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Abstract:

The integration of algae-based facades into sustainable building designs has
emerged as an innovative and multidisciplinary solution to address energy
consumption, environmental degradation, and indoor air quality challenges. This
research investigates advanced methods for generating clean, renewable energy
through sustainable architectural facades, with a particular focus on the use of
microalgae systems. By simulating these systems using Building Information
Modeling (BIM) technologies, the study enables precise analysis of energy
performance, daylight optimization, carbon sequestration, and hot water production
within building envelopes. Special attention is given to third-generation biomass,
particularly microalgae cultivated in photobioreactors, which utilize solar radiation
to simultaneously produce clean energy and improve environmental conditions by
increasing oxygen levels and purifying indoor air.

The methodology includes detailed BIM-based simulations, environmental
performance analysis, and case studies that assess the effectiveness of integrating
algae photobioreactors as functional building components. The results demonstrate
that algae-based facades can significantly reduce a building's thermal loads, lower
carbon emissions, and contribute to improved occupant health and comfort.
Furthermore, this integration offers a cost-effective, low-risk, and scalable solution
for urban sustainability, providing an opportunity to transform traditional building
designs into active systems for energy generation and environmental protection.
This research ultimately proposes guidelines for the practical implementation of
algae facades within the BIM environment, aiming to support the global transition

toward greener and more resilient built environments.




Keywords: Algae facades; Sustainable architecture; Indoor air quality; BIM
technologies; Clean energy; Renewable energy systems; Third-generation biomass;

Photobioreactors; Environmental performance.
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