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Abstract

In the context of global efforts to reduce CO: emissions and energy consum
research contributes to an innovative approach to sustainable building materials. The"sfu
explores the design of lightweight, sustainable fired clay bricks manufactured by 3D printing
and enriched with bio-based pore-forming agents, including spent coffee grounds (SCGs) and
algae. Furthermore, the integration of phase change materials (PCMs) to enhance thermal

regulation has been studied.

The study is structured in several parts. The initial component of the study demonstrated
the technical feasibility of 3D printing bricks based on local clay. This was achieved by
characterizing the effects of printing and firing parameters on the physical-mechanical
properties of the samples. Subsequently, the incorporation of SCGs was analyzed through
different proportions (3%, 5%, 10%, 15%), highlighting an optimal balance at 10%, which
enabled improved thermal performance while maintaining compressive strength above
minimum standards for material construction.

In a subsequent phase, the incorporation of algae, in two distinct granulometries,
facilitated a comprehensive analysis of the evolution of porosity, thermal conductivity, and
mechanical performance. To this end, advanced tools such as X-ray tomography were
employed to visualize the internal microstructure and pore distribution. The results obtained
from this study indicate that the distribution of porosity within the material is a crucial factor
in determining its thermal insulation properties. However, it is also observed that such
distribution tends to concurrently induce a gradual decline in both stiffness and mechanical
strength.

Finally, the integration of PCM in hollow brick has shown significant potential for
improving summer thermal comfort. A numerical model based on the finite volume method
was employed to simulate the thermal behavior of bricks under various scenarios (mass,
melting temperature, PCM distribution). The optimized configurations resulted in a 25%
reduction in the thermal phase shift factor and a significant improvement in interior comfort.

This thesis demonstrates the potential of pore-forming agents and additive manufacturing
for the development of environmentally-friendly, thermally efficient bricks compatible with
the requirements of sustainable construction. It paves the way for further research into the
optimization of formulations, heat transfer modeling, and the full environmental assessment
of these innovative materials.
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