Basic Energy Sciences

Funding Profile by Subprogram

(dollars in thousands)

FY 2004 FY 2005 FY 2005
Comparable Original FY 2005 Comparable FY 2006
Appropriation | Appropriation | Adjustments | Appropriation Request
Basic Energy Sciences
Research
Materials Sciences and Engineering...... 558,831 628,228 +6,904% 635,132 746,143
Chemical Sciences, Geosciences, and
Energy BioSCIENCES .......cccvvrveirienieninnen, 213,778 253,422 -13,947% 239,475 221,801
Total, Research ........cccocevvcevviienceie 772,609 881,650 -7,043 874,607 967,944
ConStruction .......ccoevvvveeieieee e 218,653 231,880 -1,855° 230,025 178,073
Total, Basic Energy Sciences...........c........ 991,262° 1,113,530 -8,898 1,104,632 1,146,017

Public Law Authorizations:
Public Law 95-91, “Department of Energy Organization Act, 1977”
Public Law 103-62, “Government Performance and Results Act of 1993”

Mission

The mission of the Basic Energy Sciences (BES) program — a multipurpose, scientific research effort —
is to foster and support fundamental research to expand the scientific foundations for new and improved
energy technologies and for understanding and mitigating the environmental impacts of energy use. The
portfolio supports work in the natural sciences emphasizing fundamental research in materials sciences,
chemistry, geosciences, and aspects of biosciences.

Benefits

BES delivers the knowledge needed to support the President’s National Energy Plan for improving the
quality of life for all Americans. In addition, BES works cooperatively with other agencies and the
programs of the National Nuclear Security Administration to discover knowledge and develop tools to
strengthen national security. As part of its mission, the BES program plans, constructs, and operates
major scientific user facilities to serve researchers at universities, national laboratories, and industrial
laboratories.

Basic research supported by the BES program touches virtually every aspect of energy resources,

production, conversion, efficiency, and waste mitigation. Research in materials sciences and engineering
leads to the development of materials that improve the efficiency, economy, environmental acceptability,
and safety of energy generation, conversion, transmission, and use. For example, research on toughened

# Includes a reduction of $8,898,000 for a rescission in accordance with P.L. 108-447, the Consolidated Appropriations Act,
2005, as follows: Materials Sciences and Engineering ($-5,019,000); Chemical Science, Geosciences and Energy Biosciences
($-2,024,000); and Construction ($-1,855,000).

® Includes a reallocation of funding within BES in accordance with H. Rpt. 108-792, accompanying P.L. 108-447, as follows:
Materials Sciences and Engineering ($+11,923,000) and Chemical Science, Geosciences and Energy Biosciences
($-11,923,000) to optimize funding for research and facility operations within the BES program.

¢ Includes reductions of $5,984,000 rescinded in accordance with P.L. 108-137, the Consolidated Appropriations Act, 2004,
$17,258,000, which was transferred to the SBIR program, and $2,071,000, which was transferred to the STTR program.
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ceramics will result in improved high-speed cutting tools, engine turbines, and a host of other
applications requiring lightweight, high-temperature materials. Research in chemistry leads to the
development of advances such as efficient combustion systems with reduced emissions of pollutants;
new solar photo conversion processes; improved catalysts for the production of fuels and chemicals; and
better separations and analytical methods for applications in energy processes, environmental
remediation, and waste management. Research in geosciences contributes to the solution of problems in
multiple DOE mission areas, including reactive fluid flow studies to understand contaminant
remediation and seismic imaging for reservoir definition. Finally, research in the molecular and
biochemical nature of plant growth aids the development of renewable biomass resources and solar
photoenergy conversion. History has taught us that seeking answers to fundamental questions results in
a diverse array of practical applications as well as some remarkable revolutionary advances.

Strategic and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
BES program supports the following goal:

Science Strategic Goal

General Goal 5, World-Class Scientific Research Capacity: Provide world-class scientific research
capacity needed to: ensure the success of Department missions in national and energy security; advance
the frontiers of knowledge in physical sciences and areas of biological, medical, environmental, and
computational sciences; or provide world-class research facilities for the Nation’s science enterprise.

The BES program has one program goal which contributes to General Goal 5 in the “goal cascade:”

Program Goal 5.22.00.00: Advance the Basic Science for Energy Independence — Provide the scientific
knowledge and tools to achieve energy independence, securing U.S. leadership and essential
breakthroughs in basic energy sciences.

Contribution to Program Goal 5.22.00.00 (Advance the Basic Science for Energy Independence)

Within the Basic Energy Sciences program, the Materials Science and Engineering subprogram and the
Chemical Sciences, Geosciences, and Energy Biosciences subprogram contribute to Program Goal
5.22.00.00 by producing seminal advances in the core disciplines of the basic energy sciences —
materials sciences and engineering, chemistry, geosciences, and energy biosciences. These subprograms
build leading research programs that provide world-class, peer-reviewed research results cognizant of
both DOE mission needs and new scientific opportunities. Scientific discoveries at the frontiers of these
disciplines impact energy resources, production, conversion, efficiency, and the mitigation of the adverse
impacts of energy production and use - discoveries that will accelerate progress toward energy
independence, economic growth, and a sustainable environment.

Key scientific emphases of these subprograms will lead the coming revolutions in: science of the
ultrasmall (the nanometer length scale); science of the ultrafast (the femtosecond time scale); and
science of complex systems (systems whose properties cannot be described by the properties of their
individual components, e.g., high-temperature superconductivity and coupled chemical reactions).
Advances in these three areas will deliver the foundations and discoveries for a future built around
controlled chemical processes and materials designed one atom at a time. Focus areas necessary to
achieve this goal involve research programs of individual investigators and groups of investigators; the
development of advanced tools and instruments for x-ray, neutron, and electron diffraction, scattering,
and imaging; the development of other advanced probes of matter, e.g. using high electric or magnetic
fields; and theory, modeling, and simulation using high-end computing. The following indicators
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establish specific long-term (10-year) goals in scientific advancement that the BES program is
committed to and that progress can be measured against.

= Design, model, fabricate, characterize, analyze, assemble, and use a variety of new materials and
structures, including metals, alloys, ceramics, polymers, biomaterials and more — particularly at the
nanoscale — for energy-related applications.

= Understand, model, and control chemical reactivity and energy transfer processes in the gas phase, in
solutions, at interfaces, and on surfaces for energy-related applications, employing lessons from
inorganic and biological systems.

= Develop new concepts and improve existing methods to assure a secure energy future, e.g., for solar
energy conversion and for other energy sources.

= Conceive, design, fabricate, and use new instruments to characterize and ultimately control
materials, especially instruments for x-ray, neutron, and electron beam scattering and for use with
magnetic and electric fields.

The Materials Science and Engineering subprogram also contributes to Program Goal 5.22.00.00 by
managing BES facility operations and construction to the highest standards of overall performance,
using merit evaluation with independent peer review. The synchrotron radiation light sources, neutron
scattering facilities, and electron-beam microcharacterization centers reveal the atomic details of metals
and alloys; glasses and ceramics; semiconductors and superconductors; polymers and biomaterials;
proteins and enzymes; catalysts, sieves, and filters; and materials under extremes of temperature,
pressure, strain, and stress. Researchers are now able to make new materials and study their atomic
formation as it happens using these new probes. Once the province of specialists, mostly physicists,
these facilities are now used by thousands of researchers annually from all disciplines. The Materials
Science and Engineering subprogram is also establishing five Nanoscale Science Research Centers that
will change the way materials research is done by providing the ability to fabricate complex structures
using chemical, biological, and other synthesis techniques; characterize them; assemble them; and
integrate them into devices—and do it all in one place. The Chemical Sciences, Geosciences, and
Energy Biosciences subprogram contribute to this goal by managing the Combustion Research Facility
at Sandia National Laboratories in Livermore, California, an internationally recognized facility for
advanced characterization techniques and for the study of combustion science and technology.
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Annual Performance Results and Targets

‘ FY 2001 Results ‘ FY 2002 Results

‘ FY 2003 Results

FY 2004 Results

FY 2005 Targets

FY 2006 Targets

Program Goal 5.22.00.00 Advance the Basic Science for Energy Independence

Materials Sciences and Engineering

N/A N/A

Chemical Sciences, Geosciences, and Energy Biosciences
N/A N/A

Materials Sciences and Engineering

Scientific user facilities were
maintained and operated to
achieve an average at least
90% of the total scheduled
operating time. [Met Goal]

Scientific user facilities were
maintained and operated to
achieve an average at least
90% of the total scheduled
operating time. [Met Goal]

N/A

N/A

Scientific user facilities were
maintained and operated to
achieve an average at least
90% of the total scheduled
operating time. [Met Goal]

Improve Spatial Resolution:
Spatial resolution for imaging
in the hard x-ray region was
measured at 100 nm and in the
soft x-ray region was measured
at 19 nm, and spatial
information limit for an electron
microscope of 0.078 nm was
achieved. [Met Goal]

Improve temporal resolution:
X-ray pulses were measured at
20 femtoseconds in duration
with an intensity of 10,000
photons per pulse. [Met Goal]

As a part of the Scientific
Discovery through Advanced
Computing (SciDAC) program,
a two-dimensional combustion
reacting flow simulation was
performed involving 44 reacting
species and 518,400 grid points.
[Met Goal]

Scientific user facilities were
maintained and operated to
achieve an average at least
90% of the total scheduled
operating time (Results:
91.9%). [Met Goal]

Improve Spatial Resolution:
Demonstrate first measurement
of spatial resolutions for
imaging in the hard x-ray region
of <100 nm and in the soft x-ray
region of <18 nm, and spatial
information limit for an electron
microscope of 0.08 nm.

Improve temporal resolution:
Demonstrate first measurement
of x-ray pulses that are <100
femtoseconds in duration and
have an intensity of >100
million photons per pulse (>10°
photons/pulse).

Improve Simulation: As a part
of the SciDAC program,
perform a three-dimensional
combustion reacting flow
simulation involving more than
10 reacting species and 0.2
billion grid points.

Maintain and operate the
scientific user facilities to
achieve an average at least
90% of the total scheduled
operating time.

Improve Spatial Resolution:
Demonstrate measurement of
spatial resolutions for imaging in
the hard x-ray region of <100 nm
and in the soft x-ray region of
<18 nm, and spatial information
limit for an electron microscope
of 0.08 nm.?

Improve temporal resolution:
Demonstrate measurement of x-
ray pulses that are <100
femtoseconds in duration and
have an intensity of >100 million
photons per pulse (>10°
photons/pulse).?

Improve Simulation: Perform a
three-dimensional combustion
reacting flow simulation
involving more than 30 reacting
species and 20 million grid
points.

Maintain and operate the
scientific user facilities to
achieve an average at least 90%
of the total scheduled operating
time.

® No improvement is expected in FY 2006 as compared to the level of achievement for FY 2005. That is due to the performance levels for resolution (temporal and spatial)
has reached the maximum for the current suite of available instruments. This target is a measure of SC's intent to maintain the maximum level of performance for users of
the current SC facilities until the next generation of instruments and facilities become available.
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FY 2001 Results

FY 2002 Results

FY 2003 Results

FY 2004 Results

FY 2005 Targets

FY 2006 Targets

Construction

Cost and timetables were
maintained within 10% of the
baselines given in the
construction project data sheets
for all construction projects
ongoing during the year. [Met
Goal]

Cost and timetables were
maintained within 10% of the
baselines given in the
construction project data sheets
for all construction projects
ongoing during the year. [Met
Goal]

Science/Basic Energy Sciences

Cost and timetables were
maintained within 10% of the
baselines given in the
construction project data sheets
for all construction projects
ongoing during the year. [Met
Goal]

Cost and timetables were
maintained within 10% of the
baselines given in the
construction project data sheets
for all construction projects
ongoing during the year
(Results: +1.3% cost variance
and +0.8% schedule variance).
[Met Goal]
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data sheets for all ongoing
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Meet the cost and timetables
within 10% of the baselines
given in the construction project
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Means and Strategies

The Basic Energy Sciences program will use various means and strategies to achieve its program goals.
However, various external factors may impact the ability to achieve these goals.

The BES program will support fundamental, innovative, peer-reviewed research to create new
knowledge in areas important to the BES mission, i.e., in materials sciences and engineering, chemical
sciences, geosciences, and biosciences. BES also plays a critical role in constructing and operating a
wide array of scientific user facilities for the Nation's researchers. All research projects undergo regular
peer review and merit evaluation based on procedures set down in 10 CFR 605 for the extramural grant
program, and under a similar process for the laboratory programs and scientific user facilities. All new
projects are selected through peer review and merit evaluation.

External factors, in addition to budgetary constraints, that affect the level of performance include:

(1) changing mission needs as described by the DOE and SC mission statements and strategic plans;

(2) scientific opportunities as determined, in part, by proposal pressure and scientific workshops; (3) the
results of external program reviews and international benchmarking activities of entire fields or sub-
fields, such as those performed by the National Academy of Sciences (NAS); (4) unanticipated failures
in critical components of scientific user facilities or major research programs; and (5) strategic and
programmatic decisions made by non-DOE funded domestic research activities and by major
international research centers.

The BES program in fundamental science is closely coordinated with the activities of other federal
agencies (e.g., National Science Foundation, National Aeronautics and Space Administration,
Department of Agriculture, Department of Interior, and National Institutes of Health). BES also
promotes the transfer of the results of its basic research to contribute to DOE missions in areas of energy
efficiency, renewable energy resources, improved use of fossil fuels, reduced environmental impacts of
energy production and use, national security, and future energy sources.

Validation and Verification

Progress against established plans is evaluated by periodic internal and external performance reviews.
These reviews provide an opportunity to verify and validate performance. Monthly, quarterly,

semiannual, and annual reviews consistent with specific program management plans are performed to
ensure technical progress, cost and schedule adherence, and responsiveness to program requirements.

Program Assessment Rating Tool (PART)

The Department implemented a tool to evaluate selected programs. PART was developed by OMB to
provide a standardized way to assess the effectiveness of the Federal Government’s portfolio of
programs. The structured framework of the PART provides a means by which programs can assess
their activities differently than by traditional reviews. The BES program has incorporated feedback
from OMB into the FY 2005 and FY 2006 Budget Request and has taken the necessary steps to
continue to improve performance.

In the FY 2005 PART review, OMB gave the BES program a very high score of 93% overall which
corresponds to a rating of “Effective.” OMB found the program to be strategically driven and well
managed. Outside expert panels have validated the program’s merit-based review processes ensuring
that research supported is relevant and of very high quality. The assessment found that BES has
developed a limited number of adequate performance measures which are continued for FY 2006.
These measures have been incorporated into this Budget Request, BES grant solicitations, and the
performance plans of senior managers. As appropriate, they will be incorporated into the
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performance based contracts of M&O contractors. To better explain our scientific performance
measures, the Office of Science developed a website (www.sc.doe.gov/measures.htm) that answers
questions such as “What does this measure mean?” and “Why is it important?” Roadmaps,
developed in consultation with the Basic Energy Sciences Advisory Committee (BESAC), will guide
triennial reviews by BESAC of progress toward achieving the long term Performance Measures.
These roadmaps are posted on the SC website. The Annual Performance Targets are tracked through
the Department’s Joule system and reported in the Department’s Annual Performance Report.

Funding by General and Program Goal

dollars in thousands

FY 2004 FY 2005 FY 2006

General Goal 5, World-Class Scientific Research Capacity

Program Goal 5.22.00.00 Advance the Basic Science for Energy

Independence

Materials Sciences and ENgineering ........ccccocevvvvvivsivevereeseseseenens 558,831 635,132 746,143

Chemical Sciences, Geosciences and Energy Biosciences ............. 213,778 239,475 221,801

(001 1Y ({1 w1 10 o F PR 218,653 230,025 178,073
Total, General Goal 5, World-Class Scientific Research Capacity ... 991,262 1,104,632 1,146,017
Overview

BES and its predecessor organizations have supported a program of fundamental research focused on
critical mission needs of the Nation for over five decades. The federal program that became BES began with
a research effort initiated to help defend our Nation during World War 11. The diversified program was
organized into the Division of Research with the establishment of the Atomic Energy Commission in 1946
and was later renamed Basic Energy Sciences as it continued to evolve through legislation included in the
Atomic Energy Act of 1954, the Energy Reorganization Act of 1974, the Department of Energy
Organization Act of 1977, and the Energy Policy Act of 1992,

Today, the BES program is one of the Nation's largest sponsors of research in the natural sciences. It is
uniquely responsible for supporting fundamental research in materials sciences, chemistry, geosciences,
and aspects of biosciences impacting energy resources, production, conversion, and efficiency, and the
mitigation of the adverse impacts of energy production and use. In FY 2004, the program funded
research in more than 175 academic institutions located in 49 states and in 13 Department of Energy
(DOE) laboratories located in 9 states. BES supports a large extramural research program, with
approximately 35% of the program’s research activities sited at academic institutions.

The BES program also supports world-class scientific user facilities, providing outstanding capabilities
for imaging and characterizing materials of all kinds from metals, alloys, and ceramics to fragile
biological samples. The BES synchrotron radiation light sources, the neutron scattering facilities, and
the electron beam characterization centers represent the largest and best collection of such facilities
supported by a single organization in the world. Annually, 8,000 researchers from universities, national
laboratories, and industrial laboratories perform experiments at these facilities. Spurred by results of past
investments and by innovations in accelerator concepts, the BES program continues its pioneering role
in the development of new generations of scientific research instruments and facilities.
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The 2001 “National Energy Policy” noted that the U.S. economy grew by 126% since 1973, but energy
use increased by only 30%. Approximately one-half to two-thirds of the savings resulted from
technological improvements in products and services that allow consumers to enjoy more energy
services without commensurate increases in energy demand. At the heart of these improvements is
fundamental research. During this 30-year period, the basic research supported by the BES program has
touched virtually every aspect of energy resources, production, conversion, efficiency, and waste
mitigation. The basic knowledge derived from fundamental research has resulted in a vast array of
advances, including:

= high-energy and high-power lithium and lithium ion batteries and thin-film rechargeable
microbatteries;

= thermoacoustic refrigeration devices that cool without moving parts and without the use of freons;
= compound semiconductors, leading to the world's highest efficiency photovoltaic solar cells;

= catalysts for the production of new polymers (annually, a multibillion dollar industry) and for a host
of other products and energy-efficient processes;

= high-strength, lightweight magnets for sensors and for small motors used in power steering and other
vehicle functions;

= strong, ductile alloys for use in high-temperature applications;

= nonbrittle ceramics for use in hammers, high-speed cutting tools, engine turbines, and other
applications requiring lightweight and/or high-temperature materials;

= new steels, improved aluminum alloys, magnet materials, and other alloys;

= polymer materials for rechargeable batteries, car bumpers, food wrappings, flat-panel displays, wear-
resistant plastic parts, and polymer-coated particles in lubricating oils;

= processes for extraction of radioactive and hazardous metal ions from solutions for nuclear fuel
purification/reprocessing and for cleanup of radioactive wastes; and

= ahost of new instruments, e.g., instruments based on high-temperature superconductors that can
sense the minute magnetic fields that emanate from the human brain and heart.

These advances came by exploiting the results of basic research that sought answers to the most
fundamental questions in materials sciences, chemistry, and the other disciplines supported by BES.

The future holds even greater promise, largely because of our new atom-by-atom understanding of
matter and the subsequent unprecedented ability to design and construct new materials with properties
that are not found in nature. This understanding comes in large measure from synchrotron x-ray and
neutron scattering sources, electron microscopes, and other atomic probes as well as terascale
computers. The BES program has played a major role in enabling the nanoscale revolution. This impact
results from a deliberate philosophy of identifying seminal challenges and establishing both facilities
and coordinated programs that transcend what individuals alone can do. The program in nanoscale
science, including the formation of Nanoscale Science Research Centers, continues that philosophy.

The new millennium will take us deep into this world of complex nanostructures. Here, simple
structures interact to create new phenomena, and large complicated structures can be designed atom by
atom for desired characteristics. We will design new tiny objects “from scratch” that have unprecedented
optical, mechanical, electrical, or chemical properties that address the needs of human society.

Science/Basic Energy Sciences FY 2006 Congressional Budget

Page 66



How We Work

To ensure that the most scientifically promising research is supported, the BES program engages in
long-range planning and prioritization; regular external, independent review of the supported research to
ensure quality and relevance; and evaluation of program performance through establishment and
subsequent measurement against goals and objectives. These activities rely heavily on input from
external sources including workshops and meetings of the scientific community, advice from the
federally chartered Basic Energy Sciences Advisory Committee (BESAC), Interagency Working Groups,
and reports from other groups such as the National Academy of Sciences. To accomplish its mission, the
BES program supports research in both universities and DOE laboratories; plans, constructs, and
operates world-class scientific user facilities; and maintains a strong infrastructure to support research in
areas of core competencies. Some of the details of how we work are given in the sections below.

Advisory and Consultative Activities

Charges are provided to BESAC by the Director of the Office of Science. During the past few years,
BESAC has provided advice on new directions in nanoscale science and complex systems; on the
operation of the major scientific user facilities; on the need for new, “next-generation” facilities for
X-ray, neutron, and electron-beam scattering; on performance measurement; on the quality of the BES
program management and its consequent impacts on the program portfolio; on new directions in
research relating to specific aspects of fundamental science such as catalysis, biomolecular materials,
and computational modeling at the nanoscale; on the fundamental research challenges posed by the
Department’s energy missions; on a 20-year roadmap for BES facilities; and on theory and computation
needs across the entire portfolio of BES research. Of particular note is the BESAC report “Basic
Research Needs to Assure a Secure Energy Future”, which describes 10 themes and 37 specific research
directions for increased emphasis. This report will help the program map its research activities for many
years to come.

Information and reports for all of the above mentioned advisory and consultative activities are available
on the BESAC website (http://www.science.doe.gov/production/bes/BESAC/BESAC.htm). Other
studies are commissioned as needed using the National Academy of Science’s National Research
Council and other independent groups.

Facility Reviews

Facilities are reviewed using (1) external, independent review committees operating according to the
procedures established for peer review of BES laboratory programs and facilities
(http://www.science.doe.gov/bes/labreview.html) and (2) specially empanelled subcommittees of
BESAC. During the past eight years, BESAC subcommittees have reviewed the synchrotron radiation
light sources, the neutron scattering facilities, and the electron-beam microcharacterization facilities.
The reports of these reviews are available on the BES website
(http://www.science.doe.gov/bes/BESAC/reports.html). Regardless of whether a review is by an
independent committee charged by a BES program manager or by a BESAC subcommittee charged by
the Director of the Office of Science, the review has standard elements. Important aspects of the reviews
include assessments of the quality of research performed at the facility; the reliability and availability of
the facility; user access policies and procedures; user satisfaction; facility staffing levels; R&D activities
to advance the facility; management of the facility; and long-range goals of the facility. These reviews
have identified both best practices and substantive issues, including those associated with mature
facilities. For example, the reviews clearly highlighted the change that occurred as the light sources
transitioned from a mode in which they served primarily expert users to one in which they served very
large numbers of inexperienced users in a wide variety of disciplines. The light sources experienced a
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quadrupling of the number of users in the decade of the 1990s. This success and its consequent growing
pains were delineated by our reviews. The outcomes of these reviews helped develop new models of
operation for existing light sources and neutron scattering facilities as well as the new Spallation
Neutron Source now under construction. Facilities that are in design or construction are reviewed
according to procedures set down in DOE Order 413.3 “Program and Project Management for Capital
Assets” and in the Office of Science “Independent Review Handbook™ (http://www.science.doe.gov/SC-
80/sc-81/docs.html#DOE). In general, once a project has entered the construction phase (e.g., the
Spallation Neutron Source, the Linac Coherent Light Source, or the Nanoscale Science Research
Centers), it is reviewed with external, independent committees approximately biannually. These Office
of Science construction project reviews enlist experts in the technical scope of the facility under
construction and its costing, scheduling, and construction management.

Program Reviews

All research projects supported by the BES program undergo regular peer review and merit evaluation
based on procedures set down in 10 CFR Part 605 for the extramural grant program and in an analogous
process for the laboratory programs (http://www.science.doe.gov/bes/labreview.html). These peer review
and merit evaluation procedures are described within documents found at
http://www.science.doe.gov/bes/peerreview.html. These evaluations assess:

(1) Scientific and/or technical merit or the educational benefits of the project;

(2) Appropriateness of the proposed method or approach;

(3) Competency of personnel and adequacy of proposed resources;

(4) Reasonableness and appropriateness of the proposed budget; and

(5) Other appropriate factors, established and set forth by SC in a notice of availability or in a
specific solicitation.

In addition, on a rotating schedule, BESAC reviews the major elements of the BES program using
Committees of Visitors (COVs). COVs are charged with assessing the efficacy and quality of the
processes used to solicit, review, recommend, monitor, and document proposal actions; the quality of the
resulting portfolio, specifically the breadth and depth of portfolio elements and the national and
international standing of the elements; and progress toward the long-term PART goals. The first three
reviews assessed the chemistry activities (FY 2002), the materials sciences and engineering activities
(FY 2003), and the activities associated with the management of the light sources, the neutron sources,
and the new Nanoscale Science Research Centers (2004). This COV review cycle will begin again in
FY 2005, so that all elements of the BES program are reviewed every three years.

Planning and Priority Setting

Because the BES program supports research covering a wide range of scientific disciplines as well as a
large number of major scientific user facilities, planning is an ongoing activity. Many long-range
planning exercises for elements of the BES program are performed under the auspices of BESAC.
Prioritization within each of these program elements is achieved via such studies. Prioritization across
the entirety of the BES program is more complex than that for a homogeneous program where a single
planning exercise results in a prioritization.

Inputs to our prioritization include overall scientific opportunity, projected investment opportunity, DOE
mission need, and Administration and Departmental priorities. During the past few years, these
considerations have led to: increased investments in science at the nanoscale to take advantage of the
remarkable knowledge gained from atomic-scale understanding of materials; increased investments for
operations of the major user facilities in recognition of the quadrupling of users in the past decade and to
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reap the rewards of the capital investments in the facilities themselves; increased investments for
instrumentation at the facilities so that the quality of the instruments will match the world-class quality
of the facilities; increased investments for ultrafast science to probe processes that happen on the
timescale of chemical reactions; and increases for targeted program areas for which both scientific
opportunity and mission need are high (e.g., catalysis) or for which BES represents the sole U.S. steward
of the field (e.g., heavy-element chemistry). Construction of new user facilities such as the Spallation
Neutron Source, the Linac Coherent Light Source, the Nanoscale Science Research Centers, or upgrades
to existing facilities such as the High Flux Isotope Reactor or the Stanford Synchrotron Radiation
Laboratory follow from input from BESAC and National Academy of Sciences studies and from broad,
national strategies that include the input from multiple federal agencies.

The FY 2006 budget request continues priorities established in the past few years. Construction of the
Spallation Neutron Source will be completed in accord with the established baseline. A significant
investment in the area of nanoscale science includes construction and operations funding for four new
Nanoscale Science Research Centers at Oak Ridge National Laboratory, Lawrence Berkeley National
Laboratory, the combination of Sandia National Laboratories and Los Alamos National Laboratory, and
Brookhaven National Laboratory. Finally, continued support for a Major Item of Equipment (MIE) is
requested for the fifth and final Nanoscale Science Research Center at Argonne National Laboratory.
That Center is being built in partnership with the State of Illinois, which provided $36,000,000 in

FY 2003 and FY 2004 for the construction of the building. BES funding will provide clean rooms,
instrumentation, and ultimately operations support for the Center. Project Engineering Design and
Construction funding also are provided for the Linac Coherent Light Source (LCLS), a 4™ generation
light source that will provide orders of magnitude higher intensities of x-ray light than do current
synchrotron radiation light sources. The LCLS will be a facility for groundbreaking research in the
physical and life sciences owing to its femtosecond pulses of extremely high peak brightness x-ray
beams. It will be the first such facility in the world.

How We Spend Our Budget

The BES program has three major program elements: research, facility operations, and construction and
laboratory infrastructure support. Approximately 35% of the research funding goes to support work in
universities with most of the remainder going to support work in DOE laboratories. The facility
operations budget has grown relative to the research budget over the past decade, reflecting the
commissioning of new and upgraded facilities as well as the increased importance of these facilities in
enabling the research of thousands of researchers across the Nation. Project Engineering Design (PED)
and construction remain significant budget components in FY 2006, including the Spallation Neutron
Source, the Nanoscale Science Research Centers, and the Linac Coherent Light Source.
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The BES program is one of the Nation’s largest supporters of fundamental research in materials
sciences, chemistry, geosciences, and aspects of biosciences. Research is supported in both DOE
laboratories and universities. While peer review of all research ensures outstanding quality and
relevance, each of the two research sectors has unique characteristics and strengths.

National Laboratory Research: Research sited at DOE laboratories often takes advantage of the premier
scientific user facilities for x-ray, neutron, and electron beam scattering at the laboratories as well as
other specialized facilities, such as hot cells, that are not typically found at universities. Mission critical
research is also sited at DOE laboratories when it is outside of the mainstream of research supported at
universities, e.g., heavy-element chemistry or combustion chemistry. Research sited at DOE laboratories
is very often collocated with and sometimes cofunded with research activities of the DOE technology
offices, providing a synergism not available in universities. Finally, research that requires strong
interdisciplinary interactions, large teams of closely collaborating researchers, or a large technical
support staff is also well suited to DOE laboratories.

University Research: Universities provide access to the Nation’s largest scientific talent pool and to the
next-generation of scientists. Development of the workforce through the support of faculty, graduate
students working toward a doctoral degree, and postdoctoral associates developing their research and
management skills is a high priority. The R&D workforce developed under this program provides new
scientific talent in areas of fundamental research. Furthermore, engaging faculty and students in the
work of the BES program develops a broad appreciation for the basic research needs associated with the
program.

Collaborations between National Laboratory Research and University Research: Historically,
collaborations between the two research sectors have been strong, particularly in areas where both
sectors derive significant benefits. Examples include the use of the major BES facilities by university
and industry researchers and the contribution of these researchers to new instrument concepts and to
instrument fabrication at the facilities. The Nanoscale Science Research Centers and new activities in
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ultrafast science and basic research for the hydrogen economy are expected to both strengthen and
broaden these partnerships.

Significant Program Shifts

In FY 2006, there are a number of significant program milestones and increases, including the
following:

= Construction of the Spallation Neutron Source will be completed, and the facility will begin
operation at the planned funding level.

= All five Nanoscale Science Research Centers are nearing completion; four of them will begin
operation in FY 2006. The Center for Nanophase Materials Sciences at Oak Ridge National
Laboratory, the Molecular Foundry at Lawrence Berkeley National Laboratory, and the Center for
Integrated Nanotechnologies at Sandia National Laboratories and Los Alamos National Laboratory
all will begin operation at the planned funding levels. In addition, the Center for Nanoscale Materials
at Argonne National Laboratory will begin limited operation following the completion of its building
(funded by the State of Illinois) and prior to the completion of the BES-funded Major Item of
Equipment, which provides the instrumentation for that Center.

= The Linac Coherent Light Source will continue Project Engineering Design (PED) and will begin
construction at the planned levels. Funding is provided separately for preconceptual design of
instruments for the facility. Funding is also provided to partially support operation of the SLAC
linac. This marks the beginning of the transition to LCLS operations at SLAC.

= The Transmission Electron Aberration Corrected Microscope project is initiated as a Major Item of
Equipment.

= Research to realize the potential of a hydrogen economy will be increased from $29,183,000 to
$32,500,000. The research program is based on the BES workshop report “Basic Research Needs for
the Hydrogen Economy.”

Additional information on these activities is provided below, in the relevant Construction Project Data
Sheets, and throughout the detailed narrative justifications.

In order to accomplish these very high-priority, forefront activities, some difficult choices had to be
made. In particular, the BES support for the Radiochemical Engineering and Development Center at
Oak Ridge National Laboratory is terminated. The operations budgets of the remaining facilities are
funded at about the same level as in FY 2005, which will decrease the available beam time and service
to users. Finally, research activities are funded at a level approximately 3% less than in FY 2005; while
no research activities are terminated, there are reductions throughout.

Nanoscience and Nanoscale Science Research Centers (NSRCs) are user facilities for the synthesis,
processing, fabrication, and analysis of materials at the nanoscale. They are designed to enable the
nanoscale revolution by collocating multiple research disciplines, multiple techniques, and a wide
variety of state-of-the-art instrumentation in a single building. The NSRCs are designed to promote rapid
advances in the various areas of nanoscale science and technology.

NSRCs are sited adjacent to or near an existing BES synchrotron or neutron scattering facility to enable
rapid characterization of newly fabricated materials. Contained within NSRCs will be clean rooms;
chemistry, physics, and biology laboratories for nanofabrication; and one-of-a-kind signature
instruments and other instruments, e.g., nanowriters and various research-grade probe microscopies, not
generally available outside of major user facilities. NSRCs will serve the Nation’s researchers broadly
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and, as with the existing BES facilities, access to NSRCs will be through submission of proposals that
will be reviewed by mechanisms established by the facilities themselves.

NSRCs were conceived in FY 1999 within the context of the NSTC Interagency Working Group on
Nanoscale Science, Engineering, and Technology as part of the DOE contribution to the National
Nanotechnology Initiative. Planning for the NSRCs has included substantial participation by the
research community through a series of widely advertised and heavily attended workshops attracting a
total of about 2,000 researchers.

As was described in the recent National Research Council report “Small Wonders, Endless Frontiers — A
Review of the National Nanotechnology Initiative,” new processes that couple top-down and bottom-up
assembly techniques “will allow the fabrication of highly integrated two- and three-dimensional devices
and structures to form diverse molecular and nanoscale components. They would allow many of the new
and promising nanostructures, such as carbon nanotubes, organic molecular electronic components, and
guantum dots, to be rapidly assembled into more complex circuitry to form useful logic and memory
devices. Such new devices would have computational performance characteristics and data storage
capacities many orders of magnitude higher than present devices and would come in even smaller
packages. Nanomaterials and their performance properties will also continue to improve. Thus, even
better and cheaper nanopowders, nanoparticles, and nanocomposites should be available for more
widespread applications. Another important application for future nanomaterials will be as highly
selective and efficient catalysts for chemical and energy conversion processes. This will be important
economically not only for energy and chemical production but also for conservation and environmental
applications. Thus, nanomaterial-based catalysis may play an important role in photoconversion devices,
fuel cell devices, bioconversion (energy) and bioprocessing (food and agriculture) systems, and waste
and pollution control systems.”
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The following table summarizes the BES investments in research at the nanoscale.
Nanoscale Science Research Funding

(dollars in thousands)

| Tec | TPc | Fy2004 | Fv2005 FY 2006
Research
Materials Sciences and ENGINEEIiNG..........coovvvriiiireiiineseneeeseee s 73,501 66,995 112,632
Chemical Sciences, Geosciences, and BiOSCIENCES .........ccceveieriierienicnienn 27,833 28,360 26,914
Capital Equipment
Major Item of Equipment — ANL, Center for Nanoscale Materials ............. 10,000 12,000 14,000
Nanoscale Science Research Centers
PED — Al SIEES ..ottt st 2,982 1,996 0
Construction
BNL, Center for Functional
Nanomaterials.........cccoovvvvvinninnene 79,700 81,000 0 18,317 36,553
LBNL, Molecular Foundry............... 83,700 85,000 34,794 31,828 9,606
ORNL, Center for Nanophase
Materials SCIences........cocceevvevveeneen. 63,740 64,740 19,882 17,669 0
SNL/A and LANL, Center for
Integrated Nanotechnologies............. 73,800 75,800 29,674 30,650 4,626
Total, BES Nanoscale Science FUNAING ........cocooviriiiiineieiineeiee e 198,666 207,815 204,331

Basic Research in Support of the Hydrogen Economy. In FY 2006, $32,500,000 is requested for
activities to realize the potential of a hydrogen economy. The research program is based on the BES
workshop report “Basic Research Needs for the Hydrogen Economy” that can be found at
http://www.science.doe.gov/production/bes/hydrogen.pdf. The 2003 report highlights the enormous gap
between our present capabilities for hydrogen production, storage, and use and those required for a
competitive hydrogen economy. To be economically competitive with the present fossil fuel economy,
the cost of fuel cells must be lowered by a factor of five and the cost of producing hydrogen must be
lowered by a factor of four. Moreover, the performance and reliability of hydrogen technology for
transportation and other uses must be improved dramatically. Simple incremental advances in the
present state-of-the-art cannot bridge this gap. Narrowing the gap significantly will require a
comprehensive, long-range program of innovative high-risk/high-payoff basic research that is intimately
coupled to and coordinated with applied programs. The objective of such a program must not be
evolutionary advances but revolutionary breakthroughs in understanding and in controlling the chemical
and physical interactions of hydrogen with materials. Detailed findings and research directions identified
by the three panels are presented in the report.

In response to the BES solicitation on Basic Research for the Hydrogen Fuel Initiative for FY 2005
funding, 668 qualified preapplications were received in five submission categories: (1) novel materials
for hydrogen storage, (2) membranes for separation, purification, and ion transport, (3) design of
catalysts at the nanoscale, (4) solar hydrogen production, and (5) bio-inspired materials and processes. A
total of $21,473,000 in new funding will be awarded as a result of this solicitation. Three of the five
focus areas — novel storage materials, membranes, and design of catalysts at the nanoscale