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The Founding of BES

Created to link federally funded fundamental research
to energy technologies
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Foundational
Goals

* Explore fundamental
phenomena

 Create scientific knowledge

* Provide unigue user
facilities necessary for
conducting basic research

2017 BES Structure

Harriet Kung 2017 Budget

« Materials Sciences and Engineering
Division
« Scientific User Facilities Division

 Chemical Sciences, Geosciences, and
Biosciences Division




BES by the Numbers

(FY 2016)

150 o5

Academic, nonprofit, and

. S Research areas
industrial institutions

17 5,400 1,000

DOE National Laboratories Investigators Research projects

47 1,700 3,500

States + Washington, D.C. Students Peer-reviewed publications




1986

For the dy namics of
chemical elementary
processes including a new
ty pe of experimentthat
rev ealed the ev olution of a

chemical reaction, step by
step.

1997

BASIC ENERGY SCIENCES

Nobel Prizes

1987

For the dev elopment and
use of molecules with
structure-specific
interactions of high
selectivity, including the
incorporation of guest
molecules into hollow host
molecules.

2003

1994

For pioneering neutron
scattering techniques, now
widely used around the
world to understand
materials structure,
chemistry, and properties.

Nine since 1986

2005

1995

For pioneering
contributions to understand
the formation and
decomposition of ozone in
the atmosphere, including
the “hole” in the ozone
lay er at the poles.

2009

1996

For discov ery of a nov el
form of carbon consisting
of 60 carbon atoms with a
soccer ball-like structure,

the first of a vastnew class
of carbon-structures with
nov el properties.

For rev ealing how
enzy mes sy nthesize
adenosine triphosphate
(ATP), the molecule that
stores energy to power
cellular processes.

For advances in the theory
of superconductors,
materials that can conduct
electricity with no energy
losses, thus opening new
av enues to energy
technologies.

For devising new methods
of organic sy nthesis, now
used in the chemical, food
processing, and
biotechnology industries.

For mapping (with BES
sy nchrotron light sources)
the structure and inner
workings of the ribosome,
the cell’s machinery for
churning out proteins from
the genetic code.




2016 Budget

Core research

12 national
scientific
user facilities

36 EFRCs
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The National Laboratory System

Working together to address national needs
and advance DOE missions



(6) $14B 0‘! 57,000

Annual Funding Research & Support Staff

2] 11,000 E! 5.860

Peer- rewewed Publications Actlve Licenses

(Annually) (Cumulative)
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Responding to

CRISES



The National Labs and BES

Partnering to advance scientific discovery



The National Labs play a critical role in designing,
constructing, and operating BES user facilities

Design Build Operate
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Energy Storage Material
M. Thackeray, ANL

Energy & Environmental Science, 2011

Centerfor Electrochemical Energy Science:
Scientists developed new electrode materials
for energy storage--carbon particles and
nanotubes.

Synthetic Ni Electrocatalyst
R. Bullock, PNNL

Science, 2011

Center for Molecular Electrocatalysis:
Scientists created a catalyst that is 10x faster

than nature in hydrogen production.

Suppressing Rad. Damage
Y. Zhang, ORNL

Nature Communications, 2015

Energy Dissipation to Defect Evolution:
Chemicallycomplexor high entropy alloys
could lead to materials with suppressed
damage accumulation under irradiation.




Materials Science and Engineering
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Stripes in Superconductors
J. Tranquada, BNL

1995 highly cited paper in Nature

Scientists discovered striped phasesin
semiconductors;this discoverynecessitated
developing new principlesthatdescribe charge
transportin materials able to conductelectricity
withoutresistance.

Quantum Dots
A.P. Alivisatos, LBNL

1996 highly cited paper in Science

Quantum dots exhibit strong size-dependent
optical electric properties. The ability to join the
dots into complexassemblies creates many
opportunities for scientific discoveryin electron
behavior plus opportunitiesin solarcells,
tracking devices and more.
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3-D Topological Insulators
Z.X. Shen, SLAC

2009 highly cited paper in Science

By investigating the surface state of Bi,Tes,
scientists demonstrate thatthe surface state
consists ofa single nondegenerate Dirac cone.
The discovery may provide new routes to
generating novel materials, possiblyfinding
uses in next-generation computing.




Chemical and Biosciences
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Morphology of Water
B. Kay, PNNL

1999 highly cited paper in Science

The morphologyof water can be controlled by
the angular distribution of condensing
molecules, giving us insightinto rare forms of
water.

Combustion Kinetics
O. Welz, SNL

2012 “breakthrough paper” in Science

CRF measurements ofgas-phase reaction
intermediates using photoionization mass
spectrometryprovide direct knowledge of
poorly understood kinetics.

Formation of a Catalyst
P. Wernet, SLAC

2015 highly cited paper in Nature

Lightrearranges the outermostelectrons of
Fe(CO)s and turns it into an active catalyst.
Lightcould be usedto enhance active sites.







Envisioning the Future
Engaging the community in a time-tested strategic planning process
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Quantum Materials Synthesis Science
for Energy Relevant Technology _

-
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BASIC RESEARCH NEEDS FOR oy
Innovation and Discovery of " for Energy Relevant Technology
Transformative Experimental Tools May 2-4, 2016

BASIC RESEARCH NEEDS: Basic Research Needs
Gy for Advanced Nuclear
Energy Systems _

oy k{i‘{

Report of the Basic Energy
Sciences Workshop on
Basic Research Needs for
Advanced Nuclear

Energy Systems

July 31- August 3, 2006




BES and Computing

BES will use exascale simulation to make
scientific discoveries In sl i U .
. %1 @B EXASCALE
. : . S REQUIREMENTS
Quantum materials and chemistry REVIEW

& s s
po ored jointly b)
Ad dS ﬁ C mputing Re: earh nd Basic Energy Sciences

« Catalysis and combustion

« Photosynthesis and light harvesting

BES will leverage its strengths to enable
beyond-CMOS computing technologies

NOVEMBER 3-5, 2015

U.S. DEPARTMENT OF
ROCKVILLE, MARYLAND eENERGY
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W BERKELEY LAB

Lawrence Berkeley National Laboratory

AMES LABORATORY Q =
Creating Materials & Energy Solutions A rg O n n e r:'}

U.5. DEPARTMENT OF ENERGY

NATIONAL LABORATORY

BHOOK"@EN # Ferm i I ab \EHI_) ldaho National Laboratory Jeffe20n Lab

NATIONAL LABORATORY @Thomas Jefferson National Accelerator Facility

Lawrence Livermore L Al \ = E@Ek%hwlrm
National Laboratory e LOS AIAIMOS TECHNOLOGY
NATIONAL LABORATORY TL EABORNIORE

OAK \gg/ @PPPL

RID GE Pacific Northwest PRINCETON

PLASMA PHYSICS
National Laboratory NATIONAL LABORATORY LABORATORY

e St AZ @SRNL

»
I-aboratormes NATIGNAL ACCELERATOR LABORATORY SAVANNAH RIVER NATIONAL LABORATORY

i iNREL

NATIONAL RENEWABLE ENERGY LABORATORY




