the Passivhaus certificate. It will take into account
the values that must meet in the heating and cooling demand and demand for primary energy.

CLIMATE
The town of Palau-Solità i Plegamans has an area of 15.06 km2 and is at an average height of
140 meters above sea level.
The central pre-coastal Mediterranean climate is a temperate climate, the annual average temperature is 15.8ºC; in winter the temperature tends to vary between 10 and 0ºC and in summer
between 35 and 20 degrees. As we can see, throughout the year temperatures vary between
0 and 35 degrees, so the design of the house must have taken temperature variability into account.
The wind in this town come from south to north, coinciding with the directions of the stream that
is in front of the house. A stream is always accompanied by a deciduous grove that generates
drafts in summer that extends around it.
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BUILDING DESCRIPTION
The plot where the house is located has 485 m2 and adjoin north, east and west with three plots
of single-family homes and the south with the street. From the entrance you can see the shore
that is only fifteen meters away.
The project began in late 2012. It is located parallel to Pineda Street observing the 5 meter away
from the street. The house is structured in two L-shape modules. On one hand, the one with the
most south-facing façade is intended for rooms that all occupants share in common, such as the
living room, dining room and kitchen. On the other hand, in the other block there are bathroom
and bedrooms. The house is surrounded by a garden with flower arrangements and trees like
pine trees that create shade in summer due to its widest canopy. One of the façades has a pergola with floral creeper plants that generate shade at some periods of the year.

CHARACTERISTIC USE OF THE BUILDING

PB

PB

The house is completely distributed on the ground floor. The rooms are located according to their function. The first L is located to have its largest
façade facing South, where we find the living room and dining room, although both have a façade facing South and North. In this module there is also
the kitchen with an opening to the west. Arquitir thought about the possibility
of cross ventilation although due to the Passivhaus design, natural ventilation is in the background since everything is automated with heat recovery
system.
The second part of the house is located to the east and contains a master
bedroom and a single bedroom with openings to the south and west. It also
has a bathroom and a washbasin with small openings on the east façade.
The laundry and pantry is located next to the washbasin with access to the
back garden of the house.
It also has a small porch that protects the car and a small module for storage.

DESCRIPTION OF THE GEOMETRY OF THE BUILDING AND ITS RELATION TO
THE ENVIRONMENT
The geometry of the building is defined by the rooms needed
in the project and the sun orientation. The house fulfils all the
parameters of habitability functionality, town planning regulations and Passivhaus criterion in the Mediterranean climate.
The house follows the same axes marked by the rectangular
geometry of the plot being incorporated in the center of it. Arquitir followed these axes and located the house in L-shape
to Southwest and South side giving a view of green space in
front of the main façade. The L-shape geometry generates
three open spaces around the house.
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ACCESSES
Access to housing for both cars and pedestrian occurs through Pineda Street. Both the fencing
and the entrance gates follow a wooden structure accompanied by slats in the same style as
the house.

SURFACES PROJECT
The following table shows the surfaces following the regulations of article 56 where they explain
the minimum PROGRAMS for the correct purpose of the house. The habitability decree has also
been taken into account.

CONSTRUCTION SYSTEM
FOUNDATION SYSTEM

The most optimal foundation system was defined for the geotechnical study. The foundation slab
is a type of shallow foundation that has been used for this project. It is a platform that transmits
loads from the house to the ground, distributing the efforts evenly.
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FACADES

The dwelling has a wooden structural system with pine pillars and beams. The façade is ventilated and has the following layers starting with the inside to the outside: it has
a double plate PPF, it is a plate of laminated plaster that
has characteristics such as thermal insulation, acoustic insulation and high fire resistance. Followed by these layers
we have an OSB panel, a thermal insulation layer of recycled material such as regenerated cotton agglomerated
with polyester low melting fiber with a thickness of 14.5 cm
from the company Neopor and has a thermal conductivity
of 0.039 w / mK. This layer of insulation is among a wooden structure. Continuing with the layers we find an OSB
panel with a waterproof membrane on its outer side. The
façade finish is wooden slats placed over other slats and
are positioned vertically and horizontally for a more aesthetic purpose. The façade has a U-value: 0.116w / m2k
The carpentry comes from the Luis Ortiz company. Windows are pine laminated wood and have a 1.25 W / m2K
Uframe with double glazing. Inside there is Argon gas that
will give it a thermal transmittance of U 1.1 W / m2K achieving a 53% sun factor. In addition, to avoid thermal bridges, he has used the Thermix, which are rubber separators that improve the thermal separation of windows and
doors. It has excellent thermal insulation. These separators are from the EThsigTher braThd, oThe of the leading
specialists in high performance plastics.
ROOF

It is a conventional non-ventilated roof with a wooden structure. Its setting has a U-value of
0.116w / m2K. This has been achieved thanks to the 140mm Neopor thermal insulation that has
a thermal conductivity of 0.032w / mk.
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It also has under a wooden
structure, a 185mm cellulose layer with a thermal
conductivity of 0.039w /
mk. Beneath this there is an
OSB panel that holds it and
is held in place by wooden
joists. These are seen in the
living room, kitchen, dining
room. The tile finish is fired
ceramic.

COMPARTMENTALISATION SYSTEM

The non-structural internal divisions have been made using a wooden room separator and plasterboard. Natural and synthetic parquet have been used for the bathroom finish.

THERMAL INSULATION

Following the standard, a passivhaus dwelling must have
good thermal insulation against cold and heat. In order
to ensure interior comfort, it must have a high thermal resistance. The isolation has to be a layer that wraps all the
house up, both in the vertical elements and horizontal elements. Insulation is one of the basic principles, that is why
this house is thicker than conventional houses. A good
house insulation will prevent temperature losses.
HIGH-PERFORMANCE WIDNOWS AND DOORS

The gaps are the weakest point of the enveloping. That
is why, it is an element that must have a study and analysis prior to construction. The carpentry must have a low
thermal transmittance and the glass must be double or
in some cases triple glasing with an injected gas or air
chamber.
The Elegance 88 model of the Ortal company has been
used for this project. The windows have a U-value 1.20 W
/ m2K.
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ABSENCE OF THERMAL BRIDGES
Power transmission occurs everywhere, including corners and joints. It is in these places that
undesired gains or losses occur and surface temperatures tend to be different in these areas.
To ensure this does not occur, the thermal insulation of the entire enveloping must be prevented
and take care of the joints among the constructive elements. The dwelling guarantees good
thermal comfort that generates the wellbeing and health of its inhabitants.

AIR-TIGHTNESS
In a conventional house, draught that is produced through windows, gaps or even cracks is very
common. In addition to this, it produces condensations; in a passivhaus dwelling, this cannot happen, that is why the joints are taken care of to the maximum. In order to obtain the Passivhaus
certificate, you must be able to pass the pressure test (Blower Door).
This test consists of creating a pressure difference between the exterior and the interior through
a fan placed on the front door. This test must be rated less than 0.6 air changes per hour on a 50
Pa pressure differential. The inner envelope layer is an OSB panel on the floor, walls and ceiling.
The panels are sealed with special tapes to ensure tightness. The sealing must be in the meetings between slab, facades and roof.
The Blower Door test gave n50 = 0,24 1 / h as a result

M. Wassouf. Prueba Blower Door

Palau-Solità de Plegamans. 2013
Imagen tomada del proyecto documentada por Eva Jordan y Micheel Wassouf

MECHANICAL VENTILATION WITH HEAT RECOVERY
In order to classed as a Passivhaus building, one of the requirements is to have mechanic ventilation. Controlled mechanical ventilation is a device integrated into the home that works with a
central ventilation that forces the extraction of air to renew it and thus, guarantee the quality of
the indoor air. Dual-flow ventilation draws stale air from the room and renews it with fresh air. The
new air is propelled at a temperature close to the indoor temperature of the room. This allows
energy savings. This whole system happens with a heat recovery system that renews the air,
weatherize and con- sequently, generates energy savings.
Dual-flow VMCs have been used in this project. In winter, the new air recovers the calories from
the stale air we extract from the home, helping to maintain the temperature in the home.
In summer, the new air that penetrates the house is cooled thanks to the stale air that we extract
from the house, avoiding overheating of the house.
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Heat recovery diagram

Picture taken from the website Siber: https://www.siberzone.es/

CERTIFICATE
Casa Palau has been published in several platforms and passive architecture magazines. It was
the first passive house in the Mediterranean climate.
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The photographs provided by Bunyesc Arquitectes show the different areas of the house and
the different phases of construction. In the photographs, we can see the different layers of a
façade and the structural elements of the house.

Arquitir. Indoor view of the bedroom

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Kitchen view

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/
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Arquitir. Main facade of Casa Palau

Palau-solità i Plegamans. 2013
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Inside of Casa Palau

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Hose entrance. Casa Palau

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/
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Arquitir. House perspective

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. South elevation

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Back view

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/
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Arquitir. Under construction

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Envelope of the house

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Placement of facades

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/
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Arquitir. Under construction.

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Insulation layer

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Envelope under construction

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

68

Arquitir. Roof under construction

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Blower door test

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/

Arquitir. Blower door test

Palau-solità i Plegamans. 2014
Picture taken from the main page of Arquitir: http://www.arquitir.com/
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ANALYSIS CASA 1101

HOUSE DESIGNED BY H ARQUITECTES

SETTING/ LOCATION OF THE BUILDING
The study house is located in Sant Cugat, near Barcelona, situated in the county of Vallés Occidental.
Sant Cugat has around 91,000 residents. It is a town divided into five neighbourhoods, Sant Cugat center, Mirasol, Valldoreix, La Floresta and Las Planas. The house is located in Valldoreix, a
neighbourhood where single-family houses dominate since it is a residential development.
More specifically, between Irun and Havana streets. Acces to the house is possible both pedestrian and by vehicle, and located on Irun Street, Northeast-Southeast direction.

Location plan of the Casa 1101

Sant Cugat del Vallés
From the data collected from the ICC
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ENVIRONMENT DATA
Valldoreix is linked to Mira-Sol and La Floresta. The population emerged in 1916-1918 with the
aim of being a garden city and residential development. According to town planning regulation,
Valldoreix mostly belongs to 20a/10, which is a management area for single-family isolated
buildings. t is located in a place where it has little

Mapa urbánistico Valldoreix

Sant Cugat del Vallés
From the data collected from http://ptop.gencat.net/

According to town planning regulations, the plot where the house is located belongs to
zone VII (20a/10). This area corresponds to single-family homes. The terms for building
this house must comply.
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REGULATIONS
To carry out the study, the following regulations have been applied:
CÓDIGO TÉCNICO DE LA EDIFICACIÓN (CTE )

This regulation has been used to obtain the necessary parameters and terms to be able to
define the house and subsequently calculate the energy demand. Part of this study will involve
finding improvement points to obtain a better qualification in the energy certificate.
The regulation will also take into account the values that must comply in demand for heating,
cooling and demand for primary energy.

CLIMATE
The town of Sant Cugat has an area of 48.2 km2 and is at an average elevation of 124 meters
above sea level. It is located between two mountain ranges, the Collserola range and the Galliners range. The population is adjacent to Barcelona, Molins de Rey, El Papiol, Rubí, Sant Quirze
del Vallés and Cerdanyola.
As mentioned in the analysis section, the climate which belongs to is the central pre-coas- tal
Mediterranean. It is a temperate climate where the average temperature is 24ºC; in summer temperatures are high and in winter tend to have mild temperatures but ocasionally some snowfalls.
Looking into the annual temperatures in more detail, we notice that in the hottest months, such
as summer, the maximum temperatures are around 35ºC; in winter the coldest months, January
and February, the minimum temperatures vary between 0ºC and 3ºC. Therefore the surrounding
design of the house must be able to withstand these temperatures, taking into account that indoors it must always be kept steady in both winter and summer.
In the project, the climate obtained great importance when it was designed since in order to
obtain good energy efficiency, sun radiation must be looked into, the hours of sunshine both in
winter and summer, and if there is the possibility of obtaining energy through sun.

Throughout the calendar year we will get the same number of sunny days according to me- teoblue, a website where we can check the weather in each town. There are a large number of days
in the month where we will find the sky partly cloudy. This will be useful in order to obtain more
empirical evidence according to the relation with sun radiation.
The sunshine hours in Sant Cugat del Vallés on December 21 will be from 8 to 17, 8 hours of sun
(later we will see that the sun radiation that affects the interior of the house is fewer hours). On
June 21 the hours of the sun will be from 6 to 21 (later we will see that the total of these hours
will affect the interior of the house in three out of four façades).
The wind in this town occurs mostly from south to north, this can be used as an opportunity to
design the project in such a way that the wind currents act in favour of the project in ventilation.

75

CASA 1101

BUILDING DESCRIPTION
The study building was projected in 2012 and the construction was completed in 2013. The
house is positioned parallel to Irun Street, respecting the 5-meter distance from the street. It is
divided into three modules joined by porches with folding windows, it works as a transition element be- tween the interior and the exterior of the house. The house is surrounded by a garden
with swim- ming pool located in the western part of the plot and a vegetable patch located in the
same place. The garden has some deciduous trees that will create shade in summer in some
areas of the house. All the modules except for the central module are made up of ground floor
and first floor and are organised for bedrooms. The central module is the common area, where
the kitchen and dining room are located. In the connection elements (porches), we can find the
living room and the entrance to the house.
The dwelling is located on a 928 m2 plot. The plot borders Irun and Havana streets, on the north side adjoins another single-family home and on the south side adjoins a fence with another
building. Between both houses that adjoin the main house there is a garden that separates them
both.

CHARACTERISTIC USE OF THE BUILDING

The ground floor and first floor have a use of dwellings as the main idea

PB

P1

PB

P1

PB

P1

This isa diagram of the plants (PB and P1) we can understand the distribution that H arquitectes
wanted to give, dividing the house into three misaligned boxes. In the first box, it is intented as
the main bedroom. On the ground floor we find the main bedroom with a window to the west
so it will receive natural lighting at dusk, more specifically the summer dusk. A dressing room
is located in the center of the box and connects the bedroom with bathroom. The bathroom will
receive natural northern light. The access staircase to the top floor is located along the entire
north façade. On the top floor, we find the study of the couple. It is naturally lit by all the façades.
Also on the east façade there is a small terrace.

In the central box, there is only one floor where we can find the areas that all the resident share in
common, on the south façade, we have a room for the kitchen and dining room. The north façade
is divided into two rooms, the laundry and the engine room.
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The third box is intended for the family’s children. The box is made up of two storeys, the ground
floor is divided into three rooms. On the south façade there is a game room and tables for studying, by far, the most versatile area of the house. On the north façade, we find a large room that
is intented for equipment. On this floor, there is also a bathroom and stairs that connect the
ground floor with the first floor. The first floor has four rooms. The staircase divides the floor into
two parts. On the south façade, there are three bedrooms and on the north side a bathroom and
a small machine room. Finally, on the west façade there is a small terrace.

DESCRIPTION OF THE GEOMETRY OF THE BUILDING AND ITS
RELATION TO THE
ENVIRONMENT
The geometry of the building as we have
beenn able to see in the diagrams are
subes almost aligned to Irun street. One
of the strenghts that were taken into account when they thought about the placement of the house was the solar orientation.
The house complies with all the parameters relating to habitability and functionality as well as
town planning ordinances. The house has been adapted to the shape of the plot, it has a trapezodial shape and is part of the corner of a triangular block. The architects make the most of the
entire land.
The relation between the house and the garden is very close since there are elements of the
house that help to have this connection to nature.
At the attachment points of the three cubes, two environments are generated that are able to
transform according to the climate outside. These spaces have folding windows as vertical elements, so they can open completely and take part of the garden, functioning as a porch. Also,
when the weather is cold, the windows are completely closed, thus causes the union of the three
modules, turning it into a single building.

PB

P1

ACCESSES
Access to the house is through the rear façade with a northwest orientation that façades Irun
Street. The house has two of the four boundaries that have contact with two streets. Access for
vehicles is via Irun Street. There is a space inside the plot that can be used to park the car.
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PROJECT SURFACES
The surface tables of the house are summarised hereunder following the regulations of article
56 where they explain the minimum programs for the correct functionality of the house. The habitability decree has also been taken into account.

CONSTRUCTION SYSTEM
FOUNDATION SYSTEM

The foundation system is made up of continuous footings designed to support the load-bearing
walls. In the central part of the construction, we find that at the junctions of the continuous footings there are foundation pits for reinforcement purposes.

SOLERA

FOUNDATION PITS

FACADES

The structural system of the building is made up of load-bearing walls. These walls are on the
perimeter of each module. The façades are part of the structural system consisting of coats
set of brick “Gero”, isolation and brick “Gero”. This kind of brick is seen and made in Castilian
format with the measures 240 x 120 x 90 mm, damp-proof insulation of the GUTEX brand,
Multithern model. This company has received positive reviews from ÖKO-TEST, a consumer
magazine for organic products.
All the façades have the brick “Gero” with an isodome rig, thus generating a traditional and
uniform aesthetic.

78

CASA 1101

The entire perimeter of the house is protected with 8 cm thermal insulation, thereby avoiding
thermal bridges.
The carpentry is from the ROI brand, a company specialized in carpentry in solid chestnut
wood. The double glass with air cell and low emission, with a thermal transmittance of 1.4 W/
m2·K. The air permeability is class 4, the water tightness is E750 and the resistance of the wind
load is class.
FORGED

Regarding the horizontal structure, the 22+5 unidirectional forged is used throughout the project
accompanied by semi-resistant joists with a 60
cm inter-axis covered with a concrete vault.
In the construction section we can see part of
the forged. Above the unidirectional forged there
are the radiant floor of the Schütz Ibérica brand
throughout the house, with the exception of the
machine room. This company works with a panel
system of plugs that adapts to any space, suitable for all covering mortars and offers comfort,
quality, flexibility. This heating system will work
thanks to geothermal energy. As a finish touch,
there is a layer of smooth concrete with quartz
powder.

FORGED ONE WAY
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COMPARTMENTALISATION SYSTEMS

The indoor compartmentalisation of the house is made of ceramic brick partitions painted on
some occasions.
These partitions divide and form the different rooms of the house. Through these partitions, the
facilities are integrated.
ROOFS

There are two types of roofs, on the porches that are the transition elements, the roofs are passable. In the other buildings the roof is non-passable, not ventilated. This roof is formed from
interior to exterior by the unidirectional slab, on this is placed the formation layer of aerated
concrete slope by a 144 g / m2 polystyrene separating sheet, followed by a waterproof sheet,
a waterproofing membrane made LBM modified bitumen with a density of 3,8 Kg / m2 and a
self-protected waterproof sheet. Over these layers, a separating sheet is placed, a 10cm thick
layer of extruded polystyrene insulation, a separating layer and a layer of river stones with diameters between 16 and 32 mm, have a minimum thickness of 10 cm.

BUILDING ROOF DETAIL

PORCH ROOF DETAIL

The roof of the connection spaces between the different modules is a plain passable roof and
is made up of the unidirectional floor, a separating layer, a polystyrene insulation layer, on top
of which is a waterproofing membrane and a separating layer under a platform of posts made
of heat-treated.

80

CASA 1101

81

CASA 1101

AIR CONDITIONING SYSTEM
The whole house has the same air conditioning system. It is a heating system by means of
underfloor heating throughout the ground, which is fed by geothermal energy. The machinery
is located in the engine room located behind the laundry. It uses a NIBE brand F-1145-15 geothermal pump with a performance coefficient of 4,25.
It does not have an air conditioning system since it does not need because the design of the
house
and the energy study is analysed to avoid unnecessary energy consumption.

WINTER AIR CONDITIONING

SUMMER AIR CONDITIONING
VENTILATION
This project works with natural ventilation, there are some small intake and exhaust openings in
the rooms to guarantee the ventilation. In the transition spaces, cross ventilation is generated,
which in summer can be optimal for the house as a whole.
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NATURAL LIGHTING/SHADOW STUDY
The study of shadows aims to analyze the incidence of solar radiation on the building envelope
(opaque part and bones) from the creation of shadows. To carry out this study, we start from a
three-dimensional model of the building. This design uses the generation of shadows to be able
to see the solar radiation for hours.
Through this study, it has been possible to observe how the house’s own design and orientation
prevents solar radiation from affecting during peak hours.

SOLAR RADIATION IN WINTER

SOLAR RADIATION IN SUMMER
In the shadow study scheme, we can conclude that in winter the radiation influence the closed
porches many hours a day creating the greenhouse effect at these points. In summer, these
porches have an eaves that protects against solar radiation.
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The photographs provided by Bunyesc Arquitectes show the different areas of the house and
the different phases of construction. In the photographs we can see the different layers of a facade and the structural elements of the house.

Adrià Goula. West facade

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes:http://www.harquitectes.com/

Adrià Goula. South facade illuminated

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes: http://www.harquitectes.com/
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Adrià Goula. Main facade of the Casa 1101

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes: http://www.harquitectes.com/

Adrià Goula. Indoor the porche of the Casa 1101

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes: http://www.harquitectes.com/

Adrià Goula. View of the Casa 1101 from the garden

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes: http://www.harquitectes.com/
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Adrià Goula. Indoor of the studio

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes: http://www.harquitectes.com/

Adrià Goula. Kitchen view

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes: http://www.harquitectes.com/

Adrià Goula. Kitchen view

Sant Cugat del Vallés. 2013
Picture taken from the main page H arquitectes: http://www.harquitectes.com/
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Under construction

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://www.http://hicarquitectura.com/

Detail of the facade

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://www.hicarquitectura.com/

Detail of the carpentry

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://wwwhicarquitectura.com/
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Connection elements under construction

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://www.http://hicarquitectura.com/

Inside forged finish

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://www.hicarquitectura.com/

Underfloor heating under construction

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://wwwhicarquitectura.com/
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Shaft construction detail

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://www.http://hicarquitectura.com/

Inside view from outside

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://www.hicarquitectura.com/

Bond

Sant Cugat del Vallés. 2013
Picture taken from the main page HIC>: http://wwwhicarquitectura.com/
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PROGRAMS
AUTOCAD

This is a program used in conducting a study, using this 2D drawing tool the house blue- prints
and construction details have been made. The reason why this program has been chosen for
drawing is for its wide use in the world of design and computer drawing. AutoCad is a program
that in the architecture degree is used as the main working tool. That is why due to its closeness
to this program, I have used it for the drawing.

SKETCHUP

Through the modeling and drawing tool Sketchup, 3D models of the building have been fulfilled,
as well as the study of shadows.
Its easy accessibility coupled with easy control along with a wide variety of complementary tools
have been the main reasons for our choice.
In Sketchup we have not only been able to make a study of shadows, but also an improvement
plan that sun protection.

CE3X

This program is Cerma version v 4.2.5. It is a recognized program for the certification of energy
efficiency by which the basic procedure for the energy certification of new buildings is approved.
The energy efficiency rating on newly constructed residential buildings can be obtained by offering a detailed study to improve the rating obtained.
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PROGRAMS
CE3X

Through this program it has been possible to analyze and study Casa 1101 and it has been
possible to project a possible improvement for a better energy rating.
ADMINISTRATIVE DATA

GENERAL DATA

HEATING AND ACS
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