EFRI Planned Topic Areas for FY 2010

The announcement of the tentative titles and information about the two new topic areas for the FY 2010 EFRI activity on April 22, 2009, at the Engineering Directorate Advisory Committee’s Spring meeting are as presented below.  The EFRI Office intends to develop a solicitation around these topical areas for release in Summer 2009. These are planned to be for multidisciplinary teams of three or more investigators. You may find more information and updates on the EFRI Office by referring to the ENG Advisory Committee website: http://nsf.gov/eng/advisory.jsp.
1. Science in Energy and Environmental Design (SEED): Engineering Sustainable Buildings
Commercial and residential buildings are the basis of our social and economic infrastructure.  In the US, buildings are responsible for 38% of carbon dioxide emissions, 71% of electricity consumption, 39% of energy use, 12% of water consumption, and 40% of non-industrial waste. We spend 90% of our time indoors and the indoor environment affects our physical and mental health and our productivity.  At present, the green building movement is focused on producing much needed efficiencies using existing technologies and qualitative ratings.  However, these methods ignore many critical factors and do not provide a methodology to choose between competing alternatives in a reliable scientific manner.
This topic will engage engineers, and architects, as well as physical, biological and social scientists to develop fundamental concepts to create the breakthrough innovations in building materials, models and theories that will lay the foundation for the next generation of advanced sustainable building systems.  It is only with dramatic new innovative, multidisciplinary and holistic systems thinking that transformational changes will occur in the industry.  To develop these fundamental understandings, breakthrough research is needed to enable integrated multidisciplinary science, engineering and systems research in areas of (a) Materials and Sensing, (b) Modeling and Simulation, and (c) Concepts for Autonomy and Interdependence. This research will allow us to model and control, in real-time, the critical flows and fluxes of energy, heat, water, light, sound, air and occupants in a building, and create new paradigms for designing, constructing, operating, maintaining, and retiring buildings that will minimize fossil fuel consumption and adverse environmental effects. It will enable us to transform the materials, devices and control systems used to produce, store and distribute alternative energy in buildings, and to transform building systems design and management software to solve complex interacting-system problems with interoperable, integrated, and user-friendly computational tools.
2.
Renewable Energy Storage (RESTOR)
The projected doubling of world energy consumption within the next few decades, coupled with the growing demand for low emission sources of energy to protect the environment, creates an urgent need for efficient, clean, and renewable energy sources.  Electricity generated from clean renewable sources, such as solar or wind, offer great promise for meeting these future energy and environmental demands.  However, the efficient use of electricity generated from these intermittent, geographically-restricted sources requires efficient and economical electrical energy storage solutions. Electricity storage is the Achilles’ heel of renewable energy.  Solving the massive storage impediment for solar and wind energy would be transformative and have a significant impact on global warming and on reducing U.S. dependence on foreign imports, and fossil fuels. 

There are many fundamental gaps in understanding the atomic- and molecular-level mechanisms that govern the efficient utilization of energy storage systems. Fundamental experimental and theoretical research is urgently needed to develop a transformative understanding of transport and reaction mechanisms and to uncover the underlying principles that govern the complex and interrelated mechanisms of electron and ion transfers, material decomposition, and energy conversion processes for large scale storage.  Recent advances in computational tools and intelligent systems will open up new paths for designing novel multifunctional materials with the desired physical and chemical properties.  The rapid advances in nanotechnology offer the potential for the development of new nanostructured form factors (high surface area nanowires, quantum dots, and hybrid architectures).  Grid and transportation applications require advances in power conditioning, the development of electronics to couple the harvesting devices with the energy storage devices, and improved systems integration strategies. In addition, modeling and scale-up analysis for cost-effective manufacturing processes are essential components for realization of optimized energy storage systems.
