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The energy consumption of the building sector is as high as 25%, broken down into 7% for tertiary buildings and 18% for

residential buildings. The building sector is therefore considered to be one of the most energy-intensive sectors in Morocco.

30% of heat escapes from a poorly insulated house through the roof, and 25% through the walls, so the roof and walls are the

priority in terms of insulation.

The choice of wall materials helps to reduce energy consumption in buildings.

Sources (AMEE : Moroccan Agency for Energy Efficiency.)

The aim of this study is to study the modelling and simulation of coupled heat and moisture transfer in a wall constructed using

ecological materials, using COMSOL-Multiphysics, a software package based on the finite element method.

• Raw earth from quarryraw earth 

• brick

• insulation

 Methodology

• Raw materials data

• Model selection and validation

• Mesh size and calculation accuracy

• Launch of the study 

 Construction materials and elements studied  Geometric characteristics of the wall studied
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Simulation duration is 1 days, 24 hours 

 Moisture transfer

• The conservation of mass equation :
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 Heat transfer

• The energy conservation equation :

𝝆𝒔 (𝒄𝒔+
𝟏

𝝆𝒔
𝒄𝒆𝝎)

𝝏𝑻

𝝏𝒕
= 𝛁. [(𝝀 𝛁T + 𝑳𝒗 𝜹𝒑 𝛁 (𝝋𝑷𝒗,𝒔𝒂𝒕)]

 Numerical validation (HAMSTAD analytical verification case n◦02)

Homogeneous wall, HAMSTAD benchmark case n◦02

𝑇𝑖𝑛𝑖= 20[◦C] , 𝜑𝑖𝑛𝑖= 95% 

ℎ𝑜𝑢𝑡,𝑖𝑛= 25[W/m2 K]

𝛽𝑜𝑢𝑡,𝑖𝑛 = 1 ∗ 10−3[s/m]

Values of the hygrothermal parameters of the material making up the wall in the test case. 

 Thermophysical and hydric properties of the materials used :

 Choice of model - Künzel model 

Profile of relative humidity and water content at the interface of two different materials

 Boundary conditions

𝑇𝑜𝑢𝑡(t)
𝜑𝑜𝑢𝑡 (t)

ℎ𝑜𝑢𝑡 = 15 [W/m2 K]

𝛽𝑜𝑢𝑡 = 75 ∗
10−9[s/m]

𝑇𝑖𝑛= 25 [◦C]

𝜑𝑖𝑛= 50%

ℎ𝑖𝑛 = 3.25[W/m2 K]

𝛽𝑖𝑛 = 25 ∗ 10−9[s/m]

𝑇𝑖𝑛𝑖= 25[◦C] , 𝜑𝑖𝑛𝑖= 50% 

View of the wall studied with boundary conditions

 Digital validation.

The results of the numerical simulation given by the Künzel model are in perfect agreement with those of 

the analytical solution provided by hamstad,

Redistribution of water content in a homogeneous wall at 100h, 300h and 1000h

 Mesh testing

Tetrahedral element for meshing the different configurations used in the simulation (a)-NEV 107058 (b)-NEV 

163812(C)- NEV 264119 

(a)-NEV 107058  (b)-NEV 163812  (C)- NEV 264119 

Time variation of indoor temperature and relative humidity of adobe and air as a function of 

outdoor conditions (Text,HRext)

Time variation of indoor temperature and relative humidity under both air and adobe configurations

oWe have tried to highlight the importance of using adobe as insulation in the air space between 

the double walls, to reduce temperature variations and relative humidity in the interior.

oHygrothermal comfort can be ensured by using a double partition with adobe insulation to 

reduce construction costs.

analysis of the construction envelope must focus on the use of ecological and economical products

with local materials, extending the study to acoustic ambiences


