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Executive Summary 

Achieving ambitious greenhouse gas reduction targets by 2030 and enabling the transition towards a 
climate neutral and climate resilient society by 2050 will require the implementation of a portfolio of 
Carbon Dioxide Removal (CDR) approaches. Ocean based CDR methods may play a significant role in 
meeting those objectives as the scale of atmospheric CO2 removal that could be achieved, coupled with 
their potential to help mitigate other environmental and climate change impacts such as ocean 
acidification, offers advantages over some terrestrial-based CDR approaches. Facilitating the 
environmentally safe, socially acceptable and economically and politically viable implementation of OCDR 
approaches requires an enhanced understanding of the efficacy, durability, scalability and co-
benefits/risks of each technique, as well as the development of appropriate monitoring mechanisms, 
regulatory pathways, and market opportunities that are supported by local communities. The “Strategies 
for the Evaluation and Assessment Of Ocean-based Carbon Dioxide Removal” (SEAO2-CDR) project 
addresses these challenges by developing holistic and multidisciplinary assessment and evaluation 
frameworks that will help guide and inform the implementation potential of OCDR approaches.  

This document sets out the scope of the SEAO2-CDR project, defining its context and important concepts, 
the objectives, ambition, approach and geographical coverage of the work being conducted, and the 
limitations, assumptions and exclusions of the project. It also outlines how we will work in collaboration 
with companies and other research networks to go beyond the current state-of-the-art of OCDR 
techniques. The document has been prepared at the start of the project alongside the initial risk 
management, data management, and dissemination, communication and exploitation plans (D1.1, D1.3 
and D8.1 respectively), and is intended to complement the information presented in those reports 
together with the methodological detail contained in Part B of the DoA.   
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1 Context 

To avoid the most catastrophic effects of climate change we must meet the Paris Agreement target of 
limiting the maximum extent of global warming to under 2˚C. The latest IPCC assessments show that 
realising this target requires both a rapid and substantial reduction in greenhouse gas emissions and the 
active removal of carbon dioxide (CO2) from our atmosphere. Although several Carbon Dioxide Removal 
(CDR) techniques have been proposed, there is currently a significant gap between the level of CDR 
deployment and the amount that will be needed to meet the Paris temperature goal.  

All CDR strategies seek to remove CO2 from the atmosphere and store it in geological, terrestrial or oceanic 
reservoirs or products. This can be achieved via the implementation of biological or chemical techniques 
that artificially enhance the rate of natural carbon burial processes or provide new ‘engineered’ pathways 
for facilitating carbon removal. Each of these archetypal approaches can be realised in a number of ways. 
For example: Biological CDR techniques typically focus on enhancing the production and storage of organic 
carbon and include changes in land-use practice that increase soil carbon sequestration (e.g. reforestation 
and application of regenerative farming practices), the production and burial of biochar (pyrolyzed 
biomass) and growing and sinking macroalgae (seaweed) in deep marine environments. Chemical CDR 
techniques primarily focus on the inorganic carbon pool, thus include approaches such as the enhanced 
weathering of rocks and minerals in agricultural environments, increasing ocean alkalinity, and 
accelerating carbonate mineralisation within mafic or ultramafic reservoirs. Engineered pathways include 
methods such as Direct Air Carbon Capture and Storage (DACCS) and Bioenergy with Carbon Capture and 
Storage (BECCS), both of which involve the injection of captured CO2 into a geological reservoir, as well as 
processes that create building materials or other products as part of the carbon capture process.  

All of these CDR techniques, as well as the many other methods that have been proposed, have different 
states of maturity and scalability and vary significantly in terms of their price per ton of CO2 removed and 
the storage timescale over which that carbon stays removed from the climate system. These differences, 
coupled with uncertainties in the environmental and ecosystem impacts, co-benefits and feedbacks of 
each approach, make it hard to quantitatively and consistently compare between CDR strategies. 

The Horizon Europe research and innovation action “Carbon Dioxide Removal (CDR) approaches” call CL5-
2022-D1-01-01 sought to address these challenges in analysing and characterising CDR methods in a 
consistent and transparent assessment framework by: 

• Delivering realistic estimates of each approach’s potential scale, cost, and effectiveness on the basis of 
factors such as technical readiness, key land and other resource needs, geographical and geological 
constraints, primary energy needs, short- and long-term sequestration potential, key impacts and risks. 

• Enabling the better parametrisation of integrated assessment models with respect to removals as well 
a better design of forward-looking policies, and developing abatement cost estimates in function of 
time profile as well as variables like scale of deployment and key input factors. 

• Exploring efficient incentive and governance frameworks to facilitate CDR uptake at scale, including 
social acceptance, ethical and regulatory considerations, as well as identifying major issues and options 
for establishing MRV and accounting systems associated with CDR. 

Although a wide range of nature-based and technical CDR approaches were eligible for assessment 
through the call, the “Strategies for the Evaluation and Assessment Of Ocean based Carbon Dioxide 
removal” (SEAO2-CDR) project intentionally focusses on ocean-based CDR (OCDR) techniques as they have 
received less attention than terrestrial approaches, despite many offering an equivalent, if not greater, 
atmospheric CO2 sequestration potential. For example; the ocean covers 70% of Earth’s surface, contains 
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about 50 times amount of carbon that is in the atmosphere (with the potential to store much more), and 
is already the largest long-term sink for anthropogenic CO2, having absorbed approximately ¼ of all human 
CO2 emissions since the industrial revolution. Small enhancements in this vast CO2 sink consequently have 
the potential to translate to an enormous drawdown of atmospheric CO2. However, many knowledge gaps 
currently exist in our understanding of the biotic and abiotic techniques that have been proposed for 
accelerating the rate of CO2 influx into seawater, and an improved understanding of their net efficacy and 
potential impacts is essential before they can be implemented at climatically relevant scales. 

Consequently SEAO2-CDR seeks to address critical gaps in our understanding of the ecological benefits 
and trade-offs for a range of OCDR approaches, and to help facilitate their incorporation into Integrated 
Assessment Models (IAMs) and deployment strategies. It also aims to assess technologies and approaches 
for enabling robust Monitoring, Reporting and Verification (MRV), ensuring that carbon-accounting and 
environmental monitoring requirements can be achieved for different OCDR approaches. By engaging 
with public, governmental, non-governmental, corporate and finance stakeholders, SEAO2-CDR will also 
help facilitate the development of social, regulatory, political, economic and ethical governance 
frameworks and provide the guidance required to support the development of policy instruments and 
business models for the responsible implementation of OCDR approaches in support of climate change 
mitigation efforts.  
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2 Objectives, ambition, approach and coverage 

2.1 Objectives 

SEAO2-CDR aims to develop OCDR beyond current feasibility studies by establishing the mechanisms and 
frameworks required to support the evaluation and application of archetypal biological, chemical and 
physical OCDR techniques. Common assessment processes, governance structures and technologies will 
be used to explore system-level interactions between different approaches in order to deliver the insights, 
tools and guidelines required for the safe and effective implementation of OCDR. These advancements 
will enable SEAO2-CDR to establish the extent to which OCDR can support climate change mitigation and 
adaptation strategies, and hence the transition to a climate-neutral and resilient society and economy.  

The overall objective of SEAO2-CDR is to evaluate and establish the mechanisms and processes required 
to facilitate the environmentally safe, socially acceptable, and economically viable implementation of 
appropriate ocean-based CDR approaches to support the realisation of global climate policies.  

Achieving this objective will enhance the technical viability of OCDR by characterising the key system 
boundaries, processes, material and energy flows of different approaches in addition to establishing their 
temporal and spatial monitoring requirements and mechanisms. It will also develop the social, regulatory, 
political, economic and ethical frameworks required to facilitate and support OCDR uptake at scale. 
Finally, it will provide a deep understanding of realistic implementation policies and pathways via an 
integrated assessment of system-level effects. This will be delivered through seven specific objectives, 
described further in Part B of the description of action (DoA): 

O1. To enhance our understanding of emerging ocean-based CDR approaches by characterising their 
potential operational space using common frameworks for life cycle assessments (LCA) and techno-
economic assessments (TEA). 

O2.  To develop, assess and harmonise technological solutions for ocean-based CDR monitoring reporting 
and verification. 

O3. To improve understanding of public and stakeholder perceptions by exploring societal acceptance of 
ocean-based CDR in the context of the broader ecosystem services offered by different approaches. 

O4.  To derive a scientifically grounded and stakeholder-oriented multidimensional governance 
framework for ocean-based CDR that considers the legal, ethical, policy and geopolitical implications 
of upscaling ocean-based CDR approaches.  

O5.  To develop the commercial frameworks and incentivisation strategies needed to support the 
potential for ocean-based CDR operationalisation, including via improved abatement cost estimates 
and standardised carbon accounting. 

O6.  To support assessment of the ecological and economic feasibility of ocean-based CDR deployment 
on a regional scale through improved representation in Integrated Assessment Models. 

O7.  To generate the roadmaps required to help policymakers bring ocean-based CDR to scale. 
 

2.2 Ambition 

Many cross-cutting research priorities required for advancing OCDR were summarised in the 2021 
National Academies of Sciences, Engineering and Medicine report “A research strategy for ocean-based 
carbon dioxide removal and sequestration”. The interdisciplinary expertise available through SEAO2-CDR 
enables us to address these limitations and advance beyond the state-of-the-art, summarised in Table 1.  
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Table 1. Current limitations (L) of OCDR and advances (A) in the state-of-the-art to be made by SEAO2-CDR. 

Limitations of the state-of-the-art Advances beyond state-of-the-art in SEAO2-CDR 

L1. The low technological readiness 
level of most OCDR techniques results 
in considerable uncertainty in the cost 
of CO2 removal for each approach.  

A1. Combining improved techno-economic performance 
assessments with the first ex-ante LCA of OCDR 
approaches will improve upscaling scenarios and inform 
appropriate support instruments and business models.  

L2. Mechanisms that facilitate MRV of 
the climatic benefits and 
environmental/ecological impacts of 
OCDR are yet to be established. 

A2. In consultation with comprehensive modelling, 
autonomous in-situ observing platforms will be developed 
that integrate state of the art sensor technologies to 
facilitate monitoring of ocean parameters and provide data 
relevant to corporate and regulatory bodies. 

L3. A lack of in-situ trials and 
observations provides an inadequate 
knowledge base to assess the technical 
viability of most OCDR approaches. 

A3. Working in conjunction with trials being conducted by 
commercial entities and scientific research programmes 
will enable us to conduct detailed technical and 
environmental assessments using common frameworks. 

L4. Social and regulatory acceptability is 
considered a critical barrier to the 
implementation of OCDR. 

A4. Empirical and theoretical analysis will help inform the 
societal, legal, and economic requirements underpinning 
the development of national and international governance 
frameworks.  

L5. Modification of marine 
environments through OCDR may result 
in unintended impacts on marine 
ecosystems and coastal communities. 

A5. Observational and model-based assessments of 
ecological effects and interactions will facilitate system-
level parameterisation of global integrated assessment 
models to improve their characterisation of the economic 
and ecological impacts of OCDR. 

L6. The lack of an OCDR commercial 
ecosystem, group of informed investors 
and ocean carbon buyers slows growth 
in ocean CO2 sequestration 
mechanisms. 

A6. Developing an OCDR Industry Association and a 
community of practice that brings together OCDR 
businesses, logistics/supply chain partners, investors and 
other actors in the carbon market to interact and advance 
the potential for ocean CO2 sequestration. 

Specifically, SEAO2-CDR will go beyond the current state-of-the-art in our understanding of OCDR by: 

Designing common frameworks LCA and TEA across OCDR approaches (A1). Engaging with research 
projects such as OceanNETS, CDRmare, ReCAP and ReSOW that are conducting pilot studies and 
experimental trials will enable SEAO2-CDR to improve the representation of ocean related impacts in LCA 
models (A3) and hence better understand the environmental performance of different OCDR approaches 
and define their techno-economic operating windows. Ex-ante LCA and TEA analysis will also enable an 
assessment of up-scaled scenarios that directly support the parameterisation of system-level effects in 
IAMs (A5). 

Developing observational techniques and models that enable effective and economically viable MRV of 
the extent of OCDR and any environmental or ecosystem impacts in marine settings (A2). Demonstrating 
the potential for at-market and near-market autonomous marine sensors developed through research 
programs such as TechOceanS and STEMM-CCS to be used for OCDR MRV will help guide accounting and 
regulatory strategies, whilst their deployment at active trials and experiments will advance our technical 
understanding of each approach (A3). 

Building models that enable system-level ecological interactions between OCDR approaches and potential 
ripple effects to be captured in IAMs (A5). Current gaps in the parameterisation of global IAMs will be 
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addressed through the inclusion of OCDR approaches into regional IAMs, providing practical information 
for policymakers on their deployment potential and requirements to bring the approach to scale (A6). 

Developing scientifically-based and stakeholder-oriented governance frameworks that define the 
boundaries and requirements for national and international implementation of OCDR (A4). Analysis of the 
legal, ethical, policy and geopolitical implications of OCDR in the context of increasing societal awareness 
of the impacts of climate change and national Net Zero targets will address critical barriers to 
implementation and will help guide other environmental, ecological and economic assessments (A3; A6).  

Improving the abatement cost estimates for OCDR techniques (A1) through the integration of enhanced 
TEA (A3), consideration of system-level operationalisation (A5; A6), and access to MRV technologies (A2). 
This will guide the design of policy instruments that support the development of business models required 
for OCDR uptake. 
 

2.3 Approach  
As outlined above, SEAO2-CDR uses a multi-disciplinary approach to develop the mechanisms, tools and 
guidelines required to help facilitate the implementation of OCDR approaches in a responsible and 
transparent manner. The project’s philosophy is centred around the need to unite the key actors and 
stakeholders who will discover or determine which OCDR strategies are environmentally, socially and 
commercially viable in order to facilitate simultaneous and mutually compatible advances in the 
operationalisation potential of each technique. This reciprocal approach to research and innovation is 
reflected through the projects’ construction around three Core Themes (CTs) focussed on scientific and 
technical advancement, social governance and commercial evaluations, integrated modelling and policy 
development. Each theme addresses a fundamental requirement on the pathway to OCDR 
implementation (Figure 1), with cross-thematic collaboration and stakeholder engagement throughout 
the project ensuring all advances and solutions offered are of direct benefit to the end users. 

By delivering each CT in parallel, SEAO2-CDR will facilitate the two-way flow of information between target 
users (e.g. OCDR businesses, investors and policymakers), scientific bodies, and other stakeholders 
(environmental NGOs and public bodies, etc), enabling, for example, the development of autonomous 
marine sensors and approaches for OCDR MRV (WP3) to be guided by the requirements and expectations 
of regulating bodies and carbon markets (WPs 5 and 6) and vice-versa. Working in collaboration with 
companies and research programmes conducting OCDR trials will also enable us to apply the techniques 
and knowledge generated through the project to real-world scenarios, enhancing both the relevance and 
exploitation potential of our findings. The methods, models and processes that will be used to accomplish 
these advances in the OCDR development pathway are explained in detail in Part B of the DoA.  

Another defining feature of SEAO2-CDR is that it acknowledges the rapid and on-going expansion of 
commercial interest in OCDR strategies and that the private sector has been driving many of the recent 
advances in the field, particularly with regards to running in-situ pilot studies and environmental impact 
assessments of the different techniques. SEAO2-CDR will draw on this expertise by engaging with an array 
of OCDR businesses and investors through its project partner network, enabling them to help shape and 
direct the research priorities and outputs by contributing (where relevant) to the focus groups, 
deliberative workshops and community of practice networks established through the project. Their 
philanthropically or commercially funded field trials also provide opportunities for testing the MRV 
techniques developed through SEAO2-CDR under a range of conditions, negating the need for the project 
to conduct its own expensive and logistically complex experiments.  
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Figure 1. Schematic illustration of the ambition and approach of SEAO2-CDR, summarising the three Core Themes 
(CT), Work Packages (WP), methods, processes and Advances (A; Table 1) that will be achieved. The blue arrow 
represents the pathway towards environmentally safe, socially acceptable and economically viable implementation 
of OCDR and the common requirements needed to enable this that will be supported. 
 

2.4 Geographical coverage 
Facilitating the removal of atmospheric CO2 is an intrinsically global requirement, and the worldwide 
coverage of the ocean means that many of the findings of this project will be globally translatable and of 
interest to all parties working on OCDR techniques. Nevertheless, as an EU-funded project, SEAO2-CDR 
will primarily focus on the development of governance policies and characterization of techniques that 
are most aligned with the requirements and/or interests of European nations. This will be facilitated by 
analysing the policy landscape at the EU level to assess the feasibility of regulatory measures and identify 
potential barriers to implementation, and by conducting cross-country comparisons - a valuable approach 
to assess different national specificities, governance structures and path dependencies, contextualize 
mitigation targets and provide opportunities for policy replication and learning 

Although some field trials are starting to be conducted within Europe (such as the Planetary Technologies 
trial in Cornwall, UK), most are currently located overseas, with relevant trials currently being conducted 
in the USA, Canada, Barbados, Namibia, Iceland, China and Taiwan. Engagement with some of these 
overseas trials is required in order to test the autonomous sensors developed in WP3 for enabling 
Monitoring Reporting and Verification (MRV) of OCDR techniques and, where appropriate, to evaluate 
different public and stakeholder perspectives towards the implementation of OCDR (WP4). Cross work 
package engagement with these overseas trials will be coordinated through the Executive Board meetings 
and is expected to support strong collaborations between SEAO2-CDR and the project partners.  
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3 Limitations, assumptions and exclusions 

3.1 Limitations 

To maximise the cross-sectoral relevance of work conducted through SEAO2-CDR, the project will focus 
on archetypal (i.e. non-technique specific) OCDR approaches wherever possible, namely biological OCDR 
that seeks to enhance the production and storage of organic carbon and chemical OCDR that focusses on 
manipulating the dissolved inorganic carbon pool in seawater to increase the ocean’s capacity to absorb 
atmospheric CO2. It will, however, also be necessary to work with technique-specific case studies which, 
for example, facilitate the deployment of autonomous marine sensors at field trials (WP3), or the 
development of more robust LCA and TEA parameters (WP2). These case studies are expected to focus 
on the most advanced OCDR approaches that have progressed to the point of conducting in-situ pilot 
studies and/or have the most ancillary data available. At present, those techniques include ocean 
alkalinity enhancement (e.g. Planetary Technologies and Vesta) and macroalgae (seaweed) burial (e.g. 
Running Tide, Seafields, Kelp Blue). Other proposed OCDR approaches such as electrochemical separation, 
artificial upwelling/downwelling, and nutrient fertilisation are still being developed, and only small-scale 
tests have been conducted thus far. Engagement with an array of external stakeholders throughout the 
project, supported via the OCDR Industry Association established in WP6 and other mechanisms outlined 
in the dissemination, communication, and exploitation plan (D8.1) will ensure that we will be well 
positioned to work with case studies from other OCDR approaches if/where relevant as they develop 
throughout the project. 

The timeframe and funding limits associated with call CL5-2022-D1-01-01 meant that SEAO2-CDR is reliant 
on collaborations with companies and other research programmes to have access to in-situ field trials and 
mesocosm/laboratory experiments – we were not able to conduct our own experimental evaluation or 
characterisation of the different OCDR techniques. Although this is a limitation of the project, as there are 
many residual uncertainties regarding the potential environmental and ecosystem impacts and 
sequestration efficiency of different OCDR approaches that can only be resolved through in-situ or 
laboratory-based work, other funding mechanisms such as Carbon2Sea and the Climateworks Foundation 
are already supporting trials, and companies such as Planetary Technologies, Vesta, Running Tide and Kelp 
Blue have established their own small-scale evaluations. SEAO2-CDR will maximise the outputs from those 
trials by deploying state-of-the-art scientific equipment and conducting associated analyses, and working 
in collaboration with those entities to improve our understanding of the respective OCDR technique. The 
project will therefore be reliant on the provision of access to those trials and their continuation until 
atleast the point that the sensors or other techniques can be deployed mid-way through the project. The 
risks associated with this approach have been identified in the risk management plan (D1.1) and will be 
monitored and mitigated throughout the project via continual engagement with the relevant companies.  

As emphasised in Section 2.4 above, the geographical scope of this project is in part defined by the 
location of the pilot studies, many of which are being conducted outside of the EU. This does not limit the 
relevance of the work for EU countries, however, given that equivalent marine conditions will likely be 
found in European waters. The same limitations apply to the development of governance structures and 
public/stakeholder considerations conducted through WPs 4 and 5; as far as possible these structures will 
be developed to inform EU directives and legislation, but it is also likely that some country-specific policies 
and evaluations will be developed/conducted and it will not be possible to conduct these for all member 
states. To maximise the impact of this work, the project will prioritise engagement with both EU and non-
EU countries that are already conducting field trials and/or have an expressed interest in developing OCDR 
related regulations and guidance. 
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3.2 Assumptions 

It is already clear that the rate and extent of greenhouse gas emissions to the atmosphere will require 
climate change mitigation approaches to be applied throughout the rest of this century and beyond. It is 
also well established that the implementation of CDR approaches alone cannot solve climate change; they 
have to be deployed alongside rapid and significant reductions in greenhouse gas emissions. Nevertheless, 
there is an expectation that the requirements for, and interest in, the potential for CDR implementation 
will increase over the lifetime of the project and coming years and that a portfolio of approaches will be 
needed to enable countries to meet their Net Zero pledges by the end of the decade. New developments 
or unforeseen occurrences might significantly affect either the extent of interest in, or viability of, OCDR 
techniques. Such risks will be monitored by the Executive Board throughout the project and supported by 
guidance provided by the External Advisory Board in order to avoid investing project time and effort 
investigating non-feasible OCDR approaches. However, we assume that the need for, and interest in, the 
outcomes of this project will only increase and that the vast majority of OCDR approaches will be eligible 
for consideration and evaluation throughout the lifetime of the project. 

SEAO2-CDR is also reliant on the assumption that companies and other entities will be willing to engage 
with some aspects of the project at their own expense (e.g. participation within the Industry Association 
being developed through WP6 and supporting the deployment of autonomous sensors in their field trials 
through WP3). It is expected that the benefits associated with participating in these activities will provide 
sufficient justification (i.e. access to cross-sectoral support and state-of-the-art in-situ data generated 
from their trials), but no direct funding or incentives will be used to encourage their participation.  
 

3.3 Exclusions 

Although the potential for implementation of any form of OCDR warrants detailed ethical consideration 
(and will be considered further through WP5), SEAO2-CDR does not intend to engage with any proposed 
OCDR approaches that directly sit outside of, or are explicitly contrary to, existing EU regulatory norms. If 
engagement with any such entities is considered essential for the project, then ethical guidance will be 
sought from external experts prior to working with them. 

To remain a source of independent and impartial advice for all stakeholders, SEAO2-CDR will not be used 
as a platform to advocate for or against particular OCDR approaches. Any direct comparisons or 
recommendations required between OCDR techniques that draw on project work will be checked and 
approved by the Executive Board prior to publication or external release (using the mechanisms outlined 
in the SEAO2-CDR Consortium Agreement) and will be contextualised in the wider objectives of the study. 

As specified in the details of call CL5-2022-D1-01-01, no engagement will be conducted as part of SEAO2-
CDR with companies or projects investigating the use of CDR technologies for enhanced oil recovery. 
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4 Conclusions 

This document represents a scoping paper that defines the most important concepts, objectives, 
approach and geographical coverage of the SEAO2-CDR project, together with its limitations, assumptions 
and exclusions of the project. It also outlines how the project will contribute to the scope of the call and 
help advance the potential for environmentally safe, socially acceptable and economically viable 
implementation of ocean-based CDR approaches in support of climate change mitigation efforts. The 
document is presented as Deliverable D1.4 and presents the scope of the planned work and contributions 
as foreseen at the start of the project. 
 
 

5 Deviations from Annex 1 

There are no deviations with respect to the description of work. 
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