1. Can you provide a list of all boards, councils, commissions, working groups,
and FACAs currently active at the Department? For each, can you please
provide members, meeting schedules, and authority (statutory or otherwise)
under which they were created?

Response: Yes, attached is a list of major boards, councils, commissions, working groups,
and FACAs currently active at the Department.



Department of Energy’s Federal Advisory Committees (FACA) (active)

Advanced Scientific Computing Advisory Committee (ASCAC) - Agency Authority

Meeting Schedule — Quarterly

ASCAC Members:
Martin Berzins Vinton G. Cerf Barbara M.P. Chapman
Jacqueline Chen Silvia Crivelli John E. Dolbow
Jack J. Dongarra Thom Dunning Timothy Germann
Susan Gregurick Anthony Hey Gwendolyn L. Huntoon
David Levermore Juan C. Meza John Negele
Linda R. Petzold Daniel Reed Vivek Sarkar
Dean N. Williams Krysta Svore Richard Lethin
Satoschi Matsuoka

Appliance Standards and Rulemaking Federal Advisory Committee (ASRAC) - Agency

Authority
Established by Executive Order 13563 — Improving Regulation and Regulatory Review

Meeting Schedule: Semiannually (or as needed)

Working Groups (WG): Manufactured Housing Working Group, Miscellaneous
Refrigeration Equipment Working Group, Central Air Conditioners and Heat Pumps
Working Group, Walk-in Coolers and Freezers Working Group, Dedicated Service Pool
Pumps, and Circulator Pumps Working Group

WG Meeting Schedules: several times throughout the year (based on the need)

ASRAC Members:

Ashley Armstrong

Mark Connelly Andrew de Laski Kristin Driskell
David Gatto Noah Horowitz Diane Jakobs
Patrick Keal Kelley Kline Deborah Miller
Michelle Sim Michael Wolf David Winningham

Basic Energy Sciences Advisory Committee (BESAC) - Agency Authority

Meeting Schedule: Semiannually

BESAC Members:

Simon Bare Dawn Bonnell Gordon Brown
Sylvia Ceyer Sue Chalk Cuenya Beatriz
Peris Drell Bruce Gates Ernie Hall
Sharon Hammes-Schiffer John Hemminger Bruce Kay




Stephen Leone Monica Olivera de la Cruz Philippe Piot
Mark Ratner Anthony Rollett Frances Ross
Gary Rubloff Maria Santore Esther Takeuchi

Douglas Tobias

John Tranquada

Biological and Environmental Research Advisory Committee (BERAC) - Agency Authority

Meeting Schedule: Semiannually

BERAC Members:
Sarah Assmann Dennis Baldocchi James Ehleringer
Bruce Hungate Andrzej Joachimiak Cheryl Kuske
Ruby Leung Gerald Meehl Jerry Melillo
Gloria Muday David Randall James Randerson
Karen Remington G. Robertson Karen Schlauch
David Segre Jacqueline Shanks David Stahl
David Stahl Judy Wall Minghua Zhang

Biomass Research and Development Technical Advisory Committee — Statutory Authority

Established by the Biomass Research and Development Act of 2000, re-authorized in the
Agriculture Risk Protection Act, Title IlI

Meeting Schedule: Quarterly

Biomass Members:

Dean Benjamin

Esteban Chornet

Vonnie Estes

Manuel Garcia Perez

Emily Heaton

Joseph James

Coleman Jones Bruce McCarl Shellie Miller

Marina Moses Neil Murphy Kimberly Ogden
Anna Rath Patricia Scanlan Abolghasem Shahbazi
Kelly Tiller Alan Weber Don Stevens

Ray Miller Bryan Paul Steve Csonka
Christine Mc Kiernan Man Kit Lau

Defense Programs Advisory Committee (DPAC) - Agency Authority

Meeting Schedule: Periodically; approximately two to four times per year

DPAC Members:

John Casani

Julie Cizewski

Jill Dahlburg

Paul Dimotakis

John Immele

Stephen Johnson

Jeff Quintenz

Chris Yeaw

DOE/NSF Nuclear Science Advisory Committee (NSAC) — Agency Authority
Established by NSF Circular #109, Rev. #3




Meeting Schedule: Periodically; as often as two to four times per year

NSAC Members:

Paul Benny Helen Caines Gordon Cates
Abhay Deshpande Frederic Fahey George Fuller
John Hardy Karsten Heeger David Hertzog
Roy Holt Kate Jones Cynthia Keppel
Suzanne Lapi Michael Lisa Jeffery Nico
Filomena Nunes Daniel Phillips Mark Pitt

Krishna Rajagopal

Martin Savage

Michael Wiescher

Electricity Advisory Committee (EAC) - Agency Authority

Agency Authority to assist in the implementation of the Energy Policy Act (EPACT) of 2005;
implement provisions of Energy Independence and Security Act of 2007

Meetings: Quarterly

EAC Members:
John Adams Ake Almgren William Ball
Anjan Bose Laney Brown Marilyn Brown
Merwin Brown Paula Carmody Jay Caspary

Paul Centolella

Carlos Coe

Richard Cowart

Phyllis Currie Gordon Feller Clark Gellings
Mark Lauby Jim Lazar Janice Lin

M. Morgan Jeff Morris Rolf Nordstrom
Nancy Pfund Anne Pramaggiore Paul Roberti

Heather Sanders

Chris Shelton

Pam Silberstein

Sue Tierney

David Till

Rebecca Wagner

Audrey Zibelman

Carl Zichella

Environmental Management Advisory Board (EMAB) - Agency authority

Meetings: Semiannually

EMAB Members:

Paul Dabbar

Jane Hedges

Carolyn Huntoon

Frazer Lockhart

Tracy Mustin

Josiah Pinkham

Beverly Ramsey

Timothy Runyon

Robert Thompson

Shelly Wilson

Environmental Management Site-Specific Advisory Board (EM SSAB) - Agency Authority

Sites and Meetings:

e EM SSAB at Hanford (Hanford Advisory Board) meets on a quarterly basis




e EM SSAB in Idaho (Ildaho National Laboratory Site EM Citizens Advisory Board) meets
on a quarterly basis

e EM SSAB in Nevada (Nevada Site-Specific Advisory Board) meets on a bi-monthly basis

e EM SSAB in Northern New Mexico (Northern New Mexico Citizens’ Advisory Board)
meets on a bi-monthly basis

e EM SSAB in Oak Ridge (Oak Ridge Site Specific Advisory Board) meets on a monthly
basis

e EM SSAB at Paducah (Paducah CAB) meets on a quarterly basis

e EM SSAB at Portsmouth (Portsmouth Site Specific Advisory Board) meets on a bi-
monthly basis

e EM SSAB at Savannah River (Savannah River Site Citizens Advisory Board) meets on a
bi-monthly basis

EM SSAB Members:

EM SSAB at Hanford (Primary Members):

Gabriel Bohnee

Gary Bouchey

Antone Brooks

Pamela Brown-
Larsen

Janice Catrell

Shelley Cimon

Alissa Cordner

Robert Davis

Samuel Decter

Yonas Denissie

Thomas Galioto

Garu Garnant

Floyd Hodges

Rebecca Holland

Stephen Hudson

Emmitt Jackson

Russell Jim Alexandre Gregory Korshin Susan Leckband
Klementiev

Robert Legard Elizabeth Mattson Kristen McNall Armand Minthorn

Melanie Myers- Ken Niles Robert Parks Jerry Peltier

Magnuson

Gerald Pollet Robert Suyama Gene Van Liew

EM SSAB at Hanford (Alternate Members):

Mark Benjamin David Bernhard Richard Bloom Mike Bossé
Amoret Bunn Garret Busselman Shannon Cram Dirk Dunning
Dale Engstrom Charles Johnson Paul Kison Paige Knight

Michael Korenko

Phil Lemley

Larry Lockrem

Rodolfo Mendoza

Stephen Metzger

Casey Mitchell

David Molnaa

Emmett Moore

Alex Nazarali

Eduardo Pacherco

Vincent Panesko

Nikolas Peterson

David Rowland

Daniel Serres

Daniel Solitz

Marery Swint

Drew Thomas

Tony Umek

Jean Vanni

Helen Wheatley

Stephen Wiegman

EM SSAB in Idaho:

Robert Bodell Herbert Bohrer Melvin Branter

Bradley Christensen Marvin Fielding Kristen Jensen

Talia Martin

Trilby McAffee Betsy McBride




‘ William Roberts

‘ Catherine Roemer

EM SSAB in Nevada:

Michael Anderson

Saia Amina Anderson

Arcadia Bolanos

Francis Bonesteel

Michael D’Alessio

Karen Eastman

Pennie Edmond

Raynond Elgin

Charles Fullen

Richard Gardner

Donald Neill

Autumn Pietras

Edward Rosemark

Steve Rosenbaum

William Sears

Cecilia Synder

Richard Stephans

Jack Sypolt

Richard Twiddy

Dina Williamson-Erdag

EM SSAB in Northern New Mexico:

Carla Abeyta

Cherylin Atcitty

Christopher Baca

Nona Girardi

Louis Gonzales

Angelica Gurulé

Diahann Lopez-Cordova

Daniel J. Madalena

Gerard J. Martinez y Valencia

Daniel Mayfield

Alex Puglisi

Angel Quintana

Ashley Sanderson

Steven Santistevan

Douglas Sayre

Stephen G. Schmelling

Jospeh C. Tiano, Jr

Irene Tse-Pe

Carlos Valdez

Michael A. Valerio

Mona Varela

EM SSAB in Oak Ridge:

Leon Baker

Katheryn Bales

Christopher Beatty

Richard Burroughs Martha Deaderick James Ford
Maria Gonzalez David Hemelright Paul Holdren
Howard Holmes Gregory Paulus Belinda Price
Elizabeth Ross Mary Smalling Deni Sobek
Fredric Swindler Venita Thomas Edmundo Trujillo
Rudolf Weigel Dennis Wilson Phillip Yager

EM SSAB at Paducah:

Charles Allen Doreen Barger Cindy Butterbaugh
Victoria Caldwell Judy Clayton Basil Drossos
Nancy Duff Celestine Emerson Lesley Garrett
Thomas Grassham Michael Kemp Jessica Morgan
William Murphy Cindy Ragland Richard Rushing
Kenneth Wheeler Patrick White Bessie Young

EM SSAB at Portsmouth:

Lisa Bennett

Robert Berry

Eric A. Braun

Bradley Burns

Maddeline C. Caudill

Carlton L. Cave

Al Don Cisco

Dennis Foreman

Carl R. Hartley

Ronda J. Kinnamon

Neil E. Leist

Bernard S. Neal




Irma C. Payne

Cynthia M. Quillen

Jimmey Smalley

Judy Vollrath

Gregory Stepp

EM SSAB at Savannah River:

John G. Allensworth

Thomas K. Barnes

Louie C. Chavis

Susan E. Corbett

Robert Doerr

Dawn L. Gillas

David F. Hoel

Eleanor Hopson

Virginia B. Jones

Daniel Kaminski James Lyon John McMichael, Jr.
Clinton E. Nangle Cathy Patterson Larry Powell
William Rhoten Earl Sheppard Harold F. Simon
George E. Snyder Nina Spinelli Edward Sturcken
Louis Walters Mary Weber

Fusion Energy Advisory Committee (FESAC) - Agency Authority

Meetings: Quarterly

FESAC Members:

Troy Carter

Robert Cauble

Arati Desgupta

John Foster

Chuck Greenfield

Rich Groebner

Chris Hegna Valerie lzzo Stephen Knowlton
Kristina Lynch Hutch Nielson Getrude Patello
Juergen Rapp Donald Rej Linda Sugiyama

Brian Wirth

High Energy Physics Advisory Panel (HEPAP) - Agency Authority

Meetings: Quarterly (or as needed)

HEPAP Members:

Karl van Bibber

James Buckley

Bruce Carlsten

John E. Carlstrom

Kyle Cranmer

Aaron Dominguez

Salman Habib Eva Halkiadakis Karsten Heeger

JoAnne Hewett Joseph Incandela Josh Klein

Kay Kinoshita Andrew Lankford David Larbalestier
Hitoshi Murayama Stefano Profumo Laura Reina

Thomas Roser Gabriella Sciolla Stefan Soldner-Rembold
Marie Spiropulu Christopher Stubbs Mark Trodden

Mayda Velasco

Risa Wechsler

James Wells

Geralyn Zeller

Hydrogen and Fuel Cell Technical Advisory Committee (HTAC) - Statutory Authority

Established by Energy Policy Act (EPACT) of 2005, section 807




Meetings: Quarterly

HTAC Members:

Kathy Ayers Inés Azevedo Kathryn Clay
Catherine Dunwoody Anthony Eggert Charles Freese
Anne Gobin Maurice Kaya Drew Kodjak
Harol (Hal) Koyama Paul Leggett Timothy Lipman
Meorry Markowitz Frank Novachek Joan Ogden
Margo Oge Joseph Powell Adele Ratcliff
Janea Scott Levi Thompson

Methane Hydrate Advisory Commlttee(MHAC} — Statutory Authority

Established by Methane Hydrate Research and Development Act of 2000 and reauthorized by

the Energy Policy Act (EPACT) of 2005

Meetings: Biennially

MHAC Members:

Thomas Blasingame

Richard Charter

Peter Flemings

Matthew Hornbach Miriam Kastner Carolyn Koh
Craig Shipp Robert D. Kaminsky Mark Myers
Michael Max George Moridis Joel E. Johnson

Robert L. Kleinberg

Evan A. Solomon




Meetings: Semiannually

NCC Members:

Robert O. Agbede

Nicholas K. Akins

Sy Ali

Barbara-Farmer
Altizer

Richard L. Axelbaum

Richard Bajura

Shannon Maher
Banaga

Janos M. Beer

Nina Bergan French

Robert A. Bibb

Jacqueline F. Bird

Rick Boyd

Lisa J. N. Bradley

F. William Brownell

Wanda . Burget

Frank Burke

John Cassady

Donna Cerwonka

Henry J. Cialone

Kipp Coddington

Brad Crabtree

Joseph W. Craft, Il

Michael D. Crotty

Jack Daly

Michael R. Delallo

David L. Denton

Joseph S. Divoky

Edward (Ted) Doheny,
1]

George Duggan

Michael D. Durham

John W. Eaves

William R. Elliott

Amy Ericson

Ellen Ewart

Maohong Fan

Alex G. Fassbender

Paul J. Feldman

Robert J. Finley

John S. Fischer

David M. Flannery

Mark Forwerck

David A. Frederick

Thomas K. Gale

Paul Gatzemeier

Sheila Glesmann

Danny L. Gray

Clark D. Harrison

William Hoback

Clarence Joseph Hopf | Daniel R. Jack Denise Johnson Michael Jones
Brian Kalk Casey J. Kaptur Michael Karmis John C. Kennedy
Michael Kennedy Holly Krutka David Lawson John T. Long
Jason Makasi Daniel T. Martin Emmanuel R. Merle Jeffrey Miller
Rafic Y. Minkara Nancy Mchn Betsy B. Monseu Clark A. Moseley

Ram G. Narula

Kenneth J. Nemeth

Karen Obenshain

Mary Eileen O’Keefe

Jerry J. Oliver

Fredrick D. Palmer

Carlyl Pfeiffer

Carole Plowfield

Robert Puissant

Robert M. Purgert

Massood Ramezan

William Raney

Angila M. Retherfold

Daniel R. Roling

Todd Savage

Mark Schoenfield

John J. Siegel Richard C. Smith Sharon Sjostrom Carolyn Slaughter

Deck S. Slone Michael G. G. Scott Stallard Mark Stemm
Sorensen

Vicky Sullivan Scott Teel John W. Thompson Pamela Tomski

Sarah M. Wade Daman S. Walia Kathey Walker Jeffrey L. Wallace

Kathy Walton Richard M. Whiting | Jennifer Wilcox Robert Williams

Kemal Williamson

Steven E. Winberg

Gregory A. Workman

Xiaoliang Yang




Meetings: Annually or Semiannually

NPC Members:

Nicholas K. Akins

George A. Alcorn, Sr.

Robert Neal
Anderson

Thurmon M. Andress

Robert H. Anthony

Alan S. Armstrong

Gregory L. Armstrong

Robert G. Armstrong

Greg A. Arnold

Philip K. Asherman

Edward H. Bastian

Riley P. Bechtel

Michael Bénézit

Sally M. Benson

Kevin D. Book

John F. Bookout

Lee K. Boothby

Jason E. Bordoff

Stuart J.B. Bradie

Mark S. Brownstein

Sharon E. Burke

Matthew D. Cabell

Kateri A. Callahan

Deborah H. Caplan

Robert B. Catell

John J. Christman, IV

Kim R. Cocklin

Linda Z. Cook

Brian C. Cothran

Richard D. Courtney

Christi L. Craddick

Martin S. Craighead

Helima L. Croft

Bruce Culpepper

William A. Custard

Charles D. Davison

Lisa Davis

Claiborne P. Deming

Leo P. Denault

Claudio Descalzi

John M. Deutch

Laurence M. Downes

David D. Dunlap

W. Byron Dunn

Bernard J. Duroc-
Danner

Gregory L. Ebel

Kathleen M.
Eisbrenner

John W. England

Ronald A. Erickson

Timothy C. Felt

Fereidun Fesharaki

William L. Fisher

James C. Flores

Paul L. Foster

Randy A. Foutch

Benjamin G.S. Fowke,
Il

Thomas A. Fry, llI

Greg C. Garland

Robert W. Gee

Elliot F. Gerson

James A. Gibbs

Russell K. Girling

David C. Glendon

Richard K. Glenn

Paula R. Glover

Lawrence J. Goldstein

David L. Goldwyn

Joseph W. Gorder

John T. Gremp

James T. Hackett

Frederic C. Hamilton

Karen Alderman
Harbert

John A. Harju Marilu Hastings John B. Hess Jack D. Hightower

Stephen L. Hightower Jeffery D. Hildebrand Ralph A. Hill John D. Hofmeister
Forrest E. Hoglund Vicki A. Hollub Martin J. Houston Ray L. Hunt

Hillard G. Huntington John R. Hurd J.Jon Imaz Terrence S. Jacobs

Amy Myers Jaffe

A. V. Jones, Jr.

James L. Jones

Jon Rex Jones

Fred C. Julander

Patricia Leonard
Kampling

Andy Karsner

Paal Kibsgaard

Michael S. Kirschner

John Krenicki, Jr.

Vello A. Kuuskraa

Ryan M. Lance

Ralph A. LaRossa

Robert D. Lawler

Stephen D. Layton

Virginia B. Lazenby

Timothy C. Lieuwen

Michael C. Linn

Andrew N. Liveris

Mario Longhi

Amory B. Lovins

Terry D. McCallister

M. Kevin McEvoy

James T. McManus, Il

Robert C. McNally

Rae McQuade

Ignacio Madridejos

Cary M. Maguire

Kenneth B. Medlock, Il

Augustus C. Miller

David B. Miller

Mark K. Miller

Merrill A. Miller, Jr.

John C. Mingé

Al Monaco

David L. Murfin

Mark B. Murphy

Richard G. Newell

J. Larry Nichols

Patrick F. Noonan

John W. B. Northington

Pierce H. Norton Il

Thomas B. Nusz

Javan D. Ottoson

C. R. Palmer

Michel J. Paque

Stephen Pastor

Donald L. Paul




Robert W. Perciasepe

Jeffrey M. Platt

David L. Porges

Allan G. Pulsipher

Rebecca E. Ranich

Lee R. Raymond

Debra L. Reed

Torgrim Reitan

June Ressler Gary G. Rich Corbin J. Robertson, Paolo Rocca
Ir.
Matthew C. Rogers Marty Rutherford Tisha Conoly Schuller | David T. Seaton

Peter A. Seligmann Bobby S. Shackouls Philip R. Sharp Scott D. Sheffield
Bryan A. Shinn Thomas E. Skains Eric S. Slifka Carl Michael Smith
Clark C. Smith John W. Somerhalder, Il | Jeffrey B. Spath Terry K. Spencer

Charles B. Stanley

Bert Stedman

Lisa A. Stewart

David L. Stover

Douglas J. Suttles

Berry H. Tew, Jr.

William R. Thomas

Rex W. Tillerson

Lee M. Tillman Scott W. Tinker William Paschall H. A. True, I
Tosch
Robert B. Tudor, Il W. Bruce Valdez Jamie L. Vazquez Vaughn O.
Vennerberg, Il

Frank A. Verrastro

Bruce H. Vincent

John B. Walker

John W. Wallace

Cynthia J. Warner

Kelcy L. Warren

Michael D. Watford

John S. Watson

William J. Way

J. Robinson West

Craig E. White

William H. White

David W. Williams

Mary Jane Wilson

Stan Wise

Patrick H. Wood, lil

Karen Buchwald Wright

George M. Yates

Daniel H. Yergin

John F. Young

Meetings: Semiannually

NEAC Members:
Richard Meserve Joy Rempe Ashok Bhatnagar Matthew Bunn
Dana Christensen Margaret Chu Don Hintz Sue lon
Thomas Isaacs Raymond Juzaitis Maria Korsnick Warren F. (Pete)
Miller
Carl Papericello Burton Richter Ray Rothrock Mark Rudin

Regis Matzie

John Sackett

Alfred P. Sattelberger

Rachel Slaybaugh

Karen Vierow

Established by Executive Order 13539, as amended — President’s Council of Advisors on Science
and Technology

Meetings: Semimonthly

Working Group: Action Needed to Protect Against Biological Attack Working Group

PCAST Members:

John P. Holdren

Eric Lander

William Press

Maxine Savitz

Wanda M. Austin

Rosina Bierbaum

Christine Cassel

Christopher Chyba
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S. James Gates, Jr. Mark Gorenberg Susan Graham J. Michael McQuade
Chad Mirkin Mario J. Molina Craig Mundie Ed Penhoet
Barbara Schaal Eric Schmidt Daniel Schrag

Secretary of Energy Advisory Board (SEAB) - Agency authority

Meetings: Quarterly

SEAB Members:

John Deutch

Carol Browner

Michael Greenstone

Arunava Majumdar

Paula Hammond

Shirley Ann Jackson

Steven Koonin

Dan Reicher

Michael McQuade

Richard Meserve

Richard Mies

Ram Shenoy

Carmichael Roberts

Gary Samore

Martha Schlicher

Rafael Bras

Linda Stuntz

Ellen O’Kane
Tauscher

Harold Varmus

State Energy Advisory Board (STEAB) — Statutory Authority

Established by the State Energy Efficiency Programs Improvement Act of 1990

Meeting: Monthly

STEAB Members:
Susan Brown Tom Carey Molly Cripps Diane Duva
Lauren Faber Robert Jackson Ashlie Lancaster Louise Martinez
Andrew McAllister Frank Murray Geoff Wilcox Malcom Woolf

David Springe

11




Department of Energy’s Boards, Councils, and Working Groups

Energy (External)

iting Council (ESCC) — Presidential Autho

Established by Presidential Policy Directive 21 (PPD-21): Critical Infrastructure Security and
Resilience and National Infrastructure Protection Plan (NIPP) 2013: Partnering for Critical

Infrastructure Security and Resilience The ESCC is the principal coordination mechanism

between leadership in the federal government and CEOs in the electric power sector, with the

mission of coordinating efforts to prepare for national-level incidents or other threats to critical

infrastructure.

Meeting: Three times a year

ESCC Members:

Southern Company

Arkansas Electric

Lincoln Electric

American Public

Cooperative System Power Association
Canadian Electricity Edison Electric Electric Power Supply | PJM
Association Institute Association
National National Rural North American Nuclear Energy
Infrastructure Electric Cooperative | Electric Reliability Institute
Advisory Council Association Corporation
ESCC Asset Owners: AVANGRID City Utilities of Consolidated Edison
American Electric Springfield
Power
Dominion Duke Energy Edison International | ENMAX Corporation
Exelon Corporation Georgia System Great River Energy Hawaiian Electric
Operations Corp. Industries

MidAmerican Energy
Co.

Norwich Public
Electric Companies

Old Dominion Electric
Cooperative

PG&E Corporation

PPL Corporation

Santee Cooper

Xcel Energy

Energ)

y Government Coordinating Council — Presidential Authority

Established by Presidential Policy Directive 21 (PPD-21): Critical Infrastructure Security and
Resilience and National Infrastructure Protection Plan (NIPP) 2013: Partnering for Critical

Infrastructure Security and Resilience.

The Energy GCC provides a forum for interagency Federal and state, local, territorial, and tribal

(SLTT) partners to discuss security and resilience topics for the Nation's energy sector).

Meeting: Three times a year

Members:




Department of
Homeland Security

Department of
Defense

U.S. Coast Guard

Office of the Director
of National
Intelligence

Transportation
Security
Administration

Pipeline and
Hazardous Materials
Safety Administration

Federal Emergency
Management Agency

Federal Aviation
Administration

Federal Energy

Environmental

Department of State

Treasury Department

Transportation

of State Energy
Officials

Regulatory Protection Agency
Commission
Department of National Association | National Geospatial- | National Electrical

Intelligence Agency

Manufacturers
Association

National Association
of Regulatory Utility
Commissioners

Established by Title V of the Energy Policy Act of 2005, Pub. L. No. 109-58, 119 Stat. 763 (2005)

amended the Department of Energy Organization Act, Pub. L. No. 95-91, 91 Stat. 565 (1977)
and the Energy Policy Act of 1992, Pub. L. 102-486, 106 Stat. 2776 (1992). The amended
statutory provisions include establishment of the Office of Indian Energy Policy and Programs
(Office) and duties of the Office’s Director, providing authority specific to Indian energy
matters. See 42 U.S.C. § 7144e (2015); 25 U.S.C. §§ 3501 note, 3502(b) (2015). Additionally, 42
U.S.C. § 7251 (2015) provides general authority for the Secretary, officers and employees of the
Department to perform functions.

Meeting: Quarterly, The 2017 schedule will be published on the ICEIWG website:
http://www.ncsl.org/research/energy/indian-country-energy-and-infrastructure-working-

group-iceiwg.aspx#ICEIWG

ICEIWG Members:

Association of Village
Council Presidents

Mississippi Band of
Choctaw Indians

Blue Lake Rancheria

Osage Nation

Cherokee Nation

Seminole Tribe of

Seneca Nation of

Confederated Tribes

Florida Indians of the Warm Springs
Reservation of
Oregon
Ewiiaapaayp Band of | Tanana Chiefs Gila River Indian The Confederated
Kumeyaay Indians Conference Community Salish and Kootenai
Tribes of the

Flathead Nation

Ho-Chunk Nation

Mandan, Hidatsa &
Arikara (MHA) Nation
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http://www.ncsl.org/research/energy/indian-country-energy-and-infrastructure-working

Established by Presidential Policy Directive 21 (PPD-21): Critical Infrastructure Security and

Resilience and National Infrastructure Protection Plan (NIPP) 2013: Partnering for Critical
Infrastructure Security and Resilience.

The ONG SCC provides a private forum for effective coordination of oil and natural gas security

strategies and activities, policy, and communication across the sector to support the nation’s

homeland security mission. The ONG SCC provides a venue for industry owners and operators

to mutually plan, implement, and execute sufficient and appropriate sector-wide security

programs, procedures and processes, exchange information, and assess accomplishments and

progress toward continuous improvement in the protection of the sector’s critical

infrastructure.

Meeting: Three times a year

ONG - SCC Members:

Company

National Grid Devon Energy Kinder Morgan Aleyska-Pipeline
Phillips 66 NatFuel Sempra Energy Duke Energy
Anadarko Petroleum | British Petroleum BHP Billiton Colonial Pipeline
Corporation Petroleum

AGA/Exelon Marathon Petroleum | GPA Global Trade Associations:

American Exploration
& Production Council

American Fuel &

American Gas

American Petroleum

American Public Gas

Petrochemical Association Institute Association
Manufacturers
Association of Qil Energy Security Gas Processors National Association
Pipe Lines Council Association of Convenience
Stores
National Ocean National Propane Gas | Offshore Marine Offshore Operators
Industries Association Service Association Committee
Association
Petroleum Marketers | American Exploration | Independent International Liquid
Association of & Production Council | Petroleum Terminals
America Association of Association
America
Interstate Natural Society of Texas Oil & Gas U.S. Oil & Gas
Gas Association of Independent Gas Association Association
America Marketers
Association

Woestern States
Petroleum
Association
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Ener

Internal

Energy Council - Agency Authority
The Energy Council serves as a forum for Department-wide consideration of energy issues.
The Council will provide advice to, and receive direction from, the Secretary and Deputy
Secretary on issues of Department-wide applicability, including but not limited to:

e Strategic directions in energy policy

e Department-wide energy RDD&D portfolio

e Coordination of strategies to address issues that may have cross-Departmental
implications, including development of energy markets and business models

e State, local, and tribal engagement and energy policy development

e Geopolitics of energy and the implications for the Department

e Energy infrastructure, security, and resilience

Meeting: Monthly

Council Members:

Secretary

Deputy Secretary

Under Secretary for
Science and Energy

Under Secretary for
Management and
Performance

Assistant Secretary
for Fossil Energy

Assistant Secretary
for Nuclear Energy

Assistant Secretary
for Energy Efficiency
and Renewable
Energy

Assistant Secretary
for Electricity
Delivery and Energy
Reliability

Director, Office of
Science

Assistant Secretary
for International
Affairs

Assistant Secretary
for Congressional and
Intergovernmental
Affairs

Principal Deputy
Assistant Secretary
for
Intergovernmental
Affairs

Chief Financial
Officer

Director of Advanced
Research Projects
Agency- Energy
(ARPA-E)

Director, Office of
Energy Policy and
Systems Analysis*

Director, Office of
Economic Impact and
Diversity

Administrator, Executive Director, Advisors to the
Energy Information Loan Programs Office | Secretary (Federal
Administration employees)

Nuclear Policy Council - Agency Authority

The Nuclear Policy Council serves as a forum for Department-wide consideration of cross-
cutting nuclear issues. The Council advises, and receives direction from, the Secretary and
Deputy Secretary of Energy on key nuclear policy topics that transcend individual DOE program
offices. The Council provides a means to address a range of cross-cutting nuclear issues,
including nuclear energy, nuclear waste, nuclear proliferation or nuclear terrorism, that the
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Secretary or Deputy Secretary have identified as priority matters requiring special attention or

coordination.

Meeting: Quarterly

Council Members:

Secretary

Deputy Secretary

Under Secretary for
Nuclear Security

Principal Deputy
Administrator, NNSA

Under Secretary for

Under Secretary for

Chief of Staff

Associate Deputy

Secretary for
Counterterrorism
and Counter-
proliferation

for Nuclear
Nonproliferation

Science and Energy Management and Secretary
Performance
Senior Advisors Deputy Under Deputy Administrator | Deputy Administrator

for Defense
Programs

Deputy Administrator
for NNSA’s Office of
Naval Reactors

Associate
Administrator for the
Office of Emergency
Operations

Assistant Secretary
for Nuclear Security

Assistant Secretary
for International
Affairs

The Technology Transfer Policy Board assists the Technology Transfer Coordinator and
establishes an enduring framework for continuity and uniformity of technology transfer
activities throughout the DOE complex. The Board is charged to develop policy
recommendations for the Technology Transfer Coordinator and monitor the overall technology
transfer activities of the DOE National Laboratories, single purpose research facilities, and other
DOE facilities authorized to conduct technology transfer activities. It is noted that the activities
of the Coordinator and the Board must comply with applicable provisions of the National
Nuclear Security Administration Act.

Meeting: Monthly

Board Members:

Director, Office of
Technology Transfer

Office of Science
(two representatives)

Office of Energy
Efficiency and
Renewable Energy
(four
representatives)

National Nuclear
Security
Administration (two
representatives)

General Counsel (two
representatives)

Office of
Management

Office of Energy
Policy and
International Affairs
(vacant)
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Emergency Management

Emergency and Incident Management Council (EIMC) - Agency Authority

Established by the EIMC charter and DOE Order 151.1D, Comprehensive Emergency
Management System, the EIMC provides senior leadership oversight of DOE’s emergency
management preparations, response, and recovery activities. The Council, chaired by the
Deputy Secretary, serves as the primary strategic coordination mechanism for senior
Department leadership during significant emergencies that require the coordinated efforts of
several DOE sites and programs.

Meeting: Bimonthly

EIMC Members:

Deputy Secretary

Associate Deputy
Secretary

S2 Chief of Staff

Senior Advisor to the
Office of the
Secretary

Under Secretary for
Management and
Performance

Under Secretary for
Science and Energy

NNSA Administrator

Administrator,
Energy Information
Administration

Assistant Secretary
for Congressional
and

Assistant Secretary
for Electricity
Delivery and Energy

Assistant Secretary
for Environmental
Management

Assistant Secretary
for Fossil Energy

Environment, Health
Safety and Security

Intergovernmental Reliability

Affairs

Associate Under Chief Information Chief Human Capital | Director, Office of
Secretary for Officer Officer Intelligence and

Counterintelligence

Director, Energy
Policy and Systems
Analysis

Director, Office of
Management

Director, Office of
Public Affairs

General Counsel

Emergency Support Function # 12 — Energy Support Agency Working Group — Presidential

Authority

Established by Presidential Policy Directive 8, National Response Framework, Federal
Interagency Operating Plans. Emergency Support Function (ESF) #12 — Energy is intended to

facilitate the restoration of damaged energy systems and components when activated by the
Secretary of Homeland Security for incidents requiring a coordinated Federal response. Under

Department of Energy (DOE) leadership, ESF #12 is an integral part of the larger DOE

responsibility of maintaining continuous and reliable energy supplies for the United States
through preventive measures and restoration and recovery actions.

Meeting: Biannual
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Working Group Members:

Transportation

Protection Agency

Commission

Department of Department of Department of Department of
Agriculture Commerce Defense Homeland Security
Department of the Department of Department of Labor | Department of State
Interior Justice

Department of Environmental Nuclear Regulatory Power Marketing

Administrations

Tennessee Valley
Authority

Human Resources

Executive Resources Board (ERB) — Statutory Authority

Each Federal agency is required by 5 U.S.C. § 3393(b) to establish one or more Executive
Resources Boards. By statute, the ERB must conduct the merit staffing process for career entry
into the Senior Executive Service (SES). Further, pursuant to 5 CFR 412.104(d), the ERB must
approve the development plans for each candidate participating in the agency's SES Candidate

Development Program (CDP) and the Presidential Management Fellows (PMF) Program, as well

as review and revise the agency's Executive Development Plans (EDPs).

Meeting: Weekly

ERB Members:

Robert Gibbs

Kenneth Venuto

Joseph McBrearty

Dennis Miotla

Frank Lowery

Rebecca Martini

John Bremer

Alison Doone

Performance Review Board (PRB) — Statutory Authority.

In accordance with 5 U.S.C. 4314(c), the DOE PRB must review initial performance ratings,
performance bonuses, and annual pay increases for all career, non-career, limited term and

limited emergency SES members. The purpose of the PRB is to fairly and impartially review the
initial performance appraisals, summary ratings, and performance award recommendations.
They provide a recommendation to the Deputy Secretary for final approval of the PRB results.

Panel members are rotated annually.

Meeting: Annually

PRB Members:
Dennis Miotla Cyndi Mays Terri Lee Kevin Smith
Berta Schreiber Stan Kaplan Roxanne Purucker Peter O’Konski
Charles Durant Teresa Robbins Roger Snyder Johnny Moore
Ken Picha Amy Grose Robert Dixon Teresa Tyner

John Bremer
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Risk, Management and Operations

Credit Review Board- Agency Authority

The CRB ensures full consideration of credit management, debt collection, and policy issues by
interested and affected persons inside and outside of DOE. The CRB makes recommendations
to the Secretary prior to his granting final approval for any conditional commitment for a loan
guarantee or loan, and participates in the oversight of the Loan Program’s portfolio.

Meeting: Quarterly

CRB Members:

Deputy Secretary

Chief Financial
Officer

Senior Advisor to the
Secretary

Deputy Under
Secretary for
Management and
Performance

Under Secretary for
Science and Energy

Chief of Staff to the
Secretary

Director, Office of
Energy Policy and
Systems Analysis

General Counsel

Senior Advisor

Loan Program Office

Cyber Security Council - Agency Authority

DOE's Cyber Council is the principal forum for collaboration and coordination of the activities
listed below across the DOE Enterprise, and for consideration of cyber-related issues requiring
decision by the Council Chair.

* Implementing a diverse array of cyber measures (to include information and
information technology) to support infom1ation sharing (mission enablement) and
information safeguarding (mission assurance) across the extended DOE Enterprise,
including government-owned, contractor-operated sites and facilities;

e Bolstering the U.S. Government's capabilities to address cyber threats;

e Improving cyber (information sharing and safeguarding) across the electric power
subsector and the oil and natural gas subsector; and

¢ Ensuring a DOE Enterprise-wide coordinated response and reconstitution to malicious

cyber activity.
Meeting: Bimonthly

Council Members:

Deputy Secretary

Office of the Chief of
Staff

Associate Deputy
Secretary

Under Secretary for
Management and
Performance
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Under Secretary for
Nuclear

Security/ Administrator
of the National Nuclear
Security
Administration

Under Secretary for
Science and Energy

Assistant Secretary
for Electricity
Delivery and Energy
Reliability

Chief Information
Officer

Director of the Office General Counsel Director of Chief Financial
of Intelligence and the Office of Officer
Counterintelligence Enterprise

Assessments
Administrator from Associate Under National Laboratory and

the Power Marketing
Administrations (one
representative)

Secretary for
Environment,
Health, Safety, and
Security, to include
representation for
the Senior Agency
Official for Insider
Threat

Laboratories
Directors Committee
(NLDC) (one
representative)

Production Site
Representatives

Directives Review Board (DRB) - Agency Authority

The Directives Review Board advises, as well as concurs, on individual Departmental directives
before receiving Operations Committee approval for release for DOE-wide comment and final
issuance.

Meeting: Bimonthly

DRB Members:

Director, Office of Office of the Under Office of the Under Office of the Under

Management Secretary for Secretary for Science | Secretary for Nuclear
Management and and Energy Security
Performance

Office of Office of Office of General Office of Science

Environment, Health, | Environmental Counsel

Safety and Security Management

Field Management
Council (Advisory
Member)

National Laboratory
Directors Council
(Advisory Member)

DOE Operations Committee - Agency Authority
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The DOE Operations Committee meets on a weekly basis to better enable the Department to
provide cross-agency operational leadership. The Committee was established to: assure
coordination of Department-wide management initiatives at the Deputy Under Secretary level;
resolve issues in executive correspondence, Departmental directives, and other cross-
departmental materials; and provide operational guidance and direction on other matters as
assigned or otherwise required.

Meeting: Weekly

Committee Members:

Deputy Under
Secretary for
Management and
Performance

Deputy Under
Secretary for Science
and Energy

Principal Deputy
Administrator for
NNSA

Chief Financial
Officer

Chief of Staff
Representatives from
the Office of the
Secretary

Energy Systems Acquisition Advisory Board (ESAAB) — Agen

Established in DOE Order 413.3B, Program and Project Management for the Acquisition of
Capital Assets) Advises the Secretary, Deputy Secretary as the Chief Executive for Project
Management, and Departmental Project Management Executives on enterprise-wide project
management policy and issues. Assists the Deputy Secretary on critical decision milestones for
major system projects, those that cost $750 million or greater. Reviews all projects that cost
$100 million or greater, with a specific focus on those struggling to meet their performance

baselines.

Meeting: Quarterly, for all projects $100 million and greater; as needed, for critical decisions on major
system projects (>5750 million)

ESAAB Members:

Deputy Secretary

Under Secretary for
Management and
Performance

Under Secretary for
Science and Energy

Under Secretary for
Nuclear Security

General Counsel

Chief Financial
Officer

Chief Information
Officer

Executive Director,
Loan Program Office

Director, Office of
Project Management
Oversight and
Assessments

Chair of the Project
Management Risk
Committee

Other Designations,
made by the
Secretary or Deputy
Secretary

Enterprise Risk Management Working Group - Agency Authority
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The ERM Working Group advises DOE Leadership in the development and communication of a
DOE ERM framework to identify and manage risks at the enterprise level across the DOE
complex. The ERM Working Group supports the Department’s new requirements detailed in
OMB Circular A-123, Management’s Responsibility for Enterprise Risk Management and

Internal Control.

Meeting: Bimonthly

Working Group Members:

Associate Deputy
Secretary

Office of the Under
Secretary for
Management and
Performance

Office of the Under
Secretary for Science
and Energy

Office of the Chief
Financial Officer

Office of the Under
Secretary for Nuclear
Security/National
Nuclear Security
Administration

Field Management Council (FMC) - Agency Authority

The Field Management Council (FMC) council provides linkage between Program elements,

facilitates communication and learning between organizations and operational elements, and
acts as a conduit for headquarters decision makers to field leadership perspectives.

Meeting: Biannually

FMC Members:

The Field Management Council (FMC) is the full complement of Senior Executive Field
Managers from all program offices with responsibility to execute the Department's mission.

Information Management Governance Board (IMGB) - Agency Authority

The DOE Information Management Governance Board (IMGB) serves as a forum for
collaboration, development, coordination, and execution of efforts relating to DOE enterprise
cyber activities and issues. The IMGB also promotes responsible information sharing and
information safeguarding, in support of the DOE Cyber Council.

Meeting: Every three weeks

Council Members:

Office of the Chief
Information Officer

Energy Information
Administration

Office of Intelligence
and
Counterintelligence

Office of the Under
Secretary for Nuclear
Security/National
Nuclear Security
Administration (two
representatives)
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Office of the Under
Secretary for
Management and
Performance (two
representatives)

Office of the Under
Secretary for Science
and Energy (two
representatives,
including one

from the Office of
Electricity Delivery
and Energy
Reliability)

Power Marketing
Administrations (one
representative)

Policy Advisor, Office
of the Secretary

Office of the General
Counsel

Office of the Chief
Financial Officer

Senior Procurement
Executive

Office of
Congressional and

Intergovernmental
Affairs

Office of Enterprise
Assessments

Office of Energy
Policy and Systems
Analysis

Laboratory and
Production Site
Representatives (up
to four, as identified
by the National
Laboratory ClOs and
Production Site CIOs)

The Department of Energy’s Jobs Strategy Council is a crosscutting initiative that integrates the
research, technology, and economic resources of the Department to respond to the economic
and workforce development needs of the energy industry.

Meeting: Bimonthly

Council Members:

Under Secretary for
Management and
Performance

Under Secretary for
Science and Energy

Under Secretary for
Nuclear Security

Assistant Secretary
for Congressional and
Intergovernmental
Affairs

Assistant Secretary
for Electricity
Delivery and Energy
Reliability

Assistant Secretary
for Energy Efficiency
and Renewable
Energy

Assistant Secretary
for Fossil Energy

Assistant Secretary
for Nuclear Energy

Director of the Office
of Science

Administrator of the
Energy Information
Administration

Chief Human Capital
Officer

Executive Director of
the Loan Program
Office
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Director of the Office
of Economic Impact

Director of the Office
of Energy Policy and

Director of Indian
Energy Policy and

Director of the Office
of Small and

from the National
Laboratory Chief
Operating Officers'
Group

National Renewable
Energy Laboratory
and Oak Ridge
National

Laboratory

representatives from
the Clean Energy
Manufacturing
Initiative and the
National

Network for
Manufacturing
Innovation

and Diversity Systems Analysis Programs Disadvantaged
Business Utilization
A representative Representatives from | Federal A representative

from each of the
Power Marketing
Administrations

Deputy Secretary (as
needed)

Chief of Staff (as
needed)

Senior Advisors in the
Office of the
Secretary (as needed)

Any Departmental
office identified by
the Secretary (as
needed)

The objectives of the National Laboratory Operations Board are to strengthen and enhance the
partnership between the Department and the National Laboratories, and to improve

management and performance in order to more effectively and efficiently execute the missions
of the Department and the National Laboratories.

Meeting: Monthly

LOB Members:

Under Secretary for
Management and

Director of the LOB

Deputy Under
Secretary for Science

Chief Operating
Officer (or as

Infrastructure, and
Operations, National
Nuclear Security
Administration

Assistant Secretary),
Office of Energy
Efficiency and
Renewable Energy

Assistant Secretary),
Office of
Environmental
Management

Performance and Energy designated by the
Administrator),
National Nuclear
Security
Administration
Associate Chief Operating Chief Operating Chief Operating
Administrator for Officer (or as Officer (or as Officer (or as
Safety, designated by the designated by the designated by the

Assistant Secretary
for Fossil Energy),
National Energy
Technology
Laboratory

Chief Operating
Officer (or as

Chief Operating
Officer (or as

Four representatives
from the National

Associate Under
Secretary (or as
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designated by the
Assistant Secretary),
Office of Nuclear
Energy

designated by the
Director), Office of
Science

Laboratories,
comprised of two
from the National
Laboratory Chief
Operating Officers
(COO) group and two
from the National
Laboratory Chief
Research Officer
(CRO) group

designated by the
Associate Under
Secretary), Office of
Environment, Health,
Safety, and Security

Director, Office of
Management

Chair of the Field
Management Council

One contractor
representative from
a Management and
Operating contractor

National Laboratory Directors Council (NLDC) - Agency Authority

The National Laboratory Directors’ Council (NLDC) advances the effectiveness of the
Department of Energy (DOE) National Laboratory Complex in meeting the collective National
missions and provides an interface to DOE organizations on issues and concerns of commeoen
interest, both strategic and operational. The Council also functions as a forum for information
exchange, consensus building, and coordination of matters that affect the NLDC members. The
primary NLDC relationship with the DOE shall be through the Secretary of Energy.

Meeting: Quarterly

NLDC Members:

The Council comprises the Laboratory Directors for each of the seventeen DOE’s National

Laboratories.

National Laboratory Policy Council (LPC) - Agency Authority

The Laboratory Policy Council (LPC) serves as a forum for the National Laboratories to provide
strategic advice and assistmlce to the Secretary in the Department's policy and program
planning processes mld for the Department to provide strategic guidance on

National Laboratory activities in support of Departmental missions. The LPC provides leadership
and enterprise-wide coordination, promotes the DOE National Laboratories as a system, and
ensures that Laboratory stewardship responsibilities are founded on a trusting partnership
between Federal and Laboratory leadership.

Meeting: Three times a year

LPC Members:

Secretary

Deputy Secretary

Under Secretary for
Management and
Performance

Under Secretary for
Nuclear Security
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Under Secretary for
Science and Energy

Associate Deputy
Secretary

Director, Office of
Science

Assistant Secretary
for Energy Efficiency
and Renewable
Energy

Assistant Secretary
for Environmental
Management

Assistant Secretary
for Nuclear Energy

Assistant Secretary
for Fossil Energy

Deputy Administrator
for Defense
Programs

Four National
Laboratory Directors
(chosen by the NLDC)

Senior Advisors in the
Office of the
Secretary (as

Assistant Secretary
for Electricity
Delivery and Energy

Director of the Office
of Energy Policy and
Systems Analysis (as

Projects Agency —
Energy (as
appropriate)

appropriate)

appropriate) Reliability (as appropriate)
appropriate)
Director of the Chief Financial General Counsel (as Assistant Secretary
Advances Research Officer (as appropriate) for Congressional and

Intergovernmental
Affairs (as
appropriate)

Deputy Administrator
for Defense Nuclear
Nonproliferation (as
appropriate)

Director of
Intelligence and
Counterintelligence
(as appropriate)

The purpose of the Department of Energy's (DOE) Nuclear Safety Committee is to provide
senior management leadership for the development of strategies to address complex-wide
issues and policies to enhance the Department's nuclear safety and, as appropriate, provide
advice and recommendations to the Secretary and Deputy Secretary on these strategies and

policies.
Meeting: Monthly

Committee Members:

Associate Under
Secretary for
Environment, Health,
Safety and Security

Central Technical
Authority (CTA)/Chief
Nuclear Safety (CNS),
Office of Science

CTA/CNS, Office of
Nuclear Energy

CTA/CNS, Office of
Environmental
Management

CTA/Chief of Defense
Nuclear Safety,
National Nuclear
Security
Administration

Program Office
Manager Responsible
for Nuclear Safety
(EM, NNSA, NE, and
SC)

Director, Office of
Nuclear Safety

Director, Office of
Health and Safety

Director, National
Training Center

Director, Office of
Environment, Safety

Director, Office of
the Departmental
Representative to the

Representative of the
Office of General
Counsel
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and Health Defense Nuclear
Assessments Facilities
Safety Board

Representative of the
Field Managers
Council

Project Management Risk Committee (PMRC) — Agency Authority

Established in DOE Order 413.3B, Program and Project Management for the Acquisition of
Capital Assets) Provides enterprise-wide project management risk assessment and expert
advice to the Secretary, Deputy Secretary as the Chief Executive for Project Management, other
Departmental Project Management Executives, and the ESAAB. The PMRC provides advice on
cost, schedule and technical issues, and associated risks regarding capital asset projects that are
$100 million or greater.

Meeting: Biweekly

PMRC Members:

Associate Deputy Director, Office of Director, Office of Deputy Assistant
Secretary Project Management | Project Assessments, | Secretary for
Oversight and Office of the Under Acquisition and
Assessments Secretary for Project Management,
Management and Office of
Performance Environmental
Management
Director, Office of Deputy Director for Director, Office of Associate
Project Assessment, Science Programs, Project Assessment, Administrator for
Office of Science Office of Science Office of the Under Acquisition and
Secretary for Nuclear | Project Management,
Security Office of the Under
Secretary for Nuclear
Security
Chief Operating
Officer or Chief
Engineer, Director of
Technical and Project
Management, Loan
Program Office

Risk and Portfolio Monitoring Committee (RPMC) - Agency Authority

The Risk and Portfolio Monitoring Committee (RPMC) plays a broad role in the oversight of
portfolio management, together with the Loan Program Office Director of the Portfolio
Management Division (DPMD), to ensure the Executive Director, the CRB, and the Secretary are
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appropriately informed regarding the portfolio assets as a whole, including significant or

material actions or events affecting individual portfolio assets.

Meeting: Biweekly

Committee Members:

Director of Risk
Management, Loan
Program Office

Office of the
Secretary

Office of the Chief
Financial Officer

Office of General
Counsel

Office of Energy
Policy and Systems
Analysis

Safety Culture Improvement Panel (SCIP) - Agency Authority

The purpose of the Department of Energy's Safety Culture Improvement Panel (SCIP) is to:

e Establish a permanent, high-level organization devoted to promoting safety culture;
* Provide cross-organizational leadership focused on continuous safety culture

improvement;

* (Create an ongoing forum to exchange information and ideas that will establish, monitor,
and sustain measures supporting a strong safety culture.

Meeting: Monthly

SCIP Members:

Matt Moury

Geoffrey Beausoleil

Michael Budney

Jennifer Appleton

James Hutton

Steven Davidson

Kelli Markham

Douglas Dearolph

Joseph McBrearty

Rock Aker

Jeffrey Edlund

James Guerry

Security Committee- Agency Authority

The Secretary of Energy established the Security Committee to identify corporate security
strategies and guide security policy development. The Security Committee will develop
recommendations regarding Department-wide security policies, facilitate active coordination of
effective security strategies across the Department, and provide a forum for addressing cross-
organizational issues and challenges.

Meeting: Quarterly

Committee Members:

Associate Deputy
Secretary

Chief Security Officer,
Nuclear Security

Chief Security Officer,
Management and
Performance

Chief Security Officer,
Science and Energy
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Associate Under
Secretary for Office
of Environment,
Health, Safety and
Security

Director of
Intelligence and
Counterintelligence

DOE General Counsel

DOE Chief
Information Officer

Director, Office of
Security

Chief Security and
Continuity Officer,
Bonneville Power
Administration (as
appropriate)

Chief Security and
Emergency
Management Officer,
Western Area Power
Administration (as
appropriate)

Director, Enterprise
Assessments (as
appropriate)
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2. Canyou provide a complete list of ARPA-E’s projects?

Response: Yes. Attached is a list showing approximately 550 projects. This includes all
projects currently active (under contract), alumni (contract completed), and cancelled.
Please note that public summaries for some projects are still under development.



Complete Listing of ARPA-E Projects

More information on ARPA-E programs and projects, searchable by lead institution, program, technology category,
project status, and state can be found here: Search ARPA-E Projects

ADEPT Agile Delivery of Electrical Power Technology (14)

In today's increasingly electrified world, power conversion--the process of converting electricity between different
currents, voltage levels, and frequencies--forms a vital link between the electronic devices we use every day and the
sources of power required to run them. The projects that make up ARPA-E's ADEPT program, short for "Agile Delivery of
Electrical Power Technology," are paving the way for more energy efficient power conversion and advancing the basic
building blocks of power conversion: circuits, transistors, inductors, transformers, and capacitors.

Arkansas Power Electronics International, Inc.

Powerful, Efficient Electric Vehicle Chargers

Program: ADEPT

Project Term: 09/14/2010 to 03/31/2014

Project Status: ALUMNI

Project State: Arkansas

Technical Categories: Electrical Efficiency, Transportatio

Currently, charging the battery of an electric vehicle (EV) is a time-consuming process because chargers can only draw
about as much power from the grid as a hair dryer. APEl is developing an EV charger that can draw as much power as a
clothes dryer, which would drastically speed up charging time. APEl's charger uses silicon carbide (SiC)-based power
transistors. These transistors control the electrical energy flowing through the charger's circuits more effectively and
efficiently than traditional transistors made of straight silicon. The SiC-based transistors also require less cooling,
enabling APEI to create EV chargers that are 10 times smaller than existing chargers.

Virginia Polytechnic Institute and State University
Integrated Power Adapter

Program: ADEPT

Project Term: 09/01/2010 to 11/30/2013

Project Status: ALUMNI

Project State: Virginia

Technical Categories: Electrical Efficiency

CPES at Virginia Tech is developing an extremely efficient power converter that could be used in power adapters for
small, light-weight laptops and other types of mobile electronic devices. Power adapters convert electrical energy into
usable power for an electronic device, and they currently waste a lot of energy when they are plugged into an outlet to
power up. CPES at Virginia Tech is integrating high-density capacitors, new magnetic materials, high-frequency
integrated circuits, and a constant-flux transformer to create its efficient power converter. The high-density capacitors
enable the power adapter to store more energy. The new magnetic materials also increase energy storage, and they can
be precisely dispensed using a low-cost ink-jet printer which keeps costs down. The high-frequency integrated circuits
can handle more power, and they can handle it more efficiently. And, the constant-flux transformer processes a
consistent flow of electrical current, which makes the converter more efficient.

Cree, Inc.

Utility-Scale Silicon Carbide Power Transistors
Program: ADEPT

Project Term: 09/01/2010 to 12/31/2014
Project Status: ALUMNI

Project State: North Carolina

Technical Categories: Electrical Efficiency, Grid
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Cree is developing silicon carbide (SiC) power transistors that are 50% more energy efficient than traditional transistors.
Transistors act like a switch, controlling the electrical energy that flows through an electrical circuit. Most power
transistors today use silicon semiconductors to conduct electricity. However, transistors with SiC semiconductors
operate at much higher temperatures, as well as higher voltage and power levels than their silicon counterparts. SiC-
based transistors are also smaller and require less cooling than those made with traditional silicon power technology.
Cree's SiC transistors will enable electrical circuits to handle higher power levels more efficiently, and they will result in
much smaller and lighter electrical devices and power converters. Cree, an established leader in SiC technology, has
already released a commercially available SiC transistor that can operate at up to 1,200 volts. The company has also
demonstrated a utility-scale SiC transistor that operates at up to 15,000 volts.

Transphorm, Inc.

Transistors for Electric Motor Drives
Program: ADEPT

Project Term: 09/01/2010 to 05/28/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Electrical Efficiency

Transphorm is developing transistors with gallium nitride (GaN) semiconductors that could be used to make cost-
effective, high-performance power converters for a variety of applications, including electric motor drives which
transmit power to a motor. A transistor acts like a switch, controlling the electrical energy that flows around an
electrical circuit. Most transistors today use low-cost silicon semiconductors to conduct electrical energy, but silicon
transistors don't operate efficiently at high speeds and voltage levels. Transphorm is using GaN as a semiconductor
material in its transistors because GaN performs better at higher voltages and frequencies, and it is more energy
efficient than straight silicon. However, Transphorm is using inexpensive silicon as a base to help keep costs low. The
company is also packaging its transistors with other electrical components that can operate quickly and efficiently at
high power levels--increasing the overall efficiency of both the transistor and the entire motor drive.

Case Western Reserve University
Titanium-Alloy Power Capacitor

Program: ADEPT

Project Term: 09/01/2010 to 11/30/2012
Project Status: ALUMNI

Project State: Ohio

Technical Categories: Electrical Efficiency

There is a constant demand for better performing, more compact, lighter-weight, and lower-cost electronic devices.
Unfortunately, the materials traditionally used to make components for electronic devices have reached their limits.
Case Western is developing capacitors made of new materials that could be used to produce the next generation of
compact and efficient high-powered consumer electronics and electronic vehicles. A capacitor is an important
component of an electronic device. It stores an electric charge and then discharges it into an electrical circuit in the
device. Case Western is creating its capacitors from titanium, an abundant material extracted from ore which can be
found in the U.S. Case Western's capacitors store electric charges on the surfaces of films, which are grown on a
titanium alloy electrode that is formed as a spinal column with attached branches. The new material and spine design
make the capacitor smaller and lighter than traditional capacitors, and they enable the component to store 300% more
energy than capacitors of the same weight made of tantalum, the current industry standard. Case Western's titanium-
alloy capacitors also spontaneously self-repair, which prolongs their life.

Georgia Tech Research Corporation
Utility-Scale Power Router

Program: ADEPT

Project Term: 09/01/2010 to 01/31/2013
Project Status: ALUMNI
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Project State: Georgia
Technical Categories: Electrical Efficiency

Georgia Tech is developing a cost-effective, utility-scale power router that uses an enhanced transformer to more
efficiently direct power on the grid. Existing power routing technologies are too expensive for widespread use, but the
ability to route grid power to match real-time demand and power outages would significantly reduce energy costs for
utilities, municipalities, and consumers. Georgia Tech is adding a power converter to an existing grid transformer to
better control power flows at about 1/10th the cost of existing power routing solutions. Transformers convert the high-
voltage electricity that is transmitted through the grid into the low-voltage electricity that is used by homes and
businesses. The added converter uses fewer steps to convert some types of power and eliminates unnecessary power
storage, among other improvements. The enhanced transformer is more efficient, and it would still work even if the
converter fails, ensuring grid reliability.

Virginia Polytechnic Institute and State University
Voltage Regulator Chip

Program: ADEPT

Project Term: 09/01/2010 to 07/31/2014

Project Status: ALUMNI

Project State: Virginia

Technical Categories: Electrical Efficiency

CPES at Virginia Tech is finding ways to save real estate on a computer's motherboard that could be used for other
critical functions. Every computer processor today contains a voltage regulator that automatically maintains a constant
level of electricity entering the device. These regulators contain bulky components and take up about 30% of a
computer's motherboard. CPES at Virginia Tech is developing a voltage regulator that uses semiconductors made of
gallium nitride on silicon (GaN-on-Si) and high-frequency soft magnetic material. These materials are integrated on a
small, 3D chip that can handle the same amount of power as traditional voltage regulators at 1/10 the size and with
improved efficiency. The small size also frees up to 90% of the motherboard space occupied by current voltage
regulators.

Teledyne Scientific & Imaging, LLC
Chip-Scale Power Conversion for LED Lighting
Program: ADEPT

Project Term: 10/01/2010 to 07/31/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Electrical Efficiency

Teledyne is developing cost-effective power drivers for energy-efficient LED lights that fit on a compact chip. These
power drivers are important because they transmit power throughout the LED device. Traditional LED driver
components waste energy and don't last as long as the LED itself. They are also large and bulky, so they must be
assembled onto a circuit board separately which increases the overall manufacturing cost of the LED light. Teledyne is
shrinking the size and improving the efficiency of its LED driver components by using thin layers of an iron magnetic alloy
and new gallium nitride on silicon devices. Smaller, more efficient components will enable the drivers to be integrated
on a single chip, reducing costs. The new semiconductors in Teledyne's drivers can also handle higher levels of power
and last longer without sacrificing efficiency. Initial applications for Teledyne's LED power drivers include refrigerated
grocery display cases and retail lighting.

CUNY Energy Institute

Metacapacitors for LED Lighting

Program: ADEPT

Project Term: 09/02/2010 to 02/28/2014
Project Status: ALUMNI

Project State: New York
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Technical Categories: Electrical Efficiency

CUNY Energy Institute is developing less expensive, more efficient, smaller, and longer-lasting power converters for
energy-efficient LED lights. LEDs produce light more efficiently than incandescent lights and last significantly longer than
compact fluorescent bulbs, but they require more sophisticated power converter technology, which increases their cost.
LEDs need more sophisticated converters because they require a different type of power (low-voltage direct current, or
DC) than what's generally supplied by power outlets. CUNY Energy Institute is developing sophisticated power
converters for LEDs that contain capacitors made from new, nanoscale materials. Capacitors are electrical components
that are used to store energy. CUNY Energy Institute's unique capacitors are configured with advanced power circuits to
more efficiently control and convert power to the LED lighting source. They also eliminate the need for large magnetic
components, instead relying on networks of capacitors that can be easily printed on plastic substrate. CUNY Energy
Institute's prototype LED power converter already meets DOE's 2020 projections for the energy efficiency of LED power
converters.

Massachusetts Institute of Technology
Advanced Power Electronics for LED Drivers
Program: ADEPT

Project Term: 09/01/2010 to 12/31/2013
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Electrical Efficiency

MIT is teaming with Georgia Institute of Technology, Dartmouth College, and the University of Pennsylvania to create
more efficient power circuits for energy-efficient light-emitting diodes (LEDs) through advances in 3 related areas. First,
the team is using semiconductors made of high-performing gallium nitride grown on a low-cost silicon base (GaN-on-Si).
These GaN-on-Si semiconductors conduct electricity more efficiently than traditional silicon semiconductors. Second,
the team is developing new magnetic materials and structures to reduce the size and increase the efficiency of an
important LED power component, the inductor. This advancement is important because magnetics are the largest and
most expensive part of a circuit. Finally, the team is creating an entirely new circuit design to optimize the performance
of the new semiconductors and magnetic devices it is using.

HRL Laboratories, LLC

Compact, Interactive Electric Vehicle Charger
Program: ADEPT

Project Term: 10/01/2010 to 06/30/2014
Project Status: ALUMNI

Project State: California

Technical Categories: Electrical Efficiency

HRL Laboratories is using gallium nitride (GaN) semiconductors to create battery chargers for electric vehicles (EVs) that
are more compact and efficient than traditional EV chargers. Reducing the size and weight of the battery charger is
important because it would help improve the overall performance of the EV. GaN semiconductors process electricity
faster than the silicon semiconductors used in most conventional EV battery chargers. These high-speed semiconductors
can be paired with lighter-weight electrical circuit components, which helps decrease the overall weight of the EV
battery charger. HRL Laboratories is combining the performance advantages of GaN semiconductors with an innovative,
interactive battery-to-grid energy distribution design. This design would support 2-way power flow, enabling EV battery
chargers to not only draw energy from the power grid, but also store and feed energy back into it.

GeneSiC Semiconductor

Utility-Scale Silicon Carbide Semiconductor
Program: ADEPT

Project Term: 09/01/2010 to 02/28/2013
Project Status: ALUMNI

Project State: Virginia
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Technical Categories: Electrical Efficiency

GeneSiC is developing an advanced silicon-carbide (SiC)-based semiconductor called an anode-switched thyristor. This
low-cost, compact SiC semiconductor conducts higher levels of electrical energy with better precision than traditional
silicon semiconductors. This efficiency will enable a dramatic reduction in the size, weight, and volume of the power
converters and the electronic devices they are used in. GeneSiC is developing its SiC-based semiconductor for utility-
scale power converters. Traditional silicon semiconductors can't process the high voltages that utility-scale power
distribution requires, and they must be stacked in complicated circuits that require bulky insulation and cooling
hardware. GeneSiC's semiconductors are well suited for high-power applications like large-scale renewable wind and
solar energy installations.

Georgia Tech Research Corporation

Compact, Low-Profile Power Converters
Program: ADEPT

Project Term: 09/01/2010 to 02/28/2014
Project Status: ALUMNI

Project State: Georgia

Technical Categories: Electrical Efficiency, Grid

Georgia Tech is creating compact, low-profile power adapters and power bricks using materials and tools adapted from
other industries and from grid-scale power applications. Adapters and bricks convert electrical energy into usable power
for many types of electronic devices, including laptop computers and mobile phones. These converters are often called
wall warts because they are big, bulky, and sometimes cover up an adjacent wall socket that could be used to power
another electronic device. The magnetic components traditionally used to make adapters and bricks have reached their
limits; they can't be made any smaller without sacrificing performance. Georgia Tech is taking a cue from grid-scale
power converters that use iron alloys as magnetic cores. These low-cost alloys can handle more power than other
materials, but the iron must be stacked in insulated plates to maximize energy efficiency. In order to create compact,
low-profile power adapters and bricks, these stacked iron plates must be extremely thin--only hundreds of nanometers
in thickness, in fact. To make plates this thin, Georgia Tech is using manufacturing tools used in microelectromechanics
and other small-scale industries.

General Electric

Scalable Thick-Film Magnetics

Program: ADEPT

Project Term: 01/01/2011 to 07/17/2012
Project Status: CANCELLED

Project State: Connecticut

Technical Categories: Electrical Efficiency

Magnetic components are typically the largest components in a power converter. To date, however, researchers haven't
found an effective way to reduce their size without negatively impacting their performance. And, reducing the size of
the converter's other components isn't usually an option because shrinking them can also diminish the effectiveness of
the magnetic components. GE is developing smaller magnetic components for power converters that maintain high
performance levels. The company is building smaller components with magnetic films. These films are created using the
condensation of a vaporized form of the magnetic material. It's a purely physical process that involves no chemical
reactions, so the film composition is uniform. This process makes it possible to create a millimeter-thick film deposition
over a wide surface area fairly quickly, which would save on manufacturing costs. In fact, GE can produce 1-10
millimeter-thick films in hours. The magnetic components that GE is developing for this project could be used in a variety
of applications, including solar inverters, electric vehicles, and lighting.
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ALPHA Accelerating Low-Cost Plasma Heating and Assembly (9)

Fusion energy holds the promise of cheap, clean power production, but up to now scientists have been unable to
successfully harness fusion as a power source due to complex scientific and technological challenges and the high cost of
research. ARPA-E's ALPHA program seeks to create and demonstrate tools to aid in the development of new, lower-cost
pathways to fusion power and to enable more rapid progress in fusion research and development.

Lawrence Berkeley National Laboratory
MEMS Based Drivers For Fusion

Program: ALPHA

Project Term: 08/01/2015 to 11/23/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Centralized Generation

Lawrence Berkeley National Laboratory (LBNL), in coordination with Cornell University, will develop a driver for
magneto-inertial fusion based on ion beam technology that can be manufactured with low-cost, scalable methods. lon
beams are commonly used in research laboratories and manufacturing, but currently available technology cannot
deliver the required beam intensities at low enough cost to drive an economical fusion reactor. LBNL will take advantage
of microelectromechanical (MEMS) technology to develop a design consisting of thousands of mini ion "beamlets"
densely packed on silicon wafers - up to thousands of beamlets per 4 to 12 inch wafer. lons will be accelerated using
radio-frequency driven accelerators, resulting in extremely high current densities and high-intensity ion beams that can
be focused on plasma targets to achieve fusion. The use of MEMS technology enables low-cost batch fabrication, which
could reduce the overall cost of a fusion reactor, in addition to enabling drivers that are modular and scalable. If
successful, this project will result in an economical and flexible ion beam driver technology for magneto-inertial fusion
reactors.

Helion Energy Inc.

Compression of FRC Targets for Fusion
Program: ALPHA

Project Term: 09/30/2015 to 09/29/2018
Project Status: ACTIVE

Project State: Washington

Technical Categories: Centralized Generation

Helion Energy, Inc.'s team will develop a prototype device that will explore a potential low-cost path to fusion for a less
expensive, simplified reactor design. In contrast to conventional designs, this prototype will be smaller than a semi-
trailer - reducing cost and complexity. The smaller size is achieved by using new techniques to achieve the high
temperatures and densities required for fusion. The research team will produce these conditions using field-reversed
configuration (FRC) plasmas, a special form of plasma that may offer significant advantages for fusion research. FRC
plasmas are movable - they can be produced at one location and then moved into the fusion chamber, which prevents
the hot fusion products from damaging the FRC formation hardware. FRC plasmas also have an embedded magnetic
field which helps them retain heat. Helion's reactor employs a pulsed heating technique that uses a series of magnetic
coils to compress the plasma fuel to very high temperatures and densities. The reactor will also capture and reuse the
magnetic energy used to heat and confine the plasma, further increasing efficiency. The smaller size and reduced
complexity of the reactor's design will decrease research and development costs and speed up research progress in
developing the efficiencies required for fusion power production.

University of Washington

Flow Z-Pinch for Fusion

Program: ALPHA

Project Term: 08/24/2015 to 08/23/2018
Project Status: ACTIVE

Project State: Washington
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Technical Categories: Centralized Generation

The University of Washington (UW), along with its partner Lawrence Livermore National Laboratory, will work to
mitigate instabilities in the plasma, and thus provide more time to heat and compress it while minimizing energy loss.
The team will use the Z-Pinch approach for simultaneously heating, confining, and compressing plasma by applying an
intense, pulsed electrical current which generates a magnetic field. While the simplicity of the Z-Pinch is attractive, it has
been plagued by plasma instabilities. UW will investigate Z-pinch fusion using sheared-flow stabilized plasmas, meaning
that adjacent layers of the plasma move parallel to each other at different speeds. These sheared axial flows have been
shown to stabilize Z-pinch instabilities, and the team will investigate whether this will hold true under more extreme
conditions using experimental and computational studies. If successful, UW's design would simplify the engineering
required for an eventual reactor through its reduced number of components and efficiency. In addition, the design's
avoidance of single-use components would enable fusion research to progress faster through more rapid
experimentation.

Magneto-Inertial Fusion Technologies, Inc.,
Staged Z-Pinch Target For Fusion

Program: ALPHA

Project Term: 10/01/2015 to 09/30/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Centralized Generation

Magneto-Inertial Fusion Technologies, Inc. (MIFTI) is developing a new version of the Staged Z-Pinch (SZP) fusion
concept that reduces instabilities in the fusion plasma, allowing the plasma to persist for longer periods of time. The Z-
Pinch is an approach for simultaneously heating, confining, and compressing plasma by applying an intense, pulsed
electrical current which generates a magnetic field. While the simplicity of the Z-Pinch is attractive, it has been plagued
by plasma instabilities. MIFTI's SZP plasma target consists of two components with different atomic numbers and is
specifically configured to reduce instabilities. When the heavier component collapses around the lighter part, a shock
front develops that travels faster than instabilities can grow, allowing the plasma to remain stable, long enough for
fusion to occur. The approach also allows researchers to perform experiments in rapid succession, since it does not
involve single-use components. MIFTI's design simplifies the engineering required for fusion through its efficiency and
reduced number of components.

California Institute of Technology

Heating and Compression Mechanisms for Fusion
Program: ALPHA

Project Term: 10/01/2015 to 09/30/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Centralized Generation

California Institute of Technology (Caltech), in coordination with Los Alamos National Laboratory (LANL), will investigate
the scaling of adiabatic heating of plasma by propelling magnetized plasma jets into stationary heavy gases and/or metal
walls. This is the reverse of the process that would occur in an actual fusion reactor - where a gas or metal liner would
compress the plasma - but will provide experimental data to assess the magneto-inertial fusion approach. By using this
alternative frame of reference, the researchers will be able to conduct experiments more frequently and at a lower cost
because the experimental setup is non-destructive. The team will investigate the jet-target collision using many
experiments with a wide range of parameters to determine the actual equation of state relating compression, change in
magnetic field, and temperature increase. The experimental work will be supplemented with advanced 3D computer
models. If successful, these results will show that compressional heating by a liner is a viable method for increasing
temperatures to the levels required for magneto-inertial fusion. The study will also provide critical information on the
interactions and limitations for a variety of possible driver and plasma target combinations being developed across the
ALPHA program portfolio.
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Sandia National Laboratory

Magnetization and Heating Tools for Low-Cost Fusion
Program: ALPHA

Project Term: 08/15/2015 to 11/24/2017

Project Status: ACTIVE

Project State: New Mexico

Technical Categories: Centralized Generation

Sandia National Laboratories will partner with the Laboratory for Laser Energetics at the University of Rochester to
investigate the behavior of the magnetized plasma under fusion conditions, using a fusion concept known as Magnetized
Liner Inertial Fusion (MagLIF). MagLIF uses lasers to pre-heat a magnetically insulated plasma in a metal liner and then
compresses the liner to achieve fusion. The research team will conduct experiments at Sandia's large Z facility as well as
Rochester's OMEGA facilities, and will collect key measurements of magnetized plasma fuel including temperature,
density, and magnetic field over time. The results will help researchers improve compression and heating performance.
By using the smaller OMEGA facility, researchers will be able to conduct experiments more rapidly, speeding the
learning process and validating the MagLIF approach. Sandia's team will also use their experimental results to validate
and expand a suite of simulation and numerical design tools to improve future fusion energy applications that employ
magnetized inertial fusion concepts. This project will help accelerate the development of the MagLIF concept, and assist
with the continued development of intermediate density approaches across the ALPHA program.

Los Alamos National Laboratory

Plasma Liners For Fusion

Program: ALPHA

Project Term: 08/12/2015 to 08/11/2018
Project Status: ACTIVE

Project State: New Mexico

Technical Categories: Centralized Generation

Los Alamos National Laboratory, along with HyperV Technologies and other partners, will design and build a new driver
technology that is non-destructive, allowing for more rapid experimentation and progress toward economical fusion
power. The team will use a spherical array of plasma guns to produce supersonic jets that merge to create an imploding
plasma liner. Because the guns are located several meters away from the fusion burn region (i.e., they constitute a
"standoff driver"), the reactor components should not be damaged by repeated experiments. This will allow the team to
perform more rapid experimentation, allowing them to better understand the behavior of plasma liners as they
implode. If successful, the project will demonstrate the validity of this driver design, optimize the precision and
performance of the plasma guns, and obtain experimental data on ram-pressure scaling and liner uniformity critical to
progress toward an economical fusion reactor.

NumerEx, LLC

Stabilized Liner Compressor For Low-Cost Fusion
Program: ALPHA

Project Term: 10/01/2015 to 09/30/2018
Project Status: ACTIVE

Project State: New Mexico

Technical Categories: Centralized Generation

NumerEx, LLC, teamed with the National High Magnetic Field Laboratory in Los Alamos, NM, will develop a Stabilized
Liner Compressor (SLC) which uses a liquid metal liner for non-destructive experimentation and operation, meaning the
liner implosion is quickly repeatable. The SLC uses a rotating chamber, in which liquid metal is formed into a hollow
cylinder. The liquid is pushed by pistons driven by high-pressure gas, collapsing the inner surface around a target on the
axis. The rotation of the liquid liner avoids instabilities that would otherwise occur during compression of the plasma.
After each experiment, the liquid liner can flow back to its original position for subsequent implosion. In the NumerEx
team's conceptual design for a power plant, the liquid liner acts as a blanket absorbing radiation from fusion reactions,
reducing damage to the reactor hardware and creating fusion fuel for future reactor operation. Additionally, energy
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from the recoil of the liner and piston can be captured and reused, making the power plant design more efficient.

Swarthmore College

Plasma Accelerator on the SSX

Program: ALPHA

Project Term: 09/28/2015 to 09/27/2018
Project Status: ACTIVE

Project State: Pennsylvania

Technical Categories: Centralized Generation

Swarthmore College, along with its partner Bryn Mawr College, will investigate a new kind of plasma fusion target that
may offer improved stability at low cost and relatively low energy input. The research team will design and develop new
modules that accelerate and evolve plasmas to create elongated structures known as Taylor states, which have helical
magnetic field lines resembling a rope. These Taylor state structures exhibit interesting and potentially very beneficial
properties upon compression, and could be used as a fusion target if they are able to maintain their temperatures and
stability long enough to be compressed to fusion conditions. The new plasma-forming modules will be tested using the
team's existing Swarthmore Spheromak Experiment device (SSX), which has an advanced diagnostic suite and the
capability to perform 100 experiments per day. This ability will enable rapid progress in understanding the behavior of
these plasma plumes and illuminate their potential for use as new targets in the pursuit of fusion reactors.

AMPED Advanced Management and Protection of Energy Storage (14)
Devices

The projects that comprise ARPA-E's AMPED Program, short for "Advanced Management and Protection of Energy
Storage Devices," seek to develop advanced sensing, control, and power management technologies that redefine the
way we think about battery management. Energy storage can significantly improve U.S. energy independence,
efficiency, and security by enabling a new generation of electric vehicles. While rapid progress is being made in new
battery materials and storage technologies, few innovations have emerged in the management of advanced battery
systems. AMPED aims to unlock enormous untapped potential in the performance, safety, and lifetime of today's
commercial battery systems exclusively through system-level innovations, and is thus distinct from existing efforts to
enhance underlying battery materials and architectures.

Palo Alto Research Center

Embedded Fiber Optic Sensing System for Battery Packs
Program: AMPED

Project Term: 10/01/2012 to 03/06/2017

Project Status: ACTIVE

Project State: California

Technical Categories: Storage, Transportation Storage

PARC is developing new fiber optic sensors that would be embedded into batteries to monitor and measure key internal
parameters during charge and discharge cycles. Two significant problems with today's best batteries are their lack of
internal monitoring capabilities and their design oversizing. The lack of monitoring interferes with the ability to identify
and manage performance or safety issues as they arise, which are presently managed by very conservative design
oversizing and protection approaches that result in cost inefficiencies. PARC's design combines low-cost, embedded
optical battery sensors and smart algorithms to overcome challenges faced by today's best battery management
systems. These advanced fiber optic sensing technologies have the potential to dramatically improve the safety,
performance, and life-time of energy storage systems.

Utah State University

Dynamic Cell-Level Control for Battery Packs
Program: AMPED

Project Term: 01/01/2013 to 03/06/2017
Project Status: ACTIVE
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Project State: Utah
Technical Categories: Storage, Transportation Storage

USU is developing electronic hardware and control software to create an advanced battery management system that
actively maximizes the performance of each cell in a battery pack. No two battery cells are alike--they differ over their
life-times in terms of charge and discharge rates, capacity, and temperature characteristics, among other things.
Traditionally, these issues have been managed by matching similarly performing cells at the factory level and
conservative design and operation of battery packs, but this is an incomplete solution, leading to costly batching of cells
and overdesign of battery packs. USU's flexible, modular, cost-effective design would represent a dramatic departure
from today's systems, offering dynamic control at the cell-level to their physical limits and side stepping existing issues
regarding the mismatch and uncertainty of battery cells throughout their useful life.

General Electric

Thin-Film Temperature Sensors for Batteries

Program: AMPED

Project Term: 01/01/2013 to 12/31/2016

Project Status: ACTIVE

Project State: Connecticut

Technical Categories: Storage, Transportation Storage

GE is developing low-cost, thin-film sensors that enable real-time mapping of temperature and surface pressure for each
cell within a battery pack, which could help predict how and when batteries begin to fail. The thermal sensors within
today's best battery packs are thick, expensive, and incapable of precisely assessing important factors like temperature
and pressure within their cells. In comparison to today's best systems, GE's design would provide temperature and
pressure measurements using smaller, more affordable sensors than those used in today's measurement systems.
Ultimately, GE's sensors could dramatically improve the thermal mapping and pressure measurement capabilities of
battery management systems, allowing for better prediction of potential battery failures.

Robert Bosch, LLC

Battery Management and Control Software

Program: AMPED

Project Term: 01/01/2013 to 03/06/2017

Project Status: ACTIVE

Project State: Michigan

Technical Categories: Storage, Transportation Storage

Bosch is developing battery monitoring and control software to improve the capacity, safety, and charge rate of electric
vehicle batteries. Conventional methods for preventing premature aging and failures in electric vehicle batteries involve
expensive and heavy overdesign of the battery and tend to result in inefficient use of available battery capacity. Bosch
would increase usable capacity and enhance charging rates by improving the ability to estimate battery health in real-
time, to predict and manage the impact of charge and discharge cycles on battery health, and to minimize battery
degradation.

Southwest Research Institute

Sensor Technology for Lithium-lon Batteries

Program: AMPED

Project Term: 10/01/2012 to 02/15/2015

Project Status: ALUMNI

Project State: Texas

Technical Categories: Storage, Transportation Storage

SwRI is developing a battery management system to track the performance characteristics of lithium-ion batteries
during charge and discharge cycles to help analyze battery capacity and health. No two battery cells are alike--they differ
over their life-times in terms of charge and discharge rates, capacity, and temperature characteristics, among other
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things. In SwRI's design, a number of strain gauges would be strategically placed on the cells to monitor their state of
charges and overall health during operation. This could help reduce the risk of batteries being over-charged and over-
discharged. This novel sensing technique should allow the battery to operate within safe limits and prolong its cycle life.
SwRI is working to develop complex algorithms and advanced circuitry to help demonstrate the potential of these
sensing technologies at the battery-pack level.

Pennsylvania State University

Reconfigurable Battery Packs

Program: AMPED

Project Term: 01/01/2013 to 03/31/2016

Project Status: ALUMNI

Project State: Pennsylvania

Technical Categories: Storage, Transportation Storage

Penn State is developing an innovative, reconfigurable design for electric vehicle battery packs that can re-route power
in real time between individual cells. Much like how most cars carry a spare tire in the event of a blowout, today's
battery packs contain extra capacity to continue supplying power, managing current, and maintaining capacity as cells
age and degrade. Some batteries carry more than 4 times the capacity needed to maintain operation, or the equivalent
of mounting 16 tires on a vehicle in the event that one tire goes flat. This overdesign is expensive and inefficient. Penn
State's design involves unique methods of electrical reconfigurability to enable the battery pack to switch out cells as
they age and weaken. The system would also contain control hardware elements to monitor and manage power across
cells, identify damaged cells, and signal the need to switch them out of the circuit.

Ford Motor Company

Ultra-Precise Battery Tester

Program: AMPED

Project Term: 01/01/2013 to 03/31/2016

Project Status: ALUMNI

Project State: Michigan

Technical Categories: Storage, Transportation Storage

Ford is developing a commercially viable battery tester with measurement precision that is significantly better than
today's best battery testers. Improvements in the predictive ability of battery testers would enable significant reductions
in the time and expense involved in electric vehicle technology validation. Unfortunately, the instrumental precision
required to reliably predict performance of batteries after thousands of charge and discharge cycles does not exist in
today's commercial systems. Ford's design would dramatically improve the precision of electric vehicle battery testing
equipment, which would reduce the time and expense required in the research, development, and qualification testing
of new automotive and stationary batteries.

Det Norske Veritas (U.S.A)

Gas-Based Battery Monitoring System

Program: AMPED

Project Term: 10/01/2012 to 04/01/2015

Project Status: ALUMNI

Project State: Texas

Technical Categories: Storage, Transportation Storage

DNV KEMA is testing a new gas monitoring system developed by NexTech Materials to provide early warning signals that
a battery is operating under stressful conditions and at risk of premature failure. As batteries degrade, they emit low
level quantities of gas that can be measured over the course of a battery's life-time. DNV KEMA is working with NexTech
to develop technology to accurately measure these gas emissions. By taking accurate stock of gas emissions within the
battery pack, the monitoring method could help battery management systems predict when a battery is likely to fail.
Advanced prediction models could work alongside more traditional models to optimize the performance of electrical
energy storage systems going forward. In the final phase of the project, DNV KEMA will build a demonstration in a
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community energy storage system with Beckett Energy Systems.

Battelle Memorial Institute

Optical Fault Sensors for Lithium-lon Batteries
Program: AMPED

Project Term: 11/01/2012 to 09/30/2014

Project Status: ALUMNI

Project State: Ohio

Technical Categories: Storage, Transportation Storage

Battelle is developing an optical sensor to monitor the internal environment of lithium-ion (Li-lon) batteries in real-time.
Over time, crystalline structures known as dendrites can form within batteries and cause a short circuiting of the
battery's electrodes. Because faults can originate in even the tiniest places within a battery, they are hard to detect with
traditional sensors. Battelle is exploring a new, transformational method for continuous monitoring of operating Li-lon
batteries. Their optical sensors detect internal faults well before they can lead to battery failures or safety problems. The
Battelle team will modify a conventional battery component to scan the cell's interior, watching for internal faults to
develop and alerting the battery management system to take corrective action before a hazardous condition occurs.

Oak Ridge National Laboratory
Temperature-Regulated Batteries

Program: AMPED

Project Term: 10/01/2012 to 02/15/2015

Project Status: ALUMNI

Project State: Tennessee

Technical Categories: Storage, Transportation Storage

ORNL is developing an innovative battery design to more effectively regulate destructive isolated hot-spots that develop
within a battery during use and eventually lead to degradation of the cells. Today's batteries are not fully equipped to
monitor and regulate internal temperatures, which can negatively impact battery performance, life-time, and safety.
ORNL's design would integrate efficient temperature control at each layer inside lithium ion (Li-lon) battery cells. In
addition to monitoring temperatures, the design would provide active cooling and temperature control deep within the
cell, which would represent a dramatic improvement over today's systems, which tend to cool only the surface of the
cells. The elimination of cell surface cooling and achievement of internal temperature regulation would have significant
impact on battery performance, life-time, and safety.

University of Washington

Optimal Battery Management System

Program: AMPED

Project Term: 01/01/2013 to 06/30/2016

Project Status: ALUMNI

Project State: Washington

Technical Categories: Storage, Transportation Storage

University of Washington (UW) is developing a predictive battery management system that uses innovative modeling
software to manage how batteries are charged and discharged, helping to optimize battery use. A significant problem
with today's battery packs is their lack of internal monitoring capabilities, which interferes with our ability to identify
and manage performance issues as they arise. UW's system would predict the physical states internal to batteries
quickly and accurately enough for the data to be used in making decisions about how to control the battery to optimize
its output and efficiency in real time. UW's models could be able to predict temperature, remaining energy capacity, and
progress of unwanted reactions that reduce the battery lifetime.
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Lawrence Livermore National Laboratory

Wireless Sensor System for Battery Packs

Program: AMPED

Project Term: 10/01/2012 to 09/30/2015

Project Status: ALUMNI

Project State: California

Technical Categories: Storage, Transportation Storage

LLNL is developing a wireless sensor system to improve the safety and reliability of lithium-ion (Li-lon) battery systems
by monitoring key operating parameters of Li-lon cells and battery packs. This system can be used to control battery
operation and provide early indicators of battery failure. LLNL's design will monitor every cell within a large Li-lon
battery pack without the need for large bundles of cables to carry sensor signals to the battery management system.
This wireless sensor network will dramatically reduce system cost, improve operational performance, and detect battery
pack failures in real time, enabling a path to cheaper, better, and safer large-scale batteries.

Eaton Corporation

Advanced Battery Management for Hybrid Vehicles
Program: AMPED

Project Term: 01/01/2013 to 03/31/2016

Project Status: ALUMNI

Project State: Ohio

Technical Categories: Storage, Transportation Storage

Eaton is developing advanced battery and vehicle systems models that will enable fast, accurate estimation of battery
health and remaining life. The batteries used in hybrid vehicles are highly complex and require advanced management
systems to maximize their performance. Eaton's battery models will be coupled with hybrid powertrain control and
power management systems of the vehicle enabling a broader, more comprehensive vehicle management system for
better optimization of battery life and fuel economy. Their design would reduce the sticker price of commercial hybrid
vehicles, making them cost-competitive with non-hybrid vehicles.

Gayle Technologies, Inc.

Laser-Guided, Ultrasonic Battery Monitoring

Program: AMPED

Project Term: 10/01/2012 to 12/31/2014

Project Status: CANCELLED

Project State: Tennessee

Technical Categories: Storage, Transportation Storage

Gayle is developing a laser-guided, ultrasonic electric vehicle battery inspection system that would help gather precise
diagnostic data on battery performance. The batteries used in hybrid vehicles are highly complex, requiring advanced
management systems to maximize their performance. Gayle's laser-guided, ultrasonic system would allow for diagnosis
of various aspects of the battery system, including inspection for defects during manufacturing and assembly, battery
state-of-health, and flaws that develop from mechanical or chemical issues with the battery system during use. Because
of its non-invasive nature, relatively low cost, and potential for yielding broad information content, this innovative
technology could increase productivity in battery manufacturing and better monitor battery conditions during use or
service.
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ARID Advanced Research In Dry cooling (14)

ARPA-E's Advanced Research In Dry cooling (ARID) program comprises projects that are aimed at maintaining the
efficiency of U.S. electric power generation, which otherwise could suffer due to regional water shortages. To achieve
this objective, ARID project teams will create novel air-cooled heat exchangers, supplemental cooling systems, and/or
cool-storage systems that can cost-effectively and efficiently dissipate, or reject, waste heat with no net water
consumption. Project teams will design kilowatt-scale testing prototypes to ensure the technologies can scale up to the
megawatt-cooling capacities of real systems without significant performance loss. If successful, these dry-cooling
technologies will significantly reduce water use at power plants without sacrificing efficiency and with minimal
additional costs.

University of Cincinnati

Air-Cooled Condenser and Storage System

Program: ARID

Project Term: 09/08/2015 to 09/07/2018

Project Status: ACTIVE

Project State: Ohio

Technical Categories: Resource Efficiency

University of Cincinnati (UC) researchers will develop a dry-cooling system, featuring an enhanced air-cooled condenser
and a novel daytime peak-load shifting system (PLSS) that will enable dry cooling for power plants even during hot days.
The team will transform a conventional air-cooled condenser by incorporating flow-modulating surfaces and modifying
the tubular geometry of the system, both of which will reduce heat transfer resistance and increase the thermal surface
area. Whenever the air temperature becomes too high for the air-cooled heat exchanger to be effective, the PLSS will
cool the air inlet temperature back down to acceptable temperatures. This inlet air-cooler technology removes heat
from the incoming air and stores it in a thermal energy storage (TES) system that incorporates phase-change materials,
which can store and release heat over a range of temperatures. During periods when the ambient air is cooler, the TES
will release the stored heat to the atmosphere. Together, the combined innovations could quadruple the condenser's
coefficient of performance, while the system's compact design will result in a smaller footprint than other air-cooled
designs.

Electric Power Research Institute, Inc. (EPRI)
Enhanced Air-Cooled Heat Exchanger
Program: ARID

Project Term: 08/19/2015 to 11/18/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Resource Efficiency

The Electric Power Research Institute (EPRI) and its partners will design, fabricate, and demonstrate an indirect dry-
cooling system that features a rotating mesh heat exchanger with encapsulated phase-change materials (PCMs) such as
paraffin, which can absorb and reject heat efficiently. The novel system can be used downstream from a water-cooled
steam surface condenser to cool water to a temperature near ambient air temperature, eliminating the need for a
cooling tower. The team's design capitalizes on the high latent heat of the solid-to-liquid transition in the PCMs to
provide an extremely effective way to lower the temperature of hot water exiting the condenser. The encapsulated
PCMs are embedded in polymer tubes that form a porous, mesh-like structure. These modules are then mounted on a
rotating system that continuously circulates the encapsulated PCMs from the hot water - where they absorb heat - into
a dry section where ambient air passes by the encapsulated PCMs, causing the PCMs to solidify and reject heat to the
atmosphere. The multidisciplinary team includes leading industry and academic partners that will provide technical and
market assistance, and help build and test a 50 kWth prototype to demonstrate the technology's commercial viability.

University of Maryland
Advanced Absorption Cooling
Program: ARID

12/7/16 Page 14 of 185



Project Term: 09/01/2015 to 08/31/2018
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Resource Efficiency

The University of Maryland (UMD) and its partners will utilize a novel microemulsion absorbent, recently developed by
UMD researchers, for use in an absorption cooling system that can provide supplemental dry cooling for power plants.
These unique absorbents require much less heat to drive the process than conventional absorption materials. To
remove heat and cool condenser water, microemulsion absorbents take in water vapor (refrigerant) and release the
water as liquid during desorption without vaporization or boiling. UMD's technology will use waste heat from the power
plant's flue gas to drive the cooling system, eliminating the need for an additional power source. The design will improve
upon the efficiency of commercially available chillers by 300%, even though the cost and size of UMD's technology is
smaller. The indirect, absorption cooling system will lower condenser water temperatures to below the ambient
temperature, which will ensure the efficiency of power plant electricity production.

SRI International

Radiative Film for Supplemental Cooling
Program: ARID

Project Term: 08/05/2015 to 03/06/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Resource Efficiency

SRI International (SRI) and PPG Industries, Inc. are integrating SRI's proprietary Spectrally Tuned All-Polymer Technology
for Inducing Cooling (STATIC) technology into a novel structure for use as a radiative cooling system that can provide
supplemental cooling for power plant water during the daytime or nighttime. The two-layer polymer structure covers a
pool holding power plant condenser discharge water. The cover prevents sunlight from penetrating it and warming the
water, while allowing thermal energy to radiate to the sky, even during the day. The STATIC structure provides an
insulating air gap to prevent conductive and convective heating, and both layers work in concert to reject solar energy.
Specifically, the bottom layer acts as an emitter at the water temperature and radiates heat to the sky, while the top
layer and key component, produced using STATIC technology, enables transmittance of the thermal radiation. The
cooling power can achieve greater than 100 W/m2 without evaporation. All materials are inexpensive and amenable to
scalable manufacturing techniques, which could lower the cost of the system.

University of Wisconsin

Advanced Heat Exchangers

Program: ARID

Project Term: 10/01/2015 to 03/31/2017
Project Status: ACTIVE

Project State: Wisconsin

Technical Categories: Resource Efficiency

The University of Wisconsin and its partner Oak Ridge National Laboratory will develop enabling technologies for low-
cost, high-performance air-cooled heat exchangers. The objective is to create an optimization algorithm in order to
identify and design a novel heat exchanger topology with very high heat transfer performance. The team also plans to
develop a high-thermal conductivity polymer composite filament that can be used in additive manufacturing (3D
printing) to produce the high-performance heat exchanger design. Due to the design freedom enabled by additive
manufacturing, the team plans to develop 3D heat exchanger geometries that optimize heat transfer and decrease the
total footprint required for an air-cooled system. Both of these innovations could enhance air-side heat transfer and
improve the efficiency and cost of heat exchangers.

University of Maryland
Advanced Heat Exchangers
Program: ARID
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Project Term: 09/01/2015 to 08/31/2018
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Resource Efficiency

The University of Maryland (UMD) and its partners will utilize UMD's expertise in additive manufacturing (3D printing)
and thermal engineering to develop novel, polymer-based, air-cooled heat exchangers for use in indirect dry-cooling
systems. The innovation leverages UMD's proprietary, cross media heat exchanger concept in which a low-cost, high-
conductivity medium, such as aluminum, is encapsulated as a fiber in a polymeric material to facilitate more effective
heat dissipation. To realize the innovative heat exchanger design, the team will develop an advanced, multi-head,
composite 3D printer. The heat exchanger modules will be arranged in uniform rows with large spacing between the
rows, which optimizes heat transfer while allowing for easier cleaning and maintenance. In addition to the system's
advanced cooling capacities, the heat exchangers will also be low-cost, low-weight, and resistant to corrosion. Ideally,
UMD's technology will be used in conjunction with a direct contact steam condenser in order to provide power plant
cooling with performance comparable to evaporative, or wet-cooling, systems. UMD estimates that additive
manufacturing could enable transformational heat exchanger designs with high performance at low cost, including the
potential for onsite manufacturing of the heat exchanger, which could save additional transportation and installation
costs.

Palo Alto Research Center

Radiative Film for Supplemental Cooling
Program: ARID

Project Term: 08/06/2015 to 03/06/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Resource Efficiency

PARC, working with SPX Cooling Technologies, is developing a low-cost, passive radiative cooling panel for supplemental
dry cooling at power plants. PARC's envisioned end product is a cooling module, consisting of multiple radiative cooling
panels tiled over large, enclosed water channels that carry water from an initial cooling system, such as a dry-cooling
tower. The cooling panel consists of a two-layer structure in which a reflective film sits atop a unique metamaterial-
based emitter. In this architecture, the top layer completely reflects sunlight while the bottom layer effectively emits
infrared radiation through a spectral window in the earth's atmosphere. This combination enables radiative cooling of
the water even in full illumination by the sun. The cooling panel will be made using a lithography-free process
compatible with roll-to-roll fabrication. In a large-scale system, the water temperature at the outlet of the cooling
module is expected to be 80C cooler than the temperature of the water at the inlet, which will result in a 3% efficiency
gain for the power plant.

General Electric

Absorption Heat Pump

Program: ARID

Project Term: 09/01/2015 to 03/02/2017
Project Status: ACTIVE

Project State: Connecticut

Technical Categories: Resource Efficiency

GE will design, manufacture, and test an absorption heat pump that can be used for supplemental dry cooling at
thermoelectric power plants. The team's project features a novel, absorbent-enabled regenerator that doubles the
coefficient of performance of conventional absorption heat pumps. The new absorbents demonstrate greater
hygroscopic potential, or the ability to prevent evaporation. To remove heat and cool condenser water, these
absorbents take in water vapor (refrigerant) and release the water as liquid during desorption without vaporization or
boiling. GE's technology will use waste heat from the power plant's flue gas to drive the cooling system, eliminating the
need for an additional power source. GE estimates the system will cost half that of conventional absorption heat pumps.
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University of Colorado, Boulder

Radiative Cooling and Cold Storage
Program: ARID

Project Term: 07/31/2015 to 07/30/2018
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Resource Efficiency

Researchers from the University of Colorado at Boulder (CU-Boulder) will develop Radicold, a radiative cooling and cold
water storage system to enable supplemental cooling for thermoelectric power plants. In the Radicold system,
condenser water circulates through a series of pipes and passes under a number of cooling modules before it is sent to
the central water storage unit. Each cooling module consists of a novel radiative-cooling surface integrated on top of a
thermosiphon, thereby simultaneously cooling the water and eliminating the need for a pump to circulate it. The
microstructured polymer film discharges heat from the water by radiating in the infrared through the Earth's
atmosphere into the heat sink of cold, deep space. Below the film, a metal film reflects all incoming sunlight. This results
in cooling with a heat flux of more than 100 W/m2 during both day and nighttime operation. CU-Boulder will use roll-to-
roll manufacturing, a low-cost manufacturing technique that is capable of high-volume production, to fabricate the
microstructured RadiCold film.

Advanced Cooling Technologies, Inc.

Cool Storage for Supplemental Cooling
Program: ARID

Project Term: 08/15/2015 to 08/14/2018
Project Status: ACTIVE

Project State: Pennsylvania

Technical Categories: Resource Efficiency

Advanced Cooling Technologies, Inc. (ACT) will work with Lehigh University, the University of Missouri, and Evapco, Inc.
to design and build a novel cool storage system that will increase the efficiency of a plant's dry-cooling system. During
the day, the system will transfer waste heat from the plant's heated condenser water via an array of heat pipes to a cool
storage unit containing a phase-change material (PCM). The planned PCMs are salt hydrates that can be tailored to store
and release large amounts of thermal energy, offering a way to store waste heat until it can be efficiently rejected.
When temperatures are lower, such as at night, a novel system of self-agitated fins will be used to promote mixing and
enhance heat transfer to air. The effectiveness of the fins will allow a reduction in the size of the storage media and the
power required to operate it, both of which could lower costs for the system. Because the PCM materials are salts, their
storage temperature can be tuned by changing the water content. Therefore, the storage system can potentially be
customized to provide supplemental dry cooling for different climates, including regions with high ambient
temperatures, such as the southwestern United States.

Colorado State University

Ultra-Efficient Turbo-Compression Cooling
Program: ARID

Project Term: 11/10/2015 to 11/09/2018

Project Status: ACTIVE

Project State: Colorado

Technical Categories: Resource Efficiency

Colorado State University (CSU) and its partners, Modine and Barber-Nichols, will develop a thermally powered
supplemental cooling system for thermoelectric power plants that will enable dry cooling. The technology features a
transformational turbo-compressor and low-cost, high-performance heat exchangers that are currently mass produced
for the HVAC industry. To operate, low-grade waste heat from the power plant combustion exhaust gases, or flue gas, is
captured and used to power a highly efficient turbo-compressor system. The compressor pressurizes vapor in a
refrigeration cycle to remove up to 30% of the power plant cooling load. The cooling system utilizes proprietary
technology to maximize the turbo compressor and total system efficiencies, enabling a low production cost and an
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overall smaller, less expensive dry-cooling system. As a result, the cooling system could allow thermoelectric power
plants to maintain a high efficiency while eliminating the use of local water resources. Furthermore, due to its very high
performance, the turbo-compression cooling system has potential applications in a range of other markets, including
commercial HVAC systems, data center cooling, and distributed cooling industries.

Applied Research Associates, Inc. (ARA)
Cooling Using Thermochemical Cycle
Program: ARID

Project Term: 09/01/2015 to 08/31/2018
Project Status: ACTIVE

Project State: New Mexico

Technical Categories: Resource Efficiency

Applied Research Associates, Inc. (ARA) will design and fabricate a dry-cooling system that overcomes the inherent
thermodynamic performance penalty of air-cooled systems, particularly under high ambient temperatures. ARA's
ACTIVE cooling technology uses a polymerization thermochemical cycle to provide supplemental cooling and cool
storage that can work as a standalone system or be synchronized with air-cooled units to cool power plant condenser
water. The cool storage will be completed in two stages. During the day, the cool storage is maintained near the
ambient temperature, and then at night the remainder of cooling can be done using the low temperature nighttime air.
The cool storage unit is then ready for plant condenser reuse the next day. This technology will provide power plant
condensers with return water at the necessary temperature levels to maintain power production at their optimum
thermal efficiency.

Stony Brook University

Water Recovery for Cooling

Program: ARID

Project Term: 08/23/2015 to 08/22/2018
Project Status: ACTIVE

Project State: New York

Technical Categories: Resource Efficiency

Stony Brook University will work with Brookhaven National Laboratory, United Technologies Research Center, and the
Gas Technology Institute to develop a thermosyphon system that condenses water vapor from power plant flue gas for
evaporative cooling. The system could provide supplemental cooling for thermoelectric power plants in which the
combustion process - burning fossil fuel to produce heat - results in a significant quantity of water vapor that is typically
discharged to the atmosphere. In Stony Brook's system, an advanced loop thermosyphon will allow the liquid and vapor
phases to flow in the same direction, and the working fluid (water) is actively managed with a fluid delivery system to
create a thin film on the wall of the thermosyphon. This thin film will enable significantly higher heat transfer rates than
traditional thermosyphon evaporators that use a pool of liquid. The cooled flue gas condensate is then stored and used
for subsequent evaporative cooling when the ambient temperature exceeds acceptable operating limits, such as on a
hot day when a dry-cooling system alone could not cool water sufficiently for reuse. In addition to creating a novel
design and control architecture, the team will also design innovative, polymer-based components to minimize corrosion
from the flue gas. The team estimates its system can capture 320,000 gallons of water per day for evaporative cooling,
helping to eliminate the consumption of local water resources for evaporative cooling on high-temperature days.

TDA Research, Inc.

Water Recovery for Cooling

Program: ARID

Project Term: 08/06/2015 to 08/05/2016
Project Status: CANCELLED

Project State: Colorado

Technical Categories: Resource Efficiency

TDA Research (TDA) will develop a water recovery system that extracts and condenses 64% of the water vapor produced
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by the gas turbine in a natural gas combined cycle's (NGCC) power plant and stores this water for use in evaporative
cooling. The system will provide supplemental cooling to NGCC power plants in which the combustion process - burning
the natural gas to produce heat - produces a significant quantity of water vapor that is typically discharged to the
atmosphere. First, a direct-contact condensation cycle will recover 27% of water vapor from the flue gas. To increase
the amount of water recovered, a desiccant, which is a substance that attracts water, will be used to absorb an
additional 37% of the water vapor. TDA's desiccant cycle utilizes the waste heat in the exhaust to regenerate the
desiccant for reuse. This water recovery cycle would occur during cooler months when the water from combustion is
easier to capture. Much of the water collected during this period will then be stored in an adjacent lake and saved for
use during hotter summer months when evaporative cooling offers the maximum benefit to improve power plant
efficiency. The project team estimates that its technology can reduce the performance penalty of a dry-cooling system
by 30% compared to wet cooling. Moreover, the team is designing the system to use low-cost materials, which reduces
capital costs.

BEEST Batteries for Electrical Energy Storage in Transportation (12)

The U.S. spends nearly a $1 billion per day to import petroleum, but we need dramatically better batteries for electric
and plug-in hybrid vehicles (EV/PHEV) to truly compete with gasoline-powered cars. The projects in ARPA-E's BEEST
program, short for "Batteries for Electrical Energy Storage in Transportation," could make that happen by developing a
variety of rechargeable battery technologies that would enable EV/PHEVs to meet or beat the price and performance of
gasoline-powered cars, and enable mass production of electric vehicles that people will be excited to drive.

Stanford University

The All-Electron Battery

Program: BEEST

Project Term: 07/01/2010 to 06/30/2012
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Storage

Stanford is developing an all-electron battery that would create a completely new class of energy storage devices for
EVs. Stanford's all-electron battery stores energy by moving electrons rather than ions. Electrons are lighter and faster
than the ion charge carriers in conventional Li-lon batteries. Stanford's all-electron battery also uses an advanced
structural design that separates critical battery functions, which increases both the life of the battery and the amount of
energy it can store. The battery could be charged 1000s of times without showing a significant drop in performance.

PolyPlus Battery Company

Rechargeable Lithium-Air Batteries

Program: BEEST

Project Term: 07/01/2010 to 12/31/2012
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Storage

PolyPlus is developing the world's first commercially available rechargeable lithium-air (Li-Air) battery. Li-Air batteries
are better than the Li-lon batteries used in most EVs today because they breathe in air from the atmosphere for use as
an active material in the battery, which greatly decreases its weight. Li-Air batteries also store nearly 700% as much
energy as traditional Li-lon batteries. A lighter battery would improve the range of EVs dramatically. PolyPlus is on track
to making a critical breakthrough: the first manufacturable protective membrane between its lithium-based negative
electrode and the reaction chamber where it reacts with oxygen from the air. This gives the battery the unique ability to
recharge by moving lithium in and out of the battery's reaction chamber for storage until the battery needs to discharge
once again. Until now, engineers had been unable to create the complex packaging and air-breathing components
required to turn Li-Air batteries into rechargeable systems.
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Recapping, Inc.

High Energy Density Capacitors

Program: BEEST

Project Term: 07/01/2010 to 12/31/2012
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Storage

Recapping is developing a capacitor that could rival the energy storage potential and price of today's best EV batteries.
When power is needed, the capacitor rapidly releases its stored energy, similar to lightning being discharged from a
cloud. Capacitors are an ideal substitute for batteries if their energy storage capacity can be improved. Recapping is
addressing storage capacity by experimenting with the material that separates the positive and negative electrodes of
its capacitors. These separators could significantly improve the energy density of electrochemical devices.

Xilectric, Inc.

Reinventing the Edison Battery

Program: BEEST

Project Term: 10/01/2012 to 09/30/2015
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Storage

Xilectric is developing a totally new class of low-cost rechargeable batteries with a chemistry analogous to the original
nickel-iron Edison battery. At the turn of the 20th century, Thomas Edison experimented with low-cost, durable nickel-
iron aqueous batteries for use in EVs. Given their inability to operate in cold weather and higher cost than lead-acid
batteries, Edison's batteries were eventually dismissed for automotive applications. Xilectric is reviving and re-
engineering the basic chemistry of the Edison battery, using domestically abundant, environmentally friendly, and low-
cost metals, such as aluminum and magnesium, as its active components. Xilectric's design would be easy to
manufacture and demonstrate longer life span than today's best Li-ion batteries, enabling more widespread use of EVs.

Applied Materials

New Electrode Manufacturing Process Equipment
Program: BEEST

Project Term: 07/01/2010 to 09/30/2013

Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Storage

Applied Materials is developing new tools for manufacturing Li-lon batteries that could dramatically increase their
performance. Traditionally, the positive and negative terminals of Li-lon batteries are mixed with glue-like materials
called binders, pressed onto electrodes, and then physically kept apart by winding a polymer mesh material between
them called a separator. With the Applied Materials system, many of these manually intensive processes will be
replaced by next generation coating technology to apply each component. This process will improve product reliability
and performance of the cells at a fraction of the current cost. These novel manufacturing techniques will also increase
the energy density of the battery and reduce the size of several of the battery's components to free up more space
within the cell for storage.

Sila Nanotechnologies, Inc.

Double Energy Density Anodes for Lithium-lon Batteries
Program: BEEST

Project Term: 10/01/2012 to 03/31/2016

Project Status: ALUMNI

Project State: California
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Technical Categories: Transportation Storage

Sila is developing a high-throughput technology for scalable synthesis of high-capacity nanostructured materials for Li-
lon EV batteries. The successful implementation of this technology will allow improvements in energy storage capacity
of today's best batteries at half the cost. In contrast to other high-capacity material synthesis technologies, Sila's
materials show minimal volume changes during the battery operation, which is a key challenge of next-generation
battery anode materials. In addition, Sila's technology may allow for the dramatic enhancements of the batteries' cycle
life, structural stability, safety, and charging rate. The low-cost, drop-in compatibility with existing cell manufacturing
technologies, and environmental friendliness of both the material synthesis and electrode fabrication will assist in the
rapid adoption of Sila's technology. Coupling increased battery capacity with substantial cost reduction could alleviate
the driving range anxiety and price problems associated with today's EVs. Increasing the capacity of battery electrodes is
critical to lowering the cost of Li-lon batteries and making EVs cost-competitive with gasoline-based vehicles.

24M Technologies

Semi-Solid Flowable Battery Electrodes
Program: BEEST

Project Term: 09/01/2010 to 02/28/2014
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Storage

Scientists at 24M are crossing a Li-lon battery with a fuel cell to develop a semi-solid flow battery. This system relies on
some of the same basic chemistry as a standard Li-lon battery, but in a flow battery the energy storage material is held

in external tanks, so storage capacity is not limited by the size of the battery itself. The design makes it easier to add
storage capacity by simply increasing the size of the tanks and adding more paste. In addition, 24M's design also is able
to extract more energy from the semi-solid paste than conventional Li-lon batteries. This creates a cost-effective, energy-
dense battery that can improve the driving range of EVs or be used to store energy on the electric grid.

Pellion Technologies

Rechargeable Magnesium Batteries

Program: BEEST

Project Term: 09/01/2010 to 12/31/2012
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Storage

Pellion Technologies is developing rechargeable magnesium batteries that would enable an EV to travel 3 times farther
than it could using Li-ion batteries. Prototype magnesium batteries demonstrate excellent electrochemical behavior,
delivering thousands of charge cycles with very little fade. Nevertheless, these prototypes have always stored too little
energy to be commercially viable. Pellion Technologies is working to overcome this challenge by rapidly screening
potential storage materials using proprietary, high-throughput computer models. To date, 12,000 materials have been
identified and analyzed. The resulting best materials have been electrochemically tested, yielding several very promising
candidates.

Sion Power Company

Lithium-Sulfur Batteries

Program: BEEST

Project Term: 10/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Arizona

Technical Categories: Transportation Storage

Sion Power is developing a lithium-sulfur (Li-S) battery, a potentially cost-effective alternative to the Li-lon battery that
could store 400% more energy per pound. All batteries have 3 key parts--a positive and negative electrode and an
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electrolyte--that exchange ions to store and release electricity. Using different materials for these components changes
a battery's chemistry and its ability to power a vehicle. Traditional Li-S batteries experience adverse reactions between
the electrolyte and lithium-based negative electrode that ultimately limit the battery to less than 50 charge cycles. Sion
Power will sandwich the lithium- and sulfur-based electrode films around a separator that protects the negative
electrode and increases the number of charges the battery can complete in its lifetime. The design could eventually
allow for a battery with 400% greater storage capacity per pound than Li-lon batteries and the ability to complete more
than 500 recharge cycles.

Planar Energy Devices, Inc.

Solid State Lithium Batteries

Program: BEEST

Project Term: 07/01/2010 to 04/10/2012
Project Status: CANCELLED

Project State: Florida

Technical Categories: Transportation Storage

Planar Energy is developing a new production process where lithium-ion batteries would be printed as a thin film onto
sheets of metal or plastic. Thin-film printing methods could revolutionize battery manufacturing, allowing for smaller,
lighter, and cheaper EV batteries. Typically, a battery's electrolyte--the material that actually stores energy within the
cell--is a liquid or semi-liquid; this makes them unsuitable for use in thin-film printing. Planar is working with a ceramic-
based gel electrolyte that is better suited for printing. The electrolyte would be printed onto large reels of metal or
plastic along with other battery components. Once printed, these reels can be cut up into individual cells and wired
together to make battery packs. By reducing packaging materials with this unique production process, Planar's efficient
Li-lon battery design would allow more space for storing energy--at a far lower cost--than today's best Li-lon battery
designs.

Missouri University of Science and Technology
Lithium-Air Battery

Program: BEEST

Project Term: 08/01/2010 to 01/16/2013
Project Status: CANCELLED

Project State: Missouri

Technical Categories: Transportation Storage

Researchers at Missouri S&T are developing an affordable lithium-air (Li-Air) battery that could enable an EV to travel up
to 350 miles on a single charge. Today's EVs run on Li-lon batteries, which are expensive and suffer from low energy
density compared with gasoline. This new Li-Air battery could perform as well as gasoline and store 3 times more energy
than current Li-lon batteries. A Li-Air battery uses an air cathode to breathe oxygen into the battery from the
surrounding air, like a human lung. The oxygen and lithium react in the battery to produce electricity. Current Li-Air
batteries are limited by the rate at which they can draw oxygen from the air. The team is designing a battery using
hierarchical electrode structures to enhance air breathing and effective catalysts to accelerate electricity production.

Revolt Technology, LLC

Rechargeable Zinc-Air Batteries

Program: BEEST

Project Term: 10/01/2010 to 06/30/2012
Project Status: CANCELLED

Project State: Oregon

Technical Categories: Transportation Storage

ReVolt is developing a rechargeable zinc-air battery that could offer 300-500% more storage capacity than today's Li-lon
batteries at half their cost. Zinc-air batteries could be much more inexpensive, lightweight, and energy dense than Li-lon
batteries because air--one of the battery's main reactants--does not need to be housed inside the battery. This frees up
more space for storage. Zinc-air batteries have not been commercially viable for use in EVs because they typically
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cannot be recharged, complicating vehicle "refueling". ReVolt has designed a system whereby the battery's zinc-based
negative electrode is suspended in liquid and passed through a tube that functions as the battery's positive electrode.
This allows the device to charge and discharge just like a regular battery.

BEETIT Building Energy Efficiency Through Innovative (17)
Thermodevices

The projects that comprise ARPA-E's BEETIT program, short for "Building Energy Efficiency Through Innovative
Thermodevices," are developing new approaches and technologies for building cooling equipment and air conditioners.
These projects aim to drastically improve building energy efficiency and reduce greenhouse gas emissions such as
carbon dioxide (CO2) at a cost comparable to current technologies.

INFINIA TECHNOLOGY CORPORATION
High-Efficiency Air Conditioner

Program: BEETIT

Project Term: 05/20/2014 to 09/08/2018
Project Status: ACTIVE

Project State: Washington

Technical Categories: Building Efficiency

ITC is developing a freezer that does not rely on harmful refrigerants and is more energy efficient than conventional
systems. Many freezers are based on vapor compression, in which a liquid refrigerant circulates within the freezer,
absorbs heat, and then pumps it out into the external environment. Unfortunately, these systems can be expensive and
inefficient. ITC's freezer uses helium gas as its refrigerant, representing a safe, affordable, and environmentally friendly
approach to cooling. ITC's improvements to the Stirling cycle system could enable the cost-effective mass production of
high-efficiency freezers without the use of polluting refrigerants. ITC received a separate award of up to $1,766,702
from the Department of the Navy to help decrease military fuel use.

University of Maryland

Elastic Metal Alloy Refrigerants

Program: BEETIT

Project Term: 10/01/2010 to 12/31/2016
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Building Efficiency

UMD is developing an energy-efficient cooling system that eliminates the need for synthetic refrigerants that harm the
environment. More than 90% of the cooling and refrigeration systems in the U.S. today use vapor compression systems
which rely on liquid to vapor phase transformation of synthetic refrigerants to absorb or release heat. Thermoelastic
cooling systems, however, use a solid-state material--an elastic shape memory metal alloy--as a refrigerant and a solid
to solid phase transformation to absorb or release heat. UMD is developing and testing shape memory alloys and a
cooling device that alternately absorbs or creates heat in much the same way as a vapor compression system, but with
significantly less energy and a smaller operational footprint.

University of California, Los Angeles
Compact Solid State Cooling Systems
Program: BEETIT

Project Term: 10/01/2010 to 09/30/2012
Project Status: ALUMNI

Project State: California

Technical Categories: Building Efficiency

UCLA is developing a novel solid state cooling technology to translate a recent scientific discovery of the so-called giant
electrocaloric effect into commercially viable compact cooling systems. Traditional air conditioners use noisy, vapor
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compression systems that include a polluting liquid refrigerant to circulate within the air conditioner, absorb heat, and
pump the heat out into the environment. Electrocaloric materials achieve the same result by heating up when placed
within an electric field and cooling down when removed--effectively pumping heat out from a cooler to warmer
environment. This electrocaloric-based solid state cooling system is quiet and does not use liquid refrigerants. The
innovation includes developing nano-structured materials and reliable interfaces for heat exchange. With these
innovations and advances in micro/nano-scale manufacturing technologies pioneered by semiconductor companies,
UCLA is aiming to extend the performance/reliability of the cooling module.

University of Notre Dame

Carbon Dioxide and lonic Liquid Refrigerants
Program: BEETIT

Project Term: 10/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Indiana

Technical Categories: Building Efficiency

Notre Dame is developing an air-conditioning system with a new ionic liquid and CO2 as the working fluid. Synthetic
refrigerants used in air conditioning and refrigeration systems are potent GHGs and can trap 1,000 times more heat in
the atmosphere than CO2 alone--making CO2 an attractive alternative for synthetic refrigerants in cooling systems.
However, operating cooling systems with pure CO2requires prohibitively high pressures and expensive hardware. Notre
Dame is creating a new fluid made of CO2and ionic liquid that enables the use of CO2at low pressures and requires
minimal changes to existing hardware and production lines. This new fluid also produces no harmful emissions and can
improve the efficiency of air conditioning systems--enabling new use of CO2as a refrigerant in cooling systems.

United Technologies Research Center
Liguid Desiccant in Air Conditioners
Program: BEETIT

Project Term: 09/02/2010 to 08/31/2014
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Building Efficiency

UTRC is developing an air conditioning system that is optimized for use in warm and humid climates. UTRC's air
conditioning system integrates a liquid drying agent or desiccant and a traditional vapor compression system found in
90% of air conditioners. The drying agent reduces the humidity in the air before it is cooled, using less energy. The
technology uses a membrane as a barrier between the air and the liquid salt stream allowing only water vapor to pass
through and not the salt molecules. This solves an inherent problem with traditional liquid desiccant systems--carryover
of the liquid drying agent into the conditioned air stream--which eliminates corrosion and health issues.

Battelle Memorial Institute

Cascade Reverse Osmosis Air Conditioning System
Program: BEETIT

Project Term: 09/01/2010 to 12/30/2011

Project Status: ALUMNI

Project State: Ohio

Technical Categories: Building Efficiency

Battelle is developing a new air conditioning system that uses a cascade reverse osmosis-based absorption cycle.
Analyses show that this new cycle can be as much as 60% more efficient than vapor compression, which is used in 90%
of air conditioners. Traditional vapor-compression systems use polluting liquids for a cooling effect. Absorption cycles
use benign refrigerants such as water, which is absorbed in a salt solution and pumped as liquid--replacing compression
of vapor. The refrigerant is subsequently separated from absorbing salt using heat for re-use in the cooling cycle.
Battelle is replacing thermal separation of refrigerant with a more efficient reverse osmosis process. Research has
shown that the cycle is possible, but further investment will be needed to reduce the number of cascade reverse
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osmosis stages and therefore cost.

Architectural Applications

Energy Efficient Building Ventilation Systems
Program: BEETIT

Project Term: 10/15/2010 to 10/14/2011
Project Status: ALUMNI

Project State: Oregon

Technical Categories: Building Efficiency

A2 is developing a building moisture and heat exchange technology that leverages a new material and design to create
healthy buildings with lower energy use. Commercial building owners/operators are demanding buildings with greater
energy efficiency and healthier indoor environments. A2 is developing a membrane-based heat and moisture exchanger
that controls humidity by transferring the water vapor in the incoming fresh air to the drier air leaving the building.
Unlike conventional systems, A2 locates the heat and moisture exchanger within the depths of the building's wall to
slow down the air flow and increase the surface area that captures humidity, but with less fan power. The system's
integration into the wall reduces the size and demand on the air conditioning equipment and increases liable floor area
flexibility.

Pennsylvania State University
Helium-Based Soundwave Chiller
Program: BEETIT

Project Term: 09/01/2010 to 07/31/2014
Project Status: ALUMNI

Project State: Pennsylvania

Technical Categories: Building Efficiency

Penn State is designing a freezer that substitutes the use of sound waves and environmentally benign refrigerant for
synthetic refrigerants found in conventional freezers. Called a thermoacoustic chiller, the technology is based on the fact
that the pressure oscillations in a sound wave result in temperature changes. Areas of higher pressure raise
temperatures and areas of low pressure decrease temperatures. By carefully arranging a series of heat exchangers in a
sound field, the chiller is able to isolate the hot and cold regions of the sound waves. Penn State's chiller uses helium gas
to replace synthetic refrigerants. Because helium does not burn, explode or combine with other chemicals, it is an
environmentally-friendly alternative to other polluting refrigerants. Penn State is working to apply this technology on a
large scale.

Georgia Tech Research Corporation

Innovative Miniaturized Heat Pumps for Buildings
Program: BEETIT

Project Term: 09/01/2010 to 06/30/2014
Project Status: ALUMNI

Project State: Georgia

Technical Categories: Building Efficiency

Georgia Tech is using innovative components and system design to develop a new type of absorption heat pump.
Georgia Tech's new heat pumps are energy efficient, use refrigerants that do not emit greenhouse gases, and can run on
energy from combustion, waste heat, or solar energy. Georgia Tech is leveraging enhancements to heat and mass
transfer technology possible in micro-scale passages and removing hurdles to the use of heat-activated heat pumps that
have existed for more than a century. Use of micro-scale passages allows for miniaturization of systems that can be
packed as monolithic full-system packages or discrete, distributed components enabling integration into a variety of
residential and commercial buildings. Compared to conventional heat pumps, Georgia Tech's design innovations will
create an absorption heat pump that is much smaller, has higher energy efficiency, and can also be mass produced at a
lower cost and assembly time. Georgia Tech received a separate award of up to $2,315,845 from the Department of the
Navy to help decrease military fuel use.
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ADMA Products, Inc.

Membrane Dehumidifier

Program: BEETIT

Project Term: 09/01/2010 to 07/31/2014
Project Status: ALUMNI

Project State: Ohio

Technical Categories: Building Efficiency

ADMA Products is developing a foil-like membrane for air conditioners that efficiently removes moisture from humid air.
ADMA Products' metal foil-like membrane consists of a paper-thin, porous metal sheet coated with a layer of water-
loving molecules. This new membrane allows water vapor to permeate across the membrane at high fluxes, at the same
time blocking air penetration and resulting in high selectivity. The high selectivity of the membrane translates to less
energy use, while the high permeation fluxes result in a more compact device. The new materials and the flat foil-like
nature of the membrane facilitate the mass production of a low-cost compact dehumidification device. ADMA received
a separate award of up to $466,176 from the Department of the Navy to help decrease military fuel use.

Sheetak, Inc.

High-Efficiency Solid State Cooling Technologies
Program: BEETIT

Project Term: 09/01/2010 to 06/30/2015
Project Status: ALUMNI

Project State: Texas

Technical Categories: Building Efficiency

Sheetak is developing a thermoelectric-based solid state cooling system that is more efficient, more reliable, and more
affordable than today's best systems. Many air conditioners are based on vapor compression, in which a liquid
refrigerant circulates within the air conditioner, absorbs heat, and then pumps it out into the external environment.
Sheetak's system, by contrast, relies on an electrical current passing through the junction of two different conducting
materials to change temperature. Sheetak's design uses proprietary thermoelectric materials to achieve significant
energy efficiency and, unlike vapor compression systems, contains no noisy moving parts or polluting refrigerants.
Additionally, Sheetak's air conditioner would be made with some of the same manufacturing processes used to produce
semiconductor chips, which could lead to less material use and facilitate more affordable production.

University of Florida

Membrane-Based Absorption Refrigeration Systems
Program: BEETIT

Project Term: 09/01/2010 to 08/31/2015

Project Status: ALUMNI

Project State: Florida

Technical Categories: Building Efficiency

The University of Florida is improving a refrigeration system that uses low-quality heat to provide the energy needed to
drive cooling. This system, known as absorption refrigeration system (ARS), typically consists of large coils that transfer
heat. Unfortunately, these large heat exchanger coils are responsible for bulkiness and high cost of ARS. The University
of Florida is using new materials as well as system design innovations to develop nanoengineered membranes to allow
for enhanced heat exchange that reduces bulkiness. This design allows for compact, cheaper, and more reliable use of

ARS that use solar or waste heat.

Astronautics Corporation of America

Air Conditioning with Magnetic Refrigeration
Program: BEETIT

Project Term: 09/01/2010 to 04/30/2014
Project Status: ALUMNI
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Project State: Wisconsin

Technical Categories: Building Efficiency

Astronautics is developing an air conditioning system that relies on magnetic fields. Typical air conditioners use vapor
compression to cool air. Vapor compression uses a liquid refrigerant to circulate within the air conditioner, absorb the
heat, and pump the heat out into the external environment. Astronautics' design uses a novel property of certain
materials, called "magnetocaloric materials", to achieve the same result as liquid refrigerants. These magnetocaloric
materials essentially heat up when placed within a magnetic field and cool down when removed, effectively pumping
heat out from a cooler to warmer environment. In addition, magnetic refrigeration uses no ozone-depleting gases and is
safer to use than conventional air conditioners, which are prone to leaks.

Dais Analytic Corporation

Dehumidifying Air for Cooling & Refrigeration
Program: BEETIT

Project Term: 10/01/2010 to 02/29/2012
Project Status: ALUMNI

Project State: Florida

Technical Categories: Building Efficiency

Dais is developing a product called NanoAir which dehumidifies the air entering a building to make air conditioning more
energy efficient. The system uses a polymer membrane that allows moisture but not air to pass through it. A vacuum
behind the membrane pulls water vapor from the air, and a second set of membranes releases the water vapor outside.
The membrane's high selectivity translates into reduced energy consumption for dehumidification. Dais' design goals for
NanoAir are the use of proprietary materials and processes and industry-standard installation techniques. NanoAir is
also complementary to many other energy saving strategies, including energy recovery. Dais received a separate award
of up to $800,000 from the Department of the Navy to help decrease military fuel use.

Pacific Northwest National Laboratory
High-Efficiency Adsorption Chillers
Program: BEETIT

Project Term: 09/15/2010 to 07/31/2015
Project Status: ALUMNI

Project State: Washington

Technical Categories: Building Efficiency

PNNL is designing more efficient adsorption chillers by incorporating significant improvements in materials that adsorb
liquids or gases. An adsorption chiller is a type of air conditioner that is powered by heat, solar or waste heat, or
combustion of natural gas. Unlike typical chillers, an adsorption chiller has few moving parts and uses almost no
electricity to operate. PNNL is designing adsorbent materials at the molecular level that have at least 3 times higher
refrigerant capacity and up to 20 times faster kinetics than adsorbents used in current chillers. By using the new
adsorbent, PNNL is able to create a chiller that is significantly smaller, has twice the energy efficiency, and lower
material and assembly costs compared to conventional adsorption chillers. PNNL received a separate award of up to
$2,190,343 from the Department of the Navy to help decrease military fuel use.

United Technologies Research Center
Water-Based Refrigerants

Program: BEETIT

Project Term: 09/02/2010 to 03/16/2012
Project Status: CANCELLED

Project State: Connecticut

Technical Categories: Building Efficiency

UTRC is developing an efficient air conditioning compressor that will use water as the refrigerant. Most conventional air
conditioning systems use hydrofluorocarbons to cool the air, which are highly potent GHGs. Because water is natural
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and non-toxic, it is an attractive refrigerant. However, low vapor density of water requires higher compression ratios,
typically resulting in large and inefficient multi-stage compression. UTRC's design utilizes a novel type of supersonic
compression that enables high-compression ratios in a single stage, thus enabling more compact and cost-effective
technology than existing designs. UTRC's water-based air conditioner system could reduce the use of synthetic
refrigerants while also increasing energy efficiency.

Material Methods, LLC

Sound Wave Refrigerants

Program: BEETIT

Project Term: 09/15/2010 to 09/21/2011
Project Status: CANCELLED

Project State: California

Technical Categories: Building Efficiency

Material Methods is developing a heat pump technology that substitutes the use of sound waves and an
environmentally benign refrigerant for synthetic refrigerants found in conventional heat pumps. Called a thermoacoustic
heat pump, the technology is based on the fact that the pressure oscillations in a sound wave result in temperature
changes. Areas of higher pressure raise temperatures and areas of low pressure decrease temperatures. By carefully
arranging a series of heat exchangers in a sound field, the heat pump is able to isolate the hot and cold regions of the
sound waves. This technology is environmentally safe, and the simplicity of the mechanical system creates efficiencies
that make the system cost competitive with traditional refrigerant-based systems.

CHARGES Cycling Hardware to Analyze and Ready Grid-Scale (2)
Electricity Storage

Methods for storing electricity for the electric power system (i.e. the grid) are developing rapidly, but widespread
adoption of these technologies requires real-world data about their performance, economic benefit, and long-term
reliability. The CHARGES program, short for "Cycling Hardware to Analyze and Ready Grid-Scale Electricity Storage,"
establishes two sites where ARPA-E-funded battery technologies will be tested under conditions designed to represent
not just today's applications, but also the demands of tomorrow's electric power system. The program will establish
realistic duty cycles for storage devices on a microgrid, and test them in both a controlled environment and under
realistic microgrid operating conditions. The objective of the CHARGES program is to accelerate the commercialization
of electrochemical energy storage systems developed in current and past ARPA-E-funded research efforts. The program
aims to help ARPA-E-funded battery development teams improve their storage technologies to deliver substantial
economic benefit under real-world conditions, both now and in the future.

Det Norske Veritas (U.S.A)

Grid Energy Storage Valuation

Program: CHARGES

Project Term: 04/27/2015 to 04/26/2019

Project Status: ACTIVE

Project State: Texas

Technical Categories: Distributed Generation, Storage

DNV GL and Group NIRE will provide a unique combination of third-party testing facilities, testing and analysis
methodologies, and expert oversight to the evaluation of ARPA-E-funded energy storage systems. The project will
leverage DNV GL's deep expertise in economic analysis of energy storage technologies, and will implement economically
optimized duty cycles into the testing and validation protocol. DNV GL plans to test ARPA-E storage technologies at its
state-of-the-art battery testing facility in partnership with the New York Battery and Energy Storage Technology
Consortium. Those batteries that pass the rigorous evaluation process will be adapted for testing under real world
conditions on Group NIRE's multi-megawatt, wind-integrated microgrid in Texas. Testing will show how well the ARPA-E
storage technologies can serve critical applications and will assist ARPA-E-funded battery developers in identifying any
issues with performance and durability. This testing will also deliver performance data that buyers of grid storage need,
enabling informed choices about commercial adoption of grid storage technologies.
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University of California, San Diego

Grid Energy Storage Valuation

Program: CHARGES

Project Term: 02/09/2015 to 02/08/2019

Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation, Storage

The University of California, San Diego (UCSD) will conduct testing of existing ARPA-E energy storage technologies in
both laboratory and grid-connected conditions. Home to one of the country's largest microgrids, UCSD will apply its
advanced understanding of microgrid operation in the California market to select and value applications for storage, in
grid-connected and islanded conditions, and to develop duty cycles for energy storage in order to serve individual and
stacked applications. UCSD plans to test cells and modules from ARPA-E-funded battery developers in its battery
laboratories, and UCSD experts will assist ARPA-E battery developers in resolving issues and enhancing performance.
Those batteries that perform well in laboratory testing using the selected duty cycles will then be deployed for extended
testing on UCSD's microgrid. This approach will allow UCSD to achieve test results that represent a wide spectrum of
applications, determine system performance under a variety of conditions, and eventually generate initial performance
data that can be shared with electric utilities and other potential grid storage buyers to inform them of the promise of
early-stage storage technologies.

DELTA Delivering Efficient Local Thermal Amenities (11)

The projects in ARPA-E's DELTA Program, short for "Delivering Efficient Local Thermal Amenities," aim to reduce the
costs for heating and cooling buildings by developing Localized Thermal Management Systems (LTMS). LTMS modify the
physical space around the human body rather than the entire building, with significant energy savings for both new and
old buildings. Such technologies range from on-body wearable devices to off-body installed systems and provide more
options for maintaining occupant comfort within buildings. ARPA-E's DELTA projects include a broad range of LTMS
approaches that potentially enable energy savings of upwards of 2% of the total domestic energy supply and similar
reductions in greenhouse gas emissions.

SRI International

Wearable Electroactive Textile

Program: DELTA

Project Term: 05/01/2015 to 04/30/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency

SRI International will develop a highly efficient, wearable thermal regulation system that leverages the human body's
natural thermal regulation areas such as the palms of the hands, soles of feet, and upper facial area. This innovative
"active textile" technology is enabled by a novel combination of low-cost electroactive and passive polymer materials
and structures to efficiently manage heat transfer while being quiet and comfortable. SRI's electronically controllable
active textile technology is versatile - allowing the wearer to continue to use their existing wardrobe. We believe that
these features will allow for products that augment wearable technologies and thus achieve the widespread adoption
needed to save energy on a large scale.

Stanford University

Photonic Structure Textiles

Program: DELTA

Project Term: 04/30/2015 to 04/29/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency
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Stanford University will develop transformative methods for integrating photonic, or radiant energy structures into
textiles. Controlling the thermal photonic properties of textiles can significantly influence the heat dissipation rate of the
human body, which loses a significant amount of heat through thermal radiation. To achieve heating, the team utilizes
metallic nanowire embedded in textiles to enhance reflection of body heat. To achieve cooling, the team utilizes visibly
opaque yet infrared transmissivity (IR) transparent textile. These techniques for heating and cooling have not yet been
achieved to date. The team will leverage advances in photonic structures to build textiles with varying amounts of
infrared transparency and reflectivity to enable a wearer to achieve comfort in a wider temperature range, and
therefore generate a substantial reduction of energy consumption for both heating and cooling.

University of California, Berkeley

Wirelessly Powered Heating and Cooling Devices
Program: DELTA

Project Term: 05/14/2015 to 05/13/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency

Until now, local comfort devices have had little market traction because they had to be tethered by a cord to a power
source. The University of California at Berkeley will team with WiTricity to develop and integrate highly resonant
wireless power transfer technology to deliver efficient local thermal amenities to the feet, hands, face, and trunk of
occupants in workstations. Until now, local comfort devices have had little market traction because they had to be
tethered by a cord to a power source. The team will leverage on-going developments in wireless charging systems for
consumer electronics to integrate high-efficiency power transmitting devices with local comfort devices such as heated
shoe insoles and cooled and heated office chairs. The team will develop four types of local comfort devices to deliver
heating and cooling most effectively. The devices will draw very little electrical power and enable potential HVAC energy
savings of at least 30%.

University of Maryland

Robotic Personal Conditioning Device
Program: DELTA

Project Term: 04/15/2015 to 05/12/2018
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Building Efficiency

Heating, Ventilation, and Air Conditioning (HVAC) account for 13% of energy consumed in the U.S. and about 40% of the
energy used in a typical U.S. residence, making it the largest energy expense for most homes. Even though more energy-
efficient HVAC technologies are being adopted in both the commercial and residential sectors, these technologies focus
on efficiently heating or cooling large areas and dealing with how the building's net occupancy changes during a day, a
week and across seasons. Building operators have to tightly manage temperature for an average occupancy comfort
level; but the occupants only occupy a small fraction of the building's interior. There is a critical need for technologies
that create localization of thermal management to relax the temperature settings in buildings, reduce the load on HVAC
systems and enhance occupant comfort. This is achieved by tailoring the thermal environment around the individual,
thus saving energy by not over-heating or over-cooling areas within the building where the occupants do not reside.

University of California - Irvine
Thermocomfort Cloth

Program: DELTA

Project Term: 04/20/2015 to 04/19/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency

The University of California at Irvine will develop a dynamically adjustable thermoregulatory fabric. This fabric leverages
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established heat-managing capabilities of space blankets and color-changing polymers inspired by squid skin that will
provide wearers with the unique ability to adaptively harness their own individual radiant heat production. This
technology holds the potential to establish an entirely new line of personal apparel and localized thermal management
products that could significantly reduce the energy required to heat and cool buildings.

University of Maryland

Meta-Cooling Textile

Program: DELTA

Project Term: 05/01/2015 to 04/30/2018
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Building Efficiency

Led by Dr. YuHuang Wang, the "Meta Cooling Textile (MCT)" project team is developing a thermally responsive clothing
fabric that extends the skin's thermoregulation ability to maintain comfort in hotter or cooler office settings.
Commercial wearable localized thermal management systems are bulky, heavy, and costly. MCT marks a potentially
disruptive departure from current technologies by providing clothing with active control over the primary channels for
energy exchange between the body and the environment. In hotter surroundings, the fabric's pores open up to increase
ventilation while changes in the microstructure of the fabric increase the amount of energy transmitted through the
fabric from the wearer. In cooler conditions, these effects are reversed to increase the garment's ability to insulate the
wearer. The added bidirectional regulation capacity will enable the wearer to expand their thermal comfort range and
thus relax the temperature settings in building.

Otherlab, Inc.

Passive Thermo-Adaptive Textiles
Program: DELTA

Project Term: 05/08/2015 to 05/07/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency

Otherlab will develop thermally adaptive materials that change their thickness in response to temperature changes,
allowing the creation of garments that passively respond to variations in temperature. In contrast to existing garments
that have a constant insulation value whether conditions are hot or cold, thermally adaptive materials change shape as
temperature changes, leading to a change in insulation. The material change is a physical response, passively operating
and requiring no input from the wearer or any control system. Garments made from thermally adaptive fabrics will
enable the wearing of fewer layers of clothing for comfort over a broader temperature range, effectively lowering the
heating and cooling requirements for buildings. Beyond apparel, this advanced insulation may find applications in
drapery and bedding.

Stony Brook University

Electroactive Smart Air-Conditioner VEnt Registers (eSAVER)
Program: DELTA

Project Term: 05/05/2015 to 05/04/2018

Project Status: ACTIVE

Project State: New York

Technical Categories: Building Efficiency

The State University of New York (SUNY) at Stony Brook will develop eSAVER, an active air conditioning vent capable of
modulating airflow distribution, velocity, and temperature to promote localized thermal envelopes around building
occupants. SUNY Stony Brook's smart vent modulates the airflow using an array of electro-active polymer tubes that are
individually controlled to create a localized curtain of air to suit the occupant's heating or cooling needs. The eSAVER can
immediately be implemented by simply replacing an existing HVAC register with the new unit or can be installed in new
constructions for significant reduction in HVAC system size,construction cost,and further improvement in energy
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efficiency.The project team estimates this will result in upwards of 30% energy savings through directed localization of
existing building heating/cooling output.

Syracuse University

Micro-Environmental Control System
Program: DELTA

Project Term: 05/01/2015 to 04/30/2018
Project Status: ACTIVE

Project State: New York

Technical Categories: Building Efficiency

Syracuse University will develop a near-range micro-environmental control system transforming the way office buildings
are thermally conditioned to improve occupant comfort. The system leverages a high-performance micro-scroll
compressor coupled to a phase-change material, which is a substance with a high latent heat of fusion and the capability
to store and release large amounts of heat at a constant temperature. This material will store the cooling produced by
the compression system at night, releasing it as a cool breeze of air to make occupants more comfortable during the
day. When heating is needed, the system will operate as an efficient heat pump, drawing heat from the phase-change
material and delivering warm air to the occupant. The micro-scroll compressor is smaller than any of its type, minimizing
the amount of power needed. The use of this micro-environmental control system, along with expanding the set-point
range could save more than 15% of the energy used for heating and cooling, while maintaining occupant comfort.

University of California, San Diego
Adaptive Textiles Technology

Program: DELTA

Project Term: 05/07/2015 to 05/06/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency

University of California at San Diego will develop smart responsive garments that enable building occupants to adjust
their personal temperature settings and promote thermal comfort to reduce or eliminate the need for building-level air
conditioning. The essence of building energy savings in UCSD's approach is based on the significant energy consumption
reduction from the traditional global cooling/heating of the whole room space. This is done via localized cooling and
heating only in the wearable structure in the very limited space near a person's skin. This smart textile will thermally
regulate the garment's heat transport through changes in thickness and pore architecture by shrinking the textile when
hot and expanding it when cold.

Cornell University

Thermoregulatory Clothing System
Program: DELTA

Project Term: 04/27/2015 to 04/26/2018
Project Status: ACTIVE

Project State: New York

Technical Categories: Building Efficiency

Cornell University will develop thermoregulatory apparel that enables the expansion of the comfortable temperature
range in buildings by more than 4°F in both heating and cooling seasons. Cornell's thermoregulatory apparel integrates
advanced textile technologies and state-of-the-art wearable electronics into a functional apparel design without
compromising comfort, wearability, washability, appearance, or safety. The thermoregulatory clothing system senses
the wearer's skin temperature and activates a heated or cooled airflow around the individual, reducing the energy
required to heat or cool the building itself by satisfying the comfort requirements of the individual.
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Electrofuels Microorganisms for Liquid Transportation Fuel (13)

ARPA-E's Electrofuels program is using microorganisms to create liquid transportation fuels in a new and different way
that could be up to 10 times more energy efficient than current biofuel production methods. ARPA-E is the only U.S.
government agency currently funding research on electrofuels.

North Carolina State University

Liguid Fuel from Heat-Loving Microorganisms
Program: Electrofuels

Project Term: 07/01/2010 to 12/31/2014
Project Status: ALUMNI

Project State: North Carolina

Technical Categories: Transportation Fuels

NC State is working with the University of Georgia to create electrofuels from primitive organisms called extremophiles
that evolved before photosynthetic organisms and live in extreme, hot water environments with temperatures ranging
from 167-212 degrees Fahrenheit. The team is genetically engineering these microorganisms so they can use hydrogen
to turn carbon dioxide directly into alcohol-based fuels. High temperatures are required to distill the biofuels from the
water where the organisms live, but the heat-tolerant organisms will continue to thrive even as the biofuels are being
distilled--making the fuel-production process more efficient. The microorganisms don't require light, so they can be
grown anywhere--inside a dark reactor or even in an underground facility.

Ginkgo Bioworks

Biofuels from E. Coli

Program: Electrofuels

Project Term: 07/16/2010 to 01/15/2014
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Fuels

Ginkgo Bioworks is bypassing photosynthesis and engineering E. coli to directly use carbon dioxide (CO2) to produce
biofuels. E. coli doesn't naturally metabolize CO2, but Ginkgo Bioworks is manipulating and incorporating the genes
responsible for CO2 metabolism into the microorganism. By genetically modifying E. coli, Ginkgo Bioworks will enhance
its rate of CO2consumption and liquid fuel production. Ginkgo Bioworks is delivering CO2 to E. coli as formic acid, a
simple industrial chemical that provides energy and CO2 to the bacterial system.

Medical University of South Carolina

Liguid Fuel from Microbial Communities
Program: Electrofuels

Project Term: 07/09/2010 to 02/15/2015
Project Status: ALUMNI

Project State: South Carolina

Technical Categories: Transportation Fuels

MUSC is developing an engineered system to create liquid fuels from communities of interdependent microorganisms.
MUSC is first pumping carbon dioxide (CO2) and renewable sources of electricity into a battery-like cell. A community of
microorganisms uses the electricity to convert the CO2 into hydrogen. That hydrogen is then consumed by another
community of microorganisms living in the same system. These new microorganisms convert the hydrogen into acetate,
which in turn feed yet another community of microorganisms. This last community of microorganisms uses the acetate
to produce a liquid biofuel called butanol. Similar interdependent microbial communities can be found in some natural
environments, but they've never been coupled together in an engineered cell to produce liquid fuels. MUSC is working
to triple the amount of butanol that can be produced in its system and to reduce the overall cost of the process.
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Massachusetts Institute of Technology
Liguid Fuel from Bacteria

Program: Electrofuels

Project Term: 07/15/2010 to 10/01/2013
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Fuels

MIT is using solar-derived hydrogen and common soil bacteria called Ralstonia eutropha to turn carbon dioxide (CO2)
directly into biofuel. This bacteria already has the natural ability to use hydrogen and CO2for growth. MIT is engineering
the bacteria to use hydrogen to convert CO2 directly into liquid transportation fuels. Hydrogen is a flammable gas, so
the MIT team is building an innovative reactor system that will safely house the bacteria and gas mixture during the fuel-
creation process. The system will pump in precise mixtures of hydrogen, oxygen, and CO2, and the online fuel-recovery
system will continuously capture and remove the biofuel product.

Columbia University

Biofuels from Bacteria, Electricity, and CO2
Program: Electrofuels

Project Term: 07/01/2010 to 06/30/2014
Project Status: ALUMNI

Project State: New York

Technical Categories: Transportation Fuels

Columbia University is using carbon dioxide (CO2) from ambient air, ammonia--an abundant and affordable chemical--
and a bacteria called N. europaea to produce liquid fuel. The Columbia University team is feeding the ammonia and
CO2 into an engineered tank where the bacteria live. The bacteria capture the energy from ammonia and then use that
energy to convert CO2 into a liquid fuel. When the bacteria use up all the ammonia, renewable electricity can
regenerate it and pump it back into the system--creating a continuous fuel-creation cycle. In addition, Columbia
University is also working with the bacteria A. ferrooxidans to capture and use energy from ferrous iron to produce
liquid fuels from CO2.

University of California, Los Angeles

Liguid Fuel from Renewable Electricity and Bacteria
Program: Electrofuels

Project Term: 07/15/2010 to 04/30/2014

Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Fuels

UCLA is utilizing renewable electricity to power direct liquid fuel production in genetically engineered Ralstonia eutropha
bacteria. UCLA is using renewable electricity to convert carbon dioxide into formic acid, a liquid soluble compound that
delivers both carbon and energy to the bacteria. The bacteria are genetically engineered to convert the formic acid into
liquid fuel--in this case alcohols such as butanol. The electricity required for the process can be generated from sunlight,
wind, or other renewable energy sources. In fact, UCLA's electricity-to-fuel system could be a more efficient way to
utilize these renewable energy sources considering the energy density of liquid fuel is much higher than the energy
density of other renewable energy storage options, such as batteries.

OPX Biotechnologies, Inc.

Engineering Bacteria for Efficient Fuel Production
Program: Electrofuels

Project Term: 07/12/2010 to 03/31/2014
Project Status: ALUMNI

Project State: Colorado
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Technical Categories: Transportation Fuels

OPX Biotechnologies is engineering a microorganism currently used in industrial biotechnology to directly produce a
liquid fuel from hydrogen and carbon dioxide (CO2). The microorganism has the natural ability to use hydrogen and
CO2 for growth. OPX Biotechnologies is modifying the microorganism to divert energy and carbon away from growth
and towards the production of liquid fuels in larger, commercially viable quantities. The microbial system will produce a
fuel precursor that can be chemically upgraded to various hydrocarbon fuels.

Pennsylvania State University

Genetically Modified Bacteria for Fuel Production
Program: Electrofuels

Project Term: 07/01/2010 to 06/30/2014
Project Status: ALUMNI

Project State: Pennsylvania

Technical Categories: Transportation Fuels

Penn State is genetically engineering bacteria called Rhodobacter to use electricity or electrically generated hydrogen to
convert carbon dioxide into liquid fuels. In collaboration with the University of Kentucky, Penn State is taking genes from
oil-producing algae called Botryococcus braunii and putting them into Rhodobacter to produce hydrocarbon molecules,
which closely resemble gasoline. Penn State is developing engineered tanks to support microbial fuel production and
determining the most economical way to feed the electricity or hydrogen to the bacteria, including using renewable
sources of power like solar energy.

Harvard University

Fuel from Bacteria, CO2, Water, and Solar Energy
Program: Electrofuels

Project Term: 07/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Fuels

Harvard is engineering a self-contained, scalable electrofuels production system that can directly generate liquid fuels
from bacteria, carbon dioxide (CO2), water, and sunlight. Harvard is genetically engineering bacteria called Shewanella,
so the bacteria can sit directly on electrical conductors and absorb electrical current. This current, which is powered by
solar panels, gives the bacteria the energy they need to process CO2 into liquid fuels. The Harvard team pumps this
CO2 into the system, in addition to water and other nutrients needed to grow the bacteria. Harvard is also engineering
the bacteria to produce fuel molecules that have properties similar to gasoline or diesel fuel--making them easier to
incorporate into the existing fuel infrastructure. These molecules are designed to spontaneously separate from the
water-based culture that the bacteria live in and to be used directly as fuel without further chemical processing once
they're pumped out of the tank.

University of Massachusetts, Amherst
Biofuels from Solar Energy and Bacteria

Program: Electrofuels

Project Term: 07/01/2010 to 06/30/2014
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Fuels

UMass Amherst is feeding renewable electricity to bacteria to provide the microorganisms with the energy they need to
turn carbon dioxide (CO2) directly into liquid fuels. UMass Amherst's energy-to-fuels conversion process is anticipated to
be more efficient than current biofuels approaches in part because this process will leverage the high efficiency of
photovoltaics to convert solar energy into electricity. UMass Amherst is using bacteria already known to produce biofuel
from electric current and CO2and working to increase the amount of electric current those microorganisms will accept
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and use for biofuels production. In collaboration with scientists at University of California, San Diego, the UMass
Amherst team is also investigating the use of hydrogen sulfide as a source of energy to power biofuel production.

Lawrence Berkeley National Laboratory
Turning Bacteria into Biofuel

Program: Electrofuels

Project Term: 07/16/2010 to 12/31/2014
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Fuels

LBNL is improving the natural ability of a common soil bacteria called Ralstonia eutropha to use hydrogen and carbon
dioxide for biofuel production. First, LBNL is genetically modifying the bacteria to produce biofuel at higher
concentrations. Then, LBNL is using renewable electricity obtained from solar, wind, or wave power to produce high
amounts of hydrogen in the presence of the bacteria--increasing the organism's access to its energy source and
improving the efficiency of the biofuel-creation process. Finally, LBNL is tethering electrocatalysts to the bacteria's
surface which will further accelerate the rate at which the organism creates biofuel. LBNL is also developing a chemical
method to transform the biofuel that the bacteria produce into ready-to-use jet fuel.

Ohio State University

Fuel From Bacteria

Program: Electrofuels

Project Term: 07/01/2010 to 06/30/2014
Project Status: ALUMNI

Project State: Ohio

Technical Categories: Transportation Fuels

Ohio State is genetically modifying bacteria to efficiently convert carbon dioxide directly into butanol, an alcohol that
can be used directly as a fuel blend or converted to a hydrocarbon, which closely resembles gasoline. Bacteria are
typically capable of producing a certain amount of butanol before it becomes too toxic for the bacteria to survive. Ohio
State is engineering a new strain of the bacteria that could produce up to 50% more butanol before it becomes too toxic
for the bacteria to survive. Finding a way to produce more butanol more efficiently would significantly cut down on
biofuel production costs and help make butanol cost competitive with gasoline. Ohio State is also engineering large
tanks, or bioreactors, to grow the biofuel-producing bacteria in, and they are developing ways to efficiently recover
biofuel from the tanks.

Massachusetts Institute of Technology
Natural Qil Production from Microorganisms
Program: Electrofuels

Project Term: 07/15/2010 to 03/31/2014
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Fuels

MIT is using carbon dioxide (CO2) and hydrogen generated from electricity to produce natural oils that can be upgraded
to hydrocarbon fuels. MIT has designed a 2-stage biofuel production system. In the first stage, hydrogen and CO2 are fed
to a microorganism capable of converting these feedstocks to a 2-carbon compound called acetate. In the second stage,
acetate is delivered to a different microorganism that can use the acetate to grow and produce oil. The oil can be
removed from the reactor tank and chemically converted to various hydrocarbons. The electricity for the process could
be supplied from novel means currently in development, or more proven methods such as the combustion of municipal
waste, which would also generate the required CO2 and enhance the overall efficiency of MIT's biofuel-production
system.
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FOCUS Full-Spectrum Optimized Conversion and Utilization of (13)
Sunlight

High utilization of renewable energy is a vital component of our energy portfolio. Solar energy systems can provide
secure energy with predictable future costs--largely unaffected by geopolitics and climate--because sunshine is widely
available and free. The projects that comprise ARPA-E's FOCUS program, short for "Full-Spectrum Optimized Conversion
and Utilization of Sunlight," could pave the way for cost-competitive hybrid solar energy systems that combine the
advantages of existing photovoltaic (PV) and concentrated solar power (CSP) technologies.

University of Tulsa

Liquid Filter with Plasmonic Nanoparticles
Program: FOCUS

Project Term: 05/15/2014 to 02/14/2017
Project Status: ACTIVE

Project State: Oklahoma

Technical Categories: Distributed Generation

The University of Tulsa is developing a hybrid solar converter that captures ultraviolet and infrared wavelengths of light
in a thermal fluid while directing visible wavelengths of light to a photovoltaic (PV) cell to produce electricity. The PV
cells can be kept at moderate temperatures while high-quality heat is captured in the thermal fluid for storage and
conversion into electricity when needed. The thermal fluid will flow behind the PV cell to capture waste heat and then
flow in front of the PV cell, where it heats further and also act as a filter, passing only the portions of sunlight that the PV
cell converts most efficiently while absorbing the rest. This light absorption control will be accomplished by including
nanoparticles of different materials, shapes, and sizes in the fluid that are tailored to absorb different portions of
sunlight. The heat captured in the fluid can be stored to provide dispatchable solar energy during non-daylight hours.
Together, the PV cells and thermal energy provide instantaneous as well as storable power for dispatch when most
needed.

Yale University

High-Temperature Dual-Junction Topping Cells
Program: FOCUS

Project Term: 07/15/2014 to 07/31/2017
Project Status: ACTIVE

Project State: Connecticut

Technical Categories: Distributed Generation

Yale University is developing a dual-junction solar cell that can operate efficiently at temperatures above 400 °C, unlike
today's solar cells, which lose efficiency rapidly above 100°C and are likely to fail at high temperatures over time. Yale's
specialized dual-junction design will allow the cell to extract significantly more energy from the sun at high temperature
than today's cells, enabling the next generation of hybrid solar converters to deliver much higher quantities of electricity
and highly useful dispatchable heat. Heat rejected from the cells at high temperature can be stored and used to
generate electricity with a heat engine much more effectively than cells producing heat at lower temperatures.
Therefore, electricity can be produced at higher overall efficiency for use even when the sun is not shining.

Tulane University

Hybrid Solar Converter

Program: FOCUS

Project Term: 08/01/2014 to 07/31/2017
Project Status: ACTIVE

Project State: Louisiana

Technical Categories: Distributed Generation

Tulane University is developing a hybrid solar energy system capable of capturing, storing, and dispatching solar energy.
The system will collect sunlight using mass-manufactured, pneumatically-driven mirrors (heliostats) that track the sun's
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movement. This contrasts with today's mechanically-driven heliostats that are bulky and costly. The heliostats
concentrate sunlight onto high-efficiency solar cells that generate electricity for immediate use from a portion of the
light while the remaining light directly heats a tank filled with hot fluid up to 600 °C. The tank stores energy for use by a
heat engine when needed most. Tulane University's system will enable efficient use of the full solar spectrum while
storing a large component of sunlight as heat for conversion into electricity at any time of day.

Massachusetts Institute of Technology
Stacked Hybrid Solar Converter

Program: FOCUS

Project Term: 06/17/2014 to 06/16/2017
Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Distributed Generation

MIT is developing a hybrid solar converter that integrates a thermal absorber and solar cells into a layered stack,
allowing some portions of sunlight to be converted directly to electricity and the rest to be stored as heat for conversion
when needed most. MIT's design focuses concentrated sunlight onto metal fins coated with layers that reflect a portion
of the sunlight while absorbing the rest. The absorbed light is converted to heat and stored in a thermal fluid for
conversion to mechanical energy by a heat engine. The reflected light is directed to solar cells and converted directly
into electricity. This way, each portion of the solar spectrum is directed to the conversion system where it can be most
effectively used. The sunlight passes through a transparent microporous gel that also insulates each of the components
so that the maximum energy can be extracted from both the heat-collecting metal fins and the solar cells. This unique
stack design could utilize the full solar spectrum efficiently and enable the dispatch of electricity at any time of the day.

Arizona State University

High-Temperature Topping Cells from LED Materials
Program: FOCUS

Project Term: 05/30/2014 to 05/29/2017

Project Status: ACTIVE

Project State: Arizona

Technical Categories: Distributed Generation

ASU is developing a solar cell that can maintain efficient operation at temperatures above 400°C. Like many other
electronics, solar panels work best in cooler environments. As the temperature of traditional solar cells increases
beyond 100°C, the energy output decreases markedly and components are more prone to failure. ASU's technology
adapts semiconducting materials used in today's light-emitting diode (LED) industry to enable efficient, long-term high-
temperature operation. These materials could allow the cells to maintain operation at much higher temperatures than
today's solar cells, so they can be integrated as the sunlight-absorbing surface of a thermal receiver in the next
generation of hybrid solar collectors. The solar cell would provide electricity using a portion of the incoming sunlight,
while the receiver collects usable heat at high temperature that can be stored and dispatched to generate electricity as
needed.

Gas Technology Institute

Double-Reflector Hybrid Solar Energy System
Program: FOCUS

Project Term: 05/13/2014 to 08/31/2017
Project Status: ACTIVE

Project State: lllinois

Technical Categories: Distributed Generation

GTl is developing a hybrid solar converter that focuses sunlight onto solar cells with a reflective backside mirror. These
solar cells convert most visible wavelengths of sunlight to electricity while reflecting the unused wavelengths to heat a
stream of flowing particles. The particles are used to store the heat for use immediately or at a later time to drive a
turbine and produce electricity. GTI's design integrates the parabolic trough mirrors, commonly used in CSP plants, into
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a dual-mirror system that captures the full solar spectrum while storing heat to dispatch electricity when the sun does
not shine. Current solar cell technologies capture limited portions of the solar spectrum to generate electricity that must
be used immediately. By using back-reflecting gallium arsenide (GaAs) cells, this hybrid converter is able to generate

both electricity from specific solar wavelengths and capture the unused light as heat in the flowing particles. The particle-
based heat storage system is a departure from standard fluid-based heat storage approaches and could enable much
more efficient and higher energy density heat storage. GTl's converter could be used to provide solar electricity whether
or not the sun is shining.

Sharp Laboratories of America

Partially Transmitting Mirror

Program: FOCUS

Project Term: 06/01/2014 to 05/31/2017
Project Status: ACTIVE

Project State: Washington

Technical Categories: Distributed Generation

Sharp Labs is developing a hybrid solar converter that splits the light spectrum, sending a band of the solar spectrum to
solar cells to generate electricity and the rest to a thermal fluid to be stored as heat. The team's converter builds off the
CSP trough concentrator design, integrating a partially transmitting mirror near the focus to reflect visible wavelengths
of light onto high-efficiency solar cells while passing ultraviolet and most infrared light to heat a thermal fluid. The visible
light is concentrated further before reaching the solar cells to maximize their power output. A thermal management
system built into the solar cells allows them to be maintained at an optimal operating temperature and could be used to
recover useful waste heat. Hot thermal fluid generated by the converter can be stored and used when needed to drive a
turbine to produce electricity. The converter leverages the advantages of both PV and CSP to use each portion of the
solar spectrum most effectively. This could enable utilities to provide dispatchable, on-demand, solar electricity at low
cost even when the sun does not shine.

General Electric

Electrochemical Energy Storage with a Supercritical CO2 Cycle
Program: FOCUS

Project Term: 08/01/2014 to 07/31/2017

Project Status: ACTIVE

Project State: Connecticut

Technical Categories: Distributed Generation

GE is designing and testing components of a turbine system driven by high-temperature, high-pressure carbon dioxide
(CO2) to develop a more durable and efficient energy conversion system. Current solar energy system components
break down at high temperatures, shortening the system's cycle life. GE's energy storage system stores heat from the
sun in molten salt at moderate temperature and uses surplus electricity from the grid to create a phase change heat
sink, which helps manage the temperature of the system. Initially, the CO2 remains at a low temperature and low
pressure to enable more efficient energy storage. Then, the temperature and pressure of the CO2is increased and
expanded through a turbine to generate dispatchable electricity. The dramatic change in temperature and pressure is
enabled by an innovative system design that prevents thermal losses across the turbine and increases its cycle life. This
grid-scale energy storage system could be coupled to a hybrid solar converter to deliver solar electricity on demand.

Arizona State University

Solar-Concentrating Photovoltaic Mirror
Program: FOCUS

Project Term: 06/01/2014 to 05/31/2017
Project Status: ACTIVE

Project State: Arizona

Technical Categories: Distributed Generation

ASU is developing a hybrid solar energy system that modifies a CSP trough design, replacing the curved mirror with solar
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cells that collect both direct and diffuse rays of a portion of sunlight while reflecting the rest of the direct sunlight to a
thermal absorber to generate heat. Electricity from the solar cells can be used immediately while the heat can be stored
for later use. Today's CSP systems offer low overall efficiency because they collect only direct sunlight, or the light that
comes in a straight beam from the sun. ASU's technology could increase the amount of light that can be converted to
electricity by collecting diffuse sunlight, or light that has been scattered by the atmosphere, clouds, and off the earth. By
integrating curved solar cells into a hybrid trough system, ASU will effectively split the solar spectrum and use each
portion of the spectrum in the most efficient way possible. Diffuse and some direct sunlight are converted into
electricity in the solar cells, while the unused portion of the direct sunlight is reflected for conversion to heat.

Massachusetts Institute of Technology

Low-Cost Hetero-Epitaxial Solar Cell for Hybrid Converter
Program: FOCUS

Project Term: 05/15/2014 to 07/31/2015

Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Distributed Generation

MIT is developing a high-efficiency solar cell grown on a low-cost silicon wafer, which incorporates a micro-scale heat
management system. The team will employ a novel fabrication process to ensure compatibility between the indium
gallium phosphide (InGaP) solar cell and an inexpensive silicon wafer template, which will reduce cell costs. MIT will also
develop a color-selective filter, designed to split incoming concentrated sunlight into two components. One component
will be sent to the solar cells and immediately converted into electricity and the other will be sent to a thermal receiver
to be captured as heat. This will allow the simultaneous availability of electricity and heat. By leveraging the InGaP
system, MIT's solar cells will be more tolerant to high temperature operation than today's PV cells and allow recovery of
more useful higher temperature waste heat through the micro-scale heat management system. The solar cell and heat
recovery system will enable more efficient use of the entire solar spectrum to produce dispatchable renewable
electricity.

Cogenra Solar, Inc.

Hybrid Solar Converter with Light-Filtering Mirror
Program: FOCUS

Project Term: 07/10/2014 to 07/09/2016
Project Status: ALUMNI

Project State: California

Technical Categories: Distributed Generation

Cogenra Solar is developing a hybrid solar converter with a specialized light-filtering mirror that splits sunlight by
wavelength, allowing part of the sunlight spectrum to be converted directly to electricity with photovoltaics (PV), while
the rest is captured and stored as heat. By integrating a light-filtering mirror that passes the visible part of the spectrum
to a PV cell, the system captures and converts as much as possible of the photons into high-value electricity and
concentrates the remaining light onto a thermal fluid, which can be stored and be used as needed. Cogenra's hybrid
solar energy system also captures waste heat from the solar cells, providing an additional source of low-temperature
heat. This hybrid converter could make more efficient use of the full solar spectrum and can provide inexpensive solar
power on demand.

Northrop Grumman Aerospace Systems
Thermo-Acoustic Hybrid Solar Energy System
Program: FOCUS

Project Term: 06/15/2014 to 10/15/2016
Project Status: CANCELLED

Project State: California

Technical Categories: Distributed Generation

Northrop Grumman is developing a dish-shaped sunlight-concentrating hybrid solar converter that integrates high-
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efficiency solar cells and a thermo-acoustic engine that generates electricity directly from heat. Current solar cells lose
significant amounts of energy as heat, because they do not have heat storage capability. By integrating a high-
temperature solar cell and thermo-acoustic engine into a single system, thermal energy losses are minimized. The
thermo-acoustic unit, which was originally designed for space missions, converts waste heat from the solar cell into
sound waves to generate electricity using as few moving parts as possible. The engine and solar cell are connected to a
molten salt thermal storage unit to store heat when the sun shines and to release the heat and make electricity when
the sun is not shining. Northrop Grumman's system could efficiently generate electricity more cheaply than existing
solar power plants and lead to inexpensive, on-demand electricity from solar energy.

MicrolLink Devices

Dual-Junction Photovoltaic Topping Device for High-Temp Operation
Program: FOCUS

Project Term: 06/11/2014 to 08/04/2016

Project Status: CANCELLED

Project State: lllinois

Technical Categories: Distributed Generation

MicrolLink is developing a high-efficiency solar cell that can maintain efficient operation at high temperatures and
leverage reusable cell templates to reduce overall cell cost. MicroLink's cell will be able to operate at temperatures
above 400°C, unlike today's solar cells, which lose efficiency rapidly above 100°C and are likely to fail at high
temperatures over time. MicroLink's specialized dual-junction design will allow the cell to extract significantly more
energy from the sun at high temperature than today's cells, enabling the next generation of hybrid solar converters to
deliver much higher quantities of electricity and useful dispatchable heat. When integrated into hybrid solar converters,
heat rejected from the cells at high temperature can be stored and used to generate electricity when the sun is not
shining.

GENI Green Electricity Network Integration (15)

The projects in ARPA-E's GENI program, short for "Green Electricity Network Integration," aim to modernize the way
electricity is transmitted in the U.S. through advances in hardware and software for the electric grid. These advances will
improve the efficiency and reliability of electricity transmission, increase the amount of renewable energy the grid can
utilize, and provide energy suppliers and consumers with greater control over their power flows in order to better
manage peak power demand and cost.

Oak Ridge National Laboratory

Magnetic Amplifier for Power Flow Control
Program: GENI

Project Term: 02/24/2012 to 12/31/2016
Project Status: ACTIVE

Project State: Tennessee

Technical Categories: Grid

ORNL is developing an electromagnet-based, amplifier-like device that will allow for complete control over the flow of
power within the electric grid. To date, complete control of power flow within the grid has been prohibitively expensive.
ORNL's controller could provide a reliable, cost-effective solution to this problem. The team is combining two types of
pre-existing technologies to assist in flow control, culminating in a prototype iron-based magnetic amplifier. Ordinarily,
such a device would require expensive superconductive wire, but the magnetic iron core of ORNL's device could serve as
a low-cost alternative that is equally adept at regulating power flow.

Texas Engineering Experiment Station
Automated Grid Disruption Response System
Program: GENI

Project Term: 03/01/2012 to 06/30/2015
Project Status: ALUMNI
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Project State: Texas
Technical Categories: Grid

The RATC research team is using topology control as a mechanism to improve system operations and manage
disruptions within the electric grid. The grid is subject to interruption from cascading faults caused by extreme operating
conditions, malicious external attacks, and intermittent electricity generation from renewable energy sources. The RATC
system is capable of detecting, classifying, and responding to grid disturbances by reconfiguring the grid in order to
maintain economically efficient operations while guaranteeing reliability. The RATC system would help prevent future
power outages, which account for roughly $80 billion in losses for businesses and consumers each year. Minimizing the
time it takes for the grid to respond to expensive interruptions will also make it easier to integrate intermittent
renewable energy sources into the grid.

Varentec, Inc.

Dynamic Power Flow Controller

Program: GENI

Project Term: 01/03/2012 to 05/31/2016
Project Status: ALUMNI

Project State: California

Technical Categories: Grid

Varentec is developing compact, low-cost transmission power controllers with fractional power rating for controlling
power flow on transmission networks. The technology will enhance grid operations through improved use of current
assets and by dramatically reducing the number of transmission lines that have to be built to meet increasing
contributions of renewable energy sources like wind and solar. The proposed transmission controllers would allow for
the dynamic control of voltage and power flow, improving the grid's ability to dispatch power in real time to the places
where it is most needed. The controllers would work as fail-safe devices whereby the grid would be restored to its
present operating state in the event of a controller malfunction instead of failing outright. The ability to affordably and
dynamically control power flow with adequate fail-safe switchgear could open up new competitive energy markets
which are not possible under the current regulatory structure and technology base.

Boston University

Decision-Support Software for Grid Operators
Program: GENI

Project Term: 04/19/2013 to 03/31/2016
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Grid

The BU team is developing control technology to help grid operators more actively manage power flows and integrate
renewables by optimally turning entire power lines on and off in coordination with traditional control of generation and
load resources. The control technology being developed would provide grid operators with tools to help manage
transmission congestion by identifying the facilities whose on/off status must change to lower generation costs, increase
utilization of renewable resources and improve system reliability. The technology is based on fast optimization
algorithms for the near to real-time change in the on/off status of transmission facilities and their software
implementation.

Smart Wire Grid, Inc.
Distributed Power Flow Control

Program: GENI

Project Term: 04/23/2012 to 09/30/2014
Project Status: ALUMNI

Project State: California

Technical Categories: Grid
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Smart Wire Grid is developing a solution for controlling power flow within the electric grid to better manage unused and
overall transmission capacity. The 300,000 miles of high-voltage transmission line in the U.S. today are congested and
inefficient, with only around 50% of all transmission capacity utilized at any given time. Increased consumer demand
should be met in part with a more efficient and economical power flow. Smart Wire Grid's devices clamp onto existing
transmission lines and control the flow of power within--much like how internet routers help allocate bandwidth
throughout the web. Smart wires could support greater use of renewable energy by providing more consistent control
over how that energy is routed within the grid on a real-time basis. This would lessen the concerns surrounding the
grid's inability to effectively store intermittent energy from renewables for later use.

Georgia Tech Research Corporation
Autonomous, Decentralized Grid Architecture
Program: GENI

Project Term: 01/11/2012 to 02/15/2015
Project Status: ALUMNI

Project State: Georgia

Technical Categories: Grid

Georgia Tech is developing a decentralized, autonomous, internet-like control architecture and control software system
for the electric power grid. Georgia Tech's new architecture is based on the emerging concept of electricity prosumers--
economically motivated actors that can produce, consume, or store electricity. Under Georgia Tech's architecture, all of
the actors in an energy system are empowered to offer associated energy services based on their capabilities. The actors
achieve their sustainability, efficiency, reliability, and economic objectives, while contributing to system-wide reliability
and efficiency goals. This is in marked contrast to the current one-way, centralized control paradigm.

AutoGrid, Inc.

Integration of Renewables via Demand Management
Program: GENI

Project Term: 01/11/2012 to 03/31/2014

Project Status: ALUMNI

Project State: California

Technical Categories: Grid

AutoGrid, in conjunction with Lawrence Berkeley National Laboratory and Columbia University, will design and
demonstrate automated control software that helps manage real-time demand for energy across the electric grid.
Known as the Demand Response Optimization and Management System - Real-Time (DROMS-RT), the software will
enable personalized price signals to be sent to millions of customers in extremely short timeframes--incentivizing them
to alter their electricity use in response to grid conditions. This will help grid operators better manage unpredictable
demand and supply fluctuations in short time-scales--making the power generation process more efficient and cost
effective for both suppliers and consumers. DROMS-RT is expected to provide a 90% reduction in the cost of operating
demand response and dynamic pricing programs in the U.S.

California Institute of Technology
Scalable Distributed Automation System
Program: GENI

Project Term: 03/01/2012 to 06/01/2015
Project Status: ALUMNI

Project State: California

Technical Categories: Grid

Caltech is developing a distributed automation system that allows distributed generators--solar panels, wind farms,
thermal co-generation systems--to effectively manage their own power. To date, the main stumbling block for
distributed automation systems has been the inability to develop software that can handle more than 100,000
distributed generators and be implemented in real time. Caltech's software could allow millions of generators to self-
manage through local sensing, computation, and communication. Taken together, localized algorithms can support
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certain global objectives, such as maintaining the balance of energy supply and demand, regulating voltage and
frequency, and minimizing cost. An automated, grid-wide power control system would ease the integration of
renewable energy sources like solar power into the grid by quickly transmitting power when it is created, eliminating the
energy loss associated with the lack of renewable energy storage capacity of the grid.

University of Washington

Renewable Energy Positioning System
Program: GENI

Project Term: 03/01/2012 to 10/14/2015
Project Status: ALUMNI

Project State: Washington

Technical Categories: Grid

The University of Washington and the University of Michigan are developing an integrated system to match well-
positioned energy storage facilities with precise control technologies so the electric grid can more easily include energy
from renewable power sources like wind and solar. Because renewable energy sources provide intermittent power, it is
difficult for the grid to efficiently allocate those resources without developing solutions to store their energy for later
use. The two universities are working with utilities, regulators, and the private sector to position renewable energy
storage facilities in locations that optimize their ability to provide and transmit electricity where and when it is needed
most. Expanding the network of transmission lines is prohibitively expensive, so combining well-placed storage facilities
with robust control systems to efficiently route their power will save consumers money and enable the widespread use
of safe, renewable sources of power.

Sandia National Laboratory

Probability-Based Software for Grid Optimization
Program: GENI

Project Term: 04/01/2012 to 01/16/2015
Project Status: ALUMNI

Project State: New Mexico

Technical Categories: Grid

Sandia National Laboratories is working with several commercial and university partners to develop software for market
management systems (MMSs) that enable greater use of renewable energy sources throughout the grid. MMSs are used
to securely and optimally determine which energy resources should be used to service energy demand across the
country. Contributions of electricity to the grid from renewable energy sources such as wind and solar are intermittent,
introducing complications for MMSs, which have trouble accommodating the multiple sources of price and supply
uncertainties associated with bringing these new types of energy into the grid. Sandia's software will bring a new,
probability-based formulation to account for these uncertainties. By factoring in various probability scenarios for
electricity production from renewable energy sources in real time, Sandia's formula can reduce the risk of inefficient
electricity transmission, save ratepayers money, conserve power, and support the future use of renewable energy.

General Electric

Cost-Effective Cable Insulation

Program: GENI

Project Term: 02/24/2012 to 05/31/2014
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Grid

GE is developing new, low-cost insulation for high-voltage direct current (HVDC) electricity transmission cables. The
current material used to insulate HVDC transmission cables is very expensive and can account for as much as 1/3 of the
total cost of a high-voltage transmission system. GE is embedding nanomaterials into specialty rubber to create its
insulation. Not only are these materials less expensive than those used in conventional HVDC insulation, but also they
will help suppress excess charge accumulation. The excess charge left behind on a cable poses a major challenge for high-
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voltage insulation--if it is not kept to a low level, it could ultimately lead the insulation to fail. GE's low-cost insulation is
compatible with existing U.S. cable manufacturing processes, further enhancing its cost effectiveness.

General Atomics

Low-Insertion HVDC Circuit Breaker
Program: GENI

Project Term: 01/09/2012 to 07/31/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Grid

General Atomics is developing a direct current (DC) circuit breaker that could protect the grid from faults 100 times
faster than its alternating current (AC) counterparts. Circuit breakers are critical elements in any electrical system. At the
grid level, their main function is to isolate parts of the grid where a fault has occurred--such as a downed power line or a
transformer explosion--from the rest of the system. DC circuit breakers must interrupt the system during a fault much
faster than AC circuit breakers to prevent possible damage to cables, converters and other grid-level components.
General Atomics' high-voltage DC circuit breaker would react in less than 1/1,000th of a second to interrupt current
during a fault, preventing potential hazards to people and equipment.

Michigan State University

Power Flow Controller for Renewables
Program: GENI

Project Term: 02/08/2012 to 11/15/2015
Project Status: ALUMNI

Project State: Michigan

Technical Categories: Grid

MSU is developing a power flow controller to improve the routing of electricity from renewable sources through existing
power lines. The fast, innovative, and lightweight circuitry that MSU is incorporating into its controller will eliminate the
need for a separate heavy and expensive transformer, as well as the construction of new transmission lines. MSU's
controller is better suited to control power flows from distributed and intermittent wind and solar power systems than
traditional transformer-based controllers are, so it will help to integrate more renewable energy into the grid. MSU's
power flow controller can be installed anywhere in the existing grid to optimize energy transmission and help reduce
transmission congestion.

General Electric

Connecting Renewables Directly to the Grid
Program: GENI

Project Term: 01/23/2012 to 01/22/2015
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Grid

GE is developing electricity transmission hardware that could connect distributed renewable energy sources, like wind
farms, directly to the grid--eliminating the need to feed the energy generated through intermediate power conversion
stations before they enter the grid. GE is using the advanced semiconductor material silicon carbide (SiC) to conduct
electricity through its transmission hardware because SiC can operate at higher voltage levels than semiconductors
made out of other materials. This high-voltage capability is important because electricity must be converted to high-
voltage levels before it can be sent along the grid's network of transmission lines. Power companies do this because less
electricity is lost along the lines when the voltage is high.
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Cornell University

Cloud Computing for the Grid

Program: GENI

Project Term: 02/08/2012 to 08/07/2015
Project Status: ALUMNI

Project State: New York

Technical Categories: Grid

Cornell is creating a new software platform for grid operators called GridControl that will utilize cloud computing to
more efficiently control the grid. In a cloud computing system, there are minimal hardware and software demands on
users. The user can tap into a network of computers that is housed elsewhere (the cloud) and the network runs
computer applications for the user. The user only needs interface software to access all of the cloud's data resources,
which can be as simple as a web browser. Cloud computing can reduce costs, facilitate innovation through sharing,
empower users, and improve the overall reliability of a dispersed system. Cornell's GridControl will focus on 4 elements:
delivering the state of the grid to users quickly and reliably; building networked, scalable grid-control software; tailoring
services to emerging smart grid uses; and simulating smart grid behavior under various conditions.

GENSETS Generators for Small Electrical and Thermal Systems (14)

The GENSETS program aims to develop transformative generator technologies to enable widespread deployment of
residential combined heat and power (CHP) systems. These small, natural gas-fueled systems can fulfill most of a US
household's electricity and hot water needs, and if widely used could increase the overall efficiency of power generation
in the US, and reduce greenhouse gas emissions.

Metis Design Corporation

Advanced Microturbine Engine for Residential CHP
Program: GENSETS

Project Term: 10/22/2015 to 10/21/2017

Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Distributed Generation

Metis Design Corporation (MDC) with Lawrence Berkley National Laboratory will develop a Brayton cycle engine for
residential use to produce heat and electricity. To begin the cycle, air is drawn into the system where it is compressed
and pressurized. This compressed air is then heated in a recuperator and introduced in to the combustion chamber. Fuel
is injected in to the combustion chamber and subsequently the air-fuel mixture is ignited. The high temperature exhaust
gases then expand through a turbine, providing some of the work that drives the original compressor and the remainder
produces electricity in a generator. Other innovations include adding a rotating vaneless diffuser to the compression
process to reduce viscous losses that would normally reduce the efficiency of small compressors. The design also
includes a high-efficiency recuperator to capture waste heat from the turbine exhaust and a low swirl burner to reduce
emissions.

West Virginia University Research Corporation
Oscillating Linear Engine and Alternator
Program: GENSETS

Project Term: 11/03/2015 to 11/02/2018
Project Status: ACTIVE

Project State: West Virginia

Technical Categories: Distributed Generation

West Virginia University, along with its partners at ANSYS, Inc., Sustainable Engineering, Wilson Works, and Stryke
Industries, will develop a CHP generator for residential use based on a two-stroke, spark-ignited free-piston internal
combustion engine (ICE). Traditional internal combustion engines use the force generated by the combustion of a fuel
(natural gas in this case) to move a piston, transferring chemical energy to mechanical energy, which when used in
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conjunction with a generator produces electricity. This free-piston design differs from traditional slider-crank ICE models
by eliminating the crankshaft and using a spring to increase frequency and stabilize operation. The resulting design is
compact with few moving parts and has reduced frictional losses. In place of a traditional alternator, this engine drives a
permanent magnet linear electric generator.

Air Squared Inc.

High Efficiency Generator System

Program: GENSETS

Project Term: 05/01/2016 to 04/30/2019
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Distributed Generation

Air Squared Inc., with partners at Argonne National Laboratory, Purdue University, and Mississippi State University, will
develop an advanced internal combustion engine (ICE) integrated with an organic Rankine cycle (ORC) for waste heat
recovery. The ICE will use spark-assisted compression ignition (SACI) combustion, a turbulent jet ignition (TJI) fueling
system, a high compression ratio, and aggressive exhaust gas recirculation to deliver a higher thermal efficiency with low
emissions. Traditional internal combustion engines use the force generated by the combustion of a fuel (e.g. natural gas)
to move a piston, transferring chemical energy to mechanical energy. This can then be used in conjunction with a
generator to create electricity. SACl is an advanced combustion technique that uses a homogeneous mixture of fuel and
air with spark assist to enable higher thermal efficiencies and lower emissions. The TJI combustion system further
increases thermal efficiency by enabling reliable SACI combustion even with ultra-lean mixtures (i.e. high air to fuel
ratio). The ORC design uses mostly the same components of a traditional Rankine cycle, but uses an ammonia/water
mixture instead of steam, combined with a novel oil-free scroll expander.

Temple University

Advanced Stirling Power Generation System for CHP
Program: GENSETS

Project Term: 10/26/2015 to 10/25/2018

Project Status: ACTIVE

Project State: Pennsylvania

Technical Categories: Distributed Generation

Temple University and their partner, Infinia Technology Corporation, propose to demonstrate an advanced Stirling
power generation system for residential CHP applications. A Stirling engine uses a working gas housed in a sealed
environment, in this case the working gas is helium. When heated by the natural gas-fueled burner, the helium expands
causing a piston to move and interact with a linear alternator to produce electricity. As the gas cools and contracts, the
process resets before repeating again. Advanced Stirling engines endeavor to carefully manage heat inside the system to
make the most efficient use of the natural gas energy. This project makes extensive use of additive manufacturing i.e.
constructing components one layer at a time - similar to 3D printing. They propose using additive manufacturing
because building the system as one piece minimizes interfacial heat losses and improves heat transfer, leading to
increased efficiency.

Aerodyne Research, Inc.

Single-Cylinder Two-Stroke Free-Piston Internal Combustion Generator
Program: GENSETS

Project Term: 11/01/2015 to 10/31/2018

Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Distributed Generation

Aerodyne Research, Inc. with partners from Stony Brook University, Precision Combustion, Inc., and C-K Engineering, Inc.
will design and build a CHP generator based on a small single-cylinder, two-stroke free-piston internal combustion
engine. Similar to an automotive internal combustion engine, the proposed system follows the same process: the
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combustion of natural gas fuel creates a force that moves a piston, transferring chemical energy to mechanical energy
used in conjunction with a linear alternator to create electricity. The free-piston configuration used here, instead of a
traditional slider-crank mechanism, has the potential to achieve high electrical conversion efficiency. Their design also
includes a double-helix spring that replaces the crankshaft flywheel in conventional engines and can store 5-10 times the
work output of the engine cycle and operates at high frequency, which is key to high energy density, compact size, low
weight, and low cost. The system will also incorporate low temperature, glow plug-assisted homogeneous charge
compression ignition (HCCI) combustion, which reduces heat loss from the engine and further increases efficiency.

INFINIA TECHNOLOGY CORPORATION

Sustainable Economic mCHP Stirling (SEmS) Generator
Program: GENSETS

Project Term: 11/30/2015 to 11/29/2018

Project Status: ACTIVE

Project State: Washington

Technical Categories: Distributed Generation

Infinia Technology Corporation (ITC) in collaboration with team members Qnergy, Alcoa Howmet, Gas Technology
Institute (GTI), MicroCogen Partners, and A.O. Smith Corporation will develop a Free-Piston Stirling engine (FPSE)
powered by an ultra-low-emissions natural gas burner for micro-CHP applications. A Stirling engine uses a working gas
housed in a sealed environment, in this case the working gas is helium. When heated by the natural gas-fueled burner,
the gas expands causing a piston to move and interact with a linear alternator to produce electricity. As the gas cools
and contracts, the process resets before repeating again. Advanced Stirling engines endeavor to carefully manage heat
inside the system to make the most efficient use of the natural gas energy. The ITC design features free-piston
architecture using flexure bearings thus eliminating rubbing parts and allowing for long system life under continuous
use. The team will also develop novel materials that enable high-temperature engine operation, further increasing the
efficiency of the system.

Sunpower, Inc.

Free Piston Stirling Engine Based 1kW Generator
Program: GENSETS

Project Term: 12/01/2015 to 05/31/2018
Project Status: ACTIVE

Project State: Ohio

Technical Categories: Distributed Generation

Sunpower, Inc., in partnership with Aerojet Rocketdyne and Precision Combustion Inc. (PCl), proposes a high-frequency,
high efficiency 1 kW free-piston Stirling engine (FPSE). A Stirling engine uses a working gas such as helium, which is
housed in a sealed environment. When heated by the natural gas-fueled burner, the gas expands causing a piston to
move and interact with a linear alternator to produce electricity. As the gas cools and contracts, the process resets
before repeating again. Advanced Stirling engines endeavor to carefully manage heat inside the system to make the
most efficient use of the natural gas energy. New innovations from this team include the highly efficient and high
frequency design which reduces size and cost and can be wall mounted. The heater-head assembly acts as the heat
exchanger between the burner and the enclosed working gas, and the higher temperature allows for greater efficiency.
Aerojet Rocketdyne will assist this effort by developing high temperature materials to use in this process, while PCI will
add a novel catalytically-assisted, two-stage, burner to maximize heat transfer to the heater-head.

Tour Engine, Inc.

High Efficiency Split-Cycle Engine for Residential Generators
Program: GENSETS

Project Term: 11/24/2015 to 05/23/2017

Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation
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Tour Engine, Inc. in collaboration with Wisconsin Engine Research Consultants (WERC) will develop a miniature internal
combustion engine (ICE) based on Tour's existing split-cycle engine technology. Traditional ICEs use the force generated
by the combustion of a fuel (e.g. natural gas (NG)) to move a piston, transferring chemical energy to mechanical energy.
This can then be used in conjunction with a generator to create electricity. Unlike a normal combustion engine, a split-
cycle engine divides the process into a cold cylinder (intake and compression) and a hot cylinder (expansion and
exhaust). This allows for independent optimization of the compression and expansion ratios, leading to increased
thermal efficiency. A novel Spool Shuttle Crossover Valve (SSCV) is the key enabler for the Tour engine, as it transfers
the fuel/air charge from the cold to hot cylinder.

Wisconsin Engine Research Consultants, LLC
Spark-Assisted HCCI Residential Generator
Program: GENSETS

Project Term: 12/17/2015 to 12/16/2018
Project Status: ACTIVE

Project State: Wisconsin

Technical Categories: Distributed Generation

Wisconsin Engine Research Consultants (WERC), LLC and its partners Adiabatics, Inc., Briggs and Stratton, and the
University of Wisconsin-Madison will develop a generator using an internal combustion engine (ICE) that incorporates an
advanced spark-assisted homogeneous charge compression ignition (SA-HCCI) system. Traditional internal combustion
engines use the force generated by the combustion of a fuel (e.g. natural gas) to move a piston, transferring chemical
energy to mechanical energy. This can then be used in conjunction with a generator to create electricity. SA-HCCI
systems achieve combustion by compressing their fuel/air mix to the point of ignition, with a spark helping to initiate the
process. These systems run very fuel lean and achieve high efficiency and waste less heat compared to conventional
ICEs. In addition, the WERC team will further increase efficiency by incorporating thermal barrier coatings, an advanced
boost system, and an optimized low-friction combustion chamber.

Brayton Energy

1kW Recuperated Brayton-Cycle Engine
Program: GENSETS

Project Term: 11/09/2015 to 11/08/2018
Project Status: ACTIVE

Project State: New Hampshire

Technical Categories: Distributed Generation

Brayton Energy, LLC will develop a 1 kW recuperated Brayton cycle engine to produce heat and electricity for residential
use. To begin the cycle, compressed air is preheated in a recuperator before adding fuel, then the air-fuel mix is ignited
in a combustion chamber. The high temperature exhaust gases then expand through the turbine, providing some of the
work that drives the compressor and also produces electricity in a generator. Major project innovations include the use
of a rotary screw-type compressor and expander that operate in a sub-atmospheric Brayton cycle i.e. below
atmospheric pressure. In addition, Brayton will also use their innovative patented recuperator that is currently in
production, and an ultra-low emission combustor.

Sencera Energy, Inc.

Hybrid Engine Generator for Residential CHP
Program: GENSETS

Project Term: 02/01/2016 to 01/31/2018
Project Status: ACTIVE

Project State: North Carolina

Technical Categories: Distributed Generation

Sencera Energy, Inc., and Ohio University will develop a novel kinematic Stirling-Brayton hybrid engine using flexure
based volume displacement in lieu of a conventional piston-cylinder Stirling engine. A Stirling engine uses a working gas
housed in a sealed environment, in this case the working gas is helium. When heated by the natural gas-fueled burner,
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the gas expands causing a piston to move and interact with an alternator to produce electricity. As the gas cools and
contracts, the process resets before repeating again. Advanced Stirling engines endeavor to carefully manage heat inside
the system to make the most efficient use of the natural gas energy. The flexure-based design achieves the same
function as a piston-cylinder set by simply changing the volume of the working spaces, as opposed to sliding a piston
along the interior of a cylinder. The removal of pistons from the design eliminates the need for sliding seals such as
piston rings or air/gas bearings, resulting in lower engine friction, less fluid flow loss and fewer dead volumes. It also
lowers the potential fabrication cost compared to other heat engines. The proposed kinematic engine design provides
easy coupling to existing rotary alternator designs, which allows the use of robust, mature, and cost-effective off-the-
shelf alternator technologies and controllers.

MAHLE Powertrain

Advanced Lean Burn Micro-CHP Genset
Program: GENSETS

Project Term: 11/01/2015 to 11/23/2018
Project Status: ACTIVE

Project State: Michigan

Technical Categories: Distributed Generation

Mahle Powertrain with partners at Oak Ridge National Laboratory, Louthan Engineering, Kohler Company, and
Intellichoice Energy will design and develop a CHP generator that uses an internal combustion engine with a turbulent
jet ignition (TJI) combustion system. Similar to an automotive internal combustion engine, the proposed system follows
the same process: the combustion of natural gas fuel creates a force that moves a piston, transferring chemical energy
to mechanical energy used in conjunction with a generator to create electricity. The TJI combustion system incorporates
a pre-chamber combustor, enabling the engine to operate in ultra-lean conditions (i.e. high air to fuel mixture), which
results in significant improvement in engine thermal efficiency. The team will further increase the system's efficiency by
using low friction engine components, while a low-temperature after-treatment system will reduce exhaust emissions.

NanoConversion Technologies, Inc.
High-Efficiency Thermoelectric CHP

Program: GENSETS

Project Term: 11/16/2015 to 11/15/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation

NanoConversion Technologies, Inc. along with researchers from Gas Technologies Institute (GTI), will develop a high-
efficiency thermoelectric CHP system. This is a solid-state device that uses heat to create electricity and contains no
moving parts, thus creating no noise or vibrations. Instead, this thermoelectric CHP engine uses a novel concentration
mode-thermoelectric converter (C-TEC) to harness the heat of the natural gas combustor to vaporize and ionize sodium,
creating positive sodium ions and electrons that carry electric current. The C-TEC uses this sodium expansion cycle to
produce electricity using an array of electrochemical cells. The superadiabatic combustor technology from GTI provides
a low emission external combustion heat source with 95% fuel-to-heat efficiency and a stable temperature compatible
with the C-TEC units.

Mohawk Innovative Technology, Inc.

High-Speed Microturbine with Air Foil Bearings for Residential CHP
Program: GENSETS

Project Term: 03/15/2016 to 06/09/2016

Project Status: CANCELLED

Project State: New York

Technical Categories: Distributed Generation

Mohawk Innovative Technology, Inc. (MiTi) and its partners at the University of Texas at Austin and Mitis SA will develop
a 1 kW microturbine generator for residential CHP based on MiTi's hyperlaminar flow engine (HFE) design. Key
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innovations of the design include highly miniaturized components operating at ultra-high speeds and a viscous shear
mechanism to compress air that is mixed with natural gas and undergoes a flameless combustion process that minimizes
emissions. The hot combustion gas drives the turbine and generator to produce electricity and heat water for household
use. Besides using the viscous shear-driven compressor and turbine impellers and flameless combustion, the
turbogenerator uses permanent magnet generator elements and air foil bearings with very low power loss, all of which
are combined into a highly efficient, low emission, and oil-free turbomachine for residential combined heat and power
that requires little or no maintenance.

GRID DATA Generating Realistic Information for the Development of (7)
Distribution and Transmission Algorithms

The Generating Realistic Information for the Development of Distribution and Transmission Algorithms (GRID DATA)
program will fund the development of large-scale, realistic, validated, and open-access power system network models.
These models will have the detail required to allow the successful development and testing of transformational power
system optimization and control algorithms, including new Optimal Power Flow (OPF) algorithms. Project teams will
take one of two tracks to develop models. The first option is to partner with a utility to collect and then anonymize real
data as the basis for a model that can be released publically. The second approach is to construct purely synthetic power
system models. The program will also fund the creation of an open-access, self-sustaining repository for the storage,
annotation, and curation of these power systems models, as well as others generated by the community.

GridBright, Inc.

Power Systems Model Repository
Program: GRID DATA

Project Term: 05/25/2016 to 05/24/2019
Project Status: ACTIVE

Project State: California

Technical Categories: Grid

GridBright, Inc. and Utility Integration Solutions, LLC. (UISOL, a GE Company) will develop a power systems model
repository based on state-of-the-art open-source software. The models in this repository will be used to facilitate testing
and adoption of new grid optimization and control algorithms. The repository will use field-proven open-source
software and will be made publicly available in the first year of the project. Key features of the repository include an
advanced search capability to support search and extraction of models based on key research characteristics, faster
model upload and download times, and the ability to support thousands of users. The team will establish a long-term
strategy for managing the repository that will allow its operation to continue after its project term with ARPA-E ends.

University of Wisconsin

EPIGRIDS Transmission System Models
Program: GRID DATA

Project Term: 08/10/2016 to 08/10/2018
Project Status: ACTIVE

Project State: Wisconsin

Technical Categories: Grid

The University of Wisconsin-Madison and its partners will develop realistic transmission system models and scenarios
that will serve as test cases to reduce barriers to the development and adoption of new technologies in grid
optimization and control. The EPIGRIDS project aims to construct realistic grid models by using software to emulate the
transmission and generation expansion decision processes used by utility planners. This synthetic model development
will utilize Geographic Information Systems (GIS) data on population density, industrial and commercial energy
consumption patterns, and land use, over sizes ranging from the city-level to continental-scale. In order to test the
robustness of the system's solutions, it will allow users to tailor specific data sets and scenarios to challenge particular
aspects of optimization and control algorithm development. Flexible methodologies for data set construction and
connecting features of these data sets to geographically described energy use and land use constraints will enable
collaborative development of new models, far beyond those directly delivered by this project.
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National Renewable Energy Laboratory
SMARTDATA Grid Models

Program: GRID DATA

Project Term: 04/01/2016 to 08/31/2018
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Grid

The National Renewable Energy Laboratory (NREL), with partner MIT-Comillas-1IT, will develop combined distribution-
transmission power grid models. The team will create distribution models using a version of Comillas' Reference
Network Model (RNM) that will be adapted to U.S. utilities and based on real data from a broad range of utility partners.
The models will be complemented by the development of customizable scenarios that can be used for accurate
algorithm comparisons. These scenarios will take into account unknown factors that affect the grid, such as future
power generation technologies, increasing distributed energy resources, varying electrical load, disruptions due to
weather events, and repeatable contingency sequences. These enhanced datasets and associated data building tools are
intended to provide large-scale test cases that realistically describe potential future grid systems and enable the nation's
research community to more accurately test advanced algorithms and control architectures. MIT-Comillas-IIT will assist
NREL with the distribution model creation. Alstom Grid will assist in validating the distribution models.

Pacific Northwest National Laboratory
Sustainable Data Evolution Technology
Program: GRID DATA

Project Term: 07/19/2016 to 07/18/2019
Project Status: ACTIVE

Project State: Washington

Technical Categories: Grid

The Pacific Northwest National Laboratory (PNNL), along with the National Rural Electric Cooperative Association, PJM,
Avista, and CAISO, will develop a sustainable data evolution technology (SDET) to create open-access transmission and
distribution power grid datasets as well as data creation tools that the grid community can use to create new datasets
based on user requirements and changing grid complexity. The SDET approach will derive features and metrics from
many private datasets provided by PNNL's industry partners. For transmission systems, PNNL will develop advanced,
graph-theory based techniques and statistical approaches to reproduce the derived features and metrics in synthetic
power systems models. For distribution systems, the team will use anonymization and obfuscation techniques and apply
them to datasets from utility partners.

University of lllinois, Urbana Champaign
Synthetic Data for Power Grid R&D
Program: GRID DATA

Project Term: 06/20/2016 to 06/19/2018
Project Status: ACTIVE

Project State: lllinois

Technical Categories: Grid

The University of lllinois at Urbana-Champaign, with partners from Cornell University, Virginia Commonwealth
University, and Arizona State University will develop a set of entirely synthetic electric transmission system models.
Their 10 open-source system models and associated scenarios will match the complexity of the actual power grid. By
utilizing statistics derived from real data, the team's models will have coordinates based on North American geography
with network structure, characteristics, and consumer demand that mimics real grid profiles. Smaller models will be
based on smaller areas, such as part of a U.S. state, while the large models will cover much of the continent. All models
and their scenarios will be validated using security-constrained optimal power flows, with parameters tuned to emulate
the statistical characteristics of actual transmission system models.
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University of Michigan

Transmission System Data Set

Program: GRID DATA

Project Term: 05/27/2016 to 05/26/2018
Project Status: ACTIVE

Project State: Michigan

Technical Categories: Grid

The University of Michigan, with partners from Los Alamos National Laboratory, the California Institute of Technology,
and Columbia University, will develop a transmission system data set with greater reliability, size, and scope compared
to current models. The project combines existing power systems data with advanced obfuscation techniques to
anonymize the data while still creating realistic models. In addition, the project delivers year-long test cases that capture
grid network behavior over time, enabling the analysis of optimization algorithms over different time scales. These
realistic datasets will be used to develop synthetic test cases to examine the scalability and robustness of optimization
algorithms. The team is also developing a new format for capturing power system model data using JavaScript Object
Notation and will provide open-source tools for data quality control and validation, format translation, synthetic test
case generation, and obfuscation. Finally, the project aims at developing an infrastructure for ensuring replicable
research and easing experimentation, using the concept of virtual machines to enable comparison of algorithms as
hardware and software evolve over time.

Pacific Northwest National Laboratory
Data Repository for Power System Models
Program: GRID DATA

Project Term: 07/01/2016 to 06/30/2020
Project Status: ACTIVE

Project State: Washington

Technical Categories: Grid

The Pacific Northwest National Laboratory (PNNL) has partnered with the National Rural Electric Cooperative
Association (NRECA) to build a power system model repository, which will maintain and develop open-access power grid
models and data sets. The DR POWER approach will review, annotate, and verify submitted datasets while establishing a
repository and a web portal to distribute open-access models and scenarios. Through the portal, users can explore the
curated data, create suitable datasets (which may include time variation), review and critique models, and download
datasets in a specified format. Key features include the ability to collaboratively build, refine, and review a range of large-
scale realistic power system models. For researchers, this represents a significant improvement over the current open
availability of only small-scale, static models that do not properly represent the challenging environments encountered
by present and future power grids. The repository and the web portal will be hosted in PNNL's Electricity Infrastructure
Operations Center with access to petabytes of computing storage and load-balancing across multiple computing
resources.

GRIDS Grid-Scale Rampable Intermittent Dispatchable Storage (16)

The projects that comprise ARPA-E's GRIDS program, short for "Grid-Scale Rampable Intermittent Dispatchable Storage,"
are developing storage technologies that can store renewable energy for use at any location on the grid at an
investment cost less than $100 per kilowatt hour. Flexible, large-scale storage would create a stronger and more robust
electric grid by enabling renewables to contribute to reliable power generation.

Energy Storage Systems, Inc.

Iron Flow Battery

Program: GRIDS

Project Term: 10/01/2012 to 08/30/2017
Project Status: ACTIVE

Project State: Oregon

Technical Categories: Storage
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ESS is developing a cost-effective, reliable, and environmentally friendly all-iron hybrid flow battery. A flow battery is an
easily rechargeable system that stores its electrolyte--the material that provides energy--as liquid in external tanks.
Currently, flow batteries account for less than 1% of the grid-scale energy storage market because of their high system
costs. The ESS flow battery technology is distinguished by its cost-effective electrolytes, based on earth-abundant iron,
and its innovative battery hardware design that dramatically increases power density and enables a smaller and less
costly battery. Creating a high-performing and low-cost storage system would enable broad adoption of distributed
energy storage systems and help bring more renewable energy technologies--such as wind and solar--onto the grid.

United Technologies Research Center
Breakthrough Flow Battery Cell Stack
Program: GRIDS

Project Term: 09/09/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Storage

UTRC is developing a flow battery with a unique design that provides significantly more power than today's flow battery
systems. A flow battery is a cross between a traditional battery and a fuel cell. Flow batteries store their energy in
external tanks instead of inside the cell itself. Flow batteries have traditionally been expensive because the battery cell
stack, where the chemical reaction takes place, is costly. In this project, UTRC is developing a new stack design that
achieves 10 times higher power than today's flow batteries. This high power output means the size of the cell stack can
be smaller, reducing the amount of expensive materials that are needed. UTRC's flow battery will reduce the cost of
storing electricity for the electric grid, making widespread use feasible.

CUNY Energy Institute

Flow-Assisted Alkaline Battery

Program: GRIDS

Project Term: 09/15/2010 to 03/31/2015
Project Status: ALUMNI

Project State: New York

Technical Categories: Storage

CUNY Energy Institute is working to tame dendrite formation and to enhance the lifetime of Manganese in order to
create a long-lasting, fully rechargeable battery for grid-scale energy storage. Traditional consumer-grade disposable
batteries are made of Zinc and Manganese, two inexpensive, abundant, and non-toxic metals, but these disposable
batteries can only be used once. If they are recharged, the Zinc in the battery develops filaments called dendrites that
grow haphazardly and disrupt battery performance, while the Manganese quickly loses its ability to store energy. CUNY
Energy Institute is also working to reduce dendrite formation by pumping fluid through the battery, enabling researchers
to fix the dendrites as they form. The team has already tested its Zinc battery through 3,000 recharge cycles (and
counting). CUNY Energy Institute aims to demonstrate a better cycle life than lithium-ion batteries, which can be up to
20 times more expensive than Zinc-based batteries.

Proton Energy Systems

Regenerative Fuel Cells

Program: GRIDS

Project Term: 09/01/2010 to 03/31/2014
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Storage

Proton Energy Systems is developing an energy storage device that converts water to hydrogen fuel when excess
electricity is available, and then uses hydrogen to generate electricity when energy is needed. The system includes an
electrolyzer, which generates and separates hydrogen and oxygen for storage, and a fuel cell which converts the
hydrogen and oxygen back to electricity. Traditional systems use acidic membranes, and require expensive materials
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including platinum and titanium for key parts of the system. In contrast, Proton Energy Systems' new technology will use
an inexpensive alkaline membrane and will contain only inexpensive metals such as nickel and stainless steel. If
successful, Proton Energy Systems' design will have similar performance to today's regenerative fuel cell systems at a
fraction of the cost, and can be used to store electricity on the electric grid.

University of Southern California

Iron-Air Rechargeable Battery

Program: GRIDS

Project Term: 10/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Storage

USC is developing an iron-air rechargeable battery for large-scale energy storage that could help integrate renewable
energy sources into the electric grid. Iron-air batteries have the potential to store large amounts of energy at low cost--
iron is inexpensive and abundant, while oxygen is freely obtained from the air we breathe. However, current iron-air
battery technologies have suffered from low efficiency and short life spans. USC is working to dramatically increase the
efficiency of the battery by placing chemical additives on the battery's iron-based electrode and restructuring the
catalysts at the molecular level on the battery's air-based electrode. This can help the battery resist degradation and
increase life span. The goal of the project is to develop a prototype iron-air battery at significantly cost lower than
today's best commercial batteries.

ITN Energy Systems, Inc.

Advanced Vanadium Redox Flow Battery
Program: GRIDS

Project Term: 10/01/2012 to 06/30/2015
Project Status: ALUMNI

Project State: Colorado

Technical Categories: Storage

ITN is developing a vanadium redox flow battery for residential and small-scale commercial energy storage that would
be more efficient and affordable than today's best energy storage systems. In a redox flow battery, chemical reactions
occur that allow the battery to absorb or deliver electricity. Unlike conventional batteries, flow batteries use a liquid
(also known as an electrolyte) to store energy; the more electrolyte that is used, the longer the battery can operate.
Vanadium electrolyte-based redox flow battery systems are a technology for today's market, but they require expensive
ion-exchange membranes. In the past, prices of vanadium have fluctuated, increasing the cost of the electrolyte and
posing a major obstacle to more widespread adoption of vanadium redox flow batteries. ITN's design combines a low-
cost ion-exchange membrane and a low-cost electrolyte solution to reduce overall system cost, ultimately making a
vanadium redox flow battery cost-competitive with more traditional lead-acid batteries.

The Boeing Company

Advanced Flywheel Composite Rotors
Program: GRIDS

Project Term: 10/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: lllinois

Technical Categories: Storage

Boeing is developing a new material for use in the rotor of a low-cost, high-energy flywheel storage technology.
Flywheels store energy by increasing the speed of an internal rotor--slowing the rotor releases the energy back to the
grid when needed. The faster the rotor spins, the more energy it can store. Boeing's new material could drastically
improve the energy stored in the rotor. The team will work to improve the storage capacity of their flywheels and
increase the duration over which they store energy. The ultimate goal of this project is to create a flywheel system that
can be scaled up for use by electric utility companies and produce power for a full hour at a cost of $100 per kilowatt
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hour.

General Compression

Fuel-Free Compressed-Air Energy Storage
Program: GRIDS

Project Term: 09/13/2010 to 04/01/2011
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Storage

General Compression has developed a transformative, near-isothermal compressed air energy storage system (GCAES)
that prevents air from heating up during compression and cooling down during expansion. When integrated with
renewable generation, such as a wind farm, intermittent energy can be stored in compressed air in salt caverns or
pressurized tanks. When electricity is needed, the process is reversed and the compressed air is expanded to produce
electricity. Unlike conventional compressed air energy storage (CAES) projects, no gas is burned to convert the stored
high-pressure air back into electricity. The result of this breakthrough is an ultra-efficient, fully shapeable, 100%
renewable and carbon-free power product. The GCAES system can provide high quality electricity and ancillary services
by effectively integrating renewables onto the grid at a cost that is competitive with gas, coal, and nuclear generation.

General Atomics

Soluble Lead Flow Battery

Program: GRIDS

Project Term: 09/01/2010 to 08/28/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Storage

General Atomics is developing a flow battery technology based on chemistry similar to that used in the traditional lead-
acid battery found in nearly every car on the road today. Flow batteries store energy in chemicals that are held in tanks
outside the battery. When the energy is needed, the chemicals are pumped through the battery. Using the same basic
chemistry as a traditional battery but storing its energy outside of the cell allows for the use of very low-cost materials.
The goal is to develop a system that is far more durable than today's lead-acid batteries, can be scaled to deliver
megawatts of power, and which lowers the cost of energy storage below $100 per kilowatt hour.

Primus Power

Advanced Flow Battery Electrodes
Program: GRIDS

Project Term: 09/01/2010 to 12/31/2012
Project Status: ALUMNI

Project State: California

Technical Categories: Storage

Primus Power is developing zinc-based, rechargeable liquid flow batteries that could produce substantially more energy
at lower cost than conventional batteries. A flow battery is similar to a conventional battery, except instead of storing its
energy inside the cell it stores that energy for future use in chemicals that are kept in tanks that sit outside the cell. One
of the most costly components in a flow battery is the electrode, where the electrochemical reactions actually occur.
Primus Power is investigating and developing mixed-metal materials for their electrodes that could ultimately reduce
the lifetime cost of flow batteries because they are more durable and long-lasting than electrodes found in traditional
batteries. Using these electrodes, Primus Power's flow batteries can be grouped together into robust, containerized
storage pods for use by utilities, renewable energy developers, businesses, and campuses.
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ABB, Inc.

Magnetic Energy Storage System
Program: GRIDS

Project Term: 10/01/2010 to 06/30/2014
Project Status: ALUMNI

Project State: North Carolina

Technical Categories: Storage

ABB is developing an advanced energy storage system using superconducting magnets that could store significantly
more energy than today's best magnetic storage technologies at a fraction of the cost. This system could provide
enough storage capacity to encourage more widespread use of renewable power like wind and solar. Superconducting
magnetic energy storage systems have been in development for almost 3 decades; however, past devices were designed
to supply power only for short durations--generally less than a few minutes. ABB's system would deliver the stored
energy at very low cost, making it ideal for eventual use in the electricity grid as a cost-effective competitor to batteries
and other energy storage technologies. The device could potentially cost even less, on a per kilowatt basis, than
traditional lead-acid batteries.

Fluidic, Inc.

High-Power Zinc-Air Energy Storage
Program: GRIDS

Project Term: 10/01/2010 to 03/31/2013
Project Status: ALUMNI

Project State: Arizona

Technical Categories: Storage

Fluidic is developing a low-cost, rechargeable, high-power module for Zinc-air batteries that will be used to store
renewable energy. Zinc-air batteries are traditionally found in small, non-rechargeable devices like hearing aids because
they are well-suited to delivering low levels of power for long periods of time. Historically, Zinc-air batteries have not
been as useful for applications which require periodic bursts of power, like on the electrical grid. Fluidic hopes to fill this
need by combining the high energy, low cost, and long run-time of a Zinc-air battery with new chemistry providing high
power, high efficiency, and fast response. The battery module could allow large grid-storage batteries to provide much
more power on very short demand--the most costly kind of power for utilities--and with much more versatile
performance.

TVN Systems, Inc.

Hydrogen Bromine Battery

Program: GRIDS

Project Term: 10/01/2012 to 06/30/2015
Project Status: ALUMNI

Project State: Kansas

Technical Categories: Storage

TVN is developing an advanced hydrogen-bromine flow battery that incorporates a low-cost membrane and durable
catalyst materials. A flow battery's membrane separates its active materials and keeps them from mixing, while the
catalyst serves to speed up the chemical reactions that generate electricity. Today's hydrogen-bromine batteries use
very expensive membrane material and catalysts that can degrade as the battery is used. TVN is exploring new catalysts
that will last longer than today's catalysts, and developing new membranes at a fraction of the cost of today's
membranes. Demonstrating long-lasting, cost-competitive storage systems could enable deployment of renewable
energy technologies throughout the grid.

Lawrence Berkeley National Laboratory
Hydrogen-Bromine Flow Battery
Program: GRIDS
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Project Term: 10/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Storage

LBNL is designing a flow battery for grid storage that relies on a hydrogen-bromine chemistry which could be more
efficient, last longer, and cost less than today's lead-acid batteries. Flow batteries are fundamentally different from
traditional lead-acid batteries because the chemical reactants that provide their energy are stored in external tanks
instead of inside the battery. A flow battery can provide more energy because all that is required to increase its storage
capacity is to increase the size of the external tanks. The hydrogen-bromine reactants used by LBNL in its flow battery
are inexpensive, long lasting, and provide power quickly. The cost of the design could be well below $100 per kilowatt
hour, which would rival conventional grid-scale battery technologies.

Materials & Systems Research, Inc.
Advanced Sodium Battery

Program: GRIDS

Project Term: 10/01/2012 to 06/30/2016
Project Status: CANCELLED

Project State: Utah

Technical Categories: Storage

MSRI is developing a high-strength, low-cost solid-state electrolyte membrane structure for use in advanced grid-scale
sodium batteries. The electrolyte, a separator between the positive and negative electrodes, carries charged materials
called ions. In the solid electrolyte sodium batteries, sodium ions move through the solid-state ceramic electrolyte. This
electrolyte is normally brittle, expensive, and difficult to produce because it is formed over the course of hours in high-
temperature furnaces. With MSRI's design, this ceramic electrolyte will be produced cheaply within minutes by single-
step coating technologies onto high-strength support materials. The high-strength support material provides excellent
structural integrity, much superior to the conventional cell design, which depends solely on the brittle ceramic material
for its strength. The resulting stronger, cheaper sodium battery design will enable a new generation of low-cost, safe,
and reliable batteries for grid-scale energy storage applications.

Beacon Power, LLC

Next-Generation Flywheel Energy Storage
Program: GRIDS

Project Term: 03/06/2012 to 10/31/2015
Project Status: CANCELLED

Project State: Massachusetts

Technical Categories: Storage

Beacon Power is developing a flywheel energy storage system that costs substantially less than existing flywheel
technologies. Flywheels store the energy created by turning an internal rotor at high speeds--slowing the rotor releases
the energy back to the grid when needed. Beacon Power is redesigning the heart of the flywheel, eliminating the
cumbersome hub and shaft typically found at its center. The improved design resembles a flying ring that relies on new
magnetic bearings to levitate, freeing it to rotate faster and deliver 400% as much energy as today's flywheels. Beacon
Power's flywheels can be linked together to provide storage capacity for balancing the approximately 10% of U.S.
electricity that comes from renewable sources each year.
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HEATS High Energy Advanced Thermal Storage (15)

The projects that make up ARPA-E's HEATS program, short for "High Energy Advanced Thermal Storage," seek to
develop revolutionary, cost-effective ways to store thermal energy. HEATS focuses on 3 specific areas: 1) developing
high-temperature solar thermal energy storage capable of cost-effectively delivering electricity around the clock and
thermal energy storage for nuclear power plants capable of cost-effectively meeting peak demand, 2) creating synthetic
fuel efficiently from sunlight by converting sunlight into heat, and 3) using thermal energy storage to improve the driving
range of electric vehicles (EVs) and also enable thermal management of internal combustion engine vehicles.

Massachusetts Institute of Technology
Advanced Thermo-Adsorptive Battery
Program: HEATS

Project Term: 12/13/2011 to 09/30/2016
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Storage

MIT is developing a low-cost, compact, high-capacity, advanced thermo-adsorptive battery (ATB) for effective climate
control of EVs. The ATB provides both heating and cooling by taking advantage of the materials' ability to adsorb a
significant amount of water. This efficient battery system design could offer up as much as a 30% increase in driving
range compared to current EV climate control technology. The ATB provides high-capacity thermal storage with little-to-
no electrical power consumption. MIT is also looking to explore the possibility of shifting peak electricity loads for
cooling and heating in a variety of other applications, including commercial and residential buildings, data centers, and
telecom facilities.

Massachusetts Institute of Technology

Solar Thermal Energy Storage Device

Program: HEATS

Project Term: 01/09/2012 to 01/08/2015

Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Storage, Transportation Storage

MIT is developing a thermal energy storage device that captures energy from the sun; this energy can be stored and
released at a later time when it is needed most. Within the device, the absorption of sunlight causes the solar thermal
fuel's photoactive molecules to change shape, which allows energy to be stored within their chemical bonds. A trigger is
applied to release the stored energy as heat, where it can be converted into electricity or used directly as heat. The
molecules would then revert to their original shape, and can be recharged using sunlight to begin the process anew.
MIT's technology would be 100% renewable, rechargeable like a battery, and emissions-free. Devices using these solar
thermal fuels--called HybriSol--can also be used without a grid infrastructure for applications such as de-icing, heating,
cooking, and water purification.

University of Minnesota

Solar Thermochemical Fuels Production
Program: HEATS

Project Term: 12/19/2011 to 06/18/2015
Project Status: ALUMNI

Project State: Minnesota

Technical Categories: Storage

The University of Minnesota is developing a solar thermochemical reactor that will efficiently produce fuel from

sunlight, using solar energy to produce heat to break chemical bonds. The University of Minnesota envisions producing
the fuel by using partial redox cycles and ceria-based reactive materials. The team will achieve unprecedented solar-to-
fuel conversion efficiencies of more than 10% (where current state-of-the-art efficiency is 1%) by combined efforts and
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innovations in material development, and reactor design with effective heat recovery mechanisms and demonstration.
This new technology will allow for the effective use of vast domestic solar resources to produce precursors to synthetic
fuels that could replace gasoline.

University of Utah

Advanced Metal-Hydrides-Based Thermal Battery
Program: HEATS

Project Term: 12/01/2011 to 02/28/2015
Project Status: ALUMNI

Project State: Utah

Technical Categories: Transportation Storage

The University of Utah is developing a compact hot-and-cold thermal battery using advanced metal hydrides that could
offer efficient climate control system for EVs. The team's innovative designs of heating and cooling systems for EVs with
high energy density, low-cost thermal batteries could significantly reduce the weight and eliminate the space constraint
in automobiles. The thermal battery can be charged by plugging it into an electrical outlet while charging the electric
battery and it produces heat and cold through a heat exchanger when discharging. The ultimate goal of the projectis a
climate-controlling thermal battery that can last up to 5,000 charge and discharge cycles while substantially increasing
the driving range of EVs, thus reducing the drain on electric batteries.

Pacific Northwest National Laboratory
Efficient Heat Pump for Electric Vehicles
Program: HEATS

Project Term: 11/21/2011 to 01/04/2014
Project Status: ALUMNI

Project State: Washington

Technical Categories: Storage

PNNL is developing a new class of advanced nanomaterial called an electrical metal organic framework (EMOF) for EV
heating and cooling systems. The EMOF would function similar to a conventional heat pump, which circulates heat or
cold to the cabin as needed. However, by directly controlling the EMOF's properties with electricity, the PNNL design is
expected to use much less energy than traditional heating and cooling systems. The EMOF-based heat pumps would be
light, compact, efficient, and run using virtually no moving parts.

University of South Florida

Efficient Phase-Change Materials
Program: HEATS

Project Term: 12/13/2011 to 09/30/2015
Project Status: ALUMNI

Project State: Florida

Technical Categories: Storage

USF is developing low-cost, high-temperature phase-change materials (PCMs) for use in thermal energy storage systems.
Heat storage materials are critical to the energy storage process. In solar thermal storage systems, heat can be stored in
these materials during the day and released at night--when the sun is not out--to drive a turbine and produce electricity.
In nuclear storage systems, heat can be stored in these materials at night and released to produce electricity during
daytime peak-demand hours. Most PCMs do not conduct heat very well. Using an innovative, electroless encapsulation
technique, USF is enhancing the heat transfer capability of its PCMs. The inner walls of the capsules will be lined with a
corrosion-resistant, high-infrared emissivity coating, and the absorptivity of the PCM will be controlled with the addition
of nano-sized particles. USF's PCMs remain stable at temperatures from 600 to 1,000°C and can be used for solar
thermal power storage, nuclear thermal power storage, and other applications.
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Pacific Northwest National Laboratory
Metal Hydride Thermal Storage

Program: HEATS

Project Term: 12/05/2011 to 04/30/2014
Project Status: ALUMNI

Project State: Washington

Technical Categories: Storage

PNNL is developing a thermal energy storage system based on a Reversible Metal Hydride Thermochemical (RMHT)
system, which uses metal hydride as a heat storage material. Heat storage materials are critical to the energy storage
process. In solar thermal storage systems, heat can be stored in these materials during the day and released at night--
when the sun is not out--to drive a turbine and produce electricity. In nuclear storage systems, heat can be stored in
these materials at night and released to produce electricity during daytime peak-demand hours. PNNL's metal hydride
material can reversibly store heat as hydrogen cycles in and out of the material. In a RHMT system, metal hydrides
remain stable in high temperatures (600- 800°C). A high-temperature tank in PNNL's storage system releases heat as
hydrogen is absorbed, and a low-temperature tank stores the heat until it is needed. The low-cost material and
simplicity of PNNL's thermal energy storage system is expected to keep costs down. The system has the potential to
significantly increase energy density.

Massachusetts Institute of Technology
Efficient Heat Storage Materials

Program: HEATS

Project Term: 11/21/2011 to 11/30/2014
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Storage

MIT is developing efficient heat storage materials for use in solar and nuclear power plants. Heat storage materials are
critical to the energy storage process. In solar thermal storage systems, heat can be stored in these materials during the
day and released at night--when the sun's not out--to drive a turbine and produce electricity. In nuclear storage systems,
heat can be stored in these materials at night and released to produce electricity during daytime peak-demand hours.
MIT is designing nanostructured heat storage materials that can store a large amount of heat per unit mass and volume.
To do this, MIT is using phase-change materials, which absorb a large amount of latent heat to melt from solid to liquid.
MIT's heat storage materials are designed to melt at high temperatures and conduct heat well--this makes them
efficient at storing and releasing heat and enhances the overall efficiency of the thermal storage and energy-generation
process. MIT's low-cost heat storage materials also have a long life cycle, which further enhances their efficiency.

Abengoa Solar, LLC

Conversion Tower for Dispatchable Solar Power
Program: HEATS

Project Term: 01/11/2012 to 07/31/2014
Project Status: ALUMNI

Project State: Colorado

Technical Categories: Storage

Abengoa Solar is developing a high-efficiency solar-electric conversion tower to enable low-cost, fully dispatchable solar
energy generation. Abengoa's conversion tower utilizes new system architecture and a two-phase thermal energy
storage media with an efficient supercritical carbon dioxide (CO2) power cycle. The company is using a high-temperature
heat-transfer fluid with a phase change in between its hot and cold operating temperature. The fluid serves as a heat
storage material and is cheaper and more efficient than conventional heat-storage materials, like molten salt. It also
allows the use of a high heat flux solar receiver, advanced high thermal energy density storage, and more efficient
power cycles.
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NAVITASMAX

Advanced Thermal Energy Storage Technology
Program: HEATS

Project Term: 12/01/2011 to 08/30/2013
Project Status: ALUMNI

Project State: Arizona

Technical Categories: Storage

NAVITASMAX, along with their partners at Harvard University, Cornell University, and Barber-Nichols, is developing a
novel thermal energy storage solution. This innovative technology is based on tuning the properties of simple and
complex fluids to increase their ability to store more heat. In solar thermal storage systems, heat can be stored in
NAVITASMAX's system during the day and released at night--when the sun is not shining--to drive a turbine and produce
electricity. In nuclear storage systems, heat can be stored in NAVITASMAX's system at night and released to produce
electricity during daytime peak-demand hours.

University of Texas, Austin

Thermal Batteries for Electric Vehicles
Program: HEATS

Project Term: 11/21/2011 to 06/30/2015
Project Status: ALUMNI

Project State: Texas

Technical Categories: Transportation Storage

UT Austin will demonstrate a high-energy density and low-cost thermal storage system that will provide efficient cabin
heating and cooling for EVs. Compared to existing HVAC systems powered by electric batteries in EVs, the innovative hot-
and-cold thermal batteries-based technology is expected to decrease the manufacturing cost and increase the driving
range of next-generation EVs. These thermal batteries can be charged with off-peak electric power together with the
electric batteries. Based on innovations in composite materials offering twice the energy density of ice and 10 times the
thermal conductivity of water, these thermal batteries are expected to achieve a comparable energy density at 25% of
the cost of electric batteries. Moreover, because UT Austin's thermal energy storage systems are modular, they may be
incorporated into the heating and cooling systems in buildings, providing further energy efficiencies and positively
impacting the emissions of current building heating/cooling systems.

Halotechnics, Inc.

Molten Glass for Thermal Storage
Program: HEATS

Project Term: 01/01/2012 to 09/30/2015
Project Status: ALUMNI

Project State: California

Technical Categories: Storage

Halotechnics is developing a high-temperature thermal energy storage system using a new thermal-storage and heat-
transfer material: earth-abundant and low-melting-point molten glass. Heat storage materials are critical to the energy
storage process. In solar thermal storage systems, heat can be stored in these materials during the day and released at
night--when the sun is not out--to drive a turbine and produce electricity. In nuclear storage systems, heat can be stored
in these materials at night and released to produce electricity during daytime peak-demand hours. Halotechnics new
thermal storage material targets a price that is potentially cheaper than the molten salt used in most commercial solar
thermal storage systems today. It is also extremely stable at temperatures up to 1200°C--hundreds of degrees hotter
than the highest temperature molten salt can handle. Being able to function at high temperatures will significantly
increase the efficiency of turning heat into electricity. Halotechnics is developing a scalable system to pump, heat, store,
and discharge the molten glass. The company is leveraging technology used in the modern glass industry, which has
decades of experience handling molten glass.

12/7/16 Page 62 of 185



Sheetak, Inc.

High Energy Density Thermal Batteries
Program: HEATS

Project Term: 11/15/2011 to 03/31/2015
Project Status: ALUMNI

Project State: Texas

Technical Categories: Transportation Storage

Sheetak is developing a new HVAC system to store the energy required for heating and cooling in EVs. This system will
replace the traditional refrigerant-based vapor compressors and inefficient heaters used in today's EVs with efficient,
light, and rechargeable hot-and-cold thermal batteries. The high energy density thermal battery--which does not use any
hazardous substances--can be recharged by an integrated solid-state thermoelectric energy converter while the vehicle
is parked and its electrical battery is being charged. Sheetak's converters can also run on the electric battery if needed
and provide the required cooling and heating to the passengers--eliminating the space constraint and reducing the
weight of EVs that use more traditional compressors and heaters.

United Technologies Research Center

Hybrid Vapor Compression Adsorption System
Program: HEATS

Project Term: 01/04/2012 to 01/03/2015
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Transportation Storage

UTRC is developing a new climate-control system for EVs that uses a hybrid vapor compression adsorption system with
thermal energy storage. The targeted, closed system will use energy during the battery-charging step to recharge the
thermal storage, and it will use minimal power to provide cooling or heating to the cabin during a drive cycle. The team
will use a unique approach of absorbing a refrigerant on a metal salt, which will create a lightweight, high-energy-density
refrigerant. This unique working pair can operate indefinitely as a traditional vapor compression heat pump using
electrical energy, if desired. The project will deliver a hot-and-cold battery that provides comfort to the passengers using
minimal power, substantially extending the driving range of EVs.

University of Florida

Solar Thermochemical Fuel Production

Program: HEATS

Project Term: 12/19/2011 to 07/15/2016

Project Status: ALUMNI

Project State: Florida

Technical Categories: Distributed Generation, Transport

The University of Florida is developing a windowless high-temperature chemical reactor that converts concentrated
solar thermal energy to syngas, which can be used to produce gasoline. The overarching project goal is lowering the cost
of the solar thermochemical production of syngas for clean and synthetic hydrocarbon fuels like petroleum. The team
will develop processes that rely on water and recycled CO2 as the sole feed-stock, and concentrated solar radiation as
the sole energy source, to power the reactor to produce fuel efficiently. Successful large-scale deployment of this solar
thermochemical fuel production could substantially improve our national and economic security by replacing imported
oil with domestically produced solar fuels.
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IDEAS Innovative Development in Energy-Related Applied Science (35)

The IDEAS program - short for Innovative Development in Energy-Related Applied Science - provides a continuing
opportunity for the rapid support of early-stage applied research to explore pioneering new concepts with the potential
for transformational and disruptive changes in energy technology. IDEAS awards, which are restricted to maximums of
one year in duration and $500,000 in funding, are intended to be flexible and may take the form of analyses or
exploratory research that provides the agency with information useful for the subsequent development of focused
technology programs. IDEAS awards may also support proof-of-concept research to develop a unique technology
concept, either in an area not currently supported by the agency or as a potential enhancement to an ongoing focused
technology program. This program identifies potentially disruptive concepts in energy-related technologies that
challenge the status quo and represent a leap beyond today's technology. That said, an innovative concept alone is not
enough. IDEAS projects must also represent a fundamentally new paradigm in energy technology and have the potential
to significantly impact ARPA-E's mission areas.

University of Nebraska, Lincoln
Electromagnetic Induction Power Converter
Program: IDEAS

Project Term: 09/01/2016 to 08/31/2017
Project Status: ACTIVE

Project State: Nebraska

Technical Categories: Electrical Efficiency

The University of Nebraska-Lincoln will develop an innovative concept for an electromagnetic induction-based static
power converter for AC to AC electrical conversions. Their method will use a new device, the magnetic flux valve, to
actively control the magnetic flux of the converter. The voltages induced across the device can be controlled by varying
the magnetic fluxes. By synthesizing the induced voltages appropriately, the converter can take an AC input and
generate an AC output with controllable amplitude, frequency, and waveform. During this project, the team plans to
prove the concept of the magnetic flux valve; prove the concept for variable-frequency and variable voltage AC-AC
electrical energy conversion; and conduct a study on the scalability of the magnetic flux valve and electromagnetic
power converter concepts. If successful, the technology has the potential to achieve lower cost, higher energy density,
and higher efficiency than traditional energy conversion technologies. More efficient conversion technologies for high
voltage and high power applications can lead to new innovations in renewable power generation and smart grid
applications.

California Institute of Technology

Acoustic Wave Enhanced Catalysis
Program: IDEAS

Project Term: 03/09/2015 to 12/31/2016
Project Status: ACTIVE

Project State: California

Technical Categories: Transportation Fuels

The California Institute of Technology team is using first-principles reasoning (i.e. a mode of examination that begins
with the most basic physical principles related to an issue and "builds up" from there) and advanced computational
modeling to ascertain the underlying mechanisms that cause acoustic waves to affect catalytic reaction pathways. The
team will first focus their efforts on two types of reactions for which there is strong experimental evidence that acoustic
waves can enhance catalytic activity: Carbon Monoxide (CO) oxidation, and Ethanol decomposition. Armed with this
new understanding, the team will suggest promising applications for acoustic wave enhanced catalysis to new reactions
with large energy and emissions footprints, such as ammonia synthesis. As an ARPA-E IDEAS project, this research is at a
very early stage. However, this novel approach to acoustic wave enhanced catalysis has the potential to improve energy
and resource efficiency across broad swathes of the chemical, industrial, and other sectors of the economy.
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Johns Hopkins University

More information on Johns Hopkins' project is coming soon!
Program: IDEAS

Project Term: 10/01/2015 to 03/31/2017

Project Status: ACTIVE

Project State: Maryland

Technical Categories: Manufacturing Efficiency

University of Colorado, Boulder

Capacitive Wireless Power System

Program: IDEAS

Project Term: 10/15/2015 to 02/14/2017
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Transportation Vehicles

The University of Colorado at Boulder proposes to develop a capacitive wireless power transfer (WPT) architecture to
dynamically charge EVs. Dynamic charging poses serious technical challenges. Transmitters must be connected to the
plates in the road while rectifiers and battery charging is integrated with the plates in the vehicle. While energy transfer
through the air is efficient, the large distance between the embedded vehicle plates and the road results in a weaker
pairing between the two. To effectively transfer kilowatts of power without exceeding safe voltages, the operating
frequency of the resonant inverters has to be very high. Today's WPT systems operate with resonant magnetic fields
focused with hefty ferrite cores and losses in these ferrites limit the frequency at which these systems can operate to
less than 150 kHz. This project focuses on capacitive WPT with potentially higher efficiency than resonant inductive
power transfer, while reducing size and cost. The team will develop a novel MHz frequency capacitive WPT system that
safely operates within the industrial, scientific, and medical (ISM) radio spectrum. The team's WPT technology aims to
improve EVs by reducing the need for expensive and bulky on-board batteries, enable unlimited driving range, and
accelerate electric vehicle penetration. The project aims to design a 1-kW 12-cm air gap capacitive WPT, which targets
>90% efficiency and 50 kW/m2 power transfer density, a power density improvement of 2 over current methods.

lowa State University

Catalytic Autothermal Pyrolysis

Program: IDEAS

Project Term: 08/15/2016 to 08/14/2017
Project Status: ACTIVE

Project State: lowa

Technical Categories: Transportation Fuels

lowa State University will develop a catalytic autothermal pyrolysis (CAP) process for the production of aromatics and
olefins that refiners blend into transportation fuels. Pyrolysis is the decomposition of substances by heating - the same
process used to render wood into charcoal, caramelize sugar, and dry roast coffee beans. Traditionally, energy for
pyrolysis is provided through indirect heat exchange, employing high temperature heat exchangers within reactors or
conveying hot solids into reactors with the feedstock. This approach complicates the design and operation of reactors
and requires a separate combustor to burn char, coke, or other fuel to generate the thermal energy. The lowa State
team plans to use an autothermal fluidized bed reactor, a specialized reactor where a gas is passed through solid
granular material at high velocity. Air is used as the fluidizing gas to promote direct, partial combustion of biomass and
pyrolysis products to supply the energy required for endothermic operation. This will replace indirect heating methods
with direct heating within the reactor, simplifying the design and reducing capital cost while increasing throughput,
improving catalyst life, and achieving product yield and quality similar to or greater than current processes. The teams
seeks to demonstrate CAP in the laboratory and pilot-scale reactors; identify optimal CAP operating conditions to
maximize the yield of hydrocarbons; and develop engineering scaling relationships for CAP reactors to facilitate the
design of commercial-scale CAP reactors.
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Cornell University

Secondary Lithium Metal Batteries
Program: IDEAS

Project Term: 08/17/2016 to 08/16/2017
Project Status: ACTIVE

Project State: New York

Technical Categories: Transportation Fuels

Cornell University will develop a new type of rechargeable lithium metal battery that provides superior performance
over existing lithium-ion batteries. The anode, or negative side of a lithium-ion battery, is usually composed of a carbon-
based material. In lithium metal batteries, the anode is made of metallic lithium. While using metallic lithium could
result in double the storage capacity, lithium metal batteries have unreliable performance, safety issues, and premature
cell failure. There are two major causes for this performance degradation. First, side reactions can occur between the
lithium metal and the liquid or solid electrolyte placed between the positive and negative electrodes. Second, when
recharged, branchlike metal fibers called dendrites can grow on the negative electrode. These dendrites can grow to
span the space between the negative and positive electrodes, causing short-circuiting. To overcome these challenges,
Cornell proposes research to pair a variety of cathodes with a lithium metal anode. The work builds upon recent
theoretical and experimental discoveries by the team, which show that a class of structured electrolytes can provide
multiple mechanisms for stabilizing lithium metal anodes and suppress dendrite growth. The team will also develop
structured electrolyte coatings that provide barriers to oxygen and moisture, but do not impede lithium-ion transport
across the electrolyte/electrode interface. Such coatings will suppress the unwelcome lithium metal/electrolyte
reactions and will also enable manufacturing of lithium metal batteries under standard dry room conditions. The
structures developed could also be used in batteries based on other metals, such as sodium and aluminum that are
more abundant and less expensive than lithium, but also affected by dendrite formation.

Citrine Informatics

Machine Learning for Solid lon Conductors
Program: IDEAS

Project Term: 12/22/2015 to 12/21/2016
Project Status: ACTIVE

Project State: California

Technical Categories: Storage, Transportation Storage

The Citrine Informatics team is demonstrating a proof-of-concept for a system that would use experimental work to
intelligently guide the investigation of new solid ionic conductor materials. If successful, the project will create a new
approach to material discovery generally and new direction for developing promising ionic conductors specifically. The
project will aggregate data (both quantitative and meta-data related to experimental conditions) relevant to ionic
conductors from the published literature and build advanced, machine learning models for prediction based upon the
resulting large database. The team’s system will also experimentally explore the new materials space identified and
suggested by the models. The Citrine project could provide researchers near-real-time feedback as they perform
experiments, allowing them to dynamically select the most promising research pathways. This would in turn unlock
more rapid ionic conductor identification and development, and transform the fields of theoretical and experimental
materials science at-large.

Johns Hopkins University

Adsorption Compression on Chemical Reactions
Program: IDEAS

Project Term: 02/05/2016 to 02/04/2017
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Resource Efficiency

Johns Hopkins University will study the adsorption compression phenomenon for ways to enhance the reaction rate for
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commercially relevant reactions. Adsorption is the adhesion of molecules from a gas, liquid, or dissolved solid to a
surface, creating layers of the “adsorbate” on the surface of the host material. The Johns Hopkins team will explore the
physical state where the forces acting parallel to the surface of adsorbate molecules can in certain conditions be far
higher than forces associated with adsorption of additional molecules on the surface. This phenomenon is called
adsorption compression. This compression is important because it leads to a strain in intramolecular bonds and can
change the activation energy for many chemical reactions — which can alter reaction pathways, increase reactivity, or
improve selectivity for desired products. The team plans to explore this phenomenon as a method to improve the
efficiency of commercial catalytic systems.

Princeton University

Acoustic Analysis for Battery Testing
Program: IDEAS

Project Term: 10/01/2015 to 03/30/2017
Project Status: ACTIVE

Project State: New Jersey

Technical Categories: Electrical Efficiency

The Princeton University team is developing a non-invasive, low-cost, ultrasonic diagnostic system to determine battery
state-of-health and state-of-charge, and to monitor internal battery defects. This system links the propagation of sound
waves through a battery to the material properties of components within the battery. As a battery is cycled, the density
and mechanical properties of its electrodes change; as the battery ages, it experiences progressive formation and
degradation of critical surface layers, mechanical degradation of electrodes, and consumption of electrolyte. All of these
phenomena affect how the sound waves pass through the battery. There are very few sensing techniques available that
can be used during battery production and operation which can quickly identify changes or faults within the battery as
they occur. As an ARPA-E IDEAS project, this early stage research project will provide proof of concept for the sensing
technique and build a database of acoustic signatures for different battery chemistries, form factors, and use conditions.
If successful, this ultrasonic diagnostic system will improve battery quality, safety, and performance of electric vehicle
and grid energy storage systems via two avenues: (1) more thorough and efficient cell screening during production, and
(2) physically relevant information for more informed battery management strategies.

Columbia University

More information on Columbia's project is coming soon!
Program: IDEAS

Project Term: 06/10/2016 to 06/09/2017

Project Status: ACTIVE

Project State: New York

Technical Categories: Distributed Generation

Inventev LLC

More information on Inventev's project is coming soon!
Program: IDEAS

Project Term: 01/06/2016 to 01/05/2017

Project Status: ACTIVE

Project State: Michigan

Technical Categories: Transportation Vehicles

Palo Alto Research Center
More information on PARC's project is coming soon!
Program: IDEAS
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Project Term: 12/17/2015 to 12/16/2016

Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation, Resource

Northeastern University

Materials for Magnetocaloric Applications
Program: IDEAS

Project Term: 09/01/2016 to 08/31/2017
Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Building Efficiency

Northeastern University, in partnership with the Ames Laboratory, will evaluate a range of new magnetocaloric
compounds (AlT2X2) for potential application in room-temperature magnetic cooling. Magnetic refrigeration is an
environmentally friendly alternative to conventional vapor-compression cooling technology. The magnetocaloric effect
is triggered by application and removal of an applied magnetic field--adjusting the magnetic field translates into an
adjustment in the temperature of the material. The benchmark magnetocaloric materials are based on the rare earth
metal gadolinium (Gd), but gadolinium is scarce in the earth's crust and prohibitively expensive. Other magnetocaloric
materials have similar rarity and cost constraints, or are brittle and undergo large volume changes during magnetic
transition. Volume changes are problematic because a magnetocaloric working material must maintain mechanical and
magnetic integrity over 300 million cycles in a ten-year lifetime. The Northeastern-led team is proposing to explore new
magnetocaloric materials, AIT2X2(where T=Fe, Mn, and/or Co, and X = B and/or C) comprised of abundant, non-toxic
elements that can undergo a structural transition near room temperature. The material is projected to meet or exceed
the performance of other candidate magnetocaloric materials due to its potential ease of fabrication, corrosion
resistance, high mechanical integrity maintained through caloric phase change, and low heat capacity that fosters
effective heat transfer. The project objectives are to ascertain the most promising compositions and magnetic field and
temperature combinations to realize the optimal magnetocaloric response in this compound.

University of Maryland

Current Collectors for Aqueous Batteries
Program: IDEAS

Project Term: 04/14/2016 to 04/13/2017
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Storage

The University of Maryland will develop a new type of current collector using a film that is composed of functionalized
few-walled carbon nanotubes (FWNTs) and polymers. The team seeks to develop a thin, low-cost current collector that
displays high conductivity, excellent mechanical strength, flexibility, and manufacturing scalability. Carbon nanotubes
have high conductivity, but in their pure state lack the needed mechanical strength. The FWNT concept will
"functionalize" or bolster the outer walls by integrating polymers to increase the mechanical strength. This will give the
product the dual benefits of direct tube-on-tube contact for fast recharging and increased mechanical strength and
stability from the polymers. Replacement of metal mesh by FWNT-polymer film will not only address current collector
corrosion concerns, but will also offer increased energy density due to the substantially lighter weight of these carbon-
based materials compared to traditional metallic current collectors.

Columbia University

Computing Through Silicon Photonics
Program: IDEAS

Project Term: 03/04/2016 to 03/03/2017
Project Status: ACTIVE
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Project State: New York
Technical Categories: Electrical Efficiency

Columbia University will develop a new platform for generating multiple simultaneous optical channels (wavelengths)
with low power dissipation, thereby enabling optical interconnects for low power computing. Optical interconnect links
communicate using optical fibers that carry light. Wavelength-division multiplexing (WDM) is a technology that
combines a number of optical carrier signals on a single optical fiber by using different wavelengths. This technique
enables bidirectional communications over strands of fiber, dramatically increasing capacity. Low-power lasers generate
the wavelengths used in a WDM system, but it is important to stabilize the wavelength for each channel to allow for
precise separation and filtering. The importance of stabilization increases when the number and density of wavelength
channels increases. Energy use also increases because each of the laser sources must be individually stabilized. In
contrast, the Columbia team proposes using a single high-powered stabilized laser to generate greater than 50
wavelength sources with high efficiency using an on-chip comb. This approach can improve laser energy efficiency from
0.01% to 10%.

William Marsh Rice University

More information on Rice University's project is coming soon!
Program: IDEAS

Project Term: 09/15/2016 to 09/14/2017

Project Status: ACTIVE

Project State: Texas

Technical Categories: Transportation Fuels

Gas Technology Institute

Methane Soft Oxidation

Program: IDEAS

Project Term: 09/07/2016 to 09/06/2017
Project Status: ACTIVE

Project State: lllinois

Technical Categories: Transportation Fuels

Gas Technology Institute (GTI) will develop a sulfur-based methane oxidation process, known as soft oxidation, to
convert methane into liquid fuels and chemicals. Current gas-to-liquid technology for converting methane to liquid
hydrocarbons requires massive scale to achieve economic production. The large plant size makes this approach
unsuitable to address the challenge of distributed methane emissions. Soft oxidation is a method better suited to
address this challenge because of its modular nature. It also addresses a major limitation of conventional gas-to-liquid
technology: the irreversible conversion of methane and oxygen to carbon dioxide. In this project, GTI will demonstrate
and optimize a two-step methane soft oxidation process and develop a fully integrated system that converts methane to
liquid hydrocarbons, recovers the valuable liquids and hydrogen gas, and recycles the remaining products. A key
difference with traditional oxygen-based approaches is that GTI's method allows for some hydrogen recovery, whereas
in oxygen-based approaches the hydrogen must be consumed completely. Soft oxidation has a higher efficiency because
of this, and it lacks the need for complex heat integration and recovery methods that require large scale plants. If
successful, this new process could provide an economic pathway to significantly reduce methane emissions through on-
site conversion.

Georgia Tech Research Corporation

Hollow Fibers for Separations

Program: IDEAS

Project Term: 07/27/2016 to 07/26/2017
Project Status: ACTIVE

Project State: Georgia

Technical Categories: Manufacturing Efficiency
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The Georgia Institute of Technology will develop hollow fiber membranes containing metal-organic framework (MOF)
thin films to separate propylene from propane. The nanoporous MOF film is supported on the inside surfaces of the
tubular polymeric hollow fibers. Chemicals introduced into the center of the tube are separated through the MOF
membrane by a molecular sieving process. Traditional olefin production processes are performed at pressures up to 20
bar, requiring large energy and capital costs. A key feature of the team's technology is the ability to synthesize
membranes at near-ambient liquid-phase conditions and perform olefin separation at lower pressures as low as 6 bar.
As the team evaluates using its MOF membranes to separate propylene from propane, the team will also develop
detailed correlations between processing conditions, membrane morphology, and membrane performance. Another
important task is to perform a detailed economic evaluation of the technology and establish its economic advantages
compared to existing and other proposed technologies. The general separations concept also has potential to be used
for a larger range of petrochemical and gas separations.

Hi Fidelity Genetics LLC

More information on Hi Fidelity's project is coming soon!
Program: IDEAS

Project Term: 05/05/2016 to 05/04/2017

Project Status: ACTIVE

Project State: North Carolina

Technical Categories: Transportation Fuels

Colorado School of Mines

Ammonia Synthesis Membrane Reactor
Program: IDEAS

Project Term: 09/27/2016 to 09/26/2017
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Storage

The Colorado School of Mines will develop a membrane reactor concept to synthesize ammonia at ambient pressure. In
traditional ammonia production processes, nitrogen (N2) and hydrogen (H2) compete for identical catalyst sites, and the
presence of each inhibits the other, with the overall rate reflecting a compromise. The team proposes decoupling and
independently controlling the N2 and H2 dissociation by dedicating one side of the composite membrane to each. In this
way, the catalysts may be individually optimized. Highly effective catalysts have been previously demonstrated for H2
dissociation, and the team's focus will be on exploring early transition metals which have shown great promise as
catalysts for N2 dissociation. When perfected, this technology will allow the production of ammonia at ambient
pressure, reducing the scale and number of steps required in the process. This method is also an improvement over
electrochemical processes, which have a more complicated design and reduced efficiency due to the need for an
external voltage.

University of California, Los Angeles
Renewable Production of Commodity Chemicals
Program: IDEAS

Project Term: 03/20/2015 to 12/31/2016
Project Status: ACTIVE

Project State: California

Technical Categories: Manufacturing Efficiency

The University of California, Los Angeles (UCLA) seek to develop a platform technology, Catalytic Units for Synthetic
Biochemistry (CUSB). The method will use enzymes to convert biomass carbohydrate into a wide variety of useful
carbon compounds in extremely high yield. The team envisions catalytic breakdown modules that will reduce the
carbohydrate to simpler compounds, breakdown energy is released during this chemical process and can be stored in
other high energy chemicals. Additional catalytic modules will be added to utilize the carbon and energy from the
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breakdown module to build useful chemicals that can replace petroleum products. This process can potentially generate
new markets by producing complex chemicals more economically and with higher energy efficiency than current
methods. The team predicts that their technology can reduce the non-renewable energy input required for chemical
production by more than 2.5 fold. The system can also provide large-scale production of chemicals that are too costly or
too environmentally damaging to produce by current methods. The UCLA team proposes to demonstrate CUSB by
building a prototype system that can produce limonene, a colorless liquid hydrocarbon that could also be used as a fuel,
at a much higher yield and productivity that has been previously achieved. The successful development of CUSB will
represent a paradigm shift in the way high volume commodity chemicals can be produced from renewable resources.

Saint-Gobain Ceramics and Plastics, Inc.

High Temperature Ceramics for Solar Fuel Production
Program: IDEAS

Project Term: 01/19/2016 to 01/18/2017

Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Distributed Generation

The Saint-Gobain team is conducting early-stage research to extend operating temperatures of industrial ceramics in
steam-containing atmospheres up to 1,500 °C. Materials that are able to adequately withstand these punishing
conditions are needed to create durable solar fuel reactors. The most attractive material based on high-temperature
strength and thermal shock resistance is sintered (the process of compacting solid material without melting it) silicon
carbide (SiC). However, the highly reactive H20/H2/CO/CO2atmosphere within a solar reactor causes most industrial
ceramics, including SiC, to degrade at temperatures above 1,200 °C. At those temperatures volatile reaction products
are formed, which continually eat away at the integrity of the reactor walls. The Saint-Gobain team is conducting
research along three lines of inquiry: 1) Creating high-temperature coatings for the SiC material; 2) Creating "self-
healing" SiC surfaces which are created via an oxidation reaction on an ongoing basis as the surface layer is damaged;
and 3) Testing alternative ceramic materials which could be more robust. The results of the three lines of inquiry will be
evaluated based on stability modeling and thermal cycling testing (i.e. repeatedly heating and cooling the materials)
under simulated conditions. As an ARPA-E IDEAS project, this research is at a very early stage. If successful, the
technology could potentially result in significant energy and cost savings to the U.S. economy by allowing liquid
transportation fuel to be produced from water and carbon dioxide from the air via solar energy instead of conventional
sources. In addition SiC materials with enhanced oxidation resistance could be applied to vessels and components across
many industrial, thermal, chemical, and petrochemical processes.

Bigwood Systems, Inc.

Global-Optimal Power Flow (G-OPF)
Program: IDEAS

Project Term: 03/18/2015 to 06/30/2016
Project Status: ALUMNI

Project State: New York

Technical Categories: Grid

Bigwood Systems, Inc. is developing a comprehensive Optimal Power Flow (OPF) modelling engine that will enhance the
energy efficiency, stability, and cost effectiveness of the national electric grid. Like water flowing down a hill, electricity
takes the path of least resistance which depends on the grid network topology and on grid controls. However, in a
complicated networked environment, this can easily lead to costly congestion or shortages in certain areas of the
electric grid. Grid operators use imperfect solutions like approximations, professional judgments, or conservative
estimates to try to ensure reliability while minimizing costs. Bigwood Systems' approach will combine four separate
analytical technologies to develop an OPF modeling engine that could markedly improve management of the grid. As
part of this project, Bigwood Systems will demonstrate the practical applications of this tool in partnership with the
California Independent System Operator (CAISO).
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University of California, San Diego

Novel Electrolytes

Program: IDEAS

Project Term: 04/01/2014 to 08/31/2015

Project Status: ALUMNI

Project State: California

Technical Categories: Storage, Transportation Storage

The University of California at San Diego (UCSD) is developing an early-stage concept for an advanced electrochemical
energy storage system. If successful, the new approach would enable higher-energy density and higher-power systems
that are able to operate over a much wider temperature and voltage range than today's technologies. Similar to how
water is used as a suspension medium for the acid in a conventional lead-acid car battery, the research team is studying
the use of certain gases liquefied under pressure as solvents in novel electrolyte systems. The team's work will enhance
our understanding of the electrochemical mechanisms involved, and demonstrate their energy storage and cycling
capabilities. The work will evaluate the new electrolyte solvents for safety, non-toxicity, non-flammability, performance
and cost compared to the traditional organic solvents used today.

Signetron Inc.

More information about Signetron's project is coming soon!
Program: IDEAS

Project Term: 07/06/2015 to 07/05/2016

Project Status: ALUMNI

Project State: California

Technical Categories: Building Efficiency

Ricardo, Inc.

Reducing Automotive CAPEX Entry Barriers
Program: IDEAS

Project Term: 01/01/2015 to 09/30/2015
Project Status: ALUMNI

Project State: Michigan

Technical Categories: Manufacturing Efficiency

Ricardo Inc will develop a detailed cost model for 10 key automotive components (e.g. chassis, powertrain, controls,
etc.), analyzing the investment barriers at production volumes. Prior studies of innovative manufacturing processes and
lightweight materials have used differing cost analysis assumptions, which makes comparison of these individual studies
difficult. The backbone of the project will be a detailed economic model built on a set of common assumptions that will
allow the root cause of cost barriers to be identified. The model will then evaluate emerging alternative manufacturing
techniques to determine how they might reduce or remove these barriers. This model will utilize a consistent set of
assumptions, allowing for an accurate comparison of potential manufacturing techniques. If successful, this cost model
will enable private-sector firms to make informed investment decisions, increasing the deployment of innovative vehicle
technologies and saving the average consumer money.

University of Maryland

More information about UMD's project is coming soon!
Program: IDEAS

Project Term: 02/13/2015 to 02/12/2016

Project Status: ALUMNI

Project State: Maryland

Technical Categories: Electrical Efficiency
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University of Maryland

Next-Generation Air-Cooled Heat Exchangers
Program: IDEAS

Project Term: 07/25/2014 to 10/24/2015
Project Status: ALUMNI

Project State: Maryland

Technical Categories: Manufacturing Efficiency

The University of Maryland (UMD) will leverage recent advances in additive manufacturing to develop a next-generation
air-cooled heat exchanger. The UMD team will assess the performance and cost of current state-of-the-art technology,
including innovative manufacturing processes. The team will then utilize computer models to simulate a wide-range of
novel heat exchanger designs that can radically enhance air-side heat transfer performance. The team will then
physically build and test two 1 kilowatt (kW) prototype devices. If successful, these heat exchangers would enable new,
highly-efficient dry cooling of steam condensers that could eliminate evaporative water losses from power plant cooling.
Advances in efficient air-side cooling could also have significant spillover benefits in aerospace, automobile, air-
conditioning and refrigeration, electronics cooling, and chemical processing.

Columbia University

Co-Generation of Fuels During Copper Bioleaching
Program: IDEAS

Project Term: 03/01/2015 to 05/30/2016

Project Status: ALUMNI

Project State: New York

Technical Categories: Transportation Fuels

The innovation lies in the exploitation of novel natural energy source: reduced metal deposits. The energy released
during oxidation of these metals could be used to reduce CO2 into fuels and chemicals reducing petroleum usage.This
proposed project fits within the Chemical-Chemical Area of Interest, as it involves the coupling of the oxidation of
reduced minerals in the Earth's crust to the production of reduced carbon chemicals for fuel utilization. This addresses
both of Mission Areas of ARPA-E as the co-generation of fuels during copper bioleaching will potentially reduce the
import of energy from foreign sources, reduce greenhouse gas emissions, improve energy efficiency in the mining
industry, and ensure that the U.S. maintains a lead in the development of this disruptive new technology.

Princeton Optronics

Development of a New Type of Laser Ignition System
Program: IDEAS

Project Term: 10/01/2014 to 09/30/2015

Project Status: ALUMNI

Project State: New Jersey

Technical Categories: Transportation Vehicles

Princeton Optronics will develop a low-cost, high-temperature capable laser ignition system which can be mounted
directly on the engine heads of stationary natural gas engines, just like regular spark plugs are today. This will be done
using a newly developed high-temperature Vertical Cavity Surface Emitting Laser (VCSEL) pump combined with a solid-
state laser gain material that can operate at temperatures typically experienced on a stationary natural gas engine. The
key innovations of this project will allow the laser pump and complete laser ignition system to deliver the required pulse
energy output at the engine block temperature and create a solution that is entirely exchangeable with a conventional
spark plug. This avoids the need for an expensive and complicated fiber optics system to deliver the laser energy to the
engine's combustion chamber from an off-board, cooled location. If successful, the high temperature laser ignition
system will provide a reliable solution to extend the lean limit of combustion and increase the efficiency of stationary
natural gas engines, resulting in significant fuel savings and emissions reductions.
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Space Orbital Services

Low Temperature Methane Conversion Through Impacting Common Alloy Catalysts
Program: IDEAS

Project Term: 08/01/2014 to 12/31/2015

Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Fuels

Space Orbital Services, in conjunction with SRI International, proposes to conduct laboratory-based, small-scale research
to develop a methane conversion technology that employs unconventional chemistry at relatively low temperature,
based on impacting a common alloy catalyst. The project uses laboratory experiments to establish, measure and refine
operational parameters including conversion rates and efficiency, reaction products, and reactor design.

University of Michigan

Benchtop Growth of High Quality Thin Film Photovoltaics
Program: IDEAS

Project Term: 01/01/2015 to 03/31/2016

Project Status: ALUMNI

Project State: Michigan

Technical Categories: Distributed Generation

The University of Michigan is investigating a new, hybrid thin-film PV production technology that combines two different
semiconductor production techniques: electrodeposition (the deposition of a substance on an electrode by the action of
electricity) and epitaxial crystal growth (the growth of crystals of one substance on the crystal face of another
substance). If successful, the University of Michigan's new hybrid approach would produce highly efficient (above 20%)
gallium arsenide thin film solar cells using only simple process equipment, non-flammable precursor ingredients, and
relatively low production temperatures (below 350 °C). This would radically decrease the production cost per watt of
solar capacity, making it substantially less expensive and more competitive with other energy sources.

Grid Logic, Inc.

Nanostructured Core/Shell Powders for Magnets
Program: IDEAS

Project Term: 06/01/2015 to 06/30/2016
Project Status: ALUMNI

Project State: Michigan

Technical Categories: Electrical Efficiency

The Grid Logic team is adapting a form of vapor deposition technology to demonstrate a new approach to creating
powerful hybrid magnets. This "physical vapor deposition particle encapsulation technology" utilizes an inert
atmosphere chamber, which allows for precisely controlled and reproducible pressure, gas flow, and fluidization
conditions for a powder vessel. The team will use this specialized chamber to fabricate nanostructured exchange-spring
magnets, which require careful control of material dimension and composition. Nanostructured exchange-spring
magnets are composite magnetic materials that use an exchange between soft magnetic materials, which have high
saturation magnetization but are easily demagnetized, and hard magnetic materials that are difficult to demagnetize but
have lower saturation magnetization and high coercivity. In this case, the team will create magnets consisting of
Manganese Bismuth (MnBi) hard magnetic core particles with nanometer-scale Cobalt (Co) soft magnet shells. If
successful, the team will demonstrate a process for producing: 1) A hard magnet core particle capable of withstanding a
strong external magnetic field without becoming demagnetized; and 2) A soft magnet shell providing high magnetic
saturation (i.e. maximum magnetization due to an external magnetic field). By combining precise control of nano-scale
layering, material ratios, and material interfaces the project could develop a magnet that rivals permanent magnets
made from rare earth elements. As an ARPA-E IDEAS project, this early stage research will provide proof of concept
showing that the particle encapsulation system developed in this project can enable large-scale, cost-efficient
production of composite magnets that do not require rare earth elements.
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United Technologies Research Center

High Performance Transportation Redox-Air Flow Cells
Program: IDEAS

Project Term: 07/02/2015 to 07/01/2016

Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Storage

United Technologies Research Center (UTRC) will develop a proof-of-concept for an innovative new vehicle energy-
storage system. The UTRC team is leveraging experience from a previous ARPA-E project focused on grid-scale energy
storage, the GRIDS: Breakthrough Flow Battery Cell Stack project, to develop a high-performance redox-air flow cell
(RFC) system for EVs. A flow battery is a cross between a traditional battery and a fuel cell. Flow batteries store their
energy in external tanks instead of inside the cell itself. If successful, the RFC will: (1) store its energy in a liquid solution
at ambient pressure in a conformable plastic tank; (2) be readily packaged inside of an EV given the RFC's high power
and energy densities, and (3) be rechargeable either onboard the vehicle like a conventional battery or by rapidly
exchanging the discharged solution in the tank with charged solution at a refueling station. A novel recharging method
will be employed to dramatically improve the round-trip energy efficiency for cells operating with an air electrode.
Technologies like the RFC hold the potential to dramatically decrease the cost of EVs and enable greater adoption of
EVs, allowing for increased energy efficiency, decreased petroleum imports, and substantial savings to the average
consumer.

Oregon State University

Home Generator Benchmarking Program

Program: IDEAS

Project Term: 07/15/2014 to 07/31/2016

Project Status: ALUMNI

Project State: Oregon

Technical Categories: Distributed Generation, Transport

Oregon State University will precisely measure the performance of three commercially-available home generators. The
team will collect data on engine efficiency, endurance, emissions, and calculate a levelized cost of electricity (LCOE) for
each generator. Published data on the performance of small generators is scarce, which has hampered efforts to identify
where new technologies can be applied to improve the efficiency of small generators. The rigorous and repeatable
measurements collected through this project will be an important step forward in developing future high-performance
distributed power generation systems.

IMPACCT Innovative Materials and Processes for Advanced Carbon (15)
Capture Technologies

IMPACCT's projects seek to develop technologies for existing coal-fired power plants that will lower the cost of carbon
capture. Short for "Innovative Materials and Processes for Advanced Carbon Capture Technologies," the IMPACCT
program is geared toward minimizing the cost of removing carbon dioxide (CO2) from coal-fired power plant exhaust by
developing materials and processes that have never before been considered for this application. Retrofitting coal-fired
power plants to capture the CO2 they produce would enable greenhouse gas reductions without forcing these plants to
close, shifting away from the inexpensive and abundant U.S. coal supply.

University of Notre Dame

Phase-Changing lonic Liquids

Program: IMPACCT

Project Term: 07/01/2010 to 12/31/2013
Project Status: ALUMNI

Project State: Indiana

Technical Categories: Resource Efficiency
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Notre Dame is developing a new CO2 capture process that uses special ionic liquids (ILs) to remove CO2 from the gas
exhaust of coal-fired power plants. ILs are salts that are normally liquid at room temperature, but Notre Dame has
discovered a new class of ILs that are solid at room temperature and change to liquid when they bind to CO2. Upon
heating, the CO2 is released for storage, and the ILs re-solidify and donate some of the heat generated in the process to
facilitate further CO2 release. These new ILs can reduce the energy required to capture CO2 from the exhaust stream of
a coal-fired power plant when compared to state-of-the-art technology.

University of California, Berkeley

Metal Organic Framework Research
Program: IMPACCT

Project Term: 07/01/2010 to 09/25/2015
Project Status: ALUMNI

Project State: California

Technical Categories: Resource Efficiency

UC Berkeley is developing a method for identifying the best metal organic frameworks for use in capturing CO2from the
flue gas of coal-fired power plants. Metal organic frameworks are porous, crystalline compounds that, based on their
chemical structure, vary considerably in terms of their capacity to grab hold of passing CO2molecules and their ability to
withstand the harsh conditions found in the gas exhaust of coal-fired power plants. Owing primarily to their high
tunability, metal organic frameworks can have an incredibly wide range of different chemical and physical properties, so
identifying the best to use for CO2 capture and storage can be a difficult task. UC Berkeley uses high-throughput
instrumentation to analyze nearly 100 materials at a time, screening them for the characteristics that optimize their
ability to selectively adsorb CO2from coal exhaust. Their work will identify the most promising frameworks and
accelerate their large-scale commercial development to benefit further research into reducing the cost of CO2capture
and storage.

General Electric

CO2 Capture with Liquid-to-Solid Absorbents
Program: IMPACCT

Project Term: 10/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Resource Efficiency

GE and the University of Pittsburgh are developing a unique CO2 capture process in which a liquid absorbent changes
into a solid upon contact with CO2. Once in solid form, the material can be separated and the CO2 can be released for
storage by heating. Upon heating, the absorbent returns to its liquid form, where it can be reused to capture more CO2.
The approach is more efficient than other solvent-based processes because it avoids the heating of extraneous solvents
such as water. This ultimately leads to a lower cost of CO2capture and will lower the additional cost to produce
electricity for coal-fired power plants that retrofit their facilities to include this technology.

Texas A&M University

Stimuli-Responsive Metal Organic Frameworks
Program: IMPACCT

Project Term: 07/01/2010 to 09/30/2012
Project Status: ALUMNI

Project State: Texas

Technical Categories: Resource Efficiency

A team led by three professors at Texas A&M is developing a subset of metal organic frameworks that respond to stimuli
such as small changes in temperature to trap CO2 and then release it for storage. These frameworks are a promising
class of materials for carbon capture applications because their structure and chemistry can be controlled with great
precision. Because the changes in temperature required to trap and release CO2 in Texas A&M's frameworks are much
smaller than in other carbon capture approaches, the amount of energy or stimulus that has to be diverted from coal-
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fired power plants to accomplish this is greatly reduced. The team is working to alter the materials so they bind only
with CO2, and are stable enough to withstand the high temperatures found in the chimneys of coal-fired power plants.

Oak Ridge National Laboratory

High Surface-Area CO2 Sponge

Program: IMPACCT

Project Term: 07/01/2010 to 08/15/2013
Project Status: ALUMNI

Project State: Tennessee

Technical Categories: Resource Efficiency

The team from ORNL and Georgia Tech is developing a new technology that will act like a sponge, integrating a new,
alcohol-based ionic liquid into hollow fibers to capture CO2from the exhaust produced by coal-fired power plants. lonic
liquids--salts that exist in liquid form--are promising materials for carbon capture and storage, but their tendency to
thicken when combined with CO2limits their efficiency and poses a challenge for their development as a cost-effective
alternative to current-generation solutions. Adding alcohol to the mix limits this tendency to thicken in the presence of
CO2but can also make the liquid more likely to evaporate, which would add significantly to the cost of CO2 capture. To
solve this problem, ORNL is developing new classes of ionic liquids with high capacity for absorbing CO2. ORNL's sponge
would reduce the cost associated with the energy that would need to be diverted from power plants to capture CO2 and
release it for storage.

ATK

Supersonic Technology for CO2 Capture
Program: IMPACCT

Project Term: 07/01/2010 to 06/30/2013
Project Status: ALUMNI

Project State: Minnesota

Technical Categories: Resource Efficiency

Researchers at ATK and ACENT Laboratories are developing a device that relies on aerospace wind-tunnel technologies
to turn CO2 into a condensed solid for collection and capture. ATK's design incorporates a special nozzle that converges
and diverges to expand flue gas, thereby cooling it off and turning the CO2 into solid particles which are removed from
the system by a cyclonic separator. This technology is mechanically simple, contains no moving parts and generates no
chemical waste, making it inexpensive to construct and operate, readily scalable, and easily integrated into existing
facilities. The increase in the cost to coal-fired power plants associated with introduction of this system would be 50%
less than current technologies.

Georgia Tech Research Corporation
Composite Membranes for CO2 Capture
Program: IMPACCT

Project Term: 07/01/2010 to 10/31/2012
Project Status: ALUMNI

Project State: Georgia

Technical Categories: Resource Efficiency

A team of six faculty members at Georgia Tech is developing an enhanced membrane by fitting metal organic
frameworks, compounds that show great promise for improved carbon capture, into hollow fiber membranes. This new
material would be highly efficient at removing CO2from the flue gas produced at coal-fired power plants. The team is
analyzing thousands of metal organic frameworks to identify those that are most suitable for carbon capture based both
on their ability to allow coal exhaust to pass easily through them and their ability to select CO2 from that exhaust for
capture and storage. The most suitable frameworks would be inserted into the walls of the hollow fiber membranes,
making the technology readily scalable due to their high surface area. This composite membrane would be highly stable,
withstanding the harsh gas environment found in coal exhaust.

12/7/16 Page 77 of 185



Lawrence Livermore National Laboratory
Synthetic Catalysts for CO2 Storage
Program: IMPACCT

Project Term: 08/15/2010 to 12/31/2014
Project Status: ALUMNI

Project State: California

Technical Categories: Resource Efficiency

LLNL is designing a process to pull CO2 out of the exhaust gas of coal-fired power plants so it can be transported, stored,
or utilized elsewhere. Human lungs rely on an enzyme known as carbonic anhydrase to help separate CO2 from our
blood and tissue as part of the normal breathing process. LLNL is designing a synthetic catalyst with the same function as
this enzyme. The catalyst can be used to quickly capture CO2from coal exhaust, just as the natural enzyme does in our
lungs. LLNL is also developing a method of encapsulating chemical solvents in permeable microspheres that will greatly
increase the speed of binding of CO2. The goal of the project is an industry-ready chemical vehicle that can withstand
the harsh environments found in exhaust gas and enable new, simple process designs requiring less capital investment.

Codexis, Inc.

Better Enzymes for Carbon Capture
Program: IMPACCT

Project Term: 07/01/2010 to 06/30/2012
Project Status: ALUMNI

Project State: California

Technical Categories: Resource Efficiency

Codexis is developing new and efficient forms of enzymes known as carbonic anhydrases to absorb CO2 more rapidly
and under challenging conditions found in the gas exhaust of coal-fired power plants. Carbonic anhydrases are common
and are among the fastest enzymes, but they are not robust enough to withstand the harsh environment found in the
power plant exhaust steams. In this project, Codexis will be using proprietary technology to improve the enzymes' ability
to withstand high temperatures and large swings in chemical composition. The project aims to develop a carbon-capture
process that uses less energy and less equipment than existing approaches. This would reduce the cost of retrofitting
today's coal-fired power plants.

Columbia University

Chemically Accelerated Carbon Mineralization
Program: IMPACCT

Project Term: 07/16/2010 to 01/15/2014
Project Status: ALUMNI

Project State: New York

Technical Categories: Resource Efficiency

Columbia University is developing a process to pull CO2 out of the exhaust gas of coal-fired power plants and turn it into
a solid that can be easily and safely transported, stored above ground, or integrated into value-added products (e.g.
paper filler, plastic filler, construction materials, etc.). In nature, the reaction of CO2 with various minerals over long
periods of time will yield a solid carbonate--this process is known as carbon mineralization. The use of carbon
mineralization as a CO2capture and storage method is limited by the speeds at which these minerals can be dissolved
and CO2 can be hydrated. To facilitate this, Columbia University is using a unique process and a combination of chemical
catalysts which increase the mineral dissolution rate, and the enzymatic catalyst carbonic anhydrase which speeds up
the hydration of CO2.

Sustainable Energy Solutions

Capturing CO2 from Exhaust Gas
Program: IMPACCT

Project Term: 07/14/2010 to 03/31/2015
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Project Status: ALUMNI

Project State: Utah

Technical Categories: Resource Efficiency

SES is developing a process to capture CO2from the exhaust gas of coal-fired power plants by desublimation--the
conversion of a gas to a solid. Capturing CO2 as a solid and delivering it as a liquid avoids the large energy cost of

CO2 gas compression. SES' capture technology facilitates the prudent use of available energy resources; coal is our most
abundant energy resource and is an excellent fuel for baseline power production. SES capture technology can capture
99% of the CO2emissions in addition to a wide range of other pollutants more efficiently and at lower costs than existing
capture technologies. SES' capture technology can be readily added to our existing energy infrastructure.

Research Triangle Institute

CO2 Capture and Regeneration at Low Temperatures
Program: IMPACCT

Project Term: 07/01/2010 to 09/30/2013

Project Status: ALUMNI

Project State: North Carolina

Technical Categories: Resource Efficiency

RTI is developing a solvent and process that could significantly reduce the temperature associated with regenerating
solvent and CO2 captured from the exhaust gas of coal-fired power plants. Traditional CO2 removal processes using
water-based solvents require significant amount of steam from power plants in order to regenerate the solvent so it can
be reused after each reaction. RTl's solvents can be better at absorbing CO2than many water-based solvents, and are
regenerated at lower temperatures using less steam. Thus, industrial heat that is normally too cool to re-use can be
deployed for regeneration, rather than using high-value steam. This saves the power plant money, which results in
increased cost savings for consumers.

University of Colorado, Boulder

Gelled lonic Liquid-Based Membranes
Program: IMPACCT

Project Term: 02/01/2011 to 07/31/2014
Project Status: ALUMNI

Project State: Colorado

Technical Categories: Resource Efficiency

Alongside Los Alamos National Laboratory and the Electric Power Research Institute, CU-Boulder is developing a
membrane made of a gelled ionic liquid to capture CO2 from the exhaust of coal-fired power plants. The membranes are
created by spraying the gelled ionic liquids in thin layers onto porous support structures using a specialized coating
technique. The new membrane is highly efficient at pulling CO2out of coal-derived flue gas exhaust while restricting the
flow of other materials through it. The design involves few chemicals or moving parts and is more mechanically stable
than current technologies. The team is now working to further optimize the gelled materials for CO2separation and
create a membrane layer that is less than 1 micrometer thick.

Massachusetts Institute of Technology
CO2 Capture Using Electrical Energy
Program: IMPACCT

Project Term: 07/01/2010 to 01/31/2013
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Resource Efficiency

MIT and Siemens Corporation are developing a process to separate CO2 from the exhaust of coal-fired power plants by
using electrical energy to chemically activate and deactivate sorbents--materials that absorb gases. The team found that
certain sorbents bond to CO2 when they are activated by electrical energy and then transported through a specialized
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separator that deactivates the molecule and releases it for storage. This method directly uses the electricity from the
power plant, which is a more efficient but more expensive form of energy than heat, though the ease and simplicity of
integrating it into existing coal-fired power plants reduces the overall cost of the technology. This process could cost as
low as $31 per ton of CO2stored.

University of Kentucky

Hybrid Solvent-Membrane CO2 Capture
Program: IMPACCT

Project Term: 07/01/2010 to 04/18/2013
Project Status: CANCELLED

Project State: Kentucky

Technical Categories: Resource Efficiency

The University of Kentucky is developing a hybrid approach to capturing CO2 from the exhaust gas of coal-fired power
plants. In the first, CO2 is removed as flue gas is passed through an aqueous ammonium-based solvent. In the second,
carbon-rich solution from the CO2absorber is passed through a membrane that is designed to selectively transport the
bound carbon, enhancing its concentration on the permeate side. The team's approach would combine the best of both
membrane- and solvent-based carbon capture technologies. Under the ARPA-E award, the team is enabling the
membrane operation to be a drop-in solution.

METALS Modern Electro/Thermochemical Advances in Light Metals (19)
Systems

The projects that comprise ARPA-E's METALS program, short for "Modern Electro/Thermochemical Advances in Light
Metal Systems," aim to find cost-effective and energy-efficient manufacturing techniques to process and recycle metals
for lightweight vehicles and aircraft. Processing light metals such as aluminum, titanium, and magnesium more
efficiently would enable competition with incumbent structural metals like steel to manufacture vehicles and aircraft
that meet demanding fuel efficiency standards without compromising performance or safety.

Alcoa, Inc.

Aluminum Electrolytic Cell with Heat Recovery
Program: METALS

Project Term: 03/31/2014 to 05/28/2018
Project Status: ACTIVE

Project State: Pennsylvania

Technical Categories: Manufacturing Efficiency

Alcoa is designing a new, electrolytic cell that could significantly improve the efficiency and price point of aluminum
production. Conventional cells reject a great deal of waste heat, have difficulty adjusting to electricity price changes, and
emit significant levels of CO2. Alcoa is addressing these problems by improving electrode design and integrating a heat
exchanger into the wall of the cell. Typically, the positive and negative electrodes--or anode and cathode, respectively--
within a smelting cell are horizontal. Alcoa will angle their cathode, increasing the surface area of the cell and shortening
the distance between anode and cathode. Further, the cathode will be protected by ceramic plates, which are highly
conductive and durable. Together, these changes will increase the output from a particular cell and enable reduced
energy usage. Alcoa's design also integrates a molten glass (or salt) heat exchanger to capture and reuse waste heat
within the cell walls when needed and reduce global peak energy demand. Alcoa's new cell design could consume less
energy, significantly reducing the CO2 emissions and costs associated with current primary aluminum production.

University of Utah

Direct Titanium Production from Titanium Slag
Program: METALS

Project Term: 02/18/2014 to 03/06/2017
Project Status: ACTIVE
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Project State: Utah
Technical Categories: Manufacturing Efficiency

The University of Utah is developing a reactor that dramatically simplifies titanium production compared to
conventional processes. Today's production processes are expensive and inefficient because they require several high-
energy melting steps to separate titanium from its ores. The University of Utah's reactor utilizes a magnesium hydride
solution as a reducing agent to break less expensive titanium ore into its components in a single step. By processing low-
grade ore directly, the titanium can be chemically isolated from other impurities. This design eliminates the series of
complex, high-energy melting steps associated with current titanium production. Consolidating several energy intensive
steps into one reduces both the cost and energy inputs associated with titanium extraction.

University of Utah

Electromagnetic Light Metal Sorting

Program: METALS

Project Term: 01/10/2014 to 12/31/2017
Project Status: ACTIVE

Project State: Utah

Technical Categories: Manufacturing Efficiency

The University of Utah is developing a light metal sorting system that can distinguish multiple grades of scrap metal
using an adjustable and varying magnetic field. Current sorting technologies based on permanent magnets can only
separate light metals from iron-based metals and tend to be inefficient and expensive. The University of Utah's sorting
technology utilizes an adjustable magnetic field rather than a permanent magnet to automate scrap sorting, which could
offer increased accuracy, less energy consumption, lower CO2 emissions, and reduced costs. Due to the flexibility of this
design, the system could be set to sort for any one metal at a time rather than being limited to sorting for a specific
metal.

Materials & Electrochemical Research (MER) Corporation
Advanced Electrowinning of Titanium

Program: METALS

Project Term: 01/13/2015 to 01/12/2017

Project Status: ACTIVE

Project State: Arizona

Technical Categories: Manufacturing Efficiency

MER is scaling up an advanced electrochemical process to produce low-cost titanium from domestic ore. While titanium
is a versatile and robust structural metal, its widespread adoption for consumer applications has been limited due to its
high cost of production. MER is developing an new electrochemical titanium production process that avoids the cyclical
formation of undesired titanium ions, thus significantly increasing the electrical current efficiency. MER will test different
cell designs, reduce unwanted side reactions to increase energy efficiency, and minimize the heat loss that occurs when
processing titanium. By developing a scalable and stable electrochemical cell, MER could significantly reduce the costs
and energy consumption associated with producing titanium.

UHV Technologies, Inc.

X-Ray Diagnostics for Scrap Metal Sorting
Program: METALS

Project Term: 01/01/2014 to 12/31/2016
Project Status: ACTIVE

Project State: Kentucky

Technical Categories: Manufacturing Efficiency

UHV is developing a sorting technology that uses X-rays to distinguish between high-value metal alloys found in scrap of
many shapes and sizes. Existing identification technologies rely on manual sorting of light metals, which can be
inaccurate and slow. UHV's system will rapidly sort scrap metal passed over a conveyer belt, making it possible to lower
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metals waste while simultaneously increasing the quality of recycled metal alloys. By analyzing the light emitted from X-
rayed metal pieces, UHV's probe is able to identify alloy compositions for automated sorting. By automating this
process, UHV would significantly reduce the costs associated with recycling light metal scrap.

Valparaiso University

Solar/Electrolytic Production of Magnesium from Ore
Program: METALS

Project Term: 01/01/2014 to 12/31/2016

Project Status: ACTIVE

Project State: Indiana

Technical Categories: Manufacturing Efficiency

Valparaiso University is developing a solar electro-thermal reactor that produces magnesium from magnesium oxide.
Current magnesium production processes involve high-temperature steps that consume large amounts of energy.
Valparaiso's reactor would extract magnesium using concentrated solar power to supply its thermal energy, minimizing
the need for electricity. The reactor would be surrounded by mirrors that track the sun and capture heat for high-
temperature magnesium electrolysis. Because Valparaiso's reactor is powered by solar energy as opposed to burning
fossil fuels, integrating magnesium production into the solar reactor would significantly reduce CO2emissions associated
with magnesium production.

University of Colorado, Boulder

Solar/Electric Powered Magnesium Production
Program: METALS

Project Term: 01/01/2014 to 03/06/2017
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Manufacturing Efficiency

CU-Boulder is developing a new solar-powered magnesium production reactor with dramatically improved energy
efficiency compared to conventional technologies. Today's magnesium production processes are expensive and require
large amounts of electricity. CU-Boulder's reactor can be heated using either concentrated solar power during the day or
by electricity at night. CU-Boulder's reactor would dramatically reduce CO2emissions compared to existing technologies
at lower cost because it requires less electricity and can be powered using solar energy. In addition, the reactor can
produce syngas, a synthetic gasoline precursor, which could be used to power cars and trucks.

Energy Research Company

Integrated Minimill to Produce Aluminum from Scrap
Program: METALS

Project Term: 01/01/2014 to 03/31/2018

Project Status: ACTIVE

Project State: New Jersey

Technical Categories: Manufacturing Efficiency

ERCo is developing an automated Aluminum Integrated Minimill (AIM) that can produce finished components from
mixed metal scrap. Unlike most current approaches, ERCo's AIM can distinguish and accurately sort multiple grades of
aluminum scrap for recycling. ERCo's AIM reduces energy consumption in several ways. First, the technology would
provide real-time feedback controls to improve the accuracy of the sorting process. The sorted scrap is then melted and
cast. Further, ERCo's design replaces the inefficient dryers used in conventional processes with advanced, high-efficiency
equipment. ERCo's AIM enables significantly more efficient and less expensive scrap sorting and aluminum recovery for
casting.
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INFINIUM, Inc.

Aluminum Production Using Zirconia Solid Electrolyte
Program: METALS

Project Term: 12/12/2013 to 12/10/2016

Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Manufacturing Efficiency

INFINIUM is developing a technology to produce light metals such as aluminum and titanium using an electrochemical
cell design that could reduce energy consumption associated with these processes by over 50%. The key component of
this innovation lies within the anode assembly used to electrochemically refine these light metals from their ores. While
traditional processes use costly graphite anodes that are reacted to produce CO2 during refining, INFINIUM's anode can
use much cheaper fuels such as natural gas, and produce a high-purity oxygen by-product. Revenue from this by-product
could significantly affect aluminum production economics. Traditional cell designs also waste a great deal of heat due to
the necessity of keeping the reactor open to the air while contaminated CO2rapidly exits the chamber. Since INFINIUM's
anode keeps the oxygen or CO2anode gas away from the main reactor chamber, the entire system may be far more
effectively insulated.

Research Triangle Institute

High-Temperature Thermal Storage for Light Metal Production
Program: METALS

Project Term: 02/05/2014 to 02/04/2017

Project Status: ACTIVE

Project State: North Carolina

Technical Categories: Manufacturing Efficiency

RTI is developing a high-quality concentrating solar thermal energy transport and storage system for use in light metals
manufacturing. A challenge with integrating renewable energy into light metals manufacturing has been the need for
large quantities of very high temperature heat. RTI's technology overcomes this challenge with a specialized heat
transfer powder. This powder can be heated to temperatures of 1100 degrees Celsius with concentrating solar thermal
energy, some 400 degrees Celsius higher than conventional solutions. Because the heat transfer fluid can also store
thermal energy, metal manufacturing plants can continue to operate even when the sun is not shining. RTI will also
develop advanced materials that will protect the system's components from the accelerated degradation experienced at
these high operating temperatures. This technology will enable constant, high-temperature operation of the light metals
production process with reduced CO2 emissions.

SRI International

Direct Production of Titanium Powder

Program: METALS

Project Term: 12/10/2013 to 04/30/2015
Project Status: ALUMNI

Project State: California

Technical Categories: Manufacturing Efficiency

SRl is developing a reactor that is able to either convert titanium tetrachloride to titanium powder or convert multiple
metal chlorides to titanium alloy powder in a single step. Conventional titanium extraction and conversion processes
involve expensive and energy intensive melting steps. SRl is examining the reaction between hydrogen and metal
chlorides, which could produce titanium alloys without multiple complicated steps. Using titanium powder for
transportation applications has not been practical until now because of the high cost of producing powder from titanium
ingots. SRI's reactor requires less material because it produces powder directly rather than converting it from
intermediate materials such as sponge or ingot. Transforming titanium production into a direct process could reduce
costs and energy consumption by eliminating energy intensive steps and decreasing material inputs.
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Phinix, LLC

Electrochemical Magnesium Extraction from Scrap
Program: METALS

Project Term: 12/03/2013 to 03/01/2015

Project Status: ALUMNI

Project State: Kentucky

Technical Categories: Manufacturing Efficiency

Phinix is developing a specialized cell that recovers high-quality magnesium from aluminum-magnesium scrap. Current
aluminum refining uses chlorination to separate aluminum from other alloys, which results in a significant amount of
salt-contaminated waste. Rather than using the conventional chlorination approach, Phinix's cell relies on a three-layer
electrochemical melting process that has proven successful in purifying primary aluminum. Phinix will adapt that process
to purify aluminum-magnesium scrap, recovering magnesium by separating that scrap based on the different densities
within its mix. Phinix's cell could offer increased flexibility in managing costs because it can handle scrap of various
chemical compositions, making use of scrap that is currently in low demand. With a more efficient design, the cell can
recover and reuse aluminum-magnesium scrap at low cost with minimal waste.

Palo Alto Research Center

Electrochemical Probe for Rapid Scrap Metal Sorting
Program: METALS

Project Term: 12/12/2013 to 05/31/2016

Project Status: ALUMNI

Project State: California

Technical Categories: Manufacturing Efficiency

PARC is developing an advanced diagnostic probe that identifies the composition of light metal scrap for efficient sorting
and recycling. Current sorting technologies for light metals are costly and inefficient because they cannot distinguish
between different grades of light metals for recycling. Additionally, state-of-the-art electrochemical probes rely on
aqueous electrolytes that are not optimally suited for separating light metal scrap. PARC's probe, however, uses a novel
liquid, which enables a chemical reaction with light metals to represent their alloy composition accurately. A probe that
is more accurate than existing methods could separate scrap based on alloy quality to obtain low-cost, high-quality
aluminum.

Case Western Reserve University

Segmented Cell for Electrowinning Titanium
Program: METALS

Project Term: 01/01/2014 to 06/30/2016
Project Status: ALUMNI

Project State: Ohio

Technical Categories: Manufacturing Efficiency

Case Western is developing a specialized electrochemical cell that produces titanium from titanium salts using a series of
layered membranes. Conventional titanium production is expensive and inefficient due to the high temperatures and
multiple process steps required. The Case Western concept is to reduce the energy required for titanium metal
production using an electrochemical reactor with multiple, thin membranes. The multi-membrane concept would limit
side reactions and use one third of the energy required by today's production methods.

Gas Technology Institute

Membrane Extraction for Aluminum Production
Program: METALS

Project Term: 01/01/2014 to 03/31/2015
Project Status: ALUMNI

Project State: lllinois
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Technical Categories: Manufacturing Efficiency

GTl is developing a continuously operating cell that produces low-cost aluminum powder using less energy than
conventional methods. Conventional aluminum production is done by pumping huge electrical currents into a vat of
molten aluminum dissolved in mineral salts at nearly 2000 degrees Fahrenheit. GTI's technology occurs near room
temperature using reusable solvents to dissolve the ore. Because GTl's design relies on chemical dissolution rather than
heat, its cells can operate at room temperature, meaning it does not suffer from wasteful thermal energy losses
associated with conventional systems. GTl's electrochemical cell could also make aluminum production significantly less
expensive by using less costly, domestically available ore with no drop in quality.

BlazeTech Corp.

Specialized Imaging System for Light Metal Sorting
Program: METALS

Project Term: 01/01/2014 to 03/31/2015

Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Manufacturing Efficiency

BlazeTech is developing advanced sorting software that uses a specialized camera to distinguish multiple grades of light
metal scrap by examining how they reflect different wavelengths of light. Existing identification technologies rely on
manual sorting of light metals, which can be inaccurate and slow. BlazeTech's sorting technology would identify scrap
metal content based on the way that each light metal appears under BlazeTech's sorting camera, automating the sorting
process and enabling more comprehensive metal recycling. The software developed under this program will be used to
dramatically improve existing metal sorting systems. This technology offers great potential to improve the efficiency of
light metals recycling, as similar techniques have proven successful in other industries, including vegetation surveying
and plastics identification.

Pacific Northwest National Laboratory
Extracting Magnesium from Seawater

Program: METALS

Project Term: 01/01/2014 to 06/30/2016
Project Status: CANCELLED

Project State: Washington

Technical Categories: Manufacturing Efficiency

PNNL is developing a radically new process to produce magnesium from seawater. Today's methods are energy
intensive and expensive because the magnesium concentration in seawater is so low that significant energy is needed to
evaporate off water and precipitate magnesium chloride salt. Further, conventional technologies involve heating the salt
to 900°C and then using electric current to break the chemical bond between magnesium and chlorine to produce the
metal. PNNL's new process replaces brine spray drying with a low-temperature, low-energy dehydration process. That
step is combined with a new catalyst-assisted process to generate an organometallic reactant directly from magnesium
chloride. The organometallic is decomposed to magnesium metal via a proprietary process at temperatures less than
300°C, thus eliminating electrolysis of magnesium chloride salt. The overall process could be significantly less expensive
and more efficient than any conventional magnesium extraction method available today and uses seawater as an
abundant, free resource.

iMetalx Group, LLC

Advanced Electrowinning of Titanium

Program: METALS

Project Term: 02/24/2014 to 07/14/2014
Project Status: CANCELLED

Project State: California

Technical Categories: Manufacturing Efficiency
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iMetalx is scaling up an advanced electrochemical process to produce low-cost titanium from domestic ore. While
titanium is a versatile and robust structural metal, its widespread adoption for consumer applications has been limited
due to its high cost of production. iMetalx is developing an new electrochemical titanium production process that avoids
the cyclical formation of undesired titanium ions, thus significantly increasing the electrical current efficiency. iMetalx
will test different cell designs, reduce unwanted side reactions to increase energy efficiency, and minimize the heat loss
that occurs when processing titanium. By developing a scalable and stable electrochemical cell, iMetalx could
significantly reduce the costs and energy consumption associated with producing titanium.

Titanium Metals Corp.

Electrochemical Cell for Advanced Titanium Production
Program: METALS

Project Term: 01/13/2014 to 04/30/2016

Project Status: CANCELLED

Project State: Pennsylvania

Technical Categories: Manufacturing Efficiency

TIMET is developing an electrochemical process for producing pure titanium powder. Incumbent titanium production
processes require the importation of high-grade titanium ores. TIMET's groundbreaking design will enable the use of
abundant, low-cost, domestic ore to produce titanium powder electrolytically. By totally revolutionizing the electrolysis
process, TIMET can fully optimize the process more effectively using a unique approach. TIMET's electrochemical
methods could produce higher quality titanium powder at lower cost and reduced energy consumption compared to the
conventional Kroll process.

MONITOR  Methane Observation Networks with Innovative (12)
Technology to Obtain Reductions

The projects that comprise ARPA-E's Methane Observation Networks with Innovative Technology to Obtain Reductions
(MONITOR) program are developing innovative technologies to cost-effectively and accurately locate and measure
methane emissions associated with natural gas production. Such low-cost sensing systems are needed to reduce
methane leaks anywhere from the wellpad to local distribution networks, reduce safety hazards, promote more efficient
use of our domestic natural gas resources, and reduce the overall greenhouse gas (GHG) impact from natural gas
development. In order to evaluate the performance of each MONITOR technology to locate and quantify fugitive
methane emissions, the MONITOR Field Test Site will develop a representative test facility that simulates real-world
natural gas operations--at the wellpad and further downstream. Specifically, the MONITOR Test Site supports the
operation of a multi-user field test site for MONITOR performers to validate performance under realistic use-case
scenarios--and meet the MONITOR program's required metrics related to localization, quantification, communications
and cost. Data generated during the field tests will demonstrate the performance capabilities of the technologies and
could be used by the MONITOR performers to accelerate the commercialization and/or regulatory approval of their
technologies.

Palo Alto Research Center

System of Printed Hybrid Intelligent Nano-Chemical Sensors (SPHINCS)
Program: MONITOR

Project Term: 04/15/2015 to 05/12/2018

Project Status: ACTIVE

Project State: California

Technical Categories: Resource Efficiency

Xerox Corporation's Palo Alto Research Center (PARC) will work with BP and NASA's Ames Research Center to combine
Xerox's low-cost print manufacturing and NASA's gas-sensing technologies to develop printable sensing arrays that will
be integrated into a cost-effective, highly sensitive methane detection system. The system will be based on sensor array
foils containing multiple printed carbon nanotube (CNT) sensors and supporting electronics. Each sensor element will be
modified with dopants, coatings, or nanoparticles such that it responds differently to different gases. Through principal
component analysis and machine learning techniques, the system will be trained for high sensitivity and selectivity for
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components of natural gas and interfering compounds. The goal is to be able to detect methane emissions with a
sensitivity of 1 ppm and localize the source of emissions to within 1 meter, offering enhanced precision when compared
to current equipment. By using low-cost printing techniques, the project team's system could offer an affordable
alternative to more expensive optical methane detectors on the market today.

Aeris Technologies, Inc.

Methane Leak Detection System

Program: MONITOR

Project Term: 03/01/2015 to 04/26/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Resource Efficiency

Aeris Technologies, Inc. (Aeris) will partner with Rice University and Los Alamos National Laboratory to develop a
complete methane leak detection system that allows for highly sensitive, accurate methane detection at natural gas
systems. The team will combine its novel compact spectrometer based on a mid-infrared laser, its patent-pending multi-
port sampling system, and an advanced computational approach to leak quantification and localization. Their approach
will use artificial neural networks and dispersion models to quantify and locate leaks with increased accuracy and
reduced computational time for use in a diverse range of meteorological conditions and wellpad configurations. At each
wellpad, a control unit will house the core sensor, a computing unit to process data, and wireless capability to transmit
leak information to an operator, while the multi-port gas-sampling system will be distributed across the wellpad. Aeris'
goal is to be able to detect and measure methane leaks smaller than 1 ton per year from a 10 meter by 10 meter site. At
this level of sensitivity, which is in the ppb range, Aeris estimates that its system can facilitate a 90% reduction in fugitive
methane emissions. Compared to current monitoring systems that can cost $25,000 annually, Aeris' goal is a cost of
$3,000 or less a year to operate.

Rebellion Photonics, Inc.

Portable Methane Detection System
Program: MONITOR

Project Term: 04/15/2015 to 04/15/2018
Project Status: ACTIVE

Project State: Texas

Technical Categories: Resource Efficiency

Rebellion Photonics, Inc. (Rebellion) plans to develop portable methane gas cloud imagers that can wirelessly transmit
real-time data to a cloud-based computing service. This would allow data on the concentration, leak rate, location, and
total emissions of methane to be streamed to a mobile device, like an iPad, smartphone, or Google Glass. The infrared
imaging spectrometers will leverage snapshot spectral imaging technology to provide multiple bands of spectral
information for each pixel in the image. Similar to a Go Pro camera, the miniature, lightweight camera is planned to be
attached to a worker's hardhat or clothing, allowing for widespread deployment. By providing a real-time image of the
plume to a mobile device, the technology's goal is to provide increased awareness of leaks for faster leak repair. This
system could enable significant reduction in the cost associated with identifying, quantifying, and locating methane leaks
as compared to currently available technologies.

Maxion Technologies, Inc.

Tunable Laser for Methane Detection
Program: MONITOR

Project Term: 06/01/2015 to 05/31/2018
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Resource Efficiency

Maxion Technologies Inc. (Maxion) is partnering with Thorlabs Quantum Electronics (TQE), Praevium Research, Inc., and
Rice University to develop a low cost, tunable, mid-infrared (mid-IR) laser source to be used in systems for detecting and

12/7/16 Page 87 of 185



measuring methane emissions. The new architecture is planned to reduce the cost of lasers capable of targeting
methane optical absorption lines near 3.3 microns, enabling the development of affordable, high sensitivity sensors. The
team will combine Praevium and TQE's state-of-the-art Micro-Electro-Mechanical-System tunable Vertical Cavity Surface
Emitting Laser (MEMS-VCSEL) technology with an Interband Cascade Laser (ICL) active core developed by Maxion. The
unique design offers advantages in manufacturing that are expected to yield a factor-of-40 reduction in the cost of the
laser source, and the wide tunability will allow the same laser design to be shared across multiple applications. When
integrated with a full methane detection system, this technology could enable significant reduction in the cost
associated with identifying, quantifying, and locating methane leaks as compared to currently available technologies.

Colorado State University

MONITOR Field Test Site

Program: MONITOR

Project Term: 10/01/2016 to 03/31/2019
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Resource Efficiency

The team, led by Colorado State University (CSU), will develop a test site facility near Fort Collins, CO where ARPA-E can
evaluate the methane sensing technologies of the MONITOR project teams, as required by the MONITOR FOA. The CSU
team will design, construct, and operate a natural gas testing facility that can determine whether MONITOR
technologies have met or exceeded the technical performance targets set forth by the MONITOR program. The test
facility will be designed to realistically mimic the layout of a broad range of natural gas facilities and equipment. The test
facility will include a number of controlled natural gas emission release points that will be realistic in terms of location,
magnitude, frequency, duration, and gas composition. The design will also include sub-facilities that can simulate
different aspects of the natural gas industry supply chain such as dry gas production, wet gas production, midstream
compression, metering and regulating stations, and underground pipeline releases. The test site is located in the Denver-
Julesburg basin, but will be sufficiently far enough away from natural gas operations that background levels of methane
will be very low. Thus, the site will provide a realistic, but highly controllable environment within which the MONITOR
technologies can be accurately tested.

Bridger Photonics, Inc

Mobile Methane Sensing System

Program: MONITOR

Project Term: 06/15/2015 to 06/14/2018
Project Status: ACTIVE

Project State: Montana

Technical Categories: Resource Efficiency

Bridger Photonics, Inc. (Bridger) plans to build a mobile methane sensing system capable of surveying a 10 meter by 10
meter well platform in just over five minutes with precision that exceeds existing technologies used for large-scale
monitoring. Bridger's complete light-detection and ranging (LiDAR) remote sensing system will use a novel, near-infrared
fiber laser amplifier in a system mounted on a ground vehicle or an unmanned aerial vehicle (UAV), which can be
programmed to survey multiple wellpads a day. Data captured by the LiDAR system will provide 3-D topographic and
methane absorption imagery using integrated inertial navigation and global positioning system data to show precisely
where a methane leak may be occurring and at what rate. This approach will also be used to identify objects on the
wellsite to better inform the search optimization. Bridger's goal is for its devices to be able to service up to 85 sites, and
thus cost $1,400 to $2,220 a year to operate per wellsite. By advancing an affordable methane detection system that
can both pinpoint and assess leakage quickly, Bridger's system could help companies repair methane leaks and catalyze
an overall reduction in methane emissions from natural gas development.

IBM T. J. Watson Research Center
Multi-Modal Methane Measurement System
Program: MONITOR
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Project Term: 08/10/2015 to 08/09/2018
Project Status: ACTIVE

Project State: New York

Technical Categories: Resource Efficiency

IBM's T.J Watson Research Center (IBM) is working in conjunction with Harvard University and Princeton University to
develop an energy-efficient, self-organizing mesh network to gather data over a distributed methane measurement
system. Data will be passed to a cloud-based analytics system using custom models to quantify the amount and rate of
methane leakage. Additionally, IBM is developing new, low-cost optical sensors that will use tunable diode laser
absorption spectroscopy (TDLAS) for methane detection. While today's optical sensors offer excellent sensitivity and
selectivity, their high cost and power requirements prevent widespread adoption. To overcome these hurdles, IBM and
its partners plan to produce a miniaturized, integrated, on-chip version that is less expensive and consumes less power.
At a planned cost of about $300 per sensor, IBM's sensors will be 10 to 100 times cheaper than TDLAS sensors on the
market today. By advancing an affordable methane detection system that can be customized, IBM's technology could
enable producers to more efficiently locate and repair methane leaks, and therefore reduce overall methane emissions.

Duke University

Advanced Spectrometer for Methane Detection
Program: MONITOR

Project Term: 05/15/2015 to 05/15/2018
Project Status: ACTIVE

Project State: North Carolina

Technical Categories: Resource Efficiency

Duke University (Duke), in conjunction with its partners, will build a coded aperture miniature mass spectrometer
environmental sensor (CAMMS-ES) for use in a methane monitoring system. The team will also develop search, location,
and characterization algorithms. Duke will apply its recent innovations in mass spectrometers to increase the
throughput of the spectrometer, providing continuous sampling without diminishing its resolution by integrating
spatially coded apertures and corresponding reconstruction algorithms. The coded aperture will also provide advanced
specificity and sensitivity for methane detection and other volatile organic compounds (VOCs) associated with natural
gas production. Duke's innovations could provide low-cost, advanced sensors to localize and characterize methane and
VOC emissions, helping to accelerate detection and mitigation of methane and VOC emissions at natural gas sites.

General Electric

Optical Fibers for Methane Detection
Program: MONITOR

Project Term: 05/15/2015 to 05/15/2017
Project Status: ACTIVE

Project State: Connecticut

Technical Categories: Resource Efficiency

General Electric (GE) will partner with Virginia Tech to design, fabricate, and test a novel, hollow core, microstructured
optical fiber for long path-length transmission of infrared radiation at methane absorption wavelengths. GE will drill
micrometer-sized side-holes to allow gases to penetrate into the hollow core. The team will use a combination of
techniques to quantify and localize the methane in the hollow core. GE's plans to develop fibers that can be designed to
fit any natural gas system, providing flexibility to adapt to the needs of a monitoring program in a wide variety of places
along the natural gas value chain, including transmission and gathering pipelines. GE anticipates that the fiber detector
will be cost competitive with other highly selective methane detectors, and therefore offer innovative capabilities for
more cost effective methane monitoring.

Physical Sciences Inc.

Methane Leak Detection System
Program: MONITOR

Project Term: 04/16/2015 to 04/15/2018
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Project Status: ACTIVE
Project State: Massachusetts
Technical Categories: Resource Efficiency

Physical Sciences, Inc. (PSl), in conjunction with Heath Consultants Inc., Princeton University, the University of Houston,
and Thorlabs Quantum Electronics, Inc., will miniaturize their laser-based Remote Methane Leak Detector (RMLD) and
integrate it with PSI's miniature unmanned aerial vehicle (UAV), known as the InstantEye, to create the RMLD-Sentry.
The measurement system is planned to be fully autonomous, providing technical and cost advantages compared to
manual leak detection methods. The team anticipates that the system would have the ability to measure ethane, as well
as methane, which would allow it to distinguish biogenic from thermogenic sources. The RMLD-Sentry is planned to
locate wellpad leak sources and quantify emission rates by periodically surveying the wellpad, circling the facility at a
low altitude, and dynamically changing its flight pattern to focus in on leak sources. When not in the air, RMLD-Sentry
would monitors emissions around the perimeter of the site. If methane is detected, the UAV would self-deploy and
search the wellpad until the leak location is identified and flow rate is quantified using algorithms to be developed by
the team. PSI's design is anticipated to facilitate up to a 95% reduction in methane emissions at natural gas sites at an
annualized cost of about $2,250 a year - a fraction of the cost of current systems that allow for continuous monitoring.
In addition to requiring less manpower for continuous monitoring, the team expects to develop techniques to reduce
manufacturing costs for the laser sources by applying economies of scale and streamlined manufacturing processes.

LI-COR Biosciences, Inc.

Optical Sensors for Methane Detection
Program: MONITOR

Project Term: 05/15/2015 to 05/15/2017
Project Status: ACTIVE

Project State: Nebraska

Technical Categories: Resource Efficiency

LI-COR is working with Colorado State University (CSU) and Gener8 to develop cost-effective, highly sensitive optical
methane sensors that can be integrated into mobile or stationary methane monitoring systems. Their laser-based sensor
utilizes optical cavity techniques, which provide long path lengths and high methane sensitivity and selectivity, but
previously have been costly. The team will employ a novel sensor design developed in parallel with advanced
manufacturing techniques to enable a substantial cost reduction. The sensors are expected to provide exceptional long-
term stability, enabling robust, unattended field deployment and further reducing total cost-of-ownership. CSU will test
representative sensor prototypes and demonstrate the sensor's application to leak detection and quantification. The
team's proposed sensor could decrease the expense of today's monitoring technologies and encourage widespread
adoption of methane monitoring and mitigation at natural gas wellpads.

University of Colorado, Boulder
Frequency Combs for Methane Detection
Program: MONITOR

Project Term: 05/11/2015 to 05/11/2017
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Resource Efficiency

The University of Colorado-Boulder (CU-Boulder) will team up with the National Institute of Standards and Technology
(NIST) and the Cooperative Institute for Research in Environmental Sciences (a partnership between CU-Boulder and the
National Oceanic and Atmospheric Administration) to develop a reduced-cost, dual frequency comb spectrometer. The
frequency comb would consist of 105 evenly spaced, sharp, single frequency laser lines covering a broad wavelength
range that includes the unique absorption signatures of natural gas constituents like methane. The team has shown that
frequency comb spectrometers can measure methane and other gases at parts-per-billion concentration levels over
kilometer-long path lengths. Current, long-range sensing systems cannot detect methane with high sensitivity, accuracy,
or stability. The team's frequency combs, however, are planned to be able to detect and distinguish methane, ethane,
propane, and other gases without frequent calibration. When integrated into a complete methane detection system, the
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combs could lower the costs of methane sensing due to their ability to survey large areas or multiple gas fields
simultaneously. When employed as part of a complete methane detection system, the team's innovation aims to
improve the accuracy of methane detection while decreasing the costs of systems, which could encourage widespread
adoption of methane emission mitigation at natural gas sites.

MOSAIC Micro-scale Optimized Solar-cell Arrays with Integrated (11)
Concentration

ARPA-E's MOSAIC program seeks to develop technologies and concepts that will lower the cost of solar photovoltaic
(PV) power systems and improve their performance. Project teams will develop micro-scale concentrated photovoltaic
systems (CPV) that are similar in cost and size to conventional solar PV systems, but with greatly increased performance
levels. Multidisciplinary teams will leverage expertise in conventional flat-plate PV, CPV, manufacturing, optical
engineering, and material science to produce a new class of PV panels. If successful, these technologies could facilitate
cost-effective deployment of solar power systems across a wide range of geographical locations, lowering U.S.
greenhouse gas emissions and reducing dependence on imported energy.

Glint Photonics, Inc.

Stationary Wide-Angle Concentrator PV System
Program: MOSAIC

Project Term: 01/01/2016 to 12/31/2018
Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation

Glint Photonics, Inc., in collaboration with the National Renewable Energy Laboratory (NREL), will develop a stationary
wide-angle concentrator (SWAC) PV system. The SWAC concentrates light onto multi-junction solar cells, which
efficiently convert sunlight into electrical energy. A sheet of arrayed PV cells moves passively within the module to
maximize sunlight capture throughout the day. Two innovations allow this tracking to occur smoothly and without the
expense or complexity of an active control system or a mechanical tracker. First, a fluidic suspension mechanism enables
nearly frictionless movement of the sheet embedded in the module. Second, a thermal-gradient-driven alignment
mechanism uses a tiny fraction of the collected energy to drive the movement of the sheet and keep it precisely aligned.
Glint will develop the novel optical and fluidic components of the SWAC, while NREL will develop custom multi-junction
solar cells for the prototype modules.

Texas Engineering Experiment Station
Waveguiding Solar Concentrator

Program: MOSAIC

Project Term: 02/01/2016 to 01/31/2018
Project Status: ACTIVE

Project State: Texas

Technical Categories: Distributed Generation

Texas A&M University (TAMU) and their partners will build a micro-CPV system that incorporates waveguide technology.
A waveguide concentrates and directs light to a specific point. TAMU's system uses a grid of waveguides to concentrate
sunlight onto a set of coupling elements which employ a 45 degree turning mirror to further concentrate the light and
increase the efficiency of the system. Each coupling element is oriented to direct its specific beam of light towards high-
efficiency, multi-junction solar cells. Further system efficiency is gained by capturing diffuse light in a secondary layer.
The system also includes a secondary layer that captures diffuse sunlight, increasing its overall efficiency.

Pennsylvania State University

Wide-Angle Planar Microtracking Microcell Concentrating Photovoltaics
Program: MOSAIC

Project Term: 02/10/2016 to 02/09/2019

Project Status: ACTIVE
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Project State: Pennsylvania
Technical Categories: Distributed Generation

The Pennsylvania State University (Penn State), along with their partner organizations, will develop a high efficiency
micro-CPV system that features the same flat design of traditional solar panels, but with nearly twice the efficiency. The
system is divided into three layers. The top and bottom layers use a refractive/reflective pair of tiny spherical lens arrays
to focus sunlight onto a micro-CPV cell array in the center layer. The micro-CPV arrays will be printed on a transparent
sheet that slides laterally between the top and bottom layer to ensure that the maximum amount of sunlight is
delivered to the micro-PV cell throughout the day. Advanced manufacturing using high-throughput printing techniques
will help reduce the cost of the micro-CPV cell arrays and allow the team to create five-junction micro-PV cells that can
absorb a broader range of light and promote greater efficiency. By concentrating and focusing sunlight on a specific
advanced micro-PV cell, the system can achieve much higher efficiency than standard FPV panels, while maintaining a
similar flat panel architecture.

Massachusetts Institute of Technology

Wafer-Level Integrated Concentrating Photovoltaics
Program: MOSAIC

Project Term: 01/01/2016 to 01/04/2018

Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Distributed Generation

The Massachusetts Institute of Technology (MIT) with partner Sandia National Laboratories will develop a micro-CPV
system. The team's approach integrates optical concentrating elements with micro-scale solar cells to enhance
efficiency, reduce material and fabrication costs, and significantly reduce system size. The team's key innovation is the
use of traditional silicon PV cells for more than one function. These traditional cells lay on a silicon substrate that has
etched reflective cavities with high-performance micro-PV cells on the cavity floor. Light entering the system will hit a
primary concentrator that then directs light into the reflective cavities and towards the high performance micro-PV cells.
Diffuse light, which most CPV technologies do not capture, is collected by the lower performance silicon PV cells. The
proposed technology could provide 40-55% more energy than conventional FPV and 15-40% more energy than
traditional CPV with a significantly reduced system cost, because of the ability to collect both direct and diffuse light in a
thin form factor.

University of Rochester

Planar Light Guide Concentrated Photovoltaics
Program: MOSAIC

Project Term: 01/01/2016 to 06/30/2017
Project Status: ACTIVE

Project State: New York

Technical Categories: Distributed Generation

The University of Rochester along with partners Arzon Solar and RPC Photonics will develop a micro-CPV system based
on Planar Light Guide (PLG) solar concentrators. The PLG uses a top lenslet layer to focus and concentrate sunlight
towards injection facets. These facets guide and redirect light, like a mirror, towards a PV cell at the edge of the device.
Combined, these methods lead to higher efficiency over conventional FPV systems. At fewer than 3 mm thick, the
system will be thin and flat, similar to traditional FPV panels. The PLG system also reduces complexity and costs by only
requiring PV cells at the edge of the device, instead of an array of thousands of micro-PV cells. The team will also
develop a scalable fabrication technique that uses grayscale lithography to produce the micro-optics.

Palo Alto Research Center

Micro-Chiplet Printer for MOSAIC
Program: MOSAIC

Project Term: 12/28/2015 to 12/31/2018
Project Status: ACTIVE
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Project State: California
Technical Categories: Distributed Generation

The Palo Alto Research Center (PARC), a Xerox company, along with Sandia National Laboratories (SNL) will develop a
prototype printer with the potential to enable economical, high-volume manufacturing of micro-PV cell arrays. This
project will focus on creating a printing technology that can affordably manufacture micro-CPV system components. The
envisioned printer would drastically lower assembly costs and increase manufacturing efficiency of micro-CPV systems.
Leveraging their expertise in digital copier assembly, PARC intends to create a printer demonstration that uses micro-
CPV cells or "chiplets" as the "ink" and arranges the chiplets in a precise, predefined location and orientation, similar to
how a document printer places ink on a page. SNL will provide micro-scaled photovoltaic components to be used as the
"ink," and the PARC system will "print" panel-sized micro-CPV substrates with digitally placed and interconnected PV
cells. This micro-chiplet printer technology may reduce the assembly cost of micro-CPV systems by orders of magnitude,
making them cost competitive with conventional FPV. To demonstrate the effectiveness of the printer, the project team
will investigate two types of backplanes (electronically connected PV arrays arranged on a surface): one with a single
type of micro-PV cell, and one with at least two types of micro-PV cells.

Panasonic R&D Company of America

Low Profile CPV Panel with Sun Tracking for Rooftop Installation
Program: MOSAIC

Project Term: 01/15/2016 to 01/14/2019

Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation

Panasonic Boston Laboratory will develop a micro-CPV system that features a micro-tracking subsystem. This micro-
tracking subsystem will eliminate the need for bulky trackers, allowing fixed mounting of the panel. The micro-tracking
allows individual lenses containing PV cells to move within the panel. As the sun moves throughout the day, the lenses
align themselves to the best position to receive sunlight, realizing the efficiency advantages of CPV without the
cumbersome tilting of the entire panel. The Panasonic Boston Laboratory team will examine a number of methods to
allow the individual lenses to track the sunlight. Each panel will be comparable in thickness and cost to a traditional FPV
panel.

Sharp Laboratories of America

A High Efficiency Flat Plate PV with Integrated Micro-CPV Atop a 1-Sun Panel
Program: MOSAIC

Project Term: 01/01/2016 to 12/31/2018

Project Status: ACTIVE

Project State: Washington

Technical Categories: Distributed Generation

Sharp Laboratories of America (Sharp) along with the University of Arizona will develop a micro-CPV system that
combines a CPV cell with dual-sided FPV panels to capture direct, diffuse, and reflected sunlight. The team's system will
feature lenses that focus sunlight onto a horizontal waveguide, which further concentrates the light onto high-
performance micro-CPV solar cells. Dual-sided solar panels, attached beneath the CPV cells, enable diffuse light
collection on one side and reflected light collection on the other side. The system will be mounted on a two-axis tracker
that will allow for optimal collection of sunlight throughout the day.

Semprius, Inc.

Micro-Scale Ultra-High Efficiency CPV/Diffuse Hybrid Arrays Using Transfer Printing
Program: MOSAIC

Project Term: 01/01/2016 to 12/31/2018

Project Status: ACTIVE

Project State: North Carolina
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Technical Categories: Distributed Generation

Semprius, Inc. and their partners will develop a hybrid CPV concept that combines highly efficient multi-junction solar
cells and low-cost single-junction solar cells. When direct sunlight hits the lens array, it is concentrated 1000-fold and is
focused onto the multi-junction solar cells. Diffuse light not captured in this process is instead captured by the low-cost
single-junction solar cells. The module design is lightweight, fewer than 10 mm thick, and has a profile similar to
conventional FPV. Moreover, the combination of the two types of cells increases efficiency. Semprius will use its
expertise in micro-transfer printing to fabricate and assemble the multi-junction cells. This process will reduce
manufacturing costs and further increase efficiency.

Massachusetts Institute of Technology

Integrated Micro-Optical Concentrator Photovoltaics
Program: MOSAIC

Project Term: 12/15/2015 to 12/14/2018

Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Distributed Generation

The Massachusetts Institute of Technology (MIT) with partner Arizona State University will develop a new concept for
PV power generation that achieves the 30% conversion efficiency associated with traditional concentrated PV systems
while maintaining the low cost, low profile, and lightweight of conventional FPV modules. MIT aims to combine three
technologies to achieve their goals: a dispersive lens system, laterally arrayed multiple bandgap (LAMB) solar cells, and a
low-cost power management system. The dispersive lens concentrates and separates light that passes through it,
providing 400-fold concentration for direct sunlight and 3-fold concentration for diffuse sunlight. The dispersive lens is a
thin layer consisting of inexpensive, lightweight materials that can be manufactured at low cost using plastic molding, an
improvement over traditional methods. The lens focuses the direct light onto the array of LAMB solar cells, while also
focusing the diffuse light onto common PV cells integrated beneath the LAMB array. The power management system
combines power from multiple cells into a single output so that the power from a panel of LAMB arrays can be
processed with grid-interface power electronics, enabling as much as 20% additional energy capture in applications
where the roof is partially shaded.

California Institute of Technology

Micro-Optical Tandem Luminescent Solar Concentrator
Program: MOSAIC

Project Term: 02/11/2016 to 02/10/2019

Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation

Researchers at the California Institute of Technology (CalTech) and their partners will design and fabricate a new CPV
module with features that can capture both direct and diffuse sunlight. The team's approach uses a luminescent solar
concentrator (LSC) sheet that includes quantum dots to capture and re-emit sunlight, micro-PV cells matched to the
color of the light from the quantum dots, and a coating of advanced materials that enhance concentration and delivery
of sunlight to the micro-PV cells. In addition, the light not captured by the quantum dots will impinge on a tandem solar
cell beneath the LSC sheet. The design of the LSC will focus on lowering the number of expensive micro-PV cells needed
within the concentrator sheet, which will reduce system costs, but still maintain high efficiency. The design will also
allow the module to be effective without any tracking system, making it potentially attractive for all PV markets,
including space-constrained rooftops.
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MOVE Methane Opportunities for Vehicular Energy (13)

The projects that comprise ARPA-E's MOVE Program, short for "Methane Opportunities for Vehicular Energy," are
finding cost-effective ways to power passenger cars and other light-duty vehicles with America's abundant natural gas
resources. Natural gas is currently less expensive than gasoline, and produces fewer harmful emissions than any other
fossil fuel. Despite these advantages, significant technological and infrastructure barriers currently limit the use of
natural gas as a major fuel source in the U.S. ARPA-E's MOVE projects are finding innovative ways to break through
these barriers, creating practical and affordable natural gas storage tanks for passenger cars and quick-filling at-home
refueling stations.

OnBoard Dynamics

On-Vehicle Engine-Compressor System
Program: MOVE

Project Term: 10/01/2012 to 01/14/2018
Project Status: ACTIVE

Project State: Oregon

Technical Categories: Transportation Fuels

OnBoard Dynamics is modifying a passenger vehicle to allow its internal combustion engine to be used to compress
natural gas for storage on board the vehicle. Ordinarily, filling a compressed natural gas vehicle with natural gas would
involve driving to a natural gas refueling station or buying an expensive stand-alone station for home use. OnBoard's
design would allow natural gas compression to take place in a single cylinder of the engine itself, allowing the actual car
to behave like a natural gas refueling station. Ultimately, the engine would then have the ability both to power the
vehicle and to compress natural gas so it can be stored efficiently for future use. The design would cost approximately
$400 and pay for itself with fuel savings in less than 6 months.

Gas Technology Institute

Low-Pressure Conformable Natural Gas Vehicle Tank
Program: MOVE

Project Term: 10/01/2012 to 03/31/2014

Project Status: ALUMNI

Project State: lllinois

Technical Categories: Transportation Fuels

GTI will partner with Northwestern University, NuMat Technologies, a Northwestern start-up company, and Westport
Fuel Systems to identify materials with the best characteristics for low-pressure natural gas storage. The gas-storing
materials, known as metal organic framework (MOF) adsorbents, hold natural gas the way a sponge holds liquids. The
project team will further develop their computer modeling and screening technique to support the creation of a low-
pressure adsorbent material specifically designed for natural gas vehicles. The team will also validate the materials
properties in real-world conditions. Low-pressure gas tanks represent significant potential for lowering not only the cost
of NGVs, but also the cost of fueling by reducing the need to compress the gas.

United Technologies Research Center
Modular Natural Gas Tank

Program: MOVE

Project Term: 10/01/2012 to 03/31/2016
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Transportation Fuels

UTRC is developing a conformable modular storage tank that could integrate easily into the tight spaces in the
undercarriage of natural gas-powered vehicles. Traditional steel and carbon fiber natural gas storage tanks are rigid,
bulky, and expensive, which adds to the overall cost of the vehicle and discourages broad use of natural gas vehicles.
UTRC is designing modular natural gas storage units that can be assembled to form a wide range of shapes and fit a wide
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range of undercarriages. UTRC's modular tank could substantially improve upon the conformability level of existing
technologies at a cost of approximately $1500, considerably less than today's tanks.

Texas A&M University

Highly Adsorbent Materials for Natural Gas Storage
Program: MOVE

Project Term: 09/17/2012 to 12/31/2014

Project Status: ALUMNI

Project State: Texas

Technical Categories: Transportation Fuels

Texas A&M University is developing a highly adsorbent material for use in on-board natural gas storage tanks that could
drastically increase the volumetric energy density of methane, which makes up 95% of natural gas. Today's best tanks do
not optimize their natural gas storage capacity and add too much to the sticker price of natural gas vehicles to make
them viable options for most consumers. Texas A&M University will synthesize low-cost materials that adsorb high
volumes of natural gas and increase the storage capacity of the tanks. This design could result in a natural gas storage
tank that maximizes its ability to store methane and can be manufactured at low cost, side-stepping two major obstacles
associated with the use of natural gas vehicles.

REL, Inc.

Conformable Core Gas Tank

Program: MOVE

Project Term: 09/01/2012 to 09/30/2016
Project Status: ALUMNI

Project State: Michigan

Technical Categories: Transportation Fuels

REL is developing a low-cost, conformable natural gas tank for light-duty vehicles that contains an internal structural
cellular core. Traditional natural gas storage tanks are cylindrical and rigid. REL is exploring various materials that could
be used to design a gas tank's internal structure that could allow the tank to be any shape. The REL team is exploring
various methods of manufacturing the interconnected core structure and the tank skin to identify which combination
best meets their target pressure-containment objectives. REL's conformable internal core would enable higher storage
capacity than current carbon fiber-based tanks at 70% less cost. REL is developing small-scale prototypes that meet their
durability, safety, and cost goals before scaling up to a full-sized prototype.

Pacific Northwest National Laboratory
Ultra-Light Conformable Natural Gas Tank
Program: MOVE

Project Term: 10/01/2012 to 09/30/2014
Project Status: ALUMNI

Project State: Washington

Technical Categories: Transportation Fuels

PNNL is developing a low-cost, conformable natural gas tank for light-duty vehicles utilizing the same metal forming
techniques used to fabricate high-strength cruise missile fins. Traditional gas tanks are made using a method known as
arc welding, where an electric arc is used to melt and combine metals, which can limit their conformability. PNNL's ultra-
light design relies on friction stir welding, where metal is softened--like taffy--instead of melted, which allows the metal
to retain its original properties and preserves its conformability. The manufacturing process for PNNL's tanks
incorporates high-strength internal strut technology that efficiently fits into a vehicle, offering a tank that costs around
$1500, a substantial price reduction compared to today's best tanks.
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Gas Technology Institute

Adsorbent Materials for Natural Gas Storage
Program: MOVE

Project Term: 01/01/2013 to 12/31/2014
Project Status: ALUMNI

Project State: lllinois

Technical Categories: Transportation Fuels

GTl is developing a natural gas tank for light-duty vehicles that features a thin, tailored shell containing microscopic
valves which open and close on demand to manage pressure within the tank. Traditional natural gas storage tanks are
thick and heavy, which makes them expensive to manufacture. GTl's tank design uses unique adsorbent pellets with
nano-scale pores surrounded by a coating that functions as valves to help manage the pressure of the gas and facilitate
more efficient storage and transportation. GTI's low-pressure tanks would have thinner walls than today's best
alternatives, resulting in a lighter, more affordable product with increased storage capacity.

University of Texas, Austin

Single-Piston Natural Gas Compressor
Program: MOVE

Project Term: 10/01/2012 to 12/31/2015
Project Status: ALUMNI

Project State: Texas

Technical Categories: Transportation Fuels

UT Austin is developing an at-home natural gas refueling system that compresses natural gas using a single piston.
Typically, at-home refueling stations use reciprocating compressor technology, in which an electric motor rotates a
crankshaft tied to several pistons in a multi-stage compressor. These compressor systems can be inefficient and their
complex components make them expensive to manufacture, difficult to maintain, and short-lived. The UT Austin design
uses a single piston compressor driven by a directly coupled linear motor. This would eliminate many of the moving
components associated with typical reciprocating compressors, reducing efficiency losses from friction, increasing
reliability and durability, and decreasing manufacturing and maintenance costs.

Blackpak, Inc.

Sorbent-Based Natural Gas Tank

Program: MOVE

Project Term: 10/01/2012 to 09/30/2016
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Fuels

Blackpak will use high-strength, high-surface-area carbon to develop a sorbent-based natural gas storage vessel in which
the sorbent itself is the container, eliminating the external pressure vessel altogether. This design could store natural gas
at comparable or lower weight and smaller size than conventional compressed gas tanks while reducing the pressure of
the natural gas in the vehicle tank. By reducing tank pressure, the system will enable home vehicle refueling at greatly
reduced complexity and cost, making these systems accessible to the general public. In addition, the container-less
storage system can be easily formed into a range of shapes, allowing automobile designers to seamlessly integrate the
natural gas storage into the vehicle design, without sacrificing passenger space.

Otherlab, Inc.

Intestinal Natural Gas Storage

Program: MOVE

Project Term: 09/03/2012 to 03/31/2016
Project Status: ALUMNI

Project State: California
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Technical Categories: Transportation Fuels

Otherlab is developing a natural gas storage tank made of small-radius, high-pressure tubes that allow for maximum
conformability to vehicle shape. Current storage options are too rigid, expensive, and inefficient to support adoption of
natural gas vehicles. Otherlab's space-filling tube design, modeled after human intestines, provides for maximum
storage capacity. This transformational system could be constructed from low-cost materials and well suited to highly
automated manufacturing processes.

Eaton Corporation

Liquid-Piston Isothermal Home Natural Gas Compressor
Program: MOVE

Project Term: 01/01/2013 to 12/31/2015

Project Status: ALUMNI

Project State: Ohio

Technical Categories: Transportation Fuels

Eaton is developing an at-home natural gas refueling system that relies on a liquid piston to compress natural gas. A
traditional compressor uses an electric motor to rotate a crankshaft, which is tied to several metal pistons that pump to
compress gas. Traditional compressor systems can be inefficient and their complex components make them expensive
to manufacture, difficult to maintain, and short-lived. Eaton's system replaces traditional pistons with a liquid that
comes into direct contact with the natural gas without the need for the costly high-pressure piston seals that are used in
conventional gas compression.

Ford Motor Company

Low Pressure Material-Based Natural Gas Fuel System
Program: MOVE

Project Term: 09/17/2012 to 03/31/2015

Project Status: CANCELLED

Project State: Michigan

Technical Categories: Transportation Fuels

ARPA-E and Ford agreed to mutually conclude this project. Ford is developing an on-board adsorbed natural gas tank
system with a high-surface-area framework material that would increase the energy density of compressed natural gas
at low pressures. Traditional natural gas tanks attempt to compensate for low-energy-density and limited driving range
by storing compressed gas at high pressures, requiring expensive pressure vessels. Ford and their project partners will
optimize advanced porous material within a system to reduce the pressure of on-board tanks while delivering the
customer expected driving range. This porous material allows more gas to be stored inside a tank by utilizing a surface
energy attraction to the natural gas. These materials would be efficiently and cost-effectively integrated into a natural
gas vehicle system that will promote and contribute to the widespread use of natural gas vehicles.

General Electric

Chilled Natural Gas for At-Home Refueling
Program: MOVE

Project Term: 01/01/2013 to 04/20/2014
Project Status: CANCELLED

Project State: Connecticut

Technical Categories: Transportation Fuels

GE is developing a low-cost, at-home natural gas refueling system that reduces fueling time and eliminates compression
stages. Traditional compressor-based natural gas refueling systems require removal of water from natural gas through
complicated desiccant cycles to avoid damage. GE's design uses a chiller to cool the gas to a temperature below -50°C,
which would separate water and other contaminants from the natural gas. This design has very few moving parts, will
operate quietly, and will be virtually maintenance-free. This simplified, compressor-free design could allow fast refueling
at 10% of the cost of today's systems.
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NODES Network Optimized Distributed Energy Systems (12)

The Network Optimized Distributed Energy Systems (NODES) Program aspires to enable renewables penetration at the
50% level or greater, by developing transformational grid management and control methods to create a virtual energy
storage system based on use of flexible load and distributed energy resources (DERs). The challenge is to cost-effectively
and reliably manage dynamic changes in the grid by leveraging these additional grid resources, while maintaining
customer quality of service. The expected benefits include reduced periods of costly peak demand, reduced energy
waste and increased penetration of renewable energy production. The NODES Program will bring together different
scientific communities such as power systems, control systems, computer science, and distributed systems to accelerate
the development of new technologies enabling active control of load and DERs in coordination with the grid.

Northwestern University

Frequency-Based Load Control Architecture
Program: NODES

Project Term: 06/15/2016 to 06/14/2019
Project Status: ACTIVE

Project State: lllinois

Technical Categories: Grid

Northwestern University and its partners will develop a frequency-based load control architecture to provide additional
frequency response capability and allow increased renewable generation on the grid. The work will focus on developing
and demonstrating algorithms that adapt to rapid changes of loads, generation, and system configuration while taking
into account various constraints arising from the transmission and distribution networks. The multi-layer control
architecture makes it possible to simultaneously ensure system stability at the transmission network level, control
frequency at the local distribution network level, and maintain the quality-of-service for individual customers at the
building level, all under a single framework. At the transmission level, coordination among different areas will be
achieved through a centralized scheme to ensure stable frequency synchronization, while the control decisions within a
single area will be made based on local information. The efficiency of the centralized scheme will be ensured by
decomposing the network into smaller components on which the control problem is solved individually. At the local
distribution network level, the control scheme will be decentralized, in which control decisions are made based on the
state of the neighboring nodes. At the building level, dynamic models for flexible appliances and DERs will be developed
and used to design algorithms to optimally follow a given aggregated load profile.

University of Minnesota

Enabling the Grid of the Future

Program: NODES

Project Term: 07/15/2016 to 07/14/2019
Project Status: ACTIVE

Project State: Minnesota

Technical Categories: Grid

The University of Minnesota will develop a comprehensive approach that addresses the challenges to system reliability
and power quality presented by widespread renewable power generation. By developing techniques for both centralized
cloud-based and distributed peer-to-peer networks, the proposed system will enable coordinated response of many
local units to adjust consumption and generation of energy, satisfy physical constraints, and provide ancillary services
requested by a grid operator. The project will apply concepts from nonlinear and robust control theory to design self-
organizing power systems that effectively respond to the grid events and variability. A key feature enabled by the
proposed methodology is a flexible plug-and-play architecture wherein devices and small power networks can easily
engage or disengage from other power networks or the grid. The project's design approach will be tested across many
different scenarios while using more than 100 actual physical devices such as photovoltaics, battery storage inverters,
and home appliances.
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Arizona State University

Stochastic Optimal Power Flow

Program: NODES

Project Term: 07/11/2016 to 07/10/2018
Project Status: ACTIVE

Project State: Arizona

Technical Categories: Grid

Arizona State University (ASU) will develop a stochastic optimal power flow (SOPF) framework, which would integrate
uncertainty from renewable resources, load, distributed storage, and demand response technologies into bulk power
system management in a holistic manner. The team will develop SOPF algorithms for the security-constrained economic
dispatch (SCED) problem used to manage variability in the electric grid. The algorithms will be implemented in a
software tool to provide system operators with real-time guidance to help coordinate between bulk generation and
large numbers of DERs and demand response. ASU's project features unique data-analytics based short-term forecast
for bulk and distributed wind and solar generation utilized by the advisory tool that generates real-time
recommendations for market operators based on the SOPF algorithm outputs.

Pacific Northwest National Laboratory
Incentive-Based Control of Distributed Assets
Program: NODES

Project Term: 09/06/2016 to 03/05/2019
Project Status: ACTIVE

Project State: Washington

Technical Categories: Grid

Pacific Northwest National Laboratory (PNNL) will develop and test a hierarchical control framework for coordinating
the flexibility of a full range of DERs, including flexible building loads, to supply reserves to the electric power grid. The
hierarchical control framework consists of incentive-based control strategies across multiple time-scales. The system will
use a slower incentive-based approach to acquire flexible assets that provide services, combined with faster device-level
controls that use minimal communication to provide desired responses to the grid. Each DER that chooses to participate
will communicate its ability to provide flexibility and the time scale over which it can provide the service. A distribution
reliability coordinator will act as an interface between the DERs and the bulk system, coordinating the resources in an
economic and reliable manner. The team will characterize various DER types to quantify the maximum flexibility that
can be extracted from a collection of DERs in aggregate in order to provide service-level guarantees to the bulk energy
market operator. The performance of the resulting hierarchical control system will be tested at scale in a co-simulation
environment spanning transmission, distribution, ancillary markets, and communication systems.

National Rural Electric Cooperative Association
Autonomous Load Control

Program: NODES

Project Term: 08/15/2016 to 08/14/2019
Project Status: ACTIVE

Project State: Virginia

Technical Categories: Grid

The National Rural Electric Cooperative Association will develop GridBallast, a low-cost demand-side management
technology, to address resiliency and stability concerns accompanying the exponential growth in DERs deployment in
the U.S. electric grid. Specifically, devices based on GridBallast technology will monitor grid voltage and frequency and
control the target load in order to address excursions from grid operating targets. The devices will operate
autonomously to provide rapid local response, removing the need for costly infrastructure to communicate with a
central controller. If the devices are installed with an optional radio, they will be able to support traditional demand
response through peer-to-peer collaborative operation from a central operator. The team includes experts from
Carnegie Mellon University, Eaton Corporation, and SparkMeter, and will focus development on two specific devices: a
water heater controller, and a smart circuit controller. The GridBallast project aims to improve resiliency and reduce the
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cost of demand side management for voltage and frequency control by at least 50% using a streamlined design and
removing the need for extensive communications infrastructure.

National Renewable Energy Laboratory

Real-time Distributed Energy Resource Optimization
Program: NODES

Project Term: 07/19/2016 to 07/18/2019

Project Status: ACTIVE

Project State: Colorado

Technical Categories: Grid

The National Renewable Energy Laboratory (NREL) lead team will develop a comprehensive distribution network
management framework that unifies real-time voltage and frequency control at the home/DER controllers' level with
network-wide energy management at the utility/aggregator level. The distributed control architecture will continuously
steer operating points of DERs toward optimal solutions of pertinent optimization problems, while dynamically
procuring and dispatching synthetic reserves based on current system state and forecasts of ambient and load
conditions. The control algorithms invoke simple mathematical operations that can be embedded on low-cost
microcontrollers, and enable distributed decision making on time scales that match the dynamics of distribution systems
with high renewable integration.

General Electric

Synthetic Reserves from Distributed Flexible Resources
Program: NODES

Project Term: 06/10/2016 to 06/09/2019

Project Status: ACTIVE

Project State: Connecticut

Technical Categories: Grid

General Electric Global Research along with its partners will develop a novel distributed flexibility resource (DFR)
technology that aggregates responsive flexible loads and DERs to provide synthetic reserve services to the grid while
maintaining customer quality-of-service. A key innovation of the project is to develop a forecast tool that will use short-
term and real-time weather forecasts along with other data to estimate the reserve potential of aggregate loads and
DERs. An optimization framework that will enable aggregation of large numbers of flexible loads and DERs and
determine the optimal schedule to bid into the wholesale market will be designed. A scalable control and
communication architecture will enable coordination and control of the resources in real-time based on a novel two-tier
hierarchical optimal control algorithm.

Stanford University

Distributed Energy Resource Networks
Program: NODES

Project Term: 07/27/2016 to 07/26/2019
Project Status: ACTIVE

Project State: California

Technical Categories: Grid

Stanford University will develop Powernet, an open-source and open architecture platform for scalable and secure
coordination of consumer flexible load and DERs. Powernet will be based on the principle of connecting information
networks to the power network (connecting bits and watts). It uses a layered architecture that enables real-time
coordination of centralized resources with millions of DERs by integrating embedded sensing and computing, power
electronics, and networking with cloud computing. The team will develop a Home Hub system capable of networking
with existing inverters and appliances in a home and controlling power via smart switches that replace traditional fuses.
The Home Hub will also use algorithms for aggregating local customer resources to meet local constraints and global
coordination objectives. A cloud-based cloud coordinator platform will be developed that executes optimization and
monitoring functions to coordinate Home Hubs by minimizing costs while increasing aggregate consumer quality-of-
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service.

University of California, San Diego
Distributed Grid Control of Flexible Loads
Program: NODES

Project Term: 06/13/2016 to 06/12/2019
Project Status: ACTIVE

Project State: California

Technical Categories: Grid

The University of California, San Diego (UCSD) will develop coordination algorithms and software using intelligent
control and optimization for flexible load and DERs to provide reliable frequency regulation services for the bulk power
grid. The project will develop a multi-layer framework for larger-scale energy aggregators to act on behalf of their
smaller-sized customers to help respond to incoming requests from regional transmission operators. The team will
develop approaches that aggregators can use to quantify reserves, system objectives and constraints, customer usage
patterns, and generation forecasts. Aggregators will use distributed coordination algorithms to rapidly respond to
operators while considering network constraints and quality of services for customers. The UCSD's technology to
manage flexible loads and DERs offers economic and operational advantages for utilities, operators and customers.

KEMA Inc.

Internet of Energy for Optimized Distributed Energy Resources
Program: NODES

Project Term: 08/15/2016 to 08/14/2019

Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Grid

DNV GL together with its partners, Geli and Group NIRE, will develop an Internet of Energy (loEn) platform for the
automated scheduling, aggregation, dispatch, and performance validation of network optimized DERs and controllable
loads. The loEn platform will simultaneously manage both system-level regulation and distribution-level support
functions to facilitate large-scale integration of distributed generation onto the grid. The loEn will demonstrate a novel
and scalable approach for the fast registration and automated dispatch of DERs by combining DNV GL's power system
simulation tools and independent third-party validation with Geli's networking, control, and market balancing software.
The platform will demonstrate the ability of customer-sited DERs to provide grid frequency regulation and distribution
reliability functions with minimal impact to their local behind-the-meter demand management applications. The loEn
will be demonstrated and tested at Group NIRE's utility-connected microgrid test facility in Lubbock, Texas, where it will
be integrated with local utility monitoring, control and data acquisition systems. By increasing the number of local
devices able to connect and contribute to the IoEn, this project aims to increase renewables penetration above 50%
while maintaining required levels of grid performance.

University of Vermont

Packetized Energy Management
Program: NODES

Project Term: 05/25/2016 to 05/24/2019
Project Status: ACTIVE

Project State: Vermont

Technical Categories: Grid

The University of Vermont (UVM) will develop and test a new approach for demand-side management called packetized
energy management (PEM) that builds on approaches used to manage data packets in communication networks without
centralized control and with a high level of privacy. The PEM system will allow millions of small end-use devices to
cooperatively balance energy supply and demand in real time without jeopardizing the reliability of the grid or the
quality of service to consumers. The project will develop the PEM method to optimally manage the rapid fluctuations
that come with large amounts of renewable power generation, while simultaneously managing reliability constraints in
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the bulk transmission and local distribution infrastructure. To ensure UVM's PEM methods are effective, the integrated
system will undergo extensive simulation testing with large-scale hardware implementation for the bulk power grid and
an industry-scale micro-grid environments.

Eaton Corporation

Cloud-Based DER Control

Program: NODES

Project Term: 09/01/2016 to 09/28/2019
Project Status: ACTIVE

Project State: Ohio

Technical Categories: Grid

Eaton will develop and validate a disruptive cloud-computing-based technology aimed at providing agile and robust
synthetic regulating reserve services to the power grid. This approach separates the decision-making of synthetic
regulating reserve services into two-levels to significantly reduce the computational complexity, thereby enabling large-
scale coordinated control of a vast number of DERs and flexible load. The system-operator level estimates and predicts
reserve capacity of the distribution network and decides on the appropriate economic incentives for DERs to participate
in future services. At the local level, an energy node comprised of a cluster of DERs and flexible loads will automatically
decide its own reserve services strategy that takes into account short-term net load and economic incentives. By
splitting these decisions between the two levels, the solution does not require extensive communication or negotiation
between the local DERs and the system operators in the cloud.

OPEN 2009 Open Funding Solicitation (41)

In 2009, ARPA-E issued an open call for the most revolutionary energy technologies to form the agency's inaugural
program. The first open solicitation was open to ideas from all energy areas and focused on funding projects already
equipped with strong research and development plans for their potentially high-impact technologies. The projects
chosen received a level of financial support that could accelerate technical progress and catalyze additional investment
from the private sector. After only 2 months, ARPA-E's investment in these projects catalyzed an additional $33 million
in investments. In response to ARPA-E's first open solicitation, more than 3,700 concept papers flooded into the new
agency, which were thoroughly reviewed by a team of 500 scientists and engineers in just 6 months. In the end, 36
projects were selected as ARPA-E's first award recipients, receiving $176 million in federal funding.

Kohana Technologies, Inc.

Dynamically Adjustable Wind Turbine Blades
Program: OPEN 2009

Project Term: 03/08/2013 to 10/31/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation

Kohana is developing wind turbines with a control system that delivers compressed air from special slots located in the
surface of its blades. The compressed air dynamically adjusts the aerodynamic performance of the blades, and can
essentially be used to control lift, drag, and ultimately power. This control system has been shown to exhibit high levels
of control in combination with an exceptionally fast response rate. The deployment of such a control system in modern
wind turbines would lead to better management of the load on the system during peak usage, allowing larger blades to
be deployed with a resulting increase in energy production.

Stanford University

Behavioral Initiatives for Energy Efficiency
Program: OPEN 2009

Project Term: 01/14/2010 to 11/30/2016
Project Status: ACTIVE

Project State: California
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Technical Categories: Resource Efficiency

A team of researchers from more than 10 departments at Stanford University is collaborating to transform the way
Americans interact with our energy-use data. The team built a web-based platform that collects historical electricity
data, which it uses to perform a variety of experiments to learn what triggers people to respond. Experiments include
new financial incentives, a calculator to understand the potential savings of efficient appliances, new Facebook interface
designs, communication studies using Twitter, and educational programs with the Girl Scouts. Economic modeling is
underway to better understand how results from the San Francisco Bay Area can be broadened to other parts of the
country.

University of California, Los Angeles
Cost-Effective Solar Thermal Energy Storage
Program: OPEN 2009

Project Term: 02/01/2011 to 09/30/2016
Project Status: ALUMNI

Project State: California

Technical Categories: Storage

UCLA and NASA's Jet Propulsion Laboratory (JPL) are creating cost-effective storage systems for solar thermal energy
using new materials and designs. A major drawback to the widespread use of solar thermal energy is its inability to cost-
effectively supply electric power at night. State-of-the-art energy storage for solar thermal power plants uses molten

salt to help store thermal energy. Molten salt systems can be expensive and complex, which is not attractive from a long-
term investment standpoint. UCLA and JPL are developing a supercritical fluid-based thermal energy storage system,
which would be much less expensive than molten-salt-based systems. The team's design also uses a smaller, modular,
single-tank design that is more reliable and scalable for large-scale storage applications.

Michigan State University

Shockwave Engine

Program: OPEN 2009

Project Term: 01/14/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Michigan

Technical Categories: Distributed Generation

MSU is developing a new engine for use in hybrid automobiles that could significantly reduce fuel waste and improve
engine efficiency. In a traditional internal combustion engine, air and fuel are ignited, creating high-temperature and
high-pressure gases that expand rapidly. This expansion of gases forces the engine's pistons to pump and powers the
car. MSU's engine has no pistons. It uses the combustion of air and fuel to build up pressure within the engine,
generating a shockwave that blasts hot gas exhaust into the blades of the engine's rotors causing them to turn, which
generates electricity. MSU's redesigned engine would be the size of a cooking pot and contain fewer moving parts--
reducing the weight of the engine by 30%. It would also enable a vehicle that could use 60% of its fuel for propulsion.

Algaeventure Systems

Fuel from Algae

Program: OPEN 2009

Project Term: 01/15/2010 to 01/31/2012

Project Status: ALUMNI

Project State: Ohio

Technical Categories: Transportation Fuels

Led by CEO Ross Youngs, AVS has patented a cost-effective dewatering technology that separates micro-solids (algae)
from water. Separating micro-solids from water traditionally requires a centrifuge, which uses significant energy to spin

the water mass and force materials of different densities to separate from one another. In a comparative analysis,
dewatering 1 ton of algae in a centrifuge costs around $3,400. AVS's Solid-Liquid Separation (SLS) system is less energy-
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intensive and less expensive, costing $1.92 to process 1 ton of algae. The SLS technology uses capillary dewatering with
filter media to gently facilitate water separation, leaving behind dewatered algae which can then be used as a source for
biofuels and bio-products. The biomimicry of the SLS technology emulates the way plants absorb and spread water to
their capillaries.

Envia Systems

Long-Range Electric Vehicle Batteries
Program: OPEN 2009

Project Term: 01/01/2010 to 12/31/2011
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Storage

In a battery, metal ions move between the electrodes through the electrolyte in order to store energy. Envia Systems is
developing new silicon-based negative electrode materials for Li-lon batteries. Using this technology, Envia will be able
to produce commercial EV batteries that outperform today's technology by 2-3 times. Many other programs have
attempted to make anode materials based on silicon, but have not been able to produce materials that can withstand
charge/discharge cycles multiple times. Envia has been able to make this material which can successfully cycle hundreds
of times, on a scale that is economically viable. Today, Envia's batteries exhibit world-record energy densities.

Ohio State University

Syngas into Fuel

Program: OPEN 2009

Project Term: 04/01/2010 to 09/30/2014

Project Status: ALUMNI

Project State: Ohio

Technical Categories: Resource Efficiency

Ohio State has developed an iron-based material and process for converting syngas--a synthetic gas mixture--into
electricity, H2, and/or liquid fuel with zero CO2emissions. Traditional carbon capture methods use chemical solvents or
special membranes to separate CO2 from the gas exhaust from coal-fired power plants. Ohio State's technology uses an
iron-based oxygen carrier to generate CO2and H2 from syngas in separate, pure product streams by means of a
circulating bed reactor configuration. The end products of the system are H2, electricity, and/or liquid fuel, all of which
are useful sources of power that can come from coal or syngas derived from biomass. Ohio State is developing a high-
pressure pilot-scale unit to demonstrate this process at the National Carbon Capture Center.

General Electric

Nanocomposite Magnets

Program: OPEN 2009

Project Term: 10/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Connecticut

Technical Categories: Transportation Vehicles

GE is using nanomaterials technology to develop advanced magnets that contain fewer rare earth materials than their
predecessors. Nanomaterials technology involves manipulating matter at the atomic or molecular scale, which can
represent a stumbling block for magnets because it is difficult to create a finely grained magnet at that scale. GE is
developing bulk magnets with finely tuned structures using iron-based mixtures that contain 80% less rare earth
materials than traditional magnets, which will reduce their overall cost. These magnets will enable further
commercialization of HEVs, EVs, and wind turbine generators while enhancing U.S. competitiveness in industries that
heavily utilize these alternatives to rare earth minerals.
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Bio Architecture Lab

Macroalgae Butanol

Program: OPEN 2009

Project Term: 04/30/2012 to 06/30/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Fuels

E. I. du Pont de Nemours & Company (DuPont) and Bio Architecture Lab are exploring the commercial viability of
producing fuel-grade isobutanol from macroalgae (seaweed). Making macroalgae an attractive substrate for biofuel
applications however, will require continued technology development. Assuming these developments are successful,
initial assessments suggest macroalgae aquafarming in our oceans has the potential to produce a feedstock with cost in
the same range as terrestrial-based substrates (crop residuals, energy crops) and may be the feedstock of choice in
some locations. The use of macroalgae also diversifies the sources of U.S. biomass in order to provide more options in
meeting demand for biofuels. The process being developed will use a robust industrial biocatalyst (microorganism)
capable of converting macroalgal-derived sugars directly into isobutanol. Biobutanol is an advanced biofuel with
significant advantages over ethanol, including higher energy content, lower greenhouse gas emissions, and the ability to
be blended in gasoline at higher levels than ethanol without changes to existing automobiles or the fuel industry
infrastructure. Butamax is currently commercializing DuPont's biobutanol fermentation technology that uses sugar and
starch feedstocks.

Porifera, Inc.

Carbon Nanotube Membranes

Program: OPEN 2009

Project Term: 03/01/2010 to 03/31/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Resource Efficiency

Porifera is developing carbon nanotube membranes that allow more efficient removal of CO2 from coal plant exhaust.
Most of today's carbon capture methods use chemical solvents, but capture methods that use membranes to draw

CO2 out of exhaust gas are potentially more efficient and cost effective. Traditionally, membranes are limited by the
rate at which they allow gas to flow through them and the amount of CO2 they can attract from the gas. Smooth
support pores and the unique structure of Porifera's carbon nanotube membranes allows them to be more permeable
than other polymeric membranes, yet still selective enough for CO2removal. This approach could overcome the barriers
facing membrane-based approaches for capturing CO2 from coal plant exhausts.

Exelus, Inc.

High-Octane Fuel from Refinery Exhaust Gas
Program: OPEN 2009

Project Term: 12/01/2009 to 05/31/2012
Project Status: ALUMNI

Project State: New Jersey

Technical Categories: Transportation Fuels

Exelus is developing a method to convert olefins from oil refinery exhaust gas into alkylate, a clean-burning, high-octane
component of gasoline. Traditionally, olefins must be separated from exhaust before they can be converted into
another source of useful fuel. Exelus' process uses catalysts that convert the olefin to alkylate without first separating it
from the exhaust. The ability to turn up to 50% of exhaust directly into gasoline blends could result in an additional 46
million gallons of gasoline in the U.S. each year.
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Massachusetts Institute of Technology
Electroville: Grid-Scale Batteries
Program: OPEN 2009

Project Term: 01/15/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Storage

Led by MIT professor Donald Sadoway, the Electroville project team is creating a community-scale electricity storage
device using new materials and a battery design inspired by the aluminum production process known as smelting. A
conventional battery includes a liquid electrolyte and a solid separator between its 2 solid electrodes. MIT's battery
contains liquid metal electrodes and a molten salt electrolyte. Because metals and salt don't mix, these 3 liquids of
different densities naturally separate into layers, eliminating the need for a solid separator. This efficient design
significantly reduces packaging materials, which reduces cost and allows more space for storing energy than
conventional batteries offer. MIT's battery also uses cheap, earth-abundant, domestically available materials and is
more scalable. By using all liquids, the design can also easily be resized according to the changing needs of local
communities.

Sun Catalytix

Energy from Water and Sunlight

Program: OPEN 2009

Project Term: 12/31/2009 to 12/31/2012
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Resource Efficiency

Sun Catalytix is developing wireless energy-storage devices that convert sunlight and water into renewable fuel.
Learning from nature, one such device mimics the ability of a tree leaf to convert sunlight into storable energy. It is
comprised of a silicon solar cell coated with catalytic materials, which help speed up the energy conversion process.
When this cell is placed in a container of water and exposed to sunlight, it splits the water into bubbles of oxygen and
hydrogen. The hydrogen and oxygen can later be recombined to create electricity, when the sun goes down for
example. The Sun Catalytix device is novel in many ways: it consists primarily of low-cost, earth-abundant materials
where other attempts have required more expensive materials like platinum. Its operating conditions also facilitate the
use of less costly construction materials, whereas other efforts have required extremely corrosive conditions.

Makani Power, Inc.

Airborne Wind Turbine

Program: OPEN 2009

Project Term: 09/01/2010 to 10/16/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Distributed Generation

Makani Power is developing an Airborne Wind Turbine that eliminates 90% of the mass of a conventional wind turbine
and accesses a stronger, more consistent wind at altitudes of near 1,000 feet. At these altitudes, 85% of the country can
offer viable wind resources compared to only 15% accessible with current technology. Additionally, the Makani Power
wing can be economically deployed in deep offshore waters, opening up a resource which is 4 times greater than the
entire U.S. electrical generation capacity. Makani Power has demonstrated the core technology, including autonomous
launch, land, and power generation with an 8 meter wingspan, 20 kW prototype. At commercial scale, Makani Power
aims to develop a 600 kW, 28 meter wingspan product capable of delivering energy at an unsubsidized cost competitive
with coal, the current benchmark for low-cost power.
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Lehigh University

CO2 Capture Using Electric Fields
Program: OPEN 2009

Project Term: 01/01/2010 to 06/30/2012
Project Status: ALUMNI

Project State: Pennsylvania

Technical Categories: Resource Efficiency

Two faculty members at Lehigh University created a new technique called supercapacitive swing adsorption (SSA) that
uses electrical charges to encourage materials to capture and release CO2. Current CO2 capture methods include
expensive processes that involve changes in temperature or pressure. Lehigh University's approach uses electric fields to
improve the ability of inexpensive carbon sorbents to trap CO2. Because this process uses electric fields and not electric
current, the overall energy consumption is projected to be much lower than conventional methods. Lehigh University is
now optimizing the materials to maximize CO2 capture and minimize the energy needed for the process.

Research Triangle Institute

Biofuels from Pyrolysis

Program: OPEN 2009

Project Term: 01/01/2010 to 09/30/2013
Project Status: ALUMNI

Project State: North Carolina

Technical Categories: Transportation Fuels

RTl is developing a new pyrolysis process to convert second-generation biomass into biofuels in one simple step.
Pyrolysis is the decomposition of substances by heating--the same process used to render wood into charcoal,
caramelize sugar, and dry roast coffee and beans. RTI's catalytic biomass pyrolysis differs from conventional flash
pyrolysis in that its end product contains less oxygen, metals, and nitrogen--all of which contribute to corrosion,
instability, and inefficiency in the fuel-production process. This technology is expected to easily integrate into the
existing domestic petroleum refining infrastructure, making it an economically attractive option for biofuels production.

Teledyne Scientific & Imaging, LLC

Efficient Solar Concentrators

Program: OPEN 2009

Project Term: 10/01/2010 to 04/19/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Distributed Generation

Teledyne is developing a liquid prism panel that tracks the position of the sun to help efficiently concentrate its light
onto a solar cell to produce power. Typically, solar tracking devices have bulky and expensive mechanical moving parts
that require a lot of power and are often unreliable. Teledyne's liquid prism panel has no bulky and heavy supporting
parts--instead it relies on electrowetting. Electrowetting is a process where an electric field is applied to the liquid to
control the angle at which it meets the sunlight above and to control the angle of the sunlight to the focusing lens--the
more direct the angle to the focusing lens, the more efficiently the light can be concentrated to solar panels and
converted into electricity. This allows the prism to be tuned like a radio to track the sun across the sky and steer sunlight
into the solar cell without any moving mechanical parts. This process uses very little power and requires no expensive
supporting hardware or moving parts, enabling efficient and quiet rooftop operation for integration into buildings.

1366 Technologies, Inc.

Cost-Effective Silicon Wafers for Solar Cells
Program: OPEN 2009

Project Term: 03/01/2010 to 06/30/2012
Project Status: ALUMNI

12/7/16 Page 108 of 185



Project State: Massachusetts
Technical Categories: Distributed Generation

1366 is developing a process to reduce the cost of solar electricity by up to 50% by 2020--from $0.15 per kilowatt hour
to less than $0.07. 1366's process avoids the costly step of slicing a large block of silicon crystal into wafers, which turns
half the silicon to dust. Instead, the company is producing thin wafers directly from molten silicon at industry-standard
sizes, and with efficiencies that compare favorably with today's state-of-the-art technologies. 1366's wafers could
directly replace wafers currently on the market, so there would be no interruptions to the delivery of these products to
market. As a result of 1366's technology, the cost of silicon wafers could be reduced by 80%.

Phononic Devices, Inc.

Improved Thermoelectric Devices
Program: OPEN 2009

Project Term: 12/11/2009 to 03/30/2012
Project Status: ALUMNI

Project State: North Carolina

Technical Categories: Storage

Phononic Devices is working to recapture waste heat and convert it into usable electric power. To do this, the company
is using thermoelectric devices, which are made from advanced semiconductor materials that convert heat into
electricity or actively remove heat for refrigeration and cooling purposes. Thermoelectric devices resemble computer
chips, and they manage heat by manipulating the direction of electrons at the nanoscale. These devices aren't new, but
they are currently too inefficient and expensive for widespread use. Phononic Devices is using a high-performance, cost-
effective thermoelectric design that will improve the device's efficiency and enable electronics manufacturers to more
easily integrate them into their products.

Arizona State University

Metal-Air Electric Vehicle Battery

Program: OPEN 2009

Project Term: 12/21/2009 to 06/30/2012
Project Status: ALUMNI

Project State: Arizona

Technical Categories: Transportation Storage

ASU is developing a new class of metal-air batteries. Metal-air batteries are promising for future generations of EVs
because they use oxygen from the air as one of the battery's main reactants, reducing the weight of the battery and
freeing up more space to devote to energy storage than Li-lon batteries. ASU technology uses Zinc as the active metal in
the battery because it is more abundant and affordable than imported lithium. Metal-air batteries have long been
considered impractical for EV applications because the water-based electrolytes inside would decompose the battery
interior after just a few uses. Overcoming this traditional limitation, ASU's new battery system could be both cheaper
and safer than today's Li-lon batteries, store from 4-5 times more energy, and be recharged over 2,500 times.

FastCAP Systems Corp.

High Energy Density Ultracapacitors

Program: OPEN 2009

Project Term: 04/01/2010 to 12/31/2013
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Storage

FastCAP is improving the performance of an ultracapacitor--a battery-like electronic device that can complement, and
possibly even replace, an HEV or EV battery pack. Ultracapacitors have many advantages over conventional batteries,

including long lifespans (over 1 million cycles, as compared to 10,000 for conventional batteries) and better durability.
Ultracapacitors also charge more quickly than conventional batteries, and they release energy more quickly. However,
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ultracapacitors have fallen short of batteries in one key metric: energy density--high energy density means more energy
storage. FastCAP is redesigning the ultracapacitor's internal structure to increase its energy density. Ultracapacitors
traditionally use electrodes made of irregularly shaped, porous carbon. FastCAP's ultracapacitors are made of tiny,
aligned carbon nanotubes. The nanotubes provide a regular path for ions moving in and out of the ultracapacitor's
electrode, increasing the overall efficiency and energy density of the device.

University of Minnesota

Biofuel from Bacteria and Sunlight
Program: OPEN 2009

Project Term: 01/01/2010 to 08/31/2012
Project Status: ALUMNI

Project State: Minnesota

Technical Categories: Transportation Fuels

The University of Minnesota is developing clean-burning, liquid hydrocarbon fuels from bacteria. The University is
finding ways to continuously harvest hydrocarbons from a type of bacteria called Shewanella by using a photosynthetic
organism to constantly feed Shewanella the sugar it needs for energy and hydrocarbon production. The two organisms
live and work together as a system. Using Shewanella to produce hydrocarbon fuels offers several advantages over
traditional biofuel production methods. First, it eliminates many of the time-consuming and costly steps involved in
growing plants and harvesting biomass. Second, hydrocarbon biofuels resemble current petroleum-based fuels and
would therefore require few changes to the existing fuel refining and distribution infrastructure in the U.S.

Delphi Automotive Systems, LLC

More Efficient Power Conversion for EVs

Program: OPEN 2009

Project Term: 02/01/2010 to 12/31/2013

Project Status: ALUMNI

Project State: Michigan

Technical Categories: Electrical Efficiency, Transportatio

Delphi is developing power converters that are smaller and more energy efficient, reliable, and cost-effective than
current power converters. Power converters rely on power transistors which act like a very precisely controlled on-off
switch, controlling the electrical energy flowing through an electrical circuit. Most power transistors today use silicon (Si)
semiconductors. However, Delphi is using semiconductors made with a thin layer of gallium-nitride (GaN) applied on top
of the more conventional Si material. The GaN layer increases the energy efficiency of the power transistor and also
enables the transistor to operate at much higher temperatures, voltages, and power-density levels compared to its Si
counterpart. Delphi is packaging these high-performance GaN semiconductors with advanced electrical connections and
a cooling system that extracts waste heat from both sides of the device to further increase the device's efficiency and
allow more electrical current to flow through it. When combined with other electronic components on a circuit board,
Delphi's GaN power transistor package will help improve the overall performance and cost-effectiveness of HEVs and
EVs.

Ceres, Inc.

Improving Biomass Yields

Program: OPEN 2009

Project Term: 01/01/2010 to 12/31/2013
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Fuels

Ceres is developing bigger and better grasses for use in biofuels. The bigger the grass yield, the more biomass, and more
biomass means more biofuel per acre. Using biotechnology, Ceres is developing grasses that will grow bigger with less

fertilizer than current grass varieties. Hardier, higher-yielding grass also requires less land to grow and can be planted in
areas where other crops can't grow instead of in prime agricultural land. Ceres is conducting multi-year trials in Arizona,
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Texas, Tennessee, and Georgia which have already resulted in grass yields with as much as 50% more biomass than
yields from current grass varieties.

Arizona State University

Turning Bacteria into Fuel

Program: OPEN 2009

Project Term: 01/01/2010 to 06/30/2013
Project Status: ALUMNI

Project State: Arizona

Technical Categories: Transportation Fuels

ASU is engineering a type of photosynthetic bacteria that efficiently produce fatty acids--a fuel precursor for biofuels.
This type of bacteria, called Synechocystis, is already good at converting solar energy and carbon dioxide (CO2) into a
type of fatty acid called lauric acid. ASU has modified the organism so it continuously converts sunlight and CO2 into
fatty acids--overriding its natural tendency to use solar energy solely for cell growth and maximizing the solar-to-fuel
conversion process. ASU's approach is different because most biofuels research focuses on increasing cellular biomass
and not on excreting fatty acids. The project has also identified a unique way to convert the harvested lauric acid into a
fuel that can be easily blended with existing transportation fuels.

University of Delaware

Affordable Hydrogen Fuel Cell Vehicles
Program: OPEN 2009

Project Term: 02/15/2012 to 12/31/2014
Project Status: ALUMNI

Project State: Delaware

Technical Categories: Distributed Generation

The University of Delaware is developing a new fuel cell membrane for vehicles that relies on cheaper and more
abundant materials than those used in current fuel cells. Conventional fuel cells are very acidic, so they require acid-
resistant metals like platinum to generate electricity. The University of Delaware is developing an alkaline fuel cell
membrane that can operate in a non-acidic environment where cheaper materials like nickel and silver, instead of
platinum, can be used. In addition to enabling the use of cheaper metals, the University of Delaware's membrane is 500
times less expensive than other polymer membranes used in conventional fuel cells.

University of lllinois, Urbana Champaign
Silicon-Based Thermoelectrics

Program: OPEN 2009

Project Term: 03/01/2010 to 08/31/2012
Project Status: ALUMNI

Project State: lllinois

Technical Categories: Resource Efficiency

UIUC is experimenting with silicon-based materials to develop flexible thermoelectric devices--which convert heat into
energy--that can be mass-produced at low cost. A thermoelectric device, which resembles a computer chip, creates
electricity when a different temperature is applied to each of its sides. Existing commercial thermoelectric devices
contain the element tellurium, which limits production levels because tellurium has become increasingly rare. UIUC is
replacing this material with microscopic silicon wires that are considerably cheaper and could be equally effective.
Improvements in thermoelectric device production could return enough wasted heat to add up to 23% to our current
annual electricity production.

General Motors
Waste Heat Recovery System
Program: OPEN 2009
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Project Term: 01/01/2010 to 03/31/2012
Project Status: ALUMNI

Project State: Michigan

Technical Categories: Resource Efficiency

GM is using shape memory alloys that require as little as a 10°C temperature difference to convert low-grade waste heat
into mechanical energy. When a stretched wire made of shape memory alloy is heated, it shrinks back to its pre-
stretched length. When the wire cools back down, it becomes more pliable and can revert to its original stretched
shape. This expansion and contraction can be used directly as mechanical energy output or used to drive an electric
generator. Shape memory alloy heat engines have been around for decades, but the few devices that engineers have
built were too complex, required fluid baths, and had insufficient cycle life for practical use. GM is working to create a
prototype that is practical for commercial applications and capable of operating with either air- or fluid-based heat
sources. GM's shape memory alloy based heat engine is also designed for use in a variety of non-vehicle applications.
For example, it can be used to harvest non-vehicle heat sources, such as domestic and industrial waste heat and natural
geothermal heat, and in HVAC systems and generators.

Foro Energy, Inc.

Laser-Mechanical Drilling for Geothermal Energy
Program: OPEN 2009

Project Term: 01/15/2010 to 09/30/2013

Project Status: ALUMNI

Project State: Colorado

Technical Categories: Centralized Generation, Distribute

Foro Energy is developing a unique capability and hardware system to transmit high power lasers over long distances via
fiber optic cables. This laser power is integrated with a mechanical drilling bit to enable rapid and sustained penetration
of hard rock formations too costly to drill with mechanical drilling bits alone. The laser energy that is directed at the rock
basically softens the rock, allowing the mechanical bit to more easily remove it. Foro Energy's laser-assisted drill bits
have the potential to be up to 10 times more economical than conventional hard-rock drilling technologies, making
them an effective way to access the U.S. energy resources currently locked under hard rock formations.

ITN Energy Systems, Inc.

Electrochromic Film for More Efficient Windows
Program: OPEN 2009

Project Term: 01/01/2010 to 06/30/2013
Project Status: ALUMNI

Project State: Colorado

Technical Categories: Building Efficiency

ITN is addressing the high cost of electrochromic windows with a new manufacturing process: roll-to-roll deposition of
the film onto flexible plastic surfaces. Production of electrochromic films on plastic requires low processing
temperatures and uniform film quality over large surface areas. ITN is overcoming these challenges using its previous
experience in growing flexible thin-film solar cells and batteries. By developing sensor-based controls, ITN's roll-to-roll
manufacturing process yields more film over a larger area than traditional film deposition methods. Evaluating
deposition processes from a control standpoint ultimately strengthens the ability for ITN to handle unanticipated
deviations quickly and efficiently, enabling more consistent large-volume production. The team is currently moving from
small-scale prototypes into pilot-scale production to validate roll-to-roll manufacturability and produce scaled
prototypes that can be proven in simulated operating conditions. Electrochromic plastic films could also open new
markets in building retrofit applications, vastly expanding the potential energy savings.

FloDesign Wind Turbine Corp.
Mixer-Ejector Wind Turbine

Program: OPEN 2009

Project Term: 02/22/2010 to 03/31/2013
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Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Distributed Generation

FloDesign's innovative wind turbine, inspired by the design of jet engines, could deliver 300% more power than existing
wind turbines of the same rotor diameter by extracting more energy over a larger area. FloDesign's unique shrouded
design expands the wind capture area, and the mixing vortex downstream allows more energy to flow through the rotor
without stalling the turbine. The unique rotor and shrouded design also provide significant opportunity for mass
production and simplified assembly, enabling mid-scale turbines (approximately 100 kW) to produce power at a cost
that is comparable to larger-scale conventional turbines.

University of Delaware

High-Energy Composite Permanent Magnets
Program: OPEN 2009

Project Term: 02/15/2010 to 09/30/2013
Project Status: ALUMNI

Project State: Delaware

Technical Categories: Transportation Vehicles

The University of Delaware is developing permanent magnets that contain less rare earth material and produce twice
the energy of the strongest rare earth magnets currently available. The University of Delaware is creating these magnets
by mixing existing permanent magnet materials with those that are more abundant, like iron. Both materials are first
prepared in the form of nanoparticles via techniques ranging from wet chemistry to ball milling. After that, the
nanoparticles must be assembled in a 3-D array and consolidated at low temperatures to form a magnet. With small size
particles and good contact between these two materials, the best qualities of each allow for the development of
exceptionally strong composite magnets.

Soraa, Inc.

Ammonothermal Growth of GaN Substrates for LEDs
Program: OPEN 2009

Project Term: 06/06/2012 to 01/31/2016

Project Status: ALUMNI

Project State: California

Technical Categories: Building Efficiency

The new GaN crystal growth method is adapted from that used to grow quartz crystals, which are very inexpensive and
represent the second-largest market for single crystals for electronic applications (after silicon). More extreme
conditions are required to grow GaN crystals and therefore a new type of chemical growth chamber was invented that is
suitable for large-scale manufacturing. A new process was developed that grows GaN crystals at a rate that is more than
double that of current processes. The new technology will enable GaN substrates with best-in-world quality at lowest-in-
world prices, which in turn will enable new generations of white LEDs, lasers for full-color displays, and high-
performance power electronics.

Agrivida

Engineering Enzymes in Energy Crops
Program: OPEN 2009

Project Term: 01/15/2010 to 03/31/2015
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Transportation Fuels

Enzymes are required to break plant biomass down into the fermentable sugars that are used to create biofuel.
Currently, costly enzymes must be added to the biofuel production process. Engineering crops to already contain these
enzymes will reduce costs and produce biomass that is more easily digested. In fact, enzyme costs alone account for
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$0.50-50.75/gallon of the cost of a biomass-derived biofuel like ethanol. Agrivida is genetically engineering plants to
contain high concentrations of enzymes that break down cell walls. These enzymes can be "switched on" after harvest
so they won't damage the plant while it's growing.

NanOasis Technologies, Inc.

Use of Carbon Nanotubes for Efficient Reverse Osmosis
Program: OPEN 2009

Project Term: 01/01/2010 to 10/14/2011

Project Status: CANCELLED

Project State: California

Technical Categories: Resource Efficiency

NanOasis is developing better membranes to filter salt from water during the reverse osmosis desalination process.
Conventional reverse osmosis desalination processes pump water through a thin film membrane to separate out the
salt. However, these membranes only provide modest water permeability, making the process highly energy intensive
and expensive. NanQasis is developing membranes that consist of a thin, dense film with carbon nanotube pores that
significantly enhance water transport, while effectively excluding the salt. Water can flow through the tiny pores of
these carbon nanotubes quickly and with less pressure, drastically reducing the overall energy use and cost of the
desalination process. In addition, NanOasis technology was purported to not require any modifications to existing
desalination plants, so it could be easily deployed.

lowa State University

Optimized Breeding of Microalgae for Biofuels
Program: OPEN 2009

Project Term: 01/15/2010 to 10/14/2011
Project Status: CANCELLED

Project State: lowa

Technical Categories: Transportation Fuels

ISU is genetically engineering a species of aquatic microalgae called Chlamydomonas for more energy efficient
conversion of sunlight and carbon dioxide to biofuels. Current microalgae genetic technologies are imprecise and hinder
the rapid engineering of a variety of desirable traits into Chlamydomonas. In the absence of genetic engineering, it
remains unlikely that current microalgae technologies for biofuel production will be able to economically compete with
traditional fossil fuels. ISU is developing a portfolio of technologies for rapid genetic modification and breeding that will
enable greater flexibility for genetic modification on a routine basis. The ISU project will optimize microalgae breeding
and genetic engineering to develop efficient, large-scale industrial biofuel production.

Inorganic Specialists, Inc.

Long-Range Li-lon Batteries for Electric Vehicles
Program: OPEN 2009

Project Term: 12/01/2009 to 11/03/2011
Project Status: CANCELLED

Project State: Ohio

Technical Categories: Transportation Storage

Inorganic Specialists' project consists of material and manufacturing development for a new type of Li-lon battery
material, a silicon-coated paper. Silicon-based batteries are advantageous due to silicon's ability to store large amounts
of energy. Yet, the technology has not been able to withstand multiple charge/discharge cycles. The thinner the silicon-
based material, the better it can handle multiple charge/discharge cycles. Inorganic Specialists' extremely thin silicon-
coated paper can store 4 times more energy than existing Li-lon batteries. The team is improving manufacturing
capability in two key areas: 1) expanding existing papermaking equipment to continuously produce the silicon-coated
paper, and 2) creating machinery that will silicon-coat the paper via a moving process, to demonstrate manufacturing
feasibility. These manufacturing improvements could meet the energy storage criteria required for multiple
charge/discharge cycles. Inorganic Specialists' silicon-coated paper's properties have the potential to make it a practical,
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cost-effective transformative Li-lon battery material.

Pennsylvania State University

Solar Conversion of CO2 and Water Vapor to Hydrocarbon Fuels
Program: OPEN 2009

Project Term: 12/14/2009 to 07/09/2010

Project Status: CANCELLED

Project State: Pennsylvania

Technical Categories: Transportation Fuels

Pennsylvania State University is developing a novel sunlight to chemical fuel conversion system. This innovative
technology is based on tuning the properties of nanotube arrays with co-catalysts to achieve efficient solar conversion
of CO2and water vapor to methane and other hydrocarbons. The goal of this project is to build a stand-alone collector
which can achieve ~2% sunlight to chemical fuel conversion efficiency via CO2 reduction.

EaglePicher

Sodium-Beta Batteries for Grid-Scale Storage
Program: OPEN 2009

Project Term: 02/01/2010 to 03/31/2016
Project Status: CANCELLED

Project State: Missouri

Technical Categories: Storage

EaglePicher is developing a sodium-beta alumina (Na-Beta) battery for grid-scale energy storage. High-temperature Na-
Beta batteries are a promising grid-scale energy storage technology, but existing approaches are expensive and
unreliable. EaglePicher has modified the shape of the traditional, tubular-shaped Na-Beta battery. It is using an
inexpensive stacked design to improve performance at lower temperatures, leading to a less expensive overall storage
technology. The new design greatly simplifies the manufacturing process for beta alumina membranes (a key enabling
technology), providing a subsequent pathway to the production of scalable, modular batteries at half the cost of the
existing tubular designs.

Nalco Company

Using Enzymes to Capture CO2 in Smokestacks
Program: OPEN 2009

Project Term: 01/18/2010 to 10/13/2011
Project Status: CANCELLED

Project State: lllinois

Technical Categories: Resource Efficiency

Nalco is developing a process to capture carbon in the smokestacks of coal-fired power plants. Conventional CO2capture
methods require the use of a vacuum or heat, which are energy-intensive and expensive processes. Nalco's approach to
carbon capture involves controlling the acidity of the capture mixture and using an enzyme to speed up the rate of
carbon capture from the exhaust gas. Changing the acidity drives the removal of CO2 from the gas without changing
temperature or pressure, and the enzyme speeds up the capture rate of CO2. In addition, Nalco's technology would be
simpler to retrofit to existing coal-fired plants than current technologies, so it could be more easily deployed.

United Technologies Research Center

Using Synthetic Enzymes for Carbon Capture
Program: OPEN 2009

Project Term: 12/15/2009 to 01/09/2012
Project Status: CANCELLED

Project State: Connecticut

Technical Categories: Resource Efficiency
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UTRC is developing a process for capturing the CO2emitted by coal-fired power plants. Conventional carbon capture
methods use high temperatures or chemical solvents to separate CO2 from the exhaust gas, which are energy intensive
and expensive processes. UTRC is developing membranes that separate the CO2 out of the exhaust gas using a synthetic
version of a naturally occurring enzyme used to manage CO2. This enzyme is used by all air-breathing organisms on
Earth to regulate CO2 levels. The enzyme would not survive within the gas exhaust of coal-fired power plants in its
natural form, so UTRC is developing a synthetic version designed to withstand these harsh conditions. UTRC's
technology does not require heat during processing, which could allow up to a 30% reduction in the cost of carbon

OPEN 2012 Open Funding Solicitation (66)

In 2012, ARPA-E issued its second open funding opportunity designed to catalyze transformational breakthroughs across
the entire spectrum of energy technologies. ARPA-E received more than 4,000 concept papers for OPEN 2012, which
hundreds of scientists and engineers thoroughly reviewed over the course of several months. In the end, ARPA-E
selected 66 projects for its OPEN 2012 program, awarding them a total of $130 million in federal funding. OPEN 2012
projects cut across 11 technology areas: advanced fuels, advanced vehicle design and materials, building efficiency,
carbon capture, grid modernization, renewable power, stationary power generation, water, as well as stationary,
thermal, and transportation energy storage.

Harvard University

Organic Flow Battery for Energy Storage
Program: OPEN 2012

Project Term: 02/01/2013 to 03/25/2017
Project Status: ACTIVE

Project State: Massachusetts

Technical Categories: Storage

Harvard is developing an innovative grid-scale flow battery to store electricity from renewable sources. Flow batteries
store energy in external tanks instead of within the battery container, permitting larger amounts of stored energy at
lower cost per kWh. Harvard is designing active material for a flow battery that uses small, inexpensive organic
molecules in aqueous electrolyte. Relying on low-cost organic materials, Harvard's innovative storage device concept
would yield one or more systems that may be developed by their partner, Sustainable Innovations, LLC, into viable grid-
scale electrical energy storage systems.

Research Triangle Institute

Compact Inexpensive Reformers for Natural Gas
Program: OPEN 2012

Project Term: 03/15/2013 to 12/31/2016
Project Status: ACTIVE

Project State: North Carolina

Technical Categories: Transportation Fuels

RTl is leveraging existing engine technology to develop a compact reformer for natural gas conversion. Reformers
produce synthesis gas--the first step in the commercial process of converting natural gas to liquid fuels. As a major
component of any gas-to-liquid plant, the reformer represents a substantial cost. RTl's re-designed reformer would be
compact, inexpensive, and easily integrated with small-scale chemical reactors. RTI's technology allows for significant
cost savings by harnessing equipment that is already manufactured and readily available. Unlike other systems that are
too large to be deployed remotely, RTl's reformer could be used for small, remote sources of gas.

Dioxide Materials, Inc.

Converting CO2 into Fuel and Chemicals
Program: OPEN 2012

Project Term: 02/01/2013 to 01/21/2017
Project Status: ACTIVE

Project State: lllinois
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Technical Categories: Resource Efficiency

Dioxide Materials is developing technology to produce carbon monoxide, or "synthesis gas" electrochemically from
CO2 emitted by power plants. Synthesis gas can be used as a feedstock for the production of industrial chemicals and
liquid fuels. The current state-of-the-art process for capturing and removing CO2 from the flue gas of power plants is
expensive and energy intensive, and therefore faces significant hurdles towards widespread implementation. The
technologies being developed by Dioxide Materials aim to convert CO2 into something useful in an economical and
practical way. The technology has the potential to create an entirely new industry where waste CO2--rather than oil--is
used to produce gasoline, diesel fuel, jet fuel, and industrial chemicals.

Bio2Electric, LLC

Electrogenerative Gas-to-Liquid Reactor
Program: OPEN 2012

Project Term: 02/01/2013 to 07/15/2017
Project Status: ACTIVE

Project State: New Jersey

Technical Categories: Transportation Fuels

Bio2Electric is developing a small-scale reactor that converts natural gas into a feedstock for industrial chemicals or
liquid fuels. Conventional, large-scale gas-to-liquid reactors are expensive and not easily scaled down. Bio2Electric's
reactor relies on a chemical conversion and fuel cell technology resulting in fuel cells that create a valuable feedstock, as
well as electricity. In addition, the reactor relies on innovations in material science by combining materials that have not
been used together before, thereby altering the desired output of the fuel cell. The reactors can be efficiently built as
modular units, therefore reducing the manufacturing costs of the reactor. Bio2Electric's small-scale reactor could be
deployed in remote locations to provide electricity in addition to liquid fuel, increasing the utility of geographically
isolated gas reserves.

Ceramateg, Inc.

Mid-Temperature Fuel Cells for Vehicles
Program: OPEN 2012

Project Term: 02/01/2013 to 03/31/2017
Project Status: ACTIVE

Project State: Utah

Technical Categories: Transportation Storage

Ceramatec is developing a solid-state fuel cell that operates in an 'intermediate' temperature range that could overcome
persistent challenges faced by both high temperature and low temperature fuel cells. The advantages compared to
higher temperature fuel cells are less expensive seals and interconnects, as well as longer lifetime. The advantages
compared to low temperature fuel cells are reduced platinum requirements and the ability to run on fuels other than
hydrogen, such as natural gas or methanol. Ceramatec's design would use a new electrolyte material to transport
protons within the cell and advanced electrode layers. The project would engineer a fuel cell stack that performs at
lower cost than current automotive designs, and culminate in the building and testing of a short fuel cell stack capable of
meeting stringent transportation requirements.

General Electric

High-Power Gas Tube Switches

Program: OPEN 2012

Project Term: 04/30/2013 to 04/30/2017
Project Status: ACTIVE

Project State: Connecticut

Technical Categories: Grid

GE is developing a new gas tube switch that could significantly improve and lower the cost of utility-scale power
conversion. A switch breaks an electrical circuit by interrupting the current or diverting it from one conductor to
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another. To date, solid state semiconductor switches have completely replaced gas tube switches in utility-scale power
converters because they have provided lower cost, higher efficiency, and greater reliability. GE is using new materials
and innovative designs to develop tubes that not only operate well in high-power conversion, but also perform better
and cost less than non-tube electrical switches. A single gas tube switch could replace many semiconductor switches,
resulting in more cost effective high power converters.

Stanford University

Radiative Coolers for Rooftops and Cars
Program: OPEN 2012

Project Term: 02/20/2013 to 06/30/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency

Stanford is developing a device for the rooftops of buildings and cars that will reflect sunlight and emit heat, enabling
passive cooling, even when the sun is shining. This device requires no electricity or fuel and would reduce the need for
air conditioning, leading to energy and cost savings. Stanford's technology relies on recently developed state-of-the-art
concepts and techniques to tailor the absorption and emission of light and heat in nanostructured materials. This project
could enable buildings, cars, and electronics to cool without using electric power.

University of Delaware

High-Storage Double-Membrane Flow Battery
Program: OPEN 2012

Project Term: 01/09/2013 to 12/31/2016
Project Status: ACTIVE

Project State: Delaware

Technical Categories: Storage

The University of Delaware is developing a low-cost flow battery that uses membrane technology to increase voltage
and energy storage capacity. Flow batteries store chemical energy in external tanks instead of within the battery
container, which allows for cost-effective scalability because adding storage capacity is as simple as expanding the tank,
offering large-scale storage capacity for renewable energy sources. However, traditional flow batteries have limited cell
voltages, which lead to low power and low energy density. The University of Delaware is addressing this limitation by
adding an additional exchange membrane within the electrolyte material of the battery, creating 3 separate
compartments of electrolytes. Separating the electrolytes in this manner allows unprecedented freedom for the battery
to exchange ions back and forth between the positive and negative end of the battery, which improves the voltage of
the system.

University of Southern California
Inexpensive, Metal-free, Organic Flow Battery
Program: OPEN 2012

Project Term: 03/01/2013 to 05/31/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Storage

USC is developing a water-based, metal-free, grid-scale flow battery that will be cheaper and more rapidly produced
than other batteries. Flow batteries store chemical energy in external tanks instead of within the battery container. This
allows for cost-effective scalability because adding storage capacity is as simple as expanding the tank. Batteries for grid-
scale energy storage must be inexpensive, robust, and sustainable--many of today's mature battery technologies do not
meet all these requirements. Using innovative designs and extremely low-cost organic materials, USC's new flow battery
has the potential to reduce cost, increase durability, and store increased amounts of excess energy, thereby promoting
greater renewable energy deployment.
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Tai-Yang Research Company

High-Power, Low-Cost Superconducting Cable
Program: OPEN 2012

Project Term: 02/15/2013 to 03/06/2017
Project Status: ACTIVE

Project State: Tennessee

Technical Categories: Transportation Storage

TYRC is developing a superconducting cable, which is a key enabling component for a grid-scale magnetic energy storage
device. Superconducting magnetic energy storage systems have not established a commercial foothold because of their
relatively low energy density and the high cost of the superconducting material. TYRC is coating their cable in yttrium
barium copper oxide (YBCO) to increase its energy density. This unique, proprietary cable could be manufactured at low
cost because it requires less superconducting material to produce the same level of energy storage as today's best
cables.

Glint Photonics, Inc.

Self-Tracking Concentrator Photovoltaics
Program: OPEN 2012

Project Term: 04/01/2013 to 03/31/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation

Glint is developing an inexpensive solar concentrating PV (CPV) module that tracks the sun's position over the course of
the day to channel sunlight into PV materials more efficiently. Conventional solar concentrator technology requires
complex moving parts to track the sun's movements. In contrast, Glint's inexpensive design can be mounted in a
stationary configuration and adjusts its properties automatically in response to the solar position. By embedding this
automated tracking function within the concentrator, Glint's design enables CPV modules to use traditional mounting
technology and techniques, reducing installation complexity and cost. These self-tracking concentrators can significantly
decrease the cost of solar power modules by enabling high efficiency while eliminating the additional costs of precision
trackers and specialized mounting hardware. The concentrator itself is designed to be manufactured at extremely low-
cost due to low material usage and compatibility with high-speed fabrication techniques. Glint's complete module costs
are estimated to be $0.35/watt-peak.

Arizona State University

Electrochemical Carbon Capture

Program: OPEN 2012

Project Term: 03/12/2013 to 02/28/2017
Project Status: ACTIVE

Project State: Arizona

Technical Categories: Resource Efficiency

ASU is developing an innovative electrochemical technology for capturing the CO2 released by coal-fired power plants.
ASU's technology aims to cut both the energy requirements and cost of CO2 capture technology in half compared to
today's best methods. Presently, the only proven commercially viable technology for capturing CO2 from coal plants
uses a significant amount of energy, consuming roughly 40% of total power plant output. If installed today, this
technology would increase the cost of electricity production by 85%. ASU is advancing a fundamentally new paradigm
for CO2capture using novel electrochemical reactants to separate and capture CO2. This process could be easily scaled
and integrated in conventional fossil fuel power generation facilities.

Otherlab, Inc.
Small Mirrors for Solar Power Tower Plants
Program: OPEN 2012
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Project Term: 02/19/2013 to 09/30/2017
Project Status: ACTIVE

Project State: California

Technical Categories: Distributed Generation

Otherlab is developing an inexpensive small mirror system with an innovative drive system to reflect sunlight onto
concentrating solar power towers at greatly reduced cost. This system is an alternative to expensive and bulky 20-30
foot tall mirrors and expensive sun-tracking drives used in today's concentrating solar power plants. In order for solar
power tower plants to compete with conventional electricity generation, these plants need dramatic component cost
reductions and lower maintenance and operational expenses. Otherlab's approach uses a smaller modular mirror design
that reduces handling difficulty, suffers less from high winds, and allows the use of mass manufacturing processes for
low-cost component production. These mirrors can be driven by mechanisms that utilize simpler, more readily
serviceable parts which decreases system downtime and efficiency. The incorporation of low-cost and highly-scalable
manufacturing approaches could significantly reduce the cost of solar electricity generation below conventional solar
tower plant technologies.

Case Western Reserve University

All-Iron Flow Battery

Program: OPEN 2012

Project Term: 01/01/2013 to 03/30/2018
Project Status: ACTIVE

Project State: Ohio

Technical Categories: Storage

Case Western is developing a water-based, all-iron flow battery for grid-scale energy storage at low cost. Flow batteries
store chemical energy in external tanks instead of within the battery container. Using iron provides a low-cost, safe
solution for energy storage because iron is both abundant and non-toxic. This design could drastically improve the
energy storage capacity of stationary batteries at 10-20% of today's cost. Ultimately, this technology could help reduce
the cost of stationary energy storage enough to facilitate the adoption and deployment of renewable energy technology.

Plant Sensory Systems

Better Biofuel Feedstock from Beets
Program: OPEN 2012

Project Term: 03/15/2013 to 03/14/2017
Project Status: ACTIVE

Project State: Maryland

Technical Categories: Transportation Fuels

PSS is developing an enhanced energy beet that will provide an improved fermentable feedstock. A gene that has been
shown to increase biomass and soluble sugars in other crop species will be introduced into beets in order produce
higher levels of non-food-grade sugars and use both nutrients and water more efficiently. These engineered beets will
have a lower cost of production and increased yield of fermentable sugars to help diversify feedstocks for bioproduction
of fuel molecules.

Brown University

Customized Tidal Power Conversion Devices
Program: OPEN 2012

Project Term: 03/20/2013 to 05/31/2017
Project Status: ACTIVE

Project State: Rhode Island

Technical Categories: Distributed Generation

Brown University is developing a power conversion device to maximize power production and reduce costs to capture
energy from flowing water in rivers and tidal basins. Conventional methods to harness energy from these water
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resources face a number of challenges, including the costs associated with developing customized turbine technology to
a specific site. Additionally, sites with sufficient energy exist near coastal habitats which depend on the natural water
flow to transport nutrients. Brown University's tidal power conversion devices can continuously customize themselves
by using an onboard computer and control software to respond to real-time measurements, which will increase tidal
power conversion efficiency. Brown University's technology will allow for inexpensive installation and software upgrades
and optimized layout of tidal power generators to maximize power generation and mitigate environmental impacts.

University of California, Berkeley

Rapid Building Energy Modeler - RAPMOD
Program: OPEN 2012

Project Term: 04/08/2013 to 11/30/2016
Project Status: ACTIVE

Project State: California

Technical Categories: Building Efficiency

University of California Berkeley (UC Berkeley) and Indoor Reality are developing a portable scanning system and the
associated software to rapidly generate indoor thermal and physical building maps. This will allow for cost-effective
identification of building inefficiencies and recommendation of energy-saving measures. The scanning system is
contained in a backpack which an operator would wear while walking through a building along with a handheld scanner.
The backpack features sensors that collect building data such as room size and shape along with associated thermal
characteristics. These data can then be automatically processed to detect building elements, such as windows and
lighting, and then generate 2D floor plans and 3D maps of the building geometry and thermal features. The backpack
technology enables rapid data collection and export to existing computer models to guide strategies that could reduce
building energy usage. Because the skills required to operate this technology are less than required for a traditional
energy audit and the process is significantly faster, the overall cost of the audit can be reduced and the accuracy of the
collected data is improved. This reduced cost should incentivize more building managers to conduct energy audits and
implement energy saving measures.

Integral Consulting

Measuring Real-Time Wave Data with Ocean Wave Buoy
Program: OPEN 2012

Project Term: 04/05/2013 to 08/31/2017

Project Status: ACTIVE

Project State: Washington

Technical Categories: Distributed Generation

Integral Consulting is developing a cost-effective ocean wave buoy system that will accurately measure its own
movements as it follows the surface wave motions of the ocean and relay this real-time wave data. Conventional real-
time wave measurement buoys are expensive, which limits the ability to deploy large networks of buoys. Data from
Integral Consulting's buoys can be used as input to control strategies of wave energy conversion (WEC) devices and
allow these controlled WECs to capture significantly more energy than systems that do not employ control strategies.
Integral Consulting's system will also enable assessment of the optimal locations and designs of WEC systems. Integral
Consulting's ocean wave buoy system could measure and relay real-time wave data at 10% the cost of commercially
available wave measurement systems.

University of Colorado, Boulder

Small-Scale Reactors for Natural Gas Conversion
Program: OPEN 2012

Project Term: 05/01/2013 to 06/29/2017
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Transportation Fuels

CU-Boulder is using nanotechnology to improve the structure of natural gas-to-liquids catalysts. The greatest difficulty in
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industrial-scale catalyst activity is temperature control, which can only be solved by improving reactor design. CU-
Boulder's newly structured catalyst creates a small-scale reactor for converting natural gas to liquid fuels that can
operate at moderate temperatures. Additionally, CU's small-scale reactors could be located near remote, isolated
sources of natural gas, further enabling their use as domestic fuel sources.

University of California, Berkeley

Measuring Phase Angle Change in Power Lines
Program: OPEN 2012

Project Term: 03/01/2013 to 12/31/2016
Project Status: ACTIVE

Project State: California

Technical Categories: Grid

UC Berkeley is developing a device to monitor and measure electric power data from the grid's distribution system. The
new instrument--known as a micro-phasor measurement unit (LPMU)--is designed to measure critical parameters such
as voltage and phase angle at different locations, and correlate them in time via extremely precise GPS clocks. The
amount of phase angle difference provides information about the stability and direction of power flow. Data collected
from a network of these uPMUs would facilitate better monitoring and control of grid power flow--a critical element for
integrating intermittent and renewable resources, such as rooftop solar and wind energy, and other technologies such
as electric vehicles and distributed storage.

Electron Energy Corporation

New Processing Technology for Permanent Magnets
Program: OPEN 2012

Project Term: 04/15/2013 to 02/14/2017

Project Status: ACTIVE

Project State: Pennsylvania

Technical Categories: Transportation Vehicles

EEC and its team are developing a new processing technology that could transform how permanent magnets found in
today's EV motors and renewable power generators are fabricated. This new process, known as friction consolidation
extrusion (FC&E), could produce stronger magnets at a lower cost and with reduced rare earth mineral content. The
advantage of FC&E over today's best fabrication processes is that it can be applied to unconsolidated powders as
opposed to solid alloys, which can allow magnets to be compacted from much smaller grains of two different types, a
process which could double its magnetic energy density. EEC's process could reduce the need for rare earth mineral in
permanent magnets by as much 30%.

National Renewable Energy Laboratory

Solar Thermoelectric Generator

Program: OPEN 2012

Project Term: 02/01/2013 to 10/31/2017
Project Status: ACTIVE

Project State: Colorado

Technical Categories: Distributed Generation

NREL is developing a solar thermoelectric generator to directly convert heat from concentrated sunlight to electricity.
Thermoelectric devices can directly convert heat to electricity, yet due to cost and efficiency limitations they have not
been viewed as a viable large-scale energy conversion technology. However, new thermoelectric materials have
dramatically increased the efficiency of direct heat-to-electricity conversion. NREL is using these innovative materials to
develop a new solar thermoelectric generator. This device will concentrate sunlight onto an absorbing surface on top of
a thermoelectric stage, the resulting temperature difference between the top and bottom of the device will drive the
generator to produce electricity at 3 times the efficiency of current systems. NREL's solar thermoelectric generator
could reduce the cost associated with converting large amounts of solar energy into electricity through a much simpler
and scalable process which does not rely upon moving parts and transfer fluids.
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Cornell University

Efficient Photobioreactor for Algae-Based Fuel
Program: OPEN 2012

Project Term: 02/01/2013 to 05/01/2014
Project Status: ALUMNI

Project State: New York

Technical Categories: Transportation Fuels

Cornell is developing a new photobioreactor that is more efficient than conventional bioreactors at producing algae-
based fuels. Traditional photobioreactors suffer from several limitations, particularly poor light distribution, inefficient
fuel extraction, and the consumption of large amounts of water and energy. Cornell's bioreactor is compact, making it
more economical to grow engineered algae and collect the fuel the algae produces. Cornell's bioreactor also delivers
sunlight efficiently through low-cost, plastic, light-guiding sheets. By distributing optimal amounts of sunlight, Cornell's
design would increase efficiency and decrease water use compared to conventional algae reactors.

RamGoss, Inc.

High-Performance Transistors

Program: OPEN 2012

Project Term: 02/11/2013 to 08/10/2014
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Grid

RamGoss is using innovative device designs and high-performance materials to develop utility-scale electronic switches
that would significantly outperform today's state-of-the-art devices. Switches are the fundamental building blocks of
electronic devices, controlling the electrical energy that flows around an electrical circuit. Today's best electronic
switches for large power applications are bulky and inefficient, which leads to higher cost and wasted power. RamGoss is
optimizing new, low-cost materials and developing a new, completely different switch designs. Combined, these
innovations would increase the efficiency and reduce the overall size and cost of power converters for a variety of
electronic devices and grid-scale applications, including electric vehicle (EV) chargers, large-scale wind plants, and solar
power arrays.

Pratt & Whitney Rocketdyne

Efficient Conversion of Natural Gas
Program: OPEN 2012

Project Term: 05/02/2013 to 03/15/2016
Project Status: ALUMNI

Project State: California

Technical Categories: Transportation Fuels

PWR is developing two distinct--but related--technologies that could revolutionize how we convert natural gas. First,
PWR will work with Pennsylvania State University to create a high-efficiency gas turbine which uses supercritical fluids to
cool the turbine blades. Allowing gas turbines to operate at higher temperatures can drive significant improvements in
performance, particularly when coupled with the recapture of waste heat. This advancement could reduce the cost of
electricity by roughly 60% and resulting in significantly lower greenhouse gas emissions. Drawing upon lessons learned
from this technology, PWR will then work with the Gas Technology Institute to build a system that partially oxidizes
natural gas in the high-temperature, high-pressure combustor of a natural gas turbine, efficiently facilitating its
conversion into a liquid fuel. This approach could simultaneously improve the efficiency of gas conversion into fuels and
chemicals, and also generate high-quality waste heat in the process which could be used to generate electricity.

Ceramatec, Inc.
A One-Step, Gas-to-Liguid Chemical Converter
Program: OPEN 2012
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Project Term: 02/01/2013 to 02/15/2015
Project Status: ALUMNI

Project State: Utah

Technical Categories: Resource Efficiency

Ceramatec is developing a small-scale reactor to convert natural gas into benzene--a feedstock for industrial chemicals
or liquid fuels. Natural gas as a byproduct is highly abundant, readily available, and inexpensive. Ceramatec's reactor will
use a one-step chemical conversion process to convert natural gas into benzene. This one-step process is highly efficient
and prevents the build-up of solid residue that can occur when gas is processed. The benzene that is produced can be
used as a starting material for nylons, polycarbonates, polystyrene, epoxy resins, and as a component of gasoline.

Grid Logic, Inc.

High-Power Superconductors

Program: OPEN 2012

Project Term: 03/05/2013 to 06/04/2016
Project Status: ALUMNI

Project State: Michigan

Technical Categories: Electrical Efficiency

Grid Logic is developing a new type of electrical superconductor that could significantly improve the performance (in
S/kA-m) and lower the cost of high-power energy generation, transmission, and distribution. Grid Logic is using a new
manufacturing technique to coat very fine particles of superconducting material with an extremely thin layer--less than
1/1,000 the width of a human hair--of a low-cost metal composite. This new manufacturing process is not only much
simpler and more cost effective than the process used to make today's state-of-the-art high-power superconductors,
but also it makes superconductive cables easier to handle and improves their electrical properties in certain applications.

Applied Materials

Low-Cost Silicon Wafers for Solar Modules

Program: OPEN 2012

Project Term: 06/01/2013 to 09/30/2016

Project Status: ALUMNI

Project State: California

Technical Categories: Centralized Generation, Distribute

Applied Materials is working with ARPA-E and the Office of Energy Efficiency and Renewable Energy (EERE) to build a
reactor that produces the silicon wafers used in solar panels at a dramatically lower cost than existing technologies.
Current wafer production processes are time consuming and expensive, requiring the use of high temperatures to
produce ingots from molten silicon that can be sliced into wafers for use in solar cells. This slicing process results in
significant silicon waste--or "kerf loss"--much like how sawdust is created when sawing wood. With funding from ARPA-
E, Applied Materials is developing a reactor where ultra-thin silicon wafers are created by depositing silicon directly from
vapor onto specialized reusable surfaces, allowing a significant reduction in the amount of silicon used in the process.
Since high purity silicon is one of the most significant costs in producing solar cells, this kerf-less approach could
significantly reduce the overall cost of producing solar panels. Applied Materials is partnering with Suniva, who will use
funds from EERE to integrate these low-cost wafers into solar cells and modules that generate low-cost electricity, and
with Arizona State University, who will develop high-efficiency devices on ultra-thin kerfless substrates. This partnership
could enable low-cost, domestic manufacturing of solar modules, allowing the U.S. to reduce the amount of equipment
we import from other countries.

University of Tennessee

High Throughput Bioengineering of Switchgrass
Program: OPEN 2012

Project Term: 02/01/2013 to 07/31/2016
Project Status: ALUMNI
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Project State: Tennessee
Technical Categories: Transportation Fuels

UT is developing technology to rapidly screen the genetic traits of individual plant cells for their potential to improve
biofuel crops. By screening individual cells, researchers can identify which lines are likely to be good cellulosic feedstocks
without waiting for the plants to grow to maturity. UT's technology will allow high throughput screening of engineered
plant cells to identify those with traits that significantly reduce the time and resources required to maximize biofuel
production from switchgrass.

Colorado State University

More Options for Bioenergy Crops
Program: OPEN 2012

Project Term: 04/04/2013 to 10/03/2015
Project Status: ALUMNI

Project State: Colorado

Technical Categories: Transportation Fuels

CSU is developing technology to rapidly introduce novel traits into crops that currently cannot be readily engineered.
Presently, a limited number of crops can be engineered, and the processes are not standardized - restricting the
agricultural sources for engineered biofuel production. More--and more diverse--biofuel crops could substantially
improve the efficiency, time scale, and geographic range of biofuel production. CSU's approach would enable simple and
efficient engineering of a broad range of bioenergy crops using synthetic biology tools to standardize their genetic
modification.

Pacific Northwest National Laboratory
Real-Time Transmission Optimization
Program: OPEN 2012

Project Term: 04/12/2013 to 07/17/2016
Project Status: ALUMNI

Project State: Washington

Technical Categories: Grid

PNNL is developing innovative high-performance-computing techniques that can assess unused power transmission
capacity in real-time in order to better manage congestion in the power grid. This type of assessment is traditionally
performed off-line every season or every year using only conservative, worst-case scenarios. Finding computing
techniques that rate transmission capacity in real-time could improve the utilization of the existing transmission
infrastructure by up to 30% and facilitate increased integration of renewable generation into the grid--all without having
to build costly new transmission lines.

Massachusetts Institute of Technology
Scalable, Low-Power Water Treatment System
Program: OPEN 2012

Project Term: 06/01/2013 to 12/31/2014
Project Status: ALUMNI

Project State: Massachusetts

Technical Categories: Resource Efficiency

MIT is developing a water treatment system to treat contaminated water from hydraulic fracking and seawater. There is
a critical need for small to medium-sized, low-powered, low-cost water treatment technologies, particularly for regions
lacking centralized water and energy infrastructure. Conventional water treatment methods, such as reverse osmosis,
are not effective for most produced water clean up based on the high salt levels resulting from fracking. MIT's water
treatment system will remove high-levels of typical water contaminants such as salt, metals, and microorganisms. The
water treatment system is based on low-powered generation enabling efficient on-demand, on-site potable water
production. The process allows for a 50% water recovery rate and is cost-competitive with conventional water
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treatment technology. MIT's water tr