&ER, U-S. DEPARTMENT OF Office of

| \ &
/S
‘ //..:: .. S
N & I I
& \\\ C I e Ce
S )

Basic Energy Sciences Overview

Annual Merit Review

Fuel Cell Technologies Program and Vehicle Technologies Program
May 14, 2012

Dr. Linda Horton
Director, Materials Sciences and Engineering Division
Office of Basic Energy Sciences



U.S. DEPARTMENT OF

DENERGY —

Steven Chu Advanced Research
Projects Agency — Energy
Deputy Secretary Arun Majumdar

Daniel B. Poneman

Under Secretary for Nuclear
Security/Administrator for
National Nuclear Security

Administration Vacant
Thomas P. D’Agostino Vacant

Under Secretary

for Science Under Secretary

Defense Nuclear Office of Science
Nonproliferation
William Brinkman

Patricia Dehmer Energy Efficiency &

— Renewable Energy

— Defense Programs ) h
David Danielson

Basic Energy Sciences } High Energy Physics

—  Naval Reactors Harriet Kung James Siegrist

Fossil Energy
Charles McConnell

— Counter-terrorism Advanced Scientific Nuclear Physics
Computing Research 1 .
Dan Hitchcock Tim Hallman ] Nuclear Energy
Defense Nuclear Pete Lyons
Security
Biological & Fusion Energy Sciences
Environmental ] . Electricity Delivery
Emergency Research Ed Synakowski — & Energy Reliability
| Operations Sharlene Weatherwax Pat Hoffman
Workforce Develop. for
SBIR/STTR —- Teachers & Scientists
Manny Oliver Pat Dehmer (A)




Basic Energy Sciences

Understanding, predicting, and ultimately controlling matter and energy
flow at the electronic, atomic, and molecular levels

The Program:

Materials sciences & engineering—exploring
macroscopic and microscopic material
behaviors and their connections to various
energy technologies

Chemical sciences, geosciences, and
energy biosciences—exploring the
fundamental aspects of chemical reactivity and
energy transduction over wide ranges of scale
and complexity and their applications to energy
technologies

Supporting:

» 46 Energy Frontier Research Centers

» Solar Fuels Hub

= The largest collection of facilities for electron,
x-ray, and neutron scattering in the world

The Scientific Challenges:

» Synthesize, atom by atom, new forms of

matter with tailored properties, including
nano-scale objects with capabilities rivaling
those of living things

Direct and control matter and energy flow in
materials and chemical assemblies over
multiple length and time scales

Explore materials & chemical functionalities
and their connections to atomic, molecular,
and electronic structures

Explore basic research to achieve
transformational discoveries for energy
technologies




BES Scientific User Facilities
Transforming the Discovery Process

Advanced Light
Source

National Center for
Electron Microscopy

Molecular
Foundry

Stanford Synchrotron
Radiation Lab

Linac Coherent Light
Source

Electron Microscopy Center
for Materials Research

Center for Nanoscale

) Center for Functional
Materials Advanced Photon Nanomaterials
X Source

“‘ National

Synchrotron

| Light Source
Y National

Synchrotron Light

Source-ll

Los Alamos Neutron

Science Center

Center for Integrated
Nanotechnologies

Spallation Neutron
Source

Center for Nanophase
Materials Sciences

Shared Research Equipment
Program

4 Synchrotron Radiation Light Sources
Linac Coherent Light Source (Under construction)
3 Neutron Sources

3 Electron Beam Microcharacterization Centers

5 Nanoscale Science Research Centers

High-Flux Isotope
Reactor
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FY 2013 BES Budget Request

»Research programs

» Energy Innovation Hubs (+$5M) FY 2013 Request:
= Energy Frontier Research Centers SUF SBIR/TR & $1,799.6M, +$111M
= Joint EERE R&D (+$20M) Resze;‘mh
= Core Research Hubs ((Z)oFr)mcs;t,
» Materials and Chemistry by Design ’ NSRCs 114
(+$20M)
= Science for Clean Energy (+$42M) Facilities Qﬁjﬁ{,‘;@
= Scientific user facilities operations e 258
= Near optimum operations of all facilities 310
(+$42M) Research Light
= Synchrotron light sources 260 Sources
= Neutron scattering facilities 439
= Nanoscale Science Research Centers Research
= Instrumentation for clean energy, joint with 316
EERE (+$15M)
= NSLS-Il Early Operations (+$22M)
» Construction and instrumentation
= National Synchrotron Light Source-ll = Advanced Photon Source upgrade ($20M)
= NSLS-Il instrumentation (NEXT) ($12M) = Linac Coherent Light Source-Il ($64M)
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Science for Clean Energy: Nanoscale to Mesoscale Sciences

= Developing the next generation of
materials, chemicals, and game-changing
processes—understanding structure,
properties, and function from atoms and
molecules, through the nanoscale, and to
the mesoscale (+$42M).

= Research will enable science-based
chemical and materials design and

manufacturing in, for example:
— direct conversion of solar energy to fuels
— generation of electricity from clean energy
sources
— storage and transmission of electrical energy
— carbon capture, utilization, and sequestration
— the efficient use of energy

= Collaboration with the Office of Energy
Efficiency and Renewable Energy will
accelerate the transition of scientific
discoveries into prototype clean energy
technologies (+$20M).

First determination
of the structure of
the high Tc super-
conductor
YBa,Cu30;.,
determined using
neutron scattering.

Magneto-optical
images of

superconducting
films

Fabricated industrial wires
of MgB, superconductors
used in MRIs and
commercial magnets.
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Nanoscale and Mesoscale Sciences

A path to enabling manufacturing innovations

Structure, Dynamics, Function

atomic

meso

Visionary Outcomes:

= Complexity and functionality of biology with inorganic earth abundant
materials
» Systems with many degrees of freedom; new organization principles

» Paradigm shift from top down design with classical building blocks to bottom
up design with atomic, molecular and nano components
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Materials and Chemistry by Design

Accelerating Discovery for Global Competitiveness

» Research to establish design rules to launch an era of

Prediction: New battery materials
starting from first principles theory

predictive modeling, changing the paradigm of materials
discovery to rational design (+$20M).

» New software tools and data standards to catalyze a
fully integrated approach from material discovery to
applications

» Discovery of new materials has been the engine driving
science frontiers and fueling technology innovations.
Research would utilize the powerful suite of tools for
materials synthesis, characterization, and simulation at
DOE'’s world-leading user facilities

» Integrated teams to focus on key scientific knowledge gaps
to develop new theoretical models

» Long-term: realization in reusable and broadly-
disseminated software

= Collection of validated experimental and modeling
data for broader community use

Capacity (mAh/g)
] 50 100 150 200 250 300 350 400
1 L 1 1 1

Voltage (V)
=

LG
alidation:
Materials
fabrication

bl

MATERIALS
PROJECT

http://materialsproject.org/

End Use: Software on-line for
general community use
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BES Research — Science for Discovery & National Needs

*Core Research (many)

Support single investigator and small group projects to
pursue their specific research interests

*Energy Frontier Research Centers (46)

$2-5 million-per-year research centers, established in
2009, focus on fundamental research related to
energy

*Energy Innovation Hubs (Across DOE, 2 managed
by BES)
$20 million+ -per-year research centers focus on
integrating basic & applied research with technology
development to enable transformational energy
applications

Increasing progression of scientific
scope and level of effort
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Continuum of Research, Development, and Deployment

: : : Technolo
Discovery Use-Inspired Applied Maturati 9y
Research Basic Research Research 2 rah

& Deployment
Office of Science ARPA-E* Applied Programs
Goal: new knowledge / understanding Goal: practical targets
Focus: phenomena Focus: performance
Metric: knowledge generation Metric: milestone achievement

= Basic research to = Basic research for = Basic research for = Proof of new,

address fundamental new fundamental new higher-risk concepts
f_un.dar.nental under_standing on understanding, = Prototyping of new
limitations of current materials or usually with the goal technology concepts
theories and systems that may of addressing o
descriptions of revolutionize or scientific = Explore feasibility of
matter in the energy  transform today’s showstoppers on scale-up of

range important to energy technologies real-world demonstrated
everyday life - applications in the technolqu clq,ncepts
typically energies up energy technologies N a _qU|ck-h|t

to those required to fashion.

break chemical

bonds.

» Research withthe = Scale-up research

goal of meeting
technical milestones,
with emphasis on _
the development, = Cost reduction
performance, cost = Manufacturing R&D
reduction, and
durability of
materials and
components or on
efficient processes = High cost-sharing
with industry
partners

= Small-scale and at-
scale demonstration

= Deployment
support, leading to
market adoption

“ U.S. DEPARTMENT OF OfﬁCG Of

’ ENERGY Science * ARPA-E: targets technology gaps, high-risk concepts, aggressive delivery times 10



High-Energy Lithium Batteries:

From Fundamental Research to Cars on the Road

. . . Manufacturing/
Basic Science Applied R&D Commercialization
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Discovered new composite
structures for stable, high-
capacity cathodes

Created high
energy Li-ion
cells...

{ EFRC
research
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...with double catode
capacity, enhanced stability,
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Platinum Monolayer Electro-Catalysts:
Stationary and Automotive Fuel Cells

Manufacturing/
Commercialization

Basic Science Applied R&D

BES

BES - EERE
Two research adva
Pt core-shell nano-catalysts: high Core-Shell Nanocat

activity with ultralow Pt mass Active Pt ML shell - Metal/allo

CRADA with Inc

Scale-up synthesis: Pt-M
Excellent fuel Cell durability
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New Aluminum Alloys for Energy-Efficient Transportation:
from Fundamental Research to Cars and Planes

: : : Manufacturing/
Basic Science Applied R&D Commercialization
B Ford and Boeing jointly New aluminum alloy will be cast
w;ﬂummurr;, utsmg t:gcellamounts energy-efficient airplanes and helping Ford improve mileage of
SRR AR cars, building on DOE-BES Ll
elements: scandium, zirconium, funding

lithium and rare earths (RE).

4 hlours 6 d‘ays 64 days

Al-Sc-Zr-Er .
600 Aging at 400°C Optimized alloy:
earher

and higher s,t'e-‘g'.-‘_

Al

. I
matrix " el
matrix - . o

Microhardness (MPa)

Non optimized alloy | New aluminum alloy may be used
0] _ to replace titanium in elevated
— T T T T temperature applications, such as

Sc shell < Aging Time (hour)

300 nm heat shields.

RE

{
core 2

Optimized properties include
strength and resistance to
aging at high temperature,
manufacturability, and cost.
The new alloys can operate at
twice the temperature of _
commercial alloys. @Hﬂf!ﬂﬁ

Information from atomic
tomography allows tailoring of
precipitate size, spacing,
composition and structure,
optimizing their strengthening
effect and aging resistance.




New Catalyst Speeds Conversion of Electricity to Hydrogen Fuel

Scientific Achievement
A newly synthesized Nickel complex speeds the production of hydrogen ten
times faster than a natural hydrogenase enzyme at room temperature.

Significance and Impact

Opens a new research path to develop long-lived catalysts using inexpensive,
earth-abundant metals to convert electrical energy to chemical energy.

Research Details
— In this process, water molecules are split to produce
hydrogen and oxygen. Hydrogen can be used as a fuel.

— Using the natural hydrogenase enzyme as a model, a
synthetic catalyst using Nickel was developed. The metal
atom gets its reactive properties from the groups of atoms
containing phosphorous and nitrogen that surround it.

— By splitting water, hydrogen gas is formed by combining
the H* on the nitrogen with the H- on the nickel center.

— Adding an acid or water increased the rate of hydrogen
produced from the newly-designed synthetic catalyst.

ML Helm, MP Stewart, RM Bullock, MR DuBois, DL DuBois Science 12 August

: 2e+2H" —>H
2011: 863. Work was supported by the Center for Molecular Electrocatalysis, an _ ] 2 )
EFRC led by Pacific Northwest National Laboratory. Schematic showing catalyst operation
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Proposed Batteries and Energy Storage Hub

Transform the Grid and Electrify Transportation

The Hub will develop electrochemical energy storage systems that safely approach
theoretical energy and power densities with very high cycle life — and have the
potential for fundamentally new and economic manufacturing

These are systemic challenges requiring new materials, systems, innovative
engineering, and enhanced scientific knowledge

The Hub will address key fundamental questions in energy storage including:

» Can we approach theoretical energy density?

» Can we safely increase the rate of energy utilization?

» Can we create a reversible system with minimal energy loss?

» Can we limit the use of materials that are not earth-abundant?

» Can we develop totally new battery architectures?

» Can we enable truly innovative approaches to manufacturing and packaging?

The Hub will link fundamental science, technology, and end-users, and it will
collaborate with relevant BES, Energy Frontier Research Centers, ARPA-E EERE,
and OE activities

Funding Opportunity Announcement Released 2/1/2012; Letters of Intent (required)
were due 3/1/2012 and proposals due 5/31/2012
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BES Publications for Improved Communication

BES 2011 Summary Report

http://science.energy.gov/bes/research/

» Overview of BES

» How BES does business

» Descriptions and representative research highlights for 3 BES
divisions, EFRCs, and Energy Innovation Hubs

BES FY 2011 Research Summaries

http://science.energy.gov/bes/research/

» Summaries of more than 1300 research projects across 3 BES
divisions, including senior investigators, postdocs, graduate and
undergraduate students, and a brief project description

Basic Energy Sciences
FY 2011 Research Summaries

Science Serving the Nation
http://science.enerqgy.gov/bes/benefits-of-bes/

> Brief vignettes describing the impact of BES funded research on

scientific innovation and its impact on end-use technology S00€O
SODO%

. U.S. DEPARTMENT OF Office of

EN ERGY Science 1



http://science.energy.gov/bes/news-and-resources/reports/
http://science.energy.gov/bes/benefits-of-bes/

BES PI Participation in 2012 AMR Meeting

Electrical Energy Storage
= 23 Poster Presentations (Monday and Tuesday Evening in Crystal Gateway —
Grand Ballroom) -

SIOW
e
[ i

§ Li intensity
x

Li W

D 100 nm

Hydrogen Storage -
= 7 Oral Presentations (Wed. 2:15-6:15 pm Crystal Gateway — Salon V)
= 12 Poster Presentations (Wed. Evening in Crystal Gateway — Grand Ballroom)
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Questions? — For more information --

/= Basic Energy Sciences [BES) Homepage | U.5. DOE Office of Science [SC) - Microsoft Internet Explorer provided by Office of Scie

——

G- B energy.oov ol B[ [4][ x| &
EBasic Energy Sciences (BES) Homepage | U.S. DOE OF, ., i;f;"i' - Bl | pmn v Page = Safety + Tools -+ lﬁ_
tou are here: SC Home » Programs » BES Home

Basic Energy Sciences (BES)

BES Home
Materials Sciences and
About BES Engineering
BES Research Understanding, predicting, and controlling
materials and their functionalities for
BES Facilities discovery and design of new materials to
enahble transformational advances in energy
Benefits of BES technologies.

% i ‘ c)
- ” Read More ga :
BE & Funding Opportunities i +a? .m

MATERIALS SCIENCES and ENGINEERING

Basic Energy Sciences | 20fS | 4L Basic research for the discovery and design of new materials for advanced energy technologies
Advisory Committee

(BESAC)

BES Hews & Resources & Print | TextSize:asA | v RSS5 Feeds Share Page = M

Energy Innovation Hubs

Summary = (2218 Basic Energy Sciences (BES) supports Energy Frontier Research
Centers (EFRCs)

JCAP AP Futures Highlight

fundamental research to understand, predict, and ultimately control
matter and energy at the electronic, atomic, and molecular levels in order

CONTACT INFORMATION

Basic Energy Sciences B (108KB)

(BES) to provide the foundations for new energy technologies and to support i

U.5. Department of Energy DOE missions in energy, environment. and national security. The BES gflﬁEFiESHHIPJdF%EFHY tod
. : - orage Hu IS poste

SC-22/Germantown Building program also plans, constructs, and operates major scientific user facilities to serve _ pp.-ﬁ.;mrq oo .-.+'p|mpn+
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