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Executive Summary

This summative evaluation assessed CFEWS Project, a two-year US$250,000.- pilot
project, funded by the U.S. National Science Foundation. The project aimed to develop a
scalable platform for integrating siloed research and translating it into tangible food-
energy-water (FEW) nexus solutions that ensure prosperity of climate-vulnerable
smallholders farms. The evaluation used a mixed-methods designed to evaluate project’s
relevance, performance, effectiveness, impacts, scalability and sustainability.

[Executive summary structure]

Relevance and performance
Efficiency and effectiveness
Outcomes and impact
Scalability and Sustainability
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1. Introduction

The NSF Global Centers (GC) program aims to create international research hubs that
combine cutting-edge science with societal needs, fostering global cooperation to build a
sustainable, innovation-driven bioeconomy. The 2024 competition focused on advancing
bioeconomy research to solve pressing socioeconomic and environmental issues, such as
climate change, sustainable resource use, and food security. The funding round was co-
led by the U.S. National Science Foundation and national government agencies in Canada,
Finland, Japan, the Republic of Korea, and the United Kingdom, including NSERC,
SSHRC, RCF, JST, NRF, UKRI, and others. The solicitation required the involvement of two or
more partner countries, leveraging expertise and resources across nations to accelerate
innovation. Projects were encouraged to integrate scientific disciplines (e.g., biology,
engineering, social sciences, policy, education) to develop holistic solutions. Centers were
required to involve stakeholders and communities in research design and implementation,
ensuring relevance and impact, and integrate education, outreach, and workforce training
to strengthen societal benefits. The overall goal of the GC program is to leverage global
expertise to accelerate innovation in the bioeconomy, including sustainable agriculture,
renewable energy, biomanufacturing, and environmental solutions.

This CFEWS project (GC Track 2) addresses the goal of NSF Global Centers program as
follows:

e Builds and enables research teams from diverse global regions and sectors to
undertake comparative and collaborative research related to the advancement of
bioeconomy systems in small farms;

e Syntheses and promotes the sharing of knowledge and expertise from academia,
industry, governments and civil society;

e Pilots research, teaching methods and new curricula;

e Reinforces community decision-making and problem-solving capacity; promotes
network collaboration to fill critical academic-practice gaps.

e Educates and trains a FEW global workforce capable of addressing current and
future demands of industry.

GC Track 2 Pilot GC Track 1
° ° °
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The key assumptions of this CFEWS project are that the mobilization of multi-sectorial
resources is needed to:

1. Improve global awareness and understanding of the bioeconomy potential for
small farms among key stakeholders, including policy makers, industry, agriculture
cooperatives and civil society.

2. Enhance dialogue and learning mechanisms between U.S. and international
stakeholders to advance FEW and bioeconomy systems adoption in small farms
and scale-up initiatives.

3. Develop awareness and knowledge to demonstrate the value of small-farm
circular economy, in terms of environmental and economic benefits, resource re-
utilization opportunities and new job creation potential.

1.1 Project Description and Goals

The CFEWS project is being led by the University of Tennessee (UT) and Tennessee State
University (TSU), and its mission is to create climate-smart-food-energy-water nexus on
small farms (CFEWS) based on the principles of bioeconomy. The overarching goal is to
develop a scalable platform for integrating siloed research and translating it into tangible
food-energy-water (FEW) nexus solutions that ensure prosperity of climate-vulnerable
smallholders farms. The project provides five interweaved circular services and
roadmaps (i.e., renewable energy generation, increased crop production, precision water
management, biofertilizer production, accelerated soil restoration) while making small
farms socioeconomic sustainable, self-sustaining, carbon-negative, and profitable under
climate stress.

Specific objectives of this project are to:

1. Design weather sensor-driven, mobile, and angle-adjustable solar arrays above the
crop canopy to (1) generate electricity (2) increase crop production by shading to
crops at adverse solar radiation times, and utilize the solar arrays to collect and
divert rainwater to on-site underground tank or wetland ponds for subsequent
precision irrigation;

Produce biogas and hydrogen from livestock manure;

Convert agricultural byproducts into fertilizer;

Accelerate soil restoration by carbon sequestration;

Promote socioeconomic sustainability of smallholders’ farms; and

A

Train future workforce in circular bioeconomy and research translation.



1.2 Project Management Structure and Roles

In this project, UT acted as the coordinating body while co-applicant institution (TSU) and
collaborators worked together to network, cooperate and share information regularly
through coordination meetings. UT was responsible for combining input from partners into
documents and publications, coordinating networking activities, designing programs and
ensuring timely information sharing. CFEWS team included Project Director, co-Directors,
Program Manager, Business Manager, Advisory Board and undergraduate students project
ambassadors. UT carried out all the financial management for CFEWS grant.

Figure 1, shows a diagram about the organizational structure of grant personnel.
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Figure 2, shows the lead individual for each one of the projects’ clusters. Working groups
were established in each of the five focus areas to identify key research gaps that drive the
development of CFEWS systems, roadmaps, publications, and proposals.



Cluster 1: Energy-Crop Synergy
Hao Gan (Co-Pl)

Cluster 2: Waste-to-Energy
Frank Loffler (Co-PI)
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Table. 1, presents CFEWS Program Management RACI matrix that charts overall roles,
responsibilities and the assignment of main project deliverables.

Responsible
n Accountable
Consulted ROLES

n Informed

’ Stakeholders/Leadership ’ Project Team ’ Other Resources

All Co-Pls Jie Zhuang (PI) Gary Sayler

Project collaborators
Cluster 1: Crop-Energy Synergy Hao Gan, Dilip Nandwani Advisory Board

Frank Loffler, Robert
Burns, Robert Spajic Advisory Board

Deliverable or Task

Academic-Stakeholder Roadmap

Project collaborators
Cluster 2: Waste-To-Energy

Jie Zhuang, Frank Loffler,

Project collaborators Bilip Nandiwani

Advisory Board

Cluster 3: Waste-To-Nutrient

Cluster 4: Accelerated Soil Project collaborators Jie Zhuang, Mark
Restoration Radosevich Advisory Board




Cluster 5: Socioeconomic Project collaborators
Sustainability Dilip Nandwani Advisory Board

Deans,
Workforce Development All Co-Pls Jie Zhuang (Pl) Department Heads

Early-Career Professional

Development Project collaborators Jie Zhuang Advisory Board
Deans,
Senior Design Project collaborators Hao Gan, Jie Zhuang Department Heads
Jie Zhuang, Dilip
Project collaborators Nandwani, Frank Loffler, Deans,
Use-inspired research Hao Gan Department Heads

lobal Educati
Global Education Co-PI Nandwani, PM Mulville | Jie Zhuang (Pl) Deans

Student symposia Project collaborators Dean, Department
Jie Zhuang, Sara Mulville Heads

£ ential L ine/ Stud Department
)l;perl(;entla earning/ Study Project collaborators Heads,
abroa Dilip Nandwani, Sara international
Mulville stakeholders
Collaborative Online Int ti l Department
LO a.oraévoe“_ nine fnternationa Project collaborators Heads,
earning ( ) international
Jie Zhuang, Sara Mulville stakeholders
Department
. . . . Heads,
Promotional project video Project collaborators B e, S international
Mulville stakeholders
Network Growth .
All Co-Pls, PM Jie Zhuang (PI) Gary Sayler

Jie Zhuang, Dilip Advisory Board/
Nandwani, Frank Loffler, UT/TSU
Thematical Workshops Project collaborators Hao Gan Administrators

1.3 Project Collaborators

Partners from following institutions and their complementary networks and associated
stakeholder communities participated in the design and implementation of activities for
this project. Figure 3. shows CFEWS Global Partner Map.
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1.4 CFEWS Project Logic Model

The CFEWS project’s Logic Model (see Annex A) highlights the importance placed by this
project on comparative and joint research, teaching, networking and practices between the
US and international partners, as well as depicting the wide range of activities, outputs,
outcomes and impacts promoted by the program.



NSF Global Center CFEWS Logic Model

Problem and Need

Problem: Small-scale farms are
central to global food security
However, they experience poor
returns, limited access to
finance, markets, and
technology. Smallholders are
disproportionately among the
world's poorest and are
currently trapped in a negative
cycle that damages both
smallholdings and the planet.
Need: Small farms can leverage
the food-energy—water (FEW)
nexus to ensure sustainable
growth and climate resili

Short-Term Mid-Term
Outcomes Outcomes

Roadmaps &
Research

Joint US- LMIC-
MIC countries
comparative &
collaborative
research.

iRCN Collaboration

Knowledge
exchanges on
thematical areas
(crop-energy, waste-
energy, waste-
nutrient, soil
restoration,
sustainability).

Long-Term
Impacts

Workshops.
Symposia/
Conference.
Panel meetings.
Proposal.
Development.

Research
publication
White papers
Palicy briefs
Improved
technologies,
New funding

by integrating resource
management across these
three systems.

Supporting smallholder farmers
requires a multi-stakeholder,
systemic approach that
addresses their access to
resources, technology, and
resilience.

Shared knowledge, Triangula.r Multi-stakeholder
expertise and Network-to- Cooperation and muti-sectorial
resources between network (North-South- shared knowledge
academia, public- development. South Enhance informed
private sector, Develop a & A(Edem_ia,' decision making
commamities. Community of industry-civil Media and
Practice. society). dissemination
Workforce Training N New curricula.
development Mentored EW COUrses. Joint
Enrich teaching opportunities. Sl . programs/degrees
. Student “to- International A
methods to train udent peer-to Certifications.

the next generation
of global FEW

scientists, leaders
and practitioners.

peer exchanges.
Experiential learning

Assumptions

Learning {COIL).
Study abroad.
Senior design.

Leadership skills

Joint and
comparative
research.

Roadmaps
Integrate ideas to
improved practices.

Stakeholders
informed decision
making and capacity.
building.

Enrich teaching
methods and
curriculum.

Meet industry’s
current and
future workforce
demands.

Improve youth
employability.

Improve public
awareness and
understanding of
the bioeconomy
potential in small
farms among key
actors, including
policy makers,
businesses,
consumers and
civil society.

Accelerate research
ties between US, EU
and Global South
and integrate inter-
sectorial knowledge.
Better informed
communities.
Strong research
performance.
Influence global
policy and
sustainability
agendas.

Influential Factors

Transdisciplinary convergence of knowledge and technology, global
networking, identifying suitable testbeds, and sharing of
perspective and experience among national and international
research communities and practitioners are crucial for accelerating
the pace and scale of climate-smart circular farming

External: climatic, technological, economic, policies.

Internal: expertise, stakeholder participation, resource allocation
and availability, staffing needs and institutional administrators’

commitment.

2. Purpose of the Evaluation

The evaluation team conducted a summative evaluation for this project that focused on the
type and number of outputs as well as if the intended outcomes were achieved and to what
success. It also assessed if the framework of the program, including its merit and broader
impacts, could sustain past the funding cycle and/or be scaled up. The team synthesized
the lessons learnt from project by conducting document review and endpoint surveys with
a variety of stakeholders. Aggregated results will be reported to NSF and shared with the
project’s Pls, other project leads, and key stakeholders.

Specifically, the objectives of the evaluation were to:

¢ Evaluate to what extent the project achieved its objectives, and what factors
contribute towards the success of the project and barriers encountered during the
implementation; its sustainability beyond funding cycle.

¢ Assess the extent to which the collaboration between U.S. and international
partners added value and contributed to achieving programs objectives.

* Provide detailed recommendations to NSF Program Manager, Pls for future
programming, HEI’s administrators and project partners, including specific guidance



on how best to structure programs supporting collaboration between US and a wide
range of global partner to scale-up the adoption of bioeconomy principles in small
farms.



