PRIORITIES FOR FEDERAL INNOVATION REFORM

Overview

Among the many multi-disciplinary and cross-sectoral innovation challenges this country faces, one of the most complex is the question of environmental sustainability as it relates to economic productivity and wealth generation.  One interagency approach has been through MatTec, the Materials Technology subcommittee of the NSTC Committee on Technology.  MatTec plans to work with the communities who produce raw materials and with each of the levels of users of those materials, from processors to consumers, to help define and prioritize the primary issues in environmentally benign design and manufacturing technology.  

MatTec is also currently working to broaden awareness of the importance of the area within government, industry and academia, and to help focus the creativity of the research community on relevant and significant problems.  

It becomes clear upon discussion of this issue that virtually every agency of the government will have a critical role in the task of achieving industrial ecology.  It will involve every sector of the economy, and every citizen of the United States.  These types of innovation drivers are difficult to ignore.  If there is any area where new methods of innovation are needed and will be utilized effectively, it is this one.
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Toward a Closed Materials Loop

Introduction

The world’s population will add one-third during the next quarter century, growing from 5.9 billion today to about 8 billion by 2025.  It is expected that during the same period technological advances will continue to support a rapidly improving quality of life for this growing population. Much of the requisite wealth generation to sustain this growth is based on the manufacture and use of materials in some form: to construct housing and infrastructure; to build devices, information technology systems, vehicles, and machines; to support production and transportation, and to package foodstuff and other perishables; to name a few examples. 

These materials-intensive activities have varying degrees of concomitant negative impact on the environment: air and water pollution, solid waste, toxins, greenhouse gases, and global warming.  An eventual goal for the US industrial base of the future should be a closed materials loop, from cradle to grave, where renewables play major roles, where only products leave the factory, and where recycling and reuse are integral parts of product design.  In a well-designed industrial ecology, every waste product is the feedstock for another process.  

Technology in developed countries is moving in this direction but still has a long way to go.  For example, the Kyoto and related accords essentially require the US to decrease fossil fuel-based energy consumption by 15-25% over the next 15 years.  In order to accomplish that without a substantial drop in the standard of living, some very concerted efforts are necessary, as current projections are for a 0.6 % annual growth in industrial energy consumption for the period 1996-2020. 

There is an important US Government role to play in encouraging and initiating relevant research on environmentally benign materials technology.  A recent (December 1996) workshop sponsored by the National Science Foundation and the European Union on Materials for Future Technologies confirms this point of view.  Many of the resulting recommendations for cooperative EU-US materials research were on various aspects of environmentally benign materials and processes.

Considerations

The issue of green materials and processes is very complex.  It requires a systems approach to minimize the total environmental impact in the full materials cycle:  

· mining

· extraction

· processing

· manufacture

· use

· disposal

· recycling

with due consideration of  all relevant resources:

· energy

· minerals and feedstock

· water

· air

and balancing a number of additional issues:

· toxicity of byproducts/emissions/waste

· amount of greenhouse gases in the total cycle

· societal and human issues

· economics of competing and complimentary processes

· and others

Success will require focused research, both basic and applied, in most of these areas.

Current Status

Until now, the main approach to limiting environmental damage has been through the regulatory approach, exemplified by water quality standards and by the fuel economy standards for automobile performance.  During the past decade there has been a gradual increase in awareness among the general public of the role of the environment.  During this same time, the environmental community has begun to advocate an integrated approach to technology to support environmental, social, and economic sustainability.  Advances are clearly needed not only at the tail end, to remedy problems created by a process or the use of a product, but also at the front end, to minimize or to avoid creating problems in the first place.  

Examples of relevant activities specifically aimed at reducing energy consumption but with clearly related environmental impact include the Department of Energy's efforts to develop energy and environmental goals and research strategies in cooperation with industry.  Other positive cooperation is the Environmental Protection Agency and the National Science Foundation working together to target pollution prevention and environmentally benign chemical manufacturing projects.  In addition, MatTec has held two workshops and has generated some interest in the professional societies to develop more activities in the general area of environmentally benign materials technology.  However, no clear action agenda for the nation has evolved so far.  

A recent Rand report (1999) entitled, 'Technology Forces at Work, Profiles of Environmental Research and Development at DuPont, Intel, Monsanto, and Xerox' profiles environmental technology investments at the four companies.  The report found that the investments are substantial, that they often lead to improved resource efficiency, and that a rich base of scientific knowledge is needed for innovations in the area.  These companies expect the government and the universities to provide this needed science base.

Examples of a growing broader awareness include the general public acceptance of recycling as part of daily life, and the inclusion of recycling and other 'green' issues in the advertising of major manufacturers.  At the same time, substantial confusion reigns on the issue of global warming, and the debate rages as to whether it is real or not, especially to what extent man’s activities are responsible.  In academia new fields are developing, such as industrial ecology, life cycle analysis, life cycle design, design for environment, and 'green' accounting.  Yet, the amount of targeted basic research seems to be quite modest.

At the Federal level the Department of Agriculture has long supported a significant level of research on the application and development of renewable materials.  The major materials funding agencies (National Science Foundation, Departments of Defense, Energy, and Commerce) all support research activities which have some relevance to environmentally benign technology but it is generally not the primary focus area, though it often appears as a byproduct of the research. 

Some Research Needs

Research on many fronts is needed, and a major effort will be to develop priorities.  Some typical research areas are listed here.  In addition to the R&D requirements, there is a strong need to educate designers about this issue as they will eventually put much of the research and development output to actual use.

Research Needs
Examples

Make things last longer and last predictably
· Apply life cycle analysis

· Increase wear, corrosion and fatigue resistance

· Develop long-term reliability prediction from short-term tests and extensive modeling

Make things smaller
· Utilize nano-technology

· Design using closer tolerances and tighter safety factors

· Develop net shape forming and advanced coating technologies

'Dematerialize' design and operation
· Increase information content to replace mass

· Use smart materials and surfaces

'Decarbonize' materials and processes
· Move towards hydrogen (or possibly nuclear) energy:  methane hydrate, hydrides for storage

· Use natural gas (more H per C atom than coal or oil) 

· Control processes with focus on CO2 emissions 

Return spent products to the materials loop
· Make recycling economical

· Design for disassembly and recycle

· Use biodegradable materials

· Develop an overall 'green' lifecycle design strategy

Eliminate the needs for toxins
· Develop biofouling-resistant non-toxic paints for ships’ bottoms

· Use more natural materials - vegetable oils and water-based hydraulic fluids and lubricants, plant-derived polymers, natural rubbers

Contain and neutralize necessary toxins
· Deal with Cr(VI) from Cr plating, arsene from GaAs production, formaldehyde from glues, VOCs from paints, etc.

A Federal Role

The Federal government will play an important role in enhancing the position of design, materials, and processing in decision-making for sustainable technology.  It will be necessary to collect information, increase awareness, and help muster the creativity of the technical communities to develop novel solutions.

Currently, the two implementing organizations for the interagency effort are working groups under MatTec:  EMAT, Environmentally Benign Materials Working Group, and the Interagency Working Group on Industrial Ecology, Materials and Energy Flows.

Draft Implementation Planning

Define Roles of Agencies and Industries:

· Publish Strategic Plan, October 1999

Collect information and help define issues:

· Participate in an NSF-DOE sponsored study of environmentally benign materials processing of near-net shape metallic parts and of polymers in Japan and Europe, starting in the summer of 1999 and ending with a final workshop in February of 2000.  The study will benchmark US activities and help identify long-range education and research issues.

· Hold a workshop on 'Smart decisions for environmentally benign materials and process selection for design' to define research goals and roadmap the role of information technology in materials sustainability; Late 1999.

· Participate in the NIST workshop on environmentally benign technology; Fall 1999.

· Participate in the Trilateral (US-Canada-Mexico) Workshop on Environmental Design Engineering in Vancouver; January 2000.

Draw attention to the issues

· Help develop programming and participate in panel discussions at professional meetings; On-going.

· Develop an easily read overview report Green Design: Toward a Closed Materials Loop targeting policy makers and others.  (Similar to and a follow-up on the Materials Flows report found at <http://www.oit.doe.gov/mining/materials>) 

Address research and development needs

· Expand interagency participation and cooperation in industry roadmapping activities (with automobile, electronics, aluminum, steel industries, etc); On-going.

· Develop a focused interagency research initiative for FY 2001 with annual follow-on funding.
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