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Letter from

DAVID BERCOVICI

FOUNDING CO-DIRECTOR

he past year at the Yale Center for Natural Carbon Capture (YCNCC) has been one of
remarkable progress, as well as of challenge, transition, and loss. Through it all, the
Center continues to make great impact in its vital work to advance natural carbon capture
solutions that deliver meaningful social and ecological cobenefits.

First, the losses: Everyone at YCNCC was heartbroken at the untimely passing of our friend and
colleague, YCNCC Faculty and Professor in Earth & Planetary Sciences Matt Eisaman, in February
2025, at the age of 46. Matt was a brilliant scientist and leader in the field of ocean alkalinity
enhancement. He has left both a void and legacy in the Center, and in the international field of
marine carbon dioxide removal. Then, in June, came the very sad news of the passing of FedEx
Founder and Chairman Fred Smith, whose vision and generosity are responsible for YCNCC’s
existence. Our deepest condolences remain with the Smith family and our friends and partners at
FedEx. Additional remembrances of Matt Eisaman and Fred Smith can be found later in this report.

Second, the transitions: June 30, 2025, marked the end of founding YCNCC Co-Director Liza
Comita’s remarkable tenure. Liza was instrumental in helping to build YCNCC from scratch and at
record pace, and especially in shaping its mission and impact. On July 1, we welcomed Yale School
of the Environment (YSE) Professor Peter Raymond as the YCNCC’s new Co-Director. Pete has a
depth of expertise in geochemistry and natural climate solutions, and as a member of the YCNCC
Scientific Leadership team has already been a vital contributor to the Center’s success and impact.
Liza was a wonderful partner in getting the YCNCC oft the ground, and I look forward to working
with Pete to move the Center into its next phase.

Third, the challenges: 2025 brought significant headwinds to YCNCC'’s efforts to advance natural
carbon capture solutions. The U.S. government has made precipitous cuts to the federal funding of
scientific research, which directly impacted YCNCC scientists who had been incredibly successful at
leveraging this funding with Center support. And in June 2025, Congress passed an endowment tax
on institutes of higher education that will translate directly into budget cuts for YCNCC starting in
2026. As the world sees increasing (and predictable) impacts from climate change with catastrophic
flooding events and unprecedented heat waves, now is unfortunately the worst time to divest in
scientific research in climate change mitigation and forecasting (not to mention divesting in the
U.S’s technological advantage). But this is where we are.
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Despite all this, YCNCC scientists have persevered to extend the remarkable record of scientific
advancement, innovation, and impact across the Center’s areas of research focus: Ecosystem
Capture; Geological & Ocean Capture; and Industrial Carbon Utilization. Teams of Yale researchers
continue to work across disciplines, schools, and departments to improve the integrity of forest and
soil carbon crediting; advance the underlying science and early scaling of enhanced weathering and
marine carbon dioxide removal through lab work, instrument development, computer modeling,
and large-scale field programs; and invent novel chemical methods to convert carbon dioxide into
useful products.

As we look forward towards YCNCC'’s fifth anniversary in March 2026, and actively plan the
Center’s operational, research, and fundraising strategies for its next phase of development, we
present this 2025 YCNCC Annual Report and remain committed to sustaining our leadership in the
research, development, and responsible deployment and scaling of natural carbon capture solutions.

DAVID BERCOVICI LIZA COMITA PETER RAYMOND
YCNCC Co-Director Outgoing YCNCC Co-Director Incoming YCNCC Co-Director

Photos courtesy of YCNCC
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EXECUTIVE
SUMMARY

The Yale Center for Natural Carbon Capture (YCNCC) was established in 2021 with a transformative gift from
FedEx, followed by significant additional funding support from Boeing and Southwest Airlines. The Center’s
mission is to advance fundamental and applied science on enhancing natural Earth systems to create safe, effective,
and scalable methods of reducing greenhouse gas concentrations in the atmosphere. The YCNCC mission strongly
emphasizes meaningful ecological and social co-benefits. The Center’s efforts span departments and schools

at Yale, convening faculty, research scientists, postdoctoral researchers, graduate students, and staft to work
collaboratively on natural solutions for climate mitigation.

Fiscal year 2025 (FY25) was a period of accelerating impact, despite encountering a range of significant new
challenges, across the Center’s three areas of focus: Ecosystem Capture, Geological & Ocean Capture, and
Industrial Carbon Utilization. The YCNCC 2025 Annual Report details the Center’s efforts and activities over the
past year, including major accomplishments, research highlights, and planning for YCNCC'’s fifth anniversary, in
March 2026, and the Center’s next phase of development.

Major FY25 YCNCC accomplishments and research highlights include:

+ Strong publication record. YCNCC researchers published over sixty scientific articles in peer-reviewed journals,
which detailed results of YCNCC-funded research on ecosystem, geochemical, and industrial carbon capture.
These publications included studies of soil organic carbon cycling; forest dynamics in the Brazilian Amazon,;
methane fluxes in terrestrial and coastal ecosystems; mangrove resilience in the Florida Everglades; reducing
uncertainties relating to the measurement of enhanced weathering; factors affecting ocean uptake of carbon
dioxide; and carbon dioxide conversion into formate, methanol, and other valuable products.

+ Leadership on enhanced weathering. YCNCC scientists continued to lead on advancing enhanced weather-
ing from research to deployment, operating over 25 U.S. field trials, including two new sentinel sites and a
multi-institution research consortium in partnership with Microsoft and enhanced weathering project develop-
ers. Additionally, Mati Carbon, a startup non-profit based on YCNCC research, won the $50 million XPRIZE
Carbon Removal to advance its mission to advance deployment of enhanced weathering with smallholder farm-
ers in the Global South to gigaton scale.

+ Improved carbon accounting for forests and soils. The Yale Applied Science Synthesis Project (YASSP) part-
nered with the Environmental Defense Fund (EDF) to publish a milestone white paper on the need for robust
empirical evidence to support the use of biogeochemical modeling in protocols that measure the efficacy of soil
carbon projects. YASSP also partnered with The Nature Conservancy (TNC) to launch Science for High-Integ-
rity Frameworks to Transform Carbon Markets (SHIFT-CM) with the objective to improve confidence in the
climate outcomes of reforestation projects and other natural climate solutions.

» Foundation for scalable mCDR monitoring, reporting, and verification. YCNCC marine carbon dioxide removal
(mCDR) scientists won new funding for their work, including a Roberts Innovation Award for YCNCC Faculty
and Associate Professor of Chemical & Environmental Engineering David Kwabi’s research on photochemical
capture of carbon dioxide from seawater; a grant from Builders Initiative to explore the opportunity to quantify



https://naturalcarboncapture.yale.edu/
https://naturalcarboncapture.yale.edu/explore-all/ecosystem-capture
https://naturalcarboncapture.yale.edu/explore-all/geological-ocean-capture
https://naturalcarboncapture.yale.edu/explore-all/industrial-carbon-utilization
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ocean alkalinity enhancement (OAE) from mangrove restoration; and a Phase 1 Award from the Bezos Earth
Fund AT for Climate and Nature Grand Challenge to apply novel machine learning technology to the monitor-
ing, reporting, and verification (MRV') of OAE and other geochemical mCDR methods.

+ Innovative methods for CO, utilization. YCNCC researchers developed new industrial carbon utilization
pathways, including converting carbon dioxide to plastics, chemicals, and fuels. Faculty Affiliate and Assistant
Professor of Chemical & Environmental Engineering Lea Winter won two major awards for her research
into plasma electrolysis that has been supported in part with YCNCC funding, including a U.S. Department
of Energy Early Career Research Program Award and the Beckmann Young Investigator Award. Scientific
Leadership Team member and Yale Vice Provost for Planetary Solutions Julie Zimmerman led a YCNCC-
funded workshop that culminated in a peer-reviewed survey of carbon utilization pathways for the American
Chemical Society.

+ Commercialization and scaling. YCNCC-connected startups BlueShift Carbon and CREW Carbon raised new
seed investment rounds totaling $7.4 million. Additionally, CREW Carbon, Ebb Carbon, and Lithos Carbon
closed significant commercial offtake agreements for the sale of carbon credits to the Frontier Climate Fund
(CREW) and Microsoft (Ebb and Lithos). Mati Carbon secured an innovative, first-of-its-kind debt facility
with J.P. Morgan, backed by credit support from the Schmidt Family Foundation.

« Impactful expert convenings. The Center leveraged its convening power to bring together over one thousand
attendees from academia, industry, government, civil society, and the Yale community at YCNCC events.
These experts explored and discussed opportunities to advance natural climate mitigation solutions at seven
funded workshops, the Fall Research Showcase, the Spring Symposium (held this year in conjunction with Yale
Climate Day), panels and presentations associated with YCNCC'’s inaugural Visiting Scholar, and various other
talks and seminars.

Despite growing political and economic headwinds, including significant U.S. government deprioritization

of climate science funding and policy support for climate mitigation, YCNCC scientists continued to attract
new funding, and to deliver remarkable results and impact from their work. As the Center approaches its fifth
anniversary, YCNCC’s Directors are actively planning and preparing to implement research, operational, and
fundraising strategies for the Center’s next phase of development, with a strong continued commitment to the
responsible implementation and scaling of natural solutions to mitigate climate change, and the delivery of real-
world impact this decade.
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ll RESEARCH UPDATES

Over the course of FY25, the YCNCC has continued to advance groundbreaking research across the Center’s
three areas of focus: Ecosystem Capture, Geological & Ocean Capture, and Industrial Carbon Utilization. YCNCC
scientists published 63 peer-reviewed articles and attracted more than $12.5 million in new and continuation
funding for major projects and initiatives.

The 22 research projects funded by YCNCC over the course of fiscal years 2023 and 2024 have continued to yield
new peer-reviewed publications (listed in Appendix A) and other impacts, and the Center provided additional
funding to scale several major initiatives, including Blue Carbon, Enhanced Weathering, Marine CDR, and the
Yale Applied Science Synthesis Program (YASSP). Renovation of the YCNCC'’s future home in Osborn Memorial
Laboratories broke ground in Spring 2025 and is expected to be completed by Summer 2027. (See Appendix D
for additional infrastructure updates.)

The following sections highlight key research advancements across YCNCC'’s core focus areas and major
initiatives.

RESEARCH IMPACT

FY25 Scientific
Publications

63

TOTAL

s36M

Amount of funding
obtained to date
for follow-up studies

10 20

Industrial Geological Ecosystem
Carbon & Ocean Capture
Utilization Capture
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ECOSYSTEM CAPTURE

Ecological systems, including forests, grasslands, agricultural lands, and wetlands, absorb atmospheric carbon
dioxide through photosynthesis and store the captured carbon in biomass. The opportunity to scale and enhance
the carbon sequestration from these natural ecosystems remains a core focus for YCNCC.

Major initiatives in this area include the Center’s Blue Carbon Project and YASSP. Other FY25 YCNCC Ecosystem
Capture research highlights include:

* YCNCC Faculty and Yale School of the Environment (YSE) Associate Professor Paulo Brando advanced his
research on tropical deforestation, landscape degradation, and sustainable agriculture in Brazil. The Brando Lab
published five peer-reviewed articles in FY25, won a $100,000 Yale Planetary Solutions Acceleration Grant,
and convened researchers, practitioners, civil society, and indigenous leaders for workshops in Brazil ahead of
COP30 in Belém in November 2025.

* YCNCC Faculty and YSE Assistant Professor Sparkle Malone published four peer-reviewed articles relating to
her investigations of how climate, hydrology, and land management advance ecosystem structure and function.
Malone’s work looked at carbon dioxide and methane exchanges between ecosystems and the atmosphere, and
how these fluxes are altered by climate and disturbance. Malone Lab had robust presence at both the American
Geophysical Union 2024 (AGU24) meeting and the American Meteorological Society 2025 Denver Summit.

* YCNCC Faculty and Earth & Evolutionary Biology Assistant Professor Eric Slessarev published five peer-
reviewed articles on the role of soil in terrestrial ecosystems and gave an impactful presentation at AGU24 on
how calcium creates carbon-rich grassland soils. Slessarev additionally continued his Department of Energy
collaboration with Lawrence Livermore National Laboratory investigating soil-based climate mitigation
strategies, however this funding is at risk for FY26 due to changes in U.S. federal policies.

* YCNCC Postdoctoral Fellow Mariela Garcia Arredondo published two peer-reviewed articles and partnered
with Yale Pathways for Science to develop a summer course for New Haven High School students titled “Soil
Microbes and Their Contribution to Agriculture.”

* YCNCC Postdoctoral Fellow Shangshi Liu authored a peer-reviewed article in Nature Communications on the
opportunity to “stack” multiple natural carbon capture solutions on a single agricultural site - an important
initial exploration of an opportunity for cross-cutting impact across multiple areas of YCNCC research.



https://naturalcarboncapture.yale.edu/explore-all/ecosystem-capture/blue-carbon
https://synthesis.yale.edu/
https://naturalcarboncapture.yale.edu/people/leadership#:~:text=and Ecosystem Ecology-,Paulo Brando,-(Link is external
https://campuspress.yale.edu/brandolab/  
https://naturalcarboncapture.yale.edu/people/leadership#:~:text=Professor of Hydrology-,Eric Slessarev,-(Link is external
https://ui.adsabs.harvard.edu/abs/2024AGUFMB41D...07S/abstract
https://naturalcarboncapture.yale.edu/people/postdoctoral-fellows-and-research-scientists#:~:text=Mariela Garcia Arrendondo
https://naturalcarboncapture.yale.edu/people/postdoctoral-fellows-and-research-scientists#:~:text=Postdoctoral Fellow-,Shangshi Liu,-(Link is external
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YCNCC Faculty Eric Slessarev and YCNCC Postdoctoral Fellow Mariela Garcia
Arredondo collecting soil samples at the Mclaughlin Reserve in California

Courtesy of Slessarev Lab
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BLUE CARBON PROJECT

YCNCC’s Blue Carbon Project is working to advance our scientific understanding of the carbon sequestration
potential of mangroves, seagrass meadows, and salt marshes to support and inform efforts to protect, restore, and
enhance these vital ecosystems. These systems offer significant means of carbon sequestration, as they naturally
draw carbon dioxide from the atmosphere and store it within underlying marine sediments. Blue carbon not only
supports diverse assemblages of marine and coastal species, including those crucial to commercial fisheries, but also
contributes to shoreline stabilization and provides natural buffers against storm surges.

Over the course of FY25, the Blue Carbon Project, led by incoming YCNCC Co-Director and YSE Professor Peter
Raymond, made important progress on several fronts:

« Launched in January 2023, the Blue Carbon Timescale Network (BCTN) provides free radiocarbon analyses of
sediment samples from mangroves, saltmarshes, and seagrass meadows using the Mini Carbon Dating System
(MICADAS), which was purchased for Yale’s
Analytical and Stable Isotope Center (YASIC)
with YCNCC funds. The network has expanded to
over thirty collaborators (over twenty of whom are
early-career) and has analyzed samples from blue
carbon ecosystems around the world, including sites
in the United States, Brazil, Colombia, Ecuador,
Galapagos, Greece, Guinea, Indonesia, Italy,
Malaysia, Maldives, Sierra Leonne, South Africa, and
the United Kingdom.

* YCNCC’s Blue Carbon Project team, in collaboration
with Yale Advanced Prototyping Center, is
developing a low-cost, remote-capable field unit
for automated alkalinity titrations, featuring real-
time data transmission and cloud-based logging.
Two units are ready for deployment at Plum Island
Long Term Ecological Research (LTER) sites. A
provisional patent has been filed for the system,
marking progress toward more accessible coastal
carbon monitoring tools. In parallel, Yale scientists
are partnering with the startup Aquatic Labs, who
are developing real-time remote alkalinity sensors,
to assess the potential utility and suitability of
their technology for monitoring, reporting, and
verification of geochemical marine carbon dioxide
removal (mCDR).

N

YCNCC graduate researcher Nikki Zhang
collecting sediment cores for radiocarbon dating
at the East River Marsh CT field site

* YCNCC researchers are studying alkalinity Courtesy of Raymond Lab
production in blue carbon systems through ongoing
fieldwork at Plum Island and the Florida Everglades LTER sites. Two modeling efforts are underway, including
NSF-funded research on the link between marsh flooding and alkalinity at Plum Island and a second proposal
planned for submission in August. $289,000 in new FY26-27 funding from the Builders Initiative is supporting
the development of standardized protocols to integrate alkalinity generation into mCDR accounting frameworks.



https://naturalcarboncapture.yale.edu/explore-all/ecosystem-capture/blue-carbon
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https://bctn.research.yale.edu/
https://news.yale.edu/2022/12/16/micadas-touch-carbon-dating-climate-solutions
https://research.yale.edu/cores/yasic
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https://www.aquatic-labs.com/
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YALE APPLIED SCIENCE SYNTHESIS PROGRAM

The Yale Applied Science Synthesis Program (YASSP) connects academic researchers, policymakers,
practitioners, and land stewards to address applied questions concerning the impacts of land management
decisions on the delivery of ecosystem services across forests, croplands, wetlands, rangelands, and
grasslands. Widespread interest in leveraging forest and agricultural systems for climate mitigation and
adaptation has focused YASSP’s efforts on forested and agroecosystems in both tropical and temperate
regions.

Led by YSE Professor Mark Bradford and YCNCC Research Scientist Sara Kuebbing (both YCNCC Scientific
Leadership Team members), YASSP collaborates with a range of for-profit and nonprofit organizations
seeking to make evidence-based decisions regarding sustainable land use. The program is committed to
producing open-access, public-good research that supports broad dissemination and uptake of its findings.
Emphasis is placed on understanding the regional context within which land management decisions are made
in order to enhance outcomes for carbon storage, sustainable food production, and biodiversity conservation.

YASSP works on projects that 1) use real-world and synthetic data sets to model potential carbon gains in
response to ecosystem management changes; 2) review current methods and approaches, and development
of more rigorous approaches, for measuring carbon gains in response to ecosystem management; and 3)
convene and engage researchers, practitioners, and policymakers to bring the best available science to land
management.

FY25 RESEARCH AND IMPACT HIGHLIGHTS INCLUDE:

* YASSP researchers and partners at Environmental Defense Fund (EDF) published a white paper and peer-
reviewed manuscript outlining how empirical measure-and-remeasure projects appear scientifically feasible
at regional agricultural scales with current best practices for soil sampling and carbon analysis. The white
paper, based on a YCNCC-funded workshop, has prompted engagement with commercial carbon credit
registries and governments, including the European Union, on the need for robust empirical evidence to
support biogeochemical modeling of the efficacy of soil carbon projects.

« In partnership with The Nature Conservancy, YASSP launched Science for High-Integrity Frameworks to
Transform Carbon Markets (SHIFT-CM) at the April 2025 North American Carbon World conference.
A YCNCC-funded workshop in November 2024 convened researchers, practitioners, and civil society to
identify priority research needs to inform SHIFT-CM, with the objective to build independent, transparent
tools and methods that improve confidence in the mitigation outcomes and other benefits of natural climate
solutions.

+ Kuebbing co-authored a peer-reviewed manuscript and companion white paper (published by Clean Air
Task Force) that evaluated twenty forest carbon credit protocols across voluntary and compliance markets
in North America. The study assessed how different methodological choices across protocols affect crediting
outcomes and made recommendations for how to improve protocols going forward.

+ In May 2025, Bradford and Kuebbing additionally co-authored a Comment in Nature Climate Change
highlighting the opportunity for “forest-based agroforestry” to generate carbon, ecosystem, and socio-
economic benefits.



https://synthesis.yale.edu/
https://naturalcarboncapture.yale.edu/people/leadership#:~:text=Scientific Leadership Team-,Mark Bradford,-(Link is external
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https://www.forestcarbonprotocols.org/wp-content/uploads/2025/05/Forest-Carbon-Credit-Protocols-Assessment-Report.pdf
https://www.nature.com/articles/s41558-025-02344-8
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+ YASSP hired five full-time staff to conduct mission-based research and expand its capacity for responsiveness
to the fast-paced field of land management and nature-based carbon solutions. The Program held its first
Strategic Planning meeting in June 2025 to establish research directives surrounding its newly enlarged

research team’s core competencies and set goals for achieving on one year and five-year program development
timescales.

* YASSP secured $750,000 in new private foundation support, along with an additional $100,000 in smaller
donations, to supplement its YCNCC funding.

vALED

FORESTRY

Mark Bradford, Sara Kuebbing, and the YASSP team at the Program’s June 2025
strategic planning meeting in Old Saybrook, CT

Courtesy of YASSP
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GEOLOGICAL & OCEAN CAPTURE

The Earth’s crust and ocean are the largest reservoirs of carbon on Earth’s surface. The geological carbon

cycle naturally removes carbon dioxide from the atmosphere for storage in these pools, regulating global
temperature at million-year timescales. YCNCC scientists are developing innovative methods to accelerate
natural geochemical processes to reduce atmospheric concentrations of greenhouses gases on much more rapid
timescales. YCNCC'’s major Geological & Ocean Capture research initiatives are Enhanced Weathering and
Marine Carbon Dioxide Removal.

ENHANCED WEATHERING INITIATIVE

Enhanced weathering (EW) is a promising natural solution for durable carbon dioxide removal (CDR) that
builds on the longstanding practice of applying crushed rock, such as limestone, to agricultural lands to mitigate
soil acidification. EW uses the same method to accelerate the Earth’s geological carbon cycle by spreading finely
ground alkaline material (e.g., silicate rock such as basalt) over agricultural fields. In addition to reducing

soil acidification, the crushed rock reacts with carbon dioxide in soil to form stable bicarbonate ions that are
transported via river systems and eventually stored in the ocean for millennia.

EW takes advantage of infrastructure and supply chains from mining and agriculture to offer great potential for
widespread deployment, scalability, and low cost — along with the potential to deliver substantial co-benefits

to farmers, agriculture, and ecosystems. YCNCC scientists continue to advance pioneering EW research, while
proactively engaging with EW startups, the mining and agriculture sectors, and corporate CDR buyers. Led by
Earth & Planetary Sciences Professor Noah Planavsky, incoming YCNCC Co-Director and YSE Professor Peter
Raymond, and YSE Professor Jim Saiers, EW remains a core YCNCC priority, wherein the Center is delivering
substantial real-world climate impact.

FY25 RESEARCH AND IMPACT HIGHLIGHTS INCLUDE:

+ YCNCC researchers instrumented the EW field trial at the Center’s 150-acre W-2 Sentinel Site in Vermont
with a suite of monitoring infrastructure. Researchers initiated semi-annual soil and vegetation sampling
across 64 sites, alongside groundwater, streamwater, and storm-event sampling, with over 450 tons of basalt
applied to pasture and hayfield areas to test EW outcomes at watershed scale. Early findings show modest but
measurable increases in streamwater alkalinity and calcium, with soil results indicating improved fertility and

reduced acidity, varying by land cover type.

+ A new Sentinel Site was established in Southside Virginia, near the Sunrock Butner basalt quarry, in
partnership with Lithos Carbon and Microsoft. Spanning 3,000 acres, the site represents one of the most
extensive EW deployments to date. Over 2,500 soil samples have been collected and analyzed from cropland
planted with corn and soy, and the site is equipped with in situ CO, sensors, soil gas flux chambers, and water
monitoring networks. In addition to EW deployment, YCNCC scientists are testing co-application of biochar,
compost, and manure with integrated and comprehensive tracking of biogeochemical processes and carbon
fluxes in an applied agricultural setting.

+ YCNCC scientists operated 25+ additional U.S. field trials, including a second new Sentinel Site in Roxbury,
Connecticut, where baseline soil sampling was completed prior to an initial amendment application in June
2025. The site received three treatments: low lime, high lime, and basalt. Post-amendment sampling is
scheduled to begin in fall 2025 to assess soil response and CDR potential.



https://naturalcarboncapture.yale.edu/explore-all/geological-ocean-capture/enhanced-weathering
https://naturalcarboncapture.yale.edu/explore-all/geological-ocean-capture/marine-carbon-dioxide-removal
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+ YCNCC researchers have advanced the Center’s EW modeling and instrumentation capabilities through
significant advancements of the Adaptive Terrestrial Simulator (ATS), dynamic river and reactive transport
modeling, and other novel measurement and monitoring technologies which have provided critical insights into
hydrology, stream chemistry, and mineral weathering interactions. The development of a hybrid Autolysimeter
and low-power alkalinity sensors, as well as the expanded use of COz2 sensors at research sites, have collectively
enhanced real-time monitoring of soil-water fluxes, solute fluxes, weathering signals, and carbon flux.

+ In May 2025 Planavsky Lab received $200,000 in startup funding from the Schmidt Family Foundation to
fund a demonstration at Fable Farmstead in Freeport, Maine of a novel “carbon farming” technique to remediate
PFAS contamination of croplands using a combination of EW, cultivation of hyperaccumulator plants (e.g,
sunflower or hemp), thermal degradation of PFAS via pyrolysis, and reapplication of the resulting biochar to
the contaminated field. The objective of the demonstration is to validate the technique for application across the
millions of acres of U.S. farmland contaminated by PFAS and deliver low-cost carbon credits at scale with the
co-benefit of PFAS remediation.

+ YCNCC scientists advise leading agricultural EW startups including Lithos, Silica, and Mati Carbon, as well as
CREW Carbon, which integrates EW with wastewater treatment systems. (See page 16 for details on Mati’s
April 2025 award of the $50 million XPRIZE Carbon Removal.) YCNCC scientists continue to research
the opportunity to integrate EW into large-scale industrial and agricultural processes, including wastewater
treatment and irrigation systems.

+ YCNCC is training the next generation of EW scientists. Yale graduates are already serving important roles
at EW startups, CDR registries, government agencies, environmental nongovernmental organizations, and
other research institutions. In the Spring of 2025, YCNCC researchers convened a public online seminar, in
conjunction with a YSE course, that drew thousands of viewers to learn more about EW.

+ YCNCC EW researchers published eleven articles for peer-reviewed scientific journals and had significant
presence at academic meetings including AGU24, the Gordon Research Conference, the Conference of the
European Geophysical Union, Goldschmidt, and ERW25 at the University of Antwerp.



https://iopscience.iop.org/article/10.1088/1748-9326/ada398
https://gmd.copernicus.org/articles/17/4515/2024/
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Soil chambers in a basalt-amended soy field at YCNCC's Southside Virginia Sentinel Site
Courtesy of YCNCC graduate researcher Ella Milliken
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Mati Carbon Wins the $50 million
XPRIZE Carbon Removadl

E3PRIZE - PRIZEM N

YCNCC Scientific Leadership Team member and Earth & Planetary Sciences Professor
Noah Planavsky (second from left) with the Mati Carbon team at the XPRIZE award
ceremony at the New York Stock Exchange, April 22, 2025

On Earth Day, April 22, 2025, XPRIZE officials announced that Mati Carbon, a non-profit EW project
developer based in YCNCC research led by Earth & Planetary Sciences Professor Noah Planavsky, won
the XPRIZE Carbon Removal competition’s grand prize of $50 million. More than 1,300 groups from 88
countries took part in the competition, which required teams to create and demonstrate a system for pulling
CO, directly from the atmosphere or oceans and durably sequester it. Planavsky, along with his lab group,
developed the methods to track carbon fluxes that Mati Carbon used in pilot programs. Planavsky also

serves as head of Mati Carbon’s science advisory board.

Mati’s mission is to deliver gigaton-scale carbon removal via EW by 2050, with a strong focus on
improving soil health for smallholder farmers in the Global South. These farmers often have limited funds for
fertilizer and other soil amendments and are increasingly at risk of suffering from climate hazards including
extreme heat, drought, and flooding. The nonprofit has initiated trials in India, Tanzania, and Zambia, and
plans to use the XPRIZE funds to accelerate the scale of its deployment and expand to additional Global
South geographies.

“This prize is an affirmation of the importance of creating a pathway to scale high-integrity durable carbon
dioxide removal that can bring benefits to some of the people most affected by climate change,” Planavsky
told Yale News. “The Mati Carbon team has put in a fremendous amount of work. This investment will allow
Mati to bring costs down as they scale up their efforts in a meaningful way.”



https://www.mati.earth/
https://www.xprize.org/prizes/carbonremoval
https://news.yale.edu/2025/04/23/yale-related-nonprofit-wins-global-carbon-removal-prize
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MARINE CDR INITIATIVE

The ocean is a significant natural ally in the global effort to scale carbon dioxide removal (CDR). Covering over
70 percent of the Earth’s surface, the ocean offers the largest natural reservoir for carbon storage, absorbing
approximately 25 percent of anthropogenic carbon dioxide emissions annually. This natural ability to draw down
and store carbon dioxide makes the ocean a potentially massive contributor to global climate mitigation.

Led by Earth & Planetary Science (EPS) Professor Mary-Louise Timmermans and Assistant Professor Elizabeth
Yankovsky, with YCNCC Faculty and Chemical & Environmental Engineering Associate Professor David Kwabi,
YCNCC’s Marine Carbon Dioxide Removal (mCDR) Initiative is working to explore this opportunity. YCNCC
Faculty and EPS Associate Professor Matthew Eisaman had been a major contributor to the Center’s mCDR work,
and to the larger mCDR field, before his untimely passing in March 2025. For a further remembrance of Matt,
and what he meant to YCNCC, see page 19 of this report.

The YCNCC mCDR Initiative brings together a multidisciplinary research team to explore a range of mCDR
approaches including ocean alkalinity enhancement (OAE) and direct ocean removal (DOR) of carbon dioxide
from seawater. Both OAE and DOR enhance and accelerate the ocean’s drawdown of atmospheric CO, for
storage in the form of bicarbonate ions, which remain stable for up to 10,000 years. OAE does this by adding
alkalinity (in mineral form or via electrochemistry) to the ocean; DOR uses electro- or photochemistry to
remove CO, from seawater. In addition to CDR, both OAE and DOR can mitigate ocean acidification local to
their deployment which has potential benefits to ecosystems, aquaculture, and commercial fisheries. YCNCC
scientists are actively exploring these strategies’ potential to deliver gigaton-scale durable CDR by midcentury,
as well as their ecological impacts and co-benefits.

FY25 RESEARCH AND IMPACT HIGHLIGHTS INCLUDE:

+ YCNCC mCDR scientists published nine articles in peer-reviewed scientific journals and had substantial
presence at AGU24 and other academic meetings.

+ David Kwabi was awarded a $50,000 Yale Engineering Roberts Innovation Fund grant to advance his
pioneering research into photochemical DOR. Incoming YCNCC Co-Director and Yale School of the
Environment (YSE) Professor Pete Raymond led a team of graduate researchers to win a $100,000 Yale
Planetary Solutions Acceleration Grant to continue the Center’s research into real-time alkalinity sensors and
other instrumentation necessary for measurement of mCDR efficacy.

+ AYCNCC research team led by Elizabeth Yankovsky and YCNCC Data Scientist Luke Gloege advanced
to Phase 2 of the $100 million Bezos Earth Fund AI for Climate and Nature Grand Challenge. The
YCNCC project aims to leverage machine learning to bridge modeling across scales, unlocking monitoring,
reporting, and verification (MRV) for mCDR. The team submitted their Phase 2 proposal in June 2025, in
competition with 23 other teams for up to $2 million of initial funding.

* YCNCC researchers led by Mary-Louise Timmermans conducted a comprehensive study on the global
variability and drivers of carbon dioxide exchange between the atmosphere and the ocean. These new
findings revealed a hybrid regime influenced by seasonally varying factors that leads to high CO, uptake
rates, particularly in regions with strong eddy currents. Subsequent analysis demonstrated that these small-
scale ocean motions significantly impact CO, exchange and indicated the crucial role of these dynamics in the
ocean’s carbon absorption capabilities.



https://earth.yale.edu/profile/mary-louise-timmermans
https://naturalcarboncapture.yale.edu/people/leadership#:~:text=Assistant Professor-,Elizabeth Yankovsky,-(Link is external
https://naturalcarboncapture.yale.edu/people/leadership#:~:text=Assistant Professor-,Elizabeth Yankovsky,-(Link is external
https://engineering.yale.edu/research-and-faculty/faculty-directory/david-kwabi
https://naturalcarboncapture.yale.edu/posts/2025-03-06-matthew-eisaman-in-memoriam
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« Timmermans Lab scientists explored the physics underpinning mineral OAE (i.e., the addition of mineral
alkaline particles into the ocean), a high-potential mCDR approach. The effectiveness of mineral OAE
depends on particle settling rates, which the research found to be much faster in dynamic, stratified ocean
environments compared to stagnant conditions. Through a series of two- and three-dimensional numerical
experiments, the researchers quantified the effective settling velocities and demonstrated that while settling
rates are generally rapid, steady background flows can slow them down, emphasizing the need to consider
diverse oceanic conditions for optimizing this CDR strategy.

« Timmermans Lab additionally used biogeochemical models to analyze and compare the carbon removal
efficiency of OAE and DOR globally and seasonally, with a particular focus on the largely unstudied Arctic
Ocean. The research extends previous global atlas studies to high-latitude polar regions, revealing that the
Arctic’s unique dynamical regime, characterized by evolving ice cover and shallow mixed layers, presents
distinct challenges and opportunities for marine carbon sequestration strategies.

Turbonilla, the Yale Peabody Museum’s research vessel, docked at Yale’s Horse Island field site

Courtesy of YCNCC graduate researcher Nico Theunissen
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INDUSTRIAL CARBON UTILIZATION

Carbon is a core building block for many everyday products. Currently, most of this carbon is derived from fossil
sources. YCNCC supports research across departments and schools at Yale into novel ways to convert captured
carbon dioxide into useful products, including fuels, plastics, building materials, and other industrial inputs.

YCNCC'’s Industrial Carbon Utilization (ICU) Initiative brings together scientists from Yale’s Department of
Chemistry and School of Engineering & Applied Sciences to collaborate on research and host workshops and
other convenings. Over the course of the past year, significant progress was made to advance innovative research,
development, and commercialization of ICU solutions.

FY25 RESEARCH AND IMPACT HIGHLIGHTS INCLUDE:

+ YCNCC Faculty David Kwabi and Faculty Affiliate and Assistant Professor Lea Winter, both in the Department
of Chemical & Environmental Engineering, were awarded a $100,000 Yale Planetary Solutions Acceleration
Grant to advance their collaborative research on “Biphasic Carbon Capture and Conversion Using Proton-
Coupled Electron Transfer.” The project will develop a potentially transformative new electrochemical process
targeting high efficiency for the combined capture and conversion of carbon dioxide into valuable chemicals.

+ Lea Winter received a U.S. Department of Energy 2024 Early Career Research Program Award titled “Tuning
Electrocatalytic Reduction of Plasma Pre-Activated CO, Toward Multi-Carbon Products.” The award provided
$995,593 to build on research funded by a YCNCC seed grant. The reactor developed by Winter with YCNCC
funding also led to her receiving a Beckman Young Investigator Award in June 2024. This project proposes a
new method of producing ammonia for fertilizer, addressing the challenge of reducing carbon emissions while
increasing global access to fertilizer.

* YCNCC Scientific Leadership Team member and Chemistry Department Chair Nilay Hazari unveiled a method
that employs a novel immobilized catalyst, developed in his lab, to convert carbon dioxide into formate, a value
chemical with a range of industrial applications. In addition to peer-reviewed publications, the discovery was
featured by several popular media outlets, including an appearance by Hazari on the Dateline New Haven
podcast.

* YCNCC Faculty Affiliate and Chemistry Professor Hailiang Wang advanced his research on carbon dioxide
conversion to methanol, which has been spun out of Yale as the startup Oxylus Energy, by developing a novel
“two-in-one” dual-site catalyst that significantly increases the efficiency of the process. The research was
published in February 2025 in Nature Nanotechnology. In May 2025, Wang additionally won the prestigious
Caltech National Brown Investigator Award which provided $2 million in new funding to advance Wang’s
pioneering electrocatalysis research.

* YCNCC Scientific Leadership Team member and Yale Vice Provost for Planetary Solutions Julie Zimmerman
convened a workshop alongside the American Chemical Society (ACS) Green Chemistry and Engineering
Conference to strategize communication around green chemistry solutions for major COO-emitting sectors. In
follow-up to this initial meeting, an international collaboration supported by YCNCC produced an open-access
publication on chemical CO, utilization, featured on the cover of the January 2025 issue of ACS Sustainable
Chemistry & Engineering, and presented at major conferences in Belfast, Pittsburgh, and Stockholm.



https://engineering.yale.edu/research-and-faculty/faculty-directory/david-kwabi
https://engineering.yale.edu/research-and-faculty/faculty-directory/lea-r-winter
https://engineering.yale.edu/news-and-events/news/cristina-rodriguez-and-lea-winter-win-beckman-award
https://chem.yale.edu/profile/nilay-hazari
https://www.youtube.com/watch?v=BokPZuvhsHg
https://chem.yale.edu/profile/hailiang-wang
https://oxylusenergy.com/
https://www.nature.com/articles/s41565-025-01866-8
https://environment.yale.edu/news/article/can-we-make-useful-products-carbon-dixoide
https://environment.yale.edu/news/article/can-we-make-useful-products-carbon-dixoide
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Faculty Affiliate Lea Winter with graduate researcher Kelby Anderson working on
YCNCC-unded research on plasma reactors for carbon dioxide conversion

Courtesy of Tanner Pendleton for Winter Lab
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UPDATES FROM YCNCC-
CONNECTED STARTUPS

BlueShift Carbon BLU Es HIFT

BlueShift Carbon was co-founded in July 2024 by YCNCC Faculty and

Chemical & Environmental Engineering Associate Professor David Kwabi. The company’s objective is
to enable cost-effective carbon removal and critical mineral extraction using advanced electrochemical
processes.

KEY FY25 MILESTONES INCLUDE:

+ Launched the company publicly and announced a $2.1 million seed round of investment led by
ConocoPhillips Tech Ventures.

+ Won the Massachusetts Climate Innovation of the Year award in May 2025.

+ Awarded a catalytic prepurchase of CDR credits in June 2025 from the Milkywire Climate
Transformation Fund.

CREW Carbon CREW

CREW Carbon was co-founded by Joachim Katchinoff (PhD 2022) » C A R B 0 N

and YCNCC Scientific Leadership Team member and Earth & Planetary
Sciences Professor Noah Planavsky. The company has developed an engineered enhanced weathering
(EW) technology for permanent and verifiable CO, removal in wastewater systems.

KEY FY25 MILESTONES INCLUDE:

+ Closed a $5.3 million seed investment round in October 2024, led by Counteract Partners with
participation from the Connecticut Innovations Fund and Yale Ventures.

+ Signed a $32 million offtake agreement with the Frontier Climate Fund in December 2024 to deliver
71,878 tons of CDR between 2025-2030, with the first verified credits delivered in May 2025.

+ YCNCC Co-Director Pete Raymond joined CREW’s Scientific Advisory Board.

Ebb Carbon

Ebb Carbon was co-founded by YCNCC Faculty and EPS Professor Matthew ®
Eisaman. Based on Eisaman’s pioneering research, the company has created a system Sl —
for storing atmospheric carbon dioxide in seawater while reducing ocean acidity.

Carpo®
KEY FY25 MILESTONES INCLUDE: '

+ Signed an offtake agreement with Microsoft in October 2024 to deliver 350,000 tons of CDR over the
next ten years, the largest mCDR credit sale to date.

+ Secured a first-of-its-kind U.S. Environmental Protection Agency National Pollutant Discharge Elimination
System (NPDES) permit in February 2025 for its pilot Project Macoma in Port Angeles, WA.



https://www.buildblueshift.com/
https://www.crewcarbon.com/
https://www.ebbcarbon.com/
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Lithos Carbon

Lithos Carbon was co-founded by Mary Yap (BA 2021) and YCNCC’s e L I T H O s

Noah Planavsky. The company accelerates the Earth’s natural carbon cycle
by deploying EW in agriculture to permanently remove CO, from the atmosphere and improve crop yields
and soil health for farmers.

KEY FY25 MILESTONES INCLUDE:

+ Signed a significant offtake agreement with Microsoft in September 2024 to deliver EW CDR credits in
partnership with a research consortium led by YCNCC’s Noah Planavsky.

Mati Carbon ~ M t *
Mati Carbon removes CO, from the atmosphere via deployment of EW with U a I

smallholder farmers in the Global South, with a strong focus on improving soil
health. YCNCC’s Noah Planavsky co-invented Mati’s isotope dilution technology and chairs the Scientific
Advisory Board of the nonprofit startup.

KEY FY25 MILESTONES INCLUDE:
+ Won the $50 million XPRIZE Carbon Removal in April 2025.

+ Signed an innovative, first-of-its-kind debt facility in May 2025 with J.P. Morgan, backed by credit
support from the Schmidt Family Foundation.

Oxylus Energy W
~ D

Oxylus Energy is a New Haven, CT based startup founded on research o

sponsored in part by YCNCC from Yale Chemistry Professor Hailiang -:) Xyl us Znergy
Wang, who serves as the company’s Scientific Advisor. The company is

developing a highly efficient and scalable electrolyzer technology to transform CO, into green methanol.

KEY FY25 MILESTONES INCLUDE:

+ Selected in March 2025 for RMI and Third Derivative’s second Industrial Innovation Cohort.

+ Won first place in the May 2025 Yale Innovation Summit Climate Pitch Competition.

« Completed the NY State Energy Research & Development Authority’s C2V Initiative Year 4 Cohort in
May 2025.



https://www.lithoscarbon.com/
https://www.mati.earth/
https://oxylusenergy.com/
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PROGRAMS
AND ACTIVITIES

Postdoctoral Fellowships

Attracting and supporting early career researchers who bring novel ideas and perspectives to Yale and the Center is
a key mechanism for delivering innovative and cutting-edge climate solutions science and expanding the portfolio
of the Center. To this end, YCNCC funds two postdoctoral fellowships per year, with three new Fellows joining
and two concluding their tenure in FY25. The Center additionally appoints one Yale postdoctoral associate or
research scientist each year to serve as Industry Fellow, with a particular focus and interest to engage with YCNCC
corporate and industry partners to advance their research.

THE FY25 YCNCC POSTDOCTORAL FELLOWS ARE:

Dr. Mariela Garcia Arredondo (August 2024 - July 2026)

Faculty Advisor: Dr. Eric Slessarev, Assistant Professor of Ecology & Evolutionary Biology
Department/School: Ecology and Evolutionary Biology Department

Focus area: Ecosystem Capture

Research project: Linking Soil Carbon and the Calcium Cycle in Grassland Ecosystems

Dr. Sarah Castle, Industry Fellow (March 2025 - August 2025)

Faculty Advisor: Dr. Luke Sanford, Assistant Professor of Environmental Policy and Governance
Department/School: School of the Environment

Focus area: Ecosystem Capture

Research project: Science for High-Integrity Frameworks to Transform Carbon Markets (SHIFT-CM)

Dr. Shangshi Liu (October 2024 - September 2026)

Faculty Advisor: Dr. Mark Bradford, Professor of Soils and Ecosystem Ecology
Department/School: School of the Environment

Focus area: Ecosystem Capture

Research project: Regenerative Agriculture for Rebuilding Soil Organic Carbon Stock

Dr. Spencer Moller (August 2023 - June 2025)

Faculty Advisor: Dr. Ruth Blake, Professor

Department/School: Earth & Planetary Sciences

Focus area: Enhanced Weathering

Research project: Phosphate Oxygen Isotopes: A Proxy to Link Carbon Capture and Biogeochemical Cycling of
Phosphorus in Agricultural Soils

Dr. Tim Jesper Surhoff (April 2025 - March 2026)

Faculty Advisor: Dr. Noah Planavsky, Professor
Department/School: Earth & Planetary Sciences

Focus area: Enhanced Weathering

Research project: Aggregated Monitoring of Enhanced Weathering
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Dr. Fan Yang, Industry Fellow (January 2024 - February 2025)

Faculty Advisor: Dr. Yuan Yao, Associate Professor of Industrial Ecology and Sustainable Systems
Department/School: School of the Environment

Focus area: Industrial Decarbonization

Research project: Decarbonizing the Aviation Sector by Carbon Capture and Utilization

i - : Lo 'd‘-:: .

FY25 YCNCC Postdoctoral Fellows (left to right) Mariela Garcia-Arrendondo, Spencer Moller, Shangshi Lu, and Tim Jesper
Surhoff, with incoming FY26 Industry Fellow Abhishek Kumar and Associate Research Scientist Fengchao Sun

Courtesy of YCNCC

Workshop Grants Program

The Workshop Grants Program is a primary means by which YCNCC leverages Yale’s convening power to
facilitate connections and collaborations between global experts on natural climate solutions from industry,
civil society, government, and academia. Seven YCNCC-funded workshops took place over the course of
FY25, gathering nearly 400 attendees and focusing on the following topics (see Appendix B for full details):

Environmental Leadership & Training Institute (ELTT) Blue Carbon Ecosystems Workshop
Crafting a Comprehensive Carbon Market Course for Carbon Credit Buyers
Science and Policy Forum for VCM 2.0
International Society of Tropical Foresters 2025 Conference, Panel: Nature-Based Solutions:
Forests for the Future & Holistic Pathways to Thriving Ecosystems
Forest Resilience in Climate Risk Assessments of Tropical Forests: Current Knowledge and Future Research
Addressing Climate Change by Mimicking Nature’s Chemistry
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Green Chemistry for
Sustainable Materials

YCNCC Faculty Affiliate Paul Anastas (second from left), YCNCC Scientific Leadership Team member Julie Zimmerman (second
from right), and “Addressing Climate Change by Mimicking Nature’s Chemistry” workshop attendees in Sweden May 2025

Courtesy of Yale Center for Green Chemistry

Visiting Scholars Program

YCNCC Visiting
Scholar Talk

YCNCC launched a new Visiting Scholar
Program in March 2025 by welcoming
Stripe Climate Research Lead Zeke
Hausfather (MEM 2005) to campus

for two days of engaging talks, a panel Dura b ] e C a I"bOﬂ

discussion, New Haven apizza, and

meetings that collectively drew over Dioxide Removal: A
250 faculty and students from the Earth Key Part o f Climate

& Planetary Sciences Department and
Yale School of the Environment (YSE). Mit Zga tion or a
Hausfather delivered a public lecture
on “Durable Carbon Dioxide Removal:
A Key Part of Climate Mitigation or a Distraction?
Dangerous Distraction” that was hosted
by incoming YCNCC Co-Director Pete
Raymond. Hausfather additionally gave a
CDR Coftee Talk for YCNCC student CDR researchers; participated in a panel discussion with YCNCC Scientific
Leadership Team members Mark Bradford, Sara Kuebbing, and Noah Planavsky; and visited with colleagues from
other YSE Centers he worked with during his time as a student, including at the Center for Industrial Ecology, and
YSE Professor Anthony Leiserowitz’s Yale Program for Climate Change Communications student lab.

Dr. Zeke Hausfather
Da n g erous Climate Research Lead, Stripe
Research Scientist, Berkeley Earth
MEM 2008



https://naturalcarboncapture.yale.edu/all-programs/visiting-scholars-program
https://naturalcarboncapture.yale.edu/all-programs/visiting-scholars-program
https://www.linkedin.com/in/zeke-hausfather-7327699/
https://www.linkedin.com/in/zeke-hausfather-7327699/
https://cie.research.yale.edu/
https://environment.yale.edu/directory/faculty/anthony-leiserowitz
https://climatecommunication.yale.edu/
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2025 Spring Symposium and Yale Climate Day

YCNCC partnered with the Yale Institute of Biospheric Studies (YIBS) and Yale Climate Day to present a
highly successful Spring Symposium on May 7-8, 2025. This year’s Symposium convened nearly 250 faculty,
students, and Yale community members to for a two-day program of insightful discussion on the timely theme
of “Al for Natural Climate Solutions.” The Symposium featured talks from sixteen distinguished guest speakers
representing a range of disciplines, institutions, and perspectives, from academia, industry, civil society, and
philanthropy. In addition to the talks, the event included a fireside chat; two engaging panel discussions on the
use of Al to advance natural carbon capture solutions; and a poster competition.

) ”_ - q .
wh PR Yale Climate Day
" YCNCC Spring 2025 Symposium
wo e o8 | 4] for Natural Climate Solutions
| _ Ny |

1 Center for ‘$¢ Yale Institute
Ya € Naturdl Carbon Capture W BIOSPHERIC. STUDIES

YCNCC Scientific Leadership Team members and Earth & Planetary Sciences faculty Elizabeth Yankovksy and Noah
Planavsky with (left to right) Brown University Professor James Kellner, Ode Partners Avery Cohn (MESc 2004), and NOAA
Research Scientist Youmi Oh

Courtesy of YCNCC
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NGAGEMENT

At the Fall 2024 Corporate Roundtable meeting in Washington, D.C., YCNCC leadership outlined the Center’s
updated communications strategy with a focus on the following key audiences: academic researchers, corporate
sustainability leaders, policymakers, and natural carbon capture practitioners. YCNCC'’s leadership and the Center’s
researchers have made excellent progress over the course of FY25 in advancing efforts to engage all these groups. See
Appendix C for a list of all activities. Highlights include:

+ YCNCC engagement with the academic research community was extensive, both internally through the
Fall 2024 Research Showcase that convened researchers from across Yale’s campus, as well as externally,
by presenting research results at national and international academic meetings and in invited talks at other
institutions. Prominent academic meetings where YCNCC researchers had robust presence included AGU24,
Goldschmidt 2024, several Gordon Research Conferences, the American Meteorological Society Denver
Summit, and Enhanced Rock Weathering 2025 (ERW25).

Corporate engagement continued via the Center’s programmatic activities including the Fall 2024 and Spring
2025 Corporate Roundtable meetings and Corporate Educational Seminars, which featured presentations from
a range of YCNCC researchers and collectively drew over 90 attendees.

YCNCC had a strong presence at the inaugural Yale @
Climate Week NYC in September 2024, holding panel
discussions on enhanced weathering and mCDR that
attracted significant audiences, including partners from
FedEx and prominent Yale alumni.

+ YCNCC leadership moderated sessions at the
Santander XPRIZE Carbon Removal Capital Summit;
the Puro.earth East Coast CDR Summit; and Carbon
Unbound NYC. These events gathered corporate
sustainability leaders, as well as practitioners,
policymakers, and civil society engaged with natural
climate mitigation solutions.

* YCNCC Managing Director Toby Bryce was named
to the Science Based Targets Initiative Expert Working
Group on Removals in April 2025. YCNCC leadership
additionally contributed science-based input to policy
forums including the National Institute of Standards
and Technology CDR Consortium; the National
Renewable Energy Lab’s Standard Carbon Removal
Offtake Agreement Working Group; the Carbon
Removal Alliance Enhanced Weathering Policy L o
Working Group; the Carbon Business Council’s Marine YCNCC graduate researcher Ella Milliken delivering her
CDR Coalition; the RMI State CDR Policy Working presentation at ERW25 in Antwerp, Belgium, on June 5, 2025
Group; and the Columbia Sabin Center Marine CDR
Law & Policy Symposium Planning Committee.

Courtesy of YCNCC
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YCNCC researchers engaged with students through a range of outreach programs in in the New Haven, CT,
area and beyond, including Yale Pathways for Science, Yale Young Global Scholars Program, the Yale Center
Beijing 2024 Smart Talks on Climate, and Skype a Scientist.

In addition to the direct outreach and engagement outlined above, YCNCC collaborates with and provides funds
to Yale’s Environmental Leadership & Training Initiative (ELTI) to create educational resources and offer training
focused on natural carbon capture and carbon markets. These opportunities are aimed at practitioners, decision-
makers, and corporate audiences. Since 2006, ELTT has provided a diverse range of field and online training
programs to over 5,000 individuals involved in conservation and restoration efforts in tropical forest landscapes.
ELTI works closely with Yale faculty and a global network of partners and experts to design and implement its
field-based and online activities.

FY25 ELTI HIGHLIGHTS INCLUDE:

320 people trained during 7 field courses and 1 blended course on themes related to natural carbon capture in
Brazil, Colombia, Panama, and Indonesia.

230 people from 40+ countries trained during 2 online short courses and cohort 6 (June 2024-May 2025) of
the yearlong certificate on themes related to natural carbon capture.

Approximately 680 people attended four April 2025 webinars focused on biodiversity credits
120+ people attended an in-person and online workshop and webinar on blue carbon in October 2024 at YSE.
60 people attended two online workshops on forest carbon credits.

14 new lectures developed on climate change, carbon markets, and other themes directly related to natural
carbon capture for online short courses and the online certificate program.

30+ ELTT alumni supported in Brazil, Panama, Colombia, and Indonesia via the Leadership Program to
implement on-farm restoration and sustainable agricultural projects and work on publications and research
related to natural carbon capture.

$2,543,974 in new funding secured from the iAlumbra Foundation, IUCN, and private donors to support
ongoing program activities, as well as new activities including: a blended capacity development program for
dryland restoration in Baja California Sur, Mexico; an incubator program for the TFL certificate program; and
a training program with indigenous leaders in Latin America on a right-based approach to conservation, in
collaboration with the Yale Center for Environmental Justice.



https://elti.yale.edu/
https://ycej.yale.edu/en
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Blue Forests — ELTI Ecological Mangrove Rehabilitation Training of Trainers at the Mangrove Denter in Balikpapan,
Indonesia in Spring 2024

Courtesy of Lely Puspitasart, Blue Forests - ELTT
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IN MEMORIAM

Courtesy of Yale News

Matthew Eisaman
(1978-2025)

Matthew Eisaman, YCNCC Faculty and Professor in Earth & Planetary
Sciences (EPS), passed away on February 28th, 2025, after a difficult battle
with cancer. He was 46. Matt left a remarkable legacy of impact, scientific
discovery, and technological innovation in the field of marine carbon dioxide
removal (mCDR) and was one of the pioneers in electrochemical ocean
alkalinity enhancement. His friends and colleagues at YCNCC deeply mourn
his passing and the loss to the global scientific effort at climate mitigation.
Everyone affiliated with the Center sends condolences to his family and
loved ones; to his students, lab members, friends and colleagues at Yale

and Stonybrook University; to his colleagues at the company Matt founded,
Ebb Carbon; and to his many colleagues across the fields of mCDR, marine
science, and electrochemical engineering.



https://naturalcarboncapture.yale.edu/posts/2025-03-06-matthew-eisaman-in-memoriam
https://www.ebbcarbon.com/
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Frederick W. Smith
(1944-2025)

Frederick W. “Fred” Smith ‘66, the founder and long-time chair of the

FedEx Corporation, passed away on June 21, 2025. Mr. Smith is remembered
as a loyal supporter of Yale and as the champion of a groundbreaking
partnership with FedEx, which established the YCNCC. The YCNCC
community honors Mr. Smith’s legacy and sends condolences to the Smith
family and the Center’s partners at FedEx and across the aviation sector.
“From our very first meeting with the FedEx team, Fred was immediately
excited and curious, for example, about geological carbon capture, asking
insightful questions,” said YCNCC Co-Director David Bercovici. “His
commitment to developing effective, scalable solutions was both pioneering
and courageous. Fred’s dedication to the mission of the center, along with his
adeptness at explaining and advocating for what we do, was huge.”



https://naturalcarboncapture.yale.edu/news/in-memoriam-celebrating-the-legacy-of-fred-smith
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CONCLUSION

iscal year 2025 was a year of remarkable impact for the

YCNCC. Despite substantial new financial challenges due to

the deprioritization of U.S. federal funding for climate science,

monitoring, and mitigation, YCNCC scientists continued to
advance groundbreaking research across the Center’s focal areas of Ecosystem
Capture, Geological & Ocean Capture, and Industrial Carbon Utilization.

Over the course of FY25, the YCNCC cemented its position as a leader

in researching, developing, and advancing natural solutions for climate
mitigation, with a strong prioritization of solutions that deliver meaningful
social and ecological co-benefits. From the launch of SHIFT-CM by the Yale
Applied Science Synthesis Program to improve carbon accounting protocols
for Ecosystem Capture; to the Enhanced Weathering Initiative’s 25+ U.S.
field trials and Mati Carbon’s $50 million XPRIZE Carbon Removal award;
to major new research funding for Industrial Carbon Utilization - the
Center’s impressive record of accomplishment and impact continues to grow.

Looking ahead to our fifth anniversary in March 2026 and the next phase
of YCNCC'’s development, the Center’s leadership and scientists are
laser-focused on translating our research, discovery, and innovation into
global impact at scale this decade. Increasingly, the solutions the Center
has advanced are moving from the lab and field trials into real-world,
scaled implementation, in partnership with startups, industry, agricultural
communities, and governments. Now, more than ever, research centers like
the YCNCC need sustained support from governments, corporations, and
philanthropy to facilitate the implementation and scaling of natural climate
solutions that are grounded in science, responsibility, and effectiveness,

in order to help mitigate the worst impacts of climate change. With this
support, the Center is poised to achieve great things over its next five years
and to extend and broaden our efforts to improve the world today and for
future generations.
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FY25 SCIENTIFIC PUBLICATIONS

ECOSYSTEM CAPTURE: TERRESTRIAL

* Armold, W., Gewirtzman, J., Raymond, P. A,, Duguid, M., Brodersen, C., Brown, C., Norbraten, N., Wood, Q. V., Bradford, M.
A., & Pecciq, J. (2024). A diverse and distinct microbiome inside living trees. bioRxiv (Cold Spring Harbor Laboratory). https://
doi.org/10.1101 /2024.05.30.596553

* Arredondo, M. G., Kew, W., Chu, R., Jones, M. E., Boiteau, R. M., Cardon, Z. G., & Keiluweit, M. (2024). Differential Exudation
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Environmental Leadership & Training Institute (ELTI) Blue Carbon Ecosystems Workshop
October 21-23, 2024 - Yale University

Number of participants: 26 (from universities, civil society, and government)

Summary: Conserving and restoring mangroves and other blue carbon ecosystems, such as tidal marshes and
seagrass beds, is a pivotal strategy for climate change mitigation and adaptation. This three-day workshop convened
experts and practitioners from universities, civil society, and government along with ELTI's Blue Forest partners from
Indonesia to discuss and begin to design training and development initiatives for coastal communities and blue carbon
restoration practitioners globally to conserve and restore these vital ecosystems. In addition to an ELTI training course,
workshop outputs included a Yale School of the Environment (YSE) BIOMES lecture and panel discussion.

Crafting a Comprehensive Carbon Market Course for Carbon Credit Buyers
November 7-8, 2024 - Yale University

Number of participants: 32 (from universities, civil society, government, and industry)

Summary: Providing carbon credit buyers with high-integrity science-based information about natural climate
mitigation solutions is a major carbon market gap. With this workshop, ELTI convened carbon market experts from
universities, civil society, and industry to explore the capacity building needs of corporate carbon buyers with expert
presentations, panels, and working sessions to address the complexities of investing in high-quality carbon credit
projects. The workshop objective was to develop a comprehensive online course on the forest carbon market to
enhance corporate engagement in global climate goals which ELTI plans to pilot in early 2026. Additionally, ELTI
organized a student event, “Forest Carbon Credits: Speed Talks and Networking,” in collaboration with YCNCC and
the YSE Carbon Student Interest Group, fostering student engagement with workshop attendees.

Science and Policy Forum for VCM 2.0
December 11-12, 2024 - Yale University

Number of participants: 51 (from universities, civil society, government, and industry)

Summary: Carbon markets for natural climate mitigation solutions have suffered in recent years from a lack of
confidence in carbon credit quality. This workshop convened experts in voluntary carbon market integrity with
researchers fo set research priorities and workstreams enhancing the quality and integrity of natural climate solution
carbon credits in forests and soils. Key objectives included defining carbon market research priorities for the next

two years, establishing and leading applied research working groups, stimulating investment in these groups, and
identifying mechanisms for integrating research outputs into standard-setting processes. A key workshop output was the
formation, in partnership with The Nature Conservancy (TNC) of Science for High-Integrity Frameworks to Transform
Carbon Markets (SHIFT-CM), which aims to enhance confidence in carbon markets that support natural climate
mitigation solutions by addressing scientific gaps in carbon accounting.



https://naturalcarboncapture.yale.edu/sites/default/files/2025-07/Blue Carbon Research Brief.pdf
https://www.youtube.com/watch?v=iBtYC9Ck6MQ
https://www.youtube.com/watch?v=1oSD5-Tyep0
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International Society of Tropical Foresters 2025 Conference, Panel: Nature-Based
Solutions: Forests for the Future & Holistic Pathways to Thriving Ecosystems
December 11-12, 2024 - Yale University

Number of participants: 5 panelists (from universities and civil society); 150+ attendees

Summary: The 2025 Yale Chapter of the International Society of Tropical Foresters (ISTF) Conference, themed
“Governing Resilient Tropical Forest Systems,” convened 480 participants from 23 countries to examine forest
governance and its implications for climate mitigation and adaptation. A highlight was the Nature-Based Solutions
(NbS) panel, drawing over 280 attendees, moderated by YCNCC Research Scientist Sara Kuebbing, and sponsored
by YCNCC. Panelists, experts in ecology, policy, and global change, stressed the importance of community-led
initiatives, ecosystem integrity, and rigorous NbS standards to avoid greenwashing. The panel received an average
participant rating of 4.8/5 and fostered dialogue across science, policy, and practice toward equitable and
sustainable forest stewardship.

Forest Resilience in Climate Risk Assessments of Tropical Forests: Current Knowledge and
Future Research
May 11-12, 2025 - Yale University

Number of participants: 32 (from universities, civil society, and government)

Summary: Significant knowledge gaps exist concerning climate risk to tropical forest ecosystems. This workshop
encompassed three presentations on this critical topic, each followed by roundtable discussions and breakout group
activities. The first session analyzed risk factors impacting tropical forest carbon stocks and ecosystem services amid
environmental changes and disturbances. The second session explored forest resilience drivers and integration of
resilience monitoring into risk assessments. The third session examined the societal impacts, feedback mechanisms
affecting forest resilience, and governance and economic challenges in monitoring resilience. The workshop culminated
in outlining a viewpoint paper to address the integration of ecological and socio-economic systems in managing forest
resilience against climate change.

Addressing Climate Change by Mimicking Nature’s Chemistry
June 2024 and May 2025 - Atlanta GA and Stockholm

Number of participants: 16 in Atlanta; 50+ in Stockholm (from universities, civil society, government, and industry)
Summary: This closed-door workshop in June 2024 convened experts to develop a high-impact manuscript outlining
green chemistry solutions for climate mitigation across four major GHG-emitting sectors: transportation, energy,
industry, and agriculture. The resulting document is slated for completion by the end of 2025. A related outcome was
the publication of “The CO2 Tree” in ACS Sustainable Chemistry & Engineering (Dec. 2024), highlighting pathways for
converting COz2 into valuable chemicals, which has garnered eleven citations and wide visibility, including coverage
on the journal cover and promotion at major conferences in 2025. The work was also featured during the Stockholm
Declaration events alongside a June 2025 Nobel symposium, reinforcing global momentum for green chemistry-based
decarbonization strategies as key tools for a sustainable chemical future.
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The Forests Dialogue’s Bioenergy from Forests - Pacific Northwest Field Dialogue
June 16-20, 2025 - various sites in Oregon and Washington

Number of participants: 31 (from universities, civil society, government, and industry)

Summary: Bioenergy from forests, generated from woody residues, has been extensively researched but remains
a contentious issue regarding its overall environmental, climate, social, and economic impacts. The Forests

Dialogue (TFD) aims to foster discussions around these issues through its Bioenergy from Forests (BEF) initiative.

This five-day Pacific Northwest Field Dialogue convened experts and practitioners from universities, civil society,
government, and industry to discuss challenges and opportunities relating to BEF in the region. Outputs will include
a comprehensive background white paper; a new BEF section to the TFD website; and a follow-up session in Spring
2026 in the southeastern region of the U.S.
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Faculty Directors

Dave Bercovici
Liza Comita (Outgoing)

Peter Raymond (Incoming)

University Assigned Staff

Outreach and Corporate Engagement Manager
Lauren Steele

The outreach and corporate engagement manager manages
corporate partnerships and engagement activities and serves as
the main point of contact for the Center’s corporate partners.

Operations Manager
Steven Choi

The operations manager provides financial and administrative
support to the Center and ensures compliance with university
and government guidelines.

Director of Finance and Administration
Harley Pretty

The director of finance and administration oversees the
Center finances, budgeting, and spending.

Core Center Staff

Managing Director
Toby Bryce

The managing director sets up and implements Center programs
and activities, establishes and maintains the administrative
structure, and manages the Center’s Day-to-day activities.

Senior Administrative Assistant
Kat Gaynor
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meetings, and organizes event logistics.
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Steering Commiittee

The steering committee provides
guidance on the Center’s strategy and
helps steward Center resources.

Mark Ashton

Senior Associate Dean of The Forest
School; Professor of Silviculture &
Forest Ecology

Jeffrey Brock

Dean, Yale School of Engineering
& Applied Science; Professor of
Mathematics

Indy Burke

Dean of Yale School of the
Environment; Professor of Ecosystem
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Michael Crair

Vice Provost for Research; Professor
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Professor of Economics

Jordan Peccia
Professor of Chemical &
Environmental Engineering

Gerald Torres
Professor of Environmental Justice

David Vasseur
Professor of Ecology & Evolutionary
Biology




APPENDIX E

LEADERSHIP & PERSONNEL

Scientific Leadership Team
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Professor Soils and Ecosystem Ecology,
Yale School of the Environment

Paulo Brando
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Mary-Louise Timmermans
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