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In recent years, the use of earth-based materials in sustainable construction has become increasingly
popular. Raw earth is an abundant and recyclable resource that has been used as a building material for
centuries. Despite its many benefits, such as its affordability and low environmental impact, it has
suffered from a lack of recognition and standardization. However, earthen construction has become a
promising building technology that offers multiple advantages (Shubbar et al. 2019).

Earthen construction is ‘environmentally friendly’. The production of traditional building materials,
such as cement and bricks, requires a large amount of energy and generates significant amounts of
greenhouse gases. In contrast, earthen materials are readily available and require minimal processing.
This makes them a low-carbon alternative to traditional building materials.

Earthen materials also have excellent thermal inertia. Thermal inertia refers to a material's ability to
absorb and store heat. This property helps regulate indoor temperature and enhances the thermal
resilience of buildings during hot periods (Truchet et al 2024). Earthen materials have a high thermal mass,
meaning they can store large amounts of heat, which can then be released slowly over time.

Earthen materials also have remarkable hygroscopic properties, which make them ideal for indoor
construction (Cascione et al. 2019). Hygroscopic materials can absorb and release moisture depending
on the relative humidity of the surrounding air (Losini, 2023). This property is essential for maintaining
human comfort and health in indoor environments. However, the impact of moisture buffering on
summer comfort and the resilience of earthen constructions against heat waves is still an open research
question (Legros et al. 2020) that will be investigated in the present doctoral work.

This will be done by modeling performance at the building level. The assessment of a realistic
contribution remains a scientific challenge. The whole building performance is a complex equilibrium of
heat and mass transfers through the building envelope, submitted to exterior boundary conditions
(weather), as well as indoor systems, occupants’ behavior and needs, etc. (Soudani et al 2016, 2017)
Numerical simulations will be used to test a wide range of configurations, involving varying building
geometry, occupancy scenarios, HVAC systems and weather conditions, including future climates
(Toesca et al 2023).

The physical representativity of the model at the building scale will be verified using experimental
results from literature. The direct use of existing models (such as EnergyPlus) with adapted material



3|Page

properties is anticipated, or special developments such as co-simulation between a whole building
software and an on purpose made model, is foreseen.

To precisely and robustly assess the impact of raw earth construction on low CO2 footprint building
performance, not only a large parametric study will be conducted, but statistical methods will also be
used. More specifically, sensitivity studies and computations of Sobol indices will allow to assess the
relative influence of raw earth as compared to other building components (Goffart et Woloszyn, 2021).
Using and understanding such ANOVA methods of non-linear hygro-thermal phenomena, with partly
dependent material parameters is still a challenge, and adaptation of existing methods may be needed.
By conducting these tests for different weather files representatives of actual and future climates, it is
possible to evaluate the thermal resilience of the building against heat waves.

As a complement, life cycle assessment will be conducted to assess the environmental impact of the
house over its entire lifecycle, including the production, use, and disposal of raw earth construction,
focusing on the contribution of raw earth to the use phase during summer.
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