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First things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 
 

 

 

 
 

PART 1 - Activities from January 2024 to Feb/Mar 2025 
1. Scientific highlight 

 

- The Korea National Research Foundation (NRF) is funding a five-year project entitled “Ocean 
Alkalinity Enhancement-Based CO₂ Removal and Storage.”: 

Natural ocean uptake has moderated the pace of atmospheric CO2 increase; however, it remains 
insufficient to achieve climate stabilization, which requires additional net removal on the order of 
gigatonnes of carbon per year. This constraint has stimulated interest in marine carbon dioxide 
removal—engineered interventions aimed at enhancing the ocean’s carbon storage potential. 
Despite their conceptual promise, marine carbon dioxide removal approaches face substantial 
uncertainties regarding storage efficiency, permanence, scalability, and potential ecological and 
social implications. 

To improve marine carbon dioxide removal approach, Korea National Research Foundation funded 
a project specifically addressing all aspects of CO2 removal method based on ocean alkalinity 
enhancement for next 5 years (2026-2030). Ocean alkalinity enhancement (OAE) introduces 
alkaline substances to seawater so that the ocean’s alkalinity reservoir buffers more CO2 and 
enhances atmospheric CO2 uptake. The OAE process consists of two stages (Figure 7): (1) 
alkalinity transfer from added material to seawater (green arrow), and (2) subsequent CO2 
absorption from the atmosphere (blue arrow). Added bases such as OH− shift the carbonate 
equilibrium toward bicarbonate and carbonate ions: 

CO2 + OH− ↔ HCO3− 

HCO3− + OH− ↔ CO32−  



These reactions do not change total DIC but lower surface pCO2, enhancing the air-sea CO2 
gradient and driving greater CO2 uptake, which ultimately increases the oceanic DIC inventory. 
Ultimately, OAE stores carbon as bicarbonate and carbonate ions, which do not provoke additional 
acidification typically associated with oceanic CO2 uptake. 

 

Figure: A contour plot of seawater pCO2 as a function of TA and DIC. The atmospheric value of 
420 μatm is displayed as a dashed line. Starting with a typical seawater composition (purple dot), 
OAE introduces alkalinity to seawater along the green arrow, resulting in seawater with decreased 
pCO2 (green dot). This seawater parcel then takes up CO2 from the atmosphere (blue arrow) until it 
reaches equilibrium, resulting in increased DIC (blue dot). These combined arrows represent the 
CO2 removal process associated with OAE. 

The project consists of four major components: (1) development of efficient methods for extracting 
alkalinity from alkaline minerals; (2) establishment of measurement, reporting, and verification 
(MRV) protocols in both controlled and natural environments; (3) assessment of the ecological and 
biogeochemical impacts of enhanced alkalinity on marine ecosystems; and (4) evaluation of carbon 
removal efficiency and long-term storage potential. 

The project is being carried out through a collaboration among six leading Korean institutions: 
POSTECH (lead institution), Korea University, Research Institute of Industrial Science & 
Technology (RIST), Chonnam National University, Korea Institute of Ocean Science and 
Technology (KIOST), and Sungkyunkwan University.  

 
2. Activities/main accomplishments in 2024 (e.g., projects; field campaigns; workshops and 
conferences; model and data intercomparisons; capacity building; international 
collaborations; contributions to int. assessments such as IPCC; collaborations with social 
sciences, humanities, medicine, economics and/or arts; interactions with policy makers, 
companies, and/or journalists and media). 

 

-Ubiquitous organic alkalinity in global ocean: 

Ocean alkalinity plays a fundamental role in regulating seawater buffering capacity and the 
precipitation and dissolution of calcium carbonate minerals. However, our understanding of total 
alkalinity (AT) remains incomplete because the contribution of dissolved organic matter to alkalinity 
(ADOM) has received limited attention across diverse ocean environments. 

In this study, aged seawater samples, certified reference materials, and open-ocean East Sea 
samples consistently exhibited positive ADOM values of approximately 5 μmol kg⁻¹. These results 
provide compelling evidence that organic alkalinity is a ubiquitous component of seawater and is 
likely associated with the recalcitrant fraction of dissolved organic matter. The presence of this 



previously overlooked alkalinity pool offers a plausible explanation for long-standing 
thermodynamic inconsistencies in the ocean carbonate system. 

Specifically, subtracting 5 μmol kg⁻¹ of ADOM from measured AT values in the Pacific and Indian 
Oceans substantially improved agreement between measured and calculated alkalinity, reducing 
discrepancies in carbonate system calculations (Figure). These findings suggest that recalcitrant 
organic alkalinity represents a persistent and globally distributed component of seawater alkalinity. 

The quantification of organic alkalinity therefore constitutes an important step toward resolving 
long-standing thermodynamic inconsistencies in marine carbonate chemistry and improving the 
accuracy of ocean carbon cycle assessments. 

 

Figure: Panels (a), (c), (e) shows discrepancies between ATmeas and ues in the Pacific and Indian 
Oceans. In panels (a), (c), (e), and (g), the black lines indicate values 5 μmol kg-1 less than the gray 
lines, representing the assumed amount of ADOM dispersed in the open ocean. Panels (b), (d), (f), 
and (h) show discrepancies between pHmeas and pHcal, calculated from the measured CT and 
ATmeas values obtained from the same dataset used in Panels (a), (c), (e), and (g). In these 
calculations, either ATmeas (gray regression lines)or ATmeas subtracted by 5 μmol kg-1 for ADOM 
(black regression lines) were used. Note that all panels were produced with adjustments made for 
the measured values, the dissociation constants of carbonic acid, and the BT/S ratio. Data 
collected from the Pacific and Indian Oceans were obtained through the Global Ocean Ship-Based 
Hydrographic Investigations Program (GO-SHIP).  

Citation: Lee, C.-H., Lee, K., Lee, J.-S., Jeong, K.-Y., & Ko., Y.-H. (2024). Persistent organic 
alkalinity in the ocean. Geochimica et Cosmochimica Acta, 387, 53–62. 
https://doi.org/10.1016/j.gca.2024.06.010 

 

3. Publications in 2024 (only PUBLISHED articles) and if any, weblinks to models, datasets, 
products, etc.  
1. Lee, C.-H., Lee, K., Lee, J.-S., Jeong, K.-Y., & Ko., Y.-H. (2024). Persistent organic alkalinity in 
the ocean. Geochimica et Cosmochimica Acta, 387, 53–62. 
https://doi.org/10.1016/j.gca.2024.06.010. 

2. Kwon, E. Y., Dunne, J. P., & Lee, K. (2024). Biological export production controls upper ocean 
calcium carbonate dissolution and CO2 buffer capacity. Science Advances, 10, eadl0779. 



Lee, C.-H., Subhas, A. V., Kim, J.-H., & Lee, K. (2026). Ocean carbon dioxide removal and storage. 
Chemical Reviews, 126, 1110–1144. https://doi.org/10.1021/acs.chemrev.5c00433 

 

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2024? If yes, who? How did you engage? 
 

 

 

PART 2 - Planned activities for 2025 and 2026 
1. Planned major national and international field studies and collaborative laboratory and 
modelling studies (incl. all information possible, dates, locations, teams, work, etc.).  
 

 

 

2. Events like conferences, workshops, meetings, summer schools, capacity building etc. 
(incl. all information possible).  
 

3. Funded national and international projects/activities underway.  
 

 

 

 

4. Plans / ideas for future national or international projects, programmes, proposals, etc. 
(please indicate the funding agencies and potential submission dates).  
 

5. Engagements with other international projects, organisations, programmes, etc. 
 

 
Comments 



 

 


