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The energy used by buildings (residential, commercial, and institutional) in developed countries can 
amount to 50% of that country’s entire annual energy consumed.  This dramatically exceeds the 
approximate 35% used for transportation (autos, trucks, bus, trains, planes, and ships), and 15% by 
industry (raw material acquisition, processing, manufacturing, agriculture).  Sustainable design 
concepts using Renewable Energy Systems can significantly reduce the energy use requirements of 
buildings, and therefore of countries. Validating the performance of the design concepts before 
actual construction can assure their final implementation in to a project. 

Sustainability, energy efficiency, and the integration of alternative energy systems and concepts are 
beginning to be incorporated into designs for new buildings and renovations to existing buildings.  
Few means have existed to effectively validate the potential performance benefits of the design 
concepts.  Those that did exist were cumbersome and un-user friendly, making acceptance only by a 
select few, minimizing their utilization.  Design concepts being considered risked being marginalized 
or eliminated in the final construction due to the inability to adequately validate the potential cost to 
benefits of the concepts being considered. 

Strides in software programs that allow Computer Aided Design (CAD) using 3D modeling and 
Building Information Modeling (BIM) such as ArchiCad or Revit have emerged.  Combining these 
with new programs such as DesignBuilder’s graphical user interfaces for the robust computer based 
energy use simulations modeling software EnergyPlus, are beginning to provide the necessary 
evaluation tools for design options in a more useable format. 

The paper provides an example of building energy modeling to analyze and validate the performance 
of a proposed design for a completely self-sustaining research retreat. The design is to include 
extensive passive and active solar thermal collection, photovoltaic and wind electrical generation, 
and energy storage concepts. Sited in an extremely harsh and unforgiving remote location 
inaccessible to conventional power or fuel sources, the failure of the building to be able to perform as 
required could jeopardize the life of the occupants.  Performance validation is necessary to illustrate 
that the project can reasonably be assured to perform as planned. 
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