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Catalyzing Energy Breakthroughs for a Secure American Future



As Director of ARPA-e, you are uniquely positioned to see both
the |[landscape of the energy industrylas well as the| barriers and |
challenges 1n i1mplementing the DOE-DOD MOU.] We would be honored if
you could address the audience regarding |interagency and industrs

cooperation. As a keynote speaker, your experience and leadership
could highlight the |[new partnerships between our agencies |while giving
the attendees alglimpse of where "new energy' |can take us. Currently,




Key Ingredients for Partnerships

1. Win-Win: Mutual Benefit & Value Proposition

— DOD: Save Energy, Save Money, Save Lives (General Martin Dempsey)
— DOE: Accelerate technology development; Early adopter market

2. Transparency & Awareness
3. People-to-People Interactions
— Joint ownership

— Team empowerment
— Accountability

4. Manage Expectations
— Short and long term wins



OrNO - @ Fostering DoE — DoD Partnerships

Institutional Level Among Personnel Project
Transparency

People

Exchange Database

Ens Pedicini, ARPA-E Summer Intern
(Naval Academy, Class of 2011)

Integrated Product Teams | Microgrid

Create, Enable, and Hold
Accountable



http://integrator.hanscom.af.mil/2008/July/07102008/PoPS2.JPG�
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OrNO-@© Connective Tissue

ARPA-E 2011 Keynote: Ray-Mabus, Secretary of th...

DoD-ARPA-E Partnership \3 EP]\

Hybrid Energy Storage Module \ 3
for Distributed Power

Generation

Consortium on Stationary Energy Systems

P Duke
& Energy.




Hybrid Energy Storage Module

HESM Unit

Goal

* Maximize Fuel Economy

* Enable Increased Performance
Capability

Multifunction High Rate Power
Power Dense Storage

Conversion
Control

Characteristics

 Distributed Generation

 Distributed Varying Load

 Distributed Power & Energy
Storage

ARPA-E Lead: Dr. Srini Mirmira
DoD Lead: Mr. Don Hoffman (ONR)

: Isolation
Prime Power Loads IPT: Army (Kalio), AF (Jordan), Navy

(Generators) Switch GELYE)

Operating System for Plug-n-Play Components, Automated Dispatch and

Feedback Control for Stable, Resilient Power Management




Ships
Enables Future Electric Weapons &
Sensors
Increases Shipboard Fuel Efficiency

Forward Operating Bases Utilities

Enables Reduction in Fuel Use at 1t ) B Increases Efficiency of Islanded
Forward Operating Bases i Generators

Aircraft
Enables More Capable and Longer
Duration Aircraft



http://farm4.static.flickr.com/3074/2564094198_bd5ea3d131.jpg�

Batteries for Electrical Energy
Qf@@' Storage for Transportation (BEEST)

Electric cars with longer range and lower life-cycle
cost than gasoline cars: Subsidy-free business

BEEST Targets
+ One third
the cost

300 miles /- BEEST Competition
N2 . ¥ All Electron

Double the
energy density

Lithium-lon,

Lithium-Oxygen
Flow Battery

urfs o 7 rﬁ'a‘al h Battery Lithium-Sulfur Metal-Air

Magnesium-lon

il

— St. Louis



aornNo Grid-Level Power Conversion & Storage

Future

And
Smart!

Cree Inc, North
Carolina

Use anywhere
| in the world

MIT, Cambridge,
MA

Liquid Metal Battery Corporation Secures MIT Patent
= SRS Rights and First Round of Funding: Gates & TOTAL
Invest to Commercialize ARPA-e Funded Technology




arnNo: Green Electricity Network Integration
“ “ (GENI)

Telephone =>» Fiber Optics, Wireless, Internet
Today’s Grid =» °?

e Electric Power

Buildings Routers

| | e Grid Operating
Storage System

Baseload

-'ﬁ’ e

- Intermittent
Baseload g

Fast
Start/Stop



Clean and Inexpensive Electricity

9!‘99 Scaling without subsidies

15-20¢  5-20¢

Sunshot | Wind




, Building Energy Efficiency Through
prg @ Innovative Thermodevices (BEETIT) |

Primary Energy Use
for Cooling (kl/kg)

’ 120 Today

BEETIT
#4— Target & |
Competition 180 Ib/ton-cooling 60 Ib/ton-cooling

Georgia Tech,
Georgia

‘ 12 Theoretical Limit



orpg High Energy Advanced Thermal
Storage (HEATS)

Grid level storage using heat
pumps

Base load Solar and '&Peaking

High-Temp Nuclear S

Thermochemical Fuel
Production from Sunlight.

Building thermals

Conversion efficiency >

Q
e 10%
D
Increase in efficiency > 50%
compared to current systems
Increase EV
range by ~ 40% >
<100 °C >600 °C 800-1500 °C

Temperature



O O-@ Rare Earth Alternatives in Critical
il Technologies (REACT)

Geologic or
Recycled Electric Motors
Feedstocks Wind Generators

Material Permanent
Extraction
Magnets
Processes

Catalysts

Lishting

hosphors

Solid Oxide Fuel Cells
Gasoline Refining
Auto Exhaust
Conversion

Light Emitting

Diodes (LED)

Compact Fluorescent
Lights (CFL)

Supply Technologies Application Technologies



Hybrid Energy Storage Module

HESM Unit

Goal

* Maximize Fuel Economy

* Enable Increased Performance
Capability

Multifunction High Rate Power
Power Dense Storage

Conversion
Control

Characteristics

 Distributed Generation

 Distributed Varying Load

 Distributed Power & Energy
Storage

ARPA-E Lead: Dr. Srini Mirmira
DoD Lead: Mr. Don Hoffman (ONR)

: Isolation
Prime Power Loads IPT: Army (Kalio), AF (Jordan), Navy

(Generators) Switch GELYE)

Operating System for Plug-n-Play Components, Automated Dispatch and

Feedback Control for Stable, Resilient Power Management
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Corn

Photosynthetic
Biofuels

Less than
1% efficient



Total Production Cost (S/BOE)
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Biofuels in a Petroleum Context

Production Cost, per barrel Corn EtOH |

CTL
Oil Shale \

Marginal \

Conventional Qil \

Deep
Water

Venezuela \GTL
Heavy Oil \ Oil Sands
(In-situ)

Other Other
OPEC Middle OPEC Conventional Oil /
East Arctic

Sugarcane | Oil Sands
EtOH (Mining)

20 40 60 80 100 112
Million Barrels of Oil Equivalent per day (MBOE/d)

Source: Analysis based on information from IEA, DOE and interviews with super-majors



Plants Engineered to Replace Oil

OrNo-@ (petro)

Today Future
80 GJ/ha-yr 160 GJ/ha-yr @ S50/BOE




orNe-@ Electrofuels

Electricity

Non-photosynthetic
Microbes

>10X more
efficient

" OPX Biotechnology &
North Carolina State
University
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by, TEN Xerox Corp.

2012feb27-29

OFPO \ @ washingtondc
energy innovation summit

. Ur*s-ng"BurnS' :
Chairman.& CEO**

—
--lmi-u*
wiow ot el
—

Bill Gates : i Lee Scott J Fred Smith
Founder and Chairman Former CEO Chairman, President, and CEO
Microsoft Walmart FedEx Corp.

www.energyinnovationsummit.com
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