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ABSTRACT 

This presentation introduces the principles, processes, and strategies to develop multiscale 
material systems for buildings that interact with heat in novel ways. The overall theoretical 
framework consists of (1) utilizing the multiscale configuration of biological material systems as 
the principle for the design of building element; (2) using the shape and size of heat flow as the 
key parameter for the design and optimization of the building components; and (3) applying the 
principles of materials and material processes for selecting and configuring the material 
systems.  

This framework is further examined by presenting related fields of research and case studies. 
Some of the key sub-topics include: (a) thermoregulation strategies utilized by biological and 
artificial systems (e.g. from tree trunks to jet engines); (b) state-of-the-art research relating to 
thermal design and optimization (e.g. dynamic insulation, activating the thermal mass, and 
optimizing thermal conduction paths); and (c) advanced material systems and processing 
techniques relating to thermal design (e.g. cellular materials, functionally graded materials, 
adaptive materials, and additive manufacturing).  
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