NETL-RUA 14
Annual Review —'“'

FY2012

DOE/NETL-2012/1579

=% U.S. DEPARTMENT OF



Disclaimer

This document was prepared as an account of work sponsored by an agency of the U.S. Government.
Neither the U.S. Government nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the U.S. Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the U.S. Government
or any agency thereof.

2 NETL-RUA



| AnnualReviewFY2012

NATIONAL ENERGY TECHNOLOGY LABORATORY
REGIONAL UNIVERSITY ALLIANCE (NETL-RUA)

Annual Review FY2012

DOE/NETL-2012/1579

FINAL REPORT
June 2013

NETL-RUA Contact: Julianne Klara

National Energy Technology Laboratory

www.netl.doe.gov

NETL-RUA 3



4

Acknowledgments

The efforts described in this report were made possible through the funding and guidance provided by the NETL Strategic
Center for Coal and Strategic Center for Natural Gas and Qil. The guidance and support of NETL Office of Research and
Development (ORD) senior management and the NETL-RUA Executive Committee (EC) were crucial to the success of these
research efforts.

The contents of this report reflect the hard work and dedication of a multitude of researchers from NETL, its five university
alliance, and its site support contractor, URS, under U.S. Department of Energy (DOE) NETL contract No. DE-FE0004000.
Support provided under DOE Contract No. DE-FE0004003 for the preparation of this report is gratefully acknowledged.

Special thanks to the following individuals who supported the preparation of this review: Nancy Andres', David Anna’,
George Guthrie', Bryan Morreale', George Richards', Jessica Sosenko', Madhava Syamlal', Richard Bajura?, Andrew Gellman?,

Brian Gleeson?, Dan Haworth?, Roe-Hoan Yoon?, Gabe Barki?, Amanda Heaton?®, Tom Marshall, John Oelfke?, Kelli Snedegar?,
Andrea Ware?, Terry Summers*, Paul Deffenbaugh?®, Lee Carnahan®, Jane Engel®, Jennifer Funk® Christy Pecyna®, and

Darcy Sucevich®.

'NETL, 2NETL-RUA Consortium Area Leads (CALs), *Keylogic Systems Inc,, “Smart Data Solutions, LLC, and *URS Corporation

PENNSTATE.
N=TL CarnegieMellon ﬁ

l‘f._;':’i University of Pittsburgh [JlVirginiaTech %"$ WestVirginiaUniversity. URS

NETL-RUA



| AnnualReviewFY2012

Table of Contents

List of Abbreviations . . .. ....... ... ... ... ............... 6
Letters
Message from NETLs Director. . . . .. ... ... i, 8
Message from NETL's Research and Development Director . . . .. ... .. 8
Messages from NETL-RUA University Presidents . . . ... ........... 9
A Word from NETL-RUA'S Manager . ... ...oovviinnn. .. 10
TheYearinReview ....... ... ... .. ... .. ... ... .. ... .. 1
Performing InnovativeResearch . . ... ..................... 15
Increasing Economiclmpact . ......... ... .. ... ... . ... 31
Accelerating Innovative Solutions . . . . .. ....... ... . ... 39
Preparing Tomorrow’s Energy Leaders . . . ... ... ... . 43
Operations . ......... ... . . . . . . . 50
NETL-RUA Executive Committee . . . . . ... .................. 50
NETL-RUAataGlance . ... ... . . i 51
OutreachandImpact. . . ... ... . ... . . i 52
Whatto Expectin2013 . . . . . . ... e 63
Appendix A: FY2012 NETL-RUA Research Teams and Personnel . . . .. 65
Appendix B: FY2012 NETL-RUA Peer-Reviewed Publications. . . . . . .. 81
NETL-RUAContacts. . . . ........ ... .. .. ... .. .. ... .. ..... 92

NETL-RUA



6

Abbreviations

a-Si

ADA-ES

AIChE

ALAMO

APU

A-USC

AVESTAR™

BIAS

BSCl

C3M

CAL

CCR

CCsl

CFD

CLC

CMRA

CcMU

CRADA

NETL-RUA

amorphous silicon
ADA Environmental Solutions, Inc.

American Institute of Chemical
Engineers

Automated Learning of Algebraic
Models for Optimization

auxiliary power unit
advanced ultrasupercritical

Advanced Virtual Energy Simulation
Training and Research

Basic Immobilized Amine Sorbent
Boston Scientific Corporation Inc.

Carbonaceous Chemistry for
Computational Modeling

Consortium Area Lead (University)
Council for Chemical Research
Carbon Capture Simulation Initiative
computational fluid dynamics
chemical looping combustion
Critical Materials Research Alliance
Carnegie Mellon University

carbon dioxide

Cooperative Research And Development
Agreement

DOE

E&d

EDX

EMS

EPA

EPACT

ESR

FEB

FLC

FOA

FWP

FY

GE

GHG

GTC

HENAAC

Division Director

Department of Energy

Energy and Innovation

Executive Committee

energy data exchange

Earth and Mineral Sciences
Environmental Protection Agency
Energy Policy Act

Electro Slag Remelting

Fossil Energy

Federal Executive Board

Federal Laboratory Consortium
Funding Opportunity Announcement
Field Work Proposals

fiscal year

General Electric

greenhouse gas

Grid Technologies Collaborative

Hispanic Engineer National Achievement
Awards Corporation

integrated assessment model



ICMI

IGCC

IPT

LIBS

Li-ion

MFIX

MOSS

NAE

NAS

NATCARB

NETL
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Ni

NRAP

OASIS

ORD

PCC

PECASE

Industrial Carbon Management Initiative
integrated gasification combined cycle
Innovative Process Technologies
laser-induced breakdown spectroscopy
lithium ion

Multiphase Flow with Interphase
eXchanges

Members Only SharePoint Site
National Academy of Engineering
National Academy of Sciences

National Carbon Sequestration Database
and Geographic Information System

National Energy Technology Laboratory

National Energy Technology Laboratory-
Regional University Alliance

nickel
National Risk Assessment Partnership

omicron analysis and surface imaging
system

Office of Research and Development
Pyrochem Catalyst Corporation

Presidential Early Career Award for
Scientist and Engineers

Penn State
PI

Pitt

R&D

SBEUC

SECA
SERA
SGA
Si
SOFC

STEM

SwRI
T&D
ubw
UNIGE
USDA

Virginia Tech

WVU
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Pennsylvania State University
Principal Investigator
University of Pittsburgh
Research and Development

Simulation-based Engineering User
Center

Solid State Energy Conversion Alliance
Shale Energy Resources Alliance
Strategic Growth Area

Silicon

solid oxide fuel cell

science, technology, engineering and
math

Southwest Research Institute
transmission and distribution
Ultra-Deepwater

University of Genoa

United States Department of Agriculture

Virginia Polytechnic Institute and
State University

West Virginia University
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“We brought together five major universities, a very
multifaceted government organization, and a major
company to channel efforts and focus on a singular
goal of building a regional powerhouse that could
do fantastic, cutting-edge research.”

—Anthony Cugini, Director, National Energy Technology Laboratory

“NETL-RUA delivers a powerful combination
of capability and expertise to serve as an
engine for energy innovation for the region,
the nation, and the world.”

—Cynthia Powell, Director, Office of Research and Development,
National Energy Technology Laboratory
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Messages from NETL-RUA University Presidents

Jared Cohon

President, Carnegie Mellon University

“NETL is the anchor of a regional research network that is advancing breakthroughs to transform
America's energy future. Working with NETL, the RUA partners are committed to speeding
technologies from the lab to commercialization and deployment and to establish a new model

for university/federal laboratory collaboration.”

Rodney Erickson

President, Pennsylvania State University

"Many of our faculty members have already had some collaborative research and scientific
exchange. This type of intellectual exchange fosters understanding and can lead to discoveries
that will benefit our institutions, our nation, and the world.”

Mark Nordenberg

Chancellor, University of Pittsburgh

“The University of Pittsburgh is proud to be partnering with four other outstanding universities

on the Regional University Alliance. Our five universities have a combined total research portfolio
in excess of $2 billion and have highly complementary strengths in energy research. Our alliance
with NETL creates a powerful partnership at a time when energy research is a top national

priority — in terms of economic growth, national security, and environmental stewardship.”

Charles Steger

President, Virginia Polytechnic Institute and State University

“With 200 researchers focused on environmentally friendly and sustainable energy, Virginia Tech
is committed to working with its NETL-RUA partners to develop existing domestic energy
resources and new materials. Our efforts will help propel the United States into the new, clean
energy economy, energize our country’s high-technology manufacturing industry, and preserve
the environment for generations to come.”

James Clements
President, West Virginia University

“As the flagship, land grant university of one of the nation’s leading energy producing states,
West Virginia University is committed to providing the ideas, talent, and leadership needed to address
global energy concerns through collaboration in education, discovery, and innovation. We know that
the NETL-RUA partnership, combining the talent of five of our nation’s leading research universities
with that of the National Energy Technology Laboratory, will help enable the U.S. to lead the world in
the development of innovative solutions to address the growing global demand for energy.”

NETL-RUA




A Word from NETL-RUA’s Manager

Three key goals of NETL-RUA are to develop transformative science and technology
solutions that will lead to a sustainable energy future, use research as a springboard to
develop the energy leaders and entrepreneurs of tomorrow, and serve as a source of
regional economic development and nationwide job creation. In its second full year of
operation, NETL-RUA has made significant strides in all three of these areas.

NETLs mission-critical research, performed by federal researchers working with university
and industry researchers of NETL-RUA, has resulted in discoveries that will lead to efficient
reduction of the carbon footprint of fossil energy systems, economical utilization of
produced carbon dioxide, and safe production of domestic fossil resources that move
us toward energy independence. Through joint NETL-RUA investment to seed several key
initiatives, known as “Strategic Growth Areas,” NETL-RUA teams are pursuing opportunities
that capitalize on the unique nexus of capabilities and expertise borne from NETL-RUA
fossil energy research to address a broader array of energy-related issues. These areas
include critical materials, grid technology, and shale gas, all of which are supported
by the cross-cutting technologies of advanced materials and computational science. In all of these efforts, NETL-RUA
researchers have worked together to create stronger teams and offer more robust research plans in pursuit of expanding
research and development efforts. In the two years since its inception, NETL-RUA has seen a measurable increase in these
collaborative efforts, resulting in increased opportunities for new research that will have a positive effect on economic
growth, environmental stewardship, and energy security.

This year, over 40 students obtained advanced degrees as part of NETL-RUA confirming the program'’s commitment to
engage students in cutting-edge energy research. Through its ability to provide real world experience and offer hands-on
education for engineers and scientists, its partnerships with manufacturers and industry, and its focus on market-based
applications, NETL-RUA continues to serve as a key source of regional economic development and nationwide job creation.
The prestigious awards and other recognition achieved by NETL-RUA researchers described in this report indicate that the
impact and value of NETL-RUA research has been acknowledged by peers in the technical community.

Through a targeted strategy developed for the coming year, NETL-RUA will build on the success achieved in this second
year of fossil energy research, strategic growth, and educational initiatives to have an even greater positive impact on the
future of energy.

Respectfully,

Julianne M. Klara

NETL-RUA Manager

Office of Research and Development
National Energy Technology Laboratory
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The Year in Review

NETL has a 100-year history of partnering with academia and industry to solve the nation’s energy issues by developing
and commercializing new technologies. NETL is continuing these long-standing partnerships through the NETL-RUA
(or Alliance), a government-university-industry energy research partnership established in January 2010.

This alliance combines the facilities, expertise, and
resources of NETL with those of five world-renowned
research universities—Carnegie Mellon University
(CMU), the Pennsylvania State University (Penn State),
the University of Pittsburgh (Pitt), Virginia Polytechnic
Institute and State University (Virginia Tech), and
West Virginia University (WVU)—as well as industry
partner URS Corporation, one of the nation’s largest
and most comprehensive engineering services firms.

Top scientists and engineers from NETL, URS, and five
regional university partners are working to develop
solutions that will enable the responsible, sustainable
utilization of our nation’s fossil energy (FE) resources,
and create the innovative technology platforms that will
be needed to transition to a sustainable energy future.

The Alliance made significant strides toward meeting all
four key strategic goals during the fiscal year (FY) 2012
period from September 1, 2011 through October 31, 2012.

Innovative Research

NETL-RUA researchers have collaborated to achieve
some key innovations in FY12. These revolutionary
technologies have the potential to dramatically increase
the performance of processes to reduce the carbon
footprint of FE systems and enable super-efficient
advanced power production systems.

Annual Review FY2012

NETL-RUA Key Goals:

1. Perform innovative, collaborative

research to meet U.S. demand for
energy, power, fuels, and chemicals
from fossil fuels and allow for a
smooth transition to a sustainable
energy future

. Increase the economic impact of

the research and development
(R&D) portfolio through new
opportunities and markets

. Accelerate commercialization of

advanced technologies through
cooperative programs

4. Prepare tomorrow’s energy leaders

NETL-RUA



Key technology developments include:

e The Basic Immobilized Amine Sorbent (BIAS)

process was recognized by R&D Magazine as among
the 100 most technologically significant products
introduced into the commercial marketplace within
the past year. The BIAS sorbent technology is capable
of capturing carbon
dioxide (CO,) from flue
gas at a cost lower than
that of conventional
systems and shows
promise for other
applications such as
natural gas purification
and conversion of landfill
emissions to fuel.

Basic Immobilized Amine Sorbent

Developed by a partnership of National Laboratories
(Los Alamos National Laboratory, Lawrence Berkeley
National Laboratory, Lawrence Livermore National
Laboratory, NETL, and Pacific Northwest National
Laboratory, and led by NETL ORD, the Carbon
Capture Simulation Initiative (CCSI) Toolset
consists of modeling and simulation software that will
help reduce the cost of and time to complete various
stages of carbon capture technology development
(from the discovery of new materials to the deployment
of new technologies) with the expectation of reducing
development time by about 25 percent.

Researchers developed the “most efficient” approach
ever reported to convert CO, to useful chemicals.
This catalyst concept for CO, utilization,

which uses the lowest possible energy input on a
thermodynamic basis, may provide an efficient and
cost-effective pathway for converting unwanted CO,
emissions from FE systems to chemicals and other
value-added products.

A homogenization heat treatment for cast alloys
was developed that provides a computationally-
based procedure for producing thick-section metal
alloy castings. This process helps produce uniform and
consistent high-temperature mechanical properties
resulting in creep performance rivaling that of forged

NETL-RUA

product of the same alloys. This is an enabling
technology for high-efficiency advanced power
systems.

Cathode technology for solid oxide fuel cells
(SOFCs) that can increase SOFC performance by
40 percent, while decreasing costs by a similar
percentage, has been demonstrated by researchers
in lab tests to have exhibited stable cathode
performance for more than 1500 hours. This
technology is being transferred to the private
sector for pilot-scale testing.

A real-time sensor for gas composition has
been developed that, unlike existing approaches
that require several minutes to analyze a gas blend,
can make measurements in less than one second for
natural gas and most other gas mixes of interest to
advanced power systems. This sensor technology
will be used to measure coal syngas composition at
the Wilsonville National Carbon Capture Center, and
may be applied to characterize gas composition in
chemical conversion facilities.

Raman gas composition sensor system makes
real-time measurements in less than one second.
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¢ Advanced Virtual Energy Simulation Training
and Research (AVESTAR), a high-fidelity, real-time
dynamic simulator with a full-scope operator training
system and a first-of-a-kind 3-D virtual immersive
training system, provides hands-on, simulator-based,
industry workforce training and engineering
education on the operation and control of clean
energy systems. It also enables the conduct of
collaborative R&D on dynamic process modeling,
advanced process control, optimal sensor placement,
3-D virtual plant technology, smart manufacturing,
operational excellence, and modern grid applications.

Using the Virtual Plant at AVESTAR, plant conditions can be modeled
in real time and visualized in 3-D for education and research.

Economic Impact

To increase the economic impact of NETL-RUA's research
portfolio, its members have leveraged core capabilities
and expertise to successfully garner over $2 million in
joint Alliance proposals, expanded university research
efforts by over $30 million in grant and contract awards,
and submitted an NETL-RUA proposal worth $120 million
to DOF's Energy Innovation Hub—Critical Materials funding
opportunity announcement (FOA), the award of which
was still pending at the end of FY12.

Commercialization

Accelerating commercialization of advanced technologies
has been accomplished by identifying potential
intellectual assets and working to convert them into new
products, processes, and jobs. Twelve patents were issued
during FY12, including those for a laser-based analytical
technique to perform real-time chemical element
measurements to monitor CO, leakage, seal integrity, and
Marcellus shale gas and water; a novel, low-cost approach
for assembling a new anode for lithium ion batteries that
results in a four- to five-fold increase in storage capacity;
and a deactivation-resistant catalyst that disrupts the
formation of carbon, a key contributor to deactivation of
fuel reforming catalysts.

Tomorrow'’s Leaders

NETL-RUA continued its efforts to establish collaborative
energy education programs using its research as a
springboard by engaging 115 graduate and undergraduate
students in NETL-RUA projects. Forty-one student
researchers obtained advanced degrees in FY12 while
working on NETL-RUA funded research. Additionally,
NETL-RUA projects have been incorporated into some
university business plan coursework as case-studies.
One such project had significant success in national and
international business plan competitions and has led to
the formation of a start-up company based on NETLs
patented R&D 100 award-winning cerium oxide coating
for metallic alloys.

NETL-RUA 13
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Performing Innovative Research

Develop advanced energy systems based on sound science and consistent with the sustainable
use of energy and environmental resources to meet present and future challenges in the
production of energy, power, fuels, and chemicals.

FE Research

Our ability to meet the current and future energy needs ObjeCtIVES.
of a global society will depend on the sustainable use
of energy and environmental resources. Innovative
solutions are being developed to transform today’s

1. Create and enable the right research
teams to conduct the right research

FE technology into highly efficient, affordable, and clean that effectively meets emerging national
advanced energy systems of the future. needs for science and technology.
NETL-RUA research is focused on addressing the grand . Build R&D partnerships with the
challenges of reducing the environmental footprint capability and expertise to be a

of FE utilization for power, fuels, and chemicals and force in the discovery, development,
ensuring energy security by developing safe and and deployment of next generation

affordable technologies for producing our nation’s technologies.
domestic resources.

. Discover and develop the technologies

to create research teams with experience, talent,

renowned capabilities, and world-class facilities
to discover, develop, and deploy next generation
technologies.

The research being conducted by NETL-RUA is
managed through thirteen collaborative research
teams, comprising researchers from NETL, the Alliance
universities, and site support contractor URS. This
research also encompasses R&D partnerships with
industry and other national laboratories to ensure that
technologies under development effectively meet the
emerging scientific and technological needs of the
market.

The following is a summary of the major FY12 research
accomplishments in each key FE research area.

A benefit of the 3D Virtual Plant at AVESTAR is the added dimension
of plant realism and familiarization.

NETL-RUA
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Coal Research

The primary focus of NETL-RUA coal R&D is
to produce technologies that will increase
fossil system efficiency and reduce emissions.
Improved system performance preserves
domestic natural resources while reducing the
cost of controlling pollution and capturing and
sequestering greenhouse gases (GHGs), all of
which lead to greater energy and economic
security.

Advanced Combustion

To improve the efficiency of conventional power generation,
and thus reduce fuel consumption and lower GHG
emissions, the NETL-RUA Advanced Combustion research
team is conducting laboratory- through pilot-scale tests
of advanced combustion technologies and systems
capable of improving CO, capture performance with a
minimal increase in the cost of electricity.

Oxy-combustion technology, in which oxygen is used
instead of air for combustion, results in flue gas with a
much lower nitrogen content, making it easier and more
efficient to capture, utilize, and sequester produced
CO,. Further, the higher operating temperatures of the
oxy-combustion system allow for a more efficient steam
cycle for power generation.

A key objective of advanced combustion research is to
develop boiler alloys that can withstand higher pressures
and temperatures than current commercial systems. NETLs
advanced ultra-supercritical (A-USC) steam autoclave
provides researchers with the unique capability to examine
fundamental issues of steam-side corrosion as functions
of temperature and pressure.

NETL-RUA

In late FY12, shakedown tests of NETL's A-USC steam
autoclave achieved supercritical steam conditions with
good pressure control and permitted researchers to study,
for the first time, material response to steam oxidation at
proposed boiler/steam turbine steam pressures for A-USC
power plants. In fact, the unit achieves greater than 265 bar
pressure, which surpasses the pressure capability of other
national laboratory autoclave systems in the United States
and United Kingdom.

Research is also focused on designing alloys and developing
manufacturing processes that can be practically and
economically utilized to produce full-scale components
for deployment. Research on nickel (Ni) superalloys has
focused on alloy design, manufacturing process control,
and heat treatment to produce homogenized high-quality
Ni-based castings and steel forgings.

— ioet "
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Transmission electron micrograph of martensitic steel CPJ-7

The NETL-RUA Advanced Combustion research team
designed and manufactured ferritic-martensitic steels
(designated CPJ-7-14) at NETL during the past year. One
such steel, CPJ-7, has shown significant improvement

in creep strength compared to existing state-of-the-art
commercial power plant steels. This new martensitic
steel could replace Ni-based alloys in USC steam turbines
at temperatures up to about 635 °C at a significantly
reduced cost for equal performance. A provisional patent
application has been filed for this ferritic-martensitic steel.
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NETL-RUA collaborated with industry partners in FY12
to facilitate the development of large-scale Ni-based
superalloy castings for power plant applications. A portion
of the research centered on achieving homogenized
structures using a computationally-based heat treatment
schedule that resulted in optimal mechanical behavior
for the cast components. Researchers from the NETL-RUA
Advanced Combustion team worked in particular with
General Electric Company (GE) and its casting vendors to
develop thick section Ni superalloy casting technology.

NETL-developed, computationally-based homogenization
procedures have also been used to heat treat up to
1000 pound castings of Haynes 282 and alloy 263 that had
uniform microstructures with little to no segregation and
consistent high-temperature mechanical properties. Use of
the computationally-based homogenization schedule prior
to final aging for strength resulted in creep performance
rivaling that of the more expensive forged versions of these
same alloys.

Turbine Thermal Management

Gas turbine technology is directly linked to our nation’s
economic and energy security. The NETL-RUA Turbine
Thermal Management research team takes an integrated,
systematic approach to advancing thermal protection of
turbine hot sections such as first-stage vanes and blades
and control of secondary flows.

Turbines have been the world'’s energy workhorses for generations.
They are the heart of almost all of the world'’s electric generating
systems.

Significant advances in turbine cooling effectiveness, as
well as thermal barrier coating performance and durability,
are needed for turbine operation at the high temperatures
and pressures required by future high-efficiency, nearzero
emission turbine power systems.

NETL-RUA research projects utilize the extensive expertise
and readily available facilities at NETL and participating
universities and are being undertaken by a highly
collaborative and interactive materials and heat transfer
team consisting of major land-based turbine original
equipment manufacturers (Siemens Energy, Pratt &
Whitney) and at industrial manufacturing sites (Mikro
Systems Inc., Howmet International, PCC), small business
partners (Coatings for Industry), industrial stakeholders
(GE, Siemens, Solar, Pratt & Whitney, universities, Southwest
Research Institute [SWRI], FTT, etc), and other government
agencies (NASA GRC, Ames Laboratory).

The overall NETL-RUA research approach includes
explorative studies based on scaled models and prototype
coupon tests conducted under realistic pressure and
high-temperature turbine operating conditions. In
conjunction with these efforts, a world-class NETL-RUA
rotating turbine test facility is being designed and
constructed at Penn State in collaboration with Pratt &
Whitney that, when completed, will address leakage,
secondary flow, and internal heat transfer in high speed
rotating turbine airfoils.

Turbine materials development efforts in FY12 included
evaluation of advanced material system architectures
on airfoil metal substrates with extreme thermal barrier
coated systems for operation at temperatures greater
than 1400 °C.

Efforts to expand the materials portfolio also included
development of integrated oxide dispersion strengthened
systems for use with NETL-RUA's near surface embedded
micro-channel concept for enhanced airfoil surface cooling,
and leveraging ceramic matrix composite technologies
for use at turbine inlet temperatures between 1500 and
1600 °C.

NETL-RUA
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These concepts to further increase the cooling effectiveness
of internal and film cooling designs are being converted
to prototype, first-of-a-kind, cast test coupons for heat
transfer performance evaluation in NETLUs high temperature/
pressurized aerothermal test facility.

Advanced Gasification

The outstanding environmental performance of gasification
makes it an excellent technology for the clean production
of electricity and other products such as fertilizer or
feedstock chemicals used in the manufacture of plastics.

The NETL-RUA Advanced Gasification research team
focuses on optimizing gasification systems to facilitate
cost-effective gasification of both high- and low-rank
coals and alternative feedstocks such as petcoke and
biomass, improving system components and materials,
and developing models designed to increase system
efficiency, reliability, and reduce manufacturing costs.

The team made significant progress in refractory
improvements and low-rank coal optimization. The
team developed software to predict slag properties and
collected the first thermodynamic data for low-oxygen,
partial vanadium compounds that can be used to predict
properties of petcoke feedstock—data that is essential for
predicting slag behavior and controlling the gasification
process. This work, though in its early stages, was
recognized by the American Ceramic Society as the most
important phase diagram work of 2012.

NETL-RUA is also developing predictive models of

coal particle gasification by analyzing actual carbon
feedstock particle size fractions to predict their impact on
gasification efficiency, the fluidity of mineral impurities,
particle buildup on heat exchangers, and the physical
state of various materials during the gasification process.
This information provides insight into preparing materials
for gasification and controlling/minimizing gasification
material issues.

The NETL-RUA Advanced Gasification research team
continues to be at the forefront of reactive multiphase
flow simulation. A new version of Carbonaceous Chemistry
for Computational Modeling (C3M), the world's largest

NETL-RUA

virtual reaction kinetics laboratory for coal and other
carbonaceous materials, was developed and delivered to
industry in FY12.

L

Blaedatls)

The C3M helps bridge the gap between reliable chemistry and
computational models of reacting, multiphase systems with the tools
needed to build and understand complex chemistry models.

Further, a new version of the open-source simulation
code Multiphase Flow with Interphase eXchanges (MFIX),
which includes several advances in its underlying physics
and geometric modeling capabilities, was launched.
These modeling tools continue to impact reactive
multiphase flow simulation directly through application
of gasifier and carbon capture device modeling and
indirectly through dissemination to industry through
commercial simulation software and academic research
applicable to FE systems. MFIX has over 3000 registered
users, including 384 new registrations in 2012 (73 percent
universities, 15 percent industry, and 12 percent others).

Optimizing coal-based processes depends on efficiently
removing harmful emissions of mercury, arsenic, and
selenium derived from coal utilization. This research team
has been instrumental in developing patented materials
for synthesis gas cleaning at elevated temperatures to
meet new U.S. Environmental Protection Agency (EPA)
mercury emissions requirements (which are considered
to be the most difficult to meet). Patented materials for
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warm-gas cleanup have been developed, licensed to
Johnson Matthey, undergone successful industrial testing
at Southern Company, and have received an R&D 100
award. A total of six patents have been awarded and two

R&D 100 awards received in the area of warm-gas cleanup.

FY12 also saw the launch of NETL's AVESTAR™ Center, a
high-fidelity, real-time dynamic simulator with operator
training and first-of-a-kind 3-D virtual immersive training
for an integrated gasification combined cycle (IGCC)
power plant with CO, capture. This innovative virtual
reality technology—when combined with AVESTAR’s
state-of-the-art, real-time, high-fidelity IGCC dynamic
simulator—provides engineers, operators, researchers,
and students with hands-on operations, control, and
safety training in a highly realistic, integrated, IGCC plant
and control room environment.

The NETL-RUA Advanced Gasification research team
uses AVESTAR to conduct internationally-recognized
collaborative R&D on dynamic process modeling, advanced
process control, optimal sensor placement, 3-D virtual plant
technology, smart manufacturing, operational excellence,
and modern grid applications.

Fuels

Coal—America's most plentiful domestic FE resource—has
the potential to produce abundant, economically attractive
hydrogen, and other clean fuels to both increase energy
security and reduce CO, emissions. Development and
demonstration of syngas conversion technologies will
facilitate the production of affordable fuels, intermediate
chemicals, and power from coal-based feeds.

The NETL-RUA Fuels research team is focused on
developing and assessing technologies such as catalysts
and separation materials that can facilitate gas conversion
reactions and be used in severe environments associated
with syngas conversion for extended periods while
retaining their beneficial properties. The overall objective
is to significantly advance the development of low-cost
membrane materials and architectures that have high
hydrogen selectivity, provide appropriate hydrogen fluxes,
and resist degradation by syngas-laden contaminants.

A high pressure (up to 1000 psi), high temperature (up to 900 °C)
test reactor used by NETL-RUA researchers to develop and test
materials in a syngas environment.

Hydrogen separation technologies are being tailored to
conditions consistent with post-warm gas cleaning and
integration into water-gas shift technologies. Recent
studies have revealed the potential for significant uptake of
the contaminants arsenic and selenium into the separation
alloy upon exposure to even low levels of these species.

Systems studies have indicated that development of a more
durable membrane that can function under real operating
conditions may be more important than simply focusing
on a hydrogen flux target. While membranes must still have
desirable flux properties, thicker membranes that are more
stable at higher temperatures may, relative to cost, be of
greater value.

This research is also focused on developing catalytic
materials that can utilize typical fossil gas constituents
as a replacement for petroleum feedstocks to create
transportation fuels, chemicals, or other value-added
products. For example, over 90 percent of the industrial
chemicals benzene, toluene, and xylene are currently
derived from petroleum naphtha. Successfully developing
materials and processes to create these chemicals from C1
through C3 gas species can potentially replace a significant
portion of petroleum feedstock. While incremental
improvements in efficiency and selectivity have been
made, success will depend on a combination of catalytic
conversion and product removal, where shortcomings of
equilibrium-limited reactions can be overcome.
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Fuel Cells

Fuel cells directly convert chemical energy to electrical
energy using fuels such as coal and natural gas, bio-fuels,
diesel, and hydrogen. Fuel cells are envisioned as supporting
technical solutions to contemporary challenges in national
security, the environment, fuel availability, and energy
security. Fuel cells have the potential to enable high
efficiency in central generation applications, present
diverse opportunities for carbon capture, reduce criteria
pollutant emissions, and conserve water.

NETL-RUA has diverse fuel cell testing and analytical
capabilities that it is using to develop innovative new
materials and evaluate the performance of fuel cells
developed in DOE's FE Program. One major component
is a multi-cell array test platform that has been used to
examine fuel cell durability on coal synthesis gas. This
unique experiment has allowed NETL-RUA researchers
to characterize fuel cell lifetime subject to direct exposure
to coal impurities, and thereby establish target synthesis
gas cleaning levels.

The NETL-RUA Fuel Cell research team’s objectives are
to reduce stack costs and increase cell efficiency and
stack longevity. Research is focused on investigating
degradation processes of anode/electrolyte/cathode
components as well as engineering electrode materials
and microstructure.

The team’s accomplishments include development of a
cathode infiltration technology that can increase SOFC
power performance by more than 40 percent. This
power density increase corresponds to an equivalent
cell stack cost reduction, and the materials impart
enhanced stability in operational tests lasting more than
1,500 hours. This technology is currently being transferred
to the private sector through industry collaboration
focused on scaling it to commercially relevant scales
(> 100 cm? active area).

The Fuel Cell research team also identified degradation
modes associated with syngas fuel, air, and length of
operation that diminish fuel cell stack lifetime and reduce
reliability. Methods to mitigate two specific problematic
modes were developed in collaboration with two industrial
partners in DOE's Solid State Energy Conversion (SECA)
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program. NETL-RUA is now developing models to support
commercial operation in a full-scale application, targeting
a 200 percent increase in cell stack life with a resulting

decrease in the cost of electricity.

Shown above is a cutaway image of the NETL-RUA
Fuel Cell research team’s multi-cell array during
operation. Each fuel cell converts chemical energy
directly to electrical energy through a high-efficiency
electrochemical reaction.

Carbon Storage

The NETL-RUA Carbon Storage research team is
conducting research aimed at developing technologies
that will significantly improve the safety and permanence
of geologic CO, storage. Research includes developing
estimation techniques for geologic storage capacity and
permanence; technologies for monitoring, verifying,
and accounting for CO,, brine, and pressure plume
migration into groundwater and air; and simulation and
risk assessment tools for predicting processes affecting
porosity and permeability. The research activities involve
applied laboratory and pilot-scale experiments as well as
numerical modeling.
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Estimation techniques for geologic storage capacity
were improved with the launch of the National Carbon
Sequestration Database and Geographic Information
System (NATCARB). This interactive online tool integrates
information on North American CO, sources and
potential storage reservoirs with ongoing research and
demonstration projects in a publicly available, user-friendly
mapping tool.

In order to more accurately evaluate CO, storage potential, a
variable grid approach is applied to the Oriskany formation.
This allows the availability of data to guide spatial analysis
and interpolation methods when data density is not constant.

Additionally, the team developed a new geospatial
analysis approach to characterize, interpret, and display
subsurface geologic characteristics from well log entries to
provide detailed inputs needed for assessing prospective
CO, storage capacity. This new geospatial approach is tied
to higher density of subsurface data for improved spatial
resolution and characterization. The goal of this work is to
assess capacity to +30 percent to facilitate CO, storage.

The Carbon Storage research team has also developed
a comprehensive suite of monitoring techniques

for detecting CO, migration to the near-surface. The
techniques focus on detection of tracers as well as
potential changes in groundwater chemistry. These
techniques allow operators to simultaneously confirm
permanent storage of CO, and that groundwater is not
being contaminated.

Results from NETL-RUA experiments on CO /brine/rock
interactions under sequestration conditions indicate
that CO,-induced mineral dissolution and precipitation
can result in significant changes to the permeability
of the formation rock, which will have an impact on
the potential rate of injection in the field. These results
reinforce the importance of considering mineral reactivity
in site characterization/evaluation.

Carbon Capture

Carbon capture and storage from fossil-based power
generation is a critical component of a realistic strategy
to prevent an increase in atmospheric CO, concentration,
but capturing substantial amounts of CO, using current
technology would result in a prohibitive increase in the
cost of producing energy.

— i, M il

lonic liquids created by NETI-RUA’s Carbon Capture team have
found application as CO, solvents, membrane transport phases,
and electroplating media.

NETL-RUA is pursuing a multifaceted approach that
leverages cutting-edge research facilities, world-class
scientists and engineers, and strategic collaborations to
foster the discovery, development, and demonstration of
efficient and economical approaches to carbon capture.

NETL-RUA's capture program seeks to create technological
solutions for carbon capture from pulverized coal power
plants, IGCC plants, and oxy-combustion plants. Capture
conditions are vastly different in each of these power
cycles, so separate materials development programs have

NETL-RUA 21



22

been undertaken for each. Additionally, both the IGCC and
oxy-combustion cycles require large amounts of oxygen,
which is expensive to produce and adds considerable cost
to the processes; therefore, NETL-RUA is also exploring new
materials for selectively separating oxygen from air.

Current research is accelerating development of solvents,
sorbents, and membranes by pursuing complimentary
computational and experimental approaches.

Sorbent pellets of immobilized polyethylenimine on the
support CARIACT Q10, a commercial silica gel support with
a diameter of 100 to 350 um. Sorbent pellets were prepared
in two 600-1b batches by Pressure Chemical Company.

A solid sorbent capable of capturing CO, from flue gas at a
cost lower than that of conventional systems was created
and patented in FY12. Developed by researchers at NETL
and ADA Environmental Solutions, Inc. (ADA-ES), the BIAS
Process was recognized by R&D
Magazine as among the 100
most technologically significant
products introduced into the
commercial marketplace within
the past year. The sorbent can
be used not only in power
generation applications but
may also be useful in purifying
natural gas and converting
landfill emissions into fuel.

NETL was recognized
as a leader in the
development of solid

sorbent technology

when it was awarded
an R&D 100 award.

NETL-RUA

NETL-RUA research has also resulted in a cheap and
effective solution to the problem of capturing CO,
from gas streams containing hydrogen through the
use of modified silicone oil (polydimethysiloxane), a
hydrophobic solvent. By altering the molecular structure
of the oil so that it cannot cross-link and has a higher
solubility for CO,, a new compound was created, which
could someday replace Selexol™ for hydrogen purification
and, ultimately, for capturing CO, from gasification-based
power generation.

Materials and separation technologies developed by the
Carbon Capture research team may also impact other areas.
For example, NETL patented an epoxy-like resin with CO,
as one of its ingredients, which may one day take the place
of some commercial adhesives. The adhesive sequesters a
small amount of CO,, but its main environmental advantage
is that it does not require the use of isocyanate precursors,
which are both polluting and toxic. The adhesive may be
cured by either light or heat and has generated interest
from a major coatings company.

Researchers from the Carbon Capture team worked with
collaborators from the Energy Frontier Research Center

at the University of California — Berkeley to create the first
chemical informatic screening algorithm for ionic liquids.
The algorithm allows researchers to quickly screen vast

libraries of ionic liquids for important properties such as
low viscosity and high CO, solubility. The most promising
candidates can then be synthesized and tested.

Chemical informatic methods greatly facilitate discovery
of new materials in useful—but very large—materials
sets like triazolium-based ionic liquids. The first million
structures have now been examined and the model
fully validated. New ionic liquids with ideal CO, capture
properties are expected to be synthesized next year.

Another new discovery is an innovative solvent that
could improve the process of electroplating aluminum
onto iron. This new ionic liquid solvent is non-volatile
and does not degrade under process conditions, which
gives it a major advantage over existing electroplating
technologies that emit hazardous organic pollutants and
create coarser aluminum coatings. The new technology
may prove useful for creating cheap, corrosion resistant
parts for military hardware.
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Innovative Process Technologies (IPT)

The NETL-RUA IPT research team is concerned with the
development of innovative, cost-effective technologies that
promote efficiency, environmental performance, availability
of advanced energy systems, and the development of
computational tools that shorten development timelines
of advanced energy systems. These technologies are often
at the lower end of the technology readiness scale, but
their success would lead to revolutionary changes in the
energy market.

The five research tasks being pursued by this team include
advanced sensors and controls, power electronics and
energetic materials, transformational energy systems, a
validation-based computational framework that facilitates
the design and development of advanced materials, and
improved physics-based computational fluid dynamics
(CFDs) predictive capability.

Product gases are sampled from a flat-flame
burner, operated with premixed oxy-fuel
with steam and CO, dilution. The product
gases are analyzed using the Raman Gas
Composition Analyzer, developed through
Jjoint research on an NETL-RUA project with
Pitt. The Raman Gas Composition Analyzer
can measure all the major product species
from combustion, including water vapor, in
real time (less than a second).

NETL-RUA IPT research has led to improved computational
tools for accelerating the design, development, and
deployment of materials for FE applications. The team
developed advanced analytical electron microscopy
techniques (parallel illumination-nano beam electron
diffraction, and electron tomography and three-dimensional
reconstruction imaging) that provide materials designers
and engineers with important and more accurate
information. This information can be used in simulations to
predict component service life resulting in better prediction
of nano-scale microstructural features that govern the
mechanical performance of Fe-9Cr steels.

The team improved multiphase flow modeling in FY12.
The performance (speed or time to solution) of NETL's
open source multi-phase software, MFIX, was improved by
a factor of two through the implementation of a graphics
processing unit algorithm neighbor search routine and
development of a novel sampling methodology that
reduced the number of samples needed for stochastic
analysis in uncertainty quantification.

The Convective Disturbance modeling approach was
developed for analyzing the dynamic behavior of flames
and is improving simulation capabilities for optimizing
FE reactors. The Convective Disturbance approach
generalizes this behavior, modeling the global flame
response by considering the interaction of localized
disturbances throughout the steady flame heat release
rate distribution. This allows greater flexibility in the model
constraints and provides the potential for easy acceptance
of inputs of either experimental or steady-state
computational flame data.

CCsl

CCSl is a partnership among national laboratories,
industry, and academic institutions, including NETL-RUA
members, to develop and deploy state-of-the-art
computational modeling and simulation tools to accelerate
the development of carbon capture technologies from
discovery to development, demonstration and, ultimately,
widespread deployment to hundreds of power plants.

On October 10, 2012, the CCSI team released its first set
of computational tools and models at its semi-annual
Industry Advisory Board Meeting in San Francisco, CA.

This pre-release—which occurred a year ahead of
schedule—is a result of intense industry interest in getting
early access to these computational tools as well as the
phenomenal progress of the CCSI technical team. The
initial components of the CCSI Toolset provide new models
and computational capabilities that will accelerate the
commercial development of carbon capture technologies.
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The pre-release consists of new process synthesis and
optimization tools to help identify promising concepts
more quickly; new physics-based models of potential
capture equipment and processes that will reduce the time
to design and troubleshoot new systems; a framework to
quantify the uncertainty of model predictions; and various
enabling tools that provide new capabilities such as
creating ROMs from reacting multiphase flow simulations
and running thousands of process simulations concurrently
for optimization and uncertainty quantification.

All of the CCSI models can be used within existing
simulation tools currently being used by industry. These
models will help industry to accelerate development of
new carbon capture technologies by (1) enabling new
concepts to be rapidly screened using process models,
(2) facilitating scale-up by performing detailed equipment
simulations using hierarchically validated CFD models, and
(3) using these models with other components of the CCSI
toolset to optimize equipment and process designs, assess
uncertainty, and evaluate risk.

SORBENTFIT

Algebraic Surrogate Models

The CCSI toolset will make available models (at various
scales) that have a clearly defined validation hierarchy,

permitting them to be used to develop different types
of carbon capture technologies.

The models will facilitate our ability to understand how
uncertainty in input parameters could affect the behavior
of the overall physical system. These models will share
detailed sub-models of chemical and particle behavior,

a feature not found in current models, which will ensure
consistency among simulation activities.

Therefore, the Toolset is expected to make significant
improvement in how carbon capture systems are
developed, providing an approximate 10:1 return on R&D
investment and reducing the technology development
time by about 25 percent.

Companies that have signed a Test and Evaluation license
have begun using these tools and will provide feedback
to the technical team to further refine and improve the
overall CCSI Toolset. The final release of the completed
toolset is planned for January 2016.

The above figure depicts the CCSI Workflow for creating an optimal process using components of the CCSI Toolset. SORBENTFIT was developed by
NETL-RUA to create the basic data submodel, which is used inside the CCSI process models. Then, the Automated Learning of Algebraic Models for
Optimization (ALAMQO) tool, which is being developed NETL-RUA, is used to incorporate the CCSI process models into the CCSI superstructure to

determine the optimal process configuration.
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National Risk Assessment Partnership
(NRAP)

Carbon utilization and storage—the injection of CO, into
permanent underground and terrestrial storage sites—is
an important part of our nation’s strategy for managing
CO, emissions.

Making a business case for large-scale, long-term storage
feasibility requires the development of quantitative
science-based methods for estimating long-term risks.
Such methods and the tools derived from them will
help address two of the more important challenges to
full-scale carbon storage: long-term liability and cost of
monitoring, particularly for post-injection site care.

The NETL-RUA NRAP research team employs core
capabilities developed across the DOE's National
Laboratory complex to develop tools and methods to
quantify risk and reduce uncertainties in order to guide
decision-making and risk-management strategies that
efficiently achieve DOE's goal of 99 percent CO, storage
permanence.

These capabilities are unique within the federal government
and can support key decisions and technological solutions
tied to many energy challenges, including CO, capture,
utilization, and storage; shale-gas production; production of
deepwater resources; and engineered geothermal systems.

In FY12, the team developed the first ever integrated
assessment model (IAM) for carbon storage leakage that
includes groundwater impact calculations. This IAM and its

Elucidate
key fundamental ‘
physics/chemistry

Predict behavior of
critical components

upgrades will be used to improve confidence in key storage
performance relationships to inform decision-making by
operators and regulators. For example, EPA has expressed
interest in using NRAP tools to inform upcoming changes in
guidance for Class VI well permitting. The IAM can be used
for multiple applications such as shale gas, deepwater, and
geothermal.

Another concern with drilling and injection operations is
the potential for induced seismic events. One of the key
recommendations of the recent National Academy of
Sciences (NAS) report on seismicity was the creation of
a tool to assess induced seismicity.

The NETL-RUA NRAP team performed the first ever
probabilistic seismic hazards analysis for induced
seismicity related to carbon storage to predict the
likelihood and magnitude of a seismic event following
storage activities and how it may differ from background
seismic activities. Though the current model has limited
applicability, subsequent upgrades will extend its scope
to more sites. This methodology can also be applied to
hydraulic fracturing, wastewater disposal, and geothermal
applications.

NETL-RUA has performed laboratory experiments and
numerical modeling to assess wellbore cement effects.
Results show that standard wellbore cements do not
deteriorate significantly in the presence of CO,, and that
chemical reactions between CO, and cement may heal
defects.

Predict system behavior
(reservoir to receptor)
over space and time

Quantify
risk and safety
relationships

NRAP provides a defensible, science-based methodology and platform for quantifying risk profiles at most types of CO, storage sites.
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Industrial Carbon Management
Initiative (ICMI)

The NETL-RUA ICMI research team is developing carbon
management strategies for industrial sources, which are
typically smaller sources of CO, than base-load power
plants, and may offer unique options for CO, capture,
storage, or re-use. While the focus of the research is on
industrial applications, the results are expected to assist
in accelerating CO, capture technology for coal power
generation as well.

Chemical looping combustion (CLC) is a novel method for
producing heat or steam from fossil-fueled applications
while producing a concentrated CO, stream to facilitate
carbon capture. Because CO, separation is inherent to the
process, the cost of carbon capture may be very low, but
the process requires high-capacity oxygen carriers.

The NETL-RUA ICMI research team, working with industry,
has found a new way to inexpensively manufacture CLC
oxygen carriers that have more than twice the capacity
for oxygen versus known carriers. These oxygen carriers
have (cold) attrition rates comparable to commercial
catalytic cracker catalysts and include the addition of a
low cost “promoter” to increase oxygen utilization. Two
NETL patents were awarded for carrier performance
enhancement.

Researchers are currently discussing with industry the
use of these carriers in the first pilot-scale demonstration
of the concept. In addition to demonstrating CLC, CO,
enhanced oil recovery and the generation of steam for
oil sands recovery may also be integrated in this industrial
application.

The ICMI NETL-RUA research team added additional
kinetic reaction rates for carrier materials to CFD models
resulting in improved prediction of the chemical looping
reactor. A chemical looping facility was constructed at
NETL to provide benchmarking and validation data for
these models. The unit shown above right is currently
undergoing shakedown testing and future results will be
used for CFD model validation.

Additional ICMI research focuses on the catalytic conversion
of captured CO, to produce useful chemicals. NETL-RUA
researchers developed catalysts that convert CO, to
chemicals using renewable or waste energy streams for
unprecedented electrocatalytic efficiency.
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This chemical looping facility at NETL provides experimental data for
benchmarking and validation of computational fluid dynamics models.

The NETL-RUA ICMI research team has developed
unique nanostructured copper catalysts that outperform
commercially available catalysts by a factor of ten, and novel
metal clusters that have nearly 100 percent electrocatalytic
efficiency. The novel metal clusters consist of gold atoms
and are a distinct class of nanomaterials that bridge
the size gap between molecules and more ‘traditional’
nanomaterials. They have different non- face-centered-
cubic crystal structures and unique electronic structures
in comparison to ‘traditional” gold nanomaterials. They
are 10-100 times more efficient than any other reported
technology, have low overpotential that is promising for
scalability, and high selectivity that minimizes unwanted
side product. A patent for this technology is pending.
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Oil and Gas Research

Domestic natural gas and oil resources will
continue to play an increasingly critical role
in meeting U.S. energy needs provided they
can be produced in a manner that effectively
addresses environmental concerns (such as
air, water, and species protection), as noted
in the President’s recent executive order

on the safe and responsible development
of natural gas. The science base needed to
support stakeholder decisions stems from
the ability to understand the behavior of
engineered-natural systems over a range of

often extreme conditions.

Under the Energy Policy Act (EPACT) of
2005, NETL is charged with developing a
complementary research program supportive
of improving safety and minimizing

the environmental impacts of activities
related to unconventional natural gas and
other petroleum resource exploration

and production technology. This section
describes the accomplishments of the
NETL-RUA EPACT complementary research
program.

A combination of field
monitoring, laboratory
experimentation and
characterization, data mining,
and modeling activities are
used by NETI-RUA to predict
and quantify potential risks
associated with oil and gas
resources in shale reservoirs.

Unconventional Resources

The NETL-RUA Unconventional Resources research team
develops the data and modeling tools needed to predict
and quantify potential risks associated with oil and
gas resources in shale reservoirs that require hydraulic
fracturing or other engineering measures to produce
these resources. This research requires a combination
of field monitoring, laboratory experimentation and
characterization, data mining, and modeling activities
conducted by an interdisciplinary team comprising
federal, contractor, and academic scientists and engineers
through NETL-RUA.

NETL-RUA 27



In FY12, the NETL-RUA Unconventional Resources research
team, using models developed to predict the extent of
fracture growth during hydraulic fracturing in target shale
reservoirs, was able to demonstrate the infeasibility of
hydraulic fractures extending to drinking water aquifers in
the Marcellus Shale. The models were verified with field-
based microseismic measurements.

The team also made strides in evaluating the influence
that wellbores and natural pathways have on gas and
fluid leakage. NETL-RUA researchers developed a rapid-
throughput analysis technique for analyzing natural
tracers (strontium isotopes) as indicators of fluid leakage
from shale gas systems. The technique decreases sample
analysis time by an order of magnitude compared to
conventional testing, reducing processing time from one
week to one day. The method is currently undergoing
external peer review.

Initiated in FY12, the team spearheaded a public-private
collaboration to document environmental baselines
and changes resulting from shale-gas development.
Data gathered from actual drilling sites before and after
commencement of drilling will be used to determine
environmental impact.

Ultra-Deepwater (UDW)

As hydrocarbon exploration and production pushes into
extreme and often unique environments, the challenges of
ensuring safe, low-impact production increase. NETL-ORD's
UDW research team is focused on developing a scientific
base for predicting and quantifying potential risks associated
with exploration and production in extreme offshore
environments. The current portfolio of UDW projects spans
laboratory-based experimental characterization studies,
integration and interpretation of field based datasets,
and numerical analysis of the engineered-natural system
associated with extreme offshore hydrocarbons.

Several projects in the UDW portfolio are focused on
evaluating performance and integrity of key offshore
materials for which data in extreme environments are
limited. In particular, one UDW project is studying offshore
foam cements, for which data on their performance in
extreme environments are limited.
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Researchers study 3-D images of NETL generated foamed cement
bubble size distribution (example pictured) to evaluate foam
stability under a variety of in-situ conditions.

Material failures account for nearly two-thirds of all UDW
loss-of-control events to date, and these almost entirely
align with metallic component failures and deepwater
cementing issues. The team collaborated with SwRI to
develop baseline “full scale” fatigue properties for the
various risers for the five most commonly used offshore
alloys. Developing advanced surface treatments for
metallic components improves fatigue life as well as
general corrosion resistance, thus reducing the likelihood
of failure via stress fracturing or corrosion in the field.
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The UDW research team used NETL's high-pressure
water tunnel facility to determine the impact on rising
hydrocarbon gas bubbles under deepwater conditions.
Unprecedented images of hydrate-covered gas bubbles
were obtained.

The bubble morphology and hydrodynamics are
being related to important physical, chemical, and
hydrodynamic parameters. This information is needed for
accurate deepwater hydrocarbon plume modeling and
has provided new data for determining when hydrates
could present a problem in a deepwater blowout or
around leaking equipment.

Researchers have also provided experimental density
data for 20 different hydrocarbons at conditions up to
500°F (260 °C) and 40,000 psi, which have improved
the ability to predict hydrocarbon behavior at reservoir
conditions.

Expanded drilling in the Gulf of Mexico (and possibly
the Arctic) highlights the need for a technology to
quickly measure deep sea hydrocarbon leaks. NETL-RUA
researchers verified a remotely operated vehicle
deployable automatic video analysis technique that can
be used to quickly measure deep sea hydrocarbon leaks.

The UDW research team was also the first research
group to propose a fluid that successfully satisfies the
requirements of a desired “Deepwater Viscosity Standard”
and experimentally verify that it exhibits the desired
viscosity of 20cP at 500 °F and 35,000 psi.

The first version of an energy data exchange (EDX) was
released in July 2012 and is already supporting key NETL
R&D portfolios, including the release of the recently
updated NATCARB database from the CO, Storage
program, and the Unconventional Atlas from the EPACT
complementary program’s unconventional portfolio.
In addition, EDX is helping coordinate research and
research-driven products associated with NRAP through
a newly released NRAP portfolio page.
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Increasing Economic Impact

Develop and pursue new business opportunities and funding sources to grow the NETL-RUA
research portfolio and capabilities, and leverage core competencies to a broader range of
energy and environmental issues and a larger client base.

Growing the Research Portfolio

Objectives:
Expand Funding Resources

1. Expand NETL-RUA funding resources and

NETL-RUA funding in FY12 came almost exclusively research portfolio by successfully pursuing
from the DOE FE. However, during FY12, NETL-RUA opportunities that leverage the core

pursged opportuni?ies to diversify funding sourcAe‘s‘and capabilities, expertise, and activities of the
provide for greater impact of its research capabilities. NETL-RUA

NETL-RUA jointly submitted approximately 30 proposals
for additional funding for which the results of 14 were
announced as of the end of FY12. Distribution of
FY12 NETL-RUA joint proposals by lead organization
is presented in the chart below left, represented as
percentage of proposals.

. Develop strategic partnerships with
industry, institutions, other laboratories,
and international entities as well as
inter-agency in order to obtain access to
additional resources.

Opportunities being jointly pursued by teams of . Facilitate the identification, development,
NETL-RUA researchers tend to be those within other and implementation of unique research
areas of DOE based on the percentage of proposals facilities that can serve as NETL-RUA
submitted as shown in the graphic below right. signature resources.

By the close of FY12, NETL-RUA had won four of the

14 announced awards (12 percent) worth a total of
$2.37 million.

FY12 Joint NETL-RUA Proposals by Lead Organization Sources of Funding for FY12 Joint NETL-RUA Proposals

Carnegie Mellon Other
University Federal Agencies
10%

28%
Other DOE

(EM, SC, etc)
31%
Virginia Tech

23%
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The four joint NETL-RUA proposal efforts that were
successful in gaining award funding were the following:

1. Real-Time In-Situ Monitoring and Early Detection
of Corrosion Damage in Risers and Structures
(Lead: NETL)

2. Electro-deposition of Si anodes for battery
applications (Lead: NETL)

3. Expertise in the area of multiphase flow science
(Lead: NETL)

4. Advanced Electochemical Materials for Energy
Storage Devices (Lead: NETL)

Research award announcements for the balance of
NETL-RUA jointly-pursued proposals (with a combined
value of $250 million) were pending at the conclusion of
FY12.

The proposal work done to date has been noteworthy,
particularly the large-scale effort to develop the Energy
Innovation Hub — Critical Materials proposal led by

Dr. Roe-Hoan Yoon of Virginia Tech. This opportunity,
worth approximately $120 million over a five-year period,
addresses issues associated with ensuring a stable supply
of materials (rare earth elements and others) critical to
energy applications. The team submitted a letter of intent
in June 2012 and was subsequently invited to submit a
full proposal. At the end of FY12, the proposal made the
top three, and the applicants were invited for a reverse
site visit.

Through developing this proposal, NETLI-RUA met a major
milestone to jointly pursue, under the NETL-RUA brand, a
significant source of R&D funding. This effort also enabled
NETL-RUA to learn best practices for undertaking the next
endeavor of this magnitude.

Efforts to pursue additional research work through newly
developed collaborations are continuing, but lessons
learned from the development of the hub proposal
indicate that additional infrastructure should be developed
to more effectively pursue large-scale research efforts.

NETL-RUA

Expand Research Portfolio

During the last fiscal year, NETL-RUA spearheaded a strategic
push to grow the research portfolio with the introduction of
Strategic Growth Areas (SGAs) and associated activities that
promoted the NETL-RUA's strategic goals.

This approach to growth was in large part a response to
the recognition that the pathway to greater NETL-RUA
effectiveness, measured in market acceptance of beneficial
new technologies, is to develop energy solutions in
conjunction with industry partners. Another was an
acknowledgement that continued pressure on the DOE
FE budget is expected to limit the available funding from
DOE FE for NETL-RUA research in coming years.

FY12 saw the addition of shale gas as an area ripe for new
opportunities to team with industry that also aligned
well with NETL-RUA skill sets. This brings the total to
three initiatives as outlined below.

1. Grid Technologies Collaborative (GTC)
2. Shale Energy Resources Alliance (SERA)
3. Critical Materials Research Alliance (CMRA)
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GTC e Partnering with industry and the public sector
to advance the technology and demonstrate the
benefits of advanced power electronics through
collaborative R&D, seminars, and workshops.

The GTC's mission is to aggressively engage in research to
develop advanced grid-scale power electronics devices
and systems for utility-scale high power applications at the

transmission and distribution (T&D) levels. . o
Areas of investigation include:

e Modeling, simulation, and analysis
e Power semiconductors and materials development

e (Circuit and device design, integration, and
topologies

e Advanced control, systems interface, and protection
e Testing and turnkey systems integration

e Deployment and operations

The U.S. electricity transmission system—the Grid—is in need

of expansion and updating. Much of the basic design and main
infrastructure of the grid is 50 to 100 years old in most parts of the
U.S. Improving the performance of the grid is a key component of an
NETL-RUA goal to improve energy efficiency, reliability, and power
security and for integrating a balanced clean-energy resource portfolio.

The development of models and simulation tools, devices,
and systems can contribute to more efficient, secure, and
reliable power from coal-based power systems.

Participants in the collaborative include industry partners
and researchers from NETL-RUA. The GTC provides the
depth of expertise through these partnering organizations
for development of power electronics technologies and
supporting systems. The GTC engages in three primary
activities:

There are mandates throughout the United States to produce
more electricity from renewable resources, specifically solar
and wind. However, the output of these systems can be highly

e Developing new grid-scale power electronics devices
for emerging AC and DC electrical infrastructure

and supporting systems and algorithms, as well as variable, consume significant amounts of reactive power, and
demonstrating their economic value. can result in voltage and system instability concerns. NETL-RUA
is leading research on power electronics systems—in the form of
e Fducating the next generation of power electronics both AC and DC applications—that can help to mitigate these
engineers through advanced curricula at member effects, facilitating the contribution of these resources to U.S.
electricity generation.

universities and training programs for existing
professionals.
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In FY12, the GTC initiated its collaborative research effort
to assess the technological advances necessary to bolster
power delivery capability from offshore to onshore,
making it a feasible economic value proposition.

Working as a team, researchers from NETL-RUA provide
systems-level modeling, simulation, and analyses
capabilities combined with experience in grid infrastructure
technologies and key components.

The first phase of the collaborative research effort focused
primarily on modeling and simulation to develop validated
steady state and dynamic models of system interactions
at the converter-grid interface, including consideration of
a next generation power converter. This effort concluded
with the understanding that the converter development
going forward will be established as a scalable bi-directional
three-phase AG-DC interface for utility-scale high power
applications at the T&D levels.

The GTC furthers the commercialization of the technologies
it develops by working closely with industry, building off
established relationships with the partner universities, and
engaging all relevant constituents engaged in the chain of
power electronics development and application. Industry
partners bring real-world perspective to the R&D activities
of the GTC.

SERA

The Shale Gas SGA team is focused on developing solutions
for shale gas technology challenges and science-based
resources for decision-making and general knowledge.

Rapid development of the Marcellus Shale over the past
few years has led to a number of technology needs related
to sustainable development of the shale gas resource,
and concerns regarding the potential effects of shale gas
development on human health and the environment.

To respond to these issues, the Shale Gas SGA team
established SERA to conduct research on key areas related
to shale energy development, demonstrate technologies
supporting the environmentally sustainable development
of shale energy resources, serve as a repository of data
regarding shale energy resources and environmental
effects, and promote dialogue among stakeholders.
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SERA plans to initially focus on research in the following
three areas:

e Air Emissions: Research will be conducted to
advance the state-of-the-art in regional air quality
modeling and lifecycle GHG assessment as it relates
to development of shale gas resources.

e Shallow Stray Gas: Research will be conducted to
evaluate whether naturally forming gas can affect
groundwater aquifers, detect gas migration along
wellbores, and determine solutions for preventing
gas flow in wellbore from shallow gas formations.

e Water Sourcing and Disposal: SERA will serve
as a single resource to evaluate the costs and
performance of various water management options
for the shale energy sector. While many treatment
technologies are available on the market, there are
many that are unproven in the shale gas context.

The SERA business plan was presented to the NETL-RUA
EC in November and is anticipated to be approved and
funded in early 2013.

A produced water pond at one of NETL-RUA's industry partner sites.
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CMRA

Established in FY11, the CMRA focused much of this
past year responding to DOE's Energy Innovation Hub —
Critical Materials solicitation. As such, it is the first SGA
team to make a major play toward self-sustainability.

Energy Innovation Hubs are part of the Obama
Administration’s broad-based, clean energy research
strategy to harness American innovation. This strategy
is focused on needed breakthroughs in important
technologies to grow the clean energy economy and
generate new, clean energy jobs.

The Critical Materials Energy Innovation Hub will address
challenges related to critical materials, including mineral
processing, manufacture, substitution, efficient use,
and end-of-life recycling; integrate scientific research,
engineering innovation, manufacturing, and process
improvements; and find a holistic solution to the
materials challenges facing the nation.

The requirements of the hub solicitation matched well
with CMRA's mission to:

e Develop technologies that enable the exploitation
of diverse critical material supply sources.

e Develop a portfolio of viable technologies that
reinvigorates domestic industry and U.S. technological
competitiveness.

e Perform research at all stages of technology
advancement to discover groundbreaking technology.

e Develop flexible technologies that use critical materials
more efficiently, use less of them, or avoid their use
altogether.

e Emphasize commercialization from concept onward
by vertically integrating research activities to promote
investment.

The partnerships fostered during the development of this
proposal are providing opportunities to pursue work with
industry, and the team continues to pursue other options.

Develop Strategic Partnerships

Teamwork is a hallmark of the collaboration, and
relationship building will continue to pave the way for
joint scientific research ventures and future success.

Numerous university work collaborations are occurring
between investigators who have cultivated relationships
through their NETL-RUA contacts. Some highlights of
these inter-university efforts are as follows:

Teaming arrangements among Penn State, Virginia Tech,
and WVU have enhanced the ability of these NETL-RUA
universities to win awards from the U.S. Department
of Transportation as well as the U.S. Department of
Agriculture (USDA) for work such as the “Mid Atlantic
Universities Transportation Center” and “Refining and
Harmonizing Phosphorus Indices in the Chesapeake Bay
Region to Improve Critical Source Area Identification
and to Address Nutrient Management Priorities”
respectively.

Penn State and CMU teamed to win an award for work
with the Air Force Office of Scientific Research. The
project was entitled "Algebraic Studies for Network
Models

Penn State and WVU combined their efforts to win a
USDA award for the “Northeast Woody/Warm-Season
Biomass Consortium.”

Researchers from Pitt and WVU created a winning
proposal entitled “Computational Design of Metal Organic
Frameworks for Photocatalytic Reduction of CO,." The
award was provided by the Basic Energy Sciences program
of the Office of Science on behalf of the DOE.

A significant NETL-RUA success is the receipt of a
Richard King Mellon Foundation grant of $22 million to
the Center for Energy within Pitt's Swanson School of
Engineering. Award of this grant, one of the largest private
foundation grants in its history, was due in part to Pitt’s
teaming arrangement with NETL-RUA.
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The grant will serve to accelerate the research and education
efforts of Pitt's Center for Energy, which is dedicated

to improving energy technology development and
sustainability through the work of more than 70 world-class
faculty members and their research teams, some of
which are also engaged with NETL-RUA.

“With this funding, we will be in
a much better position to attract
top-notch faculty and students
to our region. This will advance
our creative and productive
partnerships with regional and
national companies, and with
national laboratories, particularly
with our region’s National Energy

Technology Laboratory.”

—Brian Gleeson, University of Pittsburgh

NETL-RUA Consortium Area Lead and
Center for Energy Director, commenting on
the Richard King Mellon Foundation grant.
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In addition to the collaborative arrangements that led
to numerous successful joint awards, individual efforts
from Alliance members led to awards for energy research
from prestigious agencies and organizations such as the
Heinz Endowments, National Science Foundation, and
the Stanford Global Climate & Energy Project. Combined,
these efforts have led to an overall influx of grant and
contract awards in excess of $31.6 million to NETL-RUA
member universities.

These winning efforts are indicative of the teaming
arrangements within the NETL-RUA and provide the
promise of greater things to come in the collaboration.

Develop NETL-RUA Signature
Resources

Simulation-Based Engineering User
Center (SBEUC)

On September 16, 2010, DOE Secretary Steven Chu
announced the creation of the SBEUC located at NETL.
Funded with $20 million from the American Recovery
and Reinvestment Act, the SBEUC will be used primarily
for developing and deploying the simulation tools to
accelerate the R&D of carbon capture and sequestration
technologies and support the Administration’s goal

to overcome the barriers to widespread, cost-effective
deployment of carbon capture and storage within 10 years.

A high-performance computer will allow researchers to
simulate phenomena that are difficult or impossible to
investigate experimentally. The results from simulations
will become accessible through user centers that provide
advanced visualization capabilities and foster collaboration
among researchers.

An eagerly anticipated suite of 21 computational tools
and models to help enable rapid development and
deployment of new carbon capture technologies became
available from the CCSI in 2012.



The toolset developed by CCSI (a public-private
partnership led by FE) will help meet an urgent industry
need to take carbon capture concepts from the
laboratory to the power plant more quickly, at lower
cost, and with reduced risk. It works with commercial
and open-source software currently in use by industry
and includes new, highly versatile software tools
developed to fill technology gaps.

In addition to helping with carbon capture technologies,
the tools can be used to accelerate technology
development for refining, chemicals production, and oil
and natural gas production. The SBEUC will be accessible

The image above is the Morgantown Visualization
Center which allows collaborative research between
NETL sites and RUA partners through remote
sharing of large data sets and images among
researchers.
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to researchers at other DOE National Laboratories as well
all NETL-RUA member organizations.

The SBEUC is the newest facility in NETL-RUA's portfolio
of signature resources, which includes AVESTAR™,
NETL-Morgantown and WVU Center; the Penn State
Advanced Turbine Laboratory; and the NETL-RUA Isotope
Analysis Facility at Pitt.

NETL's High-Performance Computer for Energy and the
Environment located at NETL's SBEUC allows collaborative
research between NETL sites and NETL-RUA partners through
remote sharing of large data sets and images among
researchers.
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Accelerating Innovative Solutions

Facilitate the management, dissemination, and commercialization of the intellectual assets
created through NETL-RUA by leveraging its combined knowledge, experience, networks, and
best practices to support energy innovation and entrepreneurship to stimulate economic growth.

Intellectual Property

) . ) Objectives:
Identify and Facilitate Conversion

of Intellectual Assets into New 1. Promote, facilitate, and forge partnerships

Products, Processes, and Jobs to convert intellectual ass-ets into new
products, processes, and jobs.

NETL-RUA accomplishments within the intellectual

property domain include 24 patent disclosures and . Share best practices of the NETL-RUA

the filing of two provisional patent applications. A organization members to aid in
significant increase in the number of patents issued the development of processes and

in FY12 is one indication that the collaboration is agreements that advance the technology
providing increased innovation. For a more inclusive transfer mission.

look at the global NETL Intellectual Property Statistics

for FY10, FY11, and FY12 see the following table. . Identify potential intellectual assets

resulting from NETL-RUA research projects

NETL FY2010, FY2011, and FY2012 and optimize their value.

Intellectual Property Statistics

Intellectual

Property FY2010 FY2011 FY2012

Management Laser-Induced Breakdown
Inventions Disclosed 30 17 24 Spectroscopy (LIBS) for Real-time
Total Inventions 3 0 9 Compositional Analysis:
Reviewed On August 6, 2012, the world watched the Curiosity
Provisional Patent 4 3 5 rover land on the surface of Mars. The rover, in addition
Applications to carrying sophisticated detection devices, was
Non-Provisional . o - equipped with a LIBS instrument called ChemCam.
Applications
LIBS is a laser-based analytical technique that provides
All Patent 16 1 15 i . . : o
Applications rapid elemental and isotopic analysis of solid, liquid,
and gas samples. Within ChemCam, the LIBS system is
Patents Issued 6 4 12 coupled with Raman spectroscopy to analyze molecular

species. ChemCam was fabricated at Los Alamos
National Laboratory where NETL-RUA members had
the opportunity to view the unit prior to its shipment
to NASA.

The following narrative highlights some of the patented
inventions resulting from NETL-RUA research.
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LIBS is a versatile measurement technique that can be
applied to multiple measurement modalities and simply
needs some engineering and refinement to become a
highly useful portable system for routine, widespread
monitoring. NETL-RUA researchers are using LIBS for
carbon sequestration monitoring and measurement.

This setup essentially comprises a high intensity laser as
an excitation source and a time-gated spectrometer to
collect the signal. A laser beam is focused onto a solid
sample or within a gaseous or liquid sample to create
high temperatures, dissociating the sample to form
plasma. Radiation from the plasma is then collected by
the spectrometer.

Subsequent analysis of the radiation gives qualitative and
quantitative information of chemical elements present in
the sample.

The technique’s versatility has also allowed NETL
researchers to use LIBS for developing calibration
standards to aid CT scanning technology. This work
won a best paper award from the Society of Petroleum
Engineers in Denver, Colorado.

The application of LIBS in carbon sequestration research
led NETL to submit a patent disclosure for developing a
sensor to perform real-time measurements in the field.
This sensor applies the laser spark plug technology that
was developed at NETL and featured in the article “Laser
Car Ignition Dream Sparks Multiple Approaches,” in the
September issue of Photonic Spectra.

In the remote sensing application, the system would
allow for a centrally located computer/controller to
connect to multiple sensor locations instead of deploying
many LIBS analysis systems to multiple locations.

This development will allow NETL researchers to apply
the LIBS technique to a number of carbon sequestration
and Marcellus Shale research projects such as CO, leak
monitoring, seal integrity, CO,-rock interaction, and
Marcellus shale gas and water monitoring.
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Improving Lithium-lon (Li-ion) Battery
Performance

Li-ion batteries are one of the most popular types of
rechargeable batteries with one of the best energy
densities, no memory effect, and a minimal loss of
charge when not in use.

Li-ion batteries have also grown in popularity for military,
electric vehicle, and aerospace applications. It is becoming
increasingly important to develop batteries with higher
energy density, good cyclability, and fast recharge
capability in order to meet the escalating demands of
energy storage device applications like smart grid energy
and electric vehicles.

A2 x 28 volt, 30Ah lithium ion battery
designed for the Mars Rover.

Graphite is currently the preferred anode used in Li-ion
based battery systems. Amorphous silicon (a-Si) films are
an attractive alternative to graphite as an anode material
because they can provide a four- to five-fold increase
in storage capacity. Additionally, a-Si exhibits excellent
stability over hundreds of charge-discharge cycles—
another desirable feature for a rechargeable battery.

NETL and Pitt have teamed on research funded by DOE's
Office of Energy Efficiency and Renewable Energy that
has resulted in a novel, low-cost approach for depositing
a-Si for Li-ion battery anodes, which will improve

the performance of the batteries in transportation
applications such as hybrid plug-in and electric vehicles.
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The team has devised a simple electroplating technique
to deposit a-Si films directly on copper foils, which could
then be immediately assembled as an anode in a Li-ion
battery pack.

This technique has the potential to save considerable time
and reduce processing costs by eliminating intermediate
processes in traditional battery manufacturing.

A joint patent application has been filed for the technique,
and results of the research have been published in
Materials Science and Engineering: B.

NETL Patent Addresses Catalyst
Deactivation, Diesel Reformation

When NETL researchers patented a unique hexaaluminate
catalyst, they made significant progress toward solving
a problem associated with catalyst deactivation—one
that had long inhibited processes such as diesel fuel
reforming.

Researchers have long wrestled with the problem of
commercially available catalysts deactivating in the
presence of sulfur and aromatic compounds in diesel fuel.
Researchers needed to find a solution to the deactivation
problem in order to successfully convert diesel fuel into
synthesis gas—a process known as reforming.

NETL researchers developed a method to reform
hydrocarbon fuels using hexaaluminate catalysts. The
method successfully disrupts the formation of carbon that
leads to the deactivation of the catalysts, a key element

in the reforming of hydrocarbon fuels, and minimizes
deactivation under the most severe reforming conditions.

The technology behind the NETL patent entitled
“Methods of Reforming Hydrocarbon Fuels Using
Hexaaluminate Catalysts,” works by using the unique unit
cell structure of the hexaaluminate oxide compound as
a molecular scaffold to atomically disperse and support
catalytically active metals. By doing so, the active metals
are maintained in a state of low coordination to disrupt
the carbon formation. A series of articles (Gardner et al,,
J. Phy. Chem. C 114, 2010, 7888-7894 and Catalysis Today
157, 2010, 166-169) describes the unique structural
characteristics and catalytic properties of the materials.

The technology could be applied, for example, to the
trucking industry where hydrogen needed for fuel in
SOFCs can be produced by converting the hydrocarbons
present in long-haul truck diesel fuel into synthesis gas.

Nationwide, 2.2 million long-haul trucks produce an
estimated 11 million tons of CO,, 200,000 tons of nitric oxide,
and 5,000 tons of particulate matter annually. The trucks
waste more than 1 billion gallons of diesel fuel while idling.
By incorporating SOFCs, these trucks could obtain power
from a cleaner, more efficient power source.

The technology is available from NETL for licensing
and/or further collaborative research. The technology
could potentially compete with conventional methane
reforming catalyst technology, and it is useful for dry
reforming, partial oxidation, and steam reforming
applications.
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Hexaaluminate’s unique cell structure acts as
molecular scaffold for catalytic metals that disrupt
formation of carbon. Carbon formation is not
desired as it leads to catalyst deactivation.
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Preparing Tomorrow’s Energy Leaders

Create a culture of energy leadership through promotion of education and entrepreneurship.

Creating Energy Leaders

There is an increasingly critical need for multi-stakeholder
partnerships to provide knowledge, expertise, mentoring,
and financial support to educate the next generation
of energy leaders.

Objectives:

1. Establish collaborative energy education

NETL-RUA, through its research and educational programs within the NETL-RUA using
programs, links various stakeholders for collaboration the research as a springboard.

in mentoring young professionals to prepare them

to perform innovative research and transfer new 2. Facilitate the exchange of personnel
technologies to the marketplace. among NETL-RUA organizations.

Research that has not been sufficiently explored in the
market presents opportunities for students to pursue
new venture projects. To facilitate such ventures and
product development, NETL-RUA provides laboratory
space, time, and collaboration opportunities with
faculty and business partners.

In FY12, students participated on 65 percent of
NETL-RUA projects. In addition, 102 students obtained
advanced degrees from 2010 to 2012 while working on NETL-RUA partnerships encourage future generations to maintain
NETL-RUA-funded research efforts. Over 100 students, U.S. leadership in the energy industry. From left, WVU graduate

. . . . student, Junwei Wu, and Associate Professor of Mechanical and
mcludw;g unde|r|graduates, are involved in NETL-RUA Aerospace Engineering, Xingbo Liu.
researcn annually.
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Spotlight on Student
Achievements

Peilin Cao Passes Ph.D. Qualifying
Exam While Performing Wellbore
Integrity Research

NETI-RUA graduate student, Peilin Cao

NETL-RUA graduate student, Peilin Cao, is a Ph.D. candidate
at Penn State.

Her thesis, entitled “Experimental Investigation of
Conditions Affecting Wellbore Integrity due to Chemical
Reaction using X-Ray Micro-CT Imaging” examines the
property evolution of wellbore cement as well as its
integrity when exposed to CO,-rich brine under geological
sequestration conditions.

Cao has worked with Penn State Professor Zuleima Karpyn
on the wellbore integrity project as part of NETL-RUA's
Carbon Storage research team since spring 2011.

Cao passed her Ph.D. comprehensive exam in September
2012, presented one poster at the 2012 fall meeting of the
American Geophysics Union in December, and is also the
primary author on a submitted journal article.
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Richard Alesi Completes Ph.D.
with Dissertation on Amine-based
Sorbents

NETL-RUA graduate student, W. Richard Alesi

NETL-RUA graduate student, W. Richard Alesi, completed
his Ph.D. and graduated from the Chemical Engineering
department of CMU in 2012.

His dissertation was entitled “Amine based sorbents:
Developing a quantitative framework for understanding
CO, capture.” Alesi was advised by Professor John Kitchin
of the Department of Chemical Engineering at CMU.

Alesi worked on several projects related to the development
and characterization of CO, capture sorbents with
NETL-RUA's Carbon Capture research team. His most
recent work was the characterization of the CO, capture
performance of a commercially available ion exchange
resin containing primary amines.

He found this material had moderate capture capacity
and superior moisture resistance compared to other
materials currently being investigated. Alesi published
two papers and gave twelve different presentations on
his work.
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Justin Beck Successfully Defends
Dissertation on Corrosion in Supercritical
CO, Environments

NETL-RUA graduate student, Justin Beck

Justin Beck received his Ph.D. from Penn State in
October 2012 after defending his dissertation as part of the
NETL-RUA Carbon Capture research team project. The title
of the dissertation was “Electrochemical Measurements of
Corrosion in Supercritical CO, Environments.

The project focused on the development and testing of
a corrosion probe capable of performing electrochemical
measurements in a bulk supercritical CO, phase
contaminated with water vapor, which was achieved by
coating the probe surface with a layer of ion-conductive
polymer.

The work was completed under Serguei Lvov, a professor
of Energy and Mineral Engineering and Materials Science
and Engineering, and Director of the Electrochemical
Technologies Program at the Earth and Mineral Sciences
(EMS) Energy Institute at Penn State. The research was
performed as a joint venture between the EMS Energy
Institute at Penn State and NETL-Albany. In addition to the
dissertation, Beck prepared four conference transaction
papers on the research results and personally presented his
work at the 2012 Electrochemical Society Conference.

Tetsuya Kaneko Completes Ph.D.
on the Study of Gasifier Refractory
Degradation

NETL-RUA graduate student, Tetsuya Kenneth Kaneko

NETL-RUA graduate student, Tetsuya Kenneth Kaneko,
successfully defended his Ph.D. dissertation at CMU in
May 2012.

His thesis entitled “Effects of Temperature, Oxygen Partial
Pressure, and Materials Selection on Slag Infiltration

into Porous Refractories for Entrained-Flow Slagging
Gasifiers” examined the relationship between refractory
degradation and a number of other varying gasification
parameters.

Kaneko worked with CMU Professor Sridhar Seetharaman on
the slagging gasifier project as part of NETLI-RUA's Advanced
Gasification research team. With the help of his group, he
contributed two posters, one conference presentation, and
is the primary author of three journal articles.

Thesis committees are composed of personnel from wide
ranging organizations and are designed to provide the
best experts for research project review. Peter Rozelle of
DOE FE Headquarters was one of the experts on Kaneko's
thesis committee.
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Student Achievements (cont.)

Job Kasule Successfully Defends Ph.D.
Thesis on Simulating Entrained Flow
Gasification

NETL-RUA graduate student, Job Kasule

NETL-RUA graduate student, Job Kasule, successfully
defended his Ph.D. dissertation at WVU in September 2012.

His thesis entitled “Mathematical Modeling and Simulation
of a 1-D Transient Entrained flow GEE-Texaco Coal Gasifier”
focused on the use of simulation tools such as Aspen
Custom Modeler® to model and simulate the performance
of an entrained flow type gasifier for use in a plant-wide
IGCC Plant model.

Kasule worked with WVU Professors Richard Turton
and Debangsu Bhattacharyya from the Department
of Chemical Engineering on this project to develop an
entrained gasifier model as part of NETL-RUA's Advanced
Gasification research team. Kasule also contributed six
podium papers at the following meetings: the Annual
American Institute of Chemical Engineers (AIChE) Meeting,
Pittsburgh International Coal Conference, and the
West Virginia Academy of Science 2010 meeting.

He is the primary author of a recently published journal
article entitled “Mathematical Modeling of a Single-Stage,
Downward-Firing, Entrained-Flow Gasifier” He is also in the
process of submitting another journal article entitled “On
the Transient modeling of an Entrained-Flow Gasifier using
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Aspen Custom Modeler." He is currently a post-doctoral
fellow in the Department of Chemical Engineering at WVU.

Stephen Zitney of NETL's Process and Dynamic Systems
Research Division represented NETL on his thesis committee.

Juan Ma Receives Masters Degree for
Her Work on Mineralization of CO, for
Carbon Storage

NETL-RUA graduate student, Juan Ma

NETL-RUA graduate student, Juan Ma successfully
defended her Masters thesis at Virginia Tech in April 2012.

Her thesis entitled “CO, Mineralization Using Reactive
Species” explored the possibilities of mineralizing CO,
with reactive species such as magnesium ions and
calcium ions present in nature such as in sea water.

Ma worked with Virginia Tech Professor Roe-Hoan Yoon
on the mineralization of CO, as a carbon capture and
storage option. She served on the 2011 CO, Water Rock
Geochemistry research team.

She presented her results at the 2012 AIChE Annual
Meeting, and is the primary author of a journal article
that will be submitted in 2013.
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Matthew Payne Passes Ph.D. Qualifying
Exam and Will Study Advanced Alloy
Designs

NETL-RUA graduate student, Matthew Payne

NETL-RUA graduate student, Mathew Payne, successfully
passed his Ph.D. qualifying exam in Chemical Engineering
at CMU during 2012. Payne joined the Ph.D. program at
CMU after having completed a Bachelor of Science in
Chemical Engineering from WVU in the spring of 2011.

Payne will be working on a project under the NETL-RUA
IPT research team entitled “The oxidation kinetics of
AlxFeyNiT-x-y alloys studied across composition space.”
He will be using high throughput methods to grow
composition spread alloy films of these three components
such that the film contains all possible compositions of the
ternary alloy. This is coupled with study of the oxidation
kinetics using high throughput methods to measure oxide
growth across all alloy compositions.

Payne works with Professors Andrew Gellman and
James Miller in the Department of Chemical Engineering
at CMU. His project is part of a much larger NETL-RUA effort
to develop advanced computational and experimental
methods to predict the properties of complex materials
such as alloys and to accelerate the design of new alloy
materials.

Chris Purcell Successfully Defends
Ph.D. Dissertation for His Work on Rock
Physics Response to CO, Injection

NETL-RUA graduate student, Chris Purcell

NETL-RUA graduate student, Chris Purcell, successfully
defended his Ph.D. dissertation at Pitt in June 2012.

His thesis entitled “Velocity Measurements in Reservoir

Rock Samples from a Limestone Unit Using Various Pore
Fluids, and Integration with Well Logs and Seismic Data”

studied the response of rock physics properties on core

samples to CO, injection as part of a carbon sequestration
project in West Texas.

Purcell worked on this carbon sequestration project with
Pitt Professor William Harbert of NETL-RUA's Carbon Storage
research team, Igor Haljasmaa of URS, and Yee Soong of
NETL's Geosciences Division at NETL's Core Flow Laboratory.
He also contributed posters, papers, and talks at various
conferences.

NETL-RUA encourages multi-organizational thesis
committees to provide the best experts for the research
review. As an example of this, Soong represented NETL
on his thesis committee.

Chris is currently working for Nexen Inc. in Houston, Texas,

as a geophysicist and continues his interactions with
industry and academic research groups.
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Collaborative Energy Education
Programs

NETL-RUA Business and Entrepreneur
Workforce Development

NETL-RUA members are working with business schools
to incorporate NETL-RUA projects into their business
plan coursework. The strategy behind setting up these
partnerships is three-fold.

1. Business schools have students that are entrepreneurial
in nature. A business student may want to spin-off a
company based on an NETL-RUA technology.

2. The students are providing business development
support with the only expense being the time
invested by an NETL-RUA researcher to provide the
students with technology background information. As
a result, NETL receives at minimum a report presenting
various technology commercialization scenarios.

3. Interactions with the business schools provide added
visibility for NETL-RUA by creating partnerships
outside of NETLs traditional contacts in the university
engineering schools

In 2011, NETL-RUA researchers began a partnership
with the University of Oregon’s Lundquist Center for
Entrepreneurship to provide opportunities for graduate
students pursuing an MBA who are interested in the
commercialization of new technologies.

The partnership has continued with students, NETL-RUA
researchers, and NETL's Technology Transfer Group
working together on select NETL-RUA inventions to
study and promote new technologies in academic and
industrial settings. Technology and business feasibility
assessments, business plan development, and internal and
external competitions are all part of the entrepreneurship
process as these MBA students collaborate with NETL-RUA
researchers.
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One such project has had significant success in national
and international business plan competitions, and
has led to the formation of the start-up company,
Corrosion Solutions.

This company is based around NETL's patented R&D
100 award-winning cerium oxide coating for metallic
alloys. This coating can be applied to metals by brushing,
spraying, or dipping, and helps to increase the oxidation
resistance of Ni-based superalloys, as well as ferritic and
austentic stainless steels, by diffusing into the metals. This
technology improved metal oxidation resistance and can
be applied easily and inexpensively.

Cerium oxide-based coating

Personnel at Corrosion Solutions are currently securing
a license from NETL to market the cerium oxide coating
and creating business plans to target the high-end
barbeque grill market. After entering this market, the
company has plans to further market the coating for
power plant applications.

In another example, NETL-RUA worked with Pitt’s
Joseph M. Katz Graduate School of Business to arrange
meetings between its entrepreneurs and NETL-RUA
researchers to discuss potential technologies to
commercialize. The students worked in teams to develop
business development concepts.

NETL has received two commercialization plans thus far
for its High Capacity Immobilized Amine Sorbent and
its Poly (Hydroxyl Urethane) Adhesive as a result of this
effort.
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In FY13, NETL-RUA plans to establish similar connections
with the business school programs of its other university
partners.

Personnel Exchange

Researchers regularly access NETL campus locations.
Researchers that visit on a regular basis (at least three times
per week) to perform research and attend meetings are
picture-badged for access.

A total of 35 faculty members were badged for access to
NETL (20 for NETL-Pittsburgh and 15 for NETL-Morgantown)
during FY12. This includes all CALs, Principal Investigators
(Pls), Co-Pls, and faculty that visit NETL on a regular basis.

A total of 51 additional NETL-RUA members are picture-
badged for access to NETL (23 for NETL-Pittsburgh and
28 for NETL-Morgantown). This includes all graduate
students, undergraduate students, post docs, and other
researchers visiting NETL on a regular basis.

NETL researchers have also served as adjunct faculty
for a number of member university courses, including
participation on thesis and dissertation committees.

NETL researchers have been participating as faculty and
technical presenters within NETL-RUA in an effort to
increase reciprocal researcher relationships and provide
students with access to subject matter experts.

A total of 36,160 hours of university faculty research
were completed onsite at NETL in 2012. Ten NETL ORD
employees are currently serving as adjunct professors at
NETL-RUA universities.

NETL-RUA
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NETL-RUA at a Glance

NETL-RUA's structure and operational processes
continue to evolve, The initial governance structure
based on an EC still stands. However, NETL-RUA's EC
decided to dissolve the standing committees in favor
of a more flexible set of ad hoc teams that will be
chartered to accomplish specific tasks comprising the
EC's strategic planning effort.

In FY12, the EC revisited NETL-RUA's vision, mission,
and goals in order to provide additional strategic and
executive guidance to its membership.

The strategic planning session resulted in definition of
a long-term vision for the Alliance and development
of near-term goals for increasing the visibility, impact,
and size of the NETL-RUA's R&D portfolio.

The graphic below illustrates the cornerstones of the
strategic plan. Strategies and actions to successfully
achieve the stated goals are being developed, and the
strategic plan is expected to be implemented in early
2013.

» NETL-RUA will be the world leader in the development and A
deployment of technology that helps to produce a clean,
affordable, and secure energy future.

7

3

<

« NETL-RUA will provide the technological bridge that facilitates
fossil fuel utilization for a more sustainable energy future.

* NETL-RUA is a research collaboration that combines its E

facilities, expertise, and resources to perform basic through
applied use-inspired research for government and industry,
resulting in an enhanced ability to address energy and
environmental changes. )

* Support a sustainable fossil resource utilization R&D agenda
through annualized 7 percent growth of the existing portfolio.

« Promote and enhance the impact of NETL-RUA as an engine
for innovation and economic development.

* Equip the energy workforce and prepare energy leaders for

existing and future opportunities.

€« €€

J

Resources

NETL-RUA researchers are federal scientists, engineers,
and interns from NETL/ORD; faculty and students from
the universities; and researchers from URS resulting in
a collective staff of over 500 researchers.

University URS NETL UE]
NETL-RUA
Researchers | Researchers | Researchers
Researchers
312 80 149 541

The distribution of faculty, post-docs, and students is
presented in the pie chart below.

NETL-RUA Research Personnel FY 2012

Graduate
Students

Pls and Co-Pls 1

127
Researchers/
Post Docs/
Technicians
55
Faculty and
Admi n‘:sstrative

These researchers are engineers, chemists, materials
scientists, geologists, computer specialists, and personnel
working in other scientific disciplines, many of whom
are recognized as leading experts in their fields.

There is continued emphasis on involving graduate
and undergraduate students in research activities

to encourage continuing education in science and
technology and create the next generation of engineers
and scientists who will understand the energy challenges
facing our nation and the world.

NETL-RUA



Outreach and Impact

Increase the visibility and impact of NETL-RUA R&D as evidenced by contributions that affect a broad
range of energy-related issues and through outside recognition for exceptional research efforts.

Advancing the Impact of
NETL-RUA Research

Objectives:

External Outreach

1. Inform a diverse audience of the mission,
importance, impacts, and successes of
the NETL-RUA

2nd Annual NETL-RUA Energy and Innovation
(E&I) Conference: The conference was held
November 28-29, 2012, at the Southpointe Hilton Garden
Inn in Canonsburg, Pennsylvania, and attracted nearly

200 business and industry leaders from Pennsylvania, . Facilitate communication and sharing
West Virginia, Ohio, and Virginia as well as NETL-RUA of information among NETL-RUA
members. membership

NETL-RUA hosted the event in collaboration with . Develop tools and materials that will assist
Catalyst Connection to highlight, demonstrate, and NETL-RUA membership in championing
exhibit NETL-RUA research capabilities to the region’s the NETL-RUA

manufacturing sector and facilitate the development
of new partnerships that will be instrumental in future
collaborative research and economic development.

The two-day conference featured keynote addresses by
area business and industry leaders, informational tracks,
and networking, matchmaking, and poster sessions
featuring NETL-RUA researchers.

The conference provided a significant opportunity for
researchers to promote the collective capabilities of
NETL-RUA to the region’s manufacturing sector, thus
improving the visibility of NETL-RUA as a powerful
vehicle to drive innovation in energy and environmental
research and serve as an R&D resource for the region’s
manufacturing industry.

Video of all conference speakers, posters, technical
presentations, and innovation success stories are available Ind Annual NETI-RUA E&I Conference Attendees
for viewing at http://www.netl.doe.gov/rua/events.html

on the NETL-RUA website.
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NETL-RUA External Website

NETL-RUA Website: The NETL-RUA website, hosted
on the NETL website at http://www.netl.doe.gov/
rua/aboutrua.html, continues to serve as the key
informational source for NETL-RUA's history, mission,
member organizations, and reference information such
as fact sheets and reports. News and events, contact
information, and a members-only area are also integrated
into the website.

While this website was initially designed to provide
NETL-RUA members with an information portal, it is
being redesigned in its second year of existence to
provide up-to-date information on facilities, researchers,
capabilities, and products.

The new website will be targeted at cultivating new
partners and strengthening ties with existing ones, and
also focus on SGAs in which NETL-RUA researchers are
working to expand their engagement with industry. The
updated NETL-RUA website will be unveiled in spring 2013.

NETL-RUA Public Fact Sheet: As NETI-RUA programs
continued into their second full year, the NETL-RUA public
fact sheet became due for an update.

The new fact sheet presents an updated overview,
objectives, and key contacts of the program, as well as
highlighted partnerships, key research, and latest awards
presented to the NETL-RUA. The fact sheet can be

viewed on the NETL website at http:/netl.doe.gov/rua/
aboutrua.html.

T W s e

NETL-RUA Public Fact Sheet

Strategic Fact Sheets and Brochures: NETI-RUA
informational materials such as fact sheets and brochures
are distributed to members of academic and industry
communities at conferences and meetings. These
brochures are designed to provide pertinent information
about key capabilities and initiatives to cultivate new
partnerships for innovation.

For example, in FY12, new fact sheets were developed
for specific NETL-RUA initiatives (such as SGAs, SBEUC,
and EDX). These communications products will be used
to help cultivate new research partnerships for these
initiatives.

An NETL Materials Science and Engineering brochure
was created to promote the capabilities of NETL-RUA's
cross-cutting expertise in the area of materials research
and engineering.

This brochure highlights the history of NETL's materials
research, its collaborative partnerships within academia
and industry, technological advancements made by
NETL-RUA members, and the world-class capabilities
available to researchers.

NETL-RUA
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The brochure can be viewed on the NETL News Releases: NETL-RUA research efforts resulted in
website at http://netl.doe.gov/rua/about/ the distribution of 12 Techlines (NETLs version of a press
AdvancedMaterialsBrochure.pdf release) describing innovations ranging from patent

licensing of CO, removal sorbents to the installation
of one of the world’s fastest supercomputers at NETL.
RN OO 0 e These Techlines created more visibility for the Alliance

T em e by increasing name recognition, improving the public’s

awareness of technological advances and achievements,
and further promoting the Alliance’s mission.
NETL-RUA Members Selected as Ambassadors
in Science Pilot Program: In 2012, the NAS and

the National Academy of Engineering (NAE) named
Pittsburgh, PA, as the site for their Science & Engineering
Ambassador Program.

The focus of this pilot program is energy, making
Pittsburgh an obvious choice as it has become a nexus

NETL Materials Science and )
for coal, natural gas, nuclear, solar, and wind power

Engineering Brochure

Brian Strazisar Alexandra Hakala Brian Gleeson Gregory Reed Edward Rubin

Neil Donahue Jay Apt Paul Ohodnicki Bryan Morreale Christina Gabriel

NETL-RUA Members NAE Ambassadors in Science
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industries and research. Pittsburgh is also home to an
impressive number of eminent scientists and engineers
working on energy issues at some of the nation’s top
universities.

The goal of the program is to raise awareness about
energy issues and help community members such

as teachers, business leaders, and local media groups
become comfortable with discussing energy issues
with the community. The ambassadors are established,
well-respected experts who come from academia,
industry, or government; several Pittsburgh scientists
and engineers have been selected as ambassadors to
promote this goal.

In fact, a majority of the ambassadors are NETL-RUA
members, including Jay Apt, Neil Donahue, and
Edward S. Rubin from CMU; Brian Gleeson and
Gregory Reed from Pitt; Christina Gabriel, President of
the University Energy Partnership and a member of
the NETL-RUA EC; and Brian Strazisar, Bryan Morreale,
Alexandra Hakala, and Paul Ohodnicki of NETL.

The long-term goal of the Ambassador Program is to
develop a replicable model that can be implemented
in cities nationwide, building stronger relationships
between scientists/engineers and their communities
while improving citizens’ engagement with current
issues in science, technology, and medicine.

These NETL-RUA members will use this opportunity to
educate the public about energy and raise awareness

and visibility of the good work being done by NETL and
its partners.

| AnnualReviewFY2012

Media Outreach

NETL-RUA Technology Innovation Featured in
Trade Publications: NETL-RUA research impacts a
variety of technologies and has been featured in a
number of trade journals and magazines.

PHOTONICS
Spectra

Laser Car Ignition Dream
Sparks Multiple Approaches

Photonics Spectra Magazine

Prior NETL-RUA research on a laser spark plug was featured
in the September 2012 issue of the trade magazine,
Photonics Spectra (circulation 95,000).

This story entitled, “Laser Car Ignition Dream Sparks
Multiple Approaches,” by Laura Marshall, highlights
the laser spark plug technology developed at NETL by
Steven Woodruff and Dustin McIntyre. The article reviews
the application of laser spark plugs to automobiles and
draws heavily on the natural gas-fueled engine studies
done at NETL.

The NETL-RUA has been recognized by various regional
media outlets as a resource for energy innovation.
The Pittsburgh Business Times featured an article on
October 19, 2012, entitled “NETL, Universities Make Great
Team.” The article recognized the significant contributions
of academic and industrial entities throughout the
region to the energy sector and the up-and-coming
technologies emerging from them.

The prominent research and educational resources provided
by NETL-RUA are highlighted in the article as an example of
the potential for economic growth in the region through its
many research and commercialization opportunities. The
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article anticipates significant international recognition of
this energy sector growth due to the ongoing efforts of
the NETL-RUA and its members.

NETL-RUA Cutting-Edge Research Results Shared
with the Technical Community: A key output

of NETL-RUA is the multitude of research reports,
presentations, posters, and speeches that serve to
disseminate the results of cutting-edge research
stemming from NETL-RUA collaborative efforts.

Publication counts can be viewed as a measure of
research productivity. In FY12, NETL-RUA published
159 peer reviewed papers (Appendix B), most of them
jointly authored, describing work performed under the
auspices of NETL-RUA research teams. This represents the
baseline efforts of the researchers to publish in nationally
and internationally recognized scientific and engineering
journals. In addition, numerous ancillary contributions
were made throughout the year by researchers as they
provided poster presentations and reported results at
technical conferences.

NETL-RUA community reach extends beyond the above
mentioned totals as investigators contributed articles

about their energy research in peer reviewed journals,
which were not directly sponsored through NETL, but
coincided with the mission and vision of the NETL-RUA.

The work generated and published by the NETL-RUA this
past year provides an excellent foundation for future work
and an expectation for greater success in 2013.

Internal Communication

NETL-RUA Spring Meeting: NETI-RUA members met at
the Waterfront Place Hotel in Morgantown, West Virginia
on March 9, 2012, for the Alliance’s second annual spring
meeting. Over 200 members, (including 31 by webcast)
convened to greet friends and colleagues and learn about
NETL-RUA progress and key initiatives.

Following a welcome from WVU provost Michele Wheatly,
ORD Director Cindy Powell delivered the main address,
which was followed by presentations on three NETL-RUA
research initiatives. NETL-RUA Manager Juli Klara presented
on R&D growth pathways, which was followed by

56 NETL-RUA

presentations on the three current SGAs—Shale Gas, Grid
Technology, and Rare Earths. Alliance research teams
provided attendees with the opportunity to learn more
about the work being accomplished and to develop future
plans for research and growth, while Charter Committees
met with “long-distance” members.

At the event, NETL Director Anthony Cugini acknowledged
the Alliance’s quick growth in just a few years, during
which “we brought together five major universities, a
very multifaceted government organization, and a major
company to channel efforts and focus on a singular goal
of building a regional powerhouse that could do fantastic
and cutting-edge research.”

Links to conference presentations and webcasts are
available for viewing at http://www.netl.doe.gov/rua/
events_archive.html on the NETL-RUA website.

NETL-RUA Members Only SharePoint Site (MOSS):
This site, available to all NETL-RUA members, serves
both as an information portal and workspace for teams
and committees to share documents and collaborate.
NETL-RUA research teams are given access to MOSS to
provide them with a collaborative work environment
with controlled access.

New to the site this year is a comprehensive list of
prospects that Alliance members can use to quickly
identify collaborative funding opportunities.

NETL-RUA Spring Meeting Presenters and Attendees
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NETL-RUA eNews Newsletter: This monthly Recognition
newsletter, distributed electronically to all NETL-RUA
members, serves as a source of the latest information Awards

about NETL-RUA's research activities, as well as other
important news. NETL-RUA eNews Newsletters are also
available for viewing at http://www.netl.doe.gov/rua/
events.html
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Council for Chemical Research (CCR) Honors
NETL Collaborative Research: The CCR recognized
Dave Berry, Daniel Haynes and Dushyant Shekwat (NETL);
Mark Smith (URS); and Jerry Spivey (LSU) with a 2012
Research Collaboration Award for their work to develop
novel pyrochlore catalysts for reforming of hydrocarbon
fuels.

This award, given each year by CCR, honors a team of
professionals in the field whose combined efforts have
made an outstanding contribution to the advancement
of chemistry-related science or engineering. CCR is a
nonprofit organization dedicated to advancing research in
chemistry, chemical engineering, and related disciplines.

Representing a collaboration of industry, academia, and
other government agencies, the award-winning team
demonstrated the superior function and value of the
pyrochlore-based reforming catalyst, and has made
significant advances in development and deployment
of a commercially viable product.
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Developing stable catalysts for use in fuel reforming
to produce hydrogen-rich synthesis gas is critical for
enabling SOFC-based auxiliary power units (APUs) that
can eventually be used in commercial power plants
and commercialized on a wide-scale. The potential of
this technology has recently been recognized through
the execution of an exclusive licensing agreement with
the Pyrochem Catalyst Corporation (PCC). NETL will
continue to collaborate with PCC to further develop
pyrochlore catalysts for use in fuel cell-based APUs and
other commercial and military power applications.

NETL's Coronary Stents Team Earns DOE Secretary
of Energy Achievement Award and Federal
Laboratory Consortium (FLC) National Award
(Excellence in Technology Transfer): Paul Turner
and Paul Jablonski of NETL and Ed Argetsinger of
URS earned two awards in 2012: a Secretary of Energy
Achievement Award and an Excellence in Technology
Transfer Award for their work in formulating a unique
platinum-chromium alloy used for new-generation
coronary stents. These awards add to the R&D 100 award
they received in FY11 for this technology.

Coronary stents save lives by permitting blocked or
restricted arteries to be reopened, allowing blood and
oxygen to flow freely again to cardiac tissue. Coronary artery
disease, or heart disease, is the leading cause of death in the
United States, affecting more than 13 million Americans.

The stents, jointly developed by NETL and Boston Scientific
Corporation Inc. (BSCI), are superior to older models and
allow for treatment of such a broad range of patients, that
they have captured nearly half of the U.S. and one-third of
the international market, with sales of more than $4 billion.

The stents are made of a
novel platinum chromium
alloy, which makes it
easier for doctors to see
them on an x-ray and
when inserting them in
patients. The strength of
the alloy makes the stent
less likely to constrict
once itis placed in a
patient leading to lower
rates of blood clotting.
Finally, the new stent’s

Small coronary stents made with
a unique platinum-chromium
alloy developed by NETL and
Boston Scientific can open
blocked arteries and save lives.
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relative thinness makes it easier to thread through or
safely place in the difficult to navigate areas where an
artery bends.

This alloy has recently been approved in Europe for use in
peripheral stents—those used to repair damaged blood
vessels in extremities (legs and arms)—and it is expected
that these same stents will be approved for marketing in
the United States within the next few months.

Results from this partnership also include the creation of
300 new jobs at BSCI alone, many of them in skilled, high
paying engineering and production positions. More BSCI
job creation is anticipated as new stent series are approved
for marketing in the United States and the rest of the world.

In addition, well over 100 American workers are employed
in the supply chain that produces these stents—exclusively
in the United States—and ships them globally.

The Secretary’s Awards, given annually, represent the
highest level of internal non-monetary recognition for
DOE employees.

The FLC Awards Program annually recognizes federal
laboratories and their industry partners for outstanding
technology transfer efforts. These awards have become
one of the most prestigious honors in technology transfer.

For more information about the stent or these
awards: http:/www.netl.doe.gov/publications/
press/2012/120508 stent technology.html

AVESTAR System Wins Award: The FLC recognized
Stephen Zitney (NETL), along with research engineers
Eric Liese (NETL) and Priyadarshi Mahapatra (URS), with an
Excellence in Technology Transfer Award for their work
developing the AVESTAR™ system.

This world class AVESTAR Center at NETL is dedicated
to accelerating progress toward achieving operational
excellence for commercial-scale, clean energy plants. The
AVESTAR dynamic simulator—a high-fidelity, real-time
operator training system-—provides initial hands-on
training for operations, control, and safety of IGCC power
plants and CO, capture systems.

By providing risk-free instruction outside of a working
power plant, the AVESTAR system can help develop a
qualified workforce that is well prepared to operate,
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control, and manage advanced commercial-scale IGCC
power plants with carbon capture that are predicted by
experts to represent the future of clean coal technology.

IGCC systems offer many advantages over traditional
plants, including cleaner operation, increased efficiency,
and lower cost of electricity when capturing CO,; they
can also produce specialty chemicals, clean hydrogen,
and transportation fuels. NETL partner, Fossil Consulting
Services, provides a portfolio of 5- and 10-day courses at
two AVESTAR centers at NETL and WVU in Morgantown, WV.
The course offerings include both familiarization classes and
comprehensive courses that instruct on background and
theory, both followed by hands-on simulator sessions to
put information learned into practice.

NETL and its partners are continuing to build the AVESTAR
portfolio of dynamic simulators, 3-D virtual immersive
training systems, and advanced research capabilities to
satisfy industry’s growing need for training and experience
in the operation and control of clean energy plants. Future
dynamic simulators under development include natural
gas combined cycle and supercritical pulverized coal
plants with post-combustion CO, capture.

NETLs FLC Technology Transfer Award recipients,
Privadarshi Mahapatra, Stephen Zitney, and Eric Liese

NETL Researcher Wins Hispanic Engineer National
Achievement Awards Corporation (HENAAC)
Award: Alexandra Hakala (NETL) has been honored with
a Great Minds in STEM™ HENAAC award for Outstanding
Technical Achievement.

Hakala’s innovative and inspirational qualities and drive
are just a few of the reasons she was chosen for this
award. According to NETL Director Anthony Cugini, in

just three years as a research scientist at NETL, “Dr. Hakala
has emerged as a talented scientist, gifted leader, and an
articulate ambassador for the Laboratory’s research, its
programs, and the importance of our work to the energy
sector of the United States.”

Hakala serves as the technical coordinator for shale gas
research, managing multiple projects within NETL's ORD.

Alexandra Hakala in the laboratory at NETL

She leads two research teams in addition to performing
her own research. One of these teams is developing
knowledge that could lead to computational models for
predicting risks associated with shale gas development.
This research could increase confidence that processes
used to tap the United States’ abundant gas shale
reservoirs are environmentally safe.

The second team is studying reactions that may occur
along fractured pathways in a geothermal reservoir
and developing detailed models of physical changes
expected in unique geothermal systems.

In her free time, Hakala communicates her research to a
wide audience through her published papers and national
and international conference presentations, making a
significant contribution to ongoing conversations on energy
research. She also guides young scientists as they pursue
graduate and post-graduate degrees, devoting time to her
interns to ensure that they complete their thesis and lab
work and have someone to depend on for career advice.

Great Minds in STEM considers nominees for their

awards to be “top role models” in science, technology,
engineering, and math (STEM) fields and uses the HENAAC
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awards to “promote and highlight Hispanic engineers and

scientists.” These awards spotlight rising stars in STEM to

encourage the next generation to pursue careers in these
fields and motivate current STEM innovators to continue

to connect with their Hispanic heritage.

NETL Funded Researcher Honored with a Presidential

Early Career Award for Scientists and Engineers
(PECASE): U.S. President Barack Obama named

NETL-RUA Researchers Earn Prestigious Ceramic
Industry Award for Published Work: In recognition
of the valuable contribution of their published work to the
ceramic industry, Jinichiro Nakano (URS); Kyei-Sing Kwong
and James Bennett (NETL); Thomas Lam, formerly a Ph.D.
student working at NETL; Laura Fernandez and Piyamanee
Komolwit (CMU); and Professor Sridhar Seetharaman (CMU)
earned the American Ceramic Society’s prestigious 2012
Richard and Patricia Spriggs Phase Equilibria Award.

John Kitchin (CMU) as a recipient of a PECASE for his research

on electrochemical separations for energy applications, 2 U-S. DEPARTMEN
\ m— T OF

which has the potential to enable clean coal technologies a1 E E + 4
that meet DOE goals for carbon capture. Kitchin was : iz RG "‘
also recognized for his dedication to educating the next N < N
generation of scientific leaders. ' ﬂ

PECASE awards are the highest honor bestowed by the
U.S. government on outstanding scientists and engineers
who are early in their independent research careers.

Deputy Secretary of Energy Daniel B. Poneman, John Kitchin,
and NETL Laboratory Director Anthony Cugini

Kitchin has made significant contributions to the
development of carbon capture technology in his
collaborations with NETL, advancing efforts to enable the
environmentally responsible use of fossil fuels for electricity
generation. The American Ceramic Society recognized the team
for its publication “Phase Equilibria in Synthetic Coal—
Petcoke Slags (Al,O,-CaO-FeO-Si0,-V,0,) under Simulated
Gasification Conditions.” The publication appears in

Energy and Fuels 2011, 25, 3298-3306.

He was the first to demonstrate the use of an alkaline ion
exchange membrane in the electrochemical separation
of oxygen from air, which has the potential to displace
cryogenic air distillation as the method for producing
oxygen for oxy-combustion power generation. This advance
also allows the use of inexpensive base-metal catalysts, and
is closely linked to Kitchin’s contributions to fundamental
advances in the computational modeling and design of new
catalyst materials, for which he received a research grant
under DOE's 2010 Early Career Research Program.

This research effort provided important information for
understanding how to optimize materials performance
in fuel-flexible gasifier systems, and was also recognized
earlier this year with the Gustav-Eirich Award.

The American Ceramic Society presents this annual award
to the author or authors of a published work that makes
a valuable contribution to the field of phase-stability
relationships in ceramic-based systems.

Aside from his research and active support of NETL-RUA's
carbon capture research team, Kitchen is an innovative
teacher, having mentored 14 undergraduates and
developed an interactive webinar series of lectures
that were delivered live to grade school students. In
appreciation of his dedication, he was awarded the
Kun Li Teaching Award in 2010 for best lecturer in his
department, as voted on by the senior class at CMU.

NETL-Developed Carbon Capture Technology Wins
2012 R&D 100 Award: NETL was recognized as a
leader in the development of solid sorbent technology
when it was awarded an R&D 100 Award for one of its
solid sorbents. R&D 100 awards, known as the “Oscars
of Invention,” are selected by an independent panel of
judges and the editors of R&D Magazine.
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The award recognized the BIAS process, encompassing a
portfolio of patented and patent-pending technologies
for the capture of CO, from flue gas streams so that it
can be used or stored to help control CO, emissions from
power plants. The process encompasses a portfolio of
techniques for the production of regenerable immobilized
amine-based sorbents and provides a methodology
for the capture of CO, from flue gas streams. Low-cost,
regenerable amine-based sorbents offer many advantages
over existing technologies, including increased CO, capture
capacity, reduced corrosion, lower energy requirements
and costs, and minimal water usage.

Amine-based sorbents are also scalable for use in industrial
applications, including coal combustion and gasification-
based power generating systems.

Application of this technology is expected to reduce the
cost and energy use associated with more conventional
scrubbing processes. The process can be used as a
retrofit to older power plants that currently burn coal
or applied to new, more efficient pulverized coal-fired
power plants. Or it can capture CO, from utilities that
combust oil or natural gas. BIAS sorbents are also being
considered for other applications such as natural gas
cleanup, life support systems/confined spaces, and air
capture systems.

Led by McMahan (Mac) Gray of NETL, a team of NETL-RUA
researchers including James Hoffman, Henry Pennline,
Kenneth Champagne, Dan Fauth, and Yee Soong of NETL
and Kevin Resnik of URS, worked to develop this process.

McMahan Gray conducts CO, sorbent testing
in NETL's lab-scale sorbent test laboratory.
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Additionally, team members Jessica Sosenko of NETL
and Kathryn Klos of URS worked closely with strategic
partner ADA-ES to license the BIAS process and to provide
a mechanism for further R&D through a Cooperative
Research And Development Agreement (CRADA)
related to sorbent development. ADA-ES develops and
commercializes innovative technologies to sustain the
viability of coal as a critical national resource. Continued
research under the CRADA has been successful and will
continue until the beginning of 2013.

NETL-RUA Researchers Selected for Several Federal
Executive Board (FEB) Awards: The Pittsburgh

FEB has selected the following personnel from NETL
for the following Excellence in Government Awards:
Paul Ohodnicki, Jr. for Rookie of the Year, Gold Award;
Robert Warzinski for Outstanding Professional Employee
(Med/Scientific Field), Bronze Award; Steve Woodruff,
Michael Buric, and Benjamin Chorpening of the Raman
Sensor Team, Bronze Award; and Benjamin Chorpening
and David Huckaby for the Community Service Award,
Bronze Award.

Paul Ohodnicki, Rookie of the Year, is a materials scientist
in the Chemistry and Surface Science Division working on
high-temperature sensor materials for utility-scale power
plant applications. He also interacts closely with groups
working on catalysts, photocatalysts, and SOFCs by
providing electron microscopy and technical support.

Robert Warzinski, Outstanding Professional Employee,
is a leading researcher on CO, hydrates (formation) and
works in the High Pressure Water Tunnel Laboratory
located at NETL.

The Raman Sensor team earned a Bronze Award for
developing a gas sensor for fuels which can give

a full composition analysis in one second or less.
Steve Woodruff, Ben Chorpening, and Michael Buric
work on laser applications at NETL for diagnostics in
combustion and optical sensors for combustion and
bioengineering. Ben Chorpening and David Huckaby,
whose research focuses on CFDs simulations, earned their
Bronze Community Service Award for volunteer work
with the Monongalia Youth Soccer Association, which
runs recreational soccer in the spring and fall for about
1200 youth in Monongalia County, West Virginia.
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Prestigious Title

NETL-RUA Principal Investigator and
Professor Chosen for the Fulbright
Scholar Program—WVU engineering
professor and NETL-RUA PI Larry Banta
has been chosen for the Fulbright Scholar
Program sponsored by the Bureau

of Educational and Cultural Affairs,

U.S. Department of State. The Fulbright
Scholar Program is a highly prestigious

Larry Banta ) ) ) )
2012 Fulbright Program Scholar international award designed to increase

mutual understanding between the
people of the United States and those of
other countries.

Banta was invited to the University of Genoa (UNIGE) in Italy to
work on advanced energy generation and management. During his
visit to UNIGE, he will be conducting research on several aspects of

fuel cell and gas turbine hybrid electric generation and is looking

forward to strengthening existing ties between UNIGE, NETL, and

WVU. Banta'’s expertise in fuel cells significantly contributed to

the research efforts and strategic goals of the NETL-RUA's Fuel Cells

research team.
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What to Expect in 2013

NETL-RUA will continue to build upon its record of
accomplishments to strengthen its outreach and impact.
This will be achieved by performing world-class research
based on combined experimental and computational
approaches, enhancing educational collaboration,
accelerating commercialization of energy innovations,
and expanding the breadth of NETL-RUA R&D.

NETL-RUA recipients (pictured) of the 2011 Mickey Leland Energy
Fellowship working with an NETL-RUA researcher at NETL.

Enhancing Resources for
Collaboration and Education

In FY13, NETL-RUA will provide additional capabilities to
track FOAs, permit real-time collaboration to develop joint
responses to funding prospects, and monitor proposals
and new projects that leverage NETL-RUA funding.

NETL-RUA will continue to focus on educational initiatives
in FY13. The launch of a new undergraduate intern
program to encourage students to pursue advanced
degrees in research and the award of travel grants to
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outstanding NETL-RUA research projects specifically
to facilitate graduate student presentation of research
results are at the forefront of these efforts.

Attendees networking at the second Annual E&I Conference held
November 28-29, 2012, in Canonsburg, Pennsylvania.The conference
brought together business and industry leaders from Pennsylvania,
West Virginia, Ohio, and Virginia, as well as NETL-RUA members.

Moving Energy Innovations to
the Marketplace

The Alliance will host, in collaboration with Catalyst
Connection, a Third Annual E&I Conference in September
2013 to engage the region’s energy researchers and
manufacturing sector for advancement of innovations
from laboratory to commercial application.
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Implementing Strategies for
Growth to Strengthen Outreach
and Impact

FY13 will see continued emphasis on a growth strategy
initiated by the EC. The two-pronged strategy emphasizes
expanding NETL-RUA's portfolio by growing core FE
research and expanding other related and high-potential
research areas.

The SGAs, in their second year of existence, will work
toward obtaining sustainable funding from industry
partners and through establishment of joint research
consortiums. For these opportunities, NETL-RUA will
capitalize on its established industrial partnerships and
concentrate on those industry sectors that, based on
recent market analyses, have been identified as having
technology needs that can be addressed by NETL-RUA
expertise and capabilities. NETL-RUA will encourage new
ideas by sponsoring an internal competition for research
funding that recognizes existing outstanding research
projects and soliciting new ideas from the broader
university alliance population for innovative research
concepts that further NETLs mission.

Finally, NETL-RUA will investigate strategies to integrate
university energy-related initiatives with NETL's applied
energy research expertise and the region’s rich energy
industry and entrepreneurial spirit to build technologies
that provide a bridge to a sustainable energy future.
NETL-RUA can have a greater impact on new products,
processes, and jobs by capitalizing on regional
partnerships.

Though much has been accomplished since the
NETL-RUA was established, there is still much work to
be done. The NETL-RUA will build on this momentum
in FY2013 to sustain and accelerate progress.
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Christopher Matranga (left) a researcher in the ORD at the DOE NETL,
and Neetha Khan, a research scientist at NETL, prepare an experiment
in NETL's Omicron Analysis and Surface Imaging System (OASIS).
The OASIS system allows researchers to image individual atoms
and determine the elemental composition of the first few atomic
layers of surfaces relevant to FE applications.



Appendix A:

FY2012 NETL-RUA Research Teams and Personnel

ADVANCED COMBUSTION NETL Federal Project Manager: Randy Gemmen
NETL Team Technical Coordinator: Jeff Hawk
Name Affiliation Title Name Affiliation Role University Project Title
Gemmen, Randall NETL Division Director (DD) Seetharaman, CMU PI Fundamental Examination of Deposit
Hawk, Jeffrey NETL Materials Research Engineer Sridhar Compositions Associated with Fireside
- - Zhu, Jingxi Grad Student
Holcomb, Gordon NETL Materials Research Engineer
lonski urdi Meier, Gerald Pitt PI Fundamental Examination of Deposit
Jablonski, Paul NETL Metallurgist . Compositions Associated with Fireside
Yanar, Nazik Co-PI
Robey, Edward URS Contractor Project Lead
Lutz, Michael Grad Student
Argetsinger, Edward URS Engineering Technician
Burkey, Edward URS Engineering Technician
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ADVANCED GASIFICATION NETL Federal Project Manager: Randy Gemmen
NETL Team Technical Coordinator: James Bennett
Name Affiliation Title Name Affiliation Role University Project Title
Baltrus, John NETL Research Chemist Seetharaman, cmu PI Ash/Slag Management Testing, Analysis and
5 | NETL G L Enai Lead Sridhar Modeling CMU Support for Gasification Field
ennett, James eneral Engineer (Leader) Work Proposal (FWP)
Benyahia, Sofiane NETL General Engineer Seetharaman, CMU PI RUA Support for Reducing Syngas Cooler
Boyd, David NETL Engineering Technician Sridhar Fouling and Unconverted Carbon Production
Breault, Ron NETL General Engineer Zhu, Jingxi Post Doc
Carney, Janine NETL General Engineer Gellman, Andrew cmu CAL Warm Gas Clean-up In-Situ SEP Investigations
) of Palladium Interaction with Fuel Gas CMU
Chinn, Richard NETL Materials Research Engineer Miller, James Pl Support for Gasification FWP
Collins, Westley NETL Metallurgist Pisupati, Sarma PSU Pl RUA Support for Reducing Syngas Cooler
Curtis. Edward NETL Electronics Engineer Fouling and Unconverted Carbon Production
Danielson, Paul NETL Physical Science Tech Roy, Christopher VT Pl TRIG Model Development-UQ Quantification
in Gasifier Simulations Numerical Uncertainty
Gibson, LaTosha NETL General Engineer VT Support for Gasification FWP
Granite, Evan NETL Chemical Engineer Palacio, Diego WVU Grad Student | Ash/Slag Management, Analysis and
Hedges, Sheila NETL Research Chernist Song, Xueyan Pl E\;wva;acterlzat\on WVU Support for Gasification
Jordan Jr, Terry NETL Computer Engineer
Bhattacharyya, WvU Co-PI AVESTAR Center-Advanced Process Control
Krabbe, Eric NETL Mechanical Engineer Debangsu WVU Support for Gasification FWP
Kwong, Kyei-Sing NETL Materials Research Engineer Jones, Dustin Grad Student
Liese, Eric NETL Mechanical Engineer Turton, Richard Pl
Massoudi, Mehrdad NETL Mechanical Engineer Bhattacharyya, WvU PI AVESTAR Center-Aspen Dynamics Simulation
- - - Debangsu and Load-Following Control of an IGCC
Me, Joseph NETL Mechanical Engineer ) Plant with CO, Capture WVU Support for
Turton, Richard Co-PI P :
Morreale, Bryan NETL General Engineer Gasification FWP
Shadle, Lawrence NETL Physical Scientist Bhattacharyya, WVU Pl AVESTAR Center-Develop 1D Dynamic Model
Debangsu and ROM for Entrained-Flow Gasifier and RSC
Shaffer, Franklin NETL General Engineer ificati
Kasule, Job Crad Student WVU Support for Gasification FWP
Shahnam, Mehrdad NETL General Engineer
Turton, Richard PI
Siefert, Nicholas NETL Mechanical Engineer
Chaudhari, Kiran WVU Grad Student | Low Rank Coal Optimization-Fundamental
Thomas, Hugh NETL Materials Research Engineer Pandurang Gasification Code Development Soot
Van Essendelft, Dirk NETL General Engineer Turton, Richard PI Formathn Kinetics/C3M WVU Support for
Gasification FWP
Vanosdol, John NETL Mechanical Engineer Weiland, Nathan Co-PI
Wang, Ping NETL General Engineer Krishnaswamy, WvVU Grad Student | Reducing Syngas Cooler Fouling and
Weber, Justin NETL General Engineer Ramalakshmi Unconverted Carbon Production
Wil K h NETL c Scienti Kuhlman, John Pl
illiamson, Kennet omputer Scientist Michael
Yue, Paul Check NETL Physicist Weiland, Nathan WvU PI RUA Support for Reducing Syngas Cooler
Zitney, Stephen NETL General Engineer Fouling and Unconverted Carbon Production
Bergen, Mike URS Contractor Project Lead Bajura, Richard WvU CAL TRIG Model Development Enhancement
_ Dietiker Jeff Pl of Complex Geometry Representation
Garg, Rahul URS Research Engineer letiker, Je capabilities in MFIX WVU Support for
Li, Tingwen URS Research Engineer Gasification FWP
Mahapatra, Priyadarshi URS Research Engineer Bajura, Richard WVU Pl TRIG Model Development-Develop Co-feed
TRIG Reduced Order Model WVU Support for
Means, Nicholas URS Research Engineer Musser, Jordan Pl Gasification FWP
Nakano, Jinichiro URS Research Scientist
Nicoletti, Philip URS Research Scientist
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CARBON CAPTURE NETL Federal Project Manager: David Berry
NETL Team Technical Coordinator: David Luebke
Name Affiliation Title Name Affiliation Role University Project Title
Berry, David NETL DD Nulwala, Hunaid cmu PI High Temperature Supported lonic Liquid
5 vuh NETL Physical Scienti Membrane Synthesis - (CMS CRADA Funded
uan, Yuhua ysical Scientist Carbon Capture Support)
Fauth, Daniel NETL Research Chemist Kitchin, John cmu PI Investigation and Mechanistic Study of
Granite, Evan NETL Chenmical Engineer Anime-Enriched Sorbents for Post-Combustion
CO, Capture
Gray, McMahan NETL Physical Scientist
ot ] NETL NVechamcal ot Kitchin, John MU Pl lon Exchange Resins as CO, Sorbents for
offman, James echanical Engineer x i
Alesi, Walter Grad Student Post-Combustion CO, Capture
Hopkinson, David NETL Mechanical Engineer
Demeter, Ethan Grad Student
Jones, Kenneth NETL Research Chemist Lee, Anita Grad Student
Luebke, David NETL General Engineer Matyjaszewski, [@Y]V] PI Synthesis and Characterization of Diblock
Matranga, Christopher NETL Research Chemist Krzysztof Grad Student Polymers with Nano-Scale Ordered Structures
Matuszewski, Michael NETL General Engineer He, Hongkun
Morreale, Bryan NETL General Engineer Nulwala, Hunaid [@Y]V] PI Synthesis of Ring-Complexing lonic Liquids
Myers, Christina NETL Chemical Engineer Achary, Damodaran | Pitt Pl Advanced NMR Characterization of lonic
Richards, George NETL Energy Sys Dynamics Liquids
Shadle, Lawrence NETL Physical Scientist Enick, Robert Pitt PI Development of High Molecular Weight PDMS
Siefert, Nicholas NETL Mechanical Engineer Jordan, Kenneth Pitt PI Development of Metal Organic Frameworks
Rosi. Nathaniel Co-pl for Mixed Matrix Membranes for
Siriwardane, Ranjani NETL Physical Scientist ! Post-Combustion CO, Capture
Steckel, Janice NETL Physical Scientist Li Tao Grad Student
Zandhuis, Paul URS Contractor Project Lead Jordan, Kenneth Pitt PI Deye\qpment of Polarizable Force Fields for
lonic Liquids
Albenze, Frik RS Research Engineer Johnson, Karl Pitt PI Molecular Modeling of lonic Liquids for
Culp, Jeffrey URS Research Scientist Zhang, Bo Grad Student | Post-Combustion CO, Capture Solvents
Egbebi, Adefemi URS Research Scientist Achary, Damodaran | Pitt Pl NMR Spectroscopic Studies of lonic Liquids for
Fisher, James URS Research Scientist CO, Capture and Separation
Hammache, Sonia URS Research Engineer Janik, Michael PSU Pl Computational Modeling of Novel Materials
Gao H . R h for Pre-Combustion CO, Removal
Hong, Lei URS Research Scientist a0, mongwel esearcner
Kail Brian URS Research Scientist Lvov, Serguei PSU PI Electrochemical In-Situ Monitoring of Metal
. ) Degradation in Carbon Sequestration
Lekse, Jonathan URS Research Engineer Fedkin, Mark Co-Pl Processes
Resnik, Kevin URS Research Engineer Beck, Justin Grad Student
Shi, Fan URS Research Scientist Janik, Michael PSU Pl H\gthemperature CO, Separation from
; Gasifier Effluents
_ K . Gao, Hongwei Researcher
Shi, Wei URS Research Scientist
— Li, Bingyun Wvu Pl Development of Phase Change Amino Acids
Thompson, Robert URS Research Scientist ) o for Use as Post-Combustion CO, Capture
Jiang, Bingbing Post Doc 2
Wickramanayake, Wasala | URS Research Engineer Solvents
Noore, Jabeen Technician
Williams, Mark URS Research Director
Li, Bingyun WVU PI Hybrid lonic Liquid Sorbents for
Garg, Rahul URS Research Engineer . o Post-Combustion CO, Capture
Jiang, Bingbing Post Doc 2
Li, Tingwen URS Research Engineer Noore, Jabeen Technician
Mahapatra, Priyadarshi urs Research Engineer Li, Bingyun WVU PI Next Generation Materials for CO, Capture
Means, Nicholas URS Research Engineer Jiang, Bingbing Post Doc at WU
Nakano, Jinichiro URS Research Scientist Kish, Vincent Technician
Nicoletti, Philip URS Research Scientist Noore, Jabeen Technician
Venna, Surendar WvU PI Research Support for Pre-Combustion
Reddy Membrane Ring-Complexing Supported lonic
Liquid Membranes
Bajura, Richard WVU PI-CAL Task 4.0 Process Intensification, Module Design &
Performance Assessment for H, Membrane FWP
Marzouk, Osama Co-PI 2
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CARBON STORAGE NETL Federal Project Manager: Don Martello / Brian Strazisar
NETL Team Technical Coordinator: Brian Strazisar
Name Affiliation Title Name Affiliation Role University Project Title
Boyle, Edward NETL Research Chemist Karamalidis, [@Y]V] PI Arsenopyrite Precipitation and Dissolution
- Athanasios Studies
Bromhal, Grant NETL General Engineer
- — Karamalidis, CMU Pl Assessing the Potential Mobility of Organic
Cardone, Carol NETL Physical Scientist Athanasios Contaminants to Overlying Aquifers during
Clark Ill, John NETL Materials Research Geologic Carbon Sequestration
Engineer Popova, Olga [@Y]V] Grad Student | Compare Methodologies by Applying to Site
Diehl, J Rodney NETL Physical Scientist Small, Mitchell Pl such asllinois Basin or Oriskan
Dilmore, Robert NETL General Engineer Thomas, Andrew Co-Pl
Edenborn, Harry NETL Research Microbiologist Popova, Olga cMU Grad Student | Evaluate Implications of Storage Estimates
. . . based on More Detailed Spatial Parameters
Gerdemann, Stephen NETL Chemical Engineer Small, Mitchell Pl using DOE Assessment Methodology
Goodman Hanson, Angela | NETL Physical Scientist Thomas, Andrew Co-PI
Gulliver, Djuna NETL General Engineer Gregory, Kelvin MU Co-PI Impact of Microbial Mediated Precipitation on
L G Pl Flow and Seal Properties
Hakala, Alexandra NETL Physical Scientist owry, bregory
Hammack, Richard NETL Physical Scientist Karamal'\.dis, [@Y]V] PI \ntemat'pnal \nterl.aboratory.Round Robin Study
Athanasios of Gas-Mineral-Fluid Interactions
Hedges, Sheila NETL Research Chemist Karamalidis, MU PI On-Line Measurement of lonic Species in
Higgins, Glynn NETL Physical Science Tech Athanasios Post Doc Pressurized Cell by LIBS
Howard, Bret NETL Research Chemist Eseller, Kermal Post Doc
Irdi, Gino NETL Physical Scientist Gouguel, Christian
Karash Andrew NETL General Engineer Harbert, William Pitt PI CO, Trapping Mechanisms in Clay Materials
Kutchko, Barbara NETL Physical Scientist Harbert, William Pitt Pl Effects of Pore-Filling Fluids on Seismic Wave
Properties
Lopano, Christina NETL Physical Scientist
- - - Harbert, William Pitt PI Field Data Analysis Determining the Location of
Maurice, David NETL Matsna\s Research CO. in the Reservoir
Engineer -
Mcintyre, Dustin NETL Mechanical Engineer Jordan, Kenneth Pitt PI \nvesugauon of CO, Trapping Mechanisms in
Clay Minerals
McLendon, Thomas NETL General Engineer Stewart, Brian Pitt PI Natural Isotope Tracers for Quantitative MVA
Mroz, Thomas NETL Geologist (Stewart-Pitt)
Pekney, Natalie NETL General Engineer Ertekin, Turgay PSU PI Impact of Multiple Well Interferences and Brine
Extraction on Pressure Limits
Romanov, Vyacheslav NETL Physical Scientist
Westman, Erik VT PI Double Difference Tomography to Detect Plum
Rose, Kelly NETL Geologist Locations Using Seismic Activity
Rosenbaum, Eilis NETL General Engineer Burbey, Thomas VT PI Interpreting Mechanical Responses from a
Sams Ill, James NETL Hydrologist Zhou, Xue Jun Post Doc Reservoir to Determine Pressure Change
Schroeder, Karl NETL Physical Scientist Yoon, Roe-Hoan VT PI Role of Hydrophobic and Hydrophilic Mineral
- — Surfaces on CO,/Brine Flow through Pore-Scale
Seol, Yongkoo NETL Physical Scientist Networks
Smith, David NETL Physical Science Tech Bodnar, Robert VT Pl Volumetric and Geochemical Effects Associated
Soeder, Daniel NETL Physical Scientist with Carbon Sequestration in Geologic
Formations
Soong, Yee NETL Chemical Engineer - - -
Carr, Timothy WVU PI Primary Database Development and Primary
Strazisar, Brian NETL Physical Scientist Donaldson, Kurt Co-Pl Viewer Development
Tran, Phuoc NETL Mechanical Engineer Krammer, Chris Grad Student
Veloski, Garret NETL Research Chemist McClain, Taylor Grad Student
Warzinski, Robert NETL Research Chemist Sharma, Maneesh Researcher
Wells, Arthur NETL Research Chemist Mohaghegh, WVU Pl Reservoir Scale Impacts of Relative
llconich, Jeff URS Contractor Project Lead Shahab Pe.rm(.aavbmt\es and .Reswdua\ Sqturanons on
Injectivity and Capillary Trapping
Anderson, Edward URS Engineer Mohaghegh, WVU PI Sample Testing and Analysis Using Reservoir
Anderson, William URS Engineer Shahab Models on Shales
Briscoe, Jeffrey URS Electrical Supervisor Ameri, Samuel WVU Co-PI Sample Testing and Analysis Using the Precision
- h Petrophysical Analysis Laboratory on Shales
Bruner, Kathy URS Research Scientist Aminian, Kashy P!
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CARBON STORAGE
(cont.)
Name Affiliation Title
Carney, Casey URS Research Engineer
Crandall, Dustin URS Research Engineer
Damiano, Donald URS Industrial Hygienist
Disenhof, Corinne URS Research Scientist
Eastman, Harvey URS Research Scientist
Ference, Robert A URS Research Scientist
Garber, William URS Quality Sys Lead Engineer
Gill, Magdalena URS Research Intern
Haljasmaa, Igor URS Research Engineer
Harr, Bradley URS Process Engineer
Hill, Daniel URS Engineer
Jain, Jinesh URS Staff Scientist
Jarvis, Karl URS Engineering Technician
Juristy Il, James URS Engineering Technician
Jursa, Christopher URS Research Scientist
King, Seth URS Research Scientist
Kuroski, James URS Engineering Technician
Lapeer, Roger URS Engineering Technician
Livengood, Kevin URS Engineering Technician
Martin, Donald URS Engineering Technician
Murin, Timothy URS Research Scientist
Myshakin, Eugene URS Research Scientist
Nielsen, Benjamin URS Research Engineer
Oberfoell, Jeffrey URS General Technician
Persichetti, Robert URS Mechanical Engineer
Roy, Robert URS Engineering Technician
Swenson, Dana URS Sr. Control System
Engineer
Tennant, Bryan URS Engineering Technician
Tkach, John URS Engineering Technician
Wierzbicki, William URS Sr. Project Manager
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ccsli NETL Federal Project Manager: Cathy Summers
NETL Team Technical Coordinator: David Miller
Name Affiliation Title Name Affiliation Role University Project Title
Glier, Justin NETL ST (General Engineer) Rubin, Edward CcMU Pl Carbon CCSI Project Management (Task Set
. R . 0, Element 100)
Huckaby, E. David NETL Mechanical Engineer
Maurice, David NETL Materials Research Engineer Biegler, Lorenz CMU Pl Professional Services for Advanced Research
i | q dstud (AR) Carbon CCSlin support of Element 3 —
Miller, David NETL General Engineer Dowling, Alexander Grad Student | 5 o Synthesis and Design
Shadle, Lawrence NETL Physical Scientist Grossmann, Ignacio Pl
Zitney, Stephen NETL General Engineer Yang, Linlin Grad Student
Roger Cottrell URS Contractor Project Lead Sahinidis, Nikolaos Pl
Ma, Jinliang URS Research Engineer Cozad, Alison Grad Student
Yuan, Zhihong Post Doc
Mahapatra, URS Research Engineer
Priyadarshi 9 Siirola, Jeffrey Pl
Montgomery, URS Consulting Enaineer Rubin, Edward CMU PI Professional Services for Advanced Research
Christopher 9Eng (AR) CCSl in Support of the EC
Sahinidis, Nikolaos | CMU PI Professional Services for the CCSI
Vouzis P oti Post D Task 3 — Particle and Device Scale,
ouzis, Fanagiotis ostoc Task Set 5 — Integration Framework, and
Yuan, Zhihong Post Doc Task Set 6 — Uncertainty Quantification
Gellman, Andrew CcMU Pl NETL CCSI Team — Element 3: Process
Eslick, John Post Doc synthesis & Design
Bajura, Richard WVU CAL ARRA-Carbon CCSI Task Set 2 - Particle and
Saha, Kringan Co-Pl Device Scale Models
Bhattacharyya, WVU PI Cccsl
Debangsu Post Doc
Modekurti,
Srinivasarao
Mebane, David WVU Pl CCSl Team - Element 1 Basic Data and
Models
Bhattacharyya, WVU PI Sensor Placement Algorithm for at Least One
Debangsu Co-Pl Section in an IGCC Plant with CO, Capture
T Ri
urton, Richard Grad Student
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FUELS NETL Federal Project Manager: Randy Gemmen
NETL Team Technical Coordinator: Dirk Link

Name Affiliation Title Name Affiliation Role University Project Title
Dogan, Omer NETL Materials Research Engineer Miller, James [@Y]V] PI High-Performance, Poison-Tolerant Alloys for
Haynes, Daniel NETL ST (Chem Engineer) Kondratyuk, Petro Co-PI Hydrogen Separation Applications
Howard, Bret NETL Research Chemist Widom, Michael CMU Pl Task 3.1.3 Material and Exposure Assessment
Link, Dirk NETL Research Chemist Huhn, William Grad Student
Morreale, Bryan NETL General Engineer Gleeson, Brian Pitt PI Protective-Scale Evolution and Stability in
Poston, James NETL Physicist Complex Environments
Shekhawat, Dushyant | NETL General Engineer Bajura, Richard W i E;k, ;‘f;gggg;‘gimﬁg% mﬁfg‘rem
Smith, David NETL Physical Science Tech Marzouk, Osama Co-PI Mermbrane FWP
Sorescu, Dan NETL Research Physicist Bajura, Richard WVU Pl Task 4.0 Module Design
Ciocco, Mike URS Contractor Project Lead Marzouk, Osama Co-PI
Kail, Brian URS Research Scientist Belmaggio, Sharon Technician
Miller, Russell URS Research Specialist Franks, Howard Technician
Nielsen, Benjamin URS Research Engineer
Zandhuis, Paul URS Project Manager
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FUEL CELLS NETL Federal Project Manager: Randy Gemmen
NETL Team Technical Coordinator: Kirk Gerdes
Name Affiliation Title Name Affiliation Role University Project Title
Gerdes, Kirk NETL General Engineer Salvador, Paul cmu PI FIB-SEM Microstructure Reconstructions
Mantz, Yves NETL Physical Scientist Picard, Yoosuf Co-PI
L - Neelam
Ohodnicki, Paul NETL General Engineer Post Doc
- - - Bhattacharya, Sudip
Pineault, Richard NETL Research Chemist
— Chen, Long-Qing PSU PI Cathode Evolution by Coarsening
Poston, James NETL Physicist
Shekhawat, Dushyant | NETL General Engineer - - - - -
Celik, Ismail WVU PI Dynamic 3D Multi-Physics Cathode/Anode
Siefert, Nicholas NETL ST (Mechanical Engineer) X Model
Pakalapati, Co-PI
Kalapos, Thomas URS Contractor Project Lead Suryanarayana Raju
Ruehl, Dave URS Technician Liu, Xingbo WVU PI Oxygen Reduction Reaction Model
Addis, Rick URS Technician Gong, Mingyang Post Doc
Finklea, Harry WVU PI Cathode Cation Segregation
Chen, Xioake Grad Student
Jony, Mahfuzur Grad Student
Rahman
Song, Xueyan WVU PI Cathode Intergranular Phase Growth Analysis
Song, Xueyan WVU PI Anode Intergranular Phase Growth Analysis
Chen, Yun Post Doc
Song, Xueyan WVU Pl Evaluation of Electrolyte Degradation
Sabolsky, Edward WvU PI Scale-up of Engineered Foam Cathode to
Gandavarapu, Researcher SECAScale
Sodith
Kumar, Reddy Researcher
Song, Xueyan WVU PI TEM Analysis of Industrial SOFC Stack
Samples
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ICMI NETL Federal Project Manager: Cathy Summers
NETL Team Technical Coordinator: Ronald Breault/George Richards
Name Affiliation Title Name Affiliation Role University Project Title
Huckaby, David NETL Lead - Element 310 Kitchin, John [@Y]V] PI ICMI Support for Oxygen Carrier Interaction
Studi
Straub, Douglas NETL Lead - Element 320, 330 ueies
Chorpening, NETL Lend - Element 340 Greve, David [@Y]1V] PI Support for Solids Flovv Measurement Sensor
Benjamin Development at High Temperature for CLC
Siriwardane, Ranjani NETL Lead - Element 350 Jin, Rongchao [@Y]V] PI Atomically Precise Metal Nanoclusters for
Summers, Cathy NETL Lead - Element 360 Kumar, Santosh Grad Student Catalytic CO, Utilization
Dilmore, Robert NETL Lead - Element 410 Jordan, Kenneth Pitt PI Computational Support Sorbents and
Catalysts of Photoactive Materials
ré/lsrtirsz;r;gz;,er NETL DOE Lead - Element 420 Thakur, Anshuman Grad Student
P Natesakhawat, Pitt PI Heterogeneous Catalysis of Photoactive
Klara, Julianne NETL Lead - Element 520, 530 Sittichai Materials
Carpenter, Stephen URS Project Coordinator - Lead Veser, Goetz Pitt PI ICMI Support for Oxygen Carrier Interaction
320,360 Studies
Gallagher, Michael URS Lead - El t310
dlagher, Michae e emen Ding, Mengning Pitt Grad Student | Oxygen Carrier Analytical Support
Fisher, James URS Lead - Element 330
Charley, Jared URS Lead - Element 340 Blumsack, Seth PSU Pl Economic Assessment of CO, Storage in
Miller, Duane URS Lead - Element 350 Briggs, Ronald Co-PI Shale
Siegel, Joel URS Lead - Element 410 Ertekin, Turgay PSU Pl Numerical Modeling of CO, Injection into
Ciocco, Michael URS Lead - Element 420 Depleted Shale Gas Reservoirs
Yoon, Roe-Hoan VT PI-CAL Evaluation of Hydrate Formation Processes
Cha, Jong-Ho Researcher for Treatment of High-Salinity ICS Produced
Water
Lewis, James WVU PI ARRA-Computational Support Sorbents and
Wang, Hong Researcher Catalysts of Photoactive Materials
Haycock, Barry Post Doc
Ranasingha, Grad Student
Oshadha
Underwood, Mary Grad Student
Underwood, Mary WVU Grad Student | Novel ICMI
Mohaghegh, WVU PI Numerical and Artificial Intelligence
Shahab Modeling of CO, Injection into Depleted
Shale Gas Reservoirs American Recovery and
Reinvestment Act
Siriwardane, Hema | WVU PI Numerical Modeling of CO, Injection into
Depleted Shale Gas Reservoirs
Aminian, Kashy WVU PI Shale Gas Porosity, Permeability,
. Adsorption, and Effects of Net Stress under
Ameri, Samuel Co-PI

Representative Pressures using the WVU
Precision Petrophysical Analysis Lab
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IPT NETL Federal Project Manager: Cathy Summers
NETL Team Technical Coordinator: David Alman
Name Affiliation Title Name Affiliation Role University Project Title
Alfonso, Dominic NETL Physical Scientist Jaramillo, Paulina CMU Pl Coal Power Plant Operations in a System with
Anderson, Richard NETL Research Chemist Apt, Jay Co-PI Increased Wind Power
Benyahia, Sofiane NETL General Engineer Blanco, Christian Grad Student
Brown, Thomas NETL General Engineer Apt, Jay [@Y]V] PI Fossil Plan Mothball and Reactivation
K X - ) ) decisions with Increase Wind Power
Buric, Michael NETL General Engineer Jaramillo, Paulina Co-PI
Carney, Janine NETL General Engineer Lueken, Roger Grad Student
Casleton, Kent NETL Physical Scientist Seetharaman, CMU Pl Fundamental Examination of Deposit
h - Sridhar Compositions Associated with Fireside
Orpening, NETL Mechanical Engineer Corrosion
Benjamin
- - Rubin, Edward [@Y]V] PI Integrated Environmental Control Model
Clark Ill, John NETL Materials Research Engineer
Kietzke, Karen Researcher
Duan, Yuhua NETL Physical Scientist
Mantriprada, Hari Researcher
Ferguson, Donald NETL Mechanical Engineer
Zhai, Haibo Researcher
Gerdes, Kirk NETL General Engineer
Glier, Justin Grad Student
Huckaby, David NETL Mechanical Engineer
Versteeg, Peter Grad Student
Manivannan, .
Ayyakkannu NETL General Engineer Nulwala, Hunaid cMu Pl Mg Battery Development
Maurice, David NETL Materials Research Engineer Cozad, Alison Grad Student
Morreale, Bryan NETL General Engineer Greve, David CMU PI Surface Acoustic Waves Sensor Development
Ochs, Thomas NETL General Engineer
Ohodnicki Paul NETL G | Enai Rubin, Edward CMU PI The Role of Simulation and Modeling in
odnicki, Pau eneral Engineer )
Kietzke, Karen Researcher Accelerating CO, Capture Technology
Oryshchyn, Danylo NETL Mechanical Engineer
Mantriprada, Hari Researcher
Shahnam, Mehrdad NETL General Engineer
Zhai, Haibo Researcher
Shekhawat, Dushyant | NETL General Engineer
Borgert, Kyle Grad Student
Sidwell, Todd NETL Mechanical Engineer
; Hug, Gabriela cMU PI The Next Generation Power Converter: Smart
Sorescu, Dan NETL Research Physicist
McHenry, Michael Co-PI Control Methodology
Steckel, Janice NETL Physical Scientist
DeGeorge, Vincent Grad Student
Strakey, Peter NETL Physical Scientist )
Zhu, Dinghuan Grad Student
Straub, Douglas NETL Mechanical Engineer - - — -
Meier, Gerald Pitt Pl Fundamental Examination of Deposit
Tucker, David NETL Physical Scientist ) Compositions Associated with Fireside
Yanar, Nazik Co-PI Corrosion
Tucker, Mark NETL Engineering Technician
Wen, Youhai NETL Materials Research Engineer Givi, Peyman Pitt Pl LES of Sandia Half-Scaled Dump Combustor
Woodruff, Steven NETL Research Chemist
Kumta, Prashant Pitt Pl Mg Battery Development
Woodside, Charles NETL General Engineer
Yip, M. Joseph NETL Mechanical Engineer Star, Alex Pitt PI Synthesis and Characterization of SiC
Wierzbicki, William URS Contractor Project Lead Nanostructures for Sensors
Cottrell, Roger URS Contractor Project Manager Reed, Gregory Pitt Pl The Next Generation Power Converter:
Anderson, Edward URS Engineering System Level Modeling
Angeline, Gerald URS Engineering Technician Liu, Zi-Kui PSU PI Computational and Experimental
- ) Investigations of Thermodynamic and
Carney, Casey URS Research Engineer Shang, Shun-Li Co-PI Physical Properties of Complex Slags in
De Nyago, Tafen URS Research Scientist Electro Slag Remelting (ESR)
Deng, Xingy URS Research Scientist Wang, Donghai PSU PI Magnesium Battery Development
Gao, Michael URS Research Scientist
Harr, Bradley URS Process Engineer Haworth, Daniel PSU PI-CAL PDF-Based Models for Oxy-Coal Combustion
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IPT (cont.)
Name Affiliation Title Name Affiliation Role University Project Title
Hart, Chad URS Engineering Technician Santavicca, PSU Pl The Effect of EGR on the Performance and
Hill Danel URS Engineer Domenic Operability of Lean Premixed Combustors
Kirby, Travis URS Research Engineer Dobbs, Greg PSU Pl The Next Generation Power Converter:
Bl K Seth P Demonstration Site Plan & Development
Lee, Junseok URS Research Scientist umsack, Set Co-PI
Tafti, Danesh VT Pl Acceleration of MFIX
Montgomery, . . '
Christopher URS Consulting Engineer
Nelson, Janet URS Research Engineer Tafti, Danesh VT PI Heat and Mass Transfer in Porous Sorbent
Particl
Persichetti, Robert URS Mechanical Engineer arties
Sears. John URS Research Engineer Vandsburger, Uri VT PI Methods of Pulse Smoothing of Pressure
Shiver S | Grad Stud Gain Combustion Events towards Enhanced
Simonyi, Thomas URS Research Scientist IVer, samue rad Student | 1, hine Efficiency and Reliability
Thewlis, Tracy URS Mechanical Engineer Murayama, Mitsu VT Pl Multi-scale Microstructure Analysis of High-
Monsegue, Niven Co-Pl Temperature Structural Materials
Reynolds, William Co-PI
Ekkad, Srinath VT Pl Particle Stochastic Analysis with Minimal
Sampling
Boroyevich, Dushan | VT PI The Next Generation Power Converter:
Converter Topology
Weiland, Nathan WVU PI Fundamental Combustion Studies
Bedick, Clinton Researcher
Dietiker, Jeff WVU PI MFIX Acceleration
Bajura, Richard CAL
Celik, Ismail WVU PI Simulation and Validation for Innovative
) Energy Concepts (S&V-IEC): WVU
Escobar, Sergio Grad Student Combustion Modeling
Escobar-Vargas, Grad Student
Jose
Bhattacharyya, WVU PI Techno-Economic Optimization of Process
Debangsu and Energy Plants with Integrated CO,
Co-PI Capture and Utilization Processes
Turton, Richard P
Bajura, Richard WvVU Pl CFD Support of High-Temperature Oxy-Fuel
Systems for Magnetohydrodynamics
Applications
Banta, Larry WVU PI Sensors and Advanced Controls Testing in
Hyper — VE-Suite / HYPER Linkage
Famouri, Parviz WvuU PI The Next Generation Power Converter:
Fallah, Yaser Co-Pl Interface & Communication Protocols
Khushalani-Solank, Co-PI
sarika Grad Student
Nasirian, Neda Grad Student
Ramachandran,
Roopa
Liu, Zi-Kui PSU PI Computational and Experimental

Shang, Shun-Li

Investigations of Thermodynamic and
Physical Properties of Complex Slags in ESR
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IPT (cont.)

Name Affiliation Role University Project Title
Monsegue, Niven VT Co-PI Multi-scale Microstructure Analysis of
Murayama, Mitsu Pl High-Temperature Structural Materials
Reynolds, William Co-PI
Kumta, Prashant Pitt PI Materials Science and Engineering, "Energy

Storage — EERE Research Support”
Wu, Niangiang WVU PI Nanomaterials for Energy Storage
Zhi, Mingjia Post Doc
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NRAP NETL Federal Project Manager: Cathy Summers
NETL Team Technical Coordinator: George Guthrie/Grant Bromhal
Name Affiliation Title Name Affiliation Role University Project Title
Boyle, Edward NETL Research Chemist Dzombak, David CMU Pl Acid Gas Interactions with Seal Materials
Bromhal, Grant NETL General Engineer Zhang, Liwei Grad Student under Geologic Sequestration Conditions
Clark Ill, John NETL Materials Research Engineer Karamalidis, [@Y]V] PI Conduct Site-Independent Generalized
) ) Athanasios Studies Including Laboratory Experiments to
Dilmore, Robert NETL General Engineer Define the Impact of CO, Operations on the
Gerdemann, Stephen | NETL Chemical Engineer release of Contaminants and their Impact to
Receptors
Goodman Hanson, NETL Physical Scientist
Angela ysical >cientis Small, Mitchell cMu Pl Development of an Integrated Risk
- — Nakles David Pl Assessment Framework to Support
Hakala, Alexandra NETL Physical Scientist akles, Davi Adaptive Site Management for Geologic CO,
Hammack, Richard NETL Physical Scientist Sequestration
Hedges, Sheila NETL Research Chemist Small, Mitchel MU Pl Performance Evaluation and Integration
K lidi Co-Pl of Multiple Deep Subsurface CO, Leak
Higgins, Glynn NETL Physical Science Tech Af;z::s‘io':' © Detection Monitoring Technologies
Huerta, Nicolas NETL ST (Physical Science) Grad Student
Wang, Zan
Irdi, Gino NETL Physical Scientist - - " "
Nakles, David CMU Co-PI Risk Assessment in CO, Geologic
Karash, And NETL G I Engi i
aras ndrew eneral Engineer Sahinidis, Nikolaos Pl Sequestration
Kutchko, B NETL Physical Scienti
utchko, Barbara ysical Scientist Zhang, Yan Grad Student
. . . -
Lacher Jr. Clement NETL Engineering Technician William Harbert Pitt PI Assess Remaining Key Science Gasp is
Lopano, Christina NETL Physical Scientist Sequestration Risk Assessment
Maurice, David NETL Materials Research Engineer Brantley, Susan PSU PI Assess Key Field Data Needs/Opportunities
Mclntyre, Dustin NETL Mechanical Engineer
McLendon, Thomas NETL General Engineer Li, Li PSU PI Development of a Reactive Transport Model
- for the Evolution of Fracture Properties under
Mroz, Thomas NETL Geologist Conditions Relevant to CO, Sequestration
Romanov, Vyacheslav_| NETL Physical Scientist Karpyn, Zuleima PSU PI Experimental Investigation of Conditions
Rosenbaum, Eilis NETL General Engineer Cao, Peilin Grad Student Affectvmg Wel\bore \nte.gnty dge to Chem\cal
Reaction using X-ray micro CT imaging
Seol, Yongkoo NETL Physical Scientist
Burgos, William PSU PI Geo Chemical Transformations Caused by
Smith, David NETL Physical Science Tech €O, Injection or Leakage
Stanko, Denni NETL Physical Sci Tech
anko, penn’ ysical science fec Li, Li PSU PI Multiphase Reactive Transport Processes
Strazisar, Brian NETL Physical Scientist ) Associated with Wellbore Cement
Brunet, Jean-Patrick Researcher Dearadation during CO. Leakage
Verba, Circe NETL ST (Physical Scientist) Leopold 9 9+ 9
Grad Student
Warzinski ,Robert NETL Research Chemist Heidari, Peyman
Webster, Daniel NETL Engineering Technician Wilson, Thomas WvU PI Fault and Fracture Zone Detection and
- Reduced Order Fracture Model Development
Wells, Arthur NETL Research Chemist for Risk Assessment
Wells, Jimmy NETL Engineering Technician Mohaghegh, WVU PI Update Component Models for Calculating
Wells, Terrance NETL Engineering Technician Shahab Risk Profiles
Wierzbicki, William URS Contractor Project Lead Siriwardane, Hema | WVU PI Use of Pressure and Displacement Signatures
) . ) to Estimate Reservoir Storage Potential and
Crandall, Dustin URS Research Engineer Gondle, Rajkumar Post Doc Identify Possible Fault Activation in the Cap
Disenhof, Corrine URS Research Scientist Rock During CO, Injection
llconich, Jeffrey URS Project Support
King, Seth URS Research Scientist
Lindner, Ernest URS Research Engineer
Myshakin, Eugene URS Research Scientist
Sams, Neal URS Fellow R&D Scientist
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TURBINES THERMAL NETL Federal Project Manager: Randy Gemmen
MANAGEMENT NETL Team Technical Coordinator: Maryanne Alvin
Name Affiliation Title Name Affiliation Role University Project Title
Alvin, Maryanne NETL DD Gleeson, Brian Pitt PI-CAL Diffusion Barrier Coatings (FWP 2012.03.02 -
- Advanced Energy Systems-Turbine Thermal
Beer, Stephen NETL Physicist Management Task 3.2)
Casleton, Kent NETL Physical Scientist Chyu, Minking Pitt PI Internal and Transpiration Cooling (FWP
Gemmen, Randall NETL DD Siw, Sean Grad Student 2012203,02 - Advanced Energy Systems-
- Turbine Thermal Management Task 2.1)
Sidwell, Todd NETL Mechanical Engineer
- - Chyu, Minking Pitt Pl Trailing Edge Cooling (FWP 2012.03.02 -
Straub, Douglas NETL Mechanical Engineer ) ) Advanced Energy Systems-Turbine Thermal
Miller, Nicolas Grad Student
Tucker, Mark NETL Engineering Technician Management Task 2.2)
Robey, Edward URS Contractor Project Lead Barringer, Michael PSU Co-PI Rotating Rig Facility Development (FWP
) 2012.3.02 - Advanced Energy Systems-Turbine
Riley, Jeffrey URS Engineering Technician Miller, James Researcher Thermal Management Task 5.1)
Thole, Karen Pl
Ekkad, Srinath VT Pl Film Cooling (FWP 2012.03.02 - Advanced
LeBlanc, Co-pl Energy Systems-Turbine Thermal
Christonher Management Task 2.3)
P Co-PI
Ramesh, S.
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UDW AND FRONTIER NETL Federal Project Manager: Jamie Brown
REGIONS NETL Team Technical Coordinator: Kelly Rose
Name Affiliation Title Name Affiliation Role University Project Title
Gamwo, Isaac NETL Chemical Engineer Enick, Robert Pitt Pl Quantifying Complex Fluid-phase Properties
Hawk, Jeffrey NETL Materials Research Engineer Baled, Hseen Grad Student at High Pressure/High Temperature
Kutchko, Barbara NETL Research Scientist Heasley, Keith WvU PI Advanced Rock Mechanics Testing of Rocks
Morreale, Bryan NETL General Engineer Mishra, Brijes Co-PI Under HTHP
Rose, Kelly NETL Research Scientist Zhang, Peng Grad Student
Rosenbaum, Eilis NETL General Engineer Liu, Xingbo WvU Pl Experimental and Numerical Evaluation of
) . . o . Key Metal-Based Failures
Strazisar, Brian NETL Physical Scientist Collins, Greg Post Doc
Warzinski, Robert NETL Research Chemist Chen, Ting Grad Student
Siegel, Joel URS Contractor Project Lead Anderson, Brian WVU PI Numerical Simulation in Support of the
) Ignik Sikumi #1 Well and Associated
Haljasmaa, Igor URS Physical Scientist Garapati, Nagasree Grad Student | oo voirs
Disenhof, Corrine URS Research Scientist Anderson, Brian WVU PI Plume Modeling for High-Pressure
Tapriyal, Deepak URS Research Engineer Water Tunnel Facility
Mohaghegh, WVU PI Deepwater Horizon Litigation Response
Shahab
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UNCONVENTIONAL NETL Federal Project Manager: Jamie Brown
RESOURCES NETL Team Technical Coordinator: Ale Hakala
Name Affiliation Title Name Affiliation Role University Project Title
Bromhal, Grant NETL General Engineer Gregory, Kelvin CMU Pl Fate of Naturally Occurring Radioactive
) . Material in Flowback and Produced Waters
Dilmore, Robert NETL General Engineer from Shale Gas Development Sites
Hakala, Alexandra NETL Research Scientist Robinson, Allen CcMU PI Fugitive Air Emissions from Point Sources
Hammack, Richard NETL Research Scientist with Emphasis on Methane
Pekney, Natalie NETL Research Scientist Donahue, Neil CMU Pl Secondary Photo-Oxidation of Diesel
Rose, Kelly NETL Geologist Anirban, Roy Grad Student Emissions Wlth Application at the Marcellus
Shale Test Site
Sams lll, James NETL Hydrologist - -
Enick, Robert Pitt PI CO, Soluble Surfactants for Improved
Schroeder, Karl NETL Research Scientist Mobility Control
Strasizar, Brian NETL Research Scientist Capo, Rosemary Pitt Pl Evaluate Isotopic Compositions of Geologic
Veloski, Garret NETL Research Chemist Macpherson Researcher End-Members and Fluid Samples
Murin, Tim URS Contractor Project Lead Gwendolyn
Crandall, Dustin URS Research Engineer Vidic, Radisav Pitt Co-PI Fate of Naturally Occurring Radioactive
Material in Flowback and Produced Waters
Garber, William URS Quality Sys Lead Engineer from Shale Gas Development Sites
Jain, Jinesh URS Staff Scientist Harbert, William Pitt Pl Perform Baseline Geophysics and Modeling
Schuller, William URS Research Scientist Hur, Tae Bong Post Doc prior to Well Pad Construction and Drilling
Siegel, Joel URS Project Support Stewart, Brian Pitt Pl Rapid Analysis Methods for Sr Isotopes with
Macpherson, Researcher Multicollector ICP-MS Techniques
Gwendolyn
Bain, Daniel Pitt PI Characterizing Salient Properties of Legacy
Wells Located over the Marcellus Shale
McCawley, Michael | WVU PI Airand Environmental Sampling Around
Marcellus Shale Gas Drilling Operations
Wood, Petra WVU Pl Baseline Environmental Characterization
(Avian) Prior to Site Well-Pad Construction
and Drilling
Hopkinson, Leslie WVU PI Impacts to Small Watersheds from Shale
Mack, Ben Co-PI Development
O'Neal, Melissa Co-PI
Streets, David Grad Student
Siriwardane, Hema | WVU PI Prediction of Fracture Propagation into
Adjacent Reservoirs Using Field and
Laboratory Data for Modeling Constraints
Sharma, Shikha WVU PI Stable Isotopes as Indicators of Fluid Sources
Sack, Andrea Grad Student and F\u\‘d—RockInteracUons in Complex
Geological Systems
Carr, Timothy Wvu Pl Unconventional Resource Analysis Using
Geographic Information Systems in Support
for Shale Risk Assessment, and Evaluation of
Methane Sources in Shallow Geologic Units
in the Marcellus Shale Region
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FY2012 NETL-RUA Peer-Reviewed Publications

Alesi, W. Richard, Jr; Kitchin, John R. “Evaluation of a
Primary Amine-Functionalized lon-Exchange Resin for
CO, Capture.” Industrial & Engineering Chemistry Research
51, n0.19 (May 2012): 6907-6915, DOI: 10.1021/ie300452c.

Alfonso, Dominic R. “Influence of Sulfur Poisoning on
CO Adsorption on Pd(100)." Topics in Catalysis 55, no. 5-6
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