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e Exploration and sustainable exploitation of natural resources including natural gas
e Renewable Energy
o Energy storage
e Water Technologies
e Energy efficiency
e Energy safety
e Alternative fuels
e Energy modeling
e Geotechnical & Geophysical technologies

o "Digital gas Field" technologies
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The EFRCs are major collaborative research efforts that aim to accelerate high-risk, high-
reward fundamental research to provide a strong scientific basis for transformative energy
technologies of the future. The EFRCs represent a unique approach to energy research,
bringing together the skills and talents of teams of investigators to perform energy-relevant,
basic research with a scope and complexity beyond that possible in typical single-investigator
or small group research projects. The EFRCs have world-class teams of researchers, often
from multiple institutions, bringing together leading scientists from universities, national
laboratories, nonprofit organizations, and for-profit firms. These integrated, multi-investigator
Centers are tackling some of the toughest scientific challenges hampering advances in energy
technologies. EFRCs accelerate energy science by providing an environment that encourages
high-risk, high-reward multidisciplinary research that would not be done otherwise;
integrating synthesis, characterization, theory, and computation to accelerate the rate of
scientific progress; developing new, innovative experimental and theoretical tools that
illuminate fundamental processes in unprecedented detail; and training an enthusiastic, inter-
disciplinary community of energy-focused scientists. The EFRCs provide an important bridge
between basic research and a wide range of energy technologies including solar energy
utilization, electrical energy storage, carbon capture and sequestration, advanced nuclear
systems, catalysis, bioscience, materials in extreme environments, hydrogen science, solid
state lighting, and superconductivity.

The EFRC program commenced in 2009; 46 Centers were selected by scientific peer
review and funded at $2-5 million per year for a five-year initial award period. Most were
multi-institutional centers led by 31 universities, 12 DOE National Laboratories, 2 nonprofit
organizations, and 1 corporate research laboratory. These 46 centers included over 115
participating institutions, located in 35 states plus the District of Columbia. Results included
nearly 6,000 peer-reviewed publications, 280 US and 180 foreign patent applications, and
approximately 70 licenses. An open re-competition of the program in 2014 resulted in four-
year awards to 32 centers, 22 of which are renewals of existing EFRCs and 10 of which are
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new EFRCs. More information about the EFRC program and each individual center can be
found here: http://science.energy.gov/bes/efrc/

Five current EFRCs, listed below, are working on fundamental scientific research relevant
to electrical energy storage. These EFRCs would be interested in exploring the possibility of
establishing and enhancing collaborations with Israeli scientists through mechanisms such as
exchange of students and postdoctoral researchers, sharing of expertise and capabilities, and
mutually beneficial collaborative research projects.

1.

Fluid Interface Reactions, Structures and Transport Center (FIRST) Lead Institution:
Oak Ridge National Lab, Director: Dr. David Wesolowski
http://web.ornl.gov/sci/first /

Center for Electrochemical Energy Science (CEES) Lead Institution: Argonne
National Lab

Director: Dr. Paul Fenter

http://www.cees.anl.gov/

Nanostructures for Electrical Energy Storage (NEES) Lead Institution: University of
Maryland Director: Prof. Gary Rubloff
http://www.efrc.umd.edu/

NorthEast Center for Chemical Energy Storage (NECCES) Lead Institution:
Binghamton University, Director: Prof. Stan Whittingham
http://necces.binghamton.edu /

Center for Mesoscale Transport Properties (m2m) Lead Institution: Stony Brook
University. Director: Prof. Esther Takeuchi
http://www.stonybrook.edu/m2m

Pacific Northwest National Labrataory (PNNL) Richland, Washington. The selected
participants will help build program strategies for the safe and economic roll out of the
hydrogen infrastructure, support a panel of national hydrogen safety experts, develop
risk review reports, and develop new safety resources, and be active in
education/outreach activities to code officials, first responders and a wide group of
stakeholders (see what we do at http://h2tools.org and email hsp@h?2tools.org).

Sandia National Laboratory (SNL) Livermore CA or Albuquerque, NM. The selected
participants will collaborate with staff on experimentally measuring and developing
models of hydrogen behavior. These models are used to quantitatively assess the risk
of hydrogen refueling infrastructure for fuel cell vehicles, and therefore must be valid
for cryogenic hydrogen as well as high pressure hydrogen. The individual will be
expected to collect, analyze and interpret data from cryogenic and high-pressure
hydrogen release experiments with the aim of advancing the fundamental
understanding hydrogen dispersion, ignition, and flame behavior, and informing safety
codes and standards for hydrogen. Email: h2fc@sandia.gov
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.Krishnamoorti, RKrishna@Central. UH.EDU Dr. Ramanan

1. Advanced Polymers Testing and Validation for High Pressure High Temperature
(HPHT) Reservoirs. Ramanan Krishnamoorti and Anil Bhowmick.
We are working with original equipment manufacturers, service providers and
collaborators at Texas A&M University to develop accelerated test protocols for rapid
validation of polymeric and nanocomposite materials being developed for extreme HPHT
environments. Specifically, we have developed new material paradigms to advance
elastomers that are stronger, tougher and resistant to dynamic and cyclic loading that are
being currently tested and validated. Inasimilar program, we are also developing advanced
thermoplastic nanocomposites for improved mechanical properties that are capable of self-
healing under dynamic conditions. We invite post-doctoral researchers to bring fresh
materials manufacturing and materials testing perspectives to advance this public — private
partnership.

2. Real-time blow out preventer (BOP) monitoring. Mathew Franchek.
We are working with service companies Cameron International and National Oilwell Varco
to develop and test a system that makes better use of the terabytes of data produced by
monitoring sensors built into modern drilling equipment. Most recently, Transocean is
working with us by providing drill ship data to validate their real-time conditioning and
performance monitoring models. The system allows oil and gas producers to more
efficiently use and maintain equipment, shifting from scheduled maintenance shutdowns to
performing maintenance only when needed. It also can reduce the amount of data
companies are required to store, cutting costs both by avoiding unneeded shutdowns and by
reducing data storage costs.

3. Structural Health Monitoring. Gang-Bing Song.
We are working with OneSubsea and Cameron and have developed methods to monitor the
structural health of subsea equipment using piezoelectric (PZT) sensors. Additionally, we
have developed and advanced the use of Fiber Bragg Grating (FBG) sensors previously
developed for biomedical applications to monitor pipeline leakage and to identify leakage
locations. During manufacturing, installation and service, pipelines are susceptible to
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damage and corrosion. In addition, pipelines must operate in an unpredictable environment
and the threat of natural hazards such as seabed earthquakes, sea storms, ice loads and
landslides can lead to fatigue, crack formation, metal cuts, buckling, free spanning and
leakage, potentially with disastrous consequences, both economic and environmental. The
FBG and PZT sensors being developed at UH provide real-time monitoring of subsea
structures, including steel, concrete and PVC pipelines.

. Integrated Reservoir Asset Management Aided by Data Analytics. Prof. Ganesh
Thakur, Energy Industry Partnerships, Petroleum Engineering, University of
Houston.

The Energy Industry Partnerships at the University of Houston is involved in solving
complex problems for the energy industry and developing solutions for efficient reservoir
management of both gas and oil reservoirs. Postdoctoral fellow opportunities to conduct
research on both conventional and unconventional oil and natural gas reservoirs and
specifically we are proposing a project on Integrated Reservoir Asset Management Aided
by Data Analytics: Applying integrated reservoir management to efficiently extract oil, gas
and natural gas liquids from reservoirs integrating reservoir characterization (geology,
formation evaluation), fluid characterization, well deliverability, production forecasting,
reservoir surveillance, economics, etc. Research would focus on applying data analytics,
machine learning techniques for developing novel predictive tools for oil and gas reservoir
management. For more information on this project please go to http://eipgroup.petro.uh.edu Or
mail gcthakur@uh.edu

. Light-Weight High-Strength Composites for Natural Gas Infrastructure. Christine
Ehlig-Economides, Michael Nikolaou and Ramanan Krishnamoorti.

There is a significant need for the development of light-weight, high-strength and long-life
time materials, equipment and processes to improve the economics of the natural gas supply
chain from drilling to delivery. Specifically advancing the current state of materials design
and implementation of well tubulars, subsea pipelines, coiled tubings and separators,
specifically for natural gas rich reservoirs, through the use of advanced polymer and
carbon-fiber based composites is a unique opportunity that we propose to investigate in this
collaboration. Focusing on both experimental design, materials development and testing
and validation through analytical modeling and detailed simulations will highlight this
industrially relevant project scope. We anticipate collaborating with operators (such as
Noble) and original equipment manufacturers for these materials applications to advance
this research to commercialization.

. Flexible Batteries for Subsea Applications. Haleh Ardebili, University of Houston.
Ardebili’s research lab at the University of Houston develops and investigates flexible
batteries for a wide range of applications, including powering subsea electronics and
integration with structures at subsea conditions. Specifically, thin-film lithium ion batteries
(LIBs) are designed and fabricated based on solid polymer electrolyte. Solid polymer
electrolytes offer many advantages, compared to conventional liquid electrolytes, including
thermal and chemical stability, good mechanical properties and thin-film
manufacturability. We have performed preliminary testing of battery prototypes under
subsea conditions (low temperature and high pressure). More comprehensive testing is
proposed to adequately assess the batteries in various subsea conditions. Fabrication and
material enhancement techniques have been employed to optimize performance, and
further testing of the batteries can lead to a more effective optimization of the battery design
and materials. One battery prototype (Figure 1) with specific polymer electrolyte
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composition has been demonstrated to function over 1000 charge/discharge cycles at room
condition, and 500 cycles at 4°C, delivering an average capacity of 0.1mAh/cm?. Also,
preliminary testing of batteries indicate potential performance enhancement when exposed
to a 5 KSI hydrostatic pressure. Further comprehensive testing is required for design,
materials and processing optimization.

. Improved reservoir resolution, identification, and monitoring- with particular added
value for highly complex, corrugated and diffractive targets. Arthur Benjamin
Weglein, M-OSRP, Physics Dept., University of Houston.

The Stolt ClII migration for heterogeneous media developed by M-OSRP has significant
benefits for imaging and inverting complex structure, and for resolving and identifying
reservoirs-with added value in comparison with all RTM methods. Resolution differences
are examined and quantified in the attached initial study. We propose to continue these
reservoir resolution, delineation and monitoring studies to once again quantify the
differential added-value compared with current leading edge migration methods, with the
metric of the impact on exploration drilling and development well decisions. We would
extend these tests to complex structures, with curved and diffractive interfaces, for
example, for the first time providing imaging and amplitude analysis at pinch-outs. Before
testing on field data, model data sets would be designed to capture specific challenging
plays that are priority for the energy interests and objectives of the state of Israel. In the

link below please find a video that places this proposal within the projects in our group.
http://mosrp.uh.edu/news/executive-summary-progress-2017
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