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Propeller backs ocean ventures using science and technology
to propel climate solutions forward.
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Net-Zero The latest IPCC report specifies annual removal
of gigatons of CO, /yr starting as soon as 2030

Why negative is necessary
Scenario to stay below 2°C warming, bn tonnes of CO, equivalent per year
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Waste Management on a Massive Scale

2030
$100-250 Billion

2022
$2 Billion
-

Voluntary Carbon Market Growth

Low estimates: Morgan Stanley, 2023,
High estimates: Barclays, 2023,

2050
$1.5 Trillion +




Promising Ocean-based Approaches to CDR
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Advancement Potential via New RD&D

Ocean CDR Primer, ClimateWorks & NAS Ocean CDR report.




Current Cost of Carbon Dioxide Removal (CDR)

Avg $ per Ton by Seller Advance Market

Commitments:
Frontier Fund
s 2o (~$1B+) with

] mCDR a
growing part of
portfolio

CDR_method

@ Enhanced weathering @ Biochar Mineralisation @ Macroalgae DAC Biooll @ Electrochemical ocean CO2 capture

How Bigis the Carbon Removal
Market, CDR.fyi, 2023. (%)




Research Needs in mCDR

Technology for mCDR:
o Efficiency gainsin carbon removal (e.g., low-power, scalable)

o Innovation (e.g., hybrid CDR approaches that enhance natural processes)

Science for MRV:

o Changes/stability of ocean carbon sinks (AMOC)
o Ecosystem impacts
o Research to inform/advance regulatory frameworks

Expanded Capabilities:
s Climate-scale Observatory

e Novel, adaptive multi-use platforms with low-cost sensors
e BCG Argo & CO2direct fluxes (like OOI)

s  Improved near-term high-res decadal modeling (genAl)
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CLIVAR Air Sea Transition Study Group

A New Paradigm for serving and Modeling
A New Paradigm for Observing and Modeling
of Air-Sea Interactions to Advance

Earth System Prediction
This report culminates with a set of recommendations and roadmaps for their implementation in
Chapter 4. The Study Group identified four strategies that answer our charge of preducing a “well-
defined strategy to advance obzerving and modeling capabilities and understanding of air-sea
interaction at all required scales for ESPT The four strategies are:

« Develop observational and modeling technology for coupled ocean-atmosphere predie-
tion, Advances in instrumentation, platforms, and parametevizations, as wel as the collection, distri-
bution, assimilation, and gement of data, are all components of this strategy. These advances
will permeate through each of the following strategies.

Observe the ASTZ in strategic regions. Measurements of the atmospheric, oceanic, and interfa-
cial compoments of the ASTZ that are coincident in time and colocated within a given sampling space
wiill address the needs for impraved understanding of acean-atmasphere scale inferactions, parame-
terization development, maodel physics for ESF, and statistical information needed for COA,

Expand abservations of extrernes and other challenging regimes. This strategy will reguine
new wiys of collecting ASTE variables using technologies that can be quickly deplayed in rapidly de-
velaping situations and the development of assets that can be positioned in climarologically import-
anf regimes that are challenging to sample at all or chalienging fo de so fora long fime, This strategy
will meet the need for socletally relevant ESP ow scales ranging from landfalling atmosgpheric rivers
(ARs] or tropicel cyclones fo centwries-long global climare changes,

Develop a global observing network to monitor key air-sea coupling variables. This strategy
focuses on ASTE vaviables associated with air-sea surface fluces and emphasizes the importance of
collecting these measurements across the global aceans, while still adhering to the Same time, same
place” guidelings guiflined above, This straregy can b achieved with borh in fitu and remote méa-
surements and will address the needs of constraining global surface fux estimates and improning the
initialization of coupled forecast models,

Strategic uses cases driven by
climate extremes & impacts SR WA BEROLt

August 2023



https://indd.adobe.com/view/1ca38c75-9f87-435e-9391-343c88d24c32

Connectivity

> Workforce Preparation > Orchestration / Coordination
o Data science o Collective Impact Organization
o Climate tech & science o Centers & Initiatives
o Diversity o Industry/Startup Contributions

NSF-NOAA partner to promote the

creation of centers for modeling
IUCRCS are consortia developed by NSF where university faculty and students work with members of

_— M
Cﬂtﬂitl"ﬂphlf-’ Impam and risk an industry to accelerate the impact of research focused on the collective needs of a sector of the
assessment of climate cha nge 1.5, economy. IUCRCS connect corporate partners, government agencies and academia through

My 6, B mutual interest, creating spaces that build partnerships and usher in science and technolegy
breakthroughs in their respective fields. Consortia will have the opportunity to compete for the
siivtihas 7o ren 2 o, s or ot mevels, basrance i am mpcetant purk f g opportunity to lead this program and a selection will be made later in the year. The new research
Ity Caktulilicn Frashorg proteclion of Broseity. Wil the Friutande & (eriurande seibss center will benefit from interactions with and the experiences of the current NSF and NOAA climate
o science centers, including NOA# labs and cooperative Institutes.

the indusiry’s Toous has been on use of Catastrophe models rather Than incorporating dimate
change GNta sl proections That can help charsmering fulare ConStions

A rarw agreesrant beteeen the LS, National Soence Foundation and the Mational Oossnk and
ALmrphenic Adimirtstiratios will supp=r the creaton of an indumny-Unkarsty Coopsiahe Ressardh

Canted (IUCAL) focuiid on modeling catastnophis Frpact and mik sdeisment of cimate change 1o
help befinr wpport the needs of the irursnce Lssor




Sustained / Hybrid Funding

NSF 231451

Dear Colleague Letter: CO2 Removal and Solar Radiation Modification Strategies: Science,
Governance and Consequences

September 12, 2023
Dear Colleaguos

The Natonal Science Foundation's (NSF) Directorates for Geosciences (GEQ), Social, Behavioral and Economic Sciences (SBE), and Office of imernasonal Science and
Engineering {OISE) jointly support research 10 address the twenty-fiest century global challenge of cimate change by secking %0 increase understanding of Carbon Dioxide {(CO2)
Removal (COR) and Solar Radation Modfication (SRM) science, governance, and consequences. While the rapid reduction of CO2 and other greenhouse gas (GHG) emissions
romains a top prionty, the scientfic community has urged feceral agencies 10 support research on additonal potential solutions and ther consequences, Indiuding strategles that
may amekorato anthropogenic dimate change In adaition, recent U.S, Govemment reports ™ seek 10 mobilze the Federat Govemment and civil s0csty toward enhancing
current understanding of potentially effective and innovative cimale mitigation strategies, This Dear Collsague Letter (DCL) seeks 1o oncourage submission of proposals on the
fundamental understanding and assessment of environmental processes, and'or social, cultural, and ethical impacts of COR and SRM.

COR and SRM encompass a broad and growing range of strategies, each with specific polential ervironmental, and sccietal impacts and unintended CONSOQUENCES Effective
stratogees noed 10 be co-deveioped in an environmantaly and 5o ly responsdie mannes that inciudes community-engaged research promoting and adhering 10 cpen sciontific
research aigned with FAIR ® and CARE ' principles of data shanng and data uso. This DCL wedcomes proposals in rolevant areas of research that align with particpating
divisions, with particular intensst on projocts that integrate research programs from both GEO and SBE. Examples inchude projects that have integrative engagemeant with ethical
frameworks, Qovernance structures, and'or emvironmental justics issues that help guide research and potensal scaling and deployment of COR and SRM messures. Requests 1o
form and foster ~r"c'dny‘cc-’m.)‘y national and inlernational research feams are parsculardly en:ourur;t.d through submission of types of proposals descrided in Chapter {1.F of the

. obicies & Procedure de (PAPPG), including planning, warkshop *, Grant Opportunities for Academic Liaiscn with Ind.:'.:r, (GOALI), and Research
Advanced by Int crdu_;;ur.\ y Sclence and Ln;; neering (RAISE), and 1o existing program solicitations including Research Coordination Network (RCN), Accx t, and G}

Centers

This DCL does not constitute a new competition or program. Rather, intecested proposers shoukd prepare and submit proposals in accordance with the guidance contained in the
PAPPG and any solictation or program specific instructions for the relevant programs.

All refevant programs within particpating Divisions/Offices
GEOQDivision of Atmosphenc and Geospace Sclences
GEODivision of Earth Sclences

GEODivision of Ocaan Scences

GEO/Oca of Polar Programs

SBE/Division of Behavioral and Cognitive Sciences
SBE/Division of Social and Economic Stences

OISE

TIP Directorate
potential programs:

CDR/SRM
science for
deployment

Climate-scale
modeling &

observing for
tipping points
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