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ABSTRACT 

The growing demands concerning thermal comfort and energy efficiency of buildings has 

motivated significant changes on the construction of enclosure walls. In this paper, thermal 

dynamic analysis was performed through numerical simulations in order to analyse the 

influence of enclosure masonry walls on the energy consumption of buildings without HVAC 

systems installed. The simultaneous influence of several factors was taken into account, such 

as indoor ventilation, glazing orientation, occupancy, local weathers, and thermal resistance 

of external walls. To limit the analysis a set of conditions, established for Portugal, were used 

in the simulations: two different weather conditions and three of the most common housing 

typologies built with different enclosure masonry wall systems. 
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INTRODUCTION 

It is commonly accepted that the planet’s energy sustainability is based on the use of 

renewable energy, energy saving, and the energy efficiency of equipment and facilities. 

Therefore, the reduction of the energy consumption and efficient use of energy in buildings 

have become increasingly important. 

In recent decades the energy demands have increased, with a high impact on the building 

sector since it is estimated that this sector is responsible for consuming 40% of the total 

energy used in the European Union. Therefore, according to the directive on buildings energy 

performance (EPBD 2010), all buildings constructed after 2020, or after 2018 in the case of 

public service buildings, should be nearly zero energy buildings.  

Therefore in order to achieve this demanding goal, it is necessary to minimize energy 

consumptions without affecting the thermal comfort requirements. In the case of the 

construction sector, it has to improve the techniques and performance of the materials used in 

buildings, such as the construction of enclosure walls with lower thermal transmittance. 

However, other aspects besides the properties of the envelope should be considered in the 

buildings thermal design, such as the ventilation and occupation, external environments 

conditions and the thermal inertia provided by the buildings or building components, thus 

reflecting the need for more demanding/detailed analysis. 

The best way to study thermal behaviour of buildings is to perform simulations in dynamic 

regime. Dynamic analyses are complex and require many parameters, which vary both with 
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the climate as with the type of occupation. These parameters can be grouped as internal and 

external conditions and properties of the envelope. 

Accordingly to a parametric study performed by Sousa et al. (2015), heavyweight 

construction, definition that applies for the most common type of buildings, such as 

concrete/masonry buildings and enclosure masonry walls, can ensure better stability to indoor 

temperatures than lightweight construction. Moreover, lightweight construction can overheat 

the interior spaces in the cooling season, even if having the same thermal resistance as the 

heavyweight construction.  

Also the use of envelopes/facades with higher thermal insulation can increase the stability of 

indoor temperature. However it can reduce slightly the indoor temperatures if the insulation 

layer is mounted on the inside of those envelopes/facades.  Also a large presence of glazing, 

especially when inserted in facades with higher solar exposure, and the use of high rates of 

ventilation can reduce temperature stability given by the thermal mass.  

 

CONCLUSIONS 

From the obtained results in the numerical study simulating the thermal dynamic analysis of 

buildings it was concluded that the housing typology can reduce the energy consumption of 

buildings, therefore highlighting the fundamental role of architecture in the passive solar 

design of buildings. 

Also the use of enclosure walls with improved thermal performance is an important factor, 

since depending on the ratio between glazing and opaque areas, the decrease of thermal 

transmittance (U value) can significantly reduce energy consumption of buildings, especially 

in the heating season. On the other hand, the importance of the wall thermal transmittance 

may not be as relevant in the cooling season, given the possible use of higher areas of glazing 

elements, especially when these are orientated to the highest sun. 

Finally, it is highlighted the importance of designing enclosure walls by taking into account 

the thermal dynamic behaviour of buildings. Moreover, it is also important to establish 

measures for an efficient architectural design of buildings facades from an energy point of 

view. 
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