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World Energy Needs will Grow Significantly
In the 215t Century

1,286

26

Projections for 2050 and 2100 are
based on a scenario from the
Intergovernmental Panel on
Climate Change (IPCC), an
organization jointly established in
1988 by the World Meteorological
Organization and the United
Nations Environment Programme.
The IPCC provides comprehensive
assessments of information
relevant to human-induced climate
change. The scenario chosen is
based on "moderate” assumptions
(Scenario B2) for population and
economic growth and hence is

Q@Q ,\90 neither overly conservative nor

v overly aggressive.

665

) Quadrillion Btu
613
600 - 563

History Projections 722
510

World Primary Energy Consumption (Quads) Sl s 2050 @ (e i
Energy Information Administration,
International Energy Outlook, 2006.




U.S. and World Energy
Consumption Today

450
421 Quads
U.S. Share of World, 2003
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a5 300 25 23.4%
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Russia
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[ [ | [ | | [
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Some equivalent ways of referring to the energy used by the U.S. in 1 year (approx. 100 Quads)

100.0 quadrillion British Thermal Units (Quads) U.S. & British unit of energy
105.5 exa Joules (EJ) Metric unit of energy
3.346 terawatt-years (TW-yr) Metric unit of power (energy/sec)x(#seconds in a year)




(When) Will Fossil Fuels Run Out?

This depends on:

.« SUPPLY CONSUMPTION is Related to the Reserves-to-Production

(R/P) Ratios
= CONSUMPTION
= ECONOMICS B 245 yrs
These are intertwined B ] :
1 1
LS B : : « The R/P ratio is the
2 S 200 ! —— | number of years that
TN 1 1
D s B i ! proved reserves
e 5 B ! : would last at current
D= - production rates.
QT 7
X o < — :
B o | = World R/P ratios are:
S x> I Oil = 40.5 years;
= 5 B Natural Gas =
c 5 100 66.7 years;
> 5 — Coal = 164 years
= i
al 8 — _
_ 405yrs. . U.S.. R_/P ratios are.:
B Oil = 11.1 years;
o Natural Gas = 9.8
B _7}1.]_)&3._ years:
/ . Coal = 245 years
Qil Gas Coal
U.S. R/P ratios shown by dotted
lines. g

BP Statistical Review of World Energy 2005 4
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Nuclear Energy and Renewable Energy

Today these are only 15% of primary energy; there is potential for
significant increases. It will require effort.

~8 quads of nuclear
electric power are
produced by 104 nuclear
power plants in the U.S.

Nuclear

" Renewable
Petroleum <) Energy 7%
40%

Natural Gas
239%

,;’_ Solar 1%

- Wood 31%

Waste 9%
Wind 2%

Conventional
Hydroelectric
Power 45%

Alcohol Fuels 6%
Geothermal 6%



“All the elementary steps of energy conversion
(charge transfer, molecular rearrangement, chemical
reactions, etc.) take place on the nanoscale. Thus,
the development of new nanoscale materials, as
well as the methods to characterize, manipulate and
assemble them, creates an entirely new paradigm
for developing new and revolutionary energy
technologies.”

3-D Bulk 2-D 1-D 0-D
Semiconductor Quantum Well Quantum Wire Quantum Dot

Dhd P <« > <«

D.O.S
D.O.S.




Nanoscale Characterization Tools

Scanning :

: Atomic Force Electron : :
Tunneling : : X-ray Scattering  Neutron Scattering
Microscopy Microscopy Microscopy

Perovskite [100]

*® @ & @ "
- " « % a
A B SN
" Lo e - -
e S8 000
« s+ s A B 8 8
® & 299 00 v a2
Si[110]




Nanoscale Catalysts for Fossil Fuel
Reforming of Hydrogen

. For the next decade or more hydrogen will mainly be produced
using fossil fuel feedstocks.

. Development of efficient inexpensive catalysts will be key.

. Modeling and simulation will play a significant role.

& 100 peee——
: ---------- -
9 o8| d
Q .
> ~
& 3
o 9% I % u
o . \\
g — 16.4% Ni/0.3% Au 3
S o4f ---16.8%Ni "\
Q -
é ' ' I |

0 1000 2000 3000 4000

Time (s)

Inspired by quantum chemical calculations, Ni surface-alloyed
with Au (black) on the left is used to reduce carbon poisoning of
catalyst, as verified experimentally on the right.




Oxide or
carbon
(electrode)

Polyme

(separator/ ele

r
ctr

Nanoparticle
(electrode)

3-D Nanoarchitectures for Power Storage

Nanostructured architectures for
power storage (batteries, fuel
cells, ultracapacitors,
photovoltaics) provide many
advantages over existing
technologies to minimize power
losses, improve charge/discharge
rates and enhance energy

densities.

Electrodes in these architectures
will consist of interconnected
~10nm domains and mesopores
(10-50nm). Ultrathin, conformal
and a pinhole-free

= separator/electrolyte are

electrodeposited onto the
electrode nanoarchitecture. Low
melting point metals (mp<2000C)
or colloids fill the remaining
mesoporous volume.

Source: Nanoscience Research for Energy Needs, NNI Grand Challenge Workshop Report
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Nanocrystals for Low Cost, Higher
Efficiency Solar Cells

X cie  |”aa = [/
:f:‘ -4 .J\
\ ) "
. b r r
’ b ' :
Science 295, 2425-2427 -;.:_-'s‘ ‘—*7.‘_;;;?,":«: ’ 2.‘5 A 3 1
Y o ‘ k r'
_' eagl L R i
—. i i : e ¥ Sohe . L.
- e | ol
r r . N~ 118 100 nm
— ‘)/ Nature Materials 2, 382—385 (2003) A D E —

40 k

— WZ(0001)
~

CdTe tetrapods

20

External
Quantum Efficiency (%)

?1-00 ‘?f‘?:\relen a?nm] o0 Cd Se

— B(i11)

Science 310, 462-465

external circuit 4.

C
g (2005)
%; 2.5
I
a ol i e Growth rates of two crystalline
Wavelength {nm) phases of CdTe are balanced to
: . . row tetrapods. The zinc blend
Organic/Inorganic Blended Cell All-Inorganic Cell 0 R

(ZB) phase nucleates initially,
but the faster growing wurtzite

phase continues the growth,
A. P. Alivisatos et al. (LBNL) resulting in a tetrapod shape. 11




Centuries of Fossil Fuel Usage in North America

85% of U.S. energy is from fossil fuels; 69% of petroleum is imported,;
nearly 60% of all primary energy is waste

40 _ |Petroleum
U.S. Energy
Consumption by ;
Source 4
| ¢ Jet engine,1930s-
% 30 40s i
Hydroelectric
.5 Power Natural Gas
= - / /
-‘3 20
O ....................... ‘ !
ncandescent lamp, Four-stroke i Coal NUC|€<’_:1I‘
1870s combustion engine, Electric
........... 1870s Power
Wood :
Watt Steam : :
Engine, 1782 Y

1700 1750 1800 1850 _

Eisenhower Highway System,
1956 il

Intercontinental Rail System

Wind, water, wood. animals. (Mavflower,1620)



Our Energy Future Depends on Atomic,
Molecular, and Nanoscale Level Control of Matter
and Processes

=2
o
£
=
@
g
§
g1
=
=
>

-
o @
1= 2

Layer Thickness
(nm)

Nanocomposites for
extreme environments

Reliable, high-capacity " W
electric grid: High Tc Solid-state lighting and applications
superconductors of quantum confinement

Atomic scale control of o _ _
Bio-inspired nanoscale assemblies —

catalytic reactions for i e o def I
energy technologies self-repairing and defect-tolerant Solar paint —based
SYSIEE PV cells

Leading Scientific Innovations to Economic
Competitiveness and Energy Security
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%o ... but electricity was not discovered
M via incremental improvements to the candle




The Solution Lies In Transformational Discoveries

 We must meet the increasing demand for energy
without adding catastrophically to atmospheric
carbon dioxide

e Current fossil energy sources, current energy
production methods, and current technology
cannot meet the challenge

* Incremental changes in technology will not
suffice...

 We need transformational discoveries and truly
disruptive technologies

15



WHERE will these Transformational
Discoveries Occur?

™

4
.
v
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WHO Will Make These
Transformational Discoveries?

SERCh participants represent the students who will be
making these discoveries. Their posters demonstrate a
bridge between current research and future
breakthroughs.

2008 SERCh Participants:
— Research conducted at 13 DOE laboratories

— Applicants from 102 universities

Today’s students will make these discoveries
S—

We will need to proactively:
— Recruit

— Train

18



Students Research with the SNS at
ak Ridge National Laboratory (ORNL)

Feedback Control System for Laser Power Recycling Cavity Stabilization
Charysse Archer
Middle Tennessee State University

Background

er 400
er beam,

mental setup !

Acknowledgements
artme




Students Research Nanotechnology at the Center
for Integrated Nanotechnologies (CINT)

| = —

“Uitrafast Controlof Ferromagn
.= —_— T

Frank'Chen, Kenneth—Burchjrohn

o —

Ultrafast Lasers and THz-TDS

Optically Pumped Behavior

Electromics: efecbonc chage @rries inflarmation
Spinknonics: electron spin [magnetic moment] cmes information

~5mn mangulationis FAST

- Fazseond lime scie mears TH: speed droults

- Less smengy and time o fip spin than move electron
«Spin “dewices™ zre SMALL

- Highiy sensitive o wesi, magnetic Tields

- Meanormeter kength scale

(8r )
s
L1 ]
(1
(1]

Mgllg

g4

Spimmonics ultimately leads to extremely large magneSc

storape deesity and fast slectronic processing s

Problenc  Contol and defecion of magretc mowents on
pcosecond trme scies & edtremely Silfcull 'We present 2 new
mcthnd for magnetc manipulation and charadieriostion in Mints
fiws. Using optizl pewmging and techestr Smedoacin
specroscopy [TH2-TDSL we can coatroll snd detect the magsetic
propevii of msvsructurs e Ml Rl ooe o gt s

Why MnAs?

Comgasison of S0pm berram haie to dpmx dpm NFM irage

R

n during phase tramsition from
netic jspin| states
y and optical propenies of film due

opy MING confines  exdstence
-
aTagnetic slate

| paramageetic state

= Prodece 50 femiosecond infremd pulses
= Utrafast rethod 1o switch spim state
* Crestes'destroys nanowires in less than 3 picosecond
THe-TDS
= Limeerly polarized THrwaves pass throush smole
= Coberent uliralzst probe of material conductivity
*Detects  difference in  condudivity paraliel  and
perpendicular to the sandwinst in MaAs fm with 2
patasepond nesolution

a4
4ms
FT-
A0S
40

“Posiive change in anisotsopy signal (M, indicates witsafast
cextion of mancwires while negative dhange indicates ther
destruction

Ambient Behavior

AMIAM(T)
e

i in i O, "[i'| 1o at the
phase transition tempersture [about 3HK] where the
DENCAWITES BNk

Nenowires created and destroyed with varging
tempe@ture

lation of nancwires s degendent not oely on
temperzture but kattice distertions and magnetic ordering
*Optical pemping varies these phase parem eters i MnAs im
1o imdiuce the formation or destnuction of nanowires in less
than I picoseconds
*Temperature hysteresis 3t 310K indicates the possbilicy of
either fermmagnetic or pammagnstic state, which allows
inficrmation Sorage simiar to 3 bit |1 or I in computers

Conclusions

We have cearly the 2bility 1o meniputse 2nd
detect electrom sgin on the ulirafast time scale using optical
purping and THrTDS. The crestion and destruction of
fesmemagnetic nanowires in Mads flms dopend on the
temperiue and history of the flm. Using THr-TDG, we @an
menitor the edstence of nanocwires and conseguencly the
magnetic state of thase regions. This new medod foreloafas
mamnetic manipulation may kad 10 incressed esergy
efficency, high dersity megneiic siorage devices, and
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Students Apply Research to
Medical Technology at

Brookhaven National Laboratory (BNL)

['*F]Fluorobenzoquinone for Peptide and Protein Labeling al
Elizabeth J, Millings, Suffedk Cannty Conmumity College, Selden, NY 11784 *;'

Jacob M. Hooker, Medical Department, Brookhavenr National Laboratory, Upton, NY 11973 e
Abstract
Fhacrine- 18 taciisacers for oskran armisson Brmcorachy (PET) barve 1SR aed sedic sl Imaging s of e Bain ind Srovided uwedd rtrmaton Labeteg magng ol
285 D FaREaany FTIVTIENE 1. ey Sfer Me ACHY 15 LR SpESE SE1 ANS TLLE T,EEs. The 505 7 e Pt it of F- 18 0 e e - sonaceted s ey
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o oguinone (SO e [16F Paoride: sais e, condtions. The e ‘ws Qetesined Dy High Liawd oy
(HPLCy e Thin-Laryer Caromatogracesy (Tl 0f CEC wan cesium fucrice in Somanerie AAsCI) B 80 'C afiordec FEC 18 4 10 407 e The Msyor procuct of e Measciion was: CORGOSTT wen a0
sampie of FEC, weich wars prepared coerding 0 e Mersture and vesSed by WL F, and TC-HMR =g o oo poreee | Prion i seacion CERFTAion WErE USSUCCHRIAA oweer [ e
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Introduction
Motivation
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e bomolscule can be teied imaging.
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Methods
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Students Research Fusion at ORNL &
Princeton Plasma Physics Laboratory
(PPPL)
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Students Research Alternative
Fuels at ORNL

Enzyme Catalysis in Fuel Cells

=7 pRE]
= % = Kent Stare Univessary

OAKRIDGE NATIONAL LABORATORY




Carbon Capture:
CO, Selective Sorbents

*Investigating potential CO, capture sorbent s based on transition metal coordination polymers
*The specific smbent used was the d\rnarmc linear chain coordination polymer Ni(DEM),(bpy)
Dy polymers may f as highly gas

EMF guest

*Use FT-IR to construct an isotherm for CO, adsorption onte Ni(DBM).(bpy)
*Understand how CO, adsorption effects the structure of By hgands
Ni(DBM).(bpy)

+Determine feasibility of using FT-IR for measuring gas
selectivity of dynamic coordination polymers

*Recorded infrared spectra of CO, interacting with the
polymer at 30°C using a ZnSe mternal flecti it
*Investigated pressure ranges between 0.17 and 2.5 Mpa
CO,and 0.20 and 4.6 MPa CH,

single chain polymer of
MADEM L ibpy)
DEM = nate
Doy 4 - pyricine

pACkinG BTSNgRmEnt of polyTrer

"Sokamoy: D, Pmetster, ) A Menceiery Commun 2004 101

™ om m m o W

+ Sorbed CO, peak af 2332.8 cm' consistent
‘with physisorption

+ Sorbed peak shifted lo 23318 cm ! Indicating
& change in the physisorption process

* CO,isolherm measured at WEI;;:H on integration of the peak al ~2332 em™’
= CH, failed lo generale a consistent sorbed gas peak a this lemperature

ral absorption bands of NKDBEM),(bpy) changed due 1o a structural phase
curming above the CO, threshald pressure

firal changes occurred in ihe arom alic bending region and indicaled ihat
ral phase change may reflect a change in confarmation of the DEM ligand

Infrared Spectroscopic Adsorptlon Studles Carbon Capture and Storage

chais with DMF gues adsoroed*

Students Research Climate Change at
National Energy Technology Laboratory

Carbon Sequestration:

CO; Adsorption on North Dakota Coal

Project Partners: University of North Dakota
and Plains CO, Reduction Partnership

*Conducted in association with the Plains CO, Reduction Partnership
*Samples were from Burke County, North Dakota (lignite coal)

*Understand how coal frcm Burke (.'tr:u.lnb_.I Nerth Dakota interacts with CO,
sInvestigate the pacity of the N, Dakota coal

*Compare Infrared and rnanometnc [collected by Terra Tek, , -
Salt Lake City, Utah] CO, isotherm data I

*Recorded infrared spectra of CO, interacting with the coal
at 16°C usmg a ZnSe internal re[ ection element

s,
ranges between 0.51 MPa and 4.4 |
M Pa CO,
Experimental Technique

o1 ~Atienuated Towl Reectnce Infraed Cod
i 051 MPa
b posd| 4.4 MPa
s 20
o posd A
r | s Time dependence of CO . adzorption
b 004 1R -
a M -
n 0.024 JAEAY 0.001
e /. S—
. 0 .

2400 2380 2360 2340 2320 2300
Wavenumber (cm ') &
*Sorbed CO, bands at 2341 cm! and 2335 cm! il
ware cansistent with physisorption &
~Appearance of two bands suggested more than T T T T T
one physisorption site on the coal 1 2 3 4 5
Time (days)
-Equilibration required  days afler the coal was firs! exposed

o CO,
“Water may block pores from CO, or the initial structure of
the coal may prevent maximum adsorplion
+Equiibration occumed within 24 hours following additional
pressure increases

24



Students Research Pollution
Reduction at ORNL

The Development & Testing of a Novel Thermodenuder for Internal Combustion Engine Emissions Analysis

Bradley ]. Landgraf, Department of Chemistry - Allegheny College, Meadville, PA

Purpose

Ahat is a thermid

rams & Photos

- ;
“hddine

_____ e Eflocts: > 1W0C

Methods

Lperimental Selup

[———— Mot

. P—
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Students Research the Nature of the

Universe at Fermi

Supersymmetric Dark Matter as the Source of the WMAP Haze

Introduction
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Theoretical Astrophysics, Fermi National Accelerator Laboratory, Batavia, IL 60510
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Students Contribute to Accelerator
Technology at Jefferson Laboratory
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WDTS’ Future Workforce Strategy

National Goal

he Office of Workforce Development for Teachers and Scientists will prepare

a diverse workforce of scientists, engineers, and educators to keep America at

the forefront of innovation. The Department of Energy will utilize its unique
intellectual and physical resources to enhance the ability of educators and our Nation’s

educational systems to teach science and mathematics.

Prepare a diverse workforce of scientists, engineers, and
educators to keep America at the forefront of innovation.

Utilize DOE’s unique intellectual and physical resources to
enhance the ability of educators and our Nation’s educational
systems to teach science and mathematics.

Implement a proactive, data-driven, and results-focused model that
promotes and strengthens the greater STEM education and
research community.
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®% U.S. Trains the World’s Workforce

= The U.S. possesses an immense capacity for training the
world’s scientists

— Large percentage of research conducted at the university level is by
foreign nationals

— Approximately one third of graduate students in the sciences are
foreign nationals

— The U.S. needs to utilize this capacity with its own citizens
= Large pool of U.S. talent to draw from
— 3 -4 % of the U.S. population are involved in STEM-related fields

— 15 -20% of the U.S. population is science literate or a science
attentive audience

= QOther countries have similar needs for native-born scientists

— Trained in the U.S.
— Take skills back home
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National Needs Delivered Locally

Define large scale goals in terms of the local delivery mechanisms

— Implement at the local level

— Local outcomes percolate up to national & transnational levels

* Local goals must align with higher level goals

* Local programs coordinate to create national platform

Understand the local conditions
— Industrial needs: chemical, pharmaceutical, electronic and technology
— Rural/urban
— Diverse workforce
National Imperatives
— GDP & national economy

— National security

Training a workforce locally to meet national imperatives
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Pipeline Approach

Kindergarten through Post Docs
= “Life long learners”

= “K through grey”
Integrated highly leveraged
partnerships

= Sustainability

= Long-term thinking
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Future Workforce Strategy

Educators: Highly qualified K-16 educators who
engage students in authentic science and improve
the nation’s STEM education capabilities.

Students: Greatly expanded, more
knowledgeable, and more diverse population of
skilled scientists, engineers, and mathematicians.

Workforce Development: Sustained pipeline of
workforce-ready talent available to DOE’s national
laboratories, Federal workforce, private industry,
and academia.

Program Capacity: Leverage expertise and
resources through specially-configured, high-
impact public/private partnerships that will
maximize, expand, and sustain the nation’'s STEM
workforce.
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Pre-College Activities

= National Science Bowl

— High School now in its 19" year
— Middle School started in 2000

— Encourage students to study math &
science

= Regional events

— Hosted by DOE sites, colleges &
universities, utilities, other educational
Institutions

— Hundreds of volunteers
— More than 16,000 high school students &

— More than 5000 middle school
students
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Pre-College Activities

= Real World Design Challenge

High school students

Ten states in 2009

Government - industry partnerships
Build lasting mentor relationships

Connects students and educators to
the real world

« Applies real world tools to real world
challenges

« Bridges classroom curriculum with real
world applications

Scalable
« Cross-disciplinary
« Cross agency collaboration

 Individualized to highlight state strengths
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Undergraduate Laboratory Research Internships

<" Office of

~/4 Science

U.S. DEPARTMENT OF ENERGY

Science Undergraduate
Laboratory Internship

45 Office of o
~/d Science

U.5. DEPARTMENT OF ENERGY

Community College Institute

=5 Office of o
7/ Science [

U.S. DEPARTMENT OF ENERGY T 5

Pre-Service Teacher Program

Unigue Characteristic of the Program is
an intensive research experience
mentored by a laboratory scientist or
engineer

Participants are required to produce a
written summary of their work — creates
an environment of high expectations
These experiences connect students to
the Grand Challenges facing the nation
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Science Undergraduate Laboratory Internships
(SULI)

* Highly competitive
» Best and brightest program
= 550 Students in 2008

= 17 National laboratories
participate

» Goal Is to recrult a diverse group
of participants

= Partnership with NSF
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Community College Institute
(CClI)

= Students spend 20% of their time
with enhancement activities

— Career options

— Writing & presentation skills

— Seminars

= Develop technical skills that
make students highly competitive
In the workforce
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Pre-Service Teachers Internship
(PST)

= Goal Is to enhance the nation’s supply of proficient K-
12 science, mathematics, and technology teachers

= Provide an authentic research experience to take
back to the classroom

= Master Teachers

— Organize and present enrichment
activities

— Work with the student’s mentor &
laboratory education staff

— Assist students in transferring
laboratory experience to
classroom
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Faculty and Student Teams
(FaST)

Goal is to build research capacity at universities that
currently lack the ability to do research

Faculty from institutions that are below the 50t percentile
In federal research funding

Includes faculty from community
colleges

Teams are 1 faculty member and
up to 3 students

Partnership with NSF

FaST has led to grants to participating colleges

.8/
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FaST Faculty Grants Submitted & Funded

= Since the program began (2000), many FaST faculty have
submitted research grant proposals to federal agencies,
national laboratories, and other entities (public and
private)

= Many proposals have been funded (3 examples):

— Jackson State University (MS) - Use of two-dimensional gel
electrophoresis

— Laney Community College (CA) & LBNL - Environmental Control
Technology Education for Advanced Building Operation and
Management

— Southern University (LA) - X ray Detector Lab Development
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Journal of Undergraduate Research

= Peer-reviewed, undergraduate journal

= Students participating in ANY program at the
national laboratories can submit an abstract

= Top papers from WDTS programs are reviewed and
selected for full publication
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Questions and Comments

Bill Valdez
Director

Office of Workforce Development for
Teachers and Scientists

Bill. Valdez@science.doe.gov

www.scled.science.doe.gov
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