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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.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 126 (201709) 211–218

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering Association
10.1016/j.egypro.2017.08.142

10.1016/j.egypro.2017.08.142 1876-6102

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering 
Association

Available online at www.sciencedirect.com

ScienceDirect
Energy Procedia 00 (2017) 000–000 

www.elsevier.com/locate/procedia 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering 
Association.

72nd Conference of the Italian Thermal Machines Engineering Association, ATI2017, 6-8 
September 2017, Lecce, Italy 

The color in the vernacular bioclimatic architecture in 
Mediterranean region 

Fabiana Convertinoa, Silvia Di Turib,*, Pietro Stefanizzia

aPolytechnic University of Bari, via Orabona 4, 70126, Bari, Italy  
bConstruction Technologies Institute, National Research Council, via Paolo Lembo 38b, 70124, Bari, Italy 

Abstract 

The building sector plays a crucial role in relation to energy and environmental issues. For this reason, today, it pays great 
attention to the need of a bioclimatic architecture closely related to environment, history and traditions of the various places. In 
this context, the guidelines for careful planning of environmental issues can be traced precisely in vernacular architecture, the 
result of a close link with the territories and a great sensitivity towards nature. 
This study focuses on an example of vernacular Mediterranean architecture, represented by the old town of Ostuni (Puglia, Italy). 
The objective is to analyze the peculiarities of the building and urban layout, with particular attention to the external coating with 
white lime base, showing in detail the influence of the staining on microclimatic conditions. The results of the carried out 
analysis highlight the benefits and weaknesses of studied constructive solutions. Thus, it is supported the view that it is necessary 
to rediscover and be inspired by the vernacular architecture, not representing them as anachronistic, but always drawing on the
contributions of technical and scientific progress. The research points out the influence of exterior finishing surfaces on the
energy performance of buildings as well as on the outdoor thermal and visual comfort of the inhabitants.
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1. Introduction 

In the last decades, there have been intense internationalization in architectural style, indifference toward local 
climatic conditions and tendency to mechanical control of hygrothermal parameters. However, the energy crisis and 
the environmental question have shown up the need of a renewed approach.  

Thus, a new sensibility towards bioclimatic architecture has developed and has given rise to the definition of 
“passive-house”: in order to guarantee environmental comfort, it uses natural climatic resources and has a close 
connection to places’ and climates’ characteristics. 

Manzano-Agugliaro et al. [1] show that bioclimatic architecture and passive strategies are, nowadays, studied a 
lot: such techniques are an integral part of contemporary design [2] and bioclimatic principles allow to cut down 
energy consumption and CO2 emissions in the building sector [3].  

In this regard, vernacular architectures are the result of an adaptation to climate and surrounding context, 
achieved thanks to experience and traditions [4]. Passive strategies in vernacular architectures contribute to create 
satisfactory microclimatic conditions and a certain indoor comfort. This is evident in Mediterranean architectures [5-
8], characterized by great attention to orientation, limitation of openings, shading systems, great thermal inertia of 
envelope, light colored external coatings, exploitation of natural ventilation. 

One of their most typical feature, but also one of the least studied, is the white color of the external finishing 
layer.

It is known that solar radiation affects thermal loads and energy needs of buildings [9] and the use of cool 
materials, with high solar reflection, is spreading in building envelopes to cut down energy requirements for cooling 
and CO2 emissions [10-13]. However, very few authors dealt with the analysis of the influence of outer finishing’ 
colors in buildings [14,15]. This is due to lack of data on optical properties of materials. Such characteristic affects 
indoor microclimate and buildings’ energy need and it is an important aspect in vernacular Mediterranean 
architectures. Numerical analysis showed also that light, reflective and highly emissive external surfaces cut down 
the phenomenon of urban heat islands [16]. Besides, their high reflectance influences outdoor visual comfort: in 
some cases, visual performance decreases because of high levels of luminance that can reach 20.000-30.000 cd/m2

[17] and glare problem; in other cases, such levels are lower and improve comfort thanks to better controlled 
lighting’s conditions, in particular urban configurations. It happens in old towns: dense urban fabric and high 
shading level, which influences lighting’s conditions along the streets and whose effects on buildings’ surfaces are a 
dynamic and complex problem [18], are made up for light and reflective surfaces that increase outdoor and indoor 
comfort. Visual comfort is, then, an added quality in an open space, which adapts itself to “luminous climate” of 
place [19]. 

This work results from these considerations and analyzes a typical case of Mediterranean vernacular architecture 
in the old town of Ostuni. The aim of the study is to investigate its chromatic feature and to know the effects on 
thermo-physical indoor behavior and on outdoor visual comfort. 

2. Case study 

2.1. Description of the context 

Ostuni (Puglia, Italy) is a town characterized by a thousand-year history, which covers, with its small white 
houses, three hills of the Murgia, at an altitude of about 230 m above sea level. It is known as “the white town”, due 
to the white limestone that is the main building material in the old town, and the lime-wash finishing. The medieval 
old town of Ostuni has, from the urban point of view, an elliptic shape, with small closely assembled houses, 
separated by narrow and twisted streets that turn along the walls of the town and twine concentrically. Clearly, this 
scheme is not planned but spontaneous, due to people’s adaptation to topographic features (Fig. 1). 

From the building point of view, here there are three typical features of the traditional Mediterranean architecture: 
thick walls with high thermal inertia; few, small and deep window openings; the white color of the lime-wash. The 
building typologies of the so-called “white houses”, in the old town of Ostuni, are: row houses (arranged on single or 
double line), block houses and mixed building units. 
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Fig. 1. Ostuni: the white town. 

In this study, it is considered the row house typology. It is characterized by a deep site, a small front on street and 
a very simple planimetric organization, generally, with a basement consisting in only one room with barrel vault and 
an upper floor, consisting in a single room with a cross vault. As regards materials and building characteristics, it is 
possible to note, mainly, the use of white limestone for walls and vaults, slabs of Cursi stone as roofing and 
plastering with white lime-wash. In ancient times, when laws of physics were not known, there were, basically, three 
main reasons, which determined this regular use of the lime-wash: easy availability, low cost, simple production and 
laying; the discovery that its white color reflects solar radiation, so the places, where it is used, and, in particular, the 
narrow streets of the old town, seem to be larger; considerable hygiene and brightness, thanks to direct and reflected 
light. 

2.2. Simulations 

As case study, a row house in a small portion of the old town of Ostuni was considered and analyzed (Fig. 2a). 

a)    b)  

Fig. 2. a) The house object of study: vertical section, front, basement’s floor, upper floor and roof; b) Model built in DesignBuilder.

Once the morphological and typological features of these buildings were studied, dynamic simulations were 
carried out through the software DesignBuilder, v. 4.7 (Fig. 2b) in order to evaluate the influence of the building 
peculiarities on microclimatic conditions. The climatic file was generated by the software Meteonorm. The highest 
dry bulb temperature of 38.2°C is registered on 21st July, while the lowest one, about -2°C, on 12th January. 

Once the structure was defined, materials and stratigraphy of building components were implemented. House’s 
walls and vaults are made of semi-hard limestone and plastered on the inner side. Windows are characterized by a 
clear single pane and wooden frame, while external doors are made of solid wood. It was supposed the continuous 
presence, in the house, of two people in standing relaxed. Regarding the control of environmental conditions, the 
heating system’s set-point was fixed at 20°C, while the cooling’s one at 25°C.  
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