Center for Clean Energy Engineering
Advancing Science to Systems

Prabhakar Singh
Director and UTC Endowed Chair Professor
Center for Clean Energy Engineering

Presented to DEEP, October 17, 2011

UNIVERSITY

WWW.ENERGY.UCONN_EDU o‘“élﬁE‘iNEERING

CENTER FOR ‘
& UCONN CleanEnergy



Outline

~« C2E2 Background |
- Our Capabilities |

- Research Highlights | MESURm TR el

:-Accomplishments ]

CENTER FOR ‘
¥ UCONN CleanEnergy

WWW.ENERGY.UCONN_EDU ”?ﬁE‘iNEERING



A Partnership in Excellence

Center for Clean Energy Engineering (C2E2)

J L

A Public Private Partnership for Excellence in Education, Training,
Innovation, R&D, Systems Engineering and Demonstration

111

Utility |——>| Northeast Utilities
Sustainable Energy. Initiative
Industries > UTC & FCE Green Campus Initiative
State + CEFIA (CCEF) Industrial Collaborations
Federal Agencies
University > UConn Industrial Consortium
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Our Mission

Center for Clean Energy Engineering (C2E2) will be
recognized for world class education, research and
training of scientists and engineers; for innovations in
transforming “Science to Systems”; enabling industries
and organizations in developing cost _effective
solutions for multi disciplinary problems in a timely
manner; and for providing guidance and leadership in
solving global societal issues ranging from sustainable
enerqy to environment.
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Enhancing Energy Security through Sustainability
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U.S. Power Generation — Diversity

F - .o Renewable Resources
U.S. Avera ge Callforn 1a R hOde Is I CLL d Hawaii Utilities and competitive suppliers must obtain specified percent-

ages of the electricity they provide to customers from renewable
sources to meet Connecticut's state-mandated renewable port-
folio standard (RPS) requirements.

Connecticut has established three classes of renewable re-

\ sources. Class-1 renewable resources include certain types of
\ solar, wind, biomass, hydro, landfill gas, and fuel cells. The
Class-I RPS requirement increases to 20% in 2020, consistent

with Governor Rell's goal to have 20% of the state’s energy

come from clean or renewable sources by 2020. ss»

N g Nuclear Parosstof C ticut RPS Requi t(Class |
Vermont West v"-g”-”a Bectroay fom onnecticu equirement (Class 1)
Renewable 25% -
20.0%
Hydro % S
15%
: Natural Gas
{ 10% 7.0%
‘ Petroleum gy D%
Coal 0% =
2008 2010 2017 2020

Source: EIA

* Dictated by Policy, Environment, Technology, Fuel, and Market
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Broader Focus

v Collaboration with fuel cell and energy industries in advancing basic scientific understanding.
v Participation in technology demonstration programs.

v Work with CT legislature, policy makers and industrial leaders.

v Provides technical input to the state clean energy fund.

v Coordinate and participate in K-12 out reach programs.

Research Systems Engineering Demonstration

Maintain and Support CT Industrial Leadership

Establish Sustainable Energy Industry in CT

Trained work force Startup companies Supply chain

Civilian & Defense Market
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Broader Scope

Emerging Opportunities in:

* Energy Conversion Systems — Electrochemical to Renewables
* Fuels — Fossil to Biomass to Hydrogen
* Energy Storage — Batteries to Mechanical to Chemical

« Water - Mining effluent to post processing

Systems optimization and efficiency

"Thrust Advanced materials

Demonstration and deployment

Compete ———> Collaborate
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From “ldea” to “Implementation”

State & federal Agencies

/\.

Schools of Engineering, Business, Agriculture, CLAS

Education & Innovation Research &Validation

<

Industries

/\

Testing & Demonstration

Center for Clean
Energy Engineering

Engineered Systems

» > 20,000 Sq. Ft laboratory space

» 20 resident Faculty and researc

h Staff

» 75 Graduate Research Students

» 4 High Bay Area piped with Hydrogen for 24/7 Operation
» Well equipped laboratory — High temperature to Electrochemistry

¥ UCONN
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Innovating Technology for CT Companies

/2 United :EE%PM'E ;j FuelCell Energy

Tech no I og i es T /1 Ultra-Clean, Efficient, Reliable Power
/7
/
4 PCI
7 Precision Combustion, Inc.
Center for - ‘
Clean Energy g
. & Engineering ~ ~,Beyo reen
% § Northeast _ J N - Be)OndClean
W Utiliti
////mé ilities \\

K 4o PROTON

\.\:. ' THE LEADER IN ON SITE GAS GENERATION.
GENERAL DYNAMICS
Electric Boat
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http://www.fuelcellenergy.com/index.php

Collaboration in Clean and Sustainable Ener

P&W
Carrier
Hamilton
// UTRC
UTC Power Sikorsky Fuel cell BOP
Market transformation
C2E2 ’
AQVeE =10 erg O
] Applied Engineering
Advanced Materials
& UCONN CléaiEnergy
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Collaboration and International Partnerships
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Ederal Agency

Partners: us DOE, US Army,
ONR, DARPA, NSF, USAF

nd International Industrial

cademic Partners: Northrop
rumman, Rolls Royce, Siemens, Conoco Phillips,
Nissan Automotive, Haynes International, Harvard,
MIT, WR Grace, UMass Amherst, WPI, Boston
Univ., University of Pittsburgh, U. Wyoming, UC
Irvine, University or South Carolina, Ohio State
University, Dalian, POSTECH, Tokyo Institute of
Technology, Indian Institute of Science &

¥ UCONN
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C2E2: A portal for government and industrial partners
to energy research expertise, capabilities, and relations.

CT Industrial & Academic

Partners: united Technologies
Corporation, FuelCell Energy,
Northeast Utilities, CT Clean Energy
Fund, Proton Energy Systems, Habco,
nzymSys, PCl, DSTAR, Sonalysts,
Yardney, Mystic Innovations Group,
Yale, & many more

Research Laboratory
Partners:

ORNL, ANL, PNNL, NRC Canada,
Research Center Juelich -
Germany, Institute of Nuclear
Energy Research Taiwan, Council
for Scientific & Industrial Research
India and others
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Leadership in Sustainability — From Community to M

Center for Clean Energy Engineering

Sustainable Community . Sustainable Mobility

Smart Grid ; Smart Efficient Buildings

Position UConn, and CT industries in identifying, testing, validating and
implementing advanced technologies related to energy sustainability

kDeveIop Strategies for the Implementation of the Energy Sustainability Roadmap
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CT Energy Hub — From Concept to Validation and Demonstratio

5d |

¥

Sustainable Community
Sustainable Mobility
Smart Grid

Smart Buildings

4 CT resource
j art’G!rid eSS et Technical Leadership
Unique Facility

: 7/ ;
M FC Power Dem(f]stration SyM
¥ 4 .
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http://www.myutcpower.com/Tour/Product_Tour.html

Moving Forward with Technology Demonstration & Deploymen

Leading to Sustainable Campus
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C2E2 Research Initiatives

Emerging Energy Technologies

¥

* Fuel Cell Power Systems (PEMFC to MCFC to SOFC)

 Power plant and chemical process Simulation

 Bio- Fuels and Bio-Mass Gasification (Bio-Diesel to Bio-Solids)
« Renewable Energy systems (From Solar to Wind)

* Fuel Processing, Catalysis and Gas clean up (Hydrogen to Hydrocarbon)
 Carbon Capture (Efficient Adsorbents to Conversion)

« Combustion Research (Conventional to Oxy-fuel)

 Energetic Materials (Novel melting to Net Shape manufacturing)
« Thermal and Plasma Processing

 Energy Storage (Electrochemical to Thermal)

Smart Grid and Efficient Buildings
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Reliability and Durability of Energy Systems

Novel materials
Chemistry
Cells and Stack
Materials
Fuels and Fuel Synthesis
Processing
Advanced Fuel " —
Clean and Cell & Alternate Hydrogen c ;";‘a‘cirs'tziﬁ“on
Efficient Energy Power Generation production and J
Systems storage
Systems Reliability
Balance of Demonstration
Plant
Systems and

1 [ - Simulation

Problem Definition and Reseérch Priorities Identified
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C2E2’s Capabilities- Materials, Processes and Design

*Pilot Scale MEA Production
_ o @2),52,) *Catalyst Process Development
*Materials Characterization Process Modeling

*Materials Development
*Failure Investigation

*Design of Laboratory and Production Cells
*Troubleshoot Production Cell Issues
+System Design

+System Performance Modeling
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Advancing Metallurgy:

Sample: SS-316L-tube; Temperature: 800°C, Time: 4 & 10 h; Atmospheres: Inside tube-Dry H, and Outside tube: Wet Air

¥ UCONN
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Tailoring Surfaces to Interfaces

MnOx

-

vz

Controlled experiment: YSZ
embedded in MnO; powder

Planar surface changes to wavy surface

CENTER FOR

% UCONN CleanEnergy

WWW.ENERGY.UCONN_EDU ENG’NEER’NG



_Analytical Expertise — Key to Product Develo

5/12/2010 mag HV det | WD HFW 4 pm 5/12/2010 mag HV det | WD HFW 4 pm
3:05:01 PM |20 000 x| 10.00 kV| TLD | 5.0 mm [12.8 ym IMS UCONN 3:05:50 PM |20 000 x| 10.00 kV| TLD | 5.0 mm [12.8 ym IMS UCONN

Porous thick Cr-oxide scale. Interesting contrast under Cr-oxide scale.
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Test Facility - Examples

TGA'ﬁSC

[l”” Ik
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In=Situ Characterization
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State of the Art HT-ESEM, TGA, DSC available for materials characterization and in-situ
testing. Electrode stability, stoichiometry etc. will be studied.

& UCONN CleanEnergy
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In-Situ Characterization (HT-ESEM) and DSCIT

Xradia - X-ray Tomography

State of the Art characterization from 3D tomography to FIB-TEM are available for a wide
variety of materials development including functional materials and catalysts for energy
conversion and storage systems

CENTER FOR

% UCONN CleanEnergy

WWW.ENERGY.UCONN_EDU ENb’NEER’NG



_High Temperature Processing and Characterz

A well equipped laboratory for electrochemical measurements

¥ UCONN
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Our Continued Growth

Faculty and Staff at C2E2

4 3 3

2009 <25
2010 -39
2011-’12 > 120

Suppbrts CT;ergy

initiatives, UConn leadership
and National needs

Insbifed by Indu;trial, State, F—ederal and UConn Support
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COMBUSTION SCIENCE
& TECHNOLOGY

1.0 Callfornia Institute of
Technotogy

Rosearch: n-su fuel cet
Infro-red laser

Ph.D.: Princoton Universty

Research: Energy
combustion, fuel chemistry

FUELS & FUEL
PROCESSING

Georglos Bollas

Assistant Professor

Charmical Materians and
Blomotecular Engincering.

PI.D. Aristotie University of
Thessatoniki

Ronearch: Thermochemical and.

environmental technology

Ashish Mhadeshwar

Assistant Professor,

Chemice!, Maerals s0d
Engineering

Ph.D: University of Delaware

Richard Parnas
Associate

Ph.0: University of Iinos

Researcn: Development of CO
tolerant

ADVANCED ENERGY MATERIALS,
PROCESSES & SYSTEMS

Amir Faghri Russ Kunz George Nelson
Conter o i ety MechancalEngres
e Mechanical Engreening

Ph.D. Ronsseiner Peiytechnic

PRD: University of Uverpool, Institute
Engiand

Resanrci Thormal systema Research: Fuel Cell technology Rosesrn: Mosetngot
Rosearch: Dl fud roformeron. analysis and appication of heat oMl et
g precoun e catahuts. ipetochnology i portasie e - -

3 and systoms.

Alevtina Smirmova
Assstant Research Professor
Chemical. Matoriais. and

ine

PO St Petersburg Stste Uswersty

Puxian Gao Radenka Maric
Assistant Protesso

Theooore Bergman

Chamica Matera and L e
e Blomocias Engnasseg Cramica Mot 3nd
Ph.D. Purdue University Pn.D: Goorgia imttute of " "

Technokogy PO University of Kyoto, Japan
Rosearcn: Optimice nanomaterian
design and syathexis in conjunc-

Research: Thin fiim and
ochaclog

nanomaterian t
related applications. o

Leonard Bonville Robert Gao Trent Molter Rampl Ramprasad

Research Speciaist. Pratt and Whitney Endowed Research Scientist Associets Protessor,

Center for Giean Enery chalr 3 Cremical, Materink, and Materials and

Engneering Mochanikal Engmeanng Biomolecular Engineering Blomotecular Engineering

8.5 lona Cosege.

Ph.0: Technical Universty of PR University of Connecticut Ph.D: University of [Hinos,
Berlin. Germany Champaign Urbana

Research: Regenerative fuel

Researcn: Sensing and control, cess. bydrogen Researc Modesny,
biomechanics clectroch

Jiong Tang
‘Asaitant Protoseer.
Mechanical Engineering

Unive

PRD. Pennsyivania State
ratty

Researc: PEM Fus Cole, ystem
ol dymamic modeng

Atul Verma

Assoc

Cramical Matariak and
Bomolocuar Engreering

PRO.: Marguatte University

Hanchen Huang
School of Engineering Professor
in Sustamabie

‘William Mustain George Rossenl Jr.

Chemicat, Materions

Mochanical engmeering Slomasecuar Engnoering

PR.D.: University of Califome,
Los Angeles

Rosearch Intorests: Avanced
Materiais Procosain

Wilson Chiu Erlc H. Jordan Kenneth Noll
te Protessor. Professor.
Mechanical Engineering Mocnarieat Engneering Molecular and Cel Biology Prtessr, G, Watariata
and Blomolecular Engineering.
PRD: Rutgers University Ph.0.: Uniersity of Wisconsin- PRO. University of ilinois.
Madison Ph.D: Princeton University
Research; Microbial fuel celts,
Research: Advanced Materials. catabolic fuel

ond then
P byl i iy

Processing. temgeratures.

ouation, Computer modeling
Methods. St of pome shecroyies

Chris Cornelius Jeong-Ho Kim Ugur Pasaogullari Prabhakar Singh
Assistant Protessor pintsin il s Pttt Obector, Center for Giean Eners
OVl MM sos Wil &« Environmentat Mechanicol Engineering rgaming s NG Qeek Pyotes:

sor of Fuel Cel Technology
PILD: Uversiy of Sheffes, England
Rosearch: Sokd oxce fuelcos.

Engineering
PRO. Pennsyhania State
Unwersity

PO Unwersity of linots at
Champaign

Resaarch: PEM Fusl Celis, Mults
phase transport
phenomens

operaten.
optimization, hysecarbon et

Nydrogen sepaation and
etectren

UConn Energy Expertis

CENTER FOR
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ENERGY STORAGE & POWER MANAGEMENT

Reda Ammar Eric Donkor Krlslma Pattipati
e i P

P Lr prets, Lo o

g et s Comper S comre

Ph.D: University of Connecticut

Ph.D. University of Connecticut

Rescarch: Resh time systemes: Research: D) Researcn: Optimization of

computer simutation of fuel ces Loy genecation ana storage
parael processing. AC. converters, eectiical meas- options,

methods, mutlayer performance wrements and

modeling and analyss sl oo systems.

Mehdl Anwar Yunsi Fel Leon Shaw
Assistant Professor. or. Professar.

Eiscotal and Computer Electricai and Computer Chomical, Materials and

Engmeering ineering e Blomoiecular Enginoering

Ph.D.: Clarkson University Ph.D.: Princaton Universey, eno P.D: Universty of Plorida

interesss: Resisency of
froorderriopmitporprsh
attocks

Dessershs Oprabtin &
Minoturlza
g et o st ean e

1.0 Tokyo Institute of
Tech Japon.
Researcn: improved mchining

‘and manutacturing techniues
for PEM tuel cell
systoms.

RENEWABLE ENERGY

& RESOURCES

Alexander Agrios
istant Professor.

il and Environmental

Enginoering.

P.D.: Northwestern University
Sotar
onerey. secron et and

recomeination
electrochemistry

Joseph Bushey

‘Assistant Profossor.

cviang Environmental
ngineering

Ph.D: Carmegie Mellon Univer.
wty

Resoarch: Morcury cychng.

Mana Chrysochoon
Asain

vt ond Erronmantal
Engineering

P1.D.: Stevans institute of Toch-
rology

Research: Mercury cycling.

Harry A. Frank
Prot

Blological and Prysical
Chemistry

Ph.D.: Boston University

Beveavcs Scker photo cemsrls
(conversion focus,

Vijaya Kumar
Profossor.

Paysices snd Bioogical
Cramty

PR tndlan instute of
Technotogy, Kangur

Resaaren: Solarphoto cataets
(conversion focus)

Harris Marcus
Professor and Director,
Inatitute of Materials Science

Fotios
Papadimitrakopoulos
Professor.
Polymer and Prysical Chemistry
P10 University of
Massachusetts

Processing PV. electro

—
chromic devioes.
Juminescant mateciais

James F. Rusling
Professar.
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Thank You

Dr. Prabhakar Singh

Director, Center for Clean Energy Engineering

UTC Endowed Chair Professor in Fuel Cell Technology
University of Connecticut

44 Weaver Road Unit 5233

Storrs, Ct 06269-5233

Phone: (860) 486 8379

Cell:  (860) 336 7866

Fax:  (860) 486 8378

Email: singh@engr.uconn.edu
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