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New York is the fourth largest consumer of electricity among the fifty states and has the second highest energy rates.
Developing solutions to cost and supply problems of this magnitude will not only serve the needs of our state but our
nation as well. These goals could be reached by increasing supply while reducing dependence on volatile and costly foreign
sources of petroleum, and creating new technology products that will enter the stream of global commerce and produce economic returns. Today, fuel costs; the rapidly increasing demand from the growing economic powerhouses in South Asia and
the Far East; and the negative impact of fossil fuels on global climate, have pushed energy R&D to the forefront. It is difficult,
however, for the industrial energy sector to undertake high-risk, large-scale research due to its thin profit margin and aggressive competition. The Advanced Energy Center™, which is located at Stony Brook University (SBU) and serves a number
of institutions including the Brookhaven National Laboratory (BNL), City University of New York, SUNY Farmingdale, SUNY
Maritime, NYU-Polytechnic University, Rensselaer Polytechnic Institute (RPI), Syracuse University, CCNY, and the New York
Institute of Technology, represents a unique opportunity to take a national lead in the development of clean technology, alternative and renewable energy technologies, as well as energy conservation. Investigators at Stony Brook and BNL have embarked on cutting edge research across a broad spectrum of these new opportunities with the theme of “reliable, affordable,
and environmentally sound energy for America’s future.” This publication describes currently funded research programs
and projects on smart grid and hydrogen fuel energy for America’s future, batteries and fuel storage, photovoltaic cells, new
polymeric materials, improved and highly efficient combustion processes, efficiencies of conventional energy, monitoring of
gases and pollutants, energy policy, advanced energy efficient transportation and other energy-related programs.
As diverse as these efforts are, an overarching theme is the application of nanoscience and nanotechnology to overcome
critical barriers. The new properties being discovered in familiar materials present many scientific questions, but they also
offer the promise of new, more efficient and cost-effective solutions. Advanced Energy Center™ projects also involve new
generations of students, imbuing them with the knowledge, skills, and awareness of the broader societal implications and
economics of energy research and supplies the growing national demand for energy-centric science and engineering graduates. SBU is listed among the top 150 universities in the world and is the only institution in New York with two state-designated Centers for Advanced Technology —in medical biotechnology and sensor systems — and has among its faculty
recipients of both the National Medal of Science and the National Medal of Technology. It leads the 64-campus SUNY system
in earning competitively-awarded federal research funds and is the origin of the only drugs produced by any SUNY campus that have been approved by the FDA. Brookhaven National Laboratory has a history of outstanding scientific achievement that spans more than six decades, and led to seven Nobel Prizes. Its leadership role is achieved by positioning the
Lab’s user facilities: the National Synchrotron Light Source (NSLS), Relativistic Heavy Ion Collider (RHIC), and the Center
for Functional Nanomaterials (CFN) - in continued leadership positions working in teams with universities and industries.
Over the last five years, SBU and BNL have also been the SUNY leader in technology transfer, whether measured by
licensing fees, invention disclosures, issued patents, or executed licenses. The campuses have a “cradle to Fortune 500”
suite of economic development programs, from R&D collaboration to the nurturing of new enterprises in its incubator facilities. The projects described here are a modest representation of the depth and breadth of our commitment to the research
disciplines that bear on energy research. Much more needs to be done and our faculty colleagues are rising to these challenges. We invite you to join us!
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A New York State Center of Excellence
The Advanced Energy Center™ (aertc.org) works with energy-based institutes, laboratories, and programs throughout the country but includes within it five major research and training centers: New York Energy Policy Institute (NYEPI), the Center for BioEnergy Research and Development (CBERD), Northeastern Center for Chemical Energy Storage (NECCES), Long Island Clean
Energy Business Incubation Program (CEBIP), and Advanced Energy Training Institute (AETI). These centers will be located at the
Advanced Energy Center’s™ (aertc.org) new LEED platinum facility at the Stony Brook Research and Development Park. Each of
these centers harnesses an expert team of researchers, educators and investigators dedicated to pursuing advanced energy solutions. As a founding organization of the New York State Smart Grid Consortium (NYSSGC), we work closely with the NYSSGC in
bringing together business and government leaders, policy makers and researchers in developing innovative programs to deploy
smart-grid technology. The Advanced Energy Center™ (aertc.org) is also looking forward to collaborating with the Center for Emergent
Superconductivity (CES) in their efforts to research and design superconducting materials that will help facilitate a superconducting
power grid for the 21st century.
A DVA N C E D E N E R GY C E N TE R ™ A DV I S O RY B O A R D
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New Yor k Energy Polic y I nst it ut e

Dr. Gerald Stokes, BNL

Dr. Guodong Sun, SBU
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Stony Brook University
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Syracuse University

New York Energy Policy Institute (NYEPI) was established to advise the State
on energy-policy through a state-wide
consortium of public and private universities, national laboratories, and research
institutions. Stony Brook University (SBU)
was designated by the New York State
Energy Research and Development Authority (NYSERDA), under the direction of former
New York State Governor David Paterson, to
lead NYEPI. The Institute is housed in the
Advanced Energy Center (aertc.org) located
at the Stony Brook University Research and
Development Park.
The consortium includes Stony Brook
University, Binghamton University, Brookhaven National Lab (BNL), City University
of New York (CUNY), Clarkson University,
Columbia University, Cornell University,
Hudson Valley Community College, Morrisville State College, New York City Economic
Development Corporation (NYCEDC), Polytechnic Institute of New York University
(NYU-Poly), Rensselaer Polytechnic Institute
(RPI), Rockefeller Institute of Government,
SUNY College of Environmental Science and
Forestry (ESF), Syracuse University (SU),
University at Albany, University at Buffalo,
and University of Rochester. These institutions have many of the nation’s leading energy experts on their faculty in areas ranging from science and engineering to social
science, business administration, and public
policy. NYEPI brings together the best and
brightest minds in the energy fields to help
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solidify New York State’s standing as a leader
in energy-policy research and analysis. The
consortium’s long-term goal for NYEPI is to
develop a strong, dynamic, and networked
community that conducts energy policy
research and advises policymakers.
NYEPI is led by a board comprised of energy experts, public-policy practitioners,
and business and government leaders;
and operates through a President, an Executive Director, and three hubs based
at its core institutions (Stony Brook University, Rensselaer Polytechnic Institute,
and Syracuse University). Each of the
three hubs will serve as a regional center
of NYEPI. Dr. Gerald Stokes, BNL’s Associate Lab Director for Global and Regional Solutions, and Research Professor
in SBU’s Department of Technology and
Society, serves as President. Dr. Guodong
Sun, Assistant Professor in SBU’s Department of Technology and Society, serves as
the Executive Director.

NYEPI focuses on five targeted
programs:
1) providing rapid response policy
analysis and advising
2) conducting longer-term energy
policy research
3) serving as an academic, energy
information and research
clearinghouse
4) creating and maintaining a database
of energy experts
5) conducting policy workshops and
briefings to NYSERDA on key
current and emerging energy issues

PA R T N E R
INSTITUTIONS
Binghamton University
Brookhaven National Laboratory
City University of New York
Clarkson University
Columbia University
Cornell University
Hudson Valley Community College
Morrisville College
Nelson A. Rockefeller Institute
NYC Economic Development Corp.
Polytechnic Institute of NYU
Rensselaer Polytechnic Institute
Stony Brook University
SUNY College of ESF
Syracuse University
University at Albany
University of Buffalo
University of Rochester

Funded by New York State Energy Research and
Development Authority (NYSERDA),
and Contracting Agencies

C O N T A C T I N F O R M AT I O N
Dr. Guodong Sun
NYEPI Executive Director
Stony Brook University
Email: guodong.sun@stonybrook.edu
http://www.aertc.org/nyepi
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C en ter for B ioE nergy Researc h and Development

Dr. Devinder Mahajan

CORE INSTITUTIONS
CBERD Director: Dr. Duane Abata
Lead: South Dakota School of Mines
Local: Stony Brook University
Site Director: Dr. Devinder Mahajan

The Center for BioEnergy Research and
Development’s (CBERD) mission is to conduct collaborative research focused on
delivering technology solutions that enable
widespread commercialization of biofuels
and bi-products and to assist government
and industry in achieving the national priority of augmenting our petroleum-based
economy with renewable energy, chemicals and biomaterials. We are a multiIndustry/University Cooperative Research
Center (I/UCRC) for Bioenergy Research
and Development (CBERD).
The center comprises five universities,
and is focused on making transformative
discoveries to enable the lignocellulosic
fats and oil based bio-industries meet the
challenges set forth by the US President,
federal and state agencies and the American public. Research is highly consistent
with federal agency roadmaps. Our vision
is to be a vibrant research community and
a lead contributor of science and technology to meet the nation’s bioenergy goals.
We will achieve this vision by setting forward thinking goals, achieving excellence
in collaborative research, attracting best
in-class researchers, engaging active
participation from industrial partners,
nurturing an environment of innovation
and cooperation, producing highly qualified professionals at the baccalaureate,
masters, and doctoral levels, and excel in
technology transfer.
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CBERD holds two Industrial Advisory
Board (IAB) meetings each year with sponsor industries that guide research in their
areas of need. All sponsoring industries
are members of the IAB. Research projects involve members of the faculty of each
participating university, and graduate students at the master’s and doctoral level.
Collaborative research is leveraged through
the I/UCRC concept which has long-standing success with companies and industries
throughout the world. CBERD is supported
by the National Science Foundation, NSF,
and member industries. NSF evaluators
monitor all center activities and regularly
attend the IAB meetings. Currently there
are seven research foci in CBERD. These
areas are dynamic in that they change from
time to time depending upon the research
interests of our supporting industries, the
Industrial Advisory Board, CBERD’s Strategic Plan and CBERD’s Research Roadmap.
Focus areas are:
1) Feedstock agronomy and supply
2) Feedstock breeding and genomics
3) Bioprocessing microbes and
enzymes
4) Biomass processing
5) New platform technologies
6) Modeling and Process lifecycle
analysis
7) End-use and product development

FRAMEWORK AND STRUCTURE

CBERD LEAD INSTITUTION

PARTICIPATING UNIVERSITIES
Funded by National Science Foundation (NSF)
and Membership Partners

C O N T A C T I N F O R M AT I O N
Dr. Devinder Mahajan
NSF-CBERD Site Director
Jefferson Science Fellow, U.S. Department of State
Stony Brook University
Email: Devinder.Mahajan@stonybrook.edu
www.aertc.org/cberd

MEMBER COMPANIES
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The Nor theas ter n Cent er for Chemic al Energy S t orage

Dr. M. Stanley Whittingham

CORE INSTITUTIONS
NECCES Director:
Dr. M. Stanley Whittingham
Professor of Chemistry,
Stony Brook University
Professor of Chemistry and
Materials Science & Engineering,
Binghamton University

Better ways to store electrical energy are required to make more efficient use of finite
sources of energy such as petroleum, and to
allow more effective use of renewables. A particularly effective way to store electrical energy
is in the form of a rechargeable battery. There
are significant challenges to using the batteries designed for portable applications such as
lap-tops and cell phones in applications where
much bigger batteries are required (e.g., in
transportation and in grid-storage). The key to
making advances in this field lies in both finding novel materials for these applications and in
understanding how current and new materials
function. The Northeastern Center for Chemical Energy Storage (NECCES) is a Department
of Energy (DOE) Energy Frontier Research Center (EFRC) established to perform fundamental
research to understand how electrode materials
for rechargeable batteries function. The effort is
being led by Stony Brook University, (Prof. M.
Stanley Whittingham, director) and includes as
partners Rutgers University, MIT, Binghamton
University, Lawrence Berkeley National Laboratory, Argonne National Laboratory, Brookhaven
National Laboratory, the University of Michigan,
and the University of California at San Diego.
The Center supports basic research that will
contribute to the design and discovery of the
next generation of lithium-ion batteries (LiBs).
The mission of the Center is to identify the key
atomic-scale processes which govern electrode
function in rechargeable batteries, over a wide
range of time and length scales, via the development and use of novel characterization and
theoretical tools, and to use this information to
identify and design new battery systems. This
will allow us to answer the question: What are
the ultimate limits to electrochemical energy
storage in batteries? The science is divided into
four research area: two based on the reaction
mechanisms occurring in batteries: Intercalation Reactions (headed by Clare Grey of Stony
Brook), Conversion Reactions (led by Glenn
Amatucci of Rutgers), and two areas that are
cross-cutting: Characterization and Diagnostics
(led by Robert Kostecki of Berkeley National
Laboratory) and Theory (led by Gerd Ceder of
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MIT). A key focus of the effort is to design and apply new diagnostic methods
to monitor battery functioning in-situ,
i.e., during the functioning of the battery.
Brookhaven National Laboratory and their
National Synchroton Light Source play a
major role in this activity.
For intercalation reactions we have studied
the reasons for the high power capabilities
of the LiFePO4 olivine and determined
that when nano-sized it behaves in a battery as a single phase material LixFePO4
rather than as two reacting phases, LiFePO4 and FePO4. A theoretical model has
been developed that predicted this behavior [1]. The rate capability and formation
of this single phase is also enhanced by
particle substitution of the iron by vanadium [2]. The single phase normally only
exists under the non-equilibrium conditions found in an operating battery, and
cannot be seen in ex-situ measurements
performed under equilibrium conditions.
These results emphasize the criticality of
characterizing materials under real-life situations, and we have built-up the expertise to make many measurements whilst
cycling batteries.
We make use of several ex-situ and in-situ
synchrotron characterization techniques
such as X-ray fluorescence imaging, X-ray
diffraction and Energy dispersive X-ray diffraction (EDXRD) to study electrode materials for Li-ion batteries. X-ray fluorescence
imaging coupled with selective _-XANES
and _-XRD provides information, at microscale, on how the chemical speciation and
oxidation state of metal ions are spatially
distributed in an electrode film. Thus,
this technique can be used to investigate
phase distributions, chemical speciation
as function of location in a cell, and electrode microstructure at different stages of
electrochemical lithiation.
For conversion reactions, we have made
a major study [3] of the compound FeF2,

which should have a significantly higher capacity than any intercalation material. We now understand how it reacts. At
Brookhaven we have studied this reaction inside a transmission electron microscope as it occurs, and the figure shows the
formation of iron nano-particles from FeF2 on lithiation. These
nanoparticles are sufficiently small that they can diffuse back on
recharge to form FeF2. In contrast in copper fluoride, the copper
when extruded diffuses much fast forming micron-size particles
and the reformation of the fluoride is much more difficult.

STRUCTURE

A major challenge to lithium batteries is their volumetric energy
storage, and this is primarily limited by the carbon anode used
today. The use of pure lithium is precluded because of the formation of dendrites on charging, and until now there has been
no in-situ method of following their formation and therefore of
finding a way of mitigating their formation. The Grey group at
Stony Brook [4] has developed a MRI technique that can differentiate between bulk lithium and the dendritic form, which
will allow the mounting of a program that will solve the dendrite
problem and double the storage capability of Li batteries.
References
1. R. Malik, F. Zhou, G. Ceder: “Kinetics of non-equilibrium lithium incorporation in LiFePO4.” Nature
Materials, 10, 587-590, 2011.
2. F. Omenya, N. A. Chernova, S. Upreti, P. Y. Zavalij, K.-W. Nam, X.-Q. Yang, M.S. Whittingham:
“Can Vanadium Be Substituted into LiFePO4?” Chem. Mater, 23, 4733-4740, 2011.
3. F. Wang, R. Robert, N. A. Chernova, N. Pereira, F. Omenya, F. Badway, X. Hua, M. Ruotolo, R.
Zhang, L. Wu, V. Volkov, D. Su, B. Key, M. S. Whittingham, C. P. Grey, G. G. Amatucci, Y. Zhu, J.
Graetz: “Conversion Reaction Mechanisms in Lithium Ion Batteries: Study of the Binary Metal
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FeF2 particle
before and after
after reaction with
lithium. The white
spots on the right
are the nano-iron
metal particles.

Funded by the DOE Office of Science
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Dr. M. Stanley Whittingham
NECCES Director
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C l ean E n erg y B u s iness I nc ubat ion Program (CEBI P )
Photo by Jeanne Neville

Dr. Anil Dhundale

Michael Shimazu

David Hamilton

CORE INSTITUTION
CEBIP Executive Director:
Dr. Anil Dhundale
Lead Institution:
Stony Brook University
Project Manager, Clean Energy
Research and Market Development:
Michael Shimazu
NYSERDA

The Clean Energy Business Incubator Program
(CEBIP) provides assistance and resources for
developers of renewable and clean energy
technologies. By mentoring entrepreneurs
CEBIP helps them establish successful enterprises to bring their technologies to market. Bringing an innovation to market can be
a difficult process requiring technical and
business guidance, successful acquisition of
funding, and continuing to retain a competitive advantage.

pathway, and securing financing. CEBIP has
assembled an unsurpassed team of partners
to maximize prospects of start-ups and young
ventures augmented by our participation in
the Clean Energy Innovation Collaborative with
a single point of continuing contact for clients
to call on these resources as needed.

CEBIP’s goal is to incubate “green” technologies by helping to develop and commercialize
them, and to create and sustain growth companies. CEBIP’s aim is the creation of highpaying cleantech jobs and industry within
New York State that addresses current and
future clean energy needs. CEBIP seeks to
address many key needs of an early-stage,
energy-based technology business, which is
especially critical in today’s rapidly-changing
marketplace. We have assembled an unsurpassed team of partners and access to unparalleled resources to maximize prospects of
startups and new business ventures.

CEBIP has brought some of Long Island’s
leading industry experts together to provide
guidance and direction to our Clients. The
CEBIP Advisory Board is comprised of business leaders and clean energy experts that
have real-world experience and can offer invaluable advice. The CEBIP Management
Team, with extensive industry knowledge and
access to a wealth of resources, is an excellent
source point for the clean energy entrepreneur. In addition, CEBIP can tap into the invaluable knowledge and experience of faculty
and staff both at Stony Brook University and
Brookhaven National Labs. We also have the
capability of accessing the NYSERDA funded
Entrepreneurs in Residence Initiative, which
can bring like-minded individuals together for
brainstorming and networking.

The problem of energy cost and supply is
the preeminent economic challenge for New
York State. As the fourth greatest energy user
among the fifty states, with the second highest
electricity costs, New York State has a double
incentive to address this problem. New York
State’s net consumption is estimated to cost
$60 billion dollars, or 6.6% of the gross state
product, and clean energy solutions hold
promise for state-based companies. Solutions
must critically lower the cost of energy production in the state, and also become products that will enter the worldwide stream of
commerce and bring financial rewards, thereby providing good jobs for New Yorkers and
tax revenues for the state.

CEBIP has access to the vast professional services and technological resources that Long
Island has to offer. The Small Business Development Center at Stony Brook, which is
one of twenty-three campus-based regional
Small Business Development Centers within
New York State, brings together the resources
of the University, the private sector and government at all levels to assist entrepreneurs,
business and industry in the solution of their
problems, leading to increased productivity
and profitability. CEBIP also can team with
the Long Island Angel Network (LIAN) to help
with obtaining new business venture start-up
capital. CEBIP Clients will also have access to
Stony Brook University research facilities:

Enormous investments in basic research at
Long Island’s research institutes will continue to yield early stage technologies that
need feasibility testing, decisions on how and
when to enter the commercial development

• Center for Advanced Technology in Sensor
Systems (SensorCAT) for technical and business expertise, rapid prototyping & fabrication
facilities, and financial co-sponsorship.
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• Center for Biotechnology offers leading experts in biorenewable energy.
• Stony Brook Office of Technology Licensing and Industry Relations for
patents and IP Technology Transfer.
• The Advanced Energy Research and Technology Center (AERTC) is the
leader in advanced energy technology research within New York State.
• Experts in IT and communications at the Center for Excellence in Wireless and Information Technology (CEWIT).

PARTNER S

Outside of Stony Brook University, CEBIP Clients will also have access to
Brookhaven National Laboratory (BNL) resources, which has a staff of approximately 3,000 scientists, engineers, technicians and support staff and
over 4,000 guest researchers annually. BNL’s role for the DOE is to produce
excellent science and advanced technology with the cooperation, support,
and appropriate involvement of our scientific and local communities.
Long Island has very active and vocal clean energy related advocates. CEBIP has fostered relationships with these advocates, which will allow our
Clients exciting and high level networking opportunities. In addition, the
Advanced Energy Training Institute (AETI) offers Clean Energy Strategy
Sessions to give entrepreneurs an opportunity to network with experienced
industry leaders.
CEBIP is fully committed to helping clean energy technology companies
bridge the gap between invention and market using the expertise, business
acumen and technological resources of our management team, Advisory
Board and extensive partners. We will continuously work towards the development of a successful clean energy economy on Long Island, with the
ultimate goal of creating new jobs and a strong economic impact here in
New York.
CEBIP operates directly under the direction of the Long Island High Technology Incubator (LIHTI). LIHTI is a non-profit organization dedicated to
helping new technologically-innovative companies to grow by providing
them with a variety of support resources and services. CEBIP is financially supported by the New York State Energy Research and Development
Agency (NYSERDA). NYSERDA strives to facilitate change through the
widespread development and use of innovative technologies to improve the
State’s energy, economic and environmental wellbeing.

C O N T A C T I N F O R M AT I O N
Dr. Anil Dhundale
CEBIP Executive Director
Stony Brook University
Email: anil.dhundale@stonybrook.edu
www.aertc.org/cebip

David C. Hamilton
Director, Business Development
Email: dhamilton.cebip@gmail.com
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Funded by New York State Energy Research and
Development Authority (NYSERDA)

Ad van ced Energy Training I nst it ut e

Ms. Patricia Malone

Stony Brook University, Center for Corporate Education and Training (CET), brings its expertise in professional and industry certification to the Advanced
Energy Training Institute (AETI) which includes new
and innovative programs in energy and sustainability, ranging from green project and business management skills to green building, energy efficiency,
power and smart power. Working with core partners,
such as the U.S. Green Building Council (USGBC,
USGBC-LI, the Long Island Builders Institute, the
National Association of Home Builders, Conservation
Services Group, and the Advanced Energy Center
partners including NYSERDA, LIPA, NYPA, National
Grid, IBM and others, the Advanced Energy Training
Institute is identifying new credentialing venues, linking and clustering certification programs, conducting focus groups and engaging statewide agencies
and partners to create a platform for honest credential brokering in the elusive “green” landscape.
COURSE SAMPLING
LEED TRAINING
Leadership in Energy and Environmental Design
(LEED) Green Building Rating System, developed by
the U.S. Green Building Council (USGBC), provides
a suite of standards for environmentally sustainable
construction. LEED Certification is the nationally accepted benchmark for the design, construction and
operation of high performance green buildings.

CORE PARTNER
AETI Executive Director:
Ms. Patricia Malone
Lead: Stony Brook University

LEED ACCREDITATION (GA & AP)
LEED Green Associate (GA) Exam Preparation course
prepares participants for the rigors of the LEED GA
Exam. LEED GA is the first step in becoming a LEED
Accredited Professional (AP).LEED AP Exam Preparation course is also offered.
BPI CERTIFICATION
The Building Performance Institute, Inc., (BPI) is the
nation’s premier building performance credentialing, quality assurance, and national standards setting organization. BPI supports the development of
a highly professional building performance industry
through individual and organizational credentialing
and a rigorous quality assurance program. Stony
Brook University and the AETI have partnered with
Conservation Services Group (CSG) to provide BPI
Certification training on Long Island. Courses include:

ADVANCED ENERGY CENTER ™
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BPI Building Analyst: This course teaches basic principles of building science to assess
energy efficiency in a home while monitoring
conditions that have a direct impact on human
health and safety. BPI Standards emphasize
the ‘house-as a-system’ approach to inspecting a home; that all systems are interconnected. Participants learn how to use diagnostic
equipment such as the blower door and the
combustion analyzer to ensure systems are
functioning correctly. An energy auditor with
BPI certification meets the national standards
of the Building Performance Institute having
passed both a written and a field exam.
BPI Envelope Professional: Building Envelope
training is a residential specialization that
focuses on ways to enhance the envelope’s
thermal and pressure boundaries through
insulation and air sealing techniques. Every
home is different and it is important to understand why problems related to the building
envelope such as moisture, ice dams, mildew
and drafts are created in the first place.
BPI Heating Professional: This course prepares participants to understand heating
system load and sizing, design, duct system
diagnostics, and proper maintenance and efficiency analysis.
BPI Accreditation for Businesses: More and
more federal, state, and local energy efficiency and weatherization programs require contractors to be BPI Accredited businesses. BPI
requires BPI Accredited companies to employ
a minimum of one full-time Building Analyst
and one full-time employee with specialty
designation, such as Envelope Professional or
Heating Professional. These designations can
be held by the same individual.
CERTIFIED GREEN PROFESSIONAL TRAINING
Working with Long Island Builders Institute
(LIBI) and the National Home Builders Association, AETI is providing Green Training
for the residential market. Participants who
complete the Green Building for Building
Professionals and the Building Management
for Building professionals and pass the requisite exams earn the Certified Green Professional credential.

Association of Energy Engineers (AEE) Certified Energy Manager (CEM) and
Certified Energy Auditor (CEA)
AETI has partnered with NYSERDA and LIPA to offer CEM and CEA exam preparation
training both in New York City at the Manhattan Campus and on Long Island.
AEE Certified Energy Manager
This special 5-day seminar provides an in-depth, comprehensive learning and problem-solving forum for those who want a broader understanding of the latest energy
cost reduction techniques and strategies. The program begins by examining the basic
fundamentals within all key areas of energy management. From there, the instructors systematically move to a “working level” knowledge of the specific principles and
techniques needed to really get the job done. The participant gains the knowledge and
confidence it takes to effectively apply state-of-the-art principles of energy management, and to achieve control over energy costs in their organization(s) — whether they
are responsible for managing a single facility or developing an energy management program for multiple corporate facilities, government buildings, etc. AEE’s most requested
program, this seminar has been completed by thousands of professionals since its
inception in 1994.
AEE Certified Energy Auditor
This focused, fast-paced 3-day instructional program is designed both to expand the
student’s knowledge in the energy auditing field, and to serve as a preparatory vehicle
for the examination required to achieve AEE’s Certified Energy Auditor (CEA) credential.
Participants gain the fundamental knowledge needed to evaluate how energy is being
used in a facility, and to identify where consumption can be reduced, covering useful
calculation methods and practical examples. The instructor will emphasize effective
auditing basics while putting them in the context of the “big picture” and the bottom
line. The CEA examination will be administered on the morning of the day following the
seminar – to all qualified participants.

Stony Brook University Funded

C O N T A C T I N F O R M AT I O N
Ms. Patricia Malone
AETI Executive Director
Stony Brook University
Email: sbucet@stonybrook.edu
www.stonybrook.edu/cet
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New Yor k State S mar t Grid Consor t ium (NYSSGC)
The AERTC is a founding member and
strategic partner in the New York State
Smart Grid Consortium, a leading state
based organization providing a better understanding of the opportunities offered
by smart technology in the modernization of the electric grid. The Consortium is
unique by virtue of its make up:

Robert B. Catell

David Manning

CORE INSTITUTION
NYSSGC Chairman:
Robert B. Catell
A consortium of leading utility,
industrial, academic and
research organizations.

• The New York based investor owned
power and gas utilities - serving the
millions of consumers throughout New
York State.
• The State owned utilities - NYPA generates and transmits power throughout
the State and LIPA serves the Long
Island region with full electric services.
• The Government agencies most concerned with the operation and enhancement of the Grid, including NYSERDA,
the Public Service Commission (PSC),
and the New York Independent System
Operator (NYISO).
• Universities, colleges and laboratories:
Stony Brook, CUNY, Polytechnic Institute of NYU, Syracuse, Clarkson, and
Brookhaven National Laboratory, all
working to advance the grid through research, development and deployment.
• Global technology developers, such as
CA, IBM, and GE who collaborate with
research institutions and utilities to
identify technology gaps and drive
smart investment in the global grid with
New York developed components.
• New innovation companies, smaller in
scale, who are addressing the needs of
grid modernization with advanced
technological solutions.
• Consumers, through representative
groups, non-governmental organizations, and business organizations.
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The electric grid is undergoing significant
capital investment as the State works to
replace dated infrastructure, incorporate
new communication technologies to increase operating efficiency, and maintain
reliability. Consumers are now offered
choices unknown just a few years ago,
and new low or carbon-free sources of energy are entering the grid.
The task of the Smart Grid industry is to
create a flexible grid, supporting changing consumer demands, accommodating intermittent renewable energy, and
maintaining maximum reliability, all as the
industry works to contain energy costs.
The task of the Smart Grid Consortium is
to assure the best available information
is available to members, the public, policy makers and regulators, and to assist
the industry in identifying research
priorities. The dialogue established by the
Consortium affords the opportunity for
efficient “gap analysis,” cost benefit
analysis, and priority setting to keep New
York competitive and help it achieve its
environmental goals.

The Smart Grid Consortium is a gathering
place for the leading ideas in grid technology as the grid is modernized. This aids
the public in understanding the technology options and their role in the customer’s
energy future. Given the pace of change in
technology and the very long life of power
infrastructure, the Smart Grid Consortium
members are working to assure the Grid
is not only efficient but flexible, to accommodate future customer options not yet
conceived.

PARTNER S

The merger of communication technology
with the electric grid provides new standards of real time information flowing from
the grid back to the operator to increase
efficiency and reliability, and new information to the customer to understand energy
use and make new technology decisions
to reduce costs.
The Smart Grid Consortium is dedicated
to the research, development, implementation and communication to make a
modern grid a reality in New York State.

C O N T A C T I N F O R M AT I O N
Mr. Robert B. Catell
NYSSGC Chairman
rcatell@nyssmartgrid.com
Mr. David Manning
dmanning@nyssmartgrid.com
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Center for Emergent Superconductivity (CES)

J.C. Seamus Davis

CORE INSTITUTION
Brookhaven National Laboratory
Executive Director:
Dr. J.C. Seamus Davis

As U.S. electrical energy consumption continues to grow, the nation’s electrical power
transmission grid faces fundamental structural
challenges of capacity, reliability and efficiency if it is to meet the needs of the 21st century.
Electricity demand will grow by 50% in the US
and by 100% globally by 2030, with nearly all
of that growth in cities and suburbs where the
overhead power lines and underground cables
are nearly saturated. Power delivery and control solutions based on superconductors can
solve these crises with demonstrated higher
current carrying capacities over conventional
cables, self-healing current limiting capabilities, and substantial increases in efficiency.
However, there remain fundamental material
challenges that must be addressed in order for
superconductivity to have broad impact on the
electrical grid.
The objective of the Center for Emergent Superconductivity (CES), an Energy Frontier Research
Center funded by the US Department of Energy
Office of Basic Energy Sciences, is to explore
fundamental research issues which will overcome key barriers leading to the viable application of high temperature/high current
superconductivity by enabling the design of
superconducting materials with optimal physical and critical properties which facilitate a superconducting power grid as soon as feasible
in the 21th century. Thus, our most profound
challenge is to understand the fundamental
mechanisms of high-temperature and highcurrent superconductivity sufficiently to direct discovery of new or improved families of
materials with higher critical temperatures
and currents.

ADVANCED ENERGY CENTER ™
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An image of the interference pattern made by wavelike electron pairs in a high-temperature, iron-based
superconductor as measured using a phase-sensitive
scanning tunneling microscope.
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The Center brings together 16 PIs with strong records
of accomplishment and demonstrated records of collaboration from three world leading research institutions in correlated electron superconductivity. The latter include Brookhaven National Laboratory, Argonne
National Laboratory and the University of Illinois at
Urbana-Champaign. The Director of the Center is J.C.
Seamus Davis, a professor of physics at Cornell University; a Senior Physicist at Brookhaven National Laboratory, and a member of the National Academy of Sciences. Through their Center interactions, the PIs pursue
three grand challenges: finding new strongly correlated
superconducting
materials,
understanding
the
mechanisms leading to strong correlation and high
temperature superconductivity, and controlling vortex matter to raise the current carrying performance of
superconductors.
Funded by the Department of Energy (DOE)

C O N TA C T I N F O R M AT I O N
Dr. J.C. Seamus Davis
CES Executive Director
Brookhaven National Laboratory
Email: jcdavis@ccmr.cornell.edu
www.aertc/ces

ADVANCED ENERGY CENTER ™

19

M O D E LI N G

Hot Aisle / Cold Aisle
HACA arrangement employs a raised floor cold
air plenum and perforated tiles to deliver cold air
to the server inlets which are arranged to face the
perforated tiles, creating a cold aisle. Hot air is
expelled through the back creating a hot aisle

Thermal Modeling of Advanced
Cooling Equipment for
Mission-Critical Data Centers
PI: Anurag Purwar, SBU
With the increasing power density in datacenters, the need for effective and efficient cooling methods is of paramount
importance. Various industry leaders have
developed cooling technologies as a solution to this problem. These solutions aim
to improve airflow management within a
datacenter. However, until now there has
been no systematic study comparing different cooling technologies. Identifying
technologies that will allow for better cooling performance will reduce cooling and
operational cost for datacenters. (SPIR,
AFCO Systems)

Systems Assessment Tools for
Advanced Energy Technologies

Modeling of Advanced
Powertrains

PI: Sheldon Reaven, SBU

PI: Aris Babajimopoulos, SBU

Analytical ‘whole systems ’ tools are used
to gauge which energy technology, material, or practice is best overall, from manufacture to use to disposal, in making or
saving energy, cutting pollution and global
warming gases, and lowering environmental and safety risks. These tools are: net
energy analysis, life-cycle analysis, risk
analysis, and industrial ecology. They pose
huge methodological dilemmas and often
give conflicting verdicts, as in the twentyyear dispute over whether biomass fuel
really costs or saves energy. Our research:
1) Identifies novel challenges for net
energy analysis, life cycle analysis,
risk analysis, and industrial ecology
posed by new transformative technologies like electronic commerce,
nanotechnology, advanced materials,
‘green chemistry’, terrorism- and
disaster- proof infrastructure – and
by advanced energy technologies
themselves
2) Improves the systems assessment
tools so they can generate meaningful, clear results of practical
value to policy-makers and the
public, and help all thread the maze
of conflicting studies
3) Finds ways to apply (1) and (2)
in the various projects of the
AEC, with government and industry
collaborators, as a key part of the
Center’s Technology Assessment
capabilities
4) Over the longer term, seeks to
incorporate these perspectives into
comprehensive, integrated visions of
sustainable advanced energy, materials, and infrastructure futures.
(SBU)

The automotive industry is constantly facing the challenge of improving vehicle fuel
economy and reducing emissions without
sacrificing performance. Novel combustion concepts, such as Homogeneous
Charge Compression Ignition (HCCI) and
Spark-Assisted Compression Ignition
(SACI), as well as recent advances in engine technology (e.g. variable valve actuation) and electrical components (e.g. batteries) offer the promise of dramatic gains
in vehicle fuel economy. In order to take
full advantage of these new technologies,
however, it is important to enhance our
fundamental understanding of the combustion processes, while addressing the
increased complexity of the engine and
vehicle systems. For this purpose, we use
models of varying complexity and fidelity
to aid the development of advanced engines and evaluate the potential overall
fuel economy improvements at the vehicle
level. More specifically, CFD models with
detailed chemical kinetics are used to investigate basic aspects of HCCI and SACI
combustion and understand the effects
of combustion phasing and engine load/
speed on burn rates and combustion efficiency. The knowledge gained from the
fundamental CFD studies is then used to
develop system level models that can aid
in the design of the engine system, component matching, and controls development. Finally, the engine system model
is employed to generate engine fuel consumption maps that can be incorporated
in vehicle level simulations for assessing
the overall fuel economy gains of conventional and hybrid vehicles over a given
drive-cycle. (SBU)

ADVANCED ENERGY PROJECTS

20

M O D E LI N G

Mesoscale Models for
Brittle Fracture
PI: Roman Samulyak, SBU and BNL

*Velocity streamlines of a Taylor vortex flow.

Sharp Interface Tracking
in Rotating Microflows of
Solvent Extraction
PIs: James Glimm, SBU and BNL,
Xiaolin Li and Xiangmin Jiao, SBU
The objective of this proposal is to develop a specialized sharp interface tracking
simulation capability for predicting interaction of micron-sized drops and bubbles
in rotating flows relevant to optimized design of contactor devices used in solvent
extraction processes of nuclear spent fuel
reprocessing. An outcome of this proposal
is to determine from first principles continuum fluid mechanics how micro-drops
and bubbles interact with each other and
the surrounding shearing fluid for realistic
flows. This addresses the AFCI’s technical work scope for CFD capabilities for
process optimization. It uniquely supports
the AFCI vision of building novel levels of
simulation for separations in both near
and long terms. In the near term, this effort role in provide parameters for averaged flow dynamics of models and in the
longer term, it will allow detailed device
scaled simulations. (DOE)

The objective of this research is to develop
new mass conservative mesoscale models
for the simulation of fracture of inhomogeneous solid materials. Accurate simulation of
material fracture is a necessary component
of numerous energy related research projects. Mesoscale models are capable of resolving spatial scales filling the gap between
microscale and continuum models. Our algorithms are based on the energy minimization
of the network of triangular springs with critical tension that satisfy realistic stress – strain
relations. The use of the energy minimization approach leads to stable algorithms and
makes it possible to avoid unwanted small
temporal scales typical for dynamic models. The main emphasis of the research is
on the study of brittle fracture. Two regimes
of the fracture have been considered: (a)
adiabatically slow deformation and breakup
and (b) fast deformation and the formation
and propagation of cracks in highly stressed
materials. Software for the fracture of brittle

materials has been parallelized for the use
on distributed memory supercomputers by
utilizing parallel high performance libraries
TAO and Global Arrays. The solid fracture
software has numerous current and potential
future applications. It has been used for the
simulation of fundamental science (fracture
of tempered glasses) and applied problems,
including the fracture of ceramics hit by high
velocity projectiles for the Department of Defense and the failure of fuel rods in nuclear
reactor safety studies for the Department of
Energy. (DOD)

RESEARCHER PROFILE
James Glimm, Distinguished Professor, Department of
Applied Mathematics and Statistics, SBU,
Computational Science Center, BNL.
Awards and Honors:
• Fellow, SIAM (2009)
• National Medal of Science (2002)
• Steele Prize, AMS (1993)
• Member, National Academy of Sciences;
Member, American Academy of Arts and Science
• Dannie Heineman prize for Mathematical
Physics (1980)
• New York Academy of Science Award (1979)
• Guggenheim Fellowships (1963-1966)
• National Science Foundation Fellowship (1960)

Energy Projects:
• Modeling
• Fluid Mechanics
• Combustion
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Volume Visualization of
Porous Rocks

Combustion Modeling in a
Scram Jet Engine

PI: Arie Kaufman, SBU

PIs: James Glimm, SBU and BNL
and Xiaolin Li, SBU

The visualization of volumetric data has
aided many scientific disciplines ranging
from geophysics to the biomedical sciences. We developed the VolVis, a comprehensive, diversified, easy to use, extensible, high performance and portable
volume visualization system. Specific energy related applications include volume
rendering for analyzing the pore space in
three- (and two-) dimensional X-ray computed microtomographic (XCMT) images
(e.g., from the Light Source at BNL) of
rocks. With appropriate images it can be
used to analyze fluid partitioning in the
pore space, for applications of ground water contaminants, and for oil distributions.
VolVis was licensed to Exxon Production
Research Company in Houston, TX for visualization of oil exploration. (NSF, Exxon,
DOE).

As part of a multi-institutional team led
by the Center for Turbulence Research at
Stanford University, we are participating in
a design study for a scram jet. The purpose
of the study is not simply the design, but
its numerical modeling; and specifically,
assessment of the uncertainties and error
margins needed for a robust and reliable
design. Thus the primary goal is uncertainty
quantification and quantified margins of uncertainty, with the scram jet as a backdrop.
The two critical design questions, or possible points of failure are the combustion
modeling (unstart) and the integrity of the
air frame under very high heat loads. We
emphasize the combustion modeling in our
contributions to this consortium. Combustion in a scram jet depends on rapid mixing
of fuel and air in the short residence time
that the fuel remains in the combustion
chamber. Combustion modeling of a turbulent flame and of turbulent mixing itself
generally depends on good sub grid models
to capture the influence of the unresolved
scales on those that are resolved, in a Large
Eddy Simulation (LES). It also depends on
high quality numerical methods to eliminate
or suppress undesired numerical contributions to the physical transport, such as thermal and mass diffusion. We have adopted
the Stanford methods for subgrid models in
our codes, which have a very high quality
control over numerical transport effects. We
will continue our presently established program of comparison of simulation results to
physical experiments, and part of a verification and validation study, needed for uncertainty quantification and quantified margins
of uncertainty studies. (DOE)

Visual Simulation of
Thermal Fluid Dynamics in a
Pressurized Water Reactor
PI: Arie Kaufman, SBU
We developed a simulation and visualization system for the critical application
of analyzing the thermal fluid dynamics
inside a pressurized water reactor of a
nuclear power plant when cold water is
injected into the reactor vessel for a possible thermal shock to the vessel. We employ a hybrid thermal lattice Boltzmann
method (HTLBM), which has the advantages of ease of parallelization and ease of
handling complex simulation boundaries.
For efficient computation and storage of
the irregular-shaped simulation domain,
we classify the domain into nonempty and
empty cells and apply a novel packing
technique to organize the nonempty cells.
This method is implemented on a GPU
(graphics processing unit) cluster for acceleration. We demonstrate the formation
of cold-water plumes in the reactor vessel.
A set of interactive visualization tools, such
as side-view slices, 3D volume rendering,
thermal layers rendering, and panorama
rendering, are provided to collectively visualize the structure and dynamics of
the temperature field in the vessel. To
the best of our knowledge, this is the
first system that combines 3D simulation
and visualization for analyzing thermal
shock risk in a pressurized water reactor.
(NRC, ISL)
Publications:
Zhe Fan, Yu-Chuan Kuo, Ye Zhao, Feng Qiu, Arie Kaufman,
and William Arcieri. “Visual Simulation of Thermal Fluid
Dynamics in a Pressurized Water Reactor,” The Visual
Computer, (2008).
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Numerical Simulation of High
Power Liquid Mercury Targets
PI: Roman Samulyak, SBU and BNL
In the energy research area, liquid metal
targets for particle accelerators that convert
intense proton beams into neutrons or other
particles are used in subcritical reactors proposed for the burning of nuclear waste by
neutron irradiation, and spallation neutron
sources. The aim of the targetry group of
the international, multi-institutional research
group Neutrino Factory/Muon Collider Collaboration is to explore the feasibility of high
power targets for future particle accelerators.
The target will contain a series of mercury
jet pulses. When the jet reaches the center
of the magnet it will be hit with a series of
proton pulses depositing about 100 J/g of
energy in the mercury. The aim of numerical
simulations is to describe the hydrodynamic
response of the target interacting with proton pulses in magnetic fields, understanding of which is of major importance for the
reliable target design. We have performed
mathematical modeling, software development and simulations of liquid mercury jet
targets interacting with high power proton
beams in magnetic fields. These studies
have led to the change of design parameters
of the MERIT experiment. Simulation also

predicted strong instabilities and cavitation of
the mercury jet interacting with proton pulses
at zero magnetic field, and strong stabilizing
effect of the magnetic field. Simulation predictions were confirmed by the MERIT experiment conducted in CERN in the fall of
2007. Thus, liquid mercury jet targets can
reliably work in the future accelerators and
neutron sources up to 8 MW power limit.
This research resulted in a unique computational code that will be able to serve as a
design tool for future accelerator and neutron
source targets and other MHD simulations.
(DOE, BNL)
Publications:
R. Samulyak, J. Du, J. Glimm, Z. Xu. “A numerical algorithm
for MHD of free surface flows at low magnetic Reynolds
numbers”, J. Comp. Phys., 226 (2007), 1532 - 1549. T. Lu, R.
Samulyak, J. Glimm. “Direct numerical simulation of
bubbly flows and its application”, J. Fluid Eng., 129 (2007),
595 - 604.

Photovoltaic Study of Quantum Dots
PIs: James Glimm, SBU and BNL
and James Davenport, BNL
Semiconductor quantum dots formed of
CdSe and TiO_2 dots joined by an organic
linker are expected to achieve high efficiency.
The study is numerical, based on quantum
mechanical simulations. At issue is not only
the absorption of optical energy, leading to an
excited electron, but the separation of charges, so that the excited electron is removed
from the dot, leaving room for a new excitation to occur. The detailed mechanism of
the generation of charged electrons and their
transport across the linker to achieve charge
separation are investigated. (SBU, BNL)

Plasma-Jet Driven
Magneto-Inertial Fusion
PI: Roman Samulyak, SBU and BNL
In the Plasma-Jet driven Magneto-Inertial Fusion (PJMIF) concept, a plasma liner, formed
by the merger of a large number of radial,
highly supersonic plasma jets, implodes on a
magnetized plasma target and compresses it
to conditions of the fusion ignition. By avoiding major difficulties associated with both
the traditional laser driven inertial confinement fusion and solid liner driven MTF, the
plasma-liner driven magneto-inertial fusion
potentially provides a low-cost and fast R&D
path towards the demonstration of practical
fusion energy. Front tracking technologies
have been used for the computational evaluations of the PJMIF concept. In our studies,
we optimized the initial parameter space for
specific hardware constraints, evaluated the
fusion energy gain, and the validity of theoretical scaling laws. Simulations also demonstrated the successful formation of plasma
liners by the merger of hundreds of plasma
jets and estimated the uniformity and thermodynamic state of the liner. The uniformity
of the liner is critical for the reduction of Rayleigh-Taylor instabilities in the target while
maintaining a high Mach number in the liner
is necessary to achieve high target compression rates. Simulation support DOE program
in High Energy Density Laboratory Plasmas,
in particular the Plasma Liner Experiment at
LANL. (DOE)
Publications:
R. Samulyak, P. Parks, L. Wu, Spherically symmetric study of
plasma liner implosion for magnetized target fusion, Physics
of Plasmas, 17 (2010), 092702.
H. Kim, R. Samulyak, L. Zhang, P. Parks, Influence of atomic
processes on the implosion of plasma liners, Physics of
Plasmas, 2012. In press.
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Seismic Data Visualization for
Oil Exploration

Thermal Flow Modeling
and Visualization

PI: Arie Kaufman, SBU

PIs: Arie Kaufman and Klaus Mueller, SBU

We have developed a visualization cluster
system for assisting geophysicists with the
task of locating potential oil and gas wells
utilizing seismic data in conjunction with
other geophysical data. Visualization of
terabytes of multiple volumes along with
geometric models requires coordination
of massive distributed memory on a large
scale machine, such as a cluster. We configured the Stony Brook Visual Computing
Cluster consisting of 66 dual-processor
compute nodes, with 66 GPUs and 34
VolumePro volume rendering boards. We
have been able to use our cluster to visualize multi-channel volumes mixed with
geometric data on a multi-gigabyte scale
using cluster technology, image composition, and hardware assisted volume rendering. Interactive input from the user
includes viewpoint, cut planes, transfer
functions, and other viewing parameters.
To facilitate the work of a geophysicist, we
register and fuse multiple volumes from a
variety of sources into an interactive visualization. (NSF, Terarecon, IBM, HP)

We employ the Lattice Boltzmann Method
(LBM) for simulation and visualization of
flow with thermal effects. LBM discretizes
the microphysics of local interactions and
can handle very complex boundary conditions, such as porous regions, urban
canyons, curved walls, indoors, datacenters, and dynamic boundaries of moving
objects or material, as well as thermal effects. We introduce a heat transfer model
between the heat source objects and the
flow environment. We simulate the thermal flow dynamics by a hybrid thermal
lattice Boltzmann model (HTLBM). Due
to its discrete nature, LBM computational
pattern is easily parallelizable. We have
accelerated LBM on commodity graphics
processing units (GPUs), achieving realtime on a single GPU or on a GPU cluster.
Primary applications of fast HTLBM are
in air and ground contamination, thermal modeling of cooling and heating of
buildings, especially advanced cooling for
datacenters, and modeling heating oil and
electricity usages. (NSF, DHS, NASA)

Publications:
S. Frank and A. Kaufman. “Dependency graph approach to
load balancing distributed volume visualization”. The Visual
Computer (2009).
S. Frank and A. Kaufman. “Out-of-core and dynamic
programming for data distribution on a volume visualization
cluster.” Computer Graphics Forum (2009).

Publications:
Y. Zhao, Y. Han, Z. Fan, F. Qiu, Y. Kuo, A. Kaufman and K.
Mueller. “Visual Simulation of Heat Shimmering and Mirage.”
IEEE Transactions on Visualization and Computer Graphics,
13, 1, (2007) pages 179-189 .

Transformation of the seismic information to
unified analysis of potential reserves with the help
of 3D technology
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Interface from a front tracking simulation of
two-phase turbulent Taylor-Couette mixing flow
in a spatial annular sector domain extracted
from the geometry of a centrifugal contactor
device used in solvent extraction processes of
nuclear spent fuel reprocessing.

Chemical Processing for
Reprocessing of Spent Nuclear
Fuel Rods
PIs: James Glimm, SBU and BNL,
Xiaolin Li and Xiangmin Jiao, SBU
This is a multistage process. We model a fluid contactor, which produces fine scale mixing of two immiscible fluids, allowing a large
surface area between the fluids. Chemical
reactions important to the reprocessing occur at the interface between the fluids. Efficient operation of the contactor can be
assessed on the basis of the simulations developed in this project. A related and second
aspect of the reprocessing involves growing
and also dissolving of crystals. These processes are also modeled, based on software
developed at Stony Brook. (DOE)

M O D E LI N G

Study of Stochastic System in
Energy Projects
PI: Eugene Feinberg, SBU
Our major research interests include control, optimization, and modeling of stochastic systems and their applications to
energy generation, delivery, and utilization. Applications include modeling and
control of distribution and transmission
electric power networks, energy efficient
control of electronic systems, preventive
maintenance of power and heating equipment, outage detection, and repair crew
dispatching and scheduling.
The main goals are:
1) improve the electric network reliability by reducing the probability
of blackouts
2) decrease the usage of natural
resources by improving the efficiency of power generation, transmission, distribution, and usage;
3) reduce maintenance costs and
repair times of energy generation
and delivery systems.
Long Island Power Authority uses the Load
Pocket Forecasting software in its annual
planning operations. This software helps
to improve the distribution network reliability and to predict and avoid blackouts.
It can also be used to predict the natural
gas demand. Another important research
direction a process that allows electronic
devices to save energy by controlling
their operations. Mathematical formulation leads to stochastic control problems
with the objective to minimize the energy
usage under constraints on device performance. We have developed a theory
of stochastic control that leads to the calculations of optimal switching policies for
problems with multiple criteria and constraints. The advantage of switching policies is that they are easy to compute and
implement as energy efficient power management algorithms. (LIPA)

Sustainable System Software
PIs: Radu Grosu, Klaus Mueller,
Scott A. Smolka, Scott D. Stoller, and
Erez Zadok, SBU
Computers collectively use a significant
and growing amount of electric power.
This is partly due to society’s increasing reliance on information technology,
but there is also significant energy waste
in these systems, due to non-optimal
design and configuration. Configuration of a computer system may involve
thousands of parameters, many numeric
(e.g., number of threads) and many nonnumeric (e.g., choice of task scheduling
algorithm). Typically, many parameters
are simply left at default values. We are
developing methods and tools to control
energy use and performance in modern,
complex system software. Our approach
is based on new forms of control theory
especially suited to the hybrid numeric/
non-numeric nature of computing systems. We conducted extensive energy
and performance studies of a file compressor system, which exhibits a challenging mix of CPU and disk activity.
Visual analytics was used to reveal correlations among key parameters. We are
currently investigating techniques for
system modeling and for design and implementation of controllers suitable for
systems software. We plan to evaluate
the controllers on the file compressor and
other significant case studies, including
an online backup system, a number of
Web-based server systems, and a private
cloud system. (AFOSR, NetApp, NSF)
Publication:
Z. Li, R. Grosu, P. Sehgal, S. A. Smolka, S. D. Stoller,
and E. Zadok. “On the Energy Consumption and
Performance of Systems Software.” In Proceedings of
the 4th Annual International Systems and Storage
Conference (SYSTOR 2011).
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Visual Interface for Smart
Appliance Selection and
Configuration Under Multiple
Objectives, Assisted by
Big Data Analytics
PI: Klaus Mueller, SBU
Users often have a diverse set of personal
preferences and spontaneous constraints
when and how to use energy-consuming
devices, which are often not even concrete. They want to explore their options
and make tradeoffs on the fly, in the context of energy pricing information. We will
devise a visual framework for this multiobjective optimization problem suitable to
mainstream users. (IBM, NY)

Visual Interface to Aid Energy
Aware Layout and Use of Smart
Spaces, Buildings, Offices and
Industry Facilities
PIs: Arie Kaufman and Klaus Mueller, SBU
We will devise an approximate but fairly
accurate simulation framework to model
heat, cooling, lighting, and the like and
show these profiles as a heat map on walls
and floors of smart spaces. These maps
could then be used for energy-aware room
layouts, utilization, and possibly also solar
panel placement. We will further model
the light and heat exposure from exterior
sources such as the sun to augment the
map. (IBM, NY)

E N E R GY G E N E R ATO R S A N D CO N V E RTE R S

Smart Composites for
Energy Harvesting

Advanced Materials for
Energy Generators and
Energy Converters

PI: T. A. Venkatesh, SBU
Smart piezoelectric materials, by virtue of
their coupled electromechanical characteristics, have been recognized for their potential
utility in many applications as sensors and
actuators, from medical ultrasound devices
for prenatal care, micro/nano-positioners for
atomic force microscopes and sonar hydrophones to non-destructive testers and inkjet
print heads. Considerable research efforts
in the past years have resulted in the development of several monolithic piezoelectric
materials, such as lead zirconate titanate
(PZT) and barium titanate, with enhanced
coupled properties. However, despite the
enhancement of their piezoelectric properties, monolithic piezoelectric materials generally exhibit certain limitations. For example,
they are mechanically brittle as most of the
piezoelectric materials are ceramic-type
materials; their functionality is generally
unidirectional as the poling characteristics
of the piezoelectric material allow them to
sense or actuate in one direction (i.e., in the
dominant poled direction) only. Because of
these limitations, the range of applicability
of monolithic piezoelectric materials is limited. A composites approach to piezoelectric materials can potentially overcome the

PI: T. A. Venkatesh, SBU

Promising new piezoelectric materials can be used
in energy harvesting applications.

limitations of monolithic piezoelectric materials. The overall objectives of our research
efforts are:
1) To obtain a comprehensive understanding of the fundamental properties of smart piezoelectric composites.
2) To design novel smart materials
based devices and structures for
sensing and actuating functions as
well as for energy harvesting applications. (NSF)
Publications:
C. Marcheselli and T. A. Venkatesh. “Electromechanical
Response of Piezoelectric Composites with Hollow Fibers”,
Applied Physics Letters, (2009).
R. Kar-Gupta and T. A. Venkatesh. “Electromechanical
Response of Piezoelectric Composites: Effects of Geometric
Connectivity and Grain-size”, Acta Materialia, (2009).

Vehicle Thermoelectric Energy Recovery:
Assessment of Waste Heat Sources
PIs: Lei Zuo, Jon Longtin
and Sanjay Sampath, SBU
As a complement to the NSF-DOE funded
project on thermoelectric energy generators, the objective of this NYSERDA grant
is to assess the waste heat sources and
heat quality in the vehicles (especially
trucks) at various vehicle operation conditions, evaluate the potential of the electricity generation based on the waste heat
sources and the proposed thermoelectric
material and devices, and develop the

design requirements and a roadmap for
the NSF-DOE project at Stony Brook University toward ultimate product development. (NYSERDA)
Publication:
G. Fu, L. Zuo, and J. Longtin, “Review of Waste Energy
Resource in Vehicle Exhaust Heat,” ASME 2012 Summer Heat
Transfer Conference - HT2012, July 8-12, 2012
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Within the current context of an energy critical economy and environment, there is considerable interest in identifying and enhancing the efficiency and reliability of energy
generators such as land based turbines and
energy converters such as aircraft jet-engines. In such turbine or engine structures,
it is usually uncommon for complete structures to be created as a single unit from a
monolithic material. Functionality of design
and economies of scale invariably mandate
the creation of several subparts that are subsequently assembled. In the process of integration, contact between similar or dissimilar materials is naturally unavoidable. When
contacts such as dovetail joints of turbine
blades are subjected to dynamic loading or
vibrations, localized damage originating at
the contact locations could result in catastrophic structural failure. Detection of such
damage is often difficult as the damage is
usually hidden under the contact geometry
and is not easily amenable for inspection.
Hence, there is a tremendous need to better
understand the origin and progress of material damage under such localized, dynamic
contact conditions and design optimal materials to mitigate such damage processes
and enhance the life and reliability of such
energy generators/converters. (NSF)
Publications:
H. Lan and T. A. Venkatesh. “On the Uniqueness and Sensitivity Issues in Determining the Elastic and Plastic Properties of
Power-law Hardening Materials through Sharp and Spherical
Indentation”, Philosophical Magazine, 87, (2007), 46714729.
H. Lan and T. A. Venkatesh. “On the Sensitivity Characteristics in the Determination of the Elastic and Plastic Properties
of Materials through Multiple Indentation”, Journal of Materials Research, 22, (2007), 1043-1063.

E N E R GY G E N E R ATO R S A N D CO N V E RTE R S

Energy Harvesting and Control
of Wind-Induced Vibration of
Tall Buildings

Large wind
load on tall
buildings

PI: Lei Zuo, SBU
The objective of this project is to develop a
dual-functional approach to efficiently harvest
utility-scale energy and at the same time to effectively mitigate the wind-induced vibrations
of large structures like high-rise buildings. Tall
buildings, slender towers, and long bridges,
being susceptible to dynamic wind load effects, can experience large vibrations. Currently, to reduce these vibrations in a building,
a popular approach is to utilize a large mass
at the top as a tuned mass damper which absorbs some energy in its own motion and dissipates the rest as wasted heat in a damper.
In this project, a unique approach is proposed
to provide enhanced structural response suppression by converting the dissipated vibration energy into electricity by using a series
of optimally configured electricity-generating
tuned mass dampers. To optimize the performance of the dampers in energy harvesting

and structural control, the project
will conduct a comprehensive
study of the dynamics and energy
analysis of structures with proposed tuned mass dampers, will
design efficient electromagnetic
energy transducers for harvesting
and connecting to the building’s
or structure’s power grid, and will
develop a complete semi-active
self-powered vibration control
system. The proposed research is multi-disciplinary as it blends concepts of structural,
mechanical, power system, and electrical engineering for designing an optimal system for
energy harvesting to enhance sustainability in
structural designs, and for controlling structures to enhance their safety and reliability.
(NSF)

Publications:
X. Tang and L. Zuo, “Simulation and Experiment Validation of
Simultaneous Vibration Control and Energy Harvesting from
Buildings via Tuned Mass Dampers”, invited paper, Proc. of
America Control Conf., 2011.
X. Tang and L. Zuo, “Regenerative Semi-Active Control of
Tall Building Vibration with Series TMDs”, America Control
Conference, Baltimore, MD, June 30 - July 2, 2010.
X. Tang and L. Zuo, “Self-powered Active Control of Structures
with TMDs”, IMAC XXVIII Conference and Exposition on
Structural Dynamics: Structural Dynamics and Renewable
Energy, Jacksonville, FL, Feb 1-4, 2010.

Icosahedral Boron-rich Compounds for
Nuclear Energy Conversion
PI: M. Dudley, SBU
Icosahedral boron-rich compound semiconductors such as boron arsenide
(B12As2), boron carbide (B4C), boron
phosphide (B12P2) are stable refractory
materials that display distinctive electrical transport and radiation hardness
properties that is related to their unusual
atomic structure and bonding. This family of borides are of interest for radiation
hard, high temperature and high power
electronic devices. Of particular interest is
the development of novel energy conversion devices where the unusual strength
of the icosahedral structure and its self
healing properties can be exploited for the
direct conversion of nuclear radiation to
electricity. Such beta cells function simi-

lar to solar cells where beta
particles emitted by a radioactive source is employed
in place of solar radiation.
In collaboration with Kansas
State University and University of Bristol, UK, a comprehensive program has been
established to characterize
the fundamental properties
and study the relationship between the
processing, structure, composition, and
properties of these boride semiconductors, so their potential applications as beta
cells as well as thermoelectric converters
and neutron detectors may be realized
(NSF Materials World Network).
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Publications:
H. Chen, G. Wang, M. Dudley, Z. Xu, J. H. Edgar, T. Batten, M.
Kuball, L. Zhang and Y. Zhu, “Singlecrystalline B12As2 on mplane (1100) 15R-SiC”, Appl. Phys. Lett., 92 (2008) 231917.
H. Chen, G. Wang, M. Dudley, L. Zhang, L. Wu, Y. Zhu, Z. Xu,
J. H. Edgar and M. Kuball, “Defect structures in B12As2
epitaxial layers grown on (0001) 6H-SiC”, J. Appl. Phys.,
103 (2008) 123508.

E N E R GY G E N E R ATO R S A N D CO N V E RTE R S

Thermoelectric Energy
Generators for Vehicle
Applications

Vehicle
waste
heat can
be successfully
used to
produce
electricity

PIs: Lei Zuo, Jon Longtin, Sanjay
Sampath and Baosheng Li, SBU
and Qian Li, BNL
A variety of studies have shown that recovering
vehicle waste heat can be successfully used
to produce electricity using solid state thermoelectric generators (TEG) to supplement the
vehicle’s electrical demands, resulting 5-10%
fuel savings. The exhaust system, however,
presents unique challenges for integrating
thermoelectric devices, including materials,
thermal management, interface, and durability. The objective of the proposed project is
to develop an innovative solution to fabricate
functional TE materials and structures onto
exhaust pipes in a rapid, economical, and industrially scalable manner. The proposed approach is based on the recent progress developed by an interdisciplinary team at SBU and
BNL, including non-equilibrium material synthesis of bulk materials with rapid quenching,
thermal spray of thick films, laser micromachining for feature patterning, and integrated
thermal and mechanical design. The central
concept is to fabricate TE structures directly
onto exhaust system components, which will
result in excellent interface adhesion between

material layers that is intrinsically strong, and
with no adhesives or mechanical clamping
required. Cylindrical exhaust components
are readily fabricated with the process, making integration into existing vehicle exhaust
systems straightforward and inexpensive. The
non-equilibrium material process is expected
to enable high figure-of-merit TE couples economically manufactured from abundant materials at low-cost. (NSF, DOE)
Publications:
Lei Zuo, Jon Longin, Sanjay Sampath, Baosheng Li, and Qiang Li,
“Integrated Design and Manufacturing of Cost- Effective and
Industrial-Scalable TEG for Vehicle Applications”, 2nd DOE Thermoelectric Applications Workshop, San Diego, CA, Jan 3-6, 2011.
B. Zhang, L. Zuo, Jon Longtin, Sanjay Sampath, et al, “Thermoelectric properties of magnesium silicide prepared by thermal
spray”, ASME 2012 Summer Heat Transfer Conference - HT2012,
July 8-12, 2012
Patent: A U.S. provisional patent filed in Feb 2011.

Silicon Carbide Electronics for
Electrical Energy Generation,
Storage and Utilization
PI: M. Dudley, SBU
Silicon carbide (SiC) is a wide bandgap semiconductor with exceptional physical properties that make it highly suitable for electronic
and optoelectronic devices operating under
high temperature, high power, high frequency
and/or strong radiation conditions. SiC-based
electronics and sensors can operate in hostile environments (600°C) where conventional
silicon-based electronics (limited to 350°C)
cannot function. Performance gains from
SiC’s exceptional properties offer economically large performance benefits to the aircraft,
automotive, communications, power, and
spacecraft industries. Complete realization of
the potential of such SiC-based devices will
directly impact the need for materials capable
of operating under extreme environments, improve electrical energy storage and efficient
solid state lighting; three critical areas identified by the Department of Energy for addressing future energy requirements. Over the past
15 years, our research group has worked on a
number of sponsored projects devoted to control and elimination of defects that degrade
the performance and reliability of SiC power
devices through understanding the fundamental nature and behavior of defects, their

PFI: Partnership for Innovation in Thermally Sprayed Systems:
Enabling New Applications Through Advanced Processing Science
PIs: Sanjay Sampath, Chris Weyant, T.A.
Venkatesh, Yacov Shamash, SBU, and
Srikanth Gopalan, Boston University
This NSF-funded Partnerships for Innovation (PFI) project brings together a small
business-academia innovation team to capitalize on emergent opportunities in thermal
spray (TS) deposition of functional oxides
for applications in high temperature sensing
and electrical energy conversion systems.
The common goal amongst the PFI projects involves understanding the processmaterial-functional property relationships

in TS functional oxides. This will be accomplished through advanced TS particle
diagnostics and models, process maps and
advanced characterization. Concurrent
consideration of business issues (valueproposition analysis) will be incorporated
via stage gage models. The broader impacts are numerous. Successful consideration of TS in sensors and energy systems
will enable wide ranging opportunities in
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thick film devices, mesoscale electronics,
photocatalytic surfaces etc. It has the potential to bring down manufacturing costs
and provide scaling for fuel cell and batteries enabling their wide spread utilization.
(NSF)

E N E R GY G E N E R ATO R S A N D CO N V E RTE R S

Regenerative Shock
Absorbers for Energy Harvesting
from Vehicle Suspensions
PI: Lei Zuo, SBU
influence on material properties and their effect on device performance. Availing the advanced characterization facilities at SBU and
BNL and working in close collaboration with
crystal growth, process modeling and device
fabrication groups, considerable reduction in
crystal defects and near elimination of micropipes, a “killer” defect, as well as capability of
growing large substrates has been achieved.
We continue to develop novel approaches to
enable wide scale adoption of SiC to pressing
energy technologies (DOE, DOD, NSF, NASA).
Publications:
M. Dudley, J. Bai, X. Huang, W. M. Vetter, G. Dhanaraj, B.
Raghothamachar, “Synchrotron white beam X-ray topography,
transmission electron microscopy and high-resolution X-ray
diffraction studies of defects and strain relaxation processes
in wide band gap semiconductor crystals and thin films”,
Mater. Sci. Semicond. Proc. (2006), 9(1-3), 315-322.
G. Dhanaraj, X. R. Huang, M. Dudley, V. Prasad, R.–H. Ma,
“Silicon carbide crystals. Part I. Growth and characterization”, Crystal Growth Technology (2003), 181-232, SpringerVerlag, Berlin, Germany.
Q.– S. Chen, V. Prasad, H. Zhang, M. Dudley, “Silicon carbide
crystals. Part II. Process physics and modeling”, Crystal
Growth Technology (2003), 233-269, Springer-Verlag, Berlin,
Germany.

Transportation also accounts for 70% of oil
consumption in United States. However, only
10-16% of the fuel energy is used to drive the
car - to overcome the road resistance and air
drag. People have been seeking ways to improve the miles per gallon (mpg) of vehicles;
regenerative brakes and hybrid vehicles are
successful examples. Recently, Professor Lei
Zuo examined another important energy loss
mechanism - vehicle vibration and designed
retrofit regenerative shock absorbers with high
energy density that recovers a vehicle’s vibration energy. This technology has the ability to
continuously recover a vehicle’s vibration energy that is otherwise dissipated due to road irregularities, vehicle acceleration, and braking,
and further use the energy for better suspension control. We estimated that for a middlesize vehicle, 100W, 400W, and 1600W of average power is available for harvesting from the
regenerative shock absorbers while driving
on Class B (good), C (average), and D (poor)
highways at 60 mph, which is comparable with
the car alternators (500-600W). And the energy potential for trucks, rail cars, and off-road
vehicles is on the order of 1kW-10kW. This
represents a potential of 2-5% fuel efficiency

Tailored Nanoceramics Through Electrospinning for
Energy Applications
PI: Perena Gouma, SBU
MoO3 and WO3 nanoceramics were synthesized by understanding the effects of
precursor parameters on the electrospinning process. Polymer based composites
with molybdenum and Tungsten oxides
were synthesized by varying the polarity of
electrospinning process and the structures
were studied upon thermal treatment. The
nanostructures obtained were in the form
of nanowires, nanotubes and nanogrids; the
formation of these nanostructures could be
related to their initial solution parameters.
The formation of nanowires was due to

the encapsulation of the metal oxide into
a core-shell polymer matrix; a reverse configuration of polymer being encapsulated
by metal oxide was observed by reversing
the polarity of the process which led to the
formation of nanotubes upon thermal treatment. The formation of nanogrids was due
to immiscibility of the metal oxide particles
into the polymer solution.
The nanostructure obtained find applications in the field of energy generation.
MoO3 and WO3 have band gap of 2.82eV
and 2.76eV respectively and they tend to
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increase. The team designed and patented
both linear and rotational electromagnetic energy harvester to replace the traditional shock
absorbers and make the vehicles suspension dual functional: mitigating vibration and
electricity-generating. Retrofittable prototypes
with high energy density have been developed
and tested in our lab. We expect 1-2 years of
recoup time for the implementation in trucks
and service vehicles, and 3-4 years of recoup
time for typical passenger vehicles. Our work
has been highlighted by PhysOrg, IOPscience,
New York Times, MIT Technology Review and
Winner of the prestigious R&D 100 Award by
the R&D Magazine in 2011. We also won the
Award of Best Technology Development of Energy Harvesting in the conference of Energy
Harvesting and Storage USA, Cambridge MA,
Nov. 2010. (NYSERDA)
Publications:
L. Zuo, B. Scully, J. Shestani, and Y. Zhou, “Design and
Characterization of an Electromagnetic Energy Harvester for
Vehicle Suspensions”, Smart Materials and Structures, Vol 19
n4, 2010. (In March 2011 it was selected in the 2010 annual
Journal Highlights of Smart Materials and Structures.)
L. Zuo, X. Tang, and P. Zhang, “Improved Design of Linear Electromagnetic Transducer for Vibration Energy Harvesting, Smart
Structures and Materials”: Proceedings of SPIE, March 2011.

TEM image
of as spun
nanofibers
showing
metal oxide
nanorods
encapsulated within
polymer

be good candidates for applications in solar
cells. MoO3 have also been used as anodes
for Li-ion batteries where the higher surface area to volume ratio of nanowires and
nanotubes results in higher charge capacity.
(NSF)
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Energy Harvesting from the
Vibration Railway Tracks
PI: Lei Zuo, SBU
The railroad transportation, including freight
rail, intercity passenger train, commuter rail
and subway, plays a very important role in the
economy and quality of life for the people.
To facilitate policy makers and transportation agencies to make informed decisions on
operating and managing the transportation
system, electric infrastructures are necessary
along the railway tracks, such as the signal
lights, road crossing gates, wireless communication, train and track monitoring, positive
train control, etc. Unfortunately, the cost-effective and reliable power supply needed for
the electrical infrastructures remains a challenge, since significant portion of the rails are
in relative remote areas, in the underground
tunnels, or on the bridges, where the energy
needed to power electric infrastructure is

uneconomical to install and maintain. This
project aims at developing an advanced technology of energy harvesting from railway track
vibrations to meet the regional and industrywide need of access to cost-effective and reliable power supply for the track-side electrical
infrastructures of rail transportation. The proposed method is to design and integrate an
innovative motion mechanism “mechanical
rectifier”, fly wheel, electric generator, power
electronics and energy storage to produce
high-quality DC power up to hundred watts
average from the irregular and pulse-like
track deflections. A full-scale prototype will
be developed with the support from Electric
Truck LLC and will be test with the collaboration of MTA. (US DOT Rita/UTRC, NYSERDA,
Electric Truck LLC)

Energy Harvester
Publications:
G.R Penamalli, J. Wang, and L. Zuo, “Energy Harvesting from
Train-Induced Rail Track Deflections”, The 8th IEEE/ASME
International Conference on Mechatronic and Embedded
Systems and Applications, 2012.
Patent: “High-efficient, reliable energy generator for ocean
waves and mechanical vibrations”, U.S. provisional
patent filled in April 2011.

Innovative Approach for Low-Cost High-Volume
ThermoElectric Device Manufacture
PIs: Jon Longtin, Lei Zuo
and David Hwang, SBU
Vehicle transportation is responsible for 65%
of the annual oil consumption in New York
State, yet less than 30% of the fuel energy is
converted into mechanical power in a vehicle,
with the balance lost as waste heat. Significant
progress has been made in the past ten years
to recover vehicle waste for electricity production by using solid state thermoelectric (TE)
devices, with 5–10% fuel savings reported.
Despite the promise of thermoelectric materials, however, the high-volume manufacturing
of TE devices represents a severe bottleneck
for widespread adoption of such devices for
commercial applications on vehicles and
in industrial settings. In this project, we are
developing concepts for an innovative manufacturing solution to overcome these technical
bottlenecks and to develop marketable, costeffective TE generators (TEGs) by directly fabricating the functional TE layers onto exhaust

pipes in a rapid, economical, and industrially
scalable manner.
The approach is based on recent progress
developed by our team at SBU to develop
TEGs fabricated directly onto exhaust and
waste-heat components. The technology is
based on thermal spray and laser micromachining for non-equilibrium material synthesis of bulk materials (filled skutterudites and
magnesium silicides), thermal spray direct
write of thick films, and laser micromachining for feature patterning to fabricate TEGs
directly on to waste heat components. In
contrast to traditional state-of-art TEG technologies based on prefabricated modules, our
manufacturing process will eliminate epoxy
binding and mechanical clamping and thus
can significantly increase the durability of the
TEG, while reducing manufacturing cost and
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energy use. Such direct-integrated TEGs can
also reduce the time of material synthesis and
device processing from weeks to hours or less
through its inherently scalable manufacturing
process. Our developments can also be extended to other applications, such as electricity power plants (fossil and nuclear), diesel
locomotive engines, and ship engines. The
project includes a series of inter-related manufacturing tasks that will be explored over a
12-month period. (NYSERDA)

E N E R GY G E N E R ATO R S A N D CO N V E RTE R S

Thermoelectric-Driven
Sustainable Sensing and
Actuation Systems for FaultTolerant Nuclear Incidents

Improved Refrigeration
Efficiency Using a Two-Phase
Thermosyphon, Sky Cooling and
Phase Change Materials

PIs: Jon Longtin, Lei Zuo and
David Hwang, SBU, and
John Metzger, U Pittsburgh

PIs: Jon Longtin, SBU, and
Tom Butcher, BNL

This proposal presents the development of
self-powered sensing and actuation systems
for nu-clear power plants that are powered by
intrinsic heat from reactor components. The
key concept is to use thermoelectric generators that can be integrated directly onto key
nuclear compo-nents, including pipes, pump
housings, heat exchangers, reactor vessels,
and shielding struc-tures, as well as secondary-side components. The package will include a thermoelectric generator (TEG), microcontroller, signal processing, and a wireless
radio package, and will be envi-ronmentally
hardened to survive radiation, flooding, vibration, mechanical shock (explosions), corrosion, and excessive temperature. The energy
harvested from the intrinsic heat of reactor
components can power sensors, provide bidirectional communication, recharge batteries
for other safety systems, and actuate valves,
pumps, and other devices when all other power sources are unavailable. Such an approach
is intrinsically fault tolerant: in the event that
system temperatures increase, the amount of
available energy will increase, which will make
more power available for applications. The
system can also be used during normal conditions to pro-vide enhanced monitoring of key
system components. This three-year project
focuses on the following main components
of such a system, in-cluding thermoelectric
generator selection and integration, incorporating sensing and wireless data transfer, and
protecting the system from fire, flooding, excessive radiation and mechanical shock. All of
the key components required for the concepts
presented herein are mature tech-nologies,
and are available as off-the-shelf items from a
variety of vendors. (DOE)

U.S. households consume >150 billion
kWh of electricity per year for residential
refrigerators. At a national average electrical cost of $0.12/kWh, this represents an
annual cost of $18B and 180B lb of CO2
per year. In virtually all applications, the refrigerator resides in a conditioned environment maintained at 20-22ºC (68–72ºF),
and uses electricity to move heat from
the refrigerated space at a temperature
of 2.8–4.4ºC (37–40ºF) to the conditioned
space at 68–72ºF. In many parts of the
U.S., however, the outside temperature
falls below the 3–4ºC refrigerated-space
temperature for several months out of the
year, particularly in the northern half of the
country. A natural choice then is to use the
low outside temperatures for cooling to reduce electricity usage for residential refrigerators. The technology being developed
uses thermosyphons to move heat from
the interior refrigerator space to the outside environment when temperatures are
lower than the refrigerated space. A thermosyphon is simple in construct and design, consisting of a hollow tube that has
been evacuated and filled with a working
fluid. The tube is oriented vertically and
heat is added at the bottom of the device
in the evaporator, vaporizing the working
fluid and causing it to rise to the top of the
device. Heat is removed in the condenser
at the top of the device, causing the vapor
to condense onto the pipe wall. The liquid
flows back down the sides to the evaporator by gravity. The middle of the pipe is insulated and is called the adiabatic section,
as there is no heat flow in this portion of
the device. The thermosyphon has several
key features that make it ideally suited for
improving residential and commercial refrigeration applications:
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• Minimal temperature difference–since
the device uses the latent heat of phase
change, significant heat flows can occur with a very small temperature difference (1-2ºC) across the device, making
it behave much like a thermal superconductor.
• Heat transfer in one direction only–The
thermosyphon is the thermal equivalent of an electrical diode or fluid check
valve: heat only flows when the bottom region of the device is hotter than
the top, due to the fact that there is no
working fluid under normal conditions
in the top of the device. Thus when the
outside temperature is warmer than the
refrigerator space, the device simply
stops working; heat will not flow back
into the refrigerated space. No other
control is needed.
• No moving parts, high reliability, inexpensive – There are no internal moving
parts; the device is permanently sealed
at the time of manufacture. It is inexpensive and can be made using a variety of materials and working fluids best
suited for the application.
Additional innovations include the use of
sky cooling to radiate heat to sky on cool,
clear evenings, which will increase the
number of days per year that the device
can function. Finally, phase change materials, which melt and freeze when heat
is added and removed, respectively, will
be used for thermal storage to further increase the number of days per year that
the device can provide a cooling benefit.
If successfully developed, this technology
could result in significant annual energy
savings, particularly in the northern portions of the country. (SBU/BNL)

ENVIRONMENT

Environmental Fate of Pollutants

Impurity-specific Water
Purification Technology

PI: Alexander Orlov, SBU

PIs: C.R. Krishna, Nay Htun and
Devinder Mahajan, SBU and BNL
Water management is a major issue in
process industries. Economical water utilization and waste water treatment technologies are of interest to a wide spectrum
of companies. The objective is to develop
and test a hybrid granular activated carbon (GAC) system for water purification
that can effectively remove a wide range of
impurities. The Environmental Protection
Agency (EPA) regulations on water quality
are becoming stringent but so are the detection methods. The standard method is
to use Granulated Activate Carbon (GAC)
that can effectively remove essentially all
the VOCs’ but it is not very effective for all
the organics. We are taking the following
multi-step approach to develop a VOC removal method.
1) First, the impurities are being
categorized
2) the properties of various available
GACs’ are matched with those of
categorized impurities
3) develop hybrid GAC bed that
delays “breakthroughs”

A hybrid system will minimize water purification cost by selective impurity removal that will prolong the life of the GAC
in a packed bed. We are building a Rapid
small-scale column test (RSSCT) units to
predict full-scale adsorber performance.
A small-scale column (SC) will be used
to accurately predict large-scale column
performance given the small column has
appropriately selected GAC particle size,
hydraulic loading and empty bed contact
time (EBCT). We have started to consider
such a water purification system. This
project was initiated in collaboration with
the Suffolk County Water Authority (NSF
C-BERD and Industry).
Publication:
A. Gromadzka, C. Cannon, P. Modelewski, J. Roccaro, and D.
Mahajan. Impurity-Specific Water Purification Technology and
Its Implication in Biofuel Distribution Systems. Symposium
on Renewable Energy and Water. Division of Fuel Chemistry, 238th ACS National Meeting, Washington, DC. August
16-20, 2009

Developing hybrid
activated carbons
to remove multiple
impurities allows
delayed breakthroughs, a more
economical and
effective process.
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The nature of contaminant interactions
with mineral surfaces is of primary importance for understanding the fate of those
contaminants in the environment. It is
also of critical importance for designing
the technically feasible remediation strategies, which will protect environmental
quality and human health. Our research
includes studies of interactions of environmental pollutants, such as chlorinated hydrocarbons, with mineral surfaces using a
range of spectroscopic techniques, such
as XPS, DRIFTS, Raman and IR spectroscopy, synchrotron based NEXAFS and others. These techniques can provide valuable information on molecular structure
and chemical properties of contaminant
interactions with environmental interfaces. We are also interested in studying the
interactions of combustion related pollutants, such as SO2 and NO2 with naturally
occurring or anthropogenically produced
mineral aerosols. The interactions of SO2 ,
NO2 and mineral surfaces are the emerging issue in the prediction of air quality in
newly-developed industrial nations, particularly China where dust concentrations
often exceed 150 lg/m3. The formation of
sulfates and nitrates on particulates is also
central to quantification of the radiative
impact of these emissions.
Publications:
Orlov, A., Watson, D., Williams, F., Tihov, M., Lambert, R. M.
“Interactions of 4-chlorophenol with TiO2 polycrystalline
surfaces: study of environmental interfaces by NEXAFS, XPS
and UPS”, Langmuir, 23, (2007) 9551-9554.
Gustafsson, R. J., Orlov, A., Griffiths, P. T., Cox, R.A., Lambert,
R. M. “Reduction of NO2 to nitrous acid on illuminated titanium dioxide aerosol surfaces: implications for photocatalysis
and atmospheric chemistry”, Chemical Communications, 37,
(2006), 3936-3938.

ENVIRONMENT

Nanomaterials for Clean
Energy Applications
PI: Gary Halada, SBU

Effective Cleaning of the
Mexican Gulf Oil Spill by
Ceramic Nano-catalysts
PI: Perena Gouma, SBU
Researchers at Stony Brook of NY have
synthesized novel self-supported 3D ceramic nano-catalysts (nanogrids) for the
decomposition of oil in water using solar
energy. Oil constituents can be carcinogenic and do not decompose (biodegrade)
on their own. The ceramic nanogrids will
be used for the fast and efficient remediation of medium crude oil in salt water, as is
the case for the oil spill in the Mexican Gulf
that is dangerous to polluting the shoreline.
The oil will break down to carbon dioxide,
water, and water-soluble organics because
of the interaction of the nanogrids with the
sunlight. These ceramic nanogrids are
prepared by the synergy two processes:
a) the electrostatic spinning of non-woven
mats of polymer fibers on metal foils; and
b) a heat-treatment allowing the metal to
diffuse into the polymer fibers taking on
their shape, and to further oxidize forming
the nanogrid structure. Sunlight will activate the nanogrids to catalyze the breaking
down of oil constituents, such as benzene,
to environmentally benign chemicals, thus
facilitating economic, fast, and effective
water remediation. (NSF)

To truly understand interaction between the
environment and natural and human-made
materials, it is essential to understand reactions at the nanoscale. It is at this level,
from single molecules to ultrathin films on
surfaces, that structural and chemical transformations first occur which affect critical
environmental processes, such as corrosion
of advanced alloys, association of hazardous
waste with soil or buildings, and transformation of radioactive materials by microbes.
Likewise, by exploring the electron transfer processes which occur at the surface
of catalytic nanoparticles and the nature of
the association of organic molecules with
the surface of nanoparticles we can design
new, safe and inexpensive processes for
forming nanomaterials for energy and biomedical applications. To accomplish these
goals, we build interdisciplinary partnerships
within the University, with other colleges and
research groups, with industry and with
Brookhaven National Laboratory. The current focus areas of our research include:
1) Development of a ‘green’ electrochemical method for synthesizing robust catalytic
metal nanoparticles and nanocomposite
surfaces for energy and biomedical applications (patent pending)
2) Development of novel radioactive cleanup technologies which take advantage of the
ability of polysaccharide-based composites
to capture and retain radionuclides and other toxic metal ions (patent pending)
3) Characterizing the interaction of toxic
metals with biomacromolecules to better understand the nature and fate of mixed waste

Publication:
J. Lee and P.I. Gouma, “Tailored 3D CuO Nanogrid Formation”,
Journal of Nanomaterials, Volume 2011 (2011), Article ID
863631.
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We also recognize the critical need to help
build the next generation of researchers
and engineers in nanotechnology for energy
and other areas of strategic national need.
Hence, through the support provided by the
National Science Foundation and the College of Engineering and Applied Sciences,
we have created the Nanotechnology Studies program. This program involves faculty
from multiple departments at the University
to provide a research-intensive, multidisciplinary minor (now in its 5th year) for undergraduates from all academic majors to
learn about the science and real-world applications of nanotechnology. A Research
Experience for Undergraduates (REU) site in
‘Nanotechnology for Energy, Health and the
Environment’ which operates in conjunction with the program has so far supported
undergraduates from 8 colleges, and will
soon support 9 more from colleges across
the country. By creating these undergraduate opportunities, we hope to help build a
research community and workforce to apply
nanoscale technologies in energy and other
critical areas. (DOE, NSF)

ENVIRONMENT

Energy Choices
PI: Lori Scarlatos, SBU
People around the globe generally accept
that increased prosperity depends on increased energy consumption. Yet many do
not recognize the interconnections among
factors that impact this increased prosperity,
including our choice of energy sources, availability of those resources, and what the environmental impact of using these resources
will be. In a nation where public opinion can
sway policy makers, it is important that the
people understand what data is available,
and how to interpret it. Energy Choices is
an energy education and outreach project
designed to help people discover how global
energy choices impact both local prosperity
and the global environment. We have extended an agent-based simulation to create
a multiplayer online game, where players
take on the roles of world leaders making decisions about national energy consumption.
Each player’s score depends on how much
they improve both their local economy and
their impact on the global environment. The
underlying simulation, running on the server,
uses data from the World Bank to calculate
both the global and local impact of player
choices. The client application, developed in
Flash and running in a web brewer, provides
players with widgets for making choices,
background information for informing those
choices, and a variety of mechanisms for visualizing the results. This game is currently
available through the World Bank’s Apps for
Development, and is being field-tested in an
undergraduate seminar.

Environmental Remediation
Related to Energy Production
PI: Xiaolin Li, SBU
The release of nuclear energy, especially
from a fission reactor and its associated
fuel cycle, has in the past been associated
with groundwater contamination. For this
reason, the reactive transport and precipitation of mineral solutes on the surfaces of
the rock pores deserves serious study. The
ability to understand and predict changes
that occur as contaminated groundwater
flows through aquifer materials is complicated by the wide range of geochemical
reactions that the water may undergo as it
interacts with solid materials in the porous
medium. Reactive transport models are
being used on a more frequent basis to
understand the fate and transport of contaminants in the subsurface. Enhanced
deposition of minerals to block the permeability of the rock pores is being pursued as a mitigation strategy to impede
the transport of pollutants via subsurface
flows. We apply the front tracking method,
coupled with the reaction-diffusion equation and the incompressible Navier-Stokes
equation to study this problem. The software combines the tracking of the crystal
like growth of the rock surface due to precipitation/dissolution and chemical reaction and the accurate embedded boundary method for the groundwater flow in
such porous media. This work is in collaboration with the Pacific Northwest National Laboratory. (DOE)
The current
interface for
the Energy
Choices game.

Novel Nanomaterials and
Nanostructures for Air and
Water Quality Control
PI: Alexander Orlov, SBU
Development of nanoscale materials and
products has become a major area of investment on a global scale with substantial
number of products already on the market in this size range. Novel applications
of nanoparticles in medicine, cosmetics,
personal care products, materials science,
energy production, information storage
and electronics are just a few examples of
a significant progress made in this field.
For a long time the primary motivation in
developing the nanoproducts had little to
do with environmental applications. However, recent developments have led to the
creation of a new area – environmental
nanotechnology. Water pollution control,
groundwater remediation and air quality
control are all set to benefit from the latest
advances in development of nanomaterials-based membranes, absorbents and
catalysts. Our group is focused on utilizing
the unique properties of such materials for
both water and air quality control.
1) Development of nanoparticle modified catalysts for a complete degradation of pollutants in both air
and water
2) Development of high surface area
materials (such as mesoporous
molecular sieves) for oxidation of
Volatile Organic Compounds (VOCs)
3) Development of light activated
catalysts for indoor air quality
applications
Publications:
Orlov, A., Klinowski, J.K. “Oxidation of VOCs by SBA- 15
mesoporous molecular sieves modified with manganese”,
Chemosphere, 74, (2009), 344-348.
Orlov, A., Jefferson, D., Tikhov, M., Lambert, R. M. “Enhancement of MTBE photocatalytic degradation by modification of
TiO2 with gold nanoparticles”, Catalysis Communications, 8,
(2007), 821-824.
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Sediment-hosted Macro Formation Mimics and
Imaging Methane Hydrate Growth at Microscale Using Computed
Tomography: Potential Implication in Climate Change
PIs: Devinder Mahajan, Prasad Kerkar,
Tadanori Koga, Keith Jones and
Miriam Rafailovich, BNL and SBU
Sequestering CO2 as hydrates in geological
formations is of interest to cap CO2 levels in
the atmosphere. To make the sequestration
process more cost efficient, an idea was proposed to store CO2 as hydrates while simultaneously extracting valuable energy fuel CH4,
from naturally existing CH4 hydrate reservoirs
beneath the ocean floor and permafrost.
Currently work is focusing to develop further
understanding of hydrate formation at the micro scale. X-ray computed microtomography
(CMT) holds potential for revealing reservoir
topologies and intricate oil or gas frameworks
since it is a non-invasive, non-destructive tool
that gives an accurate map of X-ray absorption variation within a sample. An X-ray CMT

technique at the beamline X2B, National
Synchrotron Light Source (NSLS), Brookhaven National Laboratory (BNL) is being used
to image the replacement of methane hydrates hosted in porous media with CO2.
The focus will be on establishing the effect
of mass transfer area and gas-liquid volume
ratio on hydrate saturation. The scope of
work includes a set of experiments to study
CH4 release from CH4 hydrates by injection
of gaseous CO2 in the CO2 hydrate stability
regime. The accompanying changes in pore
water, capillary effects, host sediment stiffness are some of the issues to establish. The
host sediment stiffness is probably one of
the crucial parameters to establish to ensure

Changes of Porosity,
Permeability and Mechanical
Strength Induced by Carbon
Dioxide Sequestration

The Reactivity of Rocks Towards
Supercritical Carbon Dioxide
and its Relevance to
Geosequestration

PIs: Teng-fong Wong and
Brent Lindquist, SBU

PI: Martin Schoonen, SBU

This project investigates how the flow of the
acidic, CO2 saturated, single phase component of the injected/sequestered fluid changes the microstructure, permeability and
strength of sedimentary rocks, specifically
limestone and sandstone samples. The project consists of three tasks. The first task produces continuous measurement of permeability vs. time on small diameter core samples
as CO2 enriched brine is flowed through the
sample. The second task is to correlate these
changes to before-and-after changes in the
sample microstructure. The third task is to
characterize the mechanical properties of the
limestone and sandstone samples that have
been altered by injection and percolation of
CO2, with the objective of understanding how
mechanical failure is influenced by modification of the pore space. (DOE)

Carbon capture and storage in the subsurface brings supercritical carbon dioxide in contact with sedimentary rocks. The
reactivity of minerals under these conditions has only been explored on a limited
basis with pure supercritical carbon dioxide. However, carbon dioxide captured
during the burning of fossil fuel will also
contain sulfur dioxide, water, and perhaps
some hydrogen sulfide. The presence of
the sulfur gasses is expected to lead to reactions with iron-bearing minerals in the
subsurface. Flow-through experiments
with iron-bearing crushed rocks and intact
rocks are being conducted to evaluate the
reactivity of supercritical carbon dioxide
containing sulfur dioxide and water. The
emphasis is on understanding changes
in porosity and permeability as a result
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seafloor stability. A successful outcome of
the proposed effort is a pathway to supplant
our energy supply by extracting CH4 from
hydrates while simultaneously sequestering
CO2 to offset its release into the atmosphere.
(SBU, BNL)
Publication:
P. Kerkar, KW. Jones, R. Kleinberg, W.B. Lindquist, S. Tomov,
F. Huan and D. Mahajan, 2009. “Direct observations of three
dimensional growth of hydrates hosted in porous media.”
Appl. Phys. Lett. 95: 024102.

of the interaction. A loss of permeability
due to the precipitation of new minerals
could limit the lifetime of an injection well.
(DOE)

RENEWABLE ENERGY

Marine and Hydrokinetic
Renewable Energy Generation
PI: Lei Zuo, SBU
The potential for electricity generation from
ocean wave energy in the US is estimated to
be 64% of the total electricity generated from
all sources in 2010 (EPRI). If 10%~15% of
the total wave energy can be harnessed, the
produced electricity would be 260 TW each
year, which is equal to the total energy generated from conventional hydropower. Over
53% of the US population lives within 50
miles of the coast (NOAA), so ocean waves
offer ready opportunity for harvesting power.
However, wave energy harvesting is still in
its infancy worldwide. Presently, the US is at
least one decade behind Europe, Japan, and
Australia in this field.
The objective of this research is to establish
a sustainable energy pathway to harvest vast
but untapped ocean wave energy. Quite different from wind energy, the ocean waves are
in irregular oscillatory motion. As pointed out
by 1 Science paper in 2009, wave energy is
concentrated at low frequencies and at low,

alternating velocities, which makes efficient
conversion difficult and limits the options
for efficient power takeoff technology. The
direct-drive linear power takeoff (PTO) operates in low speed reciprocating motion, and
the energy conversion efficiency is extremely
low. The indirect-drive PTO uses hydraulic
fluid as intermediate, and it involves efficiency loss and system complexity in hydraulic
pump, high pressure pipes, hydraulic motor, resulting in low efficiency and low reliability. In this project, Zuo’s team designed
and patented an innovative power takeoff
mechanism with high efficiency and reliability that marry the advantage of direct and
indirect-drive PTOs to overcome such fundamental challenge due to oscillatory wave
motion. A multiple disciplinary approach
is being taken for fundamental research in
marine hydrodynamics, mechanical design,
vibration dynamics, control system, power
electronics, environmental assessment and
policies, to overcome, in a systematic way,

the key technological and non-technological
barriers toward a sustainable ocean energy
pathway. (SBU)
Patent:
L. Zuo, et al, “High-efficiency energy generator for harnessing ocean and mechanical vibration power”, US Patent
pending, #US 61/476.019, filed in April 2011

Development of Cost-Effective
Technology for Biogas Purification
PIs: D.Tonjes and D. Mahajan, SBU
Biogas, primarily a mixture of CH4, CO2,
N2, H2S, is a renewable source of methane
(CH4). Bio-methane extraction from biogas
to make it pipeline-quality gas is of interest
to electric utilities because renewable gas
counts as CO2-net neutral fuel and qualifies
for carbon credits. This proposed study is
focused on developing an economical method to produce clean methane from landfill
gas. Our ongoing collaboration with the USDA-ARS center in Florence, South Carolina
on biomass pyrolysis shows that the avail-
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ability of biochar from pyrolysis could be an
opportunity to remove unwanted elements
form biogas produced from landfills. The
recovered bio-methane could potentially
displace about 10% of the imported natural gas used to produce electricity on Long
Island. (Town of Brookhaven, NSF-CBERD)
Publication:
S. Patel, D. Tonjes, D. Mahajan. “Biogas Potential on Long
Island, New York: A Quantification Study.” J. Renew. Sustain.
Energy. 3, 043118 (2011); doi:10.1063/1.3614443

RENEWABLE ENERGY

Exploring Unique Properties of
Sub-nanometer Metal Particles
to Produce Hydrogen from Water
and Sunlight
PI: Alexander Orlov, SBU
Developing sustainable methods of hydrogen production can have significant environmental and energy efficiency benefits. A
potentially viable way forward is to produce
hydrogen from water by combining solar energy and heterogeneous catalysts. Our group
has discovered that sub-nm metal particles
can provide an enormous enhancement in
photocatalytic hydrogen production under
visible light. We have observed 35-50 times
increase in activity for hydrogen production
due to the presence of the metal clusters.
The first-principles calculations of unsupported clusters indicated that there is a
substantial difference in both shape and
electronic properties between as a function
of cluster charge and surface composition
conducted by our collaborator Dr. Yan Li at
BNL. We believe that that our results are the
first ever demonstrations of the remarkable
potential of these small clusters for sustainable hydrogen production. (AEC)
Publication:
Shen, P., Zhao, S., Su, D., Li, Y., Orlov, A. “Outstanding
activity of sub-nm Au clusters for photocatalytic hydrogen
production”, Applied Catalysis B: Environmental, 2012,
in press.

Photocatalysis for
Solar Fuel Generation
PIs: Peter Khalifah and Mike White,
SBU and BNL
We are at the center of a thrust to develop
materials that can harness the sun’s energy
for the efficient production of hydrogen fuel
via solar water splitting (2 H2O + light - 2H2
+ O2). The pressing challenge is efficiently
to use visible light (>50% of terrestrial solar energy) to drive this photoelectrolysis
reaction. Random material searches have
resulted in the discovery of a handful of
promising materials which can utilize visible
light to split water, but with very low overall
efficiencies. Higher efficiencies can only be
achieved with better materials and a better
understanding of light-driven water splitting
mechanisms, and a joint SBU-BNL team has
been assembled to tackle these challenges
comprehensively. Prof. Khalifah will coordinate the effort to synthesize perfect surfaces
(crystals, thin films) of complex oxide-based
materials, while Prof. White will coordinate
studies of the molecular reactions that occur at these surfaces. The synthesis efforts

will integrate Stony Brook’s J. Parise (Geosciences), A. Oganov (Geosciences) and
M. Dawber (Physics) together with BNL researchers J. Rodriguez (Chemistry), I. Bozovic (CMPMS), G. Gu (CMPMS), and W.
Han (CFN). Characterization efforts at SBU
will include A. Orlov (MSE), M. FernandezSerra (Physics), P. Stephens (Physics) and
Lars Ehm (Geosciences/NSLS) while those
at BNL revolve around the efforts of E. Fujita
(Chemistry), S. Lymar (Chemistry), J. Muckerman (Chemistry), M. Newton (Chemistry),
and M. Hybertsen (CFN). With these high
quality samples and these detailed characterization efforts, it will be possible to
achieve a more fundamental understanding
of the relationship between the optical and
transport properties of the bulk material and
the effectiveness of water splitting reactions
at its surface. (BNL)

Control of Methane Hydrate
Formation at the Molecular Level
PI: Tadanori Koga, SBU
The goal of this research project is to
understand the fundamentals of the nucleation process of methane hydrate at
the molecular level, and to establish a
method for controlling this process. Methane hydrate, also called “methane ice”, is
the stable form of methane at high pressures and low temperatures that exist at
the ocean floor. Methane hydrate is important technologically since it can be used
to produce hydrogen without release of
carbon dioxide to the atmosphere. While
recent theoretical studies have produced
dramatic progress in describing the dynamics of the nucleation process, the
full picture is still far from clear because
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various levels of structures are intricately
coupled and strong, fluctuating intermolecular interactions are present in the
system. Here we propose to integrate a
variety of in situ and real time scattering
techniques to obtain a detailed molecular
scale description of the mechanisms of
methane hydrate formation at high pressures and low temperatures. The ability to
control the formation process at the molecular level will guide the development
of a new energy resource with the critical
added benefit of avoiding harmful effects
on global and local environments. (ACS)

RENEWABLE ENERGY

Catalysis for the
Generation of Fuels

Theoretical Understanding of
Catalytic Processes

PIs: Mike White, SBU and BNL
and Jose Rodriguez, BNL

PIs: Philip Allen and
Marivi Fernandez-Serra, SBU

We have been working on aspects of fuel
generation for the hydrogen economy. A
key step in the production of hydrogen
involves the use of steam to convert carbon monoxide obtained from natural gas
or biomass into hydrogen and carbon dioxide by a catalytic process known as the
water-gas-shift (WGS) reaction. The WGS
process is energy intensive, and Rodriguez and White are investigating novel
materials that have high catalytic activity
at reaction temperatures lower than that
possible with today’s best commercial
catalysts. The new catalysts are composed of small metallic nanoparticles (Au
or Cu) supported on a reducible metal
oxide (CeO2, TiO2), with each component
playing a unique but synergistic role in
the WGS process. Work performed at BNL
has shown that the active phase of these
materials corresponds to metallic Au or
Cu and not the metal oxides as previously
proposed. The use of ceria (CeO2) was
also shown to yield the most active WGS
catalysts, which is partly due to the ease
in which oxygen atoms can be removed
from the surface of the catalyst. Continuing studies are focused on understanding
more about the influence of particle size
and reaction conditions on catalyst activity, the unusual activity of Au nanoparticles and the development of an atomic
scale mechanism for the WGS reaction
process. (BNL)

We are working to improve theoretical understanding of the chemistry and physics
that may allow development of a device in
which sunlight is used to split water molecules. The result would be a clean source
of hydrogen fuel. When light is absorbed
in a semiconductor crystal, light energy is
temporarily converted to electronic energy.
Unfortunately the electronic energy disappears rapidly into heat. The problem is to
intervene before the heat is created, and
to use the electronic energy to catalyze water-splitting reactions at the interface between the semiconductor and liquid water.
Presently, devices that do this are either
very inefficient or very expensive. Cheap
and efficient devices may be possible. At
present we have little understanding of the
fundamental processes that control the
device. The aim of this research is to use
computational theory to understand the
processes of charge transfer from semiconductor to water, and the sites on the
semiconductor surface which catalyze the
oxidation and reduction reactions which
occur when oxygen gas and hydrogen gas
are produced by water splitting. (BNL)

The optimized
geometry
(i) of the doublet *O species
resulting from
the first step of
electron-proton
removal from
the small cluster
model;
(ii) its bLUMO; and
(iii) its spin
density. The
surface species
is clearly identified as *O∑-.

RESEARCHER PROFILE
Eugene A. Feinberg, Distinguished Professor,
Department of Applied Mathematics and Statistics.

Energy Projects
• Smart Grid
• Electric Load Modeling
and Forecasting
• Modeling and Optimization
of Electric Power Transmission and Distribution

Awards and Honors:
• Fellow of INFORMS (2011)
• SUNY Distinguished Professor (2012)
• IEEE Charles Hirsh Award (2012) for developing and
implementing on Long Island, electric load forecasting
methods and smart grid technologies
• Honorary Doctor, Institute of Applied System Analysis,
National Technical University of Ukraine (2011)
• SBU Director of DOE Smart Grid Regional Demonstration
Project: Long Island, Smart Energy Corridor (2010 – 2015)
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RENEWABLE ENERGY

Design and Development of a
Small Hydroelectricity Plant
PIs: Lei Zuo and Jeff Ge, SBU
Small hydropower of 1-100 kW has a much
lower cost than similar sized wind turbines
or solar PV (Word Bank Energy Unit), and
running-water hydropower has little or no

impact to the environment. However, such
renewable energy sources remain almost
untapped in New York State and the United
States after industry revolution. As an educational and demonstration project, we developed and deployed a 1.5 KW hydropower
system on the historic Stony Brook Grist Mill,
owned and operated by the Ward Melville
Heritage Organization. The mill, constructed
in 1751 and placed on the National Register
of Historic Places in 1990, is now producing
electricity using the same hydropower once
used to mill grain. This project will increase
the awareness of sustainability and development of renewable hydropower sources, especially pico and micro hydropower. It also
expands the knowledge base of the most effective method of converting hydro energy
to mechanical energy and then electricity.
This water mill hydropower project has been
reported by a few news media including
Newsday and TV10/55. (SBU)

1.5KW power generator driven by water wheel
Publications:
“Electric Makeover” (Long Island’s Grist Mill Hydroelectric Generator), Interview and broadcast on TV10/55,
(08/25/2010).
“Students light up old grist mill”, interviewed and reported by
James Bernstein, Newsday, (08/09/2010).
“18th century mill now making 21st century power: SBU
project turns Stony Brook Grist Mill into hydroelectric plant”,
interviewed and reported by Jennifer Choi, Times Beacon
Record (08/05/2010).

Reinventing Fire: Radiant
Free-conditioning of Buildings
PIs: Lin-Shu Wang, SBU and
Thomas Butcher, BNL
Humans’ discovery of fire marked the first
step in the ascent of man. The invention of
steam engine and the founding of the science
of heat by Sadi Carnot were generally viewed
as a new, second use of fire – which led to the
Industrial Revolution, which has in turn produced the modern transportation, buildings,
industry, and communication that define the
21st century modern societies. We argue that
the science of heat and the fossil-fuel powered
heat engines and industrial processes represent not only a new use of fire but also, for the
first time, the rational use of fire: one of the
old uses of fire (a high temperature heat) for
low temperature space heating has become
irrational or wastefully dissipative according
to Carnot’s teaching. Since this wasteful form
of space heating (and domestic water heating
as well as space cooling) now consumes as
much as 15% to 20% of primary energy, it is
important to critically examine the possibility
of moving away from fire-based space heating – not so much as a belated lesson from
Carnot but whether today’s technology makes

the move practical so that we can bring Carnot’s teaching into effect finally. It is gratifying
that such a technology emerged in the recent
years (Meierhans 1993) in what became
known as thermally activated building systems (TABS): the combining of radiant cooling and large building thermal mass activation. Stony Brook researchers have extended
the practice of TABS into radiant heating for
the total conditioning of buildings – and have
developed a science-based design method
for the determination of the set of building
envelope resistance value and building thermal mass capacity, and the sizing of cooling
tower and of active solar thermal systems
and/or hydronic solar wall (HSW, Stony Brook
University patent pending) for buildings. Successful R&D of the radiant free-conditioning
of buildings project will eliminate the demand
of fuel energy for building conditioning to be
supplanted by a new “fire,” the building’s
interaction with the environmental coolness
in summer nighttime and solar warmness in
winter daytime (as well as the environmental
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light, see below an example of the interior of
The Therme Vals by the architect P. Zumthor,
who has collaborated with R. Meierhans). It
has been proposed that intelligent, superefficient buildings are a future hub of energy
storage, energy production, and energy markets for the 21st century. A case can be made
that radiant free-conditioning is the only cost
effective design of such intelligent, superefficient buildings. At first we make our buildings
free of fuel energy demand and, thereafter,
our buildings serve us as a foundation of the
future energy infrastructure-system. (BNL)

P H O T O V O LTA I C A N D F U E L C E L L S

Laser-assisted Photovoltaic
Manufacturing and Diagnostics
PI: David J. Hwang, SBU

Photovoltaic Cells
PI: Charles M. Fortmann, SBU
We have recently developed a detailed
description of electronic transport in Dyetype solar cells. Dye-type solar cells based
upon inexpensive layers of titanium oxide,
electrolyte, and organic dyes offer one of
the best possibilities for meeting the need
for vast areas of efficient solar cells in order to address the world’s energy needs.
The lack of a theoretical framework has
stymied attempts to optimize this type of
solar cells and exacerbated the venture
capital’s uncertainty in the push to develop a dyetype solar cell industry. Our approach may enable the Stony Brook group
to leapfrog earlier efforts and help launch
an era of industrialized dye-type solar photovoltaic energy. Our group is also investigating spectral modification for enhanced
solar cell performance. All solar cells perform especially well over a narrow range
of photon wavelengths. However, the solar
spectrum is composed of a wide range of
photon wavelengths. Even the best photovoltaic solar cells use only a portion of
the solar spectrum. We are developing
layers that could be used with a variety of
solar cell types to help convert the solar
spectrum to one that better matches
the solar cell performance envelope.
(Solar Physics Inc.)

Practical challenge in utilizing renewable
solar energy is reducing the cost per watt
and simultaneously improving conversion
efficiency to compete with current fossil
fuel technology. Our research has been
focused on the development of laser-assisted current & next generation photovoltaic (PV) manufacturing and diagnostics technologies. Examples include back
contact formation and edge isolation for
bulk based PV’s, advanced laser scribing
and spectroscopic in-situ thickness monitoring for thin film based PV’s, and direct
synthesis of multi-bandgap nanomaterials
of superior crystallinity and nanoscale surface structuring to achieve improved light
trapping and photocurrent conversion efficiency for nanostructure based PV’s and
low-cost solid state lightening devices. Enhanced laser-induced field in nanostructures provides great selectivity in functionalizing arbitrary nanomaterials system
and forming heterostructures in conjunc-

Publications:
S. G. Chawda, J. A. Mawyin, G. P. Halada, C. R. Clayton, C.M.
Fortmann. “Phononic Engineered Materials and Devices”, J.
Non-Cryst. Solids, 354, (2008), 2548-2551.
J. A. Mawyin, S. G. Chawda, G. P. Halada, C. R. Clayton, C.
M. Fortmann. “Substrate Engineering for High Efficiency
Thin Film Solar Cells”, J. Non-Cryst. Solids, 354, (2008),
2492-2494.
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tion with the cost-effective scalable PV
nanomanufacturing system development.
The advanced diagnostics on light interaction with various PV elements have been
demonstrated through the near-field scanning optical microscopy (NSOM) technology and electron microscopes (SEM/TEM)
coupled with pulsed laser illumination, offering nanometric/atomic spatial and subps temporal resolutions. The laser-assisted
manufacturing and diagnostics systems
compatible with wide range of PV systems
at production compatible scale are under
construction. (AERTC, OVPR)
Publications:
T.W. Kim, D.J. Hwang et al., “Comparison of multilayer laser
scribing of thin film solar cells with femto, pico and nanosecond pulse durations,” Proc. SPIE, 7409, 7409-10 (2009).
D.J. Hwang et al., “Nanoscale Laser Processing and Diagnostics,” Applied Physics A, 96(2), 289 (2009).
H. Pan, D.J. Hwang et al., “High-Throughput Near-field Optical
Nanoprocessing of Solution Deposited Nanoparticles,” Small,
Vol. 6, pp. 1812–1821 (2010).

P H O T O V O LTA I C A N D F U E L C E L L S

Nanoparticle Enhancement of
Polymer Electrolyte Membrane
Fuel Cell Power Output
PI: Miriam Rafailovich, SBU
PEM fuel cell technology is one of the most
promising future alternative energy sources because it has relatively low operating
temperature, high power density, quick response, pollution-free operation. However,
its relatively low power output compared
to that of its price has prevented it from
many practical applications. Nanoparticles have been widely known to possess
catalytic capabilities. Some predicted that
gold nanoparticles that are platelet shaped
and have direct contact to the substrate to
be the “perfect” catalysts, if they could actually be produced. We found that under
the optimal flow rate of 0.1 SCFH, the addition of nanoparticles resulted in a more
than 500% increase in the power output
of the fuel cell. One major limitation of the
current PEM technology is the reduction
of power as the current is increased past
a maximal value. Nanoparticle enhanced
PEM membranes do not seem to have
that limitation and no current maximum
has yet been determined. Hence the actual power enhancement at high current
loads could actually be far greater than
the quoted value. Further research is in
progress to determine this limit and the
specific catalytic reaction which is responsible for this increase. This advancement
represents a major step in the production
of PEM cells for commercial high power
applications. (NSF-MRSEC)

Electrocatalysis for Efficient
Fuel Cells
PI: Radoslav Adzic, BNL
Our group has developed novel nanostructured electrocatalysts to address issues of
loading, stability, and tolerance to impurities for high performance fuel cell use.
These electrocatalysts for O2 reduction (at
cathodes) and H2 oxidation (at anodes),
consisting of Pt monolayers deposited on
carbon-supported metal, alloy, or coreshell nanoparticles, are characterized by
very low Pt content, almost complete utilization of Pt atoms, and good-to-excellent
stability. The long-term performance (activity, stability and CO tolerance) of several
electrocatalysts was verified in fuel cell
tests. Optimization of the Pt monolayer
reactivity and stability was pursued by designing of the nanoparticle supports, or by
modifying a Pt monolayer itself. Syntheses
of these electrocatalysts were facilitated by
developing two controllable monolayer deposition techniques. Their Pt-mass activity
is often more than one order of magnitude
higher than that of commercial electroctalysts. We identified the origin of their
activity through a combination of electrochemical, in situ synchrotron radiation, ex
situ electron microscopy techniques and
density functional theory calculations.
Further development of these electrocatalysts focuses on increasing their activity
and stability by growing uniform, pin-hole
free Pt monolayerto- multilayer deposits,
or by addition of small amounts of Au as
surface nanoclusters. New supports include oxide and nitride nanoparticles and
metalized carbon nanotubes and nanohorns. The search for alternatives to Pt
electrocatalysts for O2 reduction reaction
is focused on Pd alloys and on metal oxides. The search for electocatalysts for alternative fuels is underway. A new ternary
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PtRhSnO2 electrocatalyst was synthesized
with exceptional activity for ethanol oxidation. It appears very promising for the
application in direct ethanol fuel cells.
The results obtained so far show excellent potential to overcome the obstacles
hindering the broad application of fuel
cells and, because of its unique features,
future work on Pt monolayer electrocatalysts approach is likely to intensify as the
question of resources and production of
catalytic materials becomes critical. BNL
has licensed four patents on platinum
monolayer electrocatalysts for oxygen reduction particularly suited for automotive
applications to a major Japanese catalysts
producer NE ChemCat Corporation. (BNL)

P H O T O V O LTA I C A N D F U E L C E L L S

Improvement in Manufacturing
Process of mc-Si for
Photovoltaic Solar Cells
PI: Michael Dudley, SBU
Solar energy technologies remain at the
forefront of efforts to developing clean,
reliable, renewable energy technologies.
Rapidly increasing demand and concomitant silicon shortage have placed enormous importance on the yield of siliconbased photovoltaic solar cell production.
Cast multicrystalline silicon (mc-Si)) is
the material of choice on account of its
low production cost and comparable efficiency to crystalline silicon (c-Si). Working with BP Solar, we have focused on improving material quality and yield of mc-Si
PV modules by evaluating the material at
each stage of the manufacturing process.
These include the casting of multicrystalline ingots, bandsawing of ingots into
bricks, wiresawing of the bricks into wafers
and the cleaning, etching, passivation and
printing of wafers. Synchrotron radiationbased techniques (at BNL) in conjunction with optical and electron microscopy
are employed to carry out these studies.
Through these studies, critical problems
such as cracking and bowing of wafers
that lead to loss of material and thus severely limit yield are being addressed.
Novel characterization techniques being
developed during the course of this project are being applied to other materials
in energy related as well as other fields
(NREL/DOE via BP Solar).

Solid Oxide Fuel Cells: Studies
of Ionic Conductivity
PI: Clare Grey, SBU
Solid oxide fuel cells represent viable fuel
cells for static power applications. Current
limitations to this technology include:
1) their high operating temperature
2) the relatively slow rate for the
O2 -> O2- reaction
The need to use high operating temperatures is driven by the relatively slow rates
of oxygen ion diffusion across the solid
electrolyte at lower temperatures. However, the use of lower temperatures would
allow stainless steel components to be
used, reducing costs of the devices. The
O2 -> O2- reaction occurs at a three-phase
interface, involving air (O2), a electronically-conducting cathode material, and the
solid electrolyte; the low concentration of
this interface results in slow rates for this
reaction, limiting the power that can be
drawn from the cell. (DOE)
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Enhancing the Power Output of
Polymer Electrolyte Membrane
Fuel Cells (PEMFC) Through the
Deposition of Monolayer Gold
Nanoparticle Platelets onto
Nafion® Membranes
PI: Miriam Rafailovich, SBU
In our experiment, thiol-functionalized
spherical gold nanoparticles (around
2nm in diameter) were synthesized
through the two-phase method developed by Brust et al. When a solution
containing these particles was spread at
the air/water interface, X-ray reflectivity
and EXAFS spectroscopy indicated the
formation of platelet shaped particles.
Langmuir-Blodgett (LB) trough was then
used to deposit monolayer of these platelet shaped gold nanoparticles onto the
surface of Nafion® membrane. Up to
80% enhancement for output power of
a single cell and 33% enhancement for
three stacked cells were found after applying the modified Nafion® membrane
on PEMFC. Effects of gold nanoparticels
are studied by varying the surface pressure (to deposit gold nanoparticles onto
membrane) and gases at cathode side.
Cyclic voltammetry and oxygen reduction
reaction activity will be measured to further investigate the activity of this kind
of gold nanoparticles. (NSF)

P H O T O V O LTA I C A N D F U E L C E L L S

Wafering and Manufacturing
of Photovoltaic Solar and
Thermal PV Cells
PI: Imin Kao, SBU
Wafering and manufacturing of photovoltaic (PV) solar and thermal PV cells are
critical technologies in producing PV wafer substrates for solar and thermal PV applications. Understanding of fundamental
research issues in manufacturing process
modeling can lead to more effective processes and, cost reduction to make solar
technology more affordable. Our research
has been focused on the study of various abrasive machining processes and
modeling for wafer slicing, nanoindentation of materials, elastohydrodynamics in
machining, high-pressure phase transform, vibration and eigenfunction analysis, surface metrology, minimal kerf loss,
cost reduction, minimizing defects and
wastes, and integrated process modeling,
as well as environmental considerations
for manufacturing. PV wafers are usually
used directly after slicing without surface
polishing. Producing wafers with excellent
surface finish becomes crucial for subsequent manufacturing processes and quality assurance. Currently over 90% of PV
solar cells are silicon-based. Our research
also studies materials aspects of process
and manufacturing such as anisotrophy of
crystals, phase transformation, micro and
nano properties of materials that can be
readily applied to silicon and future materials for PV energy technology. (NSF)

Developing Self-cleaning Glass
for Solar Panels
PI: Alexander Orlov, SBU
The solar photovoltaics (PV) industry is
experiencing a significant global growth.
According to the European Photovoltaic
Industry Association, the global PV capacity rose from 39.7 GW at the end of 2010
to more than 68 GW at the end of 2011.
Capturing this growth in the US in general
and in the NY State in particular can bring
tremendous opportunities for energy independence, job creations and economic
competitiveness. Increasing electricity
output from the solar panels, even by few
percents, can translate into billions of dollars in savings.
Developing self-cleaning solar panels can
have a transformative impact on PV industry. Solar panel surface contamination
(soiling) results in significant decrease in
output and or/increase in maintenance
costs. Some studies shown a decrease in
solar cells output by 4 – 10 % on average
in the first year of operation due to soiling.
For example, the US based Solar Electric
Power Association (SEPA) found that photovoltaic electricity output can decline by
about 10% during the first year of operation due to accumulation of dirt, dust and
other residues.

Publications:
I. Kao, C. Chung, and R. Moreno Rodriguez. “Modern Wafer
Manufacturing and Slicing of Crystalline Ingots to Wafers Using Modern Wiresaw”, Springer Handbook of Crystal Growth,
Defects and Characterization (2009).
S. Bhagavat and I. Kao. “Ultra-low Load Multiple Indentation
Response of Materials: In Purview of Wiresaw Slicing and Free
Abrasive Machining (FAM) Processes,” International Journal
of Machine Tools and Manufacture, (2006), 46(5):531–541.
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The project our group is currently working
on can help to increase the PV output via
two transformative solutions fitted within
the supply chain:
1) coating solar panel glass before solar
panel assembly to introduce self-cleaning properties;
2) treating the existing solar panels
already installed in NYS to make them
self-cleaning.
This novel approach can be tremendously
beneficial in increasing energy efficiency
of the existing and future PVs installations.
(AEC)

COMBUSTION

Spray Combustion in a
Diesel Engine
PIs: James Glimm and Roman Samulyak,
SBU and BNL and Xiaolin Li, SBU
Diesel fuel is injected at high pressure into
a diesel engine. Portions of the jet break
up into spray and a portion remains intact as a liquid core, according to high
resolution light source diagnostics of
experiments conducted at Argonne National Laboratory. The flow typically turns
a corner when entering the nozzle, and
especially near the corner, but also down
stream in the nozzle, bubbles in the flow
are observed. The breakup is sensitive to
various factors, including the bubbly flow,
the nozzle geometry, the pressure drop in
the nozzle, turbulence in the flow channel
and in the nozzle, and physical properties
of the diesel fuel.
The latter possibility is important, as one
thrust of this study is to assess and design
nozzles for biodiesel fuels. The bubbles
could in principle result from leaks in the
inlet valve or from release of dissolved gas
or from vaporization of the liquid diesel
fuel. Our research, in collaboration with a
combustion team at Oak Ridge National
Laboratory and Los Alamos National Laboratory (developers of the KIVA code), has
focused on the simulation of spray forma-

tion. We have simulations which show
breakup of a jet into spray, using realistic
flow and fluid properties. This could be
the first or even a unique such simulation.
Our initial work, already published, was
conducted in 2D. With the availability of
the 100Tf New York Blue, we are developing a 3D simulation capability, already
in advanced testing. Our research plan
is to use the 2D capability to explore numerical parameters in our algorithm and
determine appropriate settings, and the
degree that these settings are sensitive to
the conclusions. With this knowledge, we
will conduct 3D simulation studies of the
diesel jet breakup. These simulations can
be coupled into an engineering design
study for the nozzle and injector, and can
be coupled into a spray combustion code
such as KIVA. (DOE, ARO)
Publications: Z. Xu, M.N. Kim, W. Oh, J. Glimm, R. Samulyak,
X.L. Li, and C. Tzanos. “Discrete bubble modeling of unsteady
cavitating flow”, Int. J. Multiscale Comp. Eng., 4 (2006),
601-616.
Z. L. Xu, T. Lu, R. Samulyak, J. Glimm, X. M. Ji. “Dynamic
phase boundaries for compressible fluids”, SIAM J. Sci.
Computing, 30 (2008), No. 2, 895-915.
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Seal
Material
Tests

Biofuels and
Combustion Systems
PI: Thomas Butcher, BNL and
Chad Korach, SBU
Biofuels offer an exciting opportunity to replace imported petroleum with a domestic, renewable fuel. BNL and AERTC are
teaming with others to better understand
the combustion characteristics of biofuels
and to improve the efficiency of their use.
This broad area of interest includes biodiesel, pyrolysis oils, and solid biomass.
One part of this involves use of a new optical technique to image atomization and
early combustion processes with a range
of biofuels at the sub.s time scale. This will
lead to better fuel injection equipment to
enable use of these new fuels cleanly and
efficiently. Also of interest is the compatibility of elastomer seal materials with different liquid biofuels. This has been identified as a key barrier to use of these fuels.
BNL and SBU are collaborating on development of materials interactions data that
can help overcome this barrier. (BNL)

COMBUSTION

Replacing Metals with
Nanocomposites to Prevent
Corrosion in Mixed injection
Biofuel Boilers
PIs: Thomas Butcher and
Rebecca Trojanowski, BNL
and Miriam Rafailovich, SBU
Condensing boilers and furnaces achieve
very high efficiency levels by recovering latent heat from water vapor in the products
of combustion. The condensate produced
is acidic and heat exchanger metal surfaces
are subject to high corrosion rates. This problem is worse with oil than with natural gas
fuels due to the sulfur content in oil. During
combustion a fraction of this sulfur converts
to sulfuric acid and condenses with the water vapor. In response to the high corrosion
rates, manufacturers use expensive alloys
for heat exchanger materials, which drives
up the cost of achieving the high efficiency
potential. Our research will evaluate the use
of polymer corrosion coatings on lower cost
metal heat exchanger surfaces as an alternative. As an alternative to metals, polymer heat
exchangers offer lower cost and corrosion resistance. To overcome the very low thermal
conductivity of polymers, nanocomposite
materials are being investigated. Key issues
include thermal conductivity, heat exchangher surface area required, wall thickness required to meet the pressure requirements,

Illustration of
polymer composite
heat exchanger

and cost. Here the major challenges are to
develop a polymer blend which is:
1) Resistant to acid corrosion from the
condensation process and suppresses the water segregation and
condensation process.
2) Mechanically
stable
at
boiler
operating temperatures, without surface blooming or yield (III) Able
to pass UL-94 stringent V0 or V5
testing for flame retardance.
Even though the polymer will not be in direct contact with combustion processes, it
will be maintained at elevated temperatures
(>200ºC) and be in close proximity to regions with an open flame. Furthermore, the
prolonged elevated temperature conditions
lead to slow phase segregation of multiple
components of the blend. This eventually
causes weakening of the composite, which
can lead to structural failure. Functionalized
nano-clays have been shown to compatibilize polymer blends. As a result the materials
remain extremely stable against phase seg-

Computational
Fluid Dynamics (CFD)
simulation of
flow through a
polymer heat
exchanger

regation even when placed in direct flame.
In addition, the clays act as potent distributors of the flame retardant additives (less
than 10%) and can render a much larger
class of materials than previously thought
possible. Furthermore, since the amount of
flame retardant formulation is at least three
times lower, the mechanical properties of
the blend are retained. In the coming year
we plan to test these new nanocomposites
when they are exposed to corrosive fuels under high temperature conditions. If successful, these materials would allow for the safe
storage and combustion of fuels derived from
biodiesel formulations. (BNL, NYSERDA)
Publications:
Si MY, Goldman M, Rudomen G, Gelfer MY, Sokolov JC,
Rafailovich MH. “Effect of clay type on structure and properties of poly(methyl methacrylate)/clay nanocomposites”,
Macromolecular Materials & Engineering (2006), 291 (6):
602-611. 16
Si M, Araki T, Ade H, Kilcoyne ALD, Fisher R, Sokolov JC,
Rafailovich MH. “Compatibilizing bulk polymer blends by
using organoclays” Macromolecules (2006), 39 (14): 47934801. 23

Internal Combustion Engine
PI: Lin-Shu Wang, SBU
We invented the Turbo-Cool turbocharging
system, which utilizes the expansion of gas
exhaust from internal combustion piston
engines in an exhaust-gas-driven turbine to
achieve a higher engine “effective expansion ratio” in a straightforward manner. The
novelty of the concept is that the excess
power from higher gas expansion through
the turbine (rather than being considered as

an object for power recovery, as in the classical turbocompound concept) is used for
cooling charge-air – for the purpose of engine-loss reduction and, simultaneously, engine power gain. Research has shown that
the benefits of applying the new Variable
Geometry Turbine (VGT) turbo for gasoline
engines can be realized only if it is used in
combination with a charge-air cooling unit.
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In turn, the VGT turbo itself is an essential
component of the charge-air cooling unit.
There is, thus, a synergy between the VGT
technology and the Turbo- Cool technology.
This synergy will produce a new generation
of turbocharged gasoline engines of unsurpassed torque and power with excellent
torque back-up, as well as improved vehicle
fuel economy. (SBU)

BIOENERGY AND BIOFUELS

Numerical Modeling of
Catalytic Systems for Efficient
Production of Biofuels
PIs: D. Gersappe and D. Mahajan,
SBU and BNL

Upgrading of Biomass-derived
Bio-oil to Drop-In Replacement
Renewable Hydrocarbon Fuels
PI: D. Mahajan, SBU and BNL
One of the pathways for biomass conversion of interest is pyrolysis that offers feedstock densification at the source making it
economical to transport the otherwise wet
feedstock. However, the dense bio-oil (or
pyrolysis oil) requires further processing to
make it usable as transportation or power
generation fuels. Previous and several ongoing studies, reported in literature, focus
on bio-oil production via either slow or fast
pyrolysis. In the latter method, the residence time is kept to a fraction of a second to minimize undesirable biochar and
gaseous products while enhancing the
bio-oil yield. The detailed characterization of bio-oils is reported. Several companies are conducting studies to develop
a catalyst system capable of economical
processing of renewable hydrocarbon fuels from bio-oils. The focus is to eliminate
O in bio-oil as CO2 or H2O in the product
slate while facilitating catalytic production
of hydrocarbon fuels of interest, namely
diesel. (USDA-ARS, NSF- CBERD, US
ARMY)

In order to improve the design of catalysts
for biofuel production, it is necessary to
understand the role that the morphology
of the catalyst plays in the process. By
developing a numerical model of the process, we can quantify how the morphology
of the catalyst and flow through the catalyst affects overall performance. This will
give guidance to the design of new catalyst
structures and materials. The project aims
at developing a methodology based on the
Lattice Boltzmann method coupled with
advanced reaction kinetic codes to model
the transport and reaction through different catalysts for biofuel production. The
model will use realistic catalyst morphologies (either from experimentation or from
the literature) in order to follow at a local
level the reactions that take place on the
surface of the catalyst and the flow patterns through the catalyst. (NSF- CBERD,
US ARMY)

Publication:
K. Cantrell, K. S. Ro, M. Anjom, D. Mahajan, and P. G. Hunt,
2007. “Integration of Livestock Waste Treatment and Energy
Production”, Ind. Eng. Chem. Res., 46(26) 8918-27.
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Development of a Flex Bio-Plant:
Microemulsion-based Production of
Bio-methanol and Bio-butanol from
Biomass-derived Synthesis Gas
PIs: D. Mahajan, SBU,
S. Turn, U Hawaii, and
P. Somasundaran, Columbia University
The slurry-phase MoS2 catalyzed process to
produce mixed alcohols shows that the system operates as a 4-phase system (catalyst/
solvent/aqueous/gas) limiting mass transfer to produce mixed alcohols in low yields.
The ongoing work envisions a microemulsion
system in which the dispersed oil phase in
water medium functions as a reservoir of
nano-containers for the MoS2 catalyzed reactions. The CO2 in syngas, present in supercritical state under operating temperature
and pressure, itself acts as the dispersed oil
phase and is solubilized in a water medium
using non-ionic surfactants. This would substantially enhance alcohol production rates
through higher catalyst /gaseous reactant
contact in the oil phase and excellent heat
management through the dispersion medium. Also, selective partitioning of heavier
products in to the oil phase helps in reducing
the downstream fractionation load of mixed
alcohols. The proposed partnership brings
together expertise of two NSF centers: the
Center for Advanced Studies in Novel Surfactants (ASNS) is formulating MoS2 containing microemulsions that can be stable under
operating temperatures and pressures and
CBERD is conducting tests to evaluate the
prepared microemulsions for mixed alcohols.
A successful system would achieve the CO
conversion per pass from < 20% to > 50%
making this pathway a potential commercial
process. (NSF-CBERD, US ARMY)

BIOENERGY AND BIOFUELS

TiO2 in Combination with Energy
Saving Compact Fuorescent
Light Bulbs Exposure May Cause
Skin Cells Damage
Flow induced deformation of high-viscosity droplets
translating in microchannels

PIs: Miriam Rafailovich, Tatsiana
Mironava, Michael Hadjiargyrou and
Marcia Simon, SBU

Flow Behavior of High-viscosity
Fluids in Microfluidic Networks

Compact fluorescent light (CFL) bulbs are
gaining in popularity since they use less
energy. However, CFL exposure was found
to promote adverse skin conditions. The
CFL bulb exposure and combination of
CFL irradiation with TiO2 nanoparticles,
common ingredient of skin care products,
has been investigated on human skin
cells. The ultraviolet light outcome from
the different CFL bulbs was measured
and used for dermal fibroblasts and keratinocytes irradiation. Cells exposed to the
CFL exhibited a decrease in the proliferation rates, collagen contraction ability and
increase in migration and ROS. Selected
nanoparticle dosage had no effect on cell

PI: Thomas Cubaud, SBU
We experimentally study viscous multiphase
flows in transparent high-pressure microfluidic devices. Nanofabrication techniques
allow for constructing complex flow geometries that can mimic fluidic networks encountered in nature, such as in trees, blood
vessels, and porous rocks. Motivated by the
development of techniques for controlling
the structural and rheological properties of
multi-fluid dispersions, research focus is
on transport, diffusion, and capillary phenomena, including lubrication, droplet coalescence, and emulsification processes
between low- and high-viscosity fluids at
the microscale. A wide range of fluids is investigated, including those important to the
energy sector, such as heavy oils, ethanol,
and carbon dioxide to potentially discover
new pathways for enhanced petroleum manipulations, continuous bio-fuel synthesis,
and sequestration of greenhouse gases in
porous networks. (NSF)
Publications:
T. Cubaud, “Deformation and breakup of high-viscosity
droplets with symmetric microfluidic cross flows,” Phys. Rev.
E, 80, 026307 (2009).
S. Darvishi and T. Cubaud, “Lubrication of highly viscous
core-annular flows in microfluidic chambers,” J. Fluids Eng,
113, 031203 (2011).
T. Cubaud, B.M. Jose, and S. Darvishi, “Folded micro-threads:
Role of viscosity and interfacial tension,” Phys. Fluids, 23,
042002 (2011).
R. Sun and T. Cubaud, “Dissolution of carbon dioxide bubbles
and microfluidic multiphase flows,” Lab Chip, 11, 2924
(2011).

Confocal microscopy pictures of DO33 keratinocytes.
Samples containing rutile and anatase TiO2 and
control (no TiO2 ). Double exposure to CFL
(d, e and f); no CFL exposure (a, b and c).

function in the absence of CFL exposure
whereas cells containing anatase died after just a single CFL dose. Cells containing
rutile were completely destroyed following
a second dose. That indicates potential
damage to skin tissue upon exposure to
CFL lighting and that TiO2 nanoparticles
may exacerbate the damage. (NSF)

Heat Dissipation in Polymer
Nanocomposites: Effect of Filler
Size and Shape
PIs: Miriam Rafailovich and
Dilip Gersappe, SBU
In an effort to reduce the flammability of
commonly used polymers with and create
more fire safe materials, research is being
done on the use of flame retardants within
polymers. To date, not much is known about
the physics and dynamics of this process.
Simulating heat propagation in polymer
nanocomposite systems may guide experimental flame retardant---and other thermal
materials science---research. Using the lattice Boltzmann method (LBM), a model is
developed in both two and three dimensions
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to simulate heat diffusion initiated by a finite heat pulse in a multiphase system comprised of a polymer matrix and flame retardant nanocomposite fillers. By varying the
volume fraction of the fillers, along with their
thermal diffusivity, heat capacity and thermal boundary resistance with respect to the
polymer, heat transfer in polymer composites is studied.We also vary the size, shape
and thermal conductivity of the nanofillers
to study the effect on heat dissipation and
the time to ignition. (NSF)

BIOENERGY AND BIOFUELS

Effect of TiO2 Nanoparticles
on Pre-adipocyte Cell
Differentiation
PIs: Miriam Rafailovich and
Marcia Simon, SBU
Titanium dioxide (TiO2) particles are
widely used in all types of personal care
products. However, the effect of these
particles on adipose formation is still under question. In order to understand the
effect of the nanoparticles, we culture the
pre-adipocyte cell with TiO2 nanoparticles
in the adipogenetic medium. We found
the adipose generation was hindered by
the nanoparticles. The rate of differentiation from the pre-adipocyte to adipocyte is
lower. Moreover, the size of the adipose in
the cell is also smaller than the one without nanoparticles. We, therefore, coated
the TiO2 nanoparticles and try to prevent
the damage of the uncoated TiO2. As for
our coating, we found higher conversion
rate and also larger size of adipose in the
cells. These results indicated that the predominant mechanism of damage by these
nanoparticles will cause different differentiation in pre-adipocyte cells and could be
prevent by our coating. (NSF)

Engineering Flame Retardant
Biodegradable Nanocomposites
PIs: Miriam Rafailovich and
Chad Korach, SBU
Starch-based polymer blends can be a
promising class of biodegradable nanocomposites. Despite their benefits, starchbased nanocomposites with thermoplastic
polymers can be very brittle, when sufficient amounts are added to obtain flame
retardant properties. We have recently developed a new class of nanoparticles where
resorcinol diphenyl phosphates (RDP) is
used to modify the surface energy, allowing
the particles to be easily dispersed within
polymer matrices using melt blending. RDP
modified starch, and RDP modified clays,
especially RDP-Halloysite Clay tubes, can
be extruded together with the biodegradable polymers, Ecoflex and polylactic acid
(PLA), to produce flame retardant nanocomposites which can to pass the UL94-V0 test. Since the total amount of added
particles is less than 10%, embrittlement
is minimized. Nanomechanical measurements of the chars remaining after cone
calorimetric measurements indicate that
maintaining flexibility of the chars may be
an additional factor in achieving good flame
retardant properties. (NORA, BNL)

RESEARCHER PROFILE
Miriam Rafailovich, Distinguished Professor,
Undergraduate Program Co-Director (CME),
Department of Materials Science and Engineering,
AERTC Chief Scientist.

Energy Projects:
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Awards and Honors:
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Ethanol-Water Separation Using
Pervaporation Membrane
PIs: B. Hsiao, B. Chu and
D. Mahajan, SBU
New breakthroughs on thin-film nanofibrous composite (TFNC) membranes for
water purification, including the use of ultrafine cellulose nanofibers (diameter ~ 5 nm)
and the development of multiple-jet electrospinning technology (nanofiber diameter
100 - 300 nm), have provided promising
pathways in the filtration field. The nonwoven structure has interconnected pores
and very large surface-to-volume ratio, while
the ease of surface modifications for cellulose can open up interesting leads for many
biomedical and industrial applications. This
membrane technology is being developed
for pervaporation in ethanol synthesis by
fermentation process to separate alcohol
and water in a much more-energy efficient
manner, which is the focus of this study. It
is known that the cost of dehydrated ethanol
by azetropic distillation is about twice higher
than that of the pervaporation technique.
The increase in membrane permeation rate
can yield further energy reduction benefit.
(NSF- CBERD)
Publication:
B. Hsiao, B. Chu, D. Mahajan and T-M Yeh. “Polymeric Nanofibrous Composite Membranes for Energy Efficient Ethanol
Dehydration” U.S. Patent Application, filed: October 2011.

B AT TE RY A N D S TO R A G E R E S E A R C H

Synthesis of Tailored 3D CuO
Nanogrid for Lithium-ion
Battery Applications

Lithium Batteries for High-Power
Applications
PI: Clare Grey, SBU

PI: Perena Gouma, SBU
3D CuO nanogrids have been synthesized
by direct thermal oxidation of composite
substrates consisting of a Cu mesh and
polyvinylpyrrolidone (PVP) nanofibers deposited on it by electrospinning. The CuO
nanostructures composed of networks of
continuous, self-supported, and 3-D particles, crystals and nanorods, providing
increased surface area, porosity, and extensive open networks. Scanning electron
microscopy (SEM), high-resolution transmission electron microscopy (HRTEM) and
UV-Visible absorption spectroscopy analysis of the thermally treated samples reveal
that a unique 3D CuO nanostructure occurs
by Cu diffusion within the PVP nanowires
covering the copper substrate and upon the
subsequent oxidation of this metallic core
once the polymer is removed. The average
diameter of the CuO grains is 30 nm and
the calculated band gap energy is 1.33eV.
The high reversible capacity and good cycle
stability of the unique 3D CuO nanogrids
electrode makes it very promising for lithium battery applications. (NSF)
Publication:
J. Lee and P.I. Gouma, “Tailored 3D CuO Nanogrid Formation,”
J. Nanomaterials, 2011 (online access: http://www.hindawi.
com/journals/jnm/2011/863631.html).

New applications such as hybrid electric
vehicles, power backup and power tools,
require rechargeable batteries that combine high energy density with high charge
and discharge rate capability. The current
generation of lithium-ion batteries, while
meeting many of the criteria required for
lap-tops and other portable electronics,
are too slow to charge and discharge, and
are associated with safety issues.
My group is engaged on a joint synthesis
and characterization program, aimed at
understanding how electrode materials
(anodes and cathodes) function, why they
fail, and how to make better materials. In
particular we use solid-state lithium NMR
(nuclear magnetic resonance) to track the
Li ions as they move through the lattices.
Our current DOE-supported work focuses
on the cathode material Li(NiMn)oS02.
This material is of particular interest, because it is free of cobalt, unlike the commercial Li-ion battery, which uses LiC002
as the cathode. Cobalt is undesirable
both from a toxicity and cost standpoint.
Our joint research program with our collaborator at MIT, Prof. Gerbrand Ceder,
has lead to an improved cathode material
with much higher discharge and charge
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rates. The work was featured this week in
the journal Science (17 February 2006:
Vol. 311, pp. 977 - 980) (DOE, Office of
FreedomCAR)
In a related program supported by an
NSF Approaches to Combating Terrorism Grant, we synthesize and characterize nanoparticles of LiC002, Li(NiMn)
Q.S02 and related materials. The smalier
nanoparticles are expected to show much
higher rate capabilities, and may be suitable for HEV applications.
Our NSF-DMR program work is more exploratory and high risk. Here, we are looking at a variety of novel and potential electrode materials, which include oxysulfides,
fluorides and oxynitrides. Novel strategies
are required if batteries with much higher
capacities are to be found. (NSF)

B AT TE RY A N D S TO R A G E R E S E A R C H

Improved Batteries for Implantable Cardiac Defibrillators

Novel Materials Yielding
High Energy, High Power, and
Improved Reversibility

PIs: Esther S. Takeuchi, SBU and BNL,
and Kenneth J. Takeuchi and
Amy C. Marschilok, SBU
There is an ever growing demand for implantable cardiac defibrillators (ICDs), with
over 100,000 devices implanted in 2004,
and dramatic increases anticipated over the
next decade due to expanded indications
and coverage by Medicare. The growing
level of acceptance of these life-saving devices has increased the desire for improved
ICD function. The lifetime of the average
ICD patient after implant has increased to
10 years while the average device lifetime
is around 5 years. Thus, most patients require additional surgeries to replace their
original device, resulting in both clinical risk
and cost.
The overall project goal is to solve this discrepancy with fundamental science by
demonstrating new superior cathode materials that could be used to extend the life
and improve the consistency of ICD batteries. The proposed project has three specific
objectives:
1) develop a new class of improved
battery materials for ICD applications,
2) test the materials in experimental
batteries under simulated use schemes
mimicking ICD function, and

3) compare the key characteristics of long
term stability, energy delivery, and
energy content with the current battery
benchmark technology.
(NIH)
Publications:
Esther S. Takeuchi, Amy C. Marschilok, Kevin Tanzil, Eric S.
Kozarsky, Shali Zhu, Kenneth J. Takeuchi. “Electrochemical
reduction of silver vanadium phosphorous oxide, Ag2VO2PO4¬: The formation of electrically conductive metallic
silver nanoparticles.” Chemistry of Materials. 2009, 21(20),
4934-4939. PubMed ID: 20161435.
Amy C. Marschilok, Eric S. Kozarsky, Kevin Tanzil, Shali Zhu,
Kenneth J. Takeuchi, Esther S. Takeuchi. “Electrochemical
reduction of silver vanadium phosphorous oxide, Ag2VO2PO4:
Silver metal deposition and associated increase in electrical
conductivity.” Journal of Power Sources. 2010, 195(19),
6839-6846. PubMed ID: 20657813.
Young Jin Kim, Chia-Ying Lee, Amy C. Marschilok, Kenneth J.
Takeuchi, Esther S. Takeuchi. “AgxVOPO4: A demonstration
of the dependence of battery-related electrochemical properties of silver vanadium phosphorous oxides on Ag/V ratios.”
Journal of Power Sources. 2011, 196(6), 3325-3330.
PubMed ID: 21318071.
David C. Bock, Amy C. Marschilok, Kenneth J. Takeuchi, Esther
S. Takeuchi. “Batteries used to power implantable biomedical devices.” Electrochimica Acta. 2012, in press, available
online. http://dx.dox.org/10.1016/i.electacta.2012.03.057.
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PIs: Esther S. Takeuchi, SBU and BNL,
and Kenneth J. Takeuchi and
Amy C. Marschilok, SBU
This project will provide mechanistic insight and fundamentally advance the three
key performance metrics for energy storage: energy density, power delivery, and
reversibility. These goals will be realized
through development and study of a new
class of energy storage materials. The
project materials will provide opportunity
for a multifold improvement in theoretical
energy density over state of the art energy
storage materials. A challenge to successful implementation of high-stability cathode
materials for energy storage is overcoming
their typically low electronic conductivity.
The novel materials studied here will form
in-situ conductive metallic networks, providing a materials design approach that will
enable use of nanomaterials and enhance
energy density. One metal ion of the material is reduced to the metallic state and
will provide an in-situ conductive network
which will enable the use of small particles
by minimizing the inter-particle contact resistance. This should provide high power
to enhance the discharge and charge rates
possible. Additionally, this family of compounds will provide multiple electron transfers per formula unit to yield high energy
content. Finally, these materials should
facilitate the opportunity for enhanced electrochemical reversibility since the host superstructure will provide ion transfer channels that allow facile ion movement. (DOE)

B AT TE RY A N D S TO R A G E R E S E A R C H

New Materials for Stationary
Grid-Scale Energy Storage
PIs: Esther S. Takeuchi, SBU and BNL,
and Kenneth J. Takeuchi and
Amy C. Marschilok, SBU

References:
Zhu, Shali; Marschilok, Amy C.; Lee, Chia-Ying; Takeuchi,
Esther S.; Takeuchi, Kenneth J. “Synthesis and Electrochemistry of Silver Hollandite.” Electrochemical and Solid State
Letters. 2010, 13(8), A98-A100.
Lee, Chia-Ying; Marschilok, Amy C.; Subramanian, Aditya;
Takeuchi, Kenneth J.; Takeuchi, Esther S. “Synthesis and
characterization of sodium vanadium oxide gels: The effects
of water (n) and sodium (x) content on the electrochemistry
of NaxV2O5·nH2O.” Phys. Chem. Chem. Phys., 2011, 13,
18047–18054.
Farley, Katie E.; Marschilok, Amy C.; Takeuchi, Esther S.;
Takeuchi, Kenneth J. “Synthesis and electrochemistry of silver
ferrite.” Electrochemical and Solid State Letters. 2012, 15,
A23-A27.

The vast majority of recent battery research
investment has focused on the important
problem of electrical energy storage for
transportation applications. The successes
of these investments and electric vehicle
development will shift substantial transportation energy demand from oil-supplied to
grid-supplied, and will consequently put
even further stress on the already overstressed electrical grid. This vision requires
the development of new battery chemistries
and materials for stationary electrical energy
storage applications with enhanced cycling,
deep discharge capabilities, safety, and low
cost. This represents a major research challenge and opportunity. The key to battery
based stationary electrical energy solutions
will be in new chemistries and new materials with enhanced properties for the stationary application including high energy
density, deep cycling, long cycle life, safety,
and low cost. Specifically, our group will
focus on synthesis, characterization, and

electrochemistry of low cost environmentally
friendly anode materials. The elements to
be used are naturally abundant, with lower
cost and less environmental impact than
many electrode materials in common use
today. The overall objective of this work is
development of novel anode materials for
low cost large scale secondary batteries.
Collaboration with Brookhaven National
Laboratory will be leveraged to enable utilization of advanced synchrotron and electron tools to characterize the novel electrical
energy storage materials. (NYSERDA)
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B AT TE RY A N D S TO R A G E R E S E A R C H

Nanostructures for
Fuel Cell Applications
PI: Stanislaus S. Wong, SBU and BNL
Our group has recently prepared ultrathin
(i.e. < 2nm) Pt nanowires (NWs) and Pt
monolayer shell ~ ultrathin Pd NW core
(Pt ~ Pd) catalysts with high electrocatalytic performance for fuel cell applications. On the basis of prior theoretical
work performed, we have prepared highly
exfoliated ultrathin Pt NWs with diameters
of ~1 nm, utilizing an ambient wet technique coupled with a novel acid treatment
step. Indeed, the treated NWs displayed
a greatly enhanced size-dependent ORR
specific activity of 1.45 mA/cm2¸ which
was more than 4-fold and 7-fold higher
than that of our submicron Pt nanotubes
and commercial Pt nanoparticles, respectively. More recently, we have prepared
ultrathin Pd NWs with diameters of ~
2 nm supported on Vulcan carbon and
suitably removed surfactant in a novel
2-step treatment process, combining both

wet and electrochemical methods. Subsequently, the desired hierarchical Pt~Pd
core-shell NWs were obtained by electrodepositing a monolayer of Pt atoms onto
the surface of the Pd nanowire cores.
The Pt~Pd nanowire catalyst displayed
outstanding surface area, Pt mass, and
Pt group metal (PGM) mass activities of
0.77 mA/cm2, 1.83 A/mgPt, and 0.55
A/mgPGM, respectively, representing significant enhancements over commercial
Pt NPs and even analogous core-shell
Pt~Pd nanoparticle catalysts. This example not only highlights the outstanding
intrinsic activity of ultrathin one-dimensional NW catalysts but also demonstrates
that these NW systems can maintain
excellent enhancements in mass and
specific activities as compared with
nanoparticles. (DOE)
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Energy Applications of
Polyaniline Nanofibers
PI: Perena Gouma, SBU
Conductive polymers have been found to
store or release an electrical charge by a
reversible oxidation-reduction in a wide potential range. These materials have great
potential, because the amount of charge
storage by redox reaction compared with
conventional electrical double layer is
theoretically high. Our research has focused at producing polyaniline nanofibers
by means of the electrospinning method.
The charge capacity of polyaniline nanofiber is expected to increase dramatically
due to the increased surface area offered
by the three-dimensional fiber-network
structure. (Hitachi Chemical)

SMART POWER MANAGEMENT

The Impact of Storage
Software and Aging on
Power Consumption
PI: Erez Zadok, SBU
Power management in storage systems
is an important research area. We plan to
investigate the impact of the following on
power consumption in the storage stack:
different file systems, file types/sizes, application/ usage patterns, aging, drivers
and OS software, types of hardware (e.g.,
SCSI vs. SATA), virtualization and storage
layers, and more. We will use tracing and
replaying, as well as synthetic workloads,
to evaluate the power consumption of
storage systems. We plan to publish our
results at a conference such as Usenix
FAST. Saving power (aka “green” computing) is one of the most important factors
in computing for the foreseeable future.
Nothing short of the future of our planet
is at stake. Many customers are reporting
nowadays that the costs to run data centers are dominated by power and cooling
needs. This project will provide a lot of data
to help customers as well as IBM itself to
optimize power consumption at customers’ sites. This work will lay the foundations to design new storage software with
power savings in mind, which we hope to
accomplish in future years. (IBM)

Development of a Self-powered
Sensor Platform for Preventing
Third-party Intrusions into
Gas Pipelines
PI: Mikhail Gouzman, SBU
According to the Office of Pipeline Safety,
the leading cause of gas distribution system incidents has been external force
damage during excavation work near pipelines. We have begun a program of sensor
development for the purpose of gas-line
protection against unexpected and potentially dangerous mechanical intervention
with the pipe. Such a detection system,
however, will be triggered only when the
contact occurs. To avoid and prevent the
damage altogether, a system of “selective
perimeter protection” (SEPP) is needed.
Our goal is to develop a sensor system for
preventing third-party damage to gas lines
(and, in general, other utility lines), which
would, ideally:
1) provide selective perimeter protection
2) be based on low-cost, maintenancefree sensors
3) incur modest installation costs; and
4) be sufficiently sensitive while minimizing false alarms
We propose to design a multi-task selfpowered sensor platform for the protection
of in-ground gas pipelines from unauthorized intrusion, with the further objective
of multi-task capabilities for additional
applications, such as corrosion/leak detection of the pipeline infrastructure.
(National Grid)

ADVANCED ENERGY PROJECTS

53

Wireless Utility Monitoring
and Control and for Efficient
Energy Utilization
Pls: Jon P. Longtin, Samir R. Das, and
Satya Sharma, SBU
Most utility meters (gas, electric, water)
in New York State are operated off-line
and require human intervention for meter
reading, resulting in meter usage data that
is available only once every 1-3 months.
This research project focuses on developing state-of-the-art wireless meter reading
technologies that can be retrofitted onto
existing utility meters, particularly natural
gas meters. The technology uses industrystandard hardware and protocols for the
wireless data exchange, which leverages
cost and avoids a single-source supplier.
Meters can be read multiple times daily
with the results sent over the internet to
utility companies. Usage information can
also be sent into the house to the homeowner, providing an indication of the direct
cost and usage of energy in real time. Additionally, techniques for high-resolution
metering are being developed that can be
used to track the energy consumption and
efficiency of major home appliances. The
technology can also readily be extended
to control and limit energy usage to further
save energy. (NYSERDA)

SMART POWER MANAGEMENT

Extremely Low-Power Hybrid
Silicon/Nanoelectronic Circuits

Visualizing Energy Consumption
on an Interactive Spiral Graph

PI: K. Likharev, SBU

PI: Klaus Mueller, SBU

We have proposed a new approach
(dubbed “CMOL”) to the reduction of
power consumption in microelectronics. In this approach, a silicon chip is
augmented by a simple add-on nanowire circuit (“crossbar”), with two-terminal
nanodevices formed at each cross point.
(Reliable fabrication of nanodevices of the
required “programmable diode” functionality has already been demonstrated by
electronic industry in the context of their
memory applications.) The crossbar is
connected to the semiconductor transistor
base via a pin-based interface distributed
all over the chip area. Our simulations
have shown that digital CMOL circuits
may reduce power consumption of semiconductor chips by at least two orders of
magnitude (at the same performance) and
thus contribute very significantly to energy
conservation. Our plans include experimental demonstration, within the next few
years, of the first operational CMOL chips.
(AFOSR, MARCO, NSF)

Energy consumption information recorded from devices or households is a
type of time-series data. For purpose of
feedback and analysis, this data is very
commonly represented as line charts,
bar charts or area charts. They are widely
accepted, very intuitive to understand
and can represent detail of information
in short time span; but, for a larger time
scale, these representations fail to provide any analytical insight about energy
profile in concern. In this work, we place
the time series energy consumption data
onto an outward spiral. The width of the
line represents magnitude and color represents per unit cost in a variable cost
rate structure. The user can interactively
define what time period is mapped onto
one full circle and hence can figure out
otherwise unknown repetitive pattern
and also outliers visually. Our visualization works as a snapshot of user’s consumption behavior, showing patterns and
anomalies. Hence this can act as a detailed profile of any household, device or
community and can be utilized for analysis and comparison. (DOE, LIPA)
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Self-powered Wireless Sensor
Technology for Monitoring the
Health of Electric Power
Transmission Systems
PIs: Yu Zhou, Xin Wang and
Peisen Huang, SBU
Our objective is to investigate a novel energysaving sensor architecture for the wireless
sensor network technology used in monitoring electric power transmission systems. The
heavy public dependence on electric power
transmission demands superior capabilities
of monitoring and diagnosis in order to maintain the health and extend the life of electric
power transmission systems and prevent
catastrophic failures. Remote sensing using the wireless sensor network provides a
practical solution to efficiently diagnose weak
and failing components in the field. A set of
wireless sensing nodes will be distributed in
the electric power transmission system under monitoring, with each node attached to
a tower, connector or another critical point.
Each wireless sensing node consists of one or
more sensors and a wireless transceiver. The
sensor will monitor the status of the associated component in the electric power transmission system, registering all the required parameters. Based on the remote sensing, most
of the time corrective maintenance actions
can be taken to prevent catastrophic failures,
which would otherwise lead to severe power
outages and require laborious emergency operation. Our research focuses on two aspects:
1) Investigating the feasibility of using
electromagnetic field energy generated by
the power lines support the sensors, in
order to eliminate sensor reliance on batteries which require periodic replacement. Solar energy is another candidate.
2) Wireless
communication
networks
which support efficient sensory data
transmission with minimal energy
consumption: Each sensor will be attached
to a wireless transceiver for data inquiry
and transferring.Candidate communication techniques include ZigBee, Bluetooth, power line communication, etc.
(CEWIT)

SMART GRID

Tools for Smart-Grid Trace
Dissemination and
Anonymization
PI: Erez Zadok, SBU

Automated Smart Grid Security
Monitoring and Mitigation
PI: Rob Johnson, SBU
Stony Brook is developing software “sensors” that can be embedded into the
programs running on Smart Grid devices.
These sensors can detect new attacks
spreading through the network and automatically alert other smart grid devices of
the attacks. The other devices can then
take steps to protect themselves from
the attack. This technology can prevent
the unconstrained spread of worms on
the smart grid. (DOE)

Smart-Grid data contains lots of sensitive
information. And yet that data is very useful for researchers nation-wide to analyze,
so they can investigate better techniques
to manage smart-grids. We will develop
different levels of anonymization of the
data, trading off the level of anonymization with the usefulness of the remaining
data: the more anonymization is applied,
the harder it is to discern details about individual users, but the less valuable that
data becomes to researchers.
We are developing tools to read traces in
any format, and convert them into into

Software Security for
Smart Grid Devices
PI: Rob Johnson, SBU
We will create tools to find, and in some
cases automatically fix, security bugs
in smart grid software. These tools will
help find buffer overflows, SQL injection
bugs, format string bugs, and similar security-critical vulnerabilities. (DOE)
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industry standard DataSeries format. We
are also developing tools that can convert
DataSeries format traces into other useful
formats, such as MySQL databases and
spreadsheets. Our tools let us selectively
remove and anonymize specific parts or
fields in any trace. We are also able to encrypt and checksum parts of traces: these
fields can be selectively decrypted with cipher keys given to users of those traces.
This system allows for a maximum range
of privacy as needed on a per-customer
basis. (Storage Networking Industry Association, CA; IBM, NY)

SMART GRID

Smart Grid Regional
Demonstration: Long Island
Smart Energy Corridor
PI: Eugene Feinberg, SBU
Long Island Power Authority, Stony Brook
University, and Farmingdale College are
creating a Smart Energy Corridor along
the Route 110 business corridor. The
project demonstrates the integration of a
suite of Smart Grid technologies on the
distribution and consumer systems, such
as smart meters, distribution automation,
distributed energy resources, and electric
vehicle charging stations. The project also
includes testing cybersecurity systems,
using Smart Grid technologies to enhance
efficiency and reliability of the distribution
network, identifying optimal combinations
of features to encourage consumer participation, and educating the public about
the tools and techniques available with the
Smart Grid. (DOE)

The hybrid car charging lot at SUNY Farmingdale.
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SMART GRID

Smart-Grid Distributed Data
Backup and Recovery
PI: Erez Zadok, SBU
Smart-Grid data is important to backup
and recover, as it may come from millions
of homes nation-wide. We are developing
distributed methods to back this data up
in multiple locations, and gradually merge
it to reach a few central/replicated locations where analysis on this data can be
done more centrally.
Distributed, structured data stores such
as Google’s Big Table, Hadoop’s HBase,
and Facebook’s Cassandra use a cluster
of machines, each running a databaselike software system called the Tablet
Server Storage Layer or TSSL. A TSSL’s
performance on each node directly impacts the performance of the entire cluster. We found that the performance of
such distributed systems often depends

on the performance of their individual
TSSL nodes.
We are developing an efficient, scalable,
multi-tier storage architecture for tablet
servers, called GTSSL. Our system can
use any layered mix of storage devices
such as Flash SSDs and magnetic disks.
Our experiments show that by using a
mix of technologies, performance for certain workloads can be improved beyond
configurations using strictly two-tier approaches with one type of storage technology. We utilized, adapted, and integrated
cache-oblivious algorithms and data structures, as well as Bloom filters, to improve
scalability significantly. We also support
versatile, efficient transactional semantics.
We found that our system is 3--10 times

Smart-Grid Trace Data Analytics
and Synthesis
PI: Erez Zadok, SBU
We are collecting large traces from actual
nodes in a smart grid, analyzing them to
extract the main features, and then producing tools and techniques to synthetically generate simulated smart-grid data
that is as accurate as the original. This
allow us to avoid privacy issues, avoid the
need to disseminate large traces, and yet
be able to experiment with much largerscale smart-grids (i.e., using Long Island
smart-grid data, we could simulate a statewide or even nation-wide smart-grid data).
I/O traces are good sources of information about real-world workloads; replaying
such traces is often used to reproduce the
most realistic system behavior possible.
But traces tend to be large, hard to use
and share, and inflexible in representing
more than the exact system conditions at
the point the traces were captured. Often,

however, researchers are not interested in
the precise details stored in a bulky trace,
but rather in some statistical properties
found in the traces—properties that affect
their system’s behavior under load.
We designed and built a system that (1)
extracts many desired properties from a
large block I/O trace, (2) builds a statistical model of the trace’s salient characteristics, (3) converts the model into a concise
description in the language of one or more
synthetic load generators, and (4) can accurately replay the models in these load
generators. Our system is modular and
extensible. We experimented with several
traces of varying types and sizes. Our
concise models are 4--6% of the original
trace size, and our modeling and replay
accuracy are over 90%. (IBM, NY; EMC &
Data Domain, NJ; Google, NY)
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faster than existing systems; that using
proper data structures, algorithms, and
techniques is critical for scalability, especially on modern Flash SSDs; and that one
can fully support versatile transactions
without sacrificing performance. (FalconStor, NY-LI; EMC & Data Domain, NJ)

SMART GRID

Smart Meter Security Testing
PI: Rob Johnson, SBU
We will perform security evaluations of
smart grid devices. Evaluations will include (1) black box testing, i.e. feeding
random or malformed inputs to the devices and observing whether they handle
the inputs correctly, crash, or otherwise
mis-behave; and (2) manual evaluation,
i.e. testing functionality on correct inputs and verifying that no dangerous
functions, such as debugging interfaces,
are present in production versions of the
devices. (DOE)

Smart-Grid Data De-Duplication
PI: Erez Zadok, SBU
Smart-Grid data is likely to be massive
and arrive from millions of homes nationwide. We are developing custom data
deduplication techniques to eliminate
most redundancy in the data. This allows
the data to be more easily disseminated,
stored, and backed up. Traditional backup systems can get as much as a 40-60x
size reduction from customer dedup techniques (much better than traditional local
compression).
Deduplication is a popular component of
modern storage systems, with a wide variety of approaches. Unlike traditional storage systems, deduplication performance
depends on data content as well as access patterns and meta-data characteristics. Most datasets that have been used
to evaluate deduplication systems are either unrepresentative, or unavailable due
to privacy issues, preventing easy comparison of competing algorithms. Understanding how both content and meta-data
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evolve is critical to the realistic evaluation
of deduplication systems.
We developed a generic model of file
system changes based on properties
measured on terabytes of real, diverse
storage systems. Our model plugs into a
generic framework for emulating file system changes. Building on observations
from specific environments, the model
can generate an initial file system followed
by ongoing modifications that emulate the
distribution of duplicates and file sizes,
realistic changes to existing files, and file
system growth.
In our experiments we were able to generate a 4TB dataset within 13 hours on a machine with a single disk drive. The relative
error of emulated parameters depends on
the model size but remains within 15%
of real-world observations. (NetApp, CT;
EMC & Data Domain, NJ)

SMART GRID

Smart-Grid Data Security Policy
Enforcement, Non-Repudiation,
and Privacy
PI: Erez Zadok, SBU
In conjunction with anonymization of
smart-grid data, we are developing appropriate security policy enforcement mechanisms that allow users to access only the
data they should have access to, based on
their role or security clearance. We will
ensure that all access is logged securely
in a non-repudiable manner, and generate period reports for Security Officers to
review.
Our model aims and security and simplicity. We define four security roles: Security
Officer, Network Administrator, Data Administrator, and User. The security officer
is able to create and revoke all other users.
The Network Administrator is in charge of
configuring the networking aspects of the
system, such as firewalling, IP addresses,
and DNS. The Data Administrator can
create regular Users and cryptographically
protected volumes, called crypto-shares.
These CryptoShares can be accessed
by various protocols such as SFTP and
Samba: physical data is always encrypted.
Every action in the CryptoShares is logged
and encrypted. Automatic reports are
generated periodically about all actions
that took place; administrators can generate such reports manually at any time,
store them securely off-site, as well as
email them. (Packet General Networks,
NY-LI)

Smart Grid National Energy
Control Center
PIs: Arie Kaufman and
Klaus Mueller, SBU
We will develop new visualization and
interaction paradigms, using the RealityDeck, for the SCADA system of the future.
The RealityDeck is an immersive Giga-pixel display wrapping around a room of size
40’ x 30’ x 11’ high, containing 416 LCD
display screens driven by an 70 graphics
processing unit (GPU) cluster that rivals
the performance of modern supercomputers. The RealityDeck will fully immerse
visitors in 1.5 billion pixels of information,
approaching the visual acuity of the human eye. It will allow national energy grid
analysts to manage the smart grid’s large,
multi-variate data, maintain a comprehensive view of the nation’s complex energy
infrastructure and quickly react to emerging prices or problems and take preventive measures before they arise. (NSF,
LIPA, NGC).

Smart Grid in Smart Buildings
PIs: Arie Kaufman and
Klaus Mueller, SBU
A smarter building enables building owner and tenants to make better decisions
about the building’s energy use through a
user interface and often let them rely on
the building to “make those decisions”
itself. The latter is supported by numerous sensors which pepper the building
and monitor everything from motion and
temperature to humidity, precipitation, occupancy and light. The sensors, the computational infrastructure and the user interface work in tandem to create a smarter
building. (LIPA, IBM, NY).

RESEARCHER PROFILE
Arie E. Kaufman SUNY Distinguished Professor and
Chair of the Computer Science Department and Professor of Radiology at Stony Brook University.

Energy Projects:
• Smart Grid
• Modeling / Visualization

Awards and Honors:
• Director of the Center of Visual Computing (CVC)
• Chief Scientist of the Center of Excellence in
Wireless and Information Technology (CEWIT)
• New York State Innovative Research Award (2005)
• IEEE Harold Wheeler Award (2004)
• New York State Entrepreneur Award (2002)
• ACM Service Award (1998)
• IEEE Outstanding Contribution Award (1995)
• More than 260 papers/30 US patents
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SMART GRID

Ambient Visualization of
Smart Appliance and
Generator Activities

Visual Interfaces to
Support Smart Grid
Analytics

PIs: Arie Kaufman and
Klaus Mueller, SBU

PIs: Klaus Mueller and Erez
Zadok, SBU

Casual users often have little literacy to
read, and are even phobic to, plots and
graphs which makes these users less inclined to explore their use of energy. This
project would devise a framework that
illustrates energy conception and current use by ways of artistic modification
of digital photos and artwork displayed
on WiFi connected popular digital photo
frames, decorative wall mounted displays,
computer wallpapers, smart phone displays and others. (Applied Visions, NY-LI;
Ceiva, CA)

Smart grid data analytics
typically involves multivariate
data in which relationships
are difficult to discern without
an interactive visual interface.
This project would build on a
currently-unfunded research
collaboration between Mueller and Zadok and devise
such a visual framework and
suite specifically for smart
grid data analytics. (IBM, NY;
EMC, MA; Google, NY)

Using Crowd-sourcing to
Optimize Smart Grid
Visualization Methods and
Paradigms for Popular Use
PIs: Arie Kaufman and
Klaus Mueller, SBU
Mainstream users often have little literacy
to read plots and graphs which makes
these users less inclined to explore their
use of energy. In order to test what visualization paradigms can lead to better energy use awareness and behavior we have
been integrating the various visualization
methods to be tested into an online game
environment. When participating in the
game, users must optimize their energy
use in a given virtual household using a
subset of the visualizations tested. The
hypothesis is that once a large number of
users play the game, those who achieve
the best results likely also used the best
visualizations to monitor their energy consumption. For optimal impact, we decided to create a Facebook-resident game

since it offers a high penetration factor.
Our game also allows users to purchase
more energy-efficient household devices,
given a certain budget and personal preferences. We have a database for (electric household) items used in the game,
where we store energy-related specifications but also other product-specific data,
such as price, performance, dimensions,
a picture, and others. A visual selection
interface for household items can then be
used to pick the most suitable device for
the virtual household. In fact, the virtual
household could even mimic the user’s
own household, and so the game and its
outcome also represent good practical
value for the user. (DOE, LIPA)
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POLICY

The Long Island Alternative
Energy Consortium
liaec.aertc.org
The Long Island Alternative Energy Consortium is a cooperative effort by seven public
and private colleges and universities (Stony
Brook University, Farmingdale State College,
SUNY Old Westbury, SUNY Maritime, New
York Institute of Technology, Suffolk County
Community College and Nassau Community
College), working with public entities (including Brookhaven National Laboratory) and private companies, to ensure that students get
the education and training they need to work
in the emerging and rapidly evolving industries of renewable and alternative energies.
This collaboration is the beginning of a broad
interdisciplinary focus on energy and related
issues for a variety of career paths. The ultimate goal is to boost the Long Island economy and contribute infrastructure jobs in the
energy sector. For information, contact:
Academic Program Development – faculty
at these colleges will work closely with each
other and with industry and government representatives to enhance existing, or develop
new, academic pro- grams for students interested in working in businesses that design,
industrialize, distribute or assess alternative energy for the benefit of Long Island,
New York State and the nation as a whole.

Cross Registration – students attending one
of the participating colleges and universities
will be able to register for courses related to
renewable and alternative energy technology
and development at any of the participating colleges and universities. Students can
choose courses that suit their personal career goals and that reflect the diverse capabilities of six outstanding institutions while
graduating from their registered institution.
Lectures and Conferences – in order to facilitate the discovery and understanding of
key issues in the field, the Consortium will
sponsor a series of lectures and conferences
relating to sustainable and alternate energy,
bringing in experts to interact with students,
faculty, government agencies and private
companies.
Internships – companies, government agencies, colleges, and universities will collaborate
to enable students to acquire meaning- ful,
job-related work experiences on Long Island,
earn academic credit, and develop skills, insight and experience that will guide their future careers.
Job Fairs – one aspect of the Consortium’s efforts will be to develop a
marketplace where Long Island businesses
can find well-prepared students to work in
Long Island’s emerging energy sector, through
job fairs, college and university placement offices, and faculty/internship referrals.
Collaborative Research – the Consortium will
link Long Island’s world-class college and
university resources in basic and applied research to business and government communities in order to bring innovative solutions to
their impending energy problems.
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For information, contact:
Dr. Gary Halada
Department of Materials Science
and Engineering, Stony Brook University
gary.halada@stonybrook.edu

R E S E A RCH E R S
Adzic, Radoslav
Brookhaven National Laboratory
adzic@bnl.gov
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U.S. Department of Energy
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Materials Science and Engineering
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Physics and Astronomy
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Fortman, Charles M.
Materials Science and Engineering
Stony Brook University
charles.fortmann@stonybrook.edu
Ge, Jeff
Mechanical Engineering
Stony Brook University
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Stony Brook University
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Mechanical Engineering
Stony Brook University
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Electrical Engineering
Stony Brook University
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Computer Science
Stony Brook University
Arie.Kaufman@stonybrook.edu

Grey, Clare
Chemistry
Stony Brook University
clare.grey@stonybrook.edu

Kerkar, Prasad
Materials Science and Engineering
Stony Brook University
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Computer Science
Stony Brook University
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Khalifah, Peter
Chemistry
Stony Brook University
Brookhaven National Laboratory
peter.khalifah@stonybrook.edu

Hadjiagyrou, Michael
Biomedical Engineering
Stony Brook University
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Materials Science and Engineering
Stony Brook University
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Chemistry
Stony Brook University
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Stony Brook University
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Mechanical Engineering
Stony Brook University
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Hwang, David J.
Mechanical Engineering
Stony Brook University
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Dilip.Gersappe@stonybrook.edu

Jiao, Xiangmin
Applied Mathematics and Statistics
Stony Brook University
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Materials Science and Engineering
Stony Brook University
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Mechanical Engineering
Stony Brook University
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Materials Science and Engineering
Stony Brook University
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Materials Science
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Materials Science and Engineering
Stony Brook University
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Computer Science
Stony Brook University
klaus.mueller@stonybrook.edu
Orlov, Alexander
Materials Science and Engineering
Stony Brook University
alexander.orlov@stonybrook.edu
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SPIR Center
Stony Brook University
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Materials Science and Engineering
Stony Brook University
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Technology and Society
Stony Brook University
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Venkatesh, T. A.
Materials Science and Engineering
Stony Brook University
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Wang, Lin-Shu
Mechanical Engineering
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“The collaboration that the Advanced Energy Center™ has
fostered throughout New York State is reflected in the many
facets of the Center. Specific programs, projects and outreach
activities have been designed to harness the most expert
researchers and educators wherever they may be
located in our State. This has fortified the
caliber of the output and has resulted
in synergistic developments in all
areas of advanced energy research.”
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