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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Among Mediterranean historical buildings, the Andalusí architecture is the result of an intuitive and experimental process of 
adaptation to the surrounding environment. The medieval Muslims coped with difficult climatic conditions in al-Andalus through 
passive cooling strategies, paying attention also to the thermal comfort. The paper focuses, in particular, on natural ventilation in 
the Infants’ Tower in the Alhambra of Granada. It has eight mashrabiyas at the top whose performance is investigated through a 
CFD model, in order to understand their contribution to the improvement of indoor thermal comfort and rational energy use during 
summer.  
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1. Introduction 

The complexity of historical buildings requires particular accuracy for energy retrofit that represents a huge 
challenge. Heritage buildings are not suitable to ensure a modern use of the internal spaces in optimal conditions and 
the typical retrofit interventions are not useful and too invasive and usually damage the architectural artefact and its 
intrinsic value. For this reason, it does not exist a unique methodology to be applied in historical buildings, but it is 
necessary to delve deeper into and to study every case in its own context. The starting point has to be the knowledge 
of constructive techniques and strategies and their recovery aimed at not only at conservative restoration, but also at 
energy retrofit. 

Furthermore, the severe regulations in this field forbids any modification to the facade exterior appearance, i.e. 
construction materials and architectural features. For this reason, it is usually quite difficult to identify and apply 
sustainable and effective solutions for improving energy efficiency in these buildings. 

The implementation of internal envelope insulation, cool coatings and window retrofit represents the best solution 
in order to improve the energy efficiency of building envelopes. Additionally, upgraded control systems, lighting, 
ventilation, thermal storage, and heat recovery are listed as major retrofit technologies to reduce the energy demand 
of heritage buildings within temperate Mediterranean climate conditions [1-3].  

The traditional techniques in heritage buildings are generally the result of a process of adaptation to the dominant 
climate of its surroundings and lifestyles of inhabitants. For this reason, ancient and vernacular architecture is the 
origin of the bioclimatic one [4] and represents a rare example of a sustainable building, arisen in response to the 
geography of a land and the history of its people [5]. 

Among historical buildings, the case of Andalusí architecture in Granada is one of the most interesting in this point 
of view because it took place in a particular surrounding environment. In fact, Granada has a continental climate and 
it is protected from external currents by the Sierra Nevada, Spain's highest mountain, even if some highest areas of the 
city, such as the Albayzin and the Alhambra, are more exposed to fresh winds.  

In this climate context, houses and palaces represent sublime examples of applications of ancient bioclimatic 
strategies such as protection against solar radiation, well defined orientation, thermal inertia and mass of bearing 
masonries and rammed earth walls, clear and reflective coating materials, small openings and screens on exposed 
facades, porticoes, vegetation. In addition, the presence of patio, that is the heart of the house, is a fundamental 
bioclimatic device, as well as the attention to the openings and buildings’ orientation and to the use of shading systems. 
If we consider that these architectures are located in a climate with hot summer and they originated during the so-
called Warm Medieval Period, it is possible to recover these strategies to improve their energy performance, especially 
during summer.  

The Infants’ Tower, in the Alhambra, represents a significant example in this sense and the ideal use of passive 
strategies reaches the peak in this historical building [6].  

2. The Infants’ Tower 

The Infants’ Tower was built during Muhammad VII (1392-1408) reign, according to the interpretation of the 
inscription about the honorary title of sultan in the Tower by Luis Seco de Lucena Paredes [7]. It is located in the 
Eastern external wall of the Alhambra, with North-South orientation.  

The ancient Tower had both residential and military function and it is the last example of the typological evolution 
of Alhambra architectures [8].  

The spatial distribution is complex (Fig. 1). The entrance door is located exactly in the center of the façade and two 
floors develop around a central space that acts as a courtyard: it is possible to access to the ground floor through a 
quadruple bend zaguán (entrance), typical of military tower, covered by cross vaults with muqarnas. The full-height 
vestibule covered with a lantern is the most interesting area and is the final evolution of the qubba (in al-Andalus it 
was a regal dome over a quadrangular space, normally seen from the inner room). 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.09.391&domain=pdf
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