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Florida Energy Systems Consortium (FESC)
Created by Florida Statute in 2008
Purpose…Unite Florida energy experts - including Florida’s 12 
Universities - so that the State leads in energy research and 
develops innovative energy systems giving rise to…

Improved energy efficiency and 
Expanded economic development

Strategic Activities
• Research
• Technology Commercialization
• Outreach
• Education

FESC involves more than 
• 400 Faculty
• 100 Centers and Institutes
• 200 Companies within Florida



3

FESC Leadership Structure

Interim Director
David Norton

Associate Director
Janan Balaban

Principal Investigators 

Industrial Board

Oversight Board
University Research VP’s

Steering Committee

Education & Outreach Technology Commercialization

Research
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Strategic Research Thrusts
 Enhancing Energy Efficiency and Conservation

 Harnessing Florida’s Solar Resources

 Developing Florida’s Biomass Advantage for Renewable 
Fuels

 Securing Energy Delivery Infrastructure and Energy Storage

 Capturing Florida’s Marine Energy Resources for Power 
Generation
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FESC Biomass Energy Research Areas

• Energy Crops 

• Algal Research

• Biomass Conversion Technologies
– Biochemical

– Thermochemical 

• Catalyst Development

• Computational Studies
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UF Biofuel Research and Facilities 

UF Stan Mayfield  Biorefinery

UF Bio Fuel Pilot Plant
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Biomass to Energy

Biomass to Electricity 
Demo Unit

 Electricity Cogeneration from Biomass and Solid Waste 
PI: Dr. Jacob Chung

 Biomass Powered Power, Water Extraction, and 
Refrigeration Distributed Energy, PI: Dr. Bill Lear



PI: Dr. Babu Joseph

Focus Areas:
•Conversion of Biomass to Liquid Fuels
•Conversion of Landfill Gas to Liquid Fuels
•CO2 reduction and water splitting via 
plasmon enhanced photocatalysis

•Computational Catalysis
•Novel catalysts for energy applications

Bio-energy Research at USF

Biomass

Landfill Gas

CO2 reduction & 
H2O splitting

Collaborators: Drs. Yogi Goswami, John Kuhn, Vinay Gupta, Bhethanabotla
Formed Trash 2 Cash Energy Company. 
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Solar Energy Research Focus Areas
Crystalline silicon PV, Low Cost CIGS Thin Film 

PV Process, PV panel Coatings, Materials
Organic PV
Concentrated Solar Power (CSP)
Solar Fuels
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Solar Thermal Power Plant at USF

Solar Field for 50 kWe Power Generation

By Dr. Yogi Goswami
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Solar Thermal Power Plant at USF

A row of parabolic trough solar collectors

By Dr. Yogi Goswami
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High Temperature Thermal Energy Storage

Ceramic encapsulated 
Phase Change Material 
(PCM) for high temperature 
thermal energy storage

Metal encapsulated PCM for medium 
temperature thermal energy storage 

By Dr. Yogi Goswami
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Solar Energy Storage – Dr. David Hahn & Dr. Jonathan Scheffe
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Solar thermochemical production of Syngas via 
water and CO2 splitting using a metal oxide 
(Ceria) redox looping process for carbon 
neutral solar fuel production (H2/CO)

What 
is the technology?

Concentrated sunlight
Novel reactor design

Stabilized 
porous structure

Reactor modeling



Solar Pane Dust Cleaning by Electrodymanic Dust 
Shielding (EDS), Dr. Chang-Yu Wu, UF
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+
dust particle motion

03/17/2016

EDS uses multiphase traveling 
wave to lift and transport dust 

• Soiling/dust deposition on solar 
panels reduces power output. 

• EDS can repel deposited dust to 
maintain PV performance.

Soiled PV

Cleaned PV



Cleaning Dust on Transparent Screen by EDS

1503/17/2016

Applications beyond solar panels: building, vehicles …
Contact: Dr. Chang-Yu Wu at cywu@ufl.edu or 
(352)392-0845

Dust transported by EDSTraveling Wave by EDS

mailto:cywu@ufl.edu
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ENERGY EFFICIENCY FOCUS AREAS

16

 Zero Energy Homes
 Enhanced Energy Efficiency In New And Existing Housing 
 “Building America Partnership for Improved Residential 

Construction” program funded by US DOE
 Thermal Management
 Fuel Cells
 Combined Heat and Power
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Enhancing Energy Efficiency & Conservation
Residences consume more than 40% of Florida’s electricity
 Net –zero or energy efficient demonstration homes at 

multiple campuses - UCF, FSU, USF, FIU, UWF: Used 
for research, training, outreach.

 Two side by side buildings at FSEC for Energy Efficiency 
research 

Flexible Residential Test Facility at FSEC
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Energy efficient and Grid-friendly buildings –
Dr. Prabir Barooah, UF

Development of  low-cost energy efficient climate control 
systems for commercial buildings
30%+ reduction in energy use through intelligence (sensing, on-line 

learning and optimization) with simultaneous improvement in indoor 
climate
Low cost and retrofit-able solution: mostly software based, plus 

inexpensive wireless sensors. No change in HVAC equipment
Technology demonstration: 37% reduction in energy use in Pugh Hall, a 

LEED-silver certified building in the UF campus.

Wireless sensor network to 
enable energy efficient HVAC 

control.

Demonstration of reduction in energy 
use over baseline during test days
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This NSF EAGER project 
uses new acoustic models 
of centralized HVAC 
system failures through a 
crosscutting fundamental 
scientific and engineering 
approach. 

In order to test, evaluate, 
and demonstrate the 
capabilities of audio 
sensing for centralized 
HVAC systems’ lifecycle 
management, a live 
platform that gathers 
acoustic signatures of 
centralized HVAC systems 
from four buildings for 
preventive maintenance.

Predictive Maintenance of HVAC Systems 
Using Audio Sensing, Dr. Ravi Srinivasan (sravi@ufl.edu) 
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Predictive Maintenance of HVAC Systems 
Using Audio Sensing, Dr. Ravi Srinivasan (sravi@ufl.edu) 
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Industrial Assessment /Mobile Energy Lab - Dr. S.A. Sherif

 The UF Industrial Assessment Center conducted 460 energy audits for 
US DOE

 Contract with the FDACS to conduct energy audits for farm production 
facilities

 Research Areas: 
 Frost and ice formation
 Room-temperature magnetic refrigeration
 Pulsed-thermal loop refrigeration
 Ductless air conditioning systems
 Design optimization of thermal systems
 Spacecraft thermal management; Jet pumps/ejectors
 Cryogenic storage
 Combined heat and power (CHP).
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Ductless AC Systems
 They are 20% more efficient than conventional ducted systems (just from savings 

associated with the air distribution system).
 There is thus a tremendous opportunity for energy savings from the air distribution 

system when one considers the volume of new construction in the State of Florida (e.g., in 
2007, there were 32,500 permits issued for multi-family housing and 70,000 permits issued 
for single family detached homes).

Conventional AC Systems
 Residential-sized, split systems such as heat pumps require ductwork and its associated 

energy penalties.
 They do not normally easily accommodate zoning.
 They are limited in their ability to condition significant quantities of fresh outside air.
 However they can provide for capacity modulation and with additional design 

modifications can reach relatively high SEER ratings (16 and above).
 They can also be tucked away in closets, garages or 

mechanical spaces and are relatively invisible to the occupant.

Ductless vs Ducted AC Systems - Dr. S.A. Sherif
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Fuel Cell Research

Membrane Electrode Assemblies (MEAs) by 
using carbon nanotube “bucky paper” for PEM
Fuel Cells, By Dr. Jim Zheng, FSU; Formed 
Bing Energy, Inc. with his technology. 

Direct Methanol FC, By Dr. Jim Fletcher, UNF
and Dr. Bill Lear, UF

Direct Methanol FC Prototype

 PEM FC, Membrane 
Degradation Mechanisms, 
by FSEC/UCF



24Redoxpowersystems.com

Redox Power Systems - NG Powered Fuel Cell

Redox develops advanced solid oxide fuel cell technology.
Advantages:
- Reduced size, weight, and cost
- On-site generation of electricity while also providing high quality heat for 

combined heat and power (CHP) applications. 
- Modular - Lends itself to constructing systems with a broad range of 

power generation capacities and fuel options. 
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Florida Grid

 Florida is surrounded by 
water on 3 sides

 Can receive power from 
north side only in case of 
natural disasters

 Distributed generation and 
micro-grids can be 
advantageous in hurricane 
prone areas
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Securing Energy Delivery Infrastructure

 Smart Grid Demonstration Project at USF (Dr. 
Lingling Fan) in collaboration with Duke Energy: 
Implementation of a “Smart Grid”  with advanced 
sensors,  communication and control technologies

 Micro-grids: PV and PHEV integration, micro-grid 
modeling and control, grid-tying inverters/converters, 
and  energy storage (FIU, FSU, UCF, and UF) 

 Real Time Digital Simulation (RTDS): By FSU Center 
for Advanced Power Systems

 Grid Security
 Power Electronics, Micro Invertors
 Power Systems
 Energy Use Behavior



27

Energy Delivery Infrastructures, USF 
Dr. Lingling Fan
Research Tasks: 
 Modeling and simulation of a microgrid in PSCAD with 

detailed controls and switches for AC/DC converters

The following models were developed in PSCAD (Power 
System CAD – a commercial software package that can 
simulate dynamics of mili-seconds.)
 Solar photovoltaic panel 
Wind generator
 Battery with state-of-charge dynamics
 DC/AC converters and their controls
 Induction motors 
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Integration of Renewable Energy Sources into Grid with 
Energy Storage, Dr. Shuo Wang, UF
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Energy Efficient and Grid-friendly Buildings –
Dr. Prabir Barooah, UF

Buildings as “virtual batteries” to aid in the integration of intermittent solar 
and wind energy
Developed and demonstrated methods to use HVAC systems to provide 
both frequency regulation and ramping reserves to the grid without affecting 
indoor climate. 
Low cost: only a software add-on, no change in equipment
Technology demonstration: in Pugh Hall at UF, showing that an HVAC 
system can follow PJM’s RegD signal accurately without any perceptible 
change in indoor climate.

Experimental demonstration in Pugh Hall : HVAC system 
providing frequency regulation service to the grid



Energy Transmitting and Storing Cables
Dr. Jayan Thomas, Associate Professor, University of Central Florida

100 μm 10 μm

300 nm 200 nm
MnO2 depositedAuPd deposited 

Outer electrode
preparation

Inner 
electrode 
preparation

Cable fabrication

Supercapacitors performance
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Power Grid Security, Dr. Mark Tehranipoor, UF

Cyber Threat to Power Grid 
• Control systems are vulnerable to an array of cyber 

attacks, including well-resourced hostile 
governments, terrorist groups, and disgruntled 
employees

• Repository for Industrial Control System (RISI) 
incident report, indicates the number of cyber 
attacks on power grid systems are on the rise

• McAfee report – “In the Crossfire: Critical 
Infrastructure in the Age of Cyber War”, shows 
similar data and increase in cyber incidents 

Source: http://cnslab.snu.ac.kr/twiki/bin/view/Main/Research 

Protocol 
Attacks

Routing
Attacks

Intrusions Denial of
Service

Physical 
Attacks

Threats to Power Grid Infrastructure

Electricity
Theft

UF Strength in Power Grid Security
• Expertise on hardware, network, and software 

security
• Strong group on power electronics and smart 

grids
• Strong relationship with government and 

industry
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Foundations for Engineering Education for Distributed 
Energy Resources (FEEDER) Consortium

FEEDER: The GEARED-Up Team6,000
Students:
Power &
Energy

100,000
Utility 

Employees

Test Beds, 
Research, 

Collaborations

500,000
Industrial

Employees
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FEEDER: Research Thrusts

New Subject Matter and 
Tech Transfer, Content for 
Course and Curriculum 
Integration

Research Focus: 
 Power systems engineering
 Distributed power management
 System planning and operation
 Interconnection and 

communication hardware and 
software development

 Demand response, and use of 
storage technologies for 
integrating PV

 Network science, 
communications theory, 
controls, automation

 Implications of cyber-physical 
systems as applied to the 
electric grid.
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Other Research Areas
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Computational Materials Design – Dr. Youping Chen, UF

• Approach:  Atomistic and multi-scale simulation
• Materials:  Polycrystalline ceramics, ceramic/ceramic or ceramic/metal 

composites, multi-scale multi-phase materials, and  hierarchically-structured 
biological materials 

• Properties can be predicted: Strength, fracture toughness, hardness, thermal 
conductivity, etc.   

(b) Strength of SiC thin film with different dopants (c) Heat transfer in polycrystalline Silicon

(a) Dynamic crack propagation in brittle ceramics
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Schematic of the sequence of
events in an explosive dispersion.

 Center of Excellence for “Predictive Simulation 
Science”

 Funded by DoE under the Predictive Simulation 
Science Academic Alliance Program (PSAAP-II)

 Total funding: About $10M for 5 years (additional 
support from ONR, Los Alamos and Army)

 Center focus:
• Explosive dispersal of particles and droplets
• Modeling  and petascale predictive simulations
• Training and placement of domestic students

 Validation experiments at AFRL-RW 
• Eglin researchers (Don Littrell, Mike Jenkins, & 

Angela Diggs) part of UF team
 Relevant to many problems of Eglin’s interest

• Multiphase explosives
• Insensitive and miniature munitions
• Next-generation hypersonic munitions

Center For Compressible Multiphase Turbulence                 
Dr. S. Balachandar, UF



Micromachined Transducers – Dr. M. Sheplak, UF
Micro-electromechanical Systems (MEMS) Sensors

Laser-Micromachined Ceramic Sensors

• Microphones and Dynamic Pressure Sensors
• Piezoresistive for wind tunnel arrays
• Piezoelectric for fuselage flight testing
• Optical for harsh environments

• Shear stress sensors
• Capacitive for wind tunnel testing
• Optical for harsh environments

• Picosecond laser micromachining system
• Ablation path planning and optimization
• Sapphire-based sensors for high temperature flows

Piezoelectric Microphone

Capacitive Shear Stress Sensor

Sapphire pressure sensor Alumina V-grooves

Flow

500 μm

SEM of CSSS
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FESC USER FACILITIES

• 28 User Facilities within SUS
• Some Examples:

– Advanced Materials and Engineering Research Institute 
(AMERI) at FIU

– Center for Advanced Power Systems (CAPS) at FSU
– Photovoltaic Materials Laboratory at FSEC / UCF
– Building Science Laboratory at FSEC / UCF
– Materials Characterization Facility (MCF) at UCF
– Major Analytical Instrumentation Center at UF
– Particle Analysis Instrumentation Center (PAIC)

• Posted at http://www.floridaenergy.ufl.edu/?page_id=14832
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FESC Successes to Date

 Leveraged $38 million in state appropriation to obtain $425 
million in energy research funding from third parties 

 Startup Companies – 33 companies formed based on university 
developed technologies

 Technology Licensed – 101 licenses

 Invention Disclosures – 459 submitted

 Resulting dissemination of over 1000 publications and 1000 
presentations – promotes Florida’s energy capabilities and 
technical leadership helping to attract energy industry and energy 
funding to FL
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FESC Successes to Date – Education- Outreach

On-line Energy Certificate Program and 8 New Energy Courses

Over 100 specialized Industry Training and Education Events

Workforce Development - Program implementation with Florida 
Advanced Technological Education Center (FLATE).  

– Developed two energy degree programs
• Alternative Energy Technologies 
• Industrial Energy Efficiency

Outreach to the Public
UF Program for Resource Efficient Communities
• Over 50 Fact Sheets prepared to help Florida citizens 

better conserve and increase energy efficiency
• Sustainable Floridians program (8 week training program 

preparing Florida citizens to be ambassadors for 
sustainability)
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FESC Workshops/Summits
• May 20-21, 2015 Energy Workshop in Orlando
• Feb 2-3, 2015 Workshop in Orlando: Instructional 

Workshop on “Integration of Renewable Energy to the 
Grid” 

• May 12-13, 2014 Energy Conference in 
Gainesville
– Research-oriented and broad based in topics –

covering all strategic focus areas
• FESC Annual Workshops were combined with 

the Florida Energy Summit in 2012 and 2013
• FESC Summits in 2009, 2010, and 2011
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Contact Information

David Norton, Interim Director
dpnorton@ufl.edu 

Janan C. Balaban, Associate Director
(352) 294 2027
cbalaban@ufl.edu
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