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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 

The earth-based material considered in this work is called Stabilized Earth Bick (SEB). Two distinguish type of SEB 
were examined: SEB5-Tu and SEB5-Te; their difference refers to the freestone, or the red earth composition. Firstly, 
a morphological characterization has been done by comparing two different approaches: the water porosity test and 
the mercury porosimetry which provide access to the material porosity and the pore size distribution. 
Then, the sorption-desorption isotherm were carefully evaluated for each SEB type. The dynamic gravimetric 
method was selected for such measurement. Further, theoretical modeling of the sorption desorption isotherm was 
investigated; here the model parameters allow more accurate interpretation of experimental results. 
Most of these measurements provided the hygric and structural characteristics relating to the SEB materials and a 
comparison of their characteristics depending on the variation of their compositions.
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1. Introduction

    The objectives set for builders are mainly related to minimize energy costs, improve the comfort inside the living 
space by using sustainable and inexpensive materials. So, materials based on earth respond to the problem of natural 
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resources depletion and were, naturally, used for millennia. However, the major drawback of their use is their low 
resistance to erosion by rain and their tendency to swell or shrink after a number of humidification or drying cycles. 
The resulting dimensionless variations lead generally to dramatic modification of the thermophysical properties of 
these materials. To overcome these difficulties, a compaction of tempered based-earthed mixture is recommended to 
increase the material strength. Also, the addition of small stabilizers quantities such as cement, lime and bitumen is 
well adopted to reduce its water sensitivity. The resulting material is then called Stabilized Earth Bick (SEB). Two 
distinguish type of SEB were examined here (SEB5-Tu and SEB5-Te); their difference refers to the cement, 
freestone, and send percentages. 
   The thermophysical properties of these materials and their impact on the hygrothermal behavior and consequently 
the thermal building comfort have been little investigated by researchers. In other manner, characterizing correctly 
materials, involves precise answer one the essential properties and how accurate they must be defined to perform the 
heat and mass energy impact questions.  
   The studied materials are porous structure within which water, liquid or vapor may migrate, be stored or returned 
to the indoor environment. The non-regulation of the humidity rate inside the compartment is a major cause of 
damage to the walls of the building; in fact, besides the problems of durability that can be generated, the thermal 
performances are substantially modified. That’s why, in this study we propose in a first step to characterize the SEB 
materials porosity and morphology, to better identify the microstructure of these material since the macroscopic 
behavior of materials is highly dependent on the mechanisms involved at the microscopic scale. Then, a 
hygrothermal characterization is performed through the measurement of the sorption desorption isotherm.  
   The determination of these characteristics allow, in a future step, to perform simulations based on the HAM 
models [1, 2, 3] to predict the behavior of the walls in SEB and improving building efficiency energy.

2. Experimental characterization

2.1. Studied materials 

Two categories of Stabilized Earth Brick (SEB) materials were selected for the present study (see table 1). They 
were classified by the National Center for Studies and Research for integrated Building in Algiers (CNERIB) [4].  
 Despite their thermal insulation performance and low cost, these materials, different from conventional one, are 
little used. The improvement of earth materials becomes today possible due to two important actions that are 
chemical stabilization and compaction process. Stabilization step reduces the pore volume and thus increases the 
strength of the SEB. On the other side, compaction, using a manual or semi-industrial press, induces an increase in 
the density of the material and also contributes to the mechanical strength. The manufacturing process follows the 
classical screening stages, blending, compacting and molding. The detailed composition of the tested SEB materials 
is shown in Table 1. The detailed compositions are referenced to the CNERIB [5].  

Table 1 
Compositions of the studied materials 

SEB 5 Tu 70% of sand 
(0.2-0.8mm) 

25% of toffee (0.2mm) 5% of cement 

SEB5 Te 70% of sand 
(0.2-0.8mm) 

25% of red earth 
(0.2mm) 

5% of cement 

2.2. Microstructural characterization method 

   Mastering SEB’s structural morphology is primordial; to better understand its response when subjected to 
hygrothermal solicitations. In fact, several studies have shown the close link between the topology of the 
environment and these hygrothermal transfers [6, 7]. Among the most influential parameters on these transfers, we 
find the porosity and the pore size distribution. Two main experimental protocols were used and compared to 
evaluate this parameter: water porosity and mercury intrusion porosimery.  

Water porosity: The water porosity is measured according to the protocol defined by the AFPC-AFREM [8] and 
its expression is given by (1): 
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Where, Msec is the mass of the sample in the dry state (kg), Msat is the mass of the sample in the saturated state (kg), 
eauρ  is the water density (kg/m3) and V0 is the total volume of the sample (m3) obtained by geometrical 

measurement or by hydrostatic weighing. 
Msec was measured after drying in a ventilated oven at 45°C instead of 105°C to avoid degradation of the 
microstructure of the SEB material. The dry mass is reached when the relative weight loss does not exceed 0.05% 
after 24 hours in the oven.  
   In addition to the porosity, we can also calculate the density of the material ρ and the moisture content u in the 
saturation (100% relative humidity) by the following expressions: 
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Mercury intrusion porosimetry (MIP): Mercury intrusion porosimetry method is widely used for investigating the 
materials texture at different scales: micro, meso and macroscopique. It provides access to the porosity of the 
sample, bulk density, or distribution of pore size.
The test involves injecting mercury into the sample by successive levels of pressure; at equilibrium, the volume of 
the injected mercury is measured automatically. The method is based on the model of parallel cylindrical pores with 
different radii. The pore diameter is thus determined by Laplace's law: 
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Where, γ Hg
is the surface tension of mercury (the used value is 0.00485 N/cm), θ  is the contact angle between 

mercury and the porous solid (the used value is 130°), PC is the mercury capillary pressure up to 411Mpa.  
The tests were performed using the manufacturer's porosimeter Micromeritics type Autopore III9420. It covers a 
range of pores varying from 0.003 to 360µm.

Sorption desorption isotherm: The characterization of the hygric behavior of a porous material is often presented 
in terms of isothermal sorption and desorption in the hygroscopic domain. These curves express the variation of 
water content u according to the Relative Humidity RH. The shape of these curves depends especially on the 
porosity, the particle size and the mineralogical composition of the sample. 
  These curves remain poorly studied, on the SEB materials, given the slow kinetics of transfer by using the 
conventional method of salt solutions [9]. Thus, the recourse to other methods to reduce the time for obtaining these 
curves by dynamic tests is much appropriated. The used equipment in our case is the Dynamic Vapor Sorption 
(DVS). In the measurement protocol, we define the levels of relative humidity in adsorption and desorption cycle at 

a given temperature and we fixed the mass controlling criterion 410.2 −≤
dt
dm  , that depends on the relative humidity 

stage too. In order to understand the hydrothermal behavior of the two SEB materials, the curves of sorption-
desorption isotherms were plotted for the two samples, previously crushed, having masses of 0.924g for SEB 5Tu 
and 0.834 g for the SEB 5Te.  

2.3. Results and discussion  

  This section is devised into three parts. The first one corresponds to the water and mercury porosity evaluation and 
comparison that were extended to the standard materials (High performance concrete and clay brick); the second one 
corresponds to the sorption desorption isotherm analysis. Further, theoretical modeling of the sorption desorption 
isotherm was investigated; here the model parameters allow more accurate interpretation of experimental results.
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