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Foreword
This report summarizes the Department of Energy=s Science Portfolio.  It reflects new thinking
developed over the last year on the way we approach, analyze, plan, and describe our science
programs within a long-range strategic science framework.  Informed by over one hundred of the
nation=s leading scientists, technologists, end-users, futurists, and planners during two national
workshops, this portfolio has three goals:

§ Connect science programs and activities with the fundamental questions that they
address, and articulate the motivation and importance behind these questions.

§ Illuminate and capitalize on the connections and opportunities at the boundaries of
science disciplines, recognizing that now, and increasingly in the future, advancing the
frontiers of science requires multidisciplinary approaches and capabilities.

§ Define near-term, next steps on the path forward to tackling some of the major scientific
challenges that lie ahead.

This Science Portfolio is part of a broader Departmental initiative outlined by the Under
Secretary of Energy to review all of the research and development, basic and applied, within
DOE.  This is a first attempt at developing our portfolio dynamically with this new, long-term
strategic science framework.  Although there will be room for improvement in future iterations,
we believe that this approach helps to lay a strong foundation for future planning, analysis and,
ultimately, scientific discovery.

This past year marked a critical step for DOE=s science programs.  Starting in January 1998, we
launched several complementary efforts, one of which resulted in this portfolio description and
analysis. This summary provides perspective on the role of this portfolio, in context of all the
efforts toward a more integrated, fundamental look at future science opportunities and directions.
 Specific elements of this approach are as follows:

§ Science Themes and Strategic FrameworkCCA national workshop and series of follow-
on efforts, begun in early 1998 and completed by the end of the year, were designed to
encourage national debate on long-term themes and directions of DOE=s science portfolio.
 Participating in the debate were some of the nation=s leading scientists, technologists,
end-users, planners, and futurists.

§ Strategic PlanCCCurrently under preparation and scheduled for completion in March of
FY 1999, the strategic plan articulates the strategic goals, objectives, specific strategies as
well as performance measures for DOE=s science program, extending out 20 years or
more.  It builds on the science themes and strategic framework.



April 1999 Science R&D Portfolio

FOREWORD                vi

§ Science PortfolioCCA detailed description and summary analysis of DOE=s current science
investments, the portfolio identifies the activities, accomplishments, and motivation for
the research, as well as the near-term resources.  It too is built on the major science
themes and strategic framework.

§ Science RoadmapsCThe Office of Science has launched an effort to perform detailed
roadmaps in several areas of science investigation: complex systems, carbon
sequestration, scientfic simulation, and science facilities.  Each is at different stages of
completion, with complex systems and carbon sequestration only recently begun.  Unlike
either the portfolio or the strategic plan, the roadmaps chart the necessary steps and
sequence to achieving a desired end goal.  This path includes considerable detail at the
research and activity level, and extends over a longer time frame.  Contingencies are built
into the roadmap to ensure success and deal with technical and institutional uncertainties.

This report contains a summary section and detailed sections that correspond to major science
challenges.  These challenges flow from the strategic science framework developed earlier in the
year.  The summary section includes appropriate background and a portfolio discussion.  The
challenge sections include detailed information on the purpose, description, activities, and
accomplishments for research aligned with that challenge.
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Executive Summary

National Context/Drivers.  

Much has been written on the value of basic research and its profound effects on our nation=s
economic growth, quality of life, and security.  This century has witnessed a great age of
scientific discovery, and DOE=s science programs have played a leading role.  Scientists have
learned to control matter at the atomic level, explored the origins and fate of the universe,
established the basis for a complex and far-reaching energy system, and found ways to help
protect and restore the environment.  And as the pace of scientific discovery and technological
advancement accelerates, new challenges in complexity will require interdisciplinary approaches
and a more seamless, interconnected science establishment.

In recent years, a shift has occurred within industry toward research investments with shorter
time-horizons and with greater near-term payoffsCshifts away from basic research. 
Consequently, government programs are under greater pressure than ever to advance the
scientific knowledge-base that is essential to fuel future innovation.  Science programs are being
called upon to deliver more for less, and managers and scientists must scrutinize and prioritize
investments more carefully than ever before.   Science investments that solve problems in other
segments of the economy (e.g., environmental cleanup) often save considerable resources that are
then available for investment elsewhere in the economy, including further investments in science.
  In general, science investments are high leverage, with diverse implications not only for applied
R&D and technology, but for other scientific investigations.  Many of the accomplishments
identified in this report tell discovery stories with far-reaching impacts.

DOE=s science portfolio responds to the overall Departmental challenge articulated in the DOE
Strategic Plan, that is, to:

ADeliver the scientific understanding and technological innovations that are critical to
the success of DOE=s mission and the Nation=s science base@.

DOE/Federal Role 

DOE is a science agency.  The Department of Energy is the third largest government sponsor of
basic research in the United States.   Research programs and infrastructure supported by DOE,
including the DOE national laboratory system, underpin the agency=s applied missions in energy,
environment, and national security.  More generally, DOE=s science programs and infrastructure
extend the frontiers of fundamental research.  DOE leads the nation in much of the physical
sciences, and contributes in major ways to advances in biology and environmental science. 
Accelerators, light sources and neutron beam facilities, plasma and fusion science facilities, and
genome and advanced computational centers are just some of the major instruments of science
that distinguish the Department of Energy and substantially enhance the nation=s science base.
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Consistent with the goals of basic research, the purpose of DOE=s science portfolio is to explore
the complex phenomena and processes that define our physical world, to determine what factors
influence them, and to understand how we may ultimately control them.   Research activities
span the continuum of science, ranging from fundamental investigations into the nature of matter
and energy and the origins and evolution the universe, to strategic basic research that underpins
and supports advances in applied technologiesCtechnologies vital to DOE=s mission, ranging
from new systems for harnessing energy to improved methods for environmental cleanup.

Program Summary and Trends

With only minor exceptions, the science portfolio of the Department is contained within and
managed by DOE=s Office of Science.   The Department of Energy is responsible not only for
research in the basic sciences, but for maintaining the necessary infrastructure to conduct this
researchCthe national laboratories, advanced instrumentation, computational abilities, the next
generation of scientists, and supporting infrastructure.  Beyond its own research programs, DOE
operates many scientific facilities that provide open access to the nation=s public and private
sector scientists.

The actual research performed by DOE is carried out in DOE=s national laboratories, colleges and
universities, and industry.  Roughly 73% of funding goes to the national labs, 23% to
universities, and 4% to industry. 

Recently, the Department organized its research and science activities around four major science
themes, reflecting a crosscutting perspective on the science goals of the agency.  These themes
are:

§ Fueling the FutureCScience for affordable and clean energy.

§ Protecting Our Living PlanetCEnergy impacts on people and the environment.

§ Exploring Matter and EnergyCBuilding blocks of atoms and life.

§ Extraordinary Tools for Extraordinary ScienceCNational assets for                             
 multidisciplinary research.

Within each of these areas, individual science challenges have been identified that further
organize and illuminate the paths forward for the Department=s basic research, as depicted below.

In its purest form, the long-term, high-risk research that is the natural domain of government is
highly uncertain.  Testing hypotheses and expanding the frontiers of knowledge is nothing less
than a conscious effort to challenge uncertaintiesCthe uncertainties of theories, the uncertainties
of outcomes, the uncertainties of next steps, and, more basically, the uncertainties of exploration.
Guided by a rigorous advisory committee and peer review process that draws on the talents of
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internationally renowned scientists in their fields, the Department plans its long-range
investments and makes constant adjustments in response to the discovery process.

Within the overall directions of research summarized in this science portfolio, there are some
areas where emphasis and corresponding investment trends are changing.  The motivations
behind these changes are described in the body of this report.
Within the science theme of Fueling the Future, there is increased emphasis on science that
underpins carbon recycling and improved energy efficiency, simulation for combustion and
materials, and plasma science.  De-emphasis is occurring in large pre-commercial fusion test
facilities and in particular, fusion technology development.

Under Protecting Our Living Planet, there is increased emphasis on science for carbon
sequestration, human and microbial genomics, structural biology, environmental remediation,
regional climate modeling/simulation, and advanced monitoring and sensors.  De-emphasis is
occurring in radioisotope development and high-dose radiation biology.

Within Exploring Energy and Matter, there is an increased emphasis on science for complex
systems and the underlying interdisciplinary mix that will enable advances on this frontier, on
neutrino science and non-accelerator based investigations into the nature of energy and matter
and the origins and fate of the universe, university research in high energy and nuclear physics,
international collaboration on large high energy physics facilities, and functional genomics and
investigations of the properties and implications of organisms in extreme environments.   De-
emphasis is occurring for unilateral support in next generation high energy physics facilities and
for university-based accelerator facilities. 

Science for America’s Future:
Strategic Framework for DOE’s Science Portfolio
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Under Extraordinary Tools for Extraordinary Science, there is increased emphasis on advanced
computation and associated hardware and software, imaging and visualization science and
technology, scientific data management, spallation neutron source, collaboratories and
interconnected science facilities, use of synchrotron radiation sources for research in the life
sciences and structural biology, collaborations with the National Institutes of Health and the
National Science Foundation and others on facility design and use, and science education.  De-
emphasis is occurring in the support for largely outdated experimental facilities.

Key Accomplishments

DOE=s science programs have a long and rich history of remarkable discoveries leading to 66
Nobel Prizes awarded to scientists supported by DOECa total that far surpasses that of any other
public or private institution.  As recently as December of 1998, DOE research at the Lawrence
Berkeley National Laboratory was awarded Discovery of the Year by the journal Science.  The
Berkeley scientists discovered, through innovative experiments looking at supernovas and
redshift, that the universe seems to be expanding at an accelerating rate, suggesting a strange and
yet-to-be explained property of space.  Also recently, DOE performed genome sequencing and
confirmed a new, third kingdom of life on EarthCa deep ocean, methane-producing organism
with potential commercial applications.  In a final example,  DOE scientists exceeded 1 teraflop
in sustained computational performance in an application.


