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Abstract: Buildings worldwide account for approximately 40% of global energy consumption, and the
resulting greenhouse gas emissions significantly exceed those of all transportation combined. In the
United States the entire transport sector represents only about 28% of total energy use. This
comparison implies that a 50% reduction in buildings’ energy usage would be equivalent to taking
every passenger vehicle and small truck in the United States off the road and a 70% reduction in
buildings’ energy usage is equivalent to eliminating the entire energy consumption of the U.S.
transportation sector. Reductions of this order are necessary to achieve the International Energy
Agency’s (IEA) target of a 77% reduction in the global carbon footprint against the 2050 baseline. The
larger goal in building energy efficiency is to achieve Net Zero Energy Buildings (NZEBs) which are
defined as buildings that average zero consumption of non-renewable energy over a typical year. In
order to realize NZEBs, one must be able to achieve around 80% reduction in buildings’ energy usage.

Achieving reductions of 70% or greater present several challenges to science, engineering and
mathematics. Building systems are the composition of different functioning dynamic subsystems and
therefore a highly complex, multi-scale, nonlinear, and uncertain dynamic system. In the report [1] it
is noted that the market alone will not produce the necessary progress. Consequently, DOE has
established a $122 Million Energy-Efficient Building Systems Design Research Center to address the
challenge issued by the U.S. Secretary of Energy, Dr. Steven Chu [2]:

We need to do more transformational research at DOE to bring a range of clean energy
technologies to the point where the private sector can pick them up, including: Computer
design tools for commercial and residential buildings that enable reductions in energy
consumption of up to 80% with investments that will pay for themselves in less than 10 years.

In this presentation we discuss areas in the mathematical and computational sciences which are
enabling technologies in the design, optimization and control of high performance energy efficient
buildings.
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