
 

 

Overview  

The six countries involved in this year’s NSF Global Centers Program account for 31% of the world’s 

coastlines (~ 1.6 million km) and are at the front line of potential climate impact zones. Along the coastlines, 

a polyphyletic group called “algae,” ranging from microscopic single-celled forms (plankton) to 

macroscopic forms (seaweed), play a crucial role in earth ecosystems by capturing about 37 billion metric 

tons of CO2 annually, ~ 40% of all CO2 emitted, and produce > 50% of O2 to our atmosphere. The 

objective of our “Global Centers: Bioeconomy and Transdisciplinary Innovations for Durable Ecosystems 

(BioTIDE)” is to accelerate our fundamental understanding in algae and apply it as versatile building blocks 

that are locally-driven, internationally-replicable, and capable of achieving a global sustainable bioeconomy. 

The Center’s vision is to maximize the potential of algae, particularly exploring where a combined 

benefit/product exists in a single species/strain, for a carbon-neutral bioeconomy and to build a global 

community that leverages our existing collaborations and major projects for maximum impact. 

Intellectual Merit  

The Intellectual Merit of BioTIDE rests on two main factors: (1) The two technical themes, “Carbon 

Sequestration and Utilization” and “Environmental Remediation and Fixation,” aim to address fundamental 

questions: what are governing factors, mechanisms, and processes that determine the efficiency and 

capability of algae for carbon fixation, what is the fundamental biological origin for the selectivity of 

transporting ions across cell membranes, and what are the electrochemical mechanisms for trans-membrane 

transport involving coupled ion and mass? Answers to these questions will guide the team to investigate 

the innovative and important applications of micro-/macro-algae for flue gas sequestration, algae-derived 

polymeric additives, bioplastics, bioremediation, biomining, and biofertilizer. (2) The BioTIDE team 

focuses on co-generation of knowledge and research activities by using two approaches: (i) The BioTIDE 

team has published in sustainable governance and transdisciplinary action research in bioeconomy, 

particularly in the algae space. We expect to contribute to this NSF program immediately. (ii) Industry 

partners lead one subtopic and participate in all subtopics to streamline the translation of foundational 

science to bench-scale research and ultimately to commercialization. 

Broader Impacts  

The broader impacts of BioTIDE include:  

(1) Vision Alignment with NSF. Understanding and cultivating algae closely aligns with the Vision 

of this year’s NSF Global Centers Program: “Addressing Global Challenges through Bioeconomy.”  

(2) Co-generation of Knowledge. Led by experts in transdisciplinary action research and engagement, 

the BioTIDE team will analyze international algae bioeconomy policies and public engagement to: (i) 

identify policy frameworks in various regions and countries, (ii) examine public participation in developing 

these policies, and (iii) analyze how public engagement influences the algae bioeconomy’s growth.  

(3) Broadening and Promoting Participation. Led by UConn’s Vergnano Institute for Inclusion, the 

BioTIDE Center will develop innovative educational programs and inclusive training modules tailored to 

meet the emerging needs in bioeconomy sectors, focusing on (i) access-for-all (ii) experiential fieldwork, 

(iii) inclusive individualized training, and (iv) equitable knowledge sharing. Leveraging existing strengths, 

we will establish several global initiatives, including: the daVinci Program, BioTIDE Global Insights, and 

Honoring Indigenous Knowledge.  The BioTIDE team entails 10 full professors, who will mentor 23 early-

career researchers (of them 15 are female), from USA, Canada, Republic of Korea, and United Kingdon.      

(4) Benefit to Society. The crosscutting themes tackle scientific challenges while integrating social 

impacts/perspectives on development and adoption of new technologies and methodologies within the 

bioeconomy to achieve positive community impacts and policy changes. Research topics are led by 

experts from participating countries to develop sustainable technologies through international 

collaborations for advantages of expertise, facilities, and access to specific geographic locations in 

coastlines, to enable advances that could not occur otherwise. Thus, the proposed activities warrant support 

from such an NSF Global Centers Program. Countries, including Jamaica, Saint Lucia, Kenya, and Ghana, 

have expressed their commitment to this BioTIDE effort to achieve sustainable bioeconomy goals. 
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Global Centers: Bioeconomy and Transdisciplinary Innovations for Durable Ecosystems (BioTIDE) 

1. Research Context and Overview of Bioeconomy 

In 2023 the annual average global temperature reached 1.45 ± 0.12 °C above pre-industrial levels (1850-
1900), 0.5oC greater than models predicted. A report on May 30, 2024,1 by the National Oceanic and 
Atmospheric Administration (NOAA) showed that Connecticut’s shoreline and other parts of the East 
Coast (FIG 1a) could see an additional 8 to 10 inches of sea level rise by 2050, with the worst-case scenario 
predicting up to 15 inches, resulting in irreversible social, economic, and public harms. According to our 
analysis in FIG 1b, the countries involved in this year’s NSF Global Center Program account for 31% of the 
world’s coastlines (~ 1.6 million km)2 and are at the front line of potential climate impact zones. Indeed, 
over the past half-century, the economic toll of climate-induced disasters, including damage to the world's 
vulnerable coastal zones, has amounted to ~ $4 trillion globally, and losses in the range of $178 trillion 
are projected for the next 50 years. 

The vulnerability of the world’s coastlines to climate-related disasters underscores the urgent 
need for solutions that recognize the interconnections among bioeconomic stability, health, and climate 
change. Harnessing these interconnections presents an opportunity to mitigate climate change impacts 
through sustainable innovations that honor and protect life. While we recognize the urgency and 
opportunities, the crucial question remains: what can an academic consortium do to contribute to 
addressing global bioeconomy challenges for a sustainable future? 

  
FIG 1. (a) A NOAA map shows how sea level rise might affect Connecticut and other parts of the East Coast. (b) A list 
of countries participating in the 2024 NSF Global Centers Program, including their world coastline ranking and the 
year they aim to achieve carbon neutrality. The solid red dots represent foreign institutions and industry partners 
that have provided Letters of Collaboration, from a total of 26 letters received (see pages 378 to 416 of this package).  

1.1 Project Overview and Objective. Motivated by the need for an integrated, holistic approach, the 
proposed NSF Global Center focuses on a polyphyletic group called “algae”, ranging from microscopic 
single-celled forms (plankton) to macroscopic form (seaweed). Both micro- and macro-algae play a crucial 
role in earth ecosystems by capturing about 37 billion metric tons of CO2 annually, ~ 40% of all CO2 
emitted. They do so by contributing > 50% of O2 to our atmosphere. Understanding and cultivating algae 
thus aligns well with the theme of this year’s NSF Global Centers Program “Addressing Global Challenges 
through Bioeconomy.” The objective of our NSF Global Center: Bioeconomy and Transdisciplinary 
Innovations for Durable Ecosystems (BioTIDE) is to accelerate our fundamental understanding in algae 
and apply it as versatile building blocks that are locally-driven, internationally-replicable, and capable of 
achieving a global sustainable bioeconomy.  

1.2 Vision and Mission. The vision for BioTIDE is to advance science-guided, user-inspired research to 
maximize the potential of algae, particularly exploring where combined benefit/product exists in a single 
species/strain, for a carbon-neutral bioeconomy and to build a global community that leverages our 
existing collaborations, expertise, and major projects (~$200M/p19-20) for maximum impact. Our mission 
is to foster an international community to shape and inform algae research leading to translatable 
innovations by integrating social science, technology, workforce development, and education.  

a b 
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1.3 Intellectual Merit.  The proposed activities (Table 1) consist of two technical themes (TT) and two 
crosscutting themes (CT).  Technical theme A (TT A), “Carbon Sequestration and Utilization,” addresses 
the fundamental scientific questions: what are governing factors, mechanisms, and processes that 
determine efficiency and capability of plankton and algae for carbon fixation? Answers to these questions 
will guide flue gas sequestration (TT A2), algae-derived polymeric additives (TT A3) and low carbon 
bioplastics (TT A4). TT B, “Environmental Remediation and Fixation,” will investigate (i) what is the 
fundamental biological origin for the selectivity of transporting ions across cell membranes and (ii) what 
are the electrochemical mechanisms for trans-membrane transport involving coupled ion and mass. 
Answers to those questions will enable us to partner with industry to develop bioremediation, biomining, 
and biofertilizers.  
 Crosscutting Theme A (CT A) will address the fundamental social and human factors that have 
inhibited a close integration of communities and people in the bioeconomy (and physical science in 
general) and crucial innovative approaches to address those challenges. The CT B: “Workforce 
Development and Education,” will be led by Stephany Santos, Director of UConn’s Vergnano Institute for 
Inclusion. Santos is also a professor in biomedical engineering who has spearheaded efforts to drive the 
transformative, systemic, and sustainable changes needed to achieve 100,000 undergraduate and 30,000 
graduate engineering degrees awarded annually to BIPOC (black, indigenous, and other people of color) 
and women students by 2026. 

Table 1. Summary of topic areas, leads, participating institutions, and their publications in relevant areas. 

Topic Areas Leads (institute/publications)  Members and their publications  

TT A1: C-fixation mechanism Rickaby (Oxford3-7) DU8-10, KENTECH11, UConn, SAMS12-16 

TT A2: Flue gas sequestration Luo (UConn17) INU18, 19, CJ, *VTT, *FPU, *UTU20, SAMS 

TT A3: Derived polymeric additives Qiao (UConn21, 22) and Kim (INU23, 24) UConn,25-29 UL, *ÅAU30  

TT A4: Low carbon bioplastics Jin (UMaine31-42) UConn22, 43, *ÅAU44 

TT B1: Coupled transport mechanism Chen (UG45-49) UConn50-53, UL54-57, Oxford58-62, *UTU63 

TT B2: Bioremediation  Cross (SCSU64-66) INU67-75, GUGC, REEgen, UConn 

TT B3: Biomining  Schmitz (REEgen76-79) UConn, UL 

TT B4: Biofertilizer Abbey (DU80-90) VRIC91, 92, INU93-100, NEB, *UTU30 

CT A1: Public engagement/policy Heidkamp (SCSU101, 102) UConn, DU, INU, Oxford, SAMS103, NEB 

CT A2: Social-tech transition Birch (YU104-108) UConn, UMaine, SCSU, Oxford, *EUF109 

CT A3: Public humanities network Ceglio and Ebbin (UConn110-116) DU, INU 

CT B1: Access  UConn Led: The daVinci Program; Aquaculture; STEM k-12 outreach 

CT B2: Inclusive individualized training  DU Led: Partners in Africa & Caribbean; Honoring Indigenous Knowledge 

CT B3: Experiential fieldwork  SCSU led: Student exchange, REU, Seaweed@Dairy Farm 

CT B4: Equitable knowledge sharing  UConn Led: Millbrook First Nations; BioTIDE Global Insights; Industry 

Funded Members. In the USA: University of Connecticut (UConn - PI), Southern Connecticut State University (SCSU), and 
University of Maine (UMaine). In Canada: Dalhousie University (DU - PI), University of Guelph (UG), Vineland Research 
and Innovation Centre (VRIC), and York University (YU). In Republic of Korea: Incheon National University (INU - PI), 
Ghent University Global Campus (GUGC), Korea Institute of Energy Technology (KENTECH), Kyungpook National 
University (KNU), and NEB B&D Center (NEB). In the United Kingdom: University of Oxford (Oxford - PI), Scottish 
Association for Marine Science (SAMS) and University of Leicester (UL).  

*Un-funded partners from Finland or Japan. In Finland: *University of Turku (UTU), *Åbo Akademi University (ÅAU), 
*University of Eastern Finland (EUF), and *VTT Technical Research Centre of Finland (VTT). In Japan: *Fukui Prefectural 
University (FPU). 

1.4 Broader Impacts and Additional Review Criteria. The broader impacts of BioTIDE include:  
(1) Co-generation of knowledge. Led by Heidkamp at SCSU who specializes in transdisciplinary 

action research and engagement101, 102, the BioTIDE team will analyze international algae bioeconomy 
policies with three goals: (1) to identify diverse policy frameworks in various regions and countries, (2) to 
examine public participation in developing these policies, and (3) to analyze how public engagement 
influences the algae bioeconomy’s growth. The BioTIDE team has experience and expertise117, 118 in 
sustainable governance and transdisciplinary action research guide this effort, employing action research 
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cycles that integrate collaborative problem-solving and iterative refinement. 
(2) Broadening and promoting participation. Led by UConn’s Vergnano Institute for Inclusion, the 

BioTIDE Center will develop innovative educational programs and inclusive training modules tailored to 
meet the emerging needs in bioeconomy sectors. We will establish several global initiatives, including: 
BioTIDE Global Insights, the daVinci Program, Aquaculture, and Honoring Indigenous Knowledge. The 
BioTIDE team entails 10 full professors and 10 associate professors, who will mentor 13 early-career 
researchers (of them 15 are female).  Together, they will co-advise 12 graduate students and 50 undergrad 
researchers. Countries, including Kenya, Ghana Jamaica, Saint Lucia, and Croatia, have provided letters of 
collaboration to express their commitment to this BioTIDE effort to achieve sustainable bioeconomy.    

(3) Benefit to society. The crosscutting themes tackle scientific challenges while integrating social 
impacts/perspectives on development and adoption of new technologies and methodologies within the 
bioeconomy to achieve positive community impacts and policy changes. Our proposed research enables 
us to develop sustainable technologies that reduce environmental impact, such as low carbon bioplastics 
and remediation, directly benefiting environmental health and sustainability. 

(4) Global Partnerships: The BioTIDE team is built upon existing collaborations (Table 1) and led 
by University of Connecticut, in collaboration with University of Maine - an NSF Established Program to 
Stimulate Competitive Research - EPSCoR institution, Southern Connecticut State University – a Primarily 
Undergraduate Institution (PUI), and REEgen (a women-led startup company). Our international partners 
include 18 institutions across all 5 participating countries, listed in Table 1 that illustrates the leads of all 
subtopics are from various countries, who will promote and engage international collaborations for 
“advantages of proposed scope, expertise, facilities, and access to specific geographic locations in 
coastlines, to enable advances that could not occur otherwise – NSF 2024 Global Centers Solicitation”.  
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