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The National Science Foundation finds itself in a crucial position to influence the future economic growth and competitiveness of the United States in the global markets of the 21st century.  The links between our nation’s ability to foster the development of new scientific and technological breakthroughs and the health of its economic future have never been clearer.  Investments made forty and even fifty years ago by the NSF have come to fruition in the genesis of modern industries based on genomics, information technologies and telecommunications.  These developments are, and are likely to remain, among the major drivers for growth in the world economy.

The strategic goals of the NSF are aimed at the three most important factors leading to success in the technology enterprise: ideas, people and tools.  Funding from NSF should be aimed at supporting the most creative and active individuals in the sciences, and should allow them sufficient freedom to make and understand mistakes and to leverage and exploit wild successes.  A significant increase in funds for individual investigators to work on high-risk, high-reward theory and experimentation will help maintain U.S. leadership in scientific frontiers that could ultimately lead to new businesses and job creation.  

Because of the increasing globalization of the private sector, our workforce needs to be the best trained in the world in order for us to remain competitive.  It is ironic that during one of the most exciting times the world has ever witnessed in terms of scientific and technological wonders, it is difficult to convince young people to embrace careers in science.  It is just as difficult to convince the general public of the importance of understanding scientific advances that will shape their daily lives and the lives of their children and grand-children in the years to come.  A population that is more highly educated on scientific principles is in a much better position to make the rational choices that will become necessary as science and technology continue to play larger roles in our daily lives.

In order to obtain a better understanding of the underlying biological, chemical and physical principles that govern the world around us, it is important to conceive of novel scientific and analytical tools to characterize these systems at the nanoscale, molecular, atomic and subatomic levels.  It is this integrated understanding that will provide scientists and engineers with the insights necessary to cross the boundaries between the physical, biological and environmental sciences.  This is one of the most exciting frontiers in science and one in which we must retain leadership.

Only the federal government is in a position to fund such programs.  The private sector has a much narrower focus for its research objectives.  Corporate support for academic research tends to be aimed at two or three-year development plans for a particular existing product line or business unit.  This tends to hamper the ability of the academic investigators to execute the type of speculative investigations that are at the heart of real innovation.  The training of young people and the development of basic scientific tools are not a top priority for corporate research directors.  Even though there is a constant demand from the corporate world for a well-trained and diverse work force and novel research equipment, it is not likely that significant funds will ever be forthcoming from industrial sources for these purposes.

On the other hand, corporate sponsors respond well to proposals for multi-disciplinary and multi-institutional partnerships in which industrial funds provided for research and development can be leveraged significantly by federal investments in basic science research, infrastructure and student development at all levels.  As a result, one of the more effective methods for doing research is to develop partnerships between the private sector, universities, and federal agencies.

Solutions to today’s complex scientific and technological problems demand a coordinated approach involving individuals and institutions with different areas of expertise, abilities and strengths.  These multi-disciplinary, multi-institutional teams are difficult to forge since there are both institutional and disciplinary barriers to be overcome, but they can be extremely effective and efficient ways of solving technological problems.  Over the years, NSF has crafted some excellent initiatives that provide significant incentives for the private sector to join academic institutions in these enterprises.  Among these are the NSF Science and Technology Centers (STC), which have a built-in structure allowing them to address all of the strategic goals mentioned previously.

NSF recently funded the NSF Science and Technology Center for Environmentally Responsible Solvents and Processes.  This is a center involving four universities and partners in the private sector.  The paragraphs that follow describe the major technological challenges the Center addresses.  They also and summarize how the structure of the Center offers a synergistic approach between universities, the private sector, philanthropic organizations and a federal agency to help develop new ideas, enhance science education at all levels, strengthen the research infrastructure, and enhance technology transfer and commercialization. 

More than 30 billion pounds of organic and halogenated solvents are used worldwide each year as process aids, cleaning agents and dispersants.  Considerably more water is used and contaminated in related processes.  Technological breakthroughs in the last decade (many funded by NSF) now indicate that liquid and supercritical carbon dioxide could be the most commonly used solvent of the twenty-first century.  This becomes more likely as the manufacturing and service industries attempt to avoid the production, use and subsequent release into the environment of contaminated water, volatile organic solvents, and other noxious pollutants.  The STC for Environmentally Responsible Solvents and Processes has as its goal the establishment of the scientific fundamentals necessary to enable liquid and supercritical carbon dioxide to replace aqueous and organic solvents in a large number of key processes in our Nation’s manufacturing sector.  This is a multi-disciplinary effort with participants from four US academic institutions: the University of North Carolina at Chapel Hill, North Carolina State University, North Carolina A & T State University, and the University of Texas at Austin.  These universities are in partnership with four national laboratories: Pacific Northwest National Laboratory, Oak Ridge National Laboratory, Los Alamos National Laboratory, and Sandia National Laboratories.

The STC provides collaborative and innovative programs in basic research, undergraduate and graduate training, industrial outreach, and educational outreach designed to:

•
Create and disseminate new knowledge to the academic, industrial and government sectors


•
Educate a new generation of scientists and engineers cognizant of environmental 


problem solving

•
Increase participation of minority and underprivileged students in science and mathematics


•
Increase scientific literacy among K-12 students.

Major science and engineering breakthroughs are essential to launch a new technology platform.  To this end, the research program focuses on fundamental areas of scientific and engineering inquiry at the heart of liquid and supercritical CO2-based processes.  The Center is in the process of establishing five new Shared Experimental Facilities to support the various research areas.  These facilities are beginning to attract national and international attention, and are encouraging scientists from across the world to join us in this enterprise. 

The Center is also implementing an innovative Student Personal Development Program, based on emerging research in behavioral sciences, that will benefit graduate and undergraduate science and engineering students.  This program will emphasize the importance of modern communication technologies in integrating information within research teams and will encourage the development of collaborative skills in project management and computer-mediated communication.  Distributed “collaboratories” containing state-of-the-art telecommunications and information technology, desktop audio and video conferencing Internet tools, will facilitate inter-institutional collaborations. In addition, students and faculty will be exposed to a broad review of social and behavioral science theory and research on innovation processes and the outcomes and consequences of implementing technologies.

The STC is implementing programs to increase the number of K-12 students trained in science and mathematics and to raise the level of their scientific knowledge and skill.  This is being accomplished through a partnership with The Science House at NC State University.  Pedagogically sound educational modules are being developed which are based on topics stemming from the research program on environmentally responsible solvents and processes.  These modules will expand the exposure of K-12 students and teachers to the opportunities for science and engineering to contribute positively to a sustainable environment and economy.  A Summer Undergraduate Internship is also being structured to expose students from under- represented minority groups to a multi-disciplinary scientific and engineering program focused on scientific fundamentals and environmental problem solving.

Industrial outreach is occurring through collaborative interactions with sponsorship from industry to demonstrate practical applications of the fundamental results and extension to new areas of use.  As a result of significant collaborations already established between many of the Center researchers, sixteen corporations are supporting the Kenan Center for the Utilization of Carbon Dioxide in Manufacturing (established in 1997 and administered by NC State University).  The Kenan Center is focused on technology development.  With its technology-oriented mission, the Kenan Center is an ideal vehicle for the STC to transfer the basic scientific information directly into applications.  Even though the Kenan Center has been in operation only a short time, technology developments by Center researchers have already reached the commercialization stage.  MICELL®, a North Carolina company, is currently marketing HangersTM franchises utilizing an innovative dry cleaning system that utilizes liquid carbon dioxide and detergents made to work in carbon dioxide.  The process offers significant advantages in garment durability, worker safety and comfort, energy utilization and environmental friendliness. The DuPont® Corporation is also making a large investment in a pilot plant for the manufacture of TeflonTM to be built in Bladen County, North Carolina.  Ultimately, most of the world’s Teflon will be made in this economically disadvantaged area of North Carolina using this sustainable technology.  There are numerous other potential uses of carbon dioxide as a solvent for pollution prevention and energy efficiency in the microelectronics industry, in the processing of biocommodities, in coating applications and in specialty chemicals.

The STC has received a great deal of support from participating educational institutions in terms of equipment, release time for faculty, laboratory renovations, and new faculty lines.  The William R. Kenan, Jr. Institute for Engineering, Technology & Science has committed funds as matching contributions to the federal funds for the duration of the Center.  The Institute also continues to provide funds for the operation of the Kenan Center, and has played an important role in the development of the carbon dioxide technology platform.  This combined university, private sector and foundation support has enabled the establishment of a comprehensive program to improve science education, to increase diversity, and to develop the basic scientific underpinnings that could lead to long-term reductions in solvent emissions, soil contamination, aqueous wastewater generation, and energy consumption.  In summary, this is a good example of how the National Science Foundation’s Science and Technology Center program is able to address the strategic goals of the NSF: ideas, people, and tools, in the context of leveraged partnerships between the private sector, universities and the federal government.   The NSF goals are at the heart of the nation’s needs for basic scientific research to provide for economic growth and national defense, and they certainly are worthy of additional support.

