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Abstract 

One of the main responsibles for the emission of gases into the atmosphere are the buildings, due to 
the acclimatization needs, therefore it is very important at bioclimatic matters, to have in consideration 
the contribution of the potential obtained by Ative Façades, such as Trombe Walls.This kind of façades 
are obtained by integrating equipments in its constitution, such as solar panels and solar 
concentrators, photovoltaic glass and Trombe Walls, the main focus of this dissertation. 

Although the efficiency potential of the Trombe Wall is quite high, its use in Portuguese buildings is 
scarce, due to the lack of information about this system. In order to contribute to the scientific 
knowledge of the Trombe Wall system, this dissertation presents a comparison between a “common” 
masonry wall and a Trombe Wall, evaluating the contribution that this type of system gives to the 
energy efficiency of buildings, simulating its thermal performance using three-dimensional modeling 
through the Revit program and with the contribution of some energy evaluations by Insight 360. 

Due to the realization of the present thesis it was possible to identify the improvement of the energetic 
performance of buildings, with the consequent energy saving and, in turn, the reduction of CO2 
emissions; under the conscious choice of materials that are suitable for each circumstances, taking full 
advantage of the Trombe Wall system. 

Keywords: Active Façades, Trombe Wall, Energy Efficiency, Energy Performance, Thermal 
Performance. 

1 Introduction 

Construction economy is one of the main 
sources of greenhouse gases releases to the 
atmosphere, mainly due to the action of burning 
fossil fuels to fulfill the demand of a high interior 
environment comfort (Sacht et al., 2012). The 
common solution to this desire is the installation 
of mechanical equipments such as the air 
conditioning, thus is necessary to change these 
practices and to search for a suitable solution 
(Ürge-Vorsatz et al., 2007). 

Is extremely necessary to have a reduction in 
energy consumption and hence an improvement 
in the energy performance of new and already 

existing buildings, through the use of renewable 
energy sources such as the sun, wind, water 
and biomass (Pacheco, 2006). The average 
solar radiation at Portugal is very high, allowing 
favorable conditions for the exploitation of the 
solar energy as a renewable energy source, 
being the average incidence per square meter 
between 1350 and 1950 kWh/year (IPES, 2016). 
Having that in consideration, the façades of the 
buildings could be use to create a energy 
reduction through the incidence of sunlight on it, 
applying afterwards this type of energy in a way 
that it is transmitted and used in the inside of the  
edifice. This type of façade can be named  
Active Façade, and it can accommodate various 
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solutions and/or devices such as Solar Panels, 
Solar Concentrators, Photovoltaic Glass and 
Trombe Walls. 

One of the applied systems that deserve a 
larger analysis is the Trombe Wall, a type of 
technology that can passively heat the building, 
where a wall is built at the south side, covered 
with an exterior glazing, with a small amount of 
air between them. The wall absorbs and stores 
the heat steaming from the direct solar radiation 
during the day and later, at the night, through a 
slow process it is spread to the interior of the 
house (Pinto, 2015). Although the Trombe Wall 
is classified as a passive solution, as it does not 
require special equipment once the wall itself is 
the own solution, it can be regarded as active. 
The Trombe Wall does not have a passive role 
like the "common" walls, since it can also give 
an energetic and thermal contribution to the 
building. 

In Portugal, the use of the Trombe Wall is very 
limited, either by the lack of information related 
to the integration of this system in the buildings, 
either in the design phase or even at the 
construction phase. It is crucial that the use of 
this passive system can be anticipated, still in 
the design stage, and adapted to each building 
so it can fully perform its function contributing 
this way to the reduction of heating and cooling 
needs of each dweller (Sá, 2011). 

2 Active Façades and Potential Solutions 
2.1 Importance and Typologies 

Residential energy consumption is distributed 
approximately with 50% for domestic hot water 
and kitchen uses, 25% for heating and cooling 
and the other 25% for lightening and use of 
household appliances (ADENE, 2008). 

One of the most efficient ways to reduce these 
energy consumptions is through the energy 
received from sun with the use of Active 
Façades. The many types of solutions that can 
be used in this façades, taking full advantage of 
solar energy are grouped into: 
- Active Solutions, that use special equipments 

to process the obtained solar energy, thus 
converting it into other forms of energy, such 
as heat or e lectr ical energy. These 
equipments can be: Solar panels, Solar 
Concentrators and Photovoltaic Glass; 

- Passive Solutions, in which it is intended to 
maximize the capture of solar radiation from 
the sun through correctly oriented and sized 

glazing, combining elements of high thermal 
mass, allowing the storage of solar energy 
and posteriorly, use it (Gonçalves and Grace, 
2004). 

2.1.1 Passive Solar Systems 

Passive Solutions can be grouped into 3 types 
of Systems: 

- Direct Gain Systems, where each glazing 
located in a dwelling division can function as 
this kind of system. The area where it is 
located should be oriented to the south, with 
the spaces that needs to be heated directly 
exposed to solar radiation (Gonçalves and 
Graça, 2004). Namely: Skylight and Windows. 

- Indirect Gain Systems, in which the solar 
rad ia t ion i s absorbed by the mass 
transforming into thermal energy, which is 
transferred to the interior of the building by 
conducting heat. This energy transference 
can be immediate or slow, depending on the 
type of ventilation solution used (Gonçalves 
and Graça, 2004). Within this type of system, 
Trombe walls are the most used and known, 
which will be the main object of study of this 
dissertation. The Trombe Wall system has two 
distinct types of operation (Ventilated - VTW - 
and Non-Ventilated - NVTW). 

- Isolated Gain Systems: Greenhouse space is 
an example of this type of system and is a 
combination of the effects of direct gains and 
indirect gains. The solar energy is transmitted 
to the adjacent space of the greenhouse, by 
conduction, through the storage wall that 
separates them, and also by convention, if 
there are any openings that allow the 
circulation of the air (Gonçalves e Graça, 
2004). 

2.2 Solar Panel 

Solar Panel is a device designed to turn solar 
radiation into energy. Feeding exclusively of the 
Sun, the most abundant energy source on the 
planet, it is the “cleanest” method of power 
generation (Fahrenbruch and Bube, 1983). 
Solar Panels can be divided into two types: 
Photovoltaic Solar Panels, a type of solar panel 
which is used to convert sunlight into electrical 
energy; and Thermal Solar Panels, that are 
intended for residential heating and sanitary 
water heating. Instead of converting solar 
energy into electrical energy, they utilize the 
thermal energy generated by the sun to heat or 
even cool an environment. There are two types 
of thermal systems, namely Compact Systems 
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and Forced Circulation Systems, in which the 
choice to be made between both systems will 
depend on the required thermal power (INETI, 
2007). 

The essential device for conversion is the 
p h o t o v o l t a i c s o l a r c e l l , m a d e u p o f 
semiconductor materials, being the most 
commonly used semiconductor material the 
silicon, which charges electrically when exposed 
to sunlight. There are three main types of 
crystalline silicon configuration used in 
photovol ta ic façades: monocrysta l l ine, 
polycrystalline and amorphous/thin film (Sacht et 
al., 2012). 

2.2.1 Façade Integration 

The use of solar panels on façades has to fulfill 
various functions, such as producing energy for 
water heating and space heating, improving the 
thermal insulation of the building and protecting 
the façade from weathering agents. 

They also play an important role in reducing 
heat losses, as solar panels always produce 
heat energy even in winter, thereby reducing the 
difference between outdoor and indoor 
temperatures, resulting in considerable cost 
savings (Probst and Roecker, 2013). Briefly, the 
integration of these elements in the façades 
should be based on thermal, aesthetic and cost-
effective performance (Archibald, 1999). 

2.2.1.1 Performance 

Currently with the vertical development of 
buildings in urban areas, the façades have much 
larger areas than the roofs, also presenting 
better maintenance conditions for solar panels, 
once the vertical surfaces do not accumulate as 
much dust or in the case of winter, snow.  

Although the exterior walls of buildings have 
slopes and orientations that are less favorable 
for the placement of solar panels compared to 
south-sloping roofs, the available area doubles 
the solar radiation received annually (Redweik 
et al., 2013). 

Normally a building have four or at least two  
façades facing opposite orientations, so the 
different solar façades of a building will produce 
maximum power at different times of the day. 
Leading to an increase in peak energy 
production throughout the day and consequently 
throughout the year, enabling the reduction of 
“backup” energy use based on burning fossil 
fuels (Redweik et al., 2013). 

2.3 Solar Concentrator  

The concentrators are intended to project the 
solar radiation that hit them in the direction of 
the system receiver. Solar concentration is a 
technology constituted of mirrors, responsible 
for directing the received radiation to a focus, 
leading to a significant increase in energy 
intensity. Solar concentrators generally consist 
of a concentrator and a receiver and can be 
designed in different geometric shapes, each 
one of them with an associated concentration 
factor. The receiver, positioned at the focus of 
the concentrator, is where the photovoltaic cells 
and the absorber are located and, consequently, 
where the thermal and electric energy 
production will occur (Kalogirou, 2004). In order 
to increase the performance of the solar 
concentrators, it is necessary to connect a 
tracking systems, which can be a single-axis 
system - such as the Parabolic Cylindrical 
Concentrador - and the two-axis system - 
namely the Disk System and the Tower System 
(Barbosa, 2015). 

2.3.1 Façade Integration 

Regarding to façades, the incorporation of 
concentrators directly into façades can be meant 
for simple tasks such as heating food, drying 
clothes, heating a room or even heating a water 
tank, without the need to use photovoltaic cells. 
They can be placed on balconies or directly on 
the façade, which is still an uncommon process, 
applying concentrators with shapes similar to 
the parabolic cylindrical system or the disk 
system (Roche, 2014). 

They have high energy efficiency and are 
inexpensive due to the absence of solar panels, 
as well as easy maintenance and recycling. 
However, in order to be as efficient as possible 
they would need to be adjusted manually 
(changing their direction according to the sun 
moves) or to install a mechanism that does so 
automatically (Roche, 2014). 

2.3.1.1 Performance 

When you incorporate this element into the 
façade of a building, one of the main 
c o n d i t i o n i n g f a c t o r s i s t h e a r e a o f 
implementation. The larger the area of the 
concentrator, the greater its opening and 
consequently the greater its performance is, 
however, when applied to a façade, the area of 
the concentrator is somehow conditioned. So, in 
a attempt to compensate this factor, the solar 
concentrator should have a good tacking 
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system, automatic if possible, to make the best 
use of direct solar radiation hours. 

2.4 Photovoltaic Glass 

The integration of photovoltaic energy into 
building windows or glass façades has become  
very popular, since they can generate energy 
and at the same time be really aesthetically 
pleasing, acting also as blinds to protect against 
the direct sunlight, and they can also reduce the 
need of air conditioners (which can reduce 
about 65% of heat gains), as reduce thermal 
gains and heat losses (Davidsson et al., 2010). 

Similar to solar panels, photovoltaic glass also 
h a s t h e s a m e s i l i c o n c o n f i g u r a t i o n s 
(monocrystalline, polycrystalline and thin film), 
presenting similar manufacturing costs and 
performance.  

2.4.1 Performance 

Similar to solar panels, this type of glass also 
has silicon as a semiconductor material; small 
silicon photovoltaic cell blades are installed in 
single glass, laminated glass or double glazing 
(Biyik et al., 2017). 

Photovoltaic glass has some advantages over 
typical solar panels, such as the fact that it 
works better with lower sun levels, so it has 
better behavior compared to solar panels when 
placed in less favorable orientations, once solar 
panels need to absorb as much direct sunlight 
as possible, while photovoltaic glass absorbs in 
addition to direct sunlight, ambient and reflective 
light (Chow et al., 2009). Photovoltaic glass has 
an added aesthetic value with a large variety of 
options, including colors, gradients and patterns. 

2.5 Trombe Wall 

One of the main passive solar systems is the 
Trombe Wall, a wall system integrated in the 
exterior vertical part of the buildings, consisting 
of a properly oriented glazing (at south), which 
has a high level of thermal inertia and a large 
capacity of heat storage. It is used in spaces 
where the contribution of solar gains during the 
winter is intended, taking advantage of the heat 
that was transmitted during the day, to the 
interior of the house at night, through a slow 
process. It has a solid wall inside (usually 
concrete, adobe, stone or solid brick) between 
20 and 45 cm thick (Nayak and Prajapati, 2006). 

It is therefore a system in which the greenhouse 
effect predominates and can reach very high 
temperatures (30 - 60ºC) in the space between 

the storage wall and the glass. The outer 
surface of the wall is usually painted in a dark 
color, in order to increase the absorption of the 
incident solar radiation (Mendonça, 2005). 

However, not all Trombe Wall systems are the 
same, there are two more significant system 
types, namely NVTW and VTW, with some 
differences that are summarized in the following 
points. 

2.5.1 Non-Ventilated Trombe Wall (NVTW) 

The Non-Ventilated Trombe Wall System is the 
simplest of the Trombe Wall systems, consisting 
of a glazed, an air layer and the storage wall, 
with no ventilation openings, so there is no air 
circulation inside the air layer (Ferreira, 2015). 
The hea t accumu la ted i n th i s space 
progressively heats up the wall, later releasing 
the heat into the interior space, by conduction 
and radiation, and the time it takes to be 
transferred depends on the wall thickness and 
chosen materials (Nayak and Prajapati, 2006). 

The exterior surface of the storage wall should 
be painted in a dark color and south-oriented, 
covered with a properly spaced glazing, 
avoiding the loss of thermal radiation (Anderson, 
1985).

2.5.2 Ventilated Trombe Wall (VTW)

This system is very similar to the NVTW, being 
the main difference the openings at the top and 
bottom of the storage wall, thus allowing natural 
ventilation (Ferreira, 2015). 

The Trombe Wall System can work with a 
combined radiation, conduction and convection 
system. The placement of these openings 
depends on the time of the day that the room in 
question  needs to be heated (Mitjá et al., 1986). 

In this kind of system, what happens is that in 
addition to the heat that was subsequently 
absorbed by the storage wall, it is also 
transmitted by convection; so it is possible to 
control the type of transmission we want by 
closing or opening the openings, making it much 
more versatile than a NVTW. Convection of air 
allows the heating during the day, and the heat 
transmitted by radiation and conduction through 
the wall will allow the heating by the night 
(Nayak and Prajapati, 2006).

2.5.3 Performance

The performance of the Trombe Wall is 
influenced by several factors such as its 
location, orientation, building shape and the 
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characteristics of its constituents (storage wall, 
glazing, shading devices, air layer and 
ventilation system). 

They should preferably be oriented south, being 
most effective in places with strong daily thermal 
ranges; must have protecting devices to prevent 
possible overheating during the summer, 
contributing to greater thermal comfort and the 
c o n s e q u e n t r e d u c t i o n o f t h e e n e r g y 
consumption (Nayak and Prajapati, 2006). 

The optimization and sizing of the Trombe Wall 
system is traced taking taking into consideration 
each of its constituents.  

The optimization of the Trombe Wall is related to 
its design, therefore the choice of each one of its 
elements should be based on a careful study of 
its various parameters. 

3 Active Façade Systems - Trombe Wall 
3.1 Concept

It was Edward Morse who developed the 
Trombe Wall concept in 1881, and later in 1957 
was popularized and developed by French 
Engineer Félix Trombe and Architect Jacques 
Michel, who built the “Trombe House” in France 
in 1967, the first house that used this system 
(Simões et al., 2015). 

In Portugal, the first NVTW was built in 1986, in 
Vale Rosa in Charneca da Caparica. The 
Trombe Wall used in this dwelling is located on 
the south facing façade, is 400 mm thick, is 
made of concrete and has an area of 3.5 m2. 
Glazing is simple and is separated from the 
outer face of the wall by an air layer (Gonçalves 
et al., 1997). 

3.2 Design Principles

The thermal storage capacity of materials and 
the heating transmission phenomenon have to 
be analyzed and studied in order to make a 
significant contribution to the reduction of energy 
consumption in buildings, so the study of the 
characteristics and behavior of each one of the 
various elements of the system is critical to 
understanding how these constituents may 
condition the performance of the Trombe Wall 
(Nayak and Prajapati, 2006). 

3.2.1 Storage Wall

The thermal storage capacity of the material is 
crucial to make a correct choice of which 
material is the best to apply taking into account 

the climatic characteristics in question, namely 
the thickness required taking into account the 
desired time between the accumulation period 
and the heat release period, so thermal inertia is 
one of the most important features in the 
performance of this type of wall, reducing 
daytime heating and cooling needs (Baggs and 
Mortensen, 2006). 

This system is normally designed to achieve an 
8 to 12 hour offset so it can ensure that at night 
the wall returns the heat that was absorbed 
during the day. Due to the fact that the heat 
transfer process of this type of wall takes 
several hours, it is specially recommended for 
spaces with mainly night occupation, such as 
the bedroom (Mendonça, 2005). 

In order to obtain what is classified as a good 
thermal inertia in a material, it must have a 
moderate thermal conductivity, a moderate 
density, a high heat capacity and high emissivity. 
Therefore the materials that should be used in 
the constitution of the storage wall are the 
concrete, stone, solid brick, adobe blocks and 
water (Nayak and Prajapati, 2006). 

The color and texture of the exterior surface of 
the storage wall are as well very important as 
they have a big influence on the absorption 
capacity. Being fundamentally the choice for a 
dark color, such as black, which allows a greater 
amount of heat absorption, rather than the 
choice for a light color, such as white, which has 
a greater capacity for reflection. 

3.2.2 Glazing 

Glass has a crucial role due to its greater or 
lesser ability to retain heat from the sunlight. 
This ability comes from the characteristics of the 
glazing itself; namely its thickness and the type 
of glass, its location and its orientation around 
the building. The glass can be single, double or 
triple; double glazing has a better thermal 
performance than single glazing (due to the 
lower thermal transmission coefficient), as triple 
glazing will also have better performance 
compared to double glazing (Nayak and 
Prajapati, 2006). 

Of all the solar radiation that hits the glazing, 
only part of it is absorbed. One part is 
transmitted inwards, another is reflected 
outwards and the rest will be absorbed by the 
glass. The amount of each of these parcels 
represents the solar or optical properties of the 
glass, namely: transmission coefficient, 
reflection coefficient and absorption (Jorge, 
2010). 
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The transmission coefficient represents the 
percentage of solar radiation that instantly 
passes through the glass; the higher it is, the 
more amount of sunlight gets inside; the 
reflection coefficient represents the ability of the 
glass to reflect part of the solar radiation; and 
finally, absorption is the percentage of incident 
solar radiation that is absorbed by the glass and 
leads to its temperature increase (Pilkington, 
2011). 

3.2.3 Shading Devices 

Shading devices are crucial for a better control 
of the solar gains, thus reducing overheating 
that can occur during the summer, even 
reducing heat losses that happens during winter 
nights. 

There are several types of solar shading 
devices, which are classified according to their 
location (exterior or interior), and subdivided at 
fixed or mobile. The fact that they can be 
controlled is an added value as they have a very 
significant impact on the heating needs of 
buildings, reducing them to almost 50%. The 
coloring of the devices is also something to 
consider; the use of light colors contributes to 
the reduction of solar gains by its ability to 
reflect a higher amount of incident solar 
radiation (Ferreira, 2015). 

It is also quite common to use the projections 
caused by the building itself, especially through 
balconies, although in this case it only 
contributes to the reduction of overheating 
(Wulfinghoff, 1999). 

3.2.4 Air Layer 

The thickness of the air layer should be chosen 
in a way that creates an increase in the amount 
of heat accumulated in it, leading to increased 
gains and therefore to reduced heat losses. The 
height of the air layer also influences the air 
circulation and its velocity. According to a study 
by Simões et al. (2015), the ideal thickness is 
1/10 of the wall height, and should be between 
20 and 30 cm. 

3.2.5 Ventilation 

VTW can have two different types of ventilation 
systems, depending on the location of their 
openings. If these are located only in the 
storage wall it is the classic PTV, however, if 
they exist simultaneously in the storage wall and 
in the glazing, it is called Double Ventilated 
Trombe Wall (DVTW). 

As for the classic VTW, the ventilation openings 
at the base and top of the accumulating wall 
contribute to the reduction of heat losses by 
increasing the temperatures of the air layer, thus 
heat enters the room through the upper vents 
and the cooler air leaves the room through the 
lower venting devices to the air layer, generating 
air movement by thermocirculation. 

In winter, during the daytime, ventilation devices 
should only be opened when the air temperature 
in the air layer is higher than the room 
temperature, keeping the shading devices (if 
movable) open. At night the shading and 
ventilation devices located at the storage wall 
should be closed (Sacht et al., 2012) 

In summer, during the day, ventilation devices, 
as opposed to winter, should remain closed and 
shading should be provided. At night, the glazing 
ventilation systems should be opened and the  
storage wall ones should be closed (Sacht et al., 
2012). 

Although VTW is a good option, DVTW must be 
taken into account, as the classic VTW was 
originally designed to perform the function of 
passive heating system, there is the problem of 
overheating in summer; that can be solved by 
the existence of ventilation devices in the outer 
glazing, thus allowing the cooling of the air box 
(Sá, 2011). 

Not only is the location of these openings 
important for the heat flow, but also their size in 
relation to the wall area. The openings should 
be between 0.5% and 3% of the total Trombe 
Wall surface (Sá, 2011). 

3.3 Evaluation 

The evaluation of the thermal performance of 
the Trombe Wall System can be made by 
several methods, whether experimental, 
parametric or through simulation programs (the 
one chosen for analysis in this dissertation). 
Although they are many, it is essential to adopt 
the most universal methodology possible, thus 
providing a clear answer to what the introduction 
of this passive system in a building can affect 
the heating and cooling needs. 

In this dissertation the thermal performance 
evaluation of the Trombe Wall will be made 
using a BIM approach. 

BIM (Building Information Modeling) is a 
concept, a series of processes, methods and 
technology used to improve cooperation and 
communication from the construction stages of 
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the building to the maintenance of the building 
itself (Durante, 2013). 

One of the most used and popular software to 
run BIM is Autodesk Revit, which was the 
program chosen fo r mode l ing in th is 
dissertation. Revit is a software specifically built 
for BIM, which allows to detail various solutions 
and incorporate numberless plugins, as Insight 
360, being the plugin used in this research work, 
which allows access to analysis mechanisms of 
the energy and environmental performance of 
buildings. 

4 Application and Case Study  
4.1 Concept 

The model used to test the impacts caused by 
the use of the Trombe Wall in a building's 
energy performance was a typical single-family 
house, using the climate data from the Lisbon 
region. 

Making a comparison between the results 
obtained through the analysis of the so-called 
“original” housing without the use of the Trombe 
Wall system, and then an analysis with the 
replacement of the southern wall with Trombe 
walls. 

The house has a area of 230 m2, with 
orientation along the North/South axis. It is of 
typology T4; the ground floor corresponds to the 
c o m m o n a r e a s , a n d t h e u p p e r f l o o r 
accommodates the more private areas. 

As already mentioned through this thesis, due to 
the fact that the Trombe Wall will only be 
inserted into the main façade (which is the south 
façade), it only makes sense to analyze some 
divisions adjacent to it, so it was chosen three 
compartments: one on the ground floor 
(corresponding to an office) and 2 divisions on 
the upper floor, namely two bedrooms. 

4.2 Modelling 

The original dwelling has exterior walls of 35 cm 
thickness, corresponding 28 cm to the ceramic 
brick, 4 cm to the interior insulation, and 1,5 cm 
to the plaster, both outside and inside. 

To the comparative analysis, the south façade 
was changed to a NVTW, the so-called Classical 
Trombe Wall. The choice for this type of 
unventilated system rather than the ventilated 
system was mainly due to the fact that the 
plugin Insight 360 is not yet prepared to receive 
information about a type of wall that has 
ventilation, not understanding how it works, so it 

does not perform any calculation for a possible 
VTW or DVTW. 

The NVTW is composed (from the outside to the 
inside) by a simple 24 mm exterior glass, a 26 
cm air layer placed between the glazing, and a 
solid brick wall of 28 cm, with bordeau paint in 
the outer layer of 1,5 cm thickness, white paint 
on the interior layer, also of 1,5 cm; and an 
exterior shading made by aluminum blades. All 
the south façade has this type of constitution 
except the wall where is located the entrance 
door of the dwelling, which maintained its 
previous constitution. 

It was also made a comparison between a 
NVTW with the same constitution that the one 
mentioned before, but instead of a storage wall 
made of solid brick it was used concrete. 

4.3 Analysis 

It is quite remarkable that the heating needs of 
the 3 areas analyzed dropped when the Trombe 
Wall system was applied, using in one case a 
masonry wall and in the other a concrete wall. 
There were decreases between 5.04 W/m2 and 
37,06 W/m2. Being the most significant 
decrease in both heating and cooling needs of 
32,3% with the use of a masonry storage wall in 
the NVTW system, as we can see though the 
Table 1.  

Table 1 - Thermal data of the 3 types of Walls under study 

Beside the decrease of the value of both needs, 
there was also a decline in the interior 
temperature oscillations between the dwelling 
divisions, therefore was a uniformity of the 
values, with temperatures stabilizing as their 
values approach. The heating needs of the first 
case study (with no TW used), the values of the 
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Dwelling Without 
Trombe Wall

Dwelling with 
Solid Brick NVTW

Dwelling with 
Concrete NVTW

Heating 
Needs

Cooling 
Needs

Heating 
Needs

Cooling 
Needs

Heating 
Needs

Cooling 
Needs

Division Load 
(W/m2)

Load 
(W/m2)

Load 
(W/m2)

Load 
(W/m2)

Load 
(W/m2)

Load 
(W/m2)

Office 38,20 44,84 32,35 41,16 31,24 42,73

West 
Room 32,90 38,62 27,86 40,31 27,79 43,02

East 
Room 74,75 66,41 38,54 55,49 37,69 58,06

Average 48,62 49,96

Totally 
of each 
Need

145,85 149,87

Totally 
of all 

Needs
295,72

32,92 45,65

98,75 136,96

235,71

32,24 47,94

96,72 143,81

240,53

Results



3 areas were between 32.9 W/m2 and 74.75 W/
m2; whereas in the second model (brick NVTW) 
they are between 27.86 W/m2 and 38.54 W/m2, 
so the discrepancy in values went from over 40 
W/m2 to approximately 10 W/m2. The same for 
the cooling needs, they went down from 28 W/
m2 to 15.18 W/m2. This demonstrates that the 
use of the Trombe Wall system results in the 
interior temperature stabilization of the divisions, 
reducing the temperature fluctuations inside and 
outside. 

As mentioned many times, the material used in 
the constitution of the storage wall of the 
Trombe Wall system has a direct impact on its 
thermal behavior, which can be observed by the 
difference in values presented in the previous 
table (Table 1). The differences, however, are 
not very high. Due to the fact that solid brick and 
concrete have similar behaviors, as both 
materials have good thermal inertia. When using 
at this specific case, the brick, the energy needs 
decrease is 20.3% and using concrete is 
18.67%. 

The results are very positive, with energy 
savings due to the lower heating and cooling 
requirements, resulting in a softer, more 
comfortable indoor ambience that will result in  
the reduced use of air conditioning. 

5 Results  
5.1 Costs and Payback Period 

Normally, the Trombe Wall system is one of the 
most economical systems used in Active 
Façades, as they are not too complex systems,  
once they are part of the structural element of 
the building itself, thus not having to be an 
“extra” investment that goes beyond the building 
construction. However, it should be noted that 
although the Trombe Wall system may 
eventually be quite banal in architectural therms, 
it can be more complex if so be chosen. 

Briefly, the cost depends on the solution and the 
type of construction chosen, and the viability of 
the investment can be measured through the 
cost and the payback period (PP), which will 
depend on the weather of the local and the type 
of use. 

The PP refers to the time required to have the 
return of the initial investment, usually in the 
case of Trombe Walls, it is referred to as about 
5/6 years. In an article by BRANZ (2018), four 
Trombe Wall systems were examined, being the 
PP on average 5.4 years. 

Therefore there are several parameters that can 
affect the economic viability of a Trombe Wall 
system, not only the size, quantity and type of 
material used during construction, but also if this 
system was incorporated during the construction 
of the house or introduced later into a already 
existing building. 

5.2 Architectural Contribution 

One of the reasons for the scarcity of use of the 
Trombe Wall system is the lack of information 
about it, however, another reason is its aesthetic 
aspect, as it initially tended not to be very 
appealing. At first, when this passive solution 
was designed, its appearance was not taken 
into consideration, resulting in the simplest 
system possible, an often whiten concrete/
adobe/clay wall, with a glazing placed a few 
centimeters from it, as is the case of Shäffer 
House, in Porto Santo (Image 1). 

 

Image 1 - Shäffer Trombe Wall, Porto Santo [Gonçalves et al., 1997] 

However, as the importance g iven to 
sustainability has progressively increased, so 
has the adoption of passive solar measurements 
on buildings, therefore there was an aesthetic 
adaptation of the Trombe Wall system. New 
materialities, textures, colors and formats were 
emerging. 

The Nature & Environment Learning Center in 
Amsterdam (Image 2, 3 and 4) demonstrates 
that not only can the Trombe Wall be very 
functional and energy-efficient, but it can also be 
an architecturally pleasing detail. On the south 
façade, eight dark concrete slabs with a 
recorded pattern that can be read in Braille, as 
an anthology of Dutch nature poetry were 
covered with glass were combined with 
“traditional” windows (Bureau SLA, 2016). 
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Image 2, 3 and 4 - South Façade of the Nature & Environment Learning 
Centre, Amesterdão [Bureau SLA, 2016] 

6 Conclusion 

Taking into account the high amount of sun 
hours Portugal has per year, and the need to 
reduce emissions of gases into the atmosphere, 
which mainly come from buildings, the solution 
may be Active Façades. With the use of various 
equipments, such as solar panels or solar 
concentrators, integrated in the façade or even 
with photovoltaic glass. All these are active solar 
systems, however it is also possible to use 
passive solar systems as a contribution to 
reducing energy consumption in buildings, as 
the Trombe Wall system. 

Although the efficiency potential of the Trombe 
Wall is quite high, its use in Portuguese 
buildings is scarce, due to the lack of 
information about this system. In order to 
contribute to the scientific knowledge of this 
system, this dissertation presents a analysis 
between a “common” masonry wall and an Non-
Ventilated Trombe Wall (NVTW), in a first 
instance, made of ceramic brick and at a second  
instance, made of concrete, subject to the 
climate conditions of Lisbon. Assessing the 
contribution that this type of system has to the 
energy efficiency of buildings, simulating their 
thermal performance through the use of three-
dimensional modeling through the Revit 
program and the input of energy evaluations by 
Insight 360. 

The analysis of the obtained results was 
performed taking into account the operation of a 
Trombe Wall without ventilation system, 
considering only the heat transfer by conduction  
and radiation, and the contribute of external 
shading devices. These elements decisively 
influence the thermal behavior of the Trombe 
Wall and, consequently, the temperature values 

in the various layers of the system, the heat flow 
and the indoor air temperatures. 

Through the analysis of the values obtained 
from the different three-dimensional simulations 
performed, it was proved that with the 
implementation of a Trombe Wall system it is 
possible to consume a smaller amount of energy 
throughout the year to ensure comfortable 
interior temperatures. The experimental results 
also allowed the study of an important property 
of the Trombe Wall, which concerns the 
stabilization of temperature fluctuations inside 
the bu i ld ings . The househo ld energy 
consumption using the Trombe Masonry Wall is 
about 156 kWh/m2/year, with a 17.46% 
decrease compared to the previous model, 
without the use of the Trombe Wall, which had 
an energy consumption of 189 kWh/m2/year. 

With this experimental work, it was evident the 
clear improvement of the energy performance of 
buildings, with the consequent energy saving 
and, in turn, the reduction of CO2 emissions; this 
under the conscious choice of materials that are 
suitable for each circumstance, taking full 
advantage of the Trombe Wall system. 

Thus, the realization of this dissertation can be a 
relevant contribution to the knowledge of the 
thermal performance of the Trombe Wall in the 
city of Lisbon, and the results may serve as 
indicators of its behavior in other regions of 
similar climate. 
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