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Electrochemical Ocean Alkalinity Enhancement

Ebb’s process separates Alkaline stream CO, concentration of .9 Additional CO,
(saltwater brine into acidic (NaOH) is measured seawater lowers as alkalinity is removed from
(HCI) and alkaline (NaOH) and monitored as it (OH") reacts with dissolved the atmosphere through
streams returns to the ocean CO, to form bicarbonate air-sea gas
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Demonstration at PNNL-Sequim ==
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Field trials
- Savoie et al. 2025, in press: FOAK release of electrochemically

generated alkalinity to Sequim Bay
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TA(umol kg™)
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- Savoie et al., in preparation: Description of mesocosm experiments
throughout EASE-OA program
- In progress experiments on secondary precipitation

Species response
- Jones et al. 2024: Eelgrass epifauna response to elevated alkalinity 3500

Modeling 3000
- Khangaonkar et al. 2024: Salish Sea Model simulations of hypothetical
OAE in Sequim Bay
- Use of PLUMES 2.0 in modeling near-field
Novel acid uses
- Hibbeln et al., 2024: Acid use in marine algae cultivation
- Mineral extraction from brines
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https://www.frontiersin.org/journals/environmental-engineering/articles/10.3389/fenve.2025.1641277/abstract
https://www.frontiersin.org/journals/environmental-engineering/articles/10.3389/fenve.2025.1641277/abstract
https://www.frontiersin.org/journals/environmental-engineering/articles/10.3389/fenve.2025.1641277/abstract
https://www.frontiersin.org/journals/environmental-engineering/articles/10.3389/fenve.2025.1641277/abstract
https://bg.copernicus.org/articles/22/1615/2025/bg-22-1615-2025.pdf
https://bg.copernicus.org/articles/22/1615/2025/bg-22-1615-2025.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ad7521/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ad7521/pdf
https://pubs.acs.org/doi/abs/10.1021/acs.estlett.4c00107
https://pubs.acs.org/doi/abs/10.1021/acs.estlett.4c00107
https://cen.acs.org/acs-news/acs-meeting-news/Waste-carbon-capture-helps-extract/103/web/2025/08
https://cen.acs.org/acs-news/acs-meeting-news/Waste-carbon-capture-helps-extract/103/web/2025/08
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Seawater intake + faE=
outfall '




Project Macoma

First of a kind NPDES permit for mCDR under
the Clean Water Act

- Alkaline-enhanced seawater may be
released up to pH 9.8 under routine
operations within a mixing zone

- Water quality must meet excellent
standards by the edge of the chronic
mixing zone

- 10 local, state, federal permits required
to operate

Chronic Mixing Zone
207'-0"

Diffuser

P'i%’f Acute{Mixing Zone 20.7'
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Near-fleld Further afield:

Systems monitoring Regional oceanographic modeling to
Near-field dilution modeling track movement of the alkalinity plume
Environmental baseline measurements and subsequent air-sea gas

Ecosystem safety equilibration relative to counterfactual

Aqueous alkalinity dosing simulations \ \ %




Dye tracer study
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e Dye released through
diffuser and observed in-
situ:

o Long-term ADCP
records

o Outfall samples

o Surface underway
measurements

o Water column CTD +
fluorometry

e Model accurately predicts
dilution with distance
from the diffuser




Regional ocean modeling to calculate gross CDR

(1) Baseline simulation: y
o Simulation of historical conditions without Ny
o

Project Macoma

(1) OAE simulation:
o  Adds alkalinity to represent the OAE
deployment
o Compared against the baseline to evaluate
carbon storage over time

(3) Uncertainty assessment: OAE simulations
across seasons and years generate a holistic
range of uncertainty

University of Washington LiveOcean ROMS




In-situ measurements

Acute mixing zone “Chronic mixing zone
20.7 207"

Qtfa ]

Water quality sensing
and sampling to ensure ¢

environmental N 0'® o
protection and ! fros TN o
regulatory compliance

Land Ocean
At edge of mixing zone:
e T
e S
e  Two carbonate system
parameters
e DO
o e TSS
Mixing Zone o Turbidity
e Third carbonate system
parameter
e Chl-a
. Dissolved inorganic
nutrients
e Trace metals (sediments,
water and tissue samples)

In effluent pipe:
e pH

o TA*
o T
e S

In deployment area:
e Plankton community
e Benthic community

DO

Turbidity

CP001
—AWQ001
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Additional scientific
sensing following

for OAE from
Coastal Outfalls


https://registry.isometric.com/protocol/ocean-alkalinity-enhancement#monitoring-frequency-and-duration

Developing an Ecological Safety Methodology

Aquatic vegetation survey
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Developlng an Ecological Safety Methodology

Ex-situ salmon study In-situ shellfish
study







Extras



We are Ebb Carbon

Ebb Carbon is a climate and
ocean health company.

Our mission is to remove billions
of tons of legacy CO, pollution
while addressing coastal
acidification.




Emissions and Carbon Dioxide Removal

We must remove

5-15 Gt of
atmospheric CO,
everyyearb
GHG emissions (GtCO,e/year) 20 5'-%; ¥0 lim i%(
80 - | Gross positive GHG emissions warm i ng to
CO, from fossil fuels, industry Mitigated
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Portfolio of approaches to scale

NEGATIVE EMISSION TECHNOLOGIES Terrestrial CDR:
__ birectarcaptre - Direct air capture (DAC)
R L E = - Bioenergy with carbon capture and
el i storage (BECCS)
Heatnerine oLlgitiuam., S - Restoration, management (forests,

Biochar ! = soils, rangeland)

~ lron
EEEfEoeE Fertilization
Alkalinity

e / /% Marine (mCDR):
| = . Direct ocean capture (DAC)
- Macroalgae cultivation
- Ecosystem recovery
- Nutrient fertilization
- Artificial upwelling/downwelling
- Ocean alkalinity enhancement
(OAE)



Portfolio of approaches to scale

Effectiveness (Gt CO, removal / year)
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NOAA May 2023 Strategy for NOAA Carbon Dioxide Removal Research



Electrochemical Ocean Alkalinity Enhancement

Partially HCI NaOH Partially

desalted brine desalted brine

Pretreated seawater or brine

ALKALINITY PROCESSING  ALKALINITY
SOURCE METHOD Y EE

Aqueous
alkalinity
(NaOH)

Electro-
chemistry

Salt water
or brine

Mineral or Mining/ Solid or
industrial — grinding/ slurry
source processing alkalinity

Seafloor




project

MacoMma

Desalination integration



Measurement, Reporting, and Verification

Rigorous, trustworthy quantification and delivery of
atmospheric CO, removal and storage in the ocean to make
an impact on climate change.

Includes:

- Ecological safety

- Environmental data management

- Co-benefits

- CDR quantification

- Reporting and verification in partnership with best in class
independent third parties




Gross CDR Quantification

e Ocean regions have predictable, linear CDR response to OAE
e Alkalinity release is simulated at the project site over different seasons and years to

characterize CDR and uncertainty

e This lets us forecast CDR 08
for planned alkalinity
releases: 0.6
Gross CDR =

Amount of alkalinity
released * CDR

¥

OAE Efficiency, n(t)
o
B

efficiency
%, CO, Flux 02
, mmol m2d?
Ey - i50 0 50
s S 0.0
e . 200 400 600

Time (days)




Safe and Permits and Regulatory Approval
Res po n S i b I e Meet or exceeding all regulations safeguarding

O 1 human and environmental health
Deployment

Ecological Safety

Designed to honor the unique ecology and
O 2 cultural significance of the project site

Stakeholder Engagement

Early, often and ongoing engagement with
O 3 diverse stakeholders to learn from and meet

community needs
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Inspection of submerged
equipment (pipe, intake
and outflow ports,
screens)

Check "Whale Watch”
application for orca and
marine mammal activity
within the bay prior to
operations

Biological

Observe: Dead organism

Observe: Aberrant
behavior [e.g., nonlinear
swimming, trouble
respirating]

Observe: Sheen on water
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Observe: Turbidity plume

No damage, holes, or obstructions

Damage or hole identified
Organismal obstruction

Obstruction identified
Debris obstruction

No activity reported in the last six hours

Perform 15 minute observation for
activity

Activity reported in the last six
hours

Bait fish/species
of no conservation
concern

No apparent
injury, carcass
appears
recently
deceased

Can cause
of death be
determined

Identify
species and

quantify
Salmon or other
species of concern

Factors indicative of predation/other cause (carcass disfigured, mold growth)
Bait fish/species of no conservation

concern
Identify species and quantity

Salmon or other species of concern
Determine if rise in turbidity is being

captured by water quality monitors
in place

Verify water quality monitors are
detecting it

Notify Project Macoma to determine if sensors are detecting

Record condition in checklist and proceed with standard operations

Record damage and notify Project Macoma which will address issue prior to operation
Notify Project Macoma, relocate organism prior to operation

Notify Project Macoma, remove prior to operation

Scan the bay for activity and proceed with standard operations if no orcas are
detected

Notify Project Macoma, activity detected, delay operations until a 30 minute
clear period has occurred

No activity, record the report and proceed with standard operation

One individual: likely incidental/not related to operations, no action necessary

Multiple individuals: obtain sample, notify Project Macoma. Project Macoma
will report to CDFW.

One individual or multiple: obtain sample, record proximity to outfall, notify
Project Macoma. Project Macoma will notify NMFS and CDFW.

Take note on species and condition, otherwise disregard

One individual: likely incidental/not related, no action necessary
Multiple individuals: obtain sample, contact Project Macoma

One individual or multiple: record proximity to outfall, notify Project
Macoma, Project Macoma makes report to NMFDS/WDFW if needed

Project Macoma makes alterations or enforces a temporary stop if needed

Project Macoma makes alterations or enforces a temporary stop if needed




Co-benefits

Khangaonkar et al., 2024: = :
g A
e FVCOM-based g
simulation of Ebb’s l
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Carbon credit delivery process

System and site
design, construction

Commissioning

LCA

~
LCA consultant

A 4

Verifier
A
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Alkalini e 4.
alinity quantificatio _| Verification
released -
n
Credits TV
listed on accepts
registry delivery

\ ) Hr_/

Carbon registry CDR buyer
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