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30-Year History of Energy and Water Development Appropriations
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The FY 2008 Congressional Budget Request for SC Prior to FY 2007 Approp.

(B/A in thousands)

FY 2005 | FY 2006 I{eﬁ\iﬂ??ﬂ FY 2007 vs. t Rl?;uzez??o FY 2008 vs.
Approp. Approp. Conuass FY 2006 Congress FY 2007

BasiciBnergy Sciences i i e € 1,083,616 9 1.110.148 91,250,250 ) +310.832 '028.0“/6Q‘498‘497 RIS ES5 %
Advanced Scientific Computing Research.................. 226,180 228,382 318,654 190,272 +39.5% 340,198 421,544 16.8%
Biological & Environmental Research

BER Base Program...................... 487,474 435,476 510,263  +74,787 +17.2% 531,897 +21,634  +4.2%

Congressionally-directed projects.......................... 79,123 128,601 —— -128,601 -100.0% — —
Total, Biological & Environmental Research 566,597 564,077 510,263 -53.814 9.5% 531,897 +21,634 +4.2%
High Energy Physics 722,906 698,238 775,099 +76.861 +11.0%tt 782238 47,139 +0.9% 't
Nuclear Physics..... 394,549 357,756 454,060 +96,304  +26.9% 471,319 +17.259 +3.8%
Fusion Energy Sciences 266,947 280,683 318,950 +38,267 +13.6% 427,850 +108,900 +34.1%
Science Laboratories Infrastructure. 37,498 41,684 50,888 +9,204  +22.1% 78956  +28,068 +55.2%
Science Program Direction. ... 154,031 159,118 170,877  +11,759 +7.4% 184,934  +14,057 +8.2%
Workforce Development for Teachers & Scientists....... 7,599 7,120 10,952 +3,832  +53.8% 11,000 +48 +0.4%

67,168 68,025 70,987 +2,962 +4.4% 70,987 _—

Use of prior year balanc: -5,062 e e —_— e —_— e
SBIR/STTR (from SC programs)...................ccc.oeeens 77,842 81,160 ——  -81,160 -100.0% — —

Subtotal, Science 3,599,871 3,596,391 4,101,710 +505,319 +14.1% 4,397,876 +296,166  +7.2%
SBIR/STTR (transferred from other DOE programs) 35,779 35,653 ——  -35,653 -100.0% — —

Total, Science. 3,635,650 3,632,044 4,101,710 +469,666 +12.9% 4,397,876 +296,166  +7.2%

+ The FY 2008 President’s Budget Request and the material presented here assume the requested level for FY 2007, as the timing of FY 2007 appropriations did not allow their inclusion.

++ A portion of Stanford Linear Acceleration Center linac operations transfers from High Energy Physics to Basic Energy Sciences in FY 2007 and FY 2008. Excluding the linac operations
funding, the remainder of the High Energy Physics budget increases by 12.6% in the FY 2007 request and a further 3.7% in FY 2008.




Timelines for BES Solicitations Based on BRN Workshops

Basic research for

Basic research for

Basic research for

Solicitation: | Instrumentation solar energy the hydrogen fuel | advanced nuclear
utilization initiative energy sy
Funding in FY 2007 Request ~ $20 million $34.1 million + $17.5 million $12.4 million
Additional funding in FY 2008 Request + $5.9 million + $9.5 million

FY 2007 C

gressional Budget released

February 6, 2006

Announcement of intent to issue solicitations

February 16, 2006

Posting solicitation on SC website March 7, 2006 March 21, 2006 April 20, 2006 October 12, 2006
: May 17, 2006 June 5, 2006 July 6, 2006 Nov. 22, 2006
Preproposal deadlines 106 preproposals | 656 preproposals | 502 preproposals | 209 preproposals

Pls notified of preproposal decisions

June 30, 2006
59 encouraged

August 11, 2006
346 encouraged

Sept. 12, 2006
249 encouraged

January 5, 2007
126 encouraged

Full proposal deadlines

August 30, 2006
58 received

Nov. 14, 2006
309 received

Dec. 12, 2006
229 received

March 14, 2007

Announce awards (dates are approximate)

Early April 2007

Mid April 2007

Mid May 2007

Late June 2007

Pie Chart of the FY 2008 President’s Request

B Materials Sciences and Engineering Research
W Chemical Sciences, Geosciences, and Biosciences Res

@ Major ltems of Equipment

O E-Beam Faciliies and Facility R&D

B Combustion Research Facility

@ Nanoscale Science Research Centers

[ Synchrotron Radiation and FEL Light Sources

@ Neutron Scattering Sources
@ Construction, PED, and OPC

B GPP/GPE
m SBR/ISTTR

Scientific User Facilities Division




Tools for Discovery
The BES Scientific User Facilities

Electron Microscopy Advanced
Center for Materials Photon
Research Source
Advanced Light ﬁenter fri'r e ed Center for
Source anpsgalc N e GeTes Functional
Materials Nanomaterials
National Center for
Electron National
Microscopy Synchrotron
Molecular Light Source
Foundry National
Synchrotron
Stanford Light Source-lI
Synchrotron
Radiation Lab

\ p: J| ' ion Neutron
Linac Coherent Source

Light Source pSm——
Combustion " Na_nlopsha_se
Research Facility aterials Sciences
Los Alamos
Neutron Science
Center Sh_ared Research
Equipment Program
Centerfor -
Integrated High-Flux
Nanotechnologies Isotope Reactor

* 4 Synchrotron Radiation Light Sources

* Linac Coherent Light Source & NSLS-IT (PED or construction)
* 4 Neutron Sources

* 3 Electron Beam Microcharacterization Centers

* 5 Nanoscale Science Research Centers (2 complete and 3 nearly complete)
necial Purn, enter

The Spallation Neutron Source Project is Complete
Ahead of schedule, under budget, meeting all technical milestones




SNS First Neutrons - 28 April 2006
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DOE Deputy Secretary Clay Sell Signs CD-4- 5 June 2006, 4:37 EDT

Construction is Complete and Initial Operations are Underway at Four NSRCs

Center for Functional Nanomaterials

Molecular Foundry
(Brookhaven National Laboratory)

(Lawrence Berkeley National Laboratory)

Center for Nanoscale Materials
(Argonne National Laboratory)

Center for Integrated

Center for Nanophase Materials Sciences

(Oak Ridge National Laboratory) Na"°2§m°§"ﬂf; r{,‘gﬂgfsf' Los




Technology, Energy, and Society are Inextricably Intertwined
Today'’s Energy Technologies and Infrastructures are Firmly Rooted in the 20" Century
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What Will the 21t Century Bring?
215t Century Science and Technology Will Exert Control at the Atomic, Molecular, and Nanoscale Levels
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The Continuum of Research, Development, and Deployment

Grand
Challenge
Research

Discovery
Research

Use-Inspired
Basic
Research

a Technology
Rzzzgfgh Maturation
& Deployment

= Basic research to

address fundamental
limitations of current

theories and
descriptions of
matter in the energy
range important to
everyday life -
typically energies up

= Basic research for
fundamental new
understanding on
materials or systems
that may
revolutionize or
transform today’s
energy technologies

= Basic research for
fundamental new
understanding,
usually with the goal
of addressing
showstoppers on
real-world
applications in the
energy technologies

= Research with the
goal of meeting
technical milestones,
with emphasis on the
development,
performance, cost
reduction, and
durability of materials
and components or

= Scale-up research

= At-scale
demonstration

= Cost reduction

= Prototyping

= Manufacturing R&D
= Deployment support

to those required to on efficient
break chemical processes
bonds. = Proof of technology
concepts
Goal: new knowledge / understanding Goal: practical targets
Focus: phenomena Focus: performance
Metric: knowledge generation Metric: milestone achievement
The Continuum of Research, Development, and Deployment
Grand . Use-Inspired .
Discovery P Applied Technolggy
Challenge Research Basic Eisarch Maturation
Research Research & Deployment

< (BESAC) Grand Challenges Panel >

< Technology Office/lndustry Roadmaps >

< (BES) Basic Research Needs Workshops >

<

(BES, BESAC, ...) Tools and Facilities in Support of Research >

Leaoms’

Worwo i Innovation
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Discovery and Use-Inspired Research
The “Basic Research Needs” Workshops

o | .

A Securs Eneroy Furuns | B e = Basic Research Needs to Assure a Secure Energy Future
) BESAC Workshop, October 21-25, 2002

The foundation workshop that set the model for the focused workshops that follow.

= Basic Research Needs for the Hydrogen Economy

Sustainable Nuclear Energy BES Workshop, May 13-15, 2003
B e W o = Nanoscience Research for Energy Needs
BES and the National Nanotechnology Initiative, March 16-18, 2004
.h,m,“,d. Needs Bz = Basic Research Needs for Solar Energy Utilization
|\ forSolar Energy Utiization BES Workshop, April 18-21, 2005

= Advanced Computational Materials Science: Application to Fusion
and Generation IV Fission Reactors

BES, ASCR, FES, and NE Workshop, March 31-April 2, 2004

The Path to Sustainable Nuclear Energy: Basic and Applied Research
Opportunities for Advanced Fuel Cycles

BES, NP, and ASCR Workshop, September 2005

= Basic Research Needs for Superconductivity
BES Workshop, May 8-10, 2006

= Basic Research Needs for Solid-state Lighting
BES Workshop, May 22-24, 2006

SUPERCONDUCTIVITY - = Basic Research Needs for Advanced Nuclear Energy Systems
1 BES Workshop, July 31-August 3, 2006

= Basic Research Needs for the Clean and Efficient Combustion of 21st

Century Transportation Fuels
BES Workshop, October 30-November 1, 2006

i rch d | . . are, .
For Advanced Nuctear = Basic Research Needs for Geosciences: Facilitating 215 Century Energy

Energy Systems Systems

Wanoscience Research for Eneray Needs ; BES Workshop, February 21-23, 2007

= Basic Research Needs for Electrical Energy Storage
BES Workshop, April 2.5, 2007

= Basic Research Needs for Materials under Extreme Environments
BES Workshop, June 10-14, 2007

= Basic Research Needs for Catalysis for Energy
BES Workshop, August 5-10, 2007

Example: Solar-to-Electric Conversion

Discovery Research Use-inspired Basic Research Applied Research Technology MafliSEE
& Deployment

= Low-dimensionality, quantum = New or nanostructured materials = Technology Milestones: = Scale-up research
confinement, and the control of for multiple-junction solar cells N D Te s Bl 6lC0s (o0l o = At-scale demonstration
the density of states of . competitive with existing sources = Cost reduction

Control and extraction of energy

o " B of electricity in 10 years
from multiple-exciton generation

Deploy 510 GW of photovoltaics * Prototyping
Radiative and non-radiative (PV) capacity by 2015, to power ~2 = Manufacturing R&D

photons, phonons, electrons

.
v

Defects, disorder, and
tolerance to same of advanced

i ‘million homes.
materials processes in solar cells R N— = Deployment support
= Interfacial photochemistry of dye- > Residontiaiio. Oy g
= Molecular self-assembly and " Commercial: 6-8 ¢/kWhr
sensitized nanostructures Utility: 5-7 ¢/kWhr (2005 $s)

self-repair

Synthesis and processing Silicon solar cells - single

Designer interfaces and thin

films science: Thin-film growth, crystal, multicrystal, ribbon, thin-
templating, strain relaxation, layer; production methods;
= Photon includi leation and growth impurities, defects, and
exciton creation and transport degradation

Enhanced coupling of solar
Control of light absorption and radiation to absorber materials, Thin-film solar cells - a-Si,
scattering e.g., by periodic dielectric or CulnSe, CdTe, Group lll-V
metallodielectric structures technologies

Novel theoretical and
experimental tools

Energy transduction in novel
molecular, polymeric, or nano-
particle-based photovoltaics

High-efficiency solar cells

Polymeric and dye-sensitized
solar cells

Assembly and fabrication R&D
issues

BES | | EERE




Example: Solar-to-Fuels Conversion

. . : d Technology Maturation
Discovery Research Use-inspired Basic Research Applied Research & Deployment

Charge transfer and separation in
natural and bio-inspired
photosynthetic systems

Nano-architectures for coupling
light-harvesting and catalytic
functions

Self-organization and controlled-
assembly of complex structures

Robust, functional catalysts that
mimic biological processes

Ultrafast imaging of electron
dynamics

Multi-scale theoretical and
computational approaches

= Novel ph ode materials
and molecular configurations for
efficient photoelectrolysis

Biomimetic multi-electron
catalysts and proton-coupled
electron transfer for solar water
splitting

Photocatalytic cycles for CO,
reduction to alcohol fuels

Multi-scale control of reactivity in
hybrid molecular materials

Defect formation mechanisms and
self-repair in solar-to-fuels
pathways

Hierarchical organization of
molecular constructs for artificial
photosynthesis

= Technology Milestones:

> 2010 to 2012: Laboratory-scale
demonstration of solar driven high-
temperature thermochemical
hydrogen production that projects
to a cost $6.00/gge (ultimate target:
$7.00/gge delivered)

2015 to 2018: Laboratory-scale
photo-electrochemical water
splitting system to produce
hydrogen at a 10% solar-to-
hydrogen efficiency. Laboratory-
scale photobiological water
splitting system to produce
hydrogen with 5% efficiency.

v

= Accelerate and expand research
on the low-cost solar production
of hydrogen:

Component development and
systems integration to enable
electrolyzers to operate from
inherently intermittent and
variable-quality power derived from
solar sources

Solar-driven high-temperature
chemical cycle water splitting

Photoelectrochemical systems

Thermochemical conversion of

= Scale-up research

= At-scale demonstration
= Cost reduction

= Prototyping

= Manufacturing R&D

= Deployment support

biomass
= Photolytic and fermentative
microorganism systems
BES | | EERE .
Research for a Secure Energy Future
Supply, Carbon Management, Distribution, Consumption
I
|
[ I I I ]
Carbon Energy Carbon No-net-carbon Distribution/ Energy
Sources Management Energy Sources Storage Consumption
| | | I |
| Energy Conservation, Energy Efficiency, and Environmental Stewardship |
I I I I I
CO2 oo Electricity o
| Coal | Sequestration | | Nuclear Fission Production & Grid Transportation
I T I I
Geologi
Petroleum e | Nuclear Fusion | Electric Storage | Buildings |
: , :
Natural Gas Qeanic | Renewables | | Hydrogen | | Industry |

Qil shale, tar
sands, hydrates,...

Carbon Recycle

Global Climate
Change Science

Hydropower

Biomass
Geoth T

Alternate Fuels




A DOE Analysis Looked at the Vertical and the Horizontal Connections

Advanced Nuclear

Distribution

Electric Grid
of the Future

Industrial

Zero Emission Fossil !
Technologies

Electric Generation

Renewable Energy

Hydrogen & Gas Advanced Building

Infrastructure Systems
Fusion Energy
Vehicle
Alternative Liquid Fuels Fuel Grid Technologies

of the Future

Bioenergy/Chemicals

Future Electricity Systems

Future Liquid Fuels Systems

Future Hydrogen & Gaseous Fuels Systems

Cross-cutting / Enabling Science and Technology

Grand Challenges

Our 20th century theoretical frameworks for condensed matter and materials physics, chemistry, and biology fail
as we move to:

= yltrasmall or isolated systems at one extreme and
= complex or interacting systems at the other extreme.

New 21t century frameworks must be created to provide the language to interpret the discoveries of the last
quarter of the 20" century: superconductivity, metamaterials, nano-x, chemistry in all its complexities including
replication, and more. These frameworks will recognize that the boundaries among condensed matter and
materials physics, chemistry, and biology are erased at small scales.

The BESAC Grand Challenges subcommittee has posed five questions:

= How do electrons move in atoms, molecules and materials?
Creating a new language for electron dynamics to replace the 20 century assumption that electrons move independently from
atoms

= Can we control the essential architecture of nature?
Designing the placement of atoms in materials using tools of self-assembly, self-repair, self-replication

= How do particles cluster?
Understanding primary patterns, emergence, and strong correlations

= How do we learn about small things?
Interrogating the nanoscale, and communicating with it

= How does matter behave beyond equilibrium?
Formulating the basis for non-equilibrium behavior, which dominates the world around us at both very small and very large scales
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