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Gentlemen, we have run out of money.
It IS time to start thinking.

Sir Ernest Rutherford
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Key elements in clean energy supply chain
From DOE Wide Analysis
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Key elements in clean energy supply chain

From DOE Wide Analysis by DOE/PI

Lighting

Solar PV
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Technology Opportunity Areas for Study

Opportunities
\ For New, Disruptive
Approaches to
Technology Needs

Lighting

Wind

Develop Metrics
which Drive New
Learning Curves and

j Approaches

Solar PV | Transparent Contacts | >




We have a rare earth materials
challenge.

THIS WORKSHOP
IS ABOUT IDENTIFYING
POSSIBLE SOLUTIONS
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Batteries for Electrical Energy Storage in

Transportation (BEEST) Program Targets

Battery System Requirements f
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Electric and Plug-in Hybrid Electric Vehicles

Storage Cost

Current
Target:
$1,000/kWh

BEEST
Target:
$250/kWh




BEEST Portfolio

10 Advanced Prototyping Projects: $47.1M
4 Seedlings: $5.7M
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Technology Domains

Material
Preparation
Processes

dﬁﬁ@u@aly Technologres—————————) Demand Technolog



ARPA-E New magnet structure and

chemistry have disruptive potential
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Current program — ARPA-E

Transformational nanostructured permanent

magnets (PM)

10 nm

1 Soft Matrix

* 59 MGOe with 80% less rare earth

Core@Shell Hard/Soft Exchange

Spring  Coupled  Nanocomposite Soft Phase:

Magnets with: H =~0.05 Oe
c :

* 80 MGOe (vs 59 MGOe NdFeB) M, =~22 kG

Nanocomposite exchange spring coupled permanent
magnets with high energy product and less rare earths
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General Electric Global Research
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SIGNIFICANT MARKET PENETRATION

WITHIN TEN YEARS WITH Nd-Fe-B
DISRUPTIVE TECHNOLOGY
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WHAT IS POWER ELECTRONICS?

\.*

s —~
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Power electronics is the electrical version of a gear box/transmission

Power

Load
Source

Control .~ 4%, % Control
Power

Source

Imagine driving a car always in 4t" gear...
...imagine what this would do to fuel efficiency and drivability
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Power electronics need improvement in

applications across the entire energy
sector (ADEPT)

Share of Electricity Consumed by .
Distribution & Major Sectors of the Economy, 2008 Industrial
- . = Primary Energy Use by Sector, 2008
Transmission _

Inverter drives motor
>13 kV, >

50kHz SiC
transistors

SIC Diode

Transpgrtation
28%

EMI Filter Power Stage:

130 mm x 45 mm x 25 mm

Proposed Next Generation

SiC High Fre?ue.ntv Charger 300x reduction in ﬂ

Qi ~A 13 power stage volume ([@])
I o Present W
ug-in Charger Reduction




Supply: Processing

Process from Rare Earth Ore to Nd Magnet

What are Ultimate Limits?

Rare Earth Ore Dressing (Magnetic Separation, floatation)
y - Thermodynamics
Concentrate Roasting, Acid Reaching - Kinetics
Mixed Rare Earth Solution _l Solvent Extraction
Pure Rare Earth Oxide
New Processes?
Al i e ) Molten Salt Electrolysis

Nd Magnet Alloy

k3

Nd Magnet |

Powder Metallurgy

Vacuum Melting What are Economic

Metrics and Goals
to Drive Innovation?

Source: Takehisa Minowa Takehi, “Rare Earth Resources for Nd Magnetics: Their Present and Future,” Magnetics Conference 2009
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Application: Phosphors
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DEMAND SIDE: CATALYSTS

Solid Oxide Fuel Cell

Fuel
CO+H;0 - H2+COz

6 |
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Figure 3-6. Effects of rare earth on gasoline octane and yield.
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ARPA-E BACKGROUND DEVELOPMENT

S £
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Supply Side:
— Direct, Low Cost, Low Environmental Impact
Processing Innovation

Demand Side Magnetics
— Hard Magnetics (Beyond U-Del and GE Projects)
— New Motors + Power Electronics

= Phosphors
— New chemistry, Shape and Size Effects

— Low Defect (low non-radiative recombination)
emitters

= Catalysis and Separators
— SOFC Oxygen Permeable Ceramics and Cathodes
5-%(: and Post Combustion Catalysts
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Two Big Outcomes Desired

= |dentification of Technical Opportunity Which

Would Potentially Have Significant Impact on
Rare Earth Challenge

= Determination of Potential Relevant Metrics
Which Would Drive Innovation
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Plan for the Day

QrPQ-@

Time Activity
1:00 PM Break
8:00AM
Registration / Coffee / Breakfast CATALYSTS 1 PHOSPHORS 1
1:15PM . n A A
8:15AM Jim Katzer (Rive Technology) Jennifer Hollingsworth (Los Alamos)
Kick-Off CATALYSTS 2 PHOSPHORS 2
8:30AM : g 1:30 PM
e R ) 0 Scott Barnett (Northwestern University) Partha Dutta (RPI)
’ Overview of Day
8:45AM Mark Johnson (ARPA-E) 1:45 PM
" US-Japan Rapporteur
o0 Diana Bauer (DOE HQ/PI)
2:00 PM CATALYSTS PHOSPHORS
9:15AM UE DL ey Short presentations, dialog and discussion Short presentations, dialog and discussion
Bill McCallum (Ames) Gallery 1 Gallery 3
; Current State of the Art for Supply 2:15PM
930AM Brock O’Kelly (Molycorp) AR R fi
A Facilitator: Shum, Karma Facilitator: Dave Danielson
9:45 AM Current State of the Art for Applications Talk #1 Rapporteur: Chetna Khosla Rapporteur: Jim Horwitz
: Steve Duclos (GE) 2:30PM ARPA-E Notes: Rusty, Aron ARPA-E Notes: Phil, Nick
’ Current State of the Art for Applications Talk #2
oA Frederick Pinkerton (GM) 2:45 PM
10:15AM Break
3:00 PM
10:30 AM SUPPLY 1 MAGNETS 1
Karl Gschneidner (Ames) Steve Constantinides (Arnold Magnet) Break
y SUPPLY 2 MAGNETS 2 3:15PM
10:45AM Eric Peterson (INL) George Hadjipanayis (Univ. of Delaware)
11:00 AM 3:30 PM
11:15AM SUPPLY MAGNETS
Short pi ions, dialog and di Short pi ions, dialog and di 3:45PM
Gallery 1 Gallery3 Report Out
11:30 AM
Facilitator: Eric Toone Facilitator: Danielson, Aron
Rapporteur: Jim Miller Rapporteur: Steven Boyd 4:00 PM Gallery 2
11:45 AM ARPA-E Notes: Brenda, Karma ARPA-E Notes: Nick, Rusty
12:00PM 4:15PM
12:15PM Break for Lunch 4:30 PM Conclusion of Day
i Mark Johnson
12:30PM q
ey 4:45 PM "No Host" Happy Hour / Dinner (Hotel Bar)
Cyrus Wadia (OSTP) Sidebar Discussions with ARPA-E Program Director (On Request)
12:45PM
5:00 PM




Ground Rules

= “A consensus means that everyone agrees to say

collectively what no one believes individually.”
— Abba Evan

— The Goal is NOT Consensus

= “Arevolutionary idea is usually one with its sleeves
rolled up.”
- Navjot Singh Sidhu
— The Focus is on Revolutionary NOT Evolutionary

= "Every Great Oak is just a Nut that held its Ground.”

- Anonymous
— ALL Ideas are Welcome
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Logistics

= Bathrooms
= Internet/ Cell phone service
= Dinner/ Happy Hour
— Starts 5pm in the Hotel Restaurant
= (One-on-one discussions / sign-up
— Starts at 5:45 in the Hotel restaurant
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