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The US thirst for energy

B Today the US consumes about 100 Quads of energy per year
— 100 Quadrillion(101°) btu’'s = 108 Joules
* This energy would raise the temperature of Lake Tahoe by 1 °C
B The power needs of the US are 3.3 Terawatts
* Equivalent of a 1 megaton nuclear bomb every day and a half
B US share is 22% of the world’s total consumption of 463 Quads (2005)
— Yet we represent less than 5% of the world’s population




The US has been a net importer of energy since the 1950’s
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In 2007 we imported one third of our energy needs




Demand grows with GDP (we take more than our share)
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Where does the energy come from?

s~ Solar/PV 1%
— Wind 5%

— Geothermal 5%

— Waste' 6%

Biofuels® 15%
Coal 22%
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Wood 32%

Petroleum 40%

Natural Gas
23%

Hydroelectric
Power?
36%

The US today
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Worldwide fossil fuel reserves are finite

200

Data based on
reserve to
production ratios
(R/P). Problem is,
coal won't run out
soon enough from
the climate impact
point-of-view.
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Strategic factors will ensure that coal is utilized
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Estimated potential for US renewables

United States
Renewable Energy

(Quads/Year)
Wind
2003 Consumption Potential Capacity
0.11 15
Biomass
2003 Consumption Potential Capacity
2.88 24
Solar
2003 Consumption Potential Capacity
0.06 1,255

Hydroelectric

2003 Consumption Potential Capacity
2.78 4
Geothermal
2003 Consumption Potential Capacity
0.31 8
Pat Dehmer
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The mother of all charts —where does energy go?
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Light pollution reveals energy needs in the USA
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En e I’g y Po@ﬁlam enter transmission
Efficien Cy losses: es . Transm&ﬁ
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Energy content
of coal: 100 units

Example of energy lost during conversion and
transmission. Imagine that the coal needed to
illuminate an incandescent light bulb contains
100 units of energy when it enters the power

plant. Only two units of energy eventually light 34 units
the bulb. The remaining 98 units are lost along of heat
the way, primarily as heat. ‘

Energy used to
power the lightbulb:
36 units

WHAT YOU NEED TO KNOW ABOUT

2 units of energy
in the light
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Battery technology has along way to go

Selected Energy Densities

50 T T T T T
Aluminum '
L] 400
80 T
Silicon _ a8
[ ] il [
- : = 300 i_,
70 Anthracite = g
: = w1
E
m H
o 200 / i
60 5 /_\u it
B Ni-Cd /
= |
Y
(Lead-1
50 !, &cid /-'P
I : : : 0 Lighter weight —3
s Magnesium Polystyrene Lithium Borohydride
Iron L. ‘®  ePolyethylene ® T T T T T T
sl . ® - : ; 0 50 100 150 200 250
° : : . Energy density (W h kg-}
Zine : e fat Metabolism® Diesel
: Polyester . o ®Gasoline
: Kerosene _
30 . e !
Sugar Meta_bollsm Butanal ® LPG Butahe
® : ® LPG Propane
® Glucose ® Ethanol . .
: _ . Lithium
20 Hydrazine @ ®Bituminous -
Sodium 'l Methanol : :
e Natural Gas! Liquid Hydrogen
10 Liquid Ammonia . ® ; e
: : Hydrogen Gas (700 bar)
: e
, Lithium lon Battery , Methane ; ; | Hydrogen Gas
0 20 40 60 80 100 120 140 160
MJ/Kg

Argonne *

NATIONAL LABORATORY




e T

Sustainable Energy Enabling Technologies: The Grid

long distance reliable, efficient delivery of electricity




Sustaining the climate

SPECIAL REPORT GLOBAL WARMING

Why More Women
Are Choosing
CSections

BE
WORRIED.

BE == ;
WorRiep. e Warmingls |

damag at an alarming.
pace. He ffects you, youl
kids and their kids as well

EARTH AT THE TIPPING POINT

HOW IT THREATENS YOUR HEALTH

HOW GHINA & INDIA CAN HELP
SAVE THE WORLD—OR DESTROY IT

THE GLIMATE CRUSADERS
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CO, is the second most important greenhouse gas, after H,0

The Greenhouse Effect

Some of the solar
radiation is
reflected by the
atmosphere and
the Earth's surface

Some of the
infrared radiation
passes through
the atmosphere
and out into space

Radiation is converted to heat energy, causing
the emission of longwave (infrared) radiation
back to the atmosphere

Earth's surface

Courtesy ZooFari, Wikimedia Commons




CO, and global temperature
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Projections and conseguences

high latitude
increases |

decreases over
some dry regions .., 8

changes less

reliable in lower
latitudes, e.g.
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Natural carbon cycle between the land and oceans

Storage in Gt C
Fluxes in Gt Cl/yea
1 Gton = 10° tons

Atmosphere
,\?. 778
AN
A7 oY 903 63204
& o>
\ O Fossil Fuels &
Cement
Production
Vegetation 610
Soils & Detritus 1,580
2,190
Surface Ocean
1,020
Marine Biota
3
a&aﬂ'ﬂg
RS
Dissolved Organic Intermediate
Carbon & Deep Ocean
<700 38,100
Surface Sediment
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A plausible technology vision — but we don’t yet know how

M Electric vehicles with adequate energy storage
— fuel cells as a more efficient way of using biofuels in plug-in hybrids
W Efficient lighting

B More efficient industrial processes (calatysts with the specificity of
enzymes)

B Renewable sources of electricity

— Cheap solar
B New grid technologies

— Especially for distribution and temporary storage of renewables
B Understanding of carbon cycle in climate, including oceans and land
B Carbon sequestration




Key R&D Strategies (DOE Science)
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Key RD&D Strategies
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Basic science enabling revolutionary technology
Can Basic Science Help Break Historic Inprovement Curves?
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Micre Hard Drive Storage

I

We must be conscious of research timescales
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Signal Compression
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1988: “giant Li-ion Battery DRAM Cache
magnetoresistive T .
effect” (CMR) is LCD Display !
discovered, 1990: . =
: : & : 1965: The “Fast
creating the field development of 1988: Thin film L S Fourier transform”
of spintronics the lithium-ion transistor LCD Int Larg: Sﬂl{:jl} revolutionizes the
Basic research battery. displays emerge. ! i?r;lel:l"and field of signal
ﬁ?”"dﬂ"ﬂ'" DDE Basic research Basic research circuit design i
funding for thin- || foundation: DOE || foundation: NiH, pioneered. Basic research
film metaific funding for NSF, DoD fund Basic research || foundation: Army
multilayers Electrochemistry ligquid cnfs;a.-* foundation: IBM, Research Office
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research invented | Device Age
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A “New Era”?

New Science fora Secure and
Sustainable Energy Future

New Science: Controlling Complexity

/—F—‘(f_ . ——Eﬂ‘k__
i controlling B
materials and chemistries
o : /
. in ultra-small and ultra-fast regimes _-

S e

= i B

| P Y
..-1 rep-:'!r-'.'!u subcommittee to the Basic Energy Sciences Advisory Committee c o m pu Ter‘ c 0 m p | e x i,
' modeling ‘ materials
hanoscience :

We are at the dawn of a new era
« build materials with atom-by-atom chemical precision

» predict behavior of materials that have not been made
+ design new materials and chemistries for specific tasks

sustainable energy technologies are within reach
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The Advanced Photon Source — atool to solve these
problems

B Synchrotron x-ray radiation can penetrate into complex environments and
provide information on atomic, electronic and spin arrangements which
control materials properties

LS - £ C
o ) L.
**RESEARCH AND ENGINEERING HIEHLIGHTS
EROM,THE ADVANCED PHOTON#SOBRCE
ATARBONNE NATIONAL LABORATORY
- % L
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Examples of APS research for societal problems

How sea animals
capture carbon

Self-Assembled
Light-Harvester

Chlorophyll Dimer Tripod Linker

Better burnin
J Natural solar cells

f&w 84388838




Argonne’s Major Initiatives

B Energy Storage M Alternative Energy B Nuclear Energy

B Materials & Molecular Design & Discovery B National Security
B Hard X-ray Sciences B Leadership Computing
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APS plans future upgrade to develop better capabilities

ﬂr'-'a.rgclnnleJ ‘

WATIBNAL LANDRATREY

Strategic Renewal
Advanced Photon Source

Proposal for approval
of Conceptual Design (CD-0)

Submitted to the US Department of Energy
Office of Basic Energy Sciences
May 31, 2009
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Mastering hierarchical structures through imaging

“Imaging specific molecules and their interactions in space and time will be
essential to understand how genomes create cells, how cells constitute
organisms and how errant cells cause disease. Molecular imaging must be
extended and applied from nanometre to metre scales...”, Roger Tsien

sHierarchical structures are key to life,
machines and complex nanostructured
materials

*High-energy x-rays offer a unique tool to
probe all relevant length scales and
understand their interconnection

\. device




Real materials under real conditions in real time
Catalysis .. Batteries

Sfi .

Lithium-ion
Cathode
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Conclusion

S
o

O Hchsﬁﬁn, we have a problem....

B Science and technology offers the (only) hope
for life as we know it...

B We have time for basic research to provide new
paradigms to capture solar energy, store and
transmit it efficiently

B Current technology and aggressive implementation could keep us going
for ~50 years?

B Sustainable energy is the biggest challenge facing the planet, and
physics will play a key role — a great challenge to galvanize the young




Extras (on APS applications)




APS research addresses key challenges in energy...
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and climate change...
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understanding free radicals

how sea animals _
In the atmosphere

capture carbon
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human health...

SAVE THE CHILDREN!!

Neurexin-$

Neuroligin-1

Neuroligin-1 .
Neurexin-p

_ understanding autism
viruses that

attack cancer

safer dentistry

living with obesity




food and water...

Highest

Lowest

Is brown rice good
for you?

understanding
plant viruses

Air Stream

jets and aerosols
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better infrastructure...

understanding metal fatigue
could save lives and money

oxide scales
could save $1B for
US hydrogen industry




ancient history...

life began with
a twist
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basic science that could enable new technology...

solid oxygen holds surprise
at HP




and enhance economic competitiveness
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self-assembly of
polymers

better
magnetic materials

X-rays
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