Tri-State Food-Energy-Water Workshop 10-11 April 2017

Motivation

As human population growth and climate variability alters ecosystems worldwide,
societal demands for food, energy and water (FEW) continue to intensify, bringing
the intersections of FEW resources into sharper focus. Solutions that ease cross-
sectoral tensions and alleviate pressure on FEW resources will inevitably involve
deep collaboration among multiple disciplines and institutions.

Approach

As one way to facilitate that collaboration, the Vice Presidents for Research at
Washington State University, University of Idaho, and Oregon State University
convened a workshop on April 10-11, 2017 in Coeur D’Alene ID. Researchers from
all three institutions were invited to participate based on brief proposals submitted
by a team leader. The proposals outlined research projects that would include
specific collaborators from across the universities. The workshop was designed to
allow for face-to-face time with colleagues to actively develop funding strategies
(e.g. grant proposals) and plans to build programs. The individual teams worked
together on their focused research plans, and also had opportunities to interact
across teams and find other opportunities for collaboration.

Outcomes
Participants were in broad agreement that the workshop was invigorating and
productive. The focused time within teams allowed them to fine-tune research
themes and strategies, in a retreat setting without distraction. Further, the cross-
pollination among teams provided additional, multi-disciplinary expertise and
perspective that improved team composition and idea formulation. These
sentiments were captured in several teams' comments, for example:
"Overall it was a very productive meeting and I was grateful for the
chance to take time out of my otherwise busy and distracting schedule
to meet with key collaborators face-to-face and focus on putting draft
proposals together. We now have a very clear path going forward to
contact additional collaborators, flesh out budgets, and finish writing
proposals to these key areas. Thanks for the time and opportunities
for us to get together to do this!" - Troy Peters

In addition, we had presentations about the key national FEW research funding
programs: the USDA NIFA and NSF INFEWS programs from USDA program officer
Rachel Melnick, and; the DOE Water-Energy program from Idaho National Lab
Water-Energy lead Travis McLing. Both emphasized the consistency in these
programs' emphasis on regional solutions to FEW issues, highlighting the
importance of bringing together scientists from across our institutions. Overviews
of the three funded 2016 INFEWS awards in the Pacific Northwest were also
provided: Track 1 FEWS Modeling award by co-I Julie Padowski (WSU); Track 2
Cyber-physical Decision-support award by PI Meghan Babbar-Stebens (OSU), and;
Track 3 FEWS Innovative Solutions award by co-I Andy Kliskey (UI). These



highlighted the three key funding tracks in the 2016 and 2017 INFEWS
competitions and also the complementarity between the three awards -
collaborations between the three awards have started as a result of the workshop.

Below are summaries on progress of the teams.

1. A new multi-state project on the food-energy-water nexus
Leader: Chad Higgins

Background: The focus of this team changed substantially through the lively
discussion within the team, and importantly through many invigorating
interactions with other participants. Originally this team was focused on exploring
the opportunities co-managing solar power generation and agriculture within the
same land. The shading and micro-environments provided by panels will reduce
water demand from crops. However, the team rapidly shifted focus to a near-term
opportunity to use the momentum of this tri-state workshop to build a more
enduring long-term tri-state collaboration.

Workshop Results: The research team collectively decided that pursuing the
formal designation of a FEW multistate project, though USDA, had the highest
strategic potential and urgency as it: 1) will create a critical mass of FEW scholars
centralized in the Tri-state region, 2) provide a formalized collaboration between
all participants of the meeting, and 3) increase the visibility and strategic
positioning of FEW science in the Pacific Northwest. The leadership team of the
multistate project worked together to define a preliminary set of strategic
objectives (required for the proposal) and created a formalized mechanism for
soliciting advice and expertise from the cadre of scientists who attended the
meeting. We also formalized a pathway to expand collaborations within the Tri-
state consortium and beyond. Higgins and Murthy will also meet with John Talbot
to increase participation of OSU extension experts, and we will solicit cooperation
from the VPRs or each participating institution to increase participation in the
project. The meeting was extraordinary useful, and I do not think the multi-state
USDA proposal would have gone forward without the effort expended over the last
day and a half. It was a real pleasure to forge new and reinvigorate existing
collaborative ties. We considered this meeting an opening salvo into a larger and
more persistent effort to increase collaboration and create competitive advantages
for UW, OSU, Ul collectively. The meeting was under budget and exceeded
expectations. We propose that OSU host a follow-up meeting mid-August 2017 in
Hermiston, Oregon. The format and organization would differ in the following
ways: 1) Use a Qualtrics survey prior to the meeting to identify and rank the FEW
issues of greatest strategic importance for the region; 2) Organizing committee
selects 5-7 highest ranked issues; 3) Participants select the issue of highest
personal interest; 4) Plenary and breakout sessions ensue with each group
working on single FEW issue of high regional importance; 5) Lunch and dinner
seating is assigned randomly; and 6) Deliverables: research plans that address
each FEW issue of high regional importance. The aim of the above organizational



format is to group FEW scientists with like interests and foster networking, new
collaborations, and the exploration of new ideas.

Funding: USDA Multi-state Projects.

2. Low Elevation Spray Application: Save Water, Save Energy, Grow More Food
Leader: Troy Peters
Background: Large amounts of water are needed to grow food, and similarly large
amounts of energy are needed to move and pressurize water. Climate change is
forecasted to increase demand, and decrease the amount of water available during
the hot summer months of greatest water and energy use and during the times of
greatest water and energy shortages. This team aims to reduce agricultural water
and energy use by pioneering new approaches to more efficient crop irrigation -
specifically a low-elevation spray technology.

Workshop Results: The team had a very productive meeting. The team discussed
four RFPs. We outlined a proposal for the USDA Water Challenge Grant area that
is due in the summer. We put together a list of objectives, a team to meet these
objectives and did a draft budget for this upcoming proposal. We have an outline
for the NSF INFEWS proposal if it comes out again this fall. We also planned to
submit a Western SARE grant proposal, and an NRCS CIG proposal to expand the
research on this promising technology.

Funding targets: USDA Water Challenge, NSF INFEWS, Western SARE, NRCS CIG.

3. Water, Energy and Byproduct Development in Food Processing
Leader: Tom Wood
Background: Food Processing companies are the second largest consumer of
electricity and large users of water in the northwest and current projections are
that food processing must double by 2050 while consuming nearly the same
energy and water used today. Transformative research is necessary to develop
food-processing methods using less energy and water. Research needs identified
by food processing companiesin a Feb 2017 workshop include: 1) Waste water
management/recycle; 2) By-product development from processing waste, 3)
Alternative heating and cooling methods; 4) Advanced heat recovery methods;
and 5) Distributed energy generation.

Workshop results: Progress associated with this workshop included: 1)
Quantitative needs assessment of water/energy use in Food Processing and
greater context within the PNW will be done with seed funding from CAES/UI; and
2) Developed contacts with OSU INFEWS grant related to Decision Support Tools
and Life Cycle Economics; 3) Connected more on existing tech transfer
opportunities such as Industrial Assessment Center (one of these at UI, BSU and
0SU) as well as the WSU Energy Efficiency group in Olympia, WA; 4) Better
understanding of USDA grant opportunities because of the presentation by the
USDA program manager; 5) Better understanding of existing INFEWS projects in




the PNW; 6) Connected with WSU colleagues interested in waste to value-added
products in food processing (protein chemists, etc).

Funding targets: DOE-EE/RE, USDA-NIFA, NSF INFEWS, EPA, DOD, Industry

4. Nanotechnology for Food, Sustainable Energy and Water Reuse: Microalgae Solar

LED Growth and Magnetic Harvesting in Enclosed Continuous-flow Photo-Bioreactor
Team Lead: You Qiang
Background: The goal is to enable advanced research that will lead to innovative
system and nanotechnology to critical FEW problems by developing a novel
photo-bioreactor with high productivity of microalgae under controlled solar LED
light densities and frequency bands and magnetic separation and harvesting
nanotechnology (MSHN) conjugated with water-recycle system and food
production system.

Workshop Results: The face-to-face team meeting allowed this team to make rapid
progress. Specifically, 1) The team reviewed RFPs that have emerged over the past
several years, and identified that our proposal will go to the NSF INFEWS Track-3
program. 2) We identified new team members for missing expertise in the team -
an algal ecology expert, techno-economic analyst, and a potential member with a
background in social sciences. These additions strengthen the team and broaden it
to included all three universities, for a total of 8 co-Pls covering different aspects
of the NSF INFEWS proposed research. 3) We will soon contact three OSU social
scientists and potential confirm one expert to join our team to strengthen social
science component of the proposal. 4) In comparison with current micro-algae
growth methods, we have identified the strong and not so strong points of our
proposed nanotechnology in terms of energy consuming, water saving, food
production. 5) We have identified salient/novel features of our proposal like zero-
waste (zero-discharge) and closed system for algae production, significant saving
of water, production of nutraceuticals and other value-added byproducts for food
applications. 6) We also have identified the possible industry collaborators for
supporting our proposal to provide supporting letters such as food processing
companies, bio-energy industry, as well as solar energy industry. 7) We have a
plan to organize a conference call later this semester to further brainstorm and
refine project title, project objectives and specific aims, establish strong links
between food, energy and water research areas, define roles and responsibilities
of individual co-PlIs, discuss tentative budget of each Pls, deadlines for preparation
of first draft of the proposal.

Funding Target: NSF INFEWS Track 3. (March 2018)

5. First Foods-Energy-Water: Reconciliation of the Columbia River Hydropower and
Agricultural Systems with First Foods
Team Lead: Barbara Cosens



Background: The aging infrastructure of the Columbia River system will require
major public investment over the next century if the benefits from its hydropower
and food production systems are to continue. The Columbia River Treaty review
has illustrated that the basin’s society seeks reconciliation of ecosystem function
with the hydropower/food production system and that Native American Tribes
and First Nations must be included as co-managers. The role of research in this
process is to provide technology that will inform re-engineering of the system in a
manner that accounts for ecosystem function and perspectives of the basin’s First
Peoples. We seek to provide this knowledge through the lens of First Foods and
co-production of knowledge with Native American resource agencies in the
Columbia River Basin.

Workshop Results: The team substantially refined its goals, key questions,
methodologies, strategies, and funding targets for each of its three aims: 1)
Research to re-engineer the system to integrate the hydropower and flood
management benefits with ecosystem function as reflected in the function of the
system supporting First Foods. Research focus will range from re-engineering at
dam sites to habitat restoration to the enhancement of soil and wetland storage
and modulated release of water within watersheds to sustain flow regime and
water quality to benefit aquatic ecosystem health. Research will include use and
even development of methodologies for the integration and overlay of indigenous
knowledge. 2) Exploration of the co-production of knowledge through
participatory action research by seeking partnership with Native American
entities in the basin to define and develop the research performed in Aim 1
including the development of approaches to the integration and overlay of
indigenous knowledge in that research. Feedback from Aim 2 to Aim 1 is intended
to drive the evolution of Aim 1 research. 3) Researching the Research.
Recognizing the challenges to the co-production of knowledge and the integration
of indigenous knowledge and that both lie at the frontiers of STEM research, Aim 3
will study the knowledge production in Aim 1 and 2 and the feedback between
them. The team is undertaking substantial outreach to multiple Tribal partners in
parallel with proposal development. The overall strategy determined at the
meeting is to pursue a NSF INFEWS grant for Aim 1, concurrently with pursuit of a
NSF NRT grant that would support Aim 2, with aspects of Aim 3 woven throughout
both proposals.

Funding Targets: National Science Foundation - NRT and INFEWS.

6. Integrated System Analysis for Sustainable Agriculture in the Food, Energy, Water
Nexus
Team Lead: Erin Brooks

Background: The overarching goal of this project is to optimize water resources
in semi-arid snowmelt dependent agroecosystems to maximize the composition
of food calories and energy production while maintaining a resilient system and
associated ecosystem services under contemporary and future climate scenarios.



We hypothesize that sustainable agricultural productivity can be achieved
through improved adaptive management strategies that rely on timely and
site specific information on water availability and crop condition. High
resolution remote and proximal sensing using Unmanned Aircraft Systems (UAS,
a.k.a. drone), satellite imagery, and tractor mounted sensing provide diagnostics
and identify opportunities for site-specific management and assessment.
Although the concept of using satellite imagery to quantify crop water use was
initiated in the early 2000s (Allen et al. 2005, 2007a,b) it has now been
developed to the point where these data are available and accessible for effective
decision making and facilitate historic retrospective analysis (back to 1996)
(IDWR, 2017). Recent work has demonstrated that satellite measurements can
also be translated to provide reliable estimates of total crop biomass and crop
yield (Khan, 2016), as well as nitrogen uptake (Magney et al. 2016).
Complementary image analysis using UAS-based data products has the potential
to provide producers with the ability to identify weed and disease pressures and
quantify phenological differences as well as capture problems such as clogged
irrigation nozzles before major yield loss occurs. The ability to map water-use,
crop growth, and nitrogen stress at field-scales provides a novel suite of
diagnostics that can help optimize agricultural production in water-limited
environments. These data streams can also inform decisions to avoid yield loss
and maximize profit, and would have profound implications on a region’s ability
to produce food more efficiently with decreased water and energy demands.

Workshop Results: Through the FEW workshop our group made significant
progress in the development of the overall proposal objectives, clarification of
deliverables, identification of knowledge and personnel gaps. It was a great
opportunity to share and develop ideas within our own group as well as engage
with other groups at the workshop. Specifically we have a much greater
understanding on how to scale our project up from plot level research to field level
application and development of decision support tools to regional scale synthesis.
We identified two specific types of products that we could develop using spatially
driving decision support tools. The first type of product is based on analysis of
historic satellite imagery. With the expertise on the team we believe we will be
able to provide growers, consultants, and other managers access to 30 m
resolution historic crop yield and plant water uptake maps. There is also the
potential to develop some retrospective crop nitrogen maps. With these maps and
as-applied nitrogen fertilizer maps and irrigation rates we can develop water use
and nitrogen uptake efficiency maps that could be potentially converted to relative
‘profit’ maps. By analyzing the temporal stability of the cropping patterns and
variability within the field we will be able to provide recommendations to growers
regarding whether they could potentially take advantages of variable rate
strategies. The second product would be the further development of site-specific
crop yield projections that allow growers to realize the potential yield and risk of
yield loss based on current soil moisture conditions. This would be more of a real




time decision support aid to growers. The objectives of these tools would not only
be to help growers identify the inefficient use of water and fertilizer or regions of
having demonstrating poor productivity poor soil health but also provide
recommendations and strategies to minimize these efficiencies become more
resilient to climate and economic stressors. We discussed the potential
development and strategic application of organic amendments. We also discussed
the possibility of further exploring use of plant residues for bioenergy to save
energy and provide additional income. In general we feel one of our goals would
be to classify and build adaptive capacity within specific farms, irrigation districts,
and at the regional scale. Our next steps are to communicate back to the greater
group in our project, identify specific stakeholders and collaborators, identify an
economist, and potentially a computer programmer to assist on the project.

Funding Targets: Development of plan to submit a proposal to the USDA Water for
Agriculture Productivity call - letter of intent by May 17t; and submit a proposal
by the August 21d due date.

Workshop Organizers

WSU Stephanie Hampton s.hampton@wsu.edu

Ul Andrew Kliskey akliskey@uidaho.edu

OSU Chad Higgins Chad.Higgins@oregonstate.edu




Participants Affiliation

Alex Fremier WSuU
Amanda Boyd WSuU
Hongfei Lin WSuU
David Huggins WSU - USDA
Stephanie Hampton WSuU
Julie Padowski WSU
Jacqueline McCabe WSuU
Phil Barrett WSuU
Troy Peters (leader) WSuU
Shulin Chen WSuU
Shyam Sablani WSuU
Andrew Kliskey U of I
Barbara Cosens (leader) U of I
Chris Caudill U of I
Daniele Tonina U of I
Theresa Cohn U of I
Tim Link U of I
Dev Shesthra U of I
Erin Brooks (leader) U of I
Paul Gessler U of I
Jae Ryu (leader) U of I
Jerold Long U of I
Robert Heinse U of I
Russ Qualls U of I
Behnaz Rezaie U of I
Gregory Moller U of I
Karen Humes U of I

Richard Christensen Uofl
Tom Wood (leader) U of I

You Qiang (leader) U of I

Desiree Tullos 0oSu

Chad Higgins 0oSu

Todd Jarvis osu

Meghna Babbar-Sebens 0SU

Ganti Murthy 0oSu

Mylen Bohle 0oSu

David Conklin Oregon Freshwater Simulations

Pam Barrow Northwest Food Processors Association

Travis McLing Idaho National Lab



Day 1 - Mon 10 Apr

1:00pm Welcome, Introductions, Charge for the workshop

1:45pm Plenary 1: 5 min overview from each working group on vision for proposal
idea

2:15pm Breakout 1: Develop compelling vision, identify FEW system

3:00pm Afternoon break

3:20pm Breakout 1: identification of missing expertise

4:30pm Plenary 2: Report back on development of vision and missing expertise
5:00pm End

6:00pm Group dinner

Day 2 - Tues 11 Apr

8:30am Plenary 3: Overview of funding programs - NSF INFEWS, DoE Water -
Energy Nexus; USDA Food - Water ...

9:15am Breakout 2: Opportunity to mix with other participants, to discuss missing
expertise

10:30am Morning break

10:50am Breakout 2: Reconvene original groups - Identify funding program, revisit
vision, develop research questions

12:00no0on Group Lunch

12:45pm Plenary 3: Report back on morning breakouts; FEW methodologies and
methods

1:45pm Breakout 3: Develop study approach and methods

3:00pm Plenary 4: Report back on afternoon

3:40pm Break

3:50pm Plenary 5: Challenges and possible solutions for FEW proposals and
projects; Where to next

4:30pm Close



