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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 

In this work a comparative study of thermal transmittance between different multilayer walls is examined numerically using the 
so called Combined Method recommended in the Moroccan standard NM EN ISO 6946/2007. For this purpose a special script 
was written in Mathematica based on the electrical analogy and where all the thermal transfers occurring across the brick were 
considered. Tree configurations with and without air gap of 7 cm were compared. The first configuration, concerns walls made of 
cement render, cement mortar and tree sizes of hollow clay fired bricks (3, 8 and 12 cavities). In the second one, bricks were 
substituted with those prepared with plaster and granular cork mixes. Finally, in this second case, plaster-granular cork was used 
instead of cement render. In addition, the compliance with the Moroccan Thermal Regulation of Construction (MTRC) was 
examined. Results show that in the third configuration, double walls (with air gap) consisting of 8 or 12 cavities bricks are in 
accordance with all Moroccan climatic zones,  leading to overall heat transfer reduction up to 51%. 
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1. Introduction 

Red fired clay hollow bricks, being mainly used to construct building walls, have been long known to 
accommodate warm homes in the winter and cool dwellings during summer; in contrast, they present several 
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disadvantages and occupy a considerable amount of building’s energy demand. Therefore many recent researches     
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proposed alternatives of the usual bricks, [1] studied the thermal behaviour of hollow clay bricks made up of paper 
waste and optimized their thermal performance, [2] managed to reduce the total heat transfer occurring across brick 
walls by 23% through placing clay protuberances inside brick cavities, also [3] improved the thermal inertia of 
buildings by filling bricks with PCM. The effect of the type of PCM used, its quantity and position inside the brick 
cavities were then examined. Consequently, this paper propose the use of bricks made of a new composite material 
plaster-granular cork instead of fired clay bricks, this will not only guarantee a better energy efficiency inside 
buildings, but will also suppress the environmental pollution resulted from the fired clay manufacturing process. 

Nomenclature 

Rc thermal resistance of convection within brick cavity (K/W) 
Rr thermal resistance of radiation within brick cavity (K/W) 
Rca thermal resistance of the brick cavity (K/W) 
Rer thermal resistance of external render (K/W) 
Rir thermal resistance of internal render (K/W) 
Rvp thermal resistance of vertical partition (K/W) 
Rhp thermal resistance of horizontal partition (K/W) 
Rm thermal resistance of mortar joint (K/W) 
Rsi internal surface thermal resistance (K/W) 
Rse external surface thermal resistance (K/W) 
Rup upper thermal resistance (K/W) 
Rlow lower thermal resistance (K/W) 
Rg  air gap thermal resistance (K/W) 
evp thickness of the vertical partition (m) 
Ahp  vertical partition area (m2) 
Nm total number of mortar joints 
Nc  total number of bricks in the wall 
Nvp  total number of vertical partitions per brick (three for 8C, four for 12C) 
Nhp  total number of horizontal partitions per brick 
Nvc  total number of cavities per column per brick (in vertical direction) 
Nhc  total number of cavities per row per brick (in horizontal direction) 
xC  brick of x cavities 
PCM      Phase Change material 

2. Materials and method 

In order to evaluate the thermal performance of different bricks inside the wall, tree types of hollow bricks 
(Fig.1) frequently used in Moroccan buildings are studied; coded according to their cavities number. For easy 
thermal resistance determination, the representing unit cell is consisting of two superposed bricks 8C with joining 
mortar of 0.01m in thickness on the top and bottom of each brick and between the two bricks, and with external and 
internal render of 0.02m; represented in Fig. 2 a. Thermal conductivities of basic materials and of the composite 
material studied; picked from [4, 5], are given in table 1. 
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