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With annual global energy consumption expected to increase by as much as 30 TW-yr by 2050 and mounting concerns over oil reserve depletion, energy security, and global warming, meeting world energy demand will be one of the grand challenges of the 21st century. While renewable and alternative technologies have the potential to address the most serious concerns with fossil fuels, cost is a major obstacle to their widespread deployment. There has been remarkable progress, for example, in lowering the price of photovoltaic (PV) electricity generation, yet present costs are nearly ten times higher than electricity produced from coal. Similar price differentials exist when comparing fuel cells with conventional electricity generators. Estimates based on historical trends give several decades before many renewable technologies become competitive. Transformative technological innovation is the key to accelerating this time line and fundamental advances in materials science will spearhead this process.


With regard to research, the Center consists of two Interdisciplinary Research Groups (IRG’s), one high-risk but potentially high-pay-off initial seed project. IRG1 is concentrating on materials of potential use in the next generation of PV devices, but the scope of this IRG will be much broader since the systems of interest have important properties in common with a wide range of other electronic and opto-electronic materials. The important questions this IRG is attempting to answer involve the scattering and relaxation mechanisms that govern electronic transport in semiconducting materials of use in PV applications, especially mechanisms that are altered in nanostructured environments, These nanostructures include quantum wires and quantum dots, which have potential for significant improvements in efficiency by tuning the optical and electronic properties through size, composition, and surface termination, and by uniquely quantum mechanical effects, which offer possibilities for collecting solar radiation that is lost in conventional cells. The long-term research directions of this IRG are aimed at producing transformative changes in PV technology through significant improvements in materials properties that result from development of fundamental concepts for more efficient carrier generation and collection. IRG2 is concentrating on advanced membranes for renewable energy applications, but the scope is also much broader since the systems to be studied include polymers, ionic solids, and hybrid systems. Solid electrolyte materials and membrane technologies are central to many processes in the conversion, utilization, and storage of energy. Very frequently, ionic transport is the “weak link” in electrochemical energy storage or conversion systems. At present, the myriad interactions that occur in ion transport membranes—ion-ion, ion-solvent, and ion-electrode—are poorly understood. Fundamental research is crucially needed to provide the knowledge required for the intelligent design of novel transport membranes with highly optimized properties. IRG2 is fabricating novel transformative ion conducting materials by synergistically combining materials with dramatically different ionic transport characteristics. The initial Seed project involves the evaluation of clathrate structures as potential materials for hydrogen storage. Energy storage, and in particular storage of hydrogen or methane produced from renewable resources, is another area of research in renewable energy where transformative research is critical.  Clathrate hydrates, with as much as 164 volumes of gas contained per volume of clathrate hydrate, present a potentially attractive class of energy storage compounds. A second class of clathrate structures is the class of metallo-silicon clathrates. Although the structural and electronic properties of these cage-like structures of Si have been studied extensively, little is known about intercolation of methane or hydrogen within the clathrate channels.


To achieve these goals, research in IRG1 is concentrating initially on increasing absorption and carrier collection in nanocrystalline Si and Si and Ge nanowires.  IRG2 is concentrating initially on ionic transport in nanostructured, hybrid membranes that include both proton exchange (polymeric) and solid oxide components.  The seed project is concentrating on a unique type VI clathrate hydrate structure and silica- and silicon-based clathrates to store hydrogen.  Progress of these research projects is monitored monthly by the Executive Committee and semi-annually by the External Advisory Board, which had its first meeting at CSM January 5 and 6 , 2009.  Minor changes in direction for each of these projects were made subsequent to recommendations for the External Advisory Board.


With regard to education, the Center, which is organized around renewable energy, has great potential for impacting broad segments of society, including students, professionals, and the general public. The term renewable energy describes some of the fastest growing industries in the world, and job creation in these fields is disproportionately skewed toward scientific, engineering, and technical workers. Most estimates indicate an impending shortage of scientists and engineers in this sector. Center educational and outreach activities are directed at preparing students for careers in renewable energy. Our education activities directly expose students to renewable energy at a young age and prepare them, throughout their K-12 education and into college, for potential careers in this field. The goals of this educational plan are: to prepare undergraduate students to embark on careers in renewable energy fields; to provide undergraduate students with research experience in renewable energy; to expose elementary, middle school, high school students and teachers to the concepts of renewable energy; and to improve the recruitment and retention of female and minority undergraduate students, graduate students, and faculty as part of the renewable energy program.
The individual activities that have been developed to achieve these goals include the following. A renewable energy curriculum is being developed.  A renewable energy minor for undergraduate students has been created, which will take effect Fall Semester 2009, and a renewable energy elective course sequence for graduate students is in the planning stages. A formal Research Experience for Undergraduates summer program has been established, which includes cutting edge research, seminars on energy topics, field trips to NREL, and interactions with companies. There has been considerable interest in this REU because renewable energy projects are quite attractive to science and engineering students, especially minorities and under-represented groups. A pre-existing program of K-12 outreach has been expanded. In this program, graduate students work directly with middle school mathematics and science teachers on activities ranging from classroom presentations to assisting students in completing hands-on scientific experiments.  Fourteen different school districts in the Denver Metro area are involved, the majority of which are predominantly Hispanic. Many also have a large African American population. All are classified as high needs. 

Assessment of the renewable energy curriculum, training, diversity, and outreach initiatives is integral to the Center mission. Both formative and summative assessment plalns are in place. Data collected through formative assessment will provide the research team with immediate feedback concerning the effectiveness of educational efforts, and will support continuous improvements as the projects are implemented. Summative assessment will determine whether the intended goals have been reached by the conclusion of the projects. Toward this end, outcomes that align with Center goals have been developed and an appropriate evaluation method for each outcome has been identified. 
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