
Emerging Frontiers of  
Research and Innovation 

Ted Conway 

Directorate for Engineering 

National Science Foundation 



MANDATE AND VISION OF EFRI 
MANDATE - EFRI will serve a critical role in helping the 

Directorate for Engineering (ENG) focus on important 

emerging areas in a timely manner.  EFRI will annually 

recommend, prioritize, fund, and monitor initiatives at the 

emerging frontier areas of engineering research and 

education.   

VISION – All NSF ENG Programs support research at 
the frontiers of research and innovation. 

 

 EFRI Office provides opportunities in 
interdisciplinary areas at the emerging frontiers of 
research and innovation that (a) are 
transformative,  (b) address national needs/grand 
challenges, and (c) will make ENG unrivaled in its 
global leadership. 



EFRI- In One Slide 

• MANDATE - Serve a critical role in helping the Directorate for 
Engineering focus on important emerging areas in a timely manner. 

• EFRI TOPICS: 
FY 2007  Auto-Reconfigurable Engineered Systems (ARES) 
   Cellular and Biomolecular Engineering (CBE) 
FY 2008 Cognitive Optimization (COPN) 
   Resilient and Sustainable Infrastructures (RESIN) 
FY 2009 Biosensing and Bioactuation (BSBA) 
   Hydrocarbon from Biomass (HyBi) 
FY 2010 Science in Energy and Environmental Design (SEED) 
   Renewable Energy Storage (RESTOR) 
FY 2011 Engineering Multicellular and Interkingdom Signaling  

   (MIKS); Mind, Machines, and Motor Control (M3C) 
FY 2012 Flexible Bioelectronics Systems (BioFlex), Origami Design For The  
   Integration Of Self-assembling Systems For Engineering 

Innovation   (ODISSEI); Photosynthesis Biorefineries (PSBR)  

• TOPIC LEADERS - Program Directors from ENG Divisions in 
collaboration with PDs from other NSF Directorates and other Federal 
agencies when appropriate 

 http://nsf.gov/staff/staff_list.jsp?org=EFRI&from_org=EFRI] 
 

• CONTACT -   Sohi Rastegar, srastega@nsf.gov, (703) 292-8305.    
  http://nsf.gov/eng/efri  

 

 
 

$32M 
FY 13 

Request 

http://nsf.gov/staff/staff_list.jsp?org=EFRI&from_org=EFRI
mailto:srastega@nsf.gov
http://nsf.gov/eng/efri


EFRI Topics 

FY 2007  Auto-Reconfigurable Engineered Systems 
(ARES)Cellular and Biomolecular Engineering 
(CBE) 

FY 2008 Cognitive Optimization (COPN) 
 Resilient and Sustainable Infrastructures (RESIN) 
FY 2009 Biosensing and Bioactuation (BSBA) 
 Hydrocarbon from Biomass (HyBi) 
FY 2010 Science in Energy and Environmental Design 

(SEED); Renewable Energy Storage (RESTOR) 
FY 2011 Engineering Multicellular and Interkingdom 

Signaling (MIKS); Mind, Machines, and Motor 
Control (M3C) 

FY 2012, 13 Flexible Bioelectronics Systems (BioFlex), Origami 
Design For the Integration of Self-Assembling 
Systems for Engineering Innovation (ODISSEI); 
Photosynthesis Biorefineries (PSBR)  



FY 2013 Topics  
Competition in progress 

 (1) Flexible Bioelectronics Systems(BioFlex) 

(2) Origami Design For The Integration Of 
Self-assembling Systems for Engineering 
Innovation (ODISSEI) 

(3) Photosynthesis Biorefineries (PSBR)  

 

~ 200 preliminary proposals received 

~ 70 full proposals invited 

~ 14 awards are expected by Fall 2012  



FY 2014 Topic Selection 

• Topic selection frequency is now every-
other-year (changed from annual 
frequency). 

• Planning has started already for FY 2014 

• COMMUNITY INPUT IS KEY: 

– You may contact us and provide input about 
your ideas at any time 

– Will open to community submission through 
Dear Colleague Letter in the next few months 



EFRI TOPIC SELECTION 

• Continuous Community Input (Publications, 
Conferences, Advisory Committee, Committees of 
Visitors, Panels, Workshops, …) 

• Explicit Community Input through Website (Dear 
Colleague Letter; September Deadline) 

• Fall Advisory Committee (October) 

• EFRI Community Series Meeting (Jan) 

• Program Directors Frontier Ideas Meeting (Feb) 

• ENG Leadership Retreat (March) 
– TOPICS FINALIZED 

• Spring Advisory Committee (April) 
– TOPICS ARE ANNOUNCED AND MADE PUBLIC 

 
Program Directors are the Kernel of Integration 

and Leaders for EFRI Topics 
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EFRI Criteria For  
Topic Selection 

• TRANSFORMATIVE: Does the proposed topic 
represent an opportunity for a significant leap 
or paradigm shift in a research area, or have 
the potential to create a new research area? 
[What are the underpinning breakthroughs?] 

• NATIONAL NEED/GRAND CHALLENGE: Is 
there potential for making significant progress 
on a current national need or grand challenge? 

• INTERDISCIPLINARY: Does the topic 
require inter/multi-disciplinary expertise? 

 



Awards Portfolio: 
Technical Overview and Examples 
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New Web resource 
 efri.org 

http://efri.org/index.php


• An efficient air 
transportation system 

• Testing autonomous 
reconfigurability in a 
wireless city 

• Foundations for cyber–
physical systems 

• Innovative 
management of ground 
transportation 

• Robots that think and 
build 

AUTONOMOUSLY RECONFIGURABLE  
ENGINEERED SYSTEMS (ARES) 

Key Idea: Autonomously Reconfigurable engineered systems 
robust to unexpected/unplanned events. 
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ARES:  Robots that think and 
build 

• Controlling the Autonomously 
Reconfiguring Factory 
(0735953) is led by Daniela Rus of 
MIT.  
– Two new robotic prototype systems 

have been developed capable of 
autonomously assembling and 
disassembling truss structures.  

– Construction and delivery robots 
divide up work according to a 
blueprint.  If the plan involves 
constraints or choices, a time-
varying blueprint adapts to changing 
circumstances and satisfies the 
constraints. 

 

A robot joins a connector to a truss 

according to an adaptable blueprint.  
Credit: MIT 
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• Using engineering to 
understand how bacteria 
communicate 

• Cell functions and brain 
disease 

• Simulating and watching the 
growth of cancer cells 

• Finding the mechanisms that 
direct blood vessel growth 

• Regenerating complex tissues 
from the nanoscale 

• To change or replicate?  
Decoding how cells grow 

• How a cell’s environment 
affects its development 

CELLULAR AND BIOMOLECULAR ENGINEERING (CBE)  
Key Idea: Comprehensive modeling, measurement, and control of 
coupled biological, chemical, electrical, mechanical, and thermal 
processes at the cellular and biomolecular level 
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CBE:  Finding the mechanisms 
behind blood vessel growth 

• A Multifaceted Approach to the 
Modeling of Angiogenesis 
(0735997) is led by Roger Kamm 
of MIT. 
– The team grew a functional 

microvascular network from 
endothelial cells seeded into the 
channels of a microfluidic device, 
induced by adding naturally-
occurring growth factors. 

– If the desired growth does not 
occur, their models can predict 
what corrective action should be 
taken.  For example, vessel size 
can be regulated by changing how 
fast the vessels elongate. 

Vascular development from pre-existing 

blood vessels occurs every day in the 

body to grow and repair vascular 

networks. Credit: Roger Kamm, MIT 
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CBE:  Using engineering to 
understand how bacteria 

communicate 
• Biofunctionalized Devices:  On Chip Signaling 

and “Rewiring” Bacterial Cell–Cell 
Communication  (0735987) is led by William Bentley 
of Univ. of Maryland. 

– They engineered biological nanofactories that trigger a 
quorum sensing response in targeted bacteria, and 
they devised a quorum quenching technique that 
interrupts bacterial communication.  

– The team demonstrated self-assembly of chitosan 
hydrogel fibers and membranes with high spatial 
resolution and in-situ visualization. 

– They devised novel methods for self-assembly of 
proteins in MEMS. 

15 

http://biochip.umd.edu/highlights/images/quorum_quenching.jpg


• Creating a learning 
algorithm of the brain 

• Studying neural 
networks with an 
innovative patch-
clamp array 

• Determining how the 
brain controls the 
hand 

• Modeling control of 
the electric power 
grid on the brain 

COGNITIVE OPTIMIZATION AND PREDICTION (COPN)  
Key Idea: : Understanding subsymbolic intelligence can lead to 
development of new designs and algorithms for optimal decision 
making and prediction in engineered systems. 

16 



COPN:  Creating a learning 
algorithm of the brain 

• Deep Learning in the 
Mammalian Visual 
Cortex (0835878) is led 
by Andrew Ng of Stanford. 
– The computer 

implementation already 
exhibits behavior similar to 
that exhibited by biological 
brains when processing 
sight, sound, or touch. 

– Their computer systems 
have broken multiple 
records for accuracy in 
understanding video and 
audio.  

Top, a computer system understands video 

images; bottom, a brain-like program has 

learned to detect edges.  
Credit: Andrew Ng, Stanford Univ. 
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• Considering air quality and 
water availability in electricity 
production 

• Managing the risk of cascading 
failures 

• Designing infrastructure for 
biofuels 

• Bringing energy and water to 
urban areas 

• Supplying water where it is 
scarce 

• Optimizing energy and 
transportation infrastructures 

• Ensuring electricity and 
communications in a 
catastrophe 

• Integrating electric vehicles 
into the grid 

RESILIENT AND SUSTAINABLE INFRASTRUCTURES (RESIN) 
Key Idea: Design, renew, expand, monitor, and control critical 
interdependent infrastructures to be both resilient and sustainable. 
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RESIN:  Considering air quality 
and water availability in 

electricity production 
• The interface of infrastructure, markets, and 

natural cycles: Innovative modeling and 
control mechanisms for managing 
electricity, water, and air quality in Texas 
(0835414) is led by David Allen of the University 
of Texas at Austin. 

– The team worked with a regional electricity provider, 
Austin Energy, to demonstrate a tool to make grids 
smarter and greener. 

– They determined that innovations in cooling 
technologies can dramatically reduce the water needs of 
power plants and make the plants more resilient under 
drought conditions. 

19 



RESIN:  Designing infrastructure 
for biofuels 

• Interdependence, resilience and 
sustainability of infrastructures for 
biofuel development (0835982) is led 
by Ximing Cai of the University of Illinois 
at Urbana-Champaign. 
– Marginal agricultural land likely fulfills 26 

to 55 percent of the world’s biofuel 
demand without compromising 
conventional crop and pasture land. 

– Growing Miscanthus x giganteous will use 
considerably more water than either corn 
or switchgrass but will produce a smaller 
nutrient pollution load. 

– Producing 617 to 923 million metric tons 
(MT) of biomass by 2030 will cost 
approximately $140/MT. 

The biofuel feedstock Miscanthus 

is considerably more productive 

than switchgrass.   
Credit:  Gregory McIsaac, University of 

Illinois Urbana-Champaign  
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• Shedding light on 
cancer’s origins 

• Creating 
intelligent eyes 

• Reading and 
writing brain 
information 

• A functional 
contact lens 

• Sensing immune 
cells 

• Creating an image 
with chemicals 

• Touch-sensitive 
artificial skin 

• Controlling fluids, 
insect-style 

• Fabricating fibers 
as powerful as 
butterfly 
proboscises 

• Designing artificial 
DNA 

• Patterning smarter 
materials after fish 

• Plant-inspired 
adaptive 
structures 

Biosensing and Bioactuation (BSBA) 
Key Idea: creating revolutionary capabilities in sensing and 
response for health, infrastructure, and the environment. 
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BSBA:  Shedding light on 
cancer’s origins 

• Photonic technique for sensing and 
understanding subcellular structures at 
nanoscale (0937987) is led by Vadim 
Backman of Northwestern Univ. 
– The team developed a method to detect lung cancer 

by shining diffuse light on cells swabbed from 
patients' cheeks. 

– In a new clinical study, partial wave spectroscopic 
(PWS) microscopy was able to differentiate 
individuals with lung cancer from those without, 
even if the non-cancerous patients had been lifetime 
smokers or suffered from chronic obstructive 
pulmonary disease (COPD). 
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Nanoscale disturbances in cheek cells indicate the presence of lung cancer.  Regular microscopy looking at chromatin, 

the genetic material inside a cell's nucleus, will not reveal significant dissimilarities between the cheek cells of a 

healthy person and those of a lung cancer patient.  A new technique called partial wave spectroscopic microscopy 

(PWS) zeroes in on nano-level disturbances, which are harbingers of trouble.  Credit: Zina Deretsky, NSF. 
23 



• Getting the most from 
biomass 

• Breaking down lignin 
• Quick conversion of biomass 
• Fungal fermentation of 

cellulose for fuels 
• Optimizing fuel production, 

from algae to biorefinery 
• Algae processing made easy 
• Unlocking the power of 

biocatalysts 
• Cooking up hydrocarbons in a 

unique “pot” 

Hydrocarbons from Biomass (HyBi) 
Key Idea:  obtaining hydrocarbons from non-food plants and 
microorganisms for renewable energy and chemicals. 
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HyBi:  Optimizing fuel 
production, from algae to 

biorefinery 
• Algal oils to “drop-in” 

replacements for petroleum-
derived transportation fuels 
(0937721) is led by William L. 
Roberts of NC State Univ. 

– The team has created an efficient 
system for mass-culturing 
Dunaliella marine microalgae, and 
has increased their lipid production 
from 12 percent to 65 percent of 
their total biomass. 

– The team scaled up the 
decarboxylation process by a factor 
of 150, demonstrating it in a 5-liter 
reactor. 

Algae inside the tank stick together after 

exposure to an electric charge, which 

makes them easier to harvest.   
Credit: Timothy L. Turner, Permafuels, Inc. 
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• A nanostructured capacitor 

• Offering the sun’s energy on demand 

• Trapping the wind 

• Re-imagining fuel cells 

Renewable Energy Storage (RESTOR) 
Key Idea:  Seeking fundamental breakthroughs in 
nanostructures, multi-functional materials, computational tools, 
and intelligent systems for large-scale energy storage suitable 
for renewable energy sources. 
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RESTOR:  Offering the sun’s 
energy on demand 

• Thermochemical Routes to 
Efficient and Rapid Production of 
Solar Fuels (1038307) will be led by 
Sossina Haile of CalTech.  

– Changes in temperature can induce 
certain metal oxides to store and 
release oxygen.   

– This phenomenon may be harnessed 
to produce a chemical fuel that may 
then be converted to electricity.   

– The team will optimize the oxide’s 
thermodynamic and kinetic 
characteristics and construct a 
prototype reactor to demonstrate 
feasibility and efficiency.  

In the pursuit of solar energy storage, 

researchers will test materials in a 

thermochemical reactor.  Credit: Sossina 

M. Haile, California Institute of Technology 
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• Predicting energy 
performance 

• Determining shades of 
green 

• Interactive building 
intelligence 

• Buildings, off the water 
grid 

• Getting some good out 
of greywater 

• Responding sustainably 
to environmental 
changes 

• Windows controlling 
and generating energy 

• Tuning temperature to 
occupants 

• A responsive building 
skin 

• Breathing walls, 
circulating water 

Science in Energy and Env. Design (SEED) 
Key Idea:  To transform materials, devices, control 
systems, interoperable computational tools, building 
systems design for engineering sustainable buildings.  

28 



SEED:  Controlling and 
generating energy with 

windows • Toward Zero-energy Buildings 
Based on Electrochromic 
Windows (ECW) and Energy-
harvesting ECW (1038165) will 
be led by Minoru Taya of the 
University of Washington.   

– The team will develop ECWs and 
energy-harvesting ECWs based on 
new switchable dyes and polymers.   

– Dye-sensitized solar cell 
technologies will locally power the 
ECWs and other electrical systems.   

– The goal is to substantially reduce 
the energy needed for cooling and 
heating.  

Three cases of a dimming ECW: 

transparent, medium, and dark blue.  Credit: 

University of Washington, CIMS - Taya 
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SEED:  Buildings, off the water 
grid 

• Design for Autonomous Net-
Zero Water Buildings (1038257) 
will be led by James Englehardt of 
the University of Miami.  

– The team will build on current 
technologies to decentralize water 
monitoring, quality control, and 
operation and maintenance for a 
low-energy water reuse system.    

– Water treatment will be designed to 
effectively destroy contaminants 
common to homes and workplaces 
(such as endocrine-disrupting 
pharmaceuticals).  

– The system will involve real-time 
risk assessment and reflect 
architectural and socio-cultural 
acceptability of reused potable 
water. 

The goal is to develop systems that turn 

wastewater into drinking water.  Credit: 

James Englehardt, University of Miami 
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Sample MIKS Project 

Learning from termites 
• The project “Creation and Manipulation of an Artificial Termite Gut through 

Control of the Microenvironment” (1137249) will be led by Ranjan 
Srivastava, with colleagues Daniel Gage, Joerg Graf, William Mustain, and 
Leslie Shor, all from the University of Connecticut. 

 
• Microbes from three kingdoms live symbiotically within the lower termite 

gut, where they coordinate chemical processes that are beyond the 
capability of any one organism.  The composition and function of the 
microbial community changes with even tiny variations in the physical and 
chemical habitat of the termite gut.  This project will investigate the 
changing capabilities of the termite gut community to break down various 
carbon sources, such as lignocelluloses, and its self-regulation through a 
complex signaling network.  To do so, the researchers will systematically 
replicate micro-scale physical and chemical features of a lower termite gut 
using engineered microhabitats.  By understanding microorganisms’ 
signaling processes, it may be possible to manipulate microbial 
communities and harness their capabilities for chemical production on an 
industrial scale.   
 

http://www.nsf.gov/awardsearch/showAward.do?AwardNumber=1137249


Sample M3C Project 

Dancing with robots 
• The project “Partnered Rehabilitative Movement: Cooperative Human-robot 

Interactions for Motor Assistance, Learning, and Communication” 
(1137229) will be led by Lena H. Ting of Emory University, with colleagues 
Madeleine E. Hackney of Emory, and Charles C. Kemp and C. Karen Liu of 
the Georgia Institute of Technology.  

• How humans physically interact with the world is not well understood.  To 
investigate cooperative physical interactions, the researchers will use the 
paradigm of rehabilitative partner dance.  Partner dance requires 
improvisational, collaborative physical interaction between two individuals 
toward particular movement goals.  Partners use force cues to physically 
communicate movement goals and to carry them out cooperatively.  
Partner dance also involves long-term motor skill acquisition and short-
term motor adaptation.  This project will use human and robot dancers to 
experimentally verify a hierarchical theory of human sensory-motor control 
and learning, and to develop predictive models of whole-body human 
movement for cooperative physical interactions with machines. 
 

http://www.nsf.gov/awardsearch/showAward.do?AwardNumber=1137229


FY 2010: Additional Exploratory Investment  
Building Engineered Complex Systems  

NSF 09-610 

• To Develop a  theoretical basis of 
engineered complex systems (where the 
emergent behaviors or structures are 
not evident from considering only the 
system's separate components). 

• "seed funding" for small teams of innovative 
engineers and mathematical scientists. 

• EFRI, CBET, CMMI, ECCS, and MPS/DMS and OMA  

• $4M Total ($2M from EFRI) 

• Deadline: January 19, 2010 

• 2-year; $200K-$300K 

• Received 75 proposals (59 unique projects) 

• 19 Awards were made 

 



STPI Report  
PIs vs Proposals Integration ‘Map’   

in relation to Web of Science ‘Map’  

An EFRI PI Map  

EFRI Proposal Map 

Led by same PI  



THANK 
YOU 



EFRI 

 
TRANSFORMATIVE  ~  NATIONAL NEED  ~  INTERDISCIPLINARY 
 

www.nsf.gov/eng/efri 

‘focus on important emerging areas in a 

timely manner’ 
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BACK UP SLIDES 



EFRI Topics 

FY 

2007 

FY 

2008 

FY 

2009 

FY 

2010 

• Auto-Reconfigurable Engineered Systems (ARES) 
• Cellular and Biomolecular Engineering (CBE) 
• Cognitive Optimization (COPN) 
• Resilient and Sustainable Infrastructures (RESIN) 
• Biosensing and Bioactuation (BSBA) 
• Hydrocarbons from Biomass (HyBi) 
• Renewable Energy Storage (RESTOR) 
• Science in Energy and Environmental Design 

(SEED) 
• Engineering New Technologies Based on 

Multicellular and Inter-kingdom Signaling (MIKS) 
• Mind, Machines, and Motor Control (M3C)  FY 2011 

• Flexible Bioelectronics Systems (BioFlex) 
• Origami Design (ODISSEI) 
• Photosynthesis Biorefineries (PSBR)  

FY 2012 

FY 2013 


