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INFEWS: Innovations at the Nexus of
Food, Energy, and Water Systems

Growing populations,
changes in land use, and
increasing geographic and
seasonal variability in
precipitation patterns are
placing ever-increasing
stresses on the critical | o e o oo

resources of food, energy | i oo s
and water (FEW).
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Nexus: System of Systems

Pumping and cleaning
water: 19% of the electricity
consumption In California
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Water abstracted for
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Europe

Agriculture accounts for
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INFEWS Goals

Understand the FEW system
(of systems) through
integrated systems
modeling;

Create methodologies for
effective data
integration/cyber elements;

Research innovative
solutions and technologies;
and,

Support education,
workforce, and community
development.




Food-Energy-Water in FY15

17 workshop grants,
approx. S1 M

— Planned across the country —
unique situations exist

— Designed to facilitate
partnerships among
researchers

— Integrate Scientific
Communities, including those
at other federal agencies;
enhance communication

— Define fundamental science
and engineering research
needs/questions in FEW
Systems

Press Release 15-090
New grants foster research on food,
energy and water: a linked system

Amid population growth, drought and increased
urbanization, understanding food, energy and water
availability is increasingly important

Conserving Water - Producing Energy - Sustaining Food

NSF Awarde: Interactions of Food Systems with Water and Energy Systems
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How food, water and energy systems interact: a photo

gallery.
Credit and Larger Version

August 14, 2015

In a world where a growing number of people lack food, water
and sources of energy, providing these resources has become a
challenge.

To find new answers, the National Science Foundation (NSF) has
funded 17 grants, totaling $1.2 million, to support workshops on
the interactions of food, energy and water, or FEW. Additionally,



Workshops

Proposal [Title Pl Pl institution Amount [Confirmed Dates |Workshop Location
1542770 |FEW NSF Workshop: Closing the Human Phosphorus Cycle Platz U Hawaii Hilo S 87,873 |Jun8-9,2015 Arlington
University of California-
1541880 |FEW: Developing Intelligent Food, Energy,and Water Systems (DIFEWS)  |Potts, Matthew D. B”"k’elrs' y OTRaliornia= 1« 49863 [sept 28-29,2015 |UC Berkeley
erkeley
1541838 FEW Workshop: "Scaling Up" Urban Agriculture to Mitigate Food-Energy- Newell, Joshua University of Michigan $ 69,242 |oct 5.7, 2015 Uhiveristy of Michigan,
Water Impacts Ann Arbor Michigan League
FEW: A Workshop to Identify Interdisciplinary Data Science Approaches
1541876 |and Challenges to Enhance Understanding of Interactions of Food Shekhar, Shashi UMN S 50,000 |Oct. 5-6, 2015 Washington DC or MN
Systems and Water Systems
FEW: Food-E -Water N Workshop to Develop Syst A i Institute of
1541883 oocrEnergy-vvater fiexus WOorkshop to eveiop system Schuster, Darlene s |/ e can INSHLULE 0 $ 94,929 |oct. 7-9, 2015 Washington, DC
Approaches and Sustainability Metrics for Evaluation Chemical Engineers
FEW: C ling E ic Models with A ic, Hydrologi d | State Uni ity;
1540780 [0 5 o e SCORSNEMBEE SIS TONSHNE, iy CIOCEIS SN CatherineKling  |lowa State University $ 45,922 |Oct 11-12,2015 |/ OW@ >tate Bnvenity;
Bioenergy Models for Sustainable Food, Energy, and Water Systems Ames, lowa
FEW: Food-E -Water infrastruct t i i luti
1541771 s FOOCRENETgy-IWater INrastructure systems, engineering solutions 1 ,p 11 sabo Arizona State University | $ 94,905 |Oct 13 - 15,2015 |ASU Campus
and institutions
S FEW: Workshop to Identify Opportunities and Challenges for I G v Carnegie-Mellon $ 58358 |Oct 19-20, 2015 i, P8
owry, Gregory V. ct 19- ittsbur,
Nanotechnology to Optimize and Unify Food, Energy and Water Systems R University ! ’ =i
FEW: A sustainabl | fi k kshop for th Great South Dakota School of
1541736 | ¢ 7 SUStAINADIE TUTALITaMEWOTK WOTKshop Tor the upper bred Stone, James | OUt Dakota SChOOL O ¢ 50 000 |Oct 19 - 20, 2015 |SDSM&T in Rapid City, SD
Plains. Mines and Technology
1541799 FEW Wc?rkshop - Planned Migration as a Strategy to Sustain Agricultural |McNider, Richard Univers'ity of Alabama in $ 56335 |Oct 21-23, 2015 NCAR, Boulder
Production (1049050 NIFA) Huntsville
New York Institute of
1541866 |Few Workshop: Food, Energy, and Water Nexus in Sustainable Cities Assaf-Anid, Nada M Technol ! S 98,877 |Oct 20-21, 2015 Beijing, China
echnology
FEW: Confi Envi tal Ch , Migration, and th . . . )
1541844 | ' -onterence on tnvironmentalthange, Viigration, anc the Elena Irwin Ohio State U $ 97,496 |Nov 4-5, 2015 Ohio State Univ.
Resilience of Regional Food, Water, and Energy Systems
Manhatt K ;
FEW Workshop: Water- and Energy-efficient Food Production: Solutions Kansas State University anhattan, Ransas,
1541868 ., Rezac, Mary E. $ 50,000 [Nov 19-20, 2015 Governor’s Conference
for America’s Bread Basket (EPSCoR)
Nov. 18 - 19
FEW: Development and Application of Analytical Tools in' S ort of Miralles-Wilhelm, |University of Maryland )
1541642 ety AL e TSR ' ' MO v $ 99,980 |Oct. 27-28,2015 |Washington DC
Food-Energy-Water Nexus Planning Fernando R College Park
1541890 FEW: Towards .Fc?od, Energy and Water Sgcurity in California under Gebremichael, University of California- S 49,680 |Dec 2-4, 2015 UCI}.A, LC.JS Angeles,
Changing Conditions: the Nexus Perspective Mekonnen Los Angeles California
1541863 FEW: Technology and Information Fusion Needs to Address the Food, Ebert, David Purdue $ 60,105 |Nov. 56 Napa Valley Marriott
Energy, Water Systems (FEWS) Nexus Challenges Hotel and Spa
FEW: Ri FEWSs: Workshop t | th bet food
1541694 Ver FEIVS: TOTKSnOp to explore the nexus between Tood, ENereY. 14 oitgrieve, G.W.  |University of Washington | $ 98,367 |Dec. 10-12,2015  |U. Washington, Seattle

and water in a large international river system




Food-Energy-Water in FY15

Example of the Food-Energy-Water Nexus

* Supplements, approx. S5 M

Awarded to existing grants to
incorporate food components

FOOd'energy'Water nexus at the
urban_agricu/tural interface Ken Carlson, Colorado State Univ.

-/6bjective 1: Conceptual pathway mapping |Coupled energy and water footprints of
landfilling (Obj. 2) and alternatives (Obj. 3)

Lo oG consection TOC/TIC -¥- Completed. Food waste-EVY
Farmer | Deasorsgs | Salt, pH - — Pathways mapped: In managing dspesedfocd
Operator Processing = 3 1 Landfilling 0ot * How much water is consumed or
contaminated ?

How much energy s consumed or generated?
Hew dethe abave vary acress allematives?
What | the interaction of water and energy?
‘What is the impact of feod waste energy and

Procasieg. ’ Coliform g
' - N&P callition 2 Thermmal conversion
' - . Trarapartation :
Metals/metalloids = 3 Anaerobic digestion
1 4 Composting
water demand relative to other FEVW systems?

- Il Food waste, [z
X - Ener and ressarch nee
Treatment Monitoring Reuse Broader Impacts Wateg'yq,exus ‘

FEW Palicy context:
new EPA/USDA food waste goal of
50% less food waste to landfills by 2030

How should communities Srgaok (“"‘"""

- 2 wark towards this goal?
How will integrated planning of food production and urban develoy ':A"I'[‘::I:‘I': ::JS:I:;T:"'ZE“
overall water and energy footprint of our society and increase resili I I a re International weeldy journal of sclence akternatives?
Greater understanding of food
waste within FEW systems may

R. Luthy et al., Stanford Univ. m “\_Inform sustainabie choices.

current issue » letters » article

Edu cation & Outreach

The Art of FEW: Art students
created powerful images inspired

by food waste, energy & water,
ﬁ TS Students created public
education videos about FEW and

food waste,
Total of 101 photos taken by students
documented their own food waste at home
and in restauranis
Before/After survey benchmarked student
perceptions of food, energy, and water and
tified impact of FEW nexus education,

D. Reinhart, Univ. of
Central Florida

NATURE | LETTER =

HEEW (=] B
Rapid removal of organic micropollutants frori -
water by a porous B-cyclodextrin polymer e

Alaaeddin Alsbaiee, ! Brian J. Smith,!: Leilei Xiao," Yuhan Ling,2 Damian E. Helbling? &
William R. Dichtel!- ]

Affiliations | Contributions | Corresponding authors

Nature 529, 190-194 (14 January 2016) | doi:10.1038/nature16185



INFEWS in FY16
& National Science Foundation m

P/ WHERE DISCOVERIES BEGIN [SEARCH |

E FUNDING AWARDS DISCOVERIES NEWS PUBLICATIONS STATISTICS ABOUT NSF FASTLANE

NSF 15-108

Dear Colleague Letter: FY 2016 Innovations at the Nexus of Food,
Energy and Water Systems (INFEWS) Funding Opportunity on
Nitrogen, Phosphorus, and Water

August 12, 2015
Dear Colleagues:

In 2010, NSF established the Science, Engineering, and Education for Sustainahility (SEES)L investment area to lay the
research foundation for decision capabilities and technologies aimed at mitigating and adapting to environmental changes
that threaten sustainability. Some SEES investments advanced a systems-based approach to understanding, predicting, and

mmminl mml kil Aeadeamenmendbe Te bhie ceambad e feeeeodb e s o F
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Recycle, Reuse: “The availability of nitrogen,

phOSphOfUS, and Water are the three main factors that

limit our ability to produce enough food to feed the growing
population of the planet”



INFEWS in FY16

Priority Area in Traineeship Track

National Science Foundation Research Traineeship (NRT)
Program

PROGRAM SOLICITATION
NSF 16-503

REPLACES DOCUMENT(S):
NSF 15-542

National Science Foundation

Directorate for Education & Human Resources
Division of Graduate Education

Directorate for Biological Sciences

Directorate for Computer & Information Science & Engineering
Directorate for Engineering
Directorate for Geosciences
Directorate for Mathematical & Physical Sciences
Directorate for Social, Behavioral & Economic Sciences
Office of Integrative Activities
Letter of Intent Due Date(s) (required) (due by 5 p.m. proposer's local time):
December 09, 2015
Applies to bath tracks
December 09, 2016
Applies to bath tracks
Full Proposal Deadline(s) (due by 5 p.m. proposer's local time):
February 09, 2016
Applies to both tracks
February 07, 2017

Applies to both tracks

Development of innovative and
potentially transformative
approaches tograduate education
Dissemination of outcomes and
gained insights from NRT training
approaches.

Comprehensive training of STEM
graduate students, including the
development of technical and
professional skills for both research
and research-related careers within
and outside academia.

Evidence -based strategies to
broaden participation of students
from diverse backgrounds.

Robust formative assessment that is
central to the traineeship and
routinely informs and improves
practice.




INFEWS in FY16

EPSCoR Research Infrastructure Improvement Program:
Track-2 Focused EPSCoR Collaborations (RII Track-2 FEC)

PROGRAM SOLICITATION
NSF 16-511

REPLACES DOCUMENT(S):
NSF 15-517

National Science Foundation

Office of Integrative Activities

Letter of Intent Due Date(s) (required) (due by 5 p.m. proposer's local time):
January 11, 2016
Full Proposal Deadline(s) (due by 5 p.m. proposer's local time):

February 04, 2016

IMPORTANT INFORMATION AND REVISION NOTES

The following EPSCoR jurisdictions are Ril-eligible for the FY 2016 RIl Track-2 FEC competition: Alabama, Alaska, Arkansas,
Delaware, Guam, Hawaii, Idaho, Kansas, Kentucky, Louisiana, Maine, Mississippi, Montana, Nebraska, Nevada, New Hampshire, New
Mexico, North Dakota, Oklahoma, Puerto Rico, Rhode Island, South Carolina, South Dakota, Vermont, US Virgin Islands, West
Virginia, and Wyoming.

There is a limit of a single proposal from each submitting organization

Each proposal must have at least one collaborator from an academic institution or organization in a different Rll-eligible
EPSCoR jurisdiction as a co-Principal Investigator (co-Pl). Proposals with a Pl and all co-Pls from the same jurisdiction will be
returned without review.

For FY 2016, RIl Track-2 FEC proposals promote collaborations among researchers in EPSCoR jurisdictions an these tapics:
1) Understanding the Brain, or 2) Sustainable Food, Energy, and Water Systems

The recruitment and/or development of diverse early-career faculty is a critical component of successful proposals.

The extent and quality of the interjurisdictional collaborations must be clearly articulated

A letter of Intent (LOI) is required for the FY 2016 RIl Track-2 FEC competition. LOls must be submitted by the Sponsored
Projects Office (SPO) of the submitting institution via FastLane on or before the LOI due date.

Pls and co-Pls on current NSF EPSCoR RIl awards with end dates later than October 31, 2016 are not eligible fo submit
propasals as a Pl or co-Pl in this competition.

Support for non-lead collaborating institutions should be requested as subawards. Separately submitted collaborative
proposals are not allowed.

The project title must begin with “RIl Track-2 FEC:" and follow with an informative title in the topic area

Allowable RIl Track-2 FEC award amounts depend on the size of the collaboration. If two Rll-eligible EPSCoR jurisdictions
collaborate on a proposal, the award amount may not exceed $1 million per year. If three or more Rll-eligible EPSCoR
jurisdictions collaborate on a proposal, the award amount may not exceed $1.5 million per year. In either case, awards are for
a maximum of four years.

Awardees will be expected to participate in a joint project data collection effort. See Section VB for corresponding budget
requirements.

Page limits apply. See Section V.

No lefters of commitment should be included in the Supplementary Documents. See Section V.A 10.

A maximum of five letters of support may be included. See Section V.A 10,

Collaborators and Other Affiliations Information is naw required to be submitted with the proposal as a Single Copy Document
This replaces the List of Conflicts required as Supplemental Documentation in prior solicitations. See GPG Chapter Il Section
Cle.



INFEWS in 2016
CCIC - Due Feb. 15, 2016

Community College

Innovation Challenge

HOME ABOUT GUIDELINES ? RESOURCES ? RESULTS ?

~ww.nsf.gov/news/special_reports/communitycollege/[1/21/2016 11:31:18 AM]




INFEWS in FY16

Interdisciplinary

— NSF represents a broad
base of science and
engineering disciplines

Investigation of the
system

Partnership with USDA
NIFA

Education and
workforce

— Preparing the next
generation of scientists
and engineers

— Community outreach

Innovations at the Nexus of Food, Energy and Water
Systems (INFEWS)

PROGRAM SOLICITATION
NSF 16-524

National Science Foundation

Directorate for Geosciences

Directorate for Engineering

Directorate for Computer & Information Science & Engineering
Directorate for Mathematical & Physical Sciences

Directorate for Social, Behavioral & Economic Sciences
Directorate for Education & Human Resources

Office of International Science and Engineering

Office of Integrative Activities

USDA
xR

National Institute of Food and Agriculture
Full Proposal Deadline(s) (due by 5 p.m. proposer's local time):

March 22, 2016

Any proposal submitted in response to this solicitation should be submitted in accordance with the revised NSF Proposal & Award
Paolicies & Procedures Guide (PAPPG) (NSF 16-1), which is effective for proposals submitted, or due, on or after January 25, 2016.
Please be advised that proposers who opt to submit prior to January 25, 20116, must also follow the guidelines contained in NSF 16-1.



Water Resource Recovery Facility of the Future

Energy Positive and Beyond: The Vision for Transforming Wastewater Treatment

Energy Efficiency and Resource Recovery

Facilities will use energy-efficient operations to recover water, energy,

and nutrients as well as to produce clean water and other products.
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Integrated Production
Facilities will produce clean water, energy, other water
grades, and a slate of products for industry, agriculture, etc.
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Smart Systems

Sensors, software, and advanced Outcomes

devices monitor volume and content » Healthy environment

of incoming streams, inform plant

operations, track performance, and * Renewable energy supply

verify output safety and quality. « Reduced carbon emissions

» Economic growth

» Vibrant and green communities \ 4
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Engaged & Informed Communities
Officials, industry, and the public will manage demand and waste better, support resource
recovery goals, and contribute to integrated solutions for water, energy, and food supply.



Future INFEWS

* Dear Colleague Letters: more specific areas
with potential concentration on “pairs”

* Solicitations: focus on systems approach and
interdisciplinary

* Continue, and hopefully expand, partnerships
with other federal agencies



New Website

https://foodenergywater.wordpress.com/
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FOOD ENERGY WATER

NSF INNOVATIONS AT THE NEXUS OF FOOD + ENERGY + WATER SYSTEMS
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