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ABSTRACT 

The adaptive reuse of building envelopes for high-efficiency solar collection tech-

nologies will likely necessitate the ubiquitous application of solar tracking technologies.  

Building envelopes are situated between an abundant primary energy resource and 

nearly half of the nation’s energy end use, indicating an intersection of great potential for 

an energy intervention.   First generation photovoltaic cells do not show sufficient solar 

to electric conversion efficiencies to be applicable for the constrained areas of building 

integration, while second generation thin film cells show even lower efficiencies that  

degenerate over time.  Emerging multi-junction solar cells, now achieving commerciali-

zation, display the highest efficiencies to date and, when used in concentrating systems, 

reduce the required cell area and materials cost, but additionally introduce the require-

ment for tracking.   

Existing mechanical tracking solutions are designed for very large payloads in open 

fields of utility scale deployments, and are not applicable at a ubiquitous scale required 

by building integration due to their cost, operational intricacy and high maintenance 

intensity.  Biological solutions to tracking the sun suggest a material approach in which 

heliotropic traits emerge from the interdependent interaction between material behaviors.  

A variety of emerging and established materials that change shapes in response to light, 

heat, electricity, or magnetism enable the production of material-actuated tracking 

solutions with the potential for reduced cost, maintenance and intricacy.  Drawing on 

existing concentrated photovoltaic façade systems, emerging dynamic glazing systems, 

and advanced concentrating optics, a material-actuated tracking design is proposed for 

the integration of high concentration photovoltaics into building facades, allowing for 

the ubiquitous implementation of solar energy collection at the building envelope. 

 


