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Virtual Logistics 

• If you are watching the webinar, 
submit questions or comment through Q&A!

• Committee members and panelists, please use the raise hand 
function or submit questions through the chat

• Presentations and recording will be posted on our project 
website:  

https://www.nationalacademies.org/our-work/a-research-
strategy-for-ocean-carbon-dioxide-removal-and-sequestration
• For assistance, please contact Trent Cummings, 

tcummings@nas.edu

https://www.nationalacademies.org/our-work/a-research-strategy-for-ocean-carbon-dioxide-removal-and-sequestration
mailto:tcummings@nas.edu


• NASEM Consensus Study
• Sponsored by the ClimateWorks Foundation
• Exploring 6 Ocean-based CDR Strategies:

– Identify the most urgent unanswered scientific and technical questions 
needed to: assess the benefits, risks, and sustainable scale potential CDR 
approaches

– Define the essential components of a research and development program and 
specific steps that would be required to answer these questions; 

– Estimate the costs and potential environmental impacts of such a research 
and development program to the extent possible in the timeframe of the 
study.

– Recommend ways to implement such a research and development program 
that could be used by public or private organizations. 

Background



Workshop Series

• January 19, 2021 - Part 1:  Setting the Stage
• January 27, 2021 - Part 2:  Technological and Natural 

Approaches to Ocean Alkalinity Enhancement and 
CO2 removal

• February 2, 2021 - Part 3:  Ecosystem Recovery and 
Seaweed Cultivation

• February 25, 2021 - Part 4:  Nutrient Fertilization and 
Artificial Upwelling and Downwelling
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12:00pm Welcome
12:05pm Global Role for Carbon Removal Strategies
12:30pm Legal and Political Aspects of Ocean-based CDR
1:30pm BREAK
1:45pm Social Acceptance and Ethical Considerations 
2:45pm Financial and Economic Considerations 
3:45pm BREAK
4:00pm Parallel Efforts in Advancement of Ocean-based 

CDR Strategies
5:00pm Adjourn

Agenda



Global Role for 
Carbon Removal Strategies

Dr Oliver Geden 

NASEM Committee on Ocean-Based CDR, 19 January 2021



Quick overview

3 different strategic approaches (visual representations)
−what should CDR be used for?
−who are the imagined and/or real-world actors?
− [implicitly] how would ocean-based CDR options fit in?

1. Global Temperature Target Focus
2. Global Risk Hedging Focus
3. (National/Regional) Emissions Target Focus
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Global Temperature Target Focus I
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IPCC Special Report 1.5 °C – SPM



Global Temperature Target Focus II
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IPCC Special Report 1.5 °C – SPM



Global Temperature Target Focus III
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Geden/Schenuit: Unconventional Mitigation (2020)



Global Risk Hedging Focus I
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Hanna et al.: Emergency 
deployment of direct air 
capture as a response to the 
climate crisis (2021)



Global Risk 
Hedging Focus II
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Hanna et al.: Emergency deployment 
of direct air capture as a response to 
the climate crisis (2021)



(EU-28) Emissions Target Focus I
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Geden/Schenuit: Unconventional Mitigation (2020)



(EU-28) Emissions Target Focus II
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Geden/Schenuit: Unconventional Mitigation (2020)



Some conclusions

 If a strategy doesn‘t have actors who are willing and capable of 
making it happen in the real world, then it‘s not really a strategy, it‘s 
wishful thinking (imagined vs. existing policymakers)

 Influenced by IPCC‘s global macro-economic optimization scenarios, 
it‘s now accepted among climate policymakers that CDR will be 
needed globally to achieve the Paris Agreement‘s long-term 
temperature goal (1.5 - <2°C). But there‘s not even serious talk 
who‘s actually going to deliver it.

 In coming years, CDR debate will shift from „if or if not“ to policy 
discussions about which CDR options should be deployed by whom, 
by when, at which volumes and in which ways.

 Main conceptual framework for CDR policy will be (national) net-
zero GHG targets (residuals vs. removals). Only based on practical 
experience a serious debate on large-scale CDR will emerge (global 
net-zero and actor-level net negative, then global net negative)
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Research areas, or: Issues to think about

Under the assumption that it is possible to incentivize (some) 
Ocean-Based CDR responsibly…

What are (future) policy/politics ‘problems' that Ocean-Based 
CDR options might be the (preferred) 'solution' for? For 
which actors?
 [in a given country:] How do Ocean-Based CDR options rate in 

the 'socio-political merit order'? Or: What are the mitigation 
options they are competing against (in terms of political 
preferences, societal acceptance, economics, efficacy)?
How do Ocean-Based CDR options fit into the usual 

categorization (nature/ecosystem-based – hybrid –
technological/geochemical)? Will they stabilize the politically 
emerging nature vs. tech dichotomy, or help to overcome it?
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Thank you very much!

…and don‘t forget to review IPCC AR6 WG3 SOD 
(CDR mainly in chapters 12, 7 & 3)

https://apps.ipcc.ch/comments/ar6wg3/sod/register.php
(until 14 March)
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International Governance 
of Marine Geoengineering 

Approaches

Wil Burns,  Co-Executive Director
NASEM Workshop on Ocean-based CDR Opportunities and Challenges 
January 19, 2021





London Dumping 
Convention (1972)

RESOLUTION LC-LP.1(2008) ON THE REGULATION OF OCEAN FERTILIZATION 

3. AGREE that in order to provide for legitimate scientific research, such research 
should be regarded as placement of matter for a purpose other than the mere 
disposal thereof under Article III.1(b)(ii) of the London Convention and Article 
1.4.2.2 of the London Protocol;  

4. AGREE that scientific research proposals should be assessed on a case-by-case 
basis using an assessment framework to be developed by the Scientific Groups 
under the London Convention and Protocol . . .

8. AGREE that, given the present state of knowledge, ocean fertilization activities 
other than legitimate scientific research should not be allowed.  To this end, such 
other activities should be considered as contrary to the aims of the Convention 
and Protocol and not currently qualify for any exemption from the definition of 
dumping in Article III.1(b) of the Convention and Article 1.4.2 of the Protocol; 
[emphasis added]
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London Dumping 
Convention (1972)

ASSESSMENT FRAMEWORK FOR SCIENTIFIC RESEARCH INVOLVING 
OCEAN FERTILIZATION (2010)

 Elements of environmental assessment:
 Problem formulation
 Site selection and description
 Exposure assessment
 Effects assessment
 Risk Characterization
 Risk Management
 Decision Making
 Results of Monitoring
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Resolution LP.4(8) on the Amendment to the London Protocol of 
Matter for Ocean Fertilization and Other Marine Geoengineering 

Activities (2013)

 Expanded potential purview of regulation to all potential “marine 
geoengineering” activities, i.e. “deliberate intervention in marine 
environment to manipulate nature processes;”

 Mandated issuance of permits by Parties before such activities occurred, 
including the mandate to limit or reduce pollution as far as “practicable;”

 In case of OIF (and by implication, other geo. options), permits only to be 
issued for “legitimate scientific research” and projects not intended for 
commercial gain;

 Establishment of an assessment framework similar to 2010 voluntary 
framework, including elements for ongoing consultation with other Parties 
potentially affected in areas in their jurisdiction or the global commons, 
assessment of potential impacts of activities, risk management to minimize 
potential impacts, monitoring, and reporting to the Secretariat, and 
subsequently to other Parties.
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CBD, 10THCOP (2010)
X/33. Biodiversity and climate change

(w) Ensure . . .  in the absence of science based, global, transparent and 
effective control and regulatory mechanisms for geo-engineering, and in 
accordance with the precautionary approach and Article 14 of the 
Convention, that no climate-related geo-engineering activities that may 
affect biodiversity take place, until there is an adequate scientific basis on 
which to justify such activities and appropriate consideration of the 
associated risks for the environment and biodiversity and associated social, 
economic and cultural impacts, with the exception of small scale scientific 
research studies that would be conducted in a controlled setting in 
accordance with Article 3 of the Convention, and only if they are justified by 
the need to gather specific scientific data and are subject to a thorough 
prior assessment of the potential impacts on the environment; [emphasis 
added]
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UNCLOS
Article 238 Right to conduct marine scientific 
research 

All States, irrespective of their geographical location, and 
competent international organizations have the right to 
conduct marine scientific research subject to the rights and 
duties of other States as provided for in this Convention. 

Article 239 Promotion of marine scientific 
research 

States and competent international organizations shall 
promote and facilitate the development and conduct of 
marine scientific research in accordance with this Convention.
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UNCLOS
Article 245 Marine scientific research in 
the territorial sea 
Coastal States, in the exercise of their 
sovereignty, have the exclusive right to 
regulate, authorize and conduct marine 
scientific research in their territorial sea.  
Marine scientific research therein shall be 
conducted only with the express consent of 
and under the conditions set forth by the 
coastal State.
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UNCLOS
Article 257 Marine scientific research in the 
water column beyond the exclusive economic 
zone

All States, irrespective of their geographical location, 
and competent international organizations have the 
right, in conformity with this Convention, to conduct 
marine scientific research in the water column beyond 
the limits of the exclusive economic zone.
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UNCLOS
Article 263 Responsibility and liability

1. States and competent international organizations shall be responsible for 
ensuring that marine scientific research, whether undertaken by them or on 
their behalf, is conducted in accordance with this Convention.
2. States and competent international organizations shall be responsible and 
liable for the measures they take in contravention of this Convention in 
respect of marine scientific research conducted by other States, their natural 
or juridical persons or by competent international organizations, and shall 
provide compensation for damage resulting from such measures.
3. States and competent international organizations shall be responsible and 
liable pursuant to article 235 for damage caused by pollution of the marine 
environment arising out of marine scientific research undertaken by them or 
on their behalf. [emphasis added]
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UNCLOS
Article 194: Measures to Prevent, Reduce and 
Control Pollution of the Marine Environment
1. States shall take, individually or jointly as 
appropriate, all measures consistent with this 
Convention that are necessary to prevent, 
reduce and control pollution of the marine 
environment from any source, using for this 
purpose the best practicable means at their 
disposal and in accordance with their 
capabilities, and they shall endeavour to 
harmonize their policies in this connection. 



UNCLOS

12

Article 1(1)(4): Use of Terms

(4) "pollution of the marine environment" 
means the introduction by man, directly or 
indirectly, of substances or energy into the 
marine environment, including estuaries, 
which results or is likely to result in such 
deleterious effects as harm to living 
resources and marine life . . .

UNCLOS



UNCLOS

13

Article 235
1. States are responsible for the fulfilment of their 
international obligations concerning the protection and 
preservation of the marine environment. They shall be liable 
in accordance with international law.
2. States shall ensure that recourse is available in accordance 
with their legal systems for prompt and adequate 
compensation or other relief in respect of damage caused by 
pollution of the marine environment by natural or juridical 
persons under their jurisdiction. [emphasis added]

UNCLOS 



UNCLOS
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4. Measures such as area-based management 
tools, including marine protected areas

4. Objectives of area-based management tools, 
including marine protected areas

The text would set out objectives of area-based 
management tools, including marine protected areas, 
in areas beyond national jurisdiction for the 
conservation and sustainable use of marine biological 
diversity.

UNCLOS: BBNJ



UNCLOS

15

5.Environmental impact assessments

5.1 Obligation to conduct environmental impact 
assessments

Drawing from article 206 of the Convention and 
customary international law, the text would set out 
the obligation for States to assess the potential effects 
of planned activities under their jurisdiction or control 
in areas beyond national jurisdiction.

UNCLOS: BBNJ



Paris Agreement (2015)

Article 4

2. Each Party shall prepare, communicate 
and maintain successive nationally 
determined contributions that it intends to 
achieve. Parties shall pursue domestic 
mitigation measures, with the aim of 
achieving the objectives of such 
contributions. [emphasis added]



UNFCCC (1992)

Article 4:  Commitments

2. The developed country Parties and other Parties 
included in Annex I commit themselves
specifically as provided for in the following:
(a) Each of these Parties shall adopt national policies and 
take corresponding measures on the mitigation of climate 
change, by limiting its anthropogenic emissions of 
greenhouse gases and protecting and enhancing its 
greenhouse gas sinks and reservoirs. [emphasis added]



Paris Agreement (2015)

Preamble

Acknowledging that climate change is a common concern 
of humankind, Parties should, when taking action to 
address climate change, respect, promote and consider 
their respective obligations on human rights… [emphasis 
added]

***
Emphasizing the intrinsic relationship that climate change 
actions, responses and impacts have with equitable access 
to sustainable development and eradication of poverty . . . 
[emphasis added]



19 January 2021

Governing Marine CDR
Anna-Maria Hubert, Assistant Professor University of Calgary, Faculty of Law, Associate Fellow, InSIS, University of Oxford
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Geoengineering Research 
Governance Project (GRGP)

www.ucalgary.ca/geoengineering-governance

✤ Aim to engage with academics from 
relevant disciplines, together with 
experts from government, 
intergovernmental and non-
governmental organizations, and other 
stakeholders to seek their views and 
integrate this feedback into a revised 
document 

✤ Expert peer review by legal scholars, 
online call for comments, interviewing 
expert stakeholders, international 
workshop 
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A Polycentric Governance Landscape 

✤ Marine CDR is variety of public and private actors and institutions operating at multiple scales

✤ “Polycentricity” refers to “a social system of many decision centre having limited and autonomous prerogatives 
and operating arching set of rules’ (Aligica and Tarko, 2012, p. 237), and is apt as a theoretical framework for 
analysing the governance of marine CDR, including R&D in this field

✤ Governance considerations include: 

✤ Controversial nature, variety, and scale of proposals to deliberately intervene in the marine environment to 
counteract anthropogenic climate change,1. involving many different sectors, actors, geographical areas and 
jurisdictional considerations

✤ Diversity and relative independence of bodies and actors at various levels with rule-making authority

✤ Need to facilitate policy experimentation to address the more novel features of these technological proposals
4



— Hubert, Global Policy, 2020

Descriptively, what norms and 
processes are relevant to the 
governance of marine CDR?

Context specific enquiry with some ambiguity: 
✤ How can the activity be characterised?
✤ Who is undertaking the activity?
✤ Where is the activity taking place?

Prescriptively, taking the existing 
legal and institutional framework 
into account, how should marine 
CDR be governed?

5



6

A Polycentric Governance Landscape 

Ocean Alkalinity 
Addition

Ocean Upwelling

Ocean Fertilisation

STATE B

STATE A

ABNJ

Microalgae
Cultivation

e.g., for Ocean BECCS

Deposition of Crop
Wastes in the Deep Ocean



Existing Legal and Institutional Landscape 

✤ International law

✤ Law of the sea: including regimes on protection and preservation of the marine environment, such 
as pollution by dumping, by seabed activities, and land-based sources; fisheries; shipping and 
installation of platforms and structures; marine scientific research

✤ International environmental law: including intersection with regimes on the conservation of marine 
biodiversity and climate law, customary law regime on transboundary harm, general principles 

✤ International human rights law: including Art 15(1)(b) ICESCR on the so-called  “human right to 
science”

✤ Others…
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Existing Legal and Institutional Landscape 

✤ National/subnational law: 

✤ Sovereignty in the territorial sea

✤ Sovereign rights over living and non-living resources, including fisheries, 
renewable energy production

✤ Jurisdiction over marine environment, installations, marine scientific research

✤ Jurisdiction over flagged vessels on the high seas  

✤ National laws and policies related to the Paris Agreement (including NDCs)
8



Existing Legal and Institutional Landscape 

✤ Soft law declarations, resolutions, decisions, codes of conduct etc.

✤ E.g., OSPAR Code of Conduct for Responsible Marine Research in the Deep Seas and 
High Seas of the OSPAR Maritime Area, UN Declaration on the Use of Scientific and 
Technological Progress in the Interests of Peace and for the Benefit of Mankind, 
UNESCO Recommendation on the Status of Science and Scientific Researchers, 
UNESCO Declaration of Ethical Principles in Relation to Climate Change, Oxford 
Principles, Asilomar Principles 

✤ On marine geoengineering relevant to the US: e.g., Res LC-LP.1(2008) on the 
regulation of ocean fertilisation, Res LC-LP.2(2010) on the assessment framework for 
scientific research involving ocean fertilisation 
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“Responsible research and innovation (RRI) has emerged in recent years as a science-
policy framework, which seeks to align technological innovation with broader social 

values, and to support the institutional decisions concerning the goals of research and 
innovation in conditions of uncertainty and ambiguity. RRI aims to engage publics and 
responsible actors in the science and innovation field to produce ethically acceptable, 

sustainable and socially desirable research and innovation outcomes.” 

— RRI-Practice, EU Horizon 2020

Prescriptively, can we do better?
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“Responsible research and innovation (RRI) has emerged in 
recent years as a science-policy framework, which seeks to 
align technological innovation with broader social values, 
and to support the institutional decisions concerning the 

goals of research and innovation in conditions of 
uncertainty and ambiguity. RRI aims to engage publics and 

responsible actors in the science and innovation field to 
produce ethically acceptable, sustainable and socially 

desirable research and innovation outcomes.” 

— RRI-Practice, EU Horizon 2020

Prescriptively, can we do better?

which seeks to 

Normative basis for RRI?
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Draft Code of Conduct for Responsible 
Geoengineering Research 
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Subjects of governance
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Legal form and bindingness of provisions 
contained therein 
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Aims and objectives of governance 

(2) Recognition of participatory 
rights in decision-making about 
research

(3) The prevention of any adverse effects of 
research and development, including to the 
marine environment 

(1) Facilitation and promotion of 
research

15



Object of governance

✤ Matter of significant debate in the literature 

✤ Preferences for particular terminology depend upon the particular lens through which the topic 
is being considered, and are shaped by differing objectives, values, and disciplinary 
understandings

✤ Concept of “geoengineering” and related terms remains highly controversial, and is likely to 
evolve as scientific and societal understandings change over time

✤ Given that geoengineering R&D is in the early stages, the Code adopts a broader, more 
inclusive approach to defining the object of governance, rather than binding the definition of 
geoengineering narrowly to the assumed technical characteristics of the technologies being 
proposed 
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Object of governance

Code of Conduct primarily targets ‘unencapsulated’ or ‘open 
air research’, setting out best scientific practices and procedures 
for perturbative field experiments
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Contents of the Code of Conduct 

✤ Includes the following:

✤ General Principles, Art 3: To be interpreted and applied in light of general 
principles and rules of international law, including adopting a precautionary 
approach

✤ Use of Geoengineering, Art 4: Includes a principle addressing mitigation deterrence

✤ Cooperation on Geoengineering Research, Art 5

✤ Principles and practices for responsible geoengineering research, Art 6
18



Contents of the Code of Conduct 

✤ Includes the following:

✤ Assessment of outdoor experiments on geoengineering, Art 7, Appendix I

✤ Access to information, public participation on decision-making, and access to justice, Art 8, 
10

✤ Post-project monitoring of outdoor experiments, Art 9: Including for adverse affects; 
monitoring should inform future research and governance (adaptive management)

✤ Interpretation and application of the Code, Art 11: To be interpreted and applied flexible and 
adaptive approach in light of new information and by drawing upon the work of and 
involving, as appropriate, existing institutional bodies, experts, and civil society
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Cooperation on Geoengineering Research 

✤ States and other actors should cooperate on 
geoengineering research 

✤ This includes cooperation on:

✤ Development of governance measures

✤ Gathering of new knowledge to support 
decision-making 

✤ Exchange of information on geoengineering

✤ Considering equity, capacity-building (and 
technology transfer) for developing states

20



Principles and Practices for Responsible 
Geoengineering Research 

Should be conducted responsibly, including with all 
relevant laws and based on the guidance in the Code

Aim of minimising the risks of research (through 
environmental assessment, monitoring etc) and 
maximising the benefits (information sharing, etc)

“Step-by-step” approach to knowledge gathering for 
outdoor experiments

Conducted using best scientific methods and means and 
minimally intrusive approaches

Avoid interference with other legitimate uses of the seas 
and oceans, including other experiments in the area

21



Assessment of Outdoor Experiments on 
Geoengineering

Guidance on the assessment of outdoor 
experiments involving geoengineering 
research, and linked to public participation 
recommendations



Access to information 

Including a non-exhaustive list of information to be disclosed 
by those involved in the planning and conduct of 
geoengineering research



Interpretation and Application of the Code of 
Conduct

Idea that the provisions of the code are “not 
completely fixed” and “may be sources of change 
as well as continuity” (Jordan et al., 2018)

Code provide a starting point, and is to be 
applied adopting a flexible and adaptive 
approach, in light of new information taking into 
account efforts of other stakeholders

24
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Thank you for your interest.
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Ocean-Based CDR: Legal and Political Landscapes

By Lisa Suatoni and Rebecca Loomis
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Existing Regulatory Landscape in U.S. waters …
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Existing Regulatory Landscape in U.S. waters …



Carnegie Climate Governance Initiative: C2G 

Institute of Carbon Removal Policy, American University
(Wil Burns & Simon Nicholson American University)

Sabin Center for Climate Change Law Columbia: 
(Michael Gerrard; Romany Webb, Korey Silverman-Roati)

Anna-Marie Hubert University of Calgary

Jeffrey McGee, from University of Tasmania IMAS and the Faculty of 
Law

Some further resources: 
recent legal analyses ocean-based CDR…

Partial list!



2016

2015 2017

2018

2019

2020

The U.S. Political Landscape …



Bill Name Short summary Bipartisan Cosponsor(s)

HR 3828 / S 
1685 LEADING Act Natural gas CCS 

RD&D Y

Cornyn, Cassidy 
(Senate) / Lucas, Flores, 

Walberg, Crenshaw 
(House)

HR 5156
Carbon Capture 

and Sequestration 
Extension Act

Extend 45Q for 
one year N (D only) Sewell et al., 

HR 3607
Fossil Fuel 

Research and 
Development Act

DOE R&D CCS, 
Partnerships Y Veasey, Schweikert et 

al.

HR 5883 Amend 45 Q tax 
credit DAC/CCS N Schweikert et al., 

HR 1166/S 
383 USE IT Act

amend CAA 
research CCS; 

DOE report; 
CDQ guidance

Y

Barasso, Whitehouse et 
al., (Senate)/Peters, 

Mickinley, Schweikert et 
al., (House)

HR 5523
Energy Sector 

Innovation Credit 
Act

Emerging tech 
tax credits for 
certain CCS, 
RE, nuclear

Y Reed, LaHood, 
Schweikert

S 407 Carbon Capture 
Modernization Act

48A tax credit for 
advanced coal Y

Hoeven,  Cramer, 
Barasso, Grama, 

Daines, Capito et al.

S 2263 CO2 Regulatory 
Certainty Act

'secure 
geological 
storage'

N (R only)
Hoeven, Daines, Hyde-
Smith, Wicker, Cramer 

et al.
Senate 

Amend to 
HR 133

COVID-19 
Economic Relief Bill

R&D; 
competition; 
Task Force

Y many/enacted

Recent CCS Bills …

https://www.congress.gov/bill/116th-congress/senate-bill/1685/text
https://www.congress.gov/bill/116th-congress/house-bill/5156/text?r=209&s=1
https://www.congress.gov/bill/116th-congress/house-bill/5523/text?r=139&s=3
https://www.congress.gov/bill/116th-congress/senate-bill/407
https://www.congress.gov/bill/116th-congress/senate-bill/2263/text


Recent CDR Bills …

Bill Name Short summary Bipartisan Cosponsor(s)

HR 3282 Carbon Capture 
Prize Act

Cash prizes for CDR 
research, $30M bucket N Meng et al.

H.R __ CREATE Act R&D, Demonstration, 
Agency CDR directive Y Tonko, Kuster et al.

HR 5859 Trillion Trees Act Tree planting, slashing, 
biomass Y Westerman et al. 

(37)

HR 8632
Ocean-Based 

Climate Solutions 
Act

Study geologic stores of 
carbon deep sea; wetland 

restoration
N Grijalva et al., (39)

H R 5589 Blue Carbon for Our 
Planet

study blue carbon 
stores/potential/restoratio

n
Y Bonamici, Posey (22)

HR 3227 / S 1679 SEA FUELS Act
DoD Program for 

removing CO2 from 
seawater

Y
Schweikert (House) / 
Whitehouse (Senate)

et al.

Senate Amend to HR 
133

COVID-19 
Economic Relief Bill

R&D; competition; Task 
Force Y many/enacted

https://www.congress.gov/bill/116th-congress/house-bill/3282/text
https://www.congress.gov/bill/116th-congress/senate-bill/650
https://www.congress.gov/bill/116th-congress/house-bill/5859/text?r=269&s=7
https://www.congress.gov/bill/116th-congress/house-bill/8632/text?r=780&s=3
https://www.congress.gov/bill/116th-congress/house-bill/5589/text
https://www.congress.gov/bill/116th-congress/house-bill/3227/text


advocating for ecosystem recovery

NGO landscape …



pathway forward for CDR

advocating for ecosystem recovery

NGO landscape …



advocating for ecosystem recovery

pathway forward for CDR

Partial list!

developing positions, identifying

policy concerns and priorities

NGO landscape …



Ecosystem 
protection/recovery

Using biology as 
small-scale farms

Support from eNGO community



Ecosystem 
protection/recovery

Using biology as 
small-scale farms 
with local benefits

Support from eNGO community

Using biology as 
agrobusiness

with global benefits

size



Ecosystem 
protection/recovery

Using biology as 
small-scale farms 
with local benefits

Support from eNGO community

Using biology as 
agrobusiness

with global benefits

size



“Carbon removal must be part of Plan A” EDF

1. How much land/water is used and where?

2. How much matter must be processed (extracted, transported, dumped)?

3. What is its cost and net contribution to CC mitigation?

4. Does the technology help perpetuate fossil fuel facilities?

5. What are the tradeoffs associated with food security and biodiversity?

6. What public process(es) are being followed to ensure input from key stakeholder? 



WATER SCIENCE AND TECHNOLOGY BOARD
BREAK

We will resume at 1:45pm EST

Workshop Series Part 1:  Setting the Stage
January 19, 2021



DAVID MORROW
INSTITUTE FOR CARBON REMOVAL LAW AND POLICY

AMERICAN UNIVERSITY
JANUARY 19, 2021



Figure: UN Emissions Gap 
Report 2018

CDR can help reduce loss, damage, and 
suffering by mitigating climate change.



Evaluate ocean CDR technologies, projects, 
and policies in light of the magnitude and 
distribution of benefits, costs, burdens, and 
risks.

Photo: Sharon Suzuki-
Martinez

https://www.flickr.com/photos/lanceappaloosa/


Mitigation deterrence or “moral hazard” needs 
to be managed.

Photo: 
CSIS



Familiar lessons from the ethics of 
environmental interventions apply.

Photo: 
Sunny

https://www.flickr.com/people/airboy123/


Go beyond technoeconomic assessment to 
evaluate magnitude and distribution of social 
and environmental risks, burdens, and 
benefits.

Photo: Trey 
Ratcliff



Don’t neglect social impacts and opportunities, 
including opportunities to support adaptation 
and a just transition.



Stakeholder engagement is crucial.

Photo: 
water.org



Figure: UN Emissions Gap 
Report 2018

Doing CDR ethically is essential to sustaining it 
long enough to matter.



Two Key Research Questions

1. What are the social impacts of ocean 

CDR? 

In particular, how can ocean CDR 

contribute to adaptation and a just 

transition?

2. What protocols should be used to 

implement effective stakeholder 

engagement? 



Sarah Cooley
January 19, 2021 
scooley@oceanconservancy.org

Ocean CDR: 
social 
considerations



Ocean Conservancy is working with you to 
protect the ocean from today’s greatest global 
challenges. Together, we create science-based 
solutions for a healthy ocean and the wildlife 

and communities that depend on it.



Opportunities and challenges: 
social acceptance of ocean CDR

• Language matters

• Case studies: developing marine 
policy and resource management

• Lessons learned from case studies



LANGUAGE 
MATTERS
“Acceptance” vs. 
“considerations”

LANGUAGE MATTERS 



• Ongoing acceptance 
of a company or 
industry to operate 
using standard 
practices.

• Difficult to define & 
measure. 

• Scale matters.
• Easy to notice when 

it’s gone!

“Social license”



• Who are the stakeholders?
• What do stakeholders 

need?
• What are stakeholders 

worried about?
• What scales are important 

to consider?
• Who is included or excluded 

in decision making? 

“Social license”     vs. “Social considerations”

• Ongoing acceptance 
of a company or 
industry to operate 
using standard 
practices.

• Difficult to define & 
measure. 

• Scale matters.
• Easy to notice when 

it’s gone!



CASE STUDIES



Gulf of Mexico Red Snapper Management



Ocean planning/Offshore wind
Existing uses

Emerging uses



Renewable Energy Area

Deepwater Wind
Permit 

Application

Rhode Island Ocean Plan 2010

Rhode Island
Deepwater Wind 2009

Effective engagement→ agreement



Ocean acidification

Concerned users

Targeted science

Connecting personally

Policymaker concern

NOAA OA funding growth



Compare/Contrast with CDR

Similar
• Determine risk tolerance of 

community to new activity
• Common values among ocean 

users? 
• Scientific motivation to proceed
• Opportunities to narrow problem 

via scenario planning
• Someone will always oppose
• Interdisciplinary research needs
• Risks/benefits accrue to different 

groups?

Different
• Unclear scope of CDR (spatial, 

temporal, jurisdictional) 
• Engage stakeholders to define 

CDR science?
• Need to be socio-culturally 

precautionary (not just 
environmentally)?

• Unclear governance/decider(s)
• Unknown potential for 

unintended consequences



TAKEAWAYS



Lessons learned

1. Meaningful, early, iterative public engagement is 
critical. 

2. Inclusive, equitable consideration of many 
perspectives. 

3. Develop trust by sharing/co-producing data and 
responding to concerns.

4. If the majority believes that benefits outweigh 
risks & negative consequences not unfairly 
distributed: social license.

5. Maintain social license via continued public 
engagement .



Thank you
For the input: 
Ocean Conservancy colleagues
Elizabeth Cerny-Chipman
Jeff Barger
J.P. Brooker
Anna-Marie Laura
Michael Levine
George Leonard
Olivia Lopez
Reginald Paros
Amy Trice
Sandra Whitehouse
Anna Zivian 

For the opportunity:
NASEM Committee on 
A Research Strategy for Ocean-
based Carbon Dioxide Removal 
(CDR) and Sequestration

Contact: scooley@oceanconservancy.org



On the social acceptability of  
Solid Carbon

January 19th, 2021
NAS CDR Opportunities and Challenges

Terre Satterfield
Guillaume Peterson-St. Laurent 
University of  British Columbia
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Terre Satterfield
• Professor of  Culture, Risk and Environment (IRES, UBC)

• Methodologist: Upstream Risk Perceptions, Decision Making and 
Analysis

• Long-standing work on perception of  new technologies including 
energy systems, nanotechnologies, gene editing and synthetic 
biology

• Other research: meaning and measurement, cultural ecosystem 
services and environmental and biodiversity assessment

• PI Funding: SSHRC, NSF, CIHR, 

• Academic audiences: Nature, PNAS, PLOS One, Bioscience, Global 
Environmental Change, Environmental Science and Technology, Ecological 
Economics …

http:/ires.ubc.ca/terre-satterfield/terre.satterfield@ires.ubc.ca



guillaume.peterson@ubc.ca @gui_peterson www.guipeterson.com

• Multidisciplinary & transdisciplinary:
• BSc & MSc in environmental sciences & biology
• Grad dip. & PhD in natural resources management

• Expertise & research interests: 
• Climate change adaptation & mitigation
• Natural resources management and policy
• Human and natural dimensions of  transformative changes
• Participatory engagement and analytic-deliberative processes
• Mixed method 
• Applied and policy relevant research

Guillaume Peterson St-Laurent

3



Solid Carbon (SC):  A Tutorial for Empirical Work

4
https://www.solidcarbon.ca

https://www.solidcarbon.ca/


5

What we should assume about perceived 
risk and acceptance in a nutshell
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When knowledge of  a new technology is low, the power 
of  particular signals or heuristic-style filters will prevail 
• Platform and stability? 
• “Pure” versus industrial or ‘dirty’ CO2? 
• Pipelines or drilling? 
• Wind v another energy source?
• Mineralization confidence? 

In sum: is the whole (and 
so overall NET purpose) 
greater than the sum of  
its parts or vice versa?



Legacy controversies may permeate perception in 
general and in reference to siting

7

• Pipeline battles on west coast, fishing 
on the east coast.

• First Nations jurisdictional battles or 
support on west coast.

• As a group, geoengineering, genetic 
engineering, stem cell research and 
nuclear energy almost always group as 
their own very particular class of  
perceived risks. 

• Where will SC fall?



Perceptions of  alternatives will matter/be key 
determinant…

8

• Strong relative acceptability of  ‘natural’ carbon removal/storage options 
versus ‘technological’ ones (Corner et al., 2013, 2015; Thomas et al., 2018).

• This is an uphill battle (e.g., people approve afforestation at almost any scale; 
Peterson St-Laurent et al., 2017) but most likely have hard time thinking about scale.

• Understanding the spatial area needed across solutions will be key and may 
well have a positive effect on this perceptual difference.



Perceptions on climate 
urgency are changing…
for the better

9

• Tolerance of  mitigating interventions 
indicate greater acceptance in last few 
years of  research (Cox et al., 2020).

• This appears evident [even] in large 
scale climate interventions (Corner et al., 2013).



Trust in monitoring, regulation and science always 
improves acceptability, and yet …

10

• Trust in regulation, etc., is a finding strongly linked to political worldview (e.g., 

Seigrist, Cvetkovich, Roth 2000).
• Policy options that address the fullest possible political spectrum matter (e.g., 

it’s not the climate science that people reject, it's the policies that tend to be 
aligned with these).

• The difference may be as simple as strongly free market v strongly regulatory 
interventions.



Cost is a huge consideration for the team and will 
matter tremendously, but …

11

• Most “willingness to pay” studies on equivalent 
topics (e.g., higher utility bills for different energy 
mix) do not indicate rejection of  expenditures 
(Klain et al., 2020)

• Likely better to use gas or flight cost 
comparisons?

• Employment for oil and gas sector might be 
much more important an economic argument.



Knowledge is mediated by political controversy and 
initial classification of  risk

12

• When the technology being evaluated is new and 
understanding is nascent -- openness to 
knowledge and perceived benefit can prevail (Allum 
et al., 2008; Satterfield et al. 2009; 2013)

• When the technology is immediately controversial 
(e.g., such as fracking), the reverse is often true



Research questions – data collection underway

13

• Is it judgements about the whole or the specific design features (the parts) 
that most determine public perceptions of  a solid carbon system? 

• How does perception of  this solid carbon system compare to other large-
scale climate interventions when equivalent ‘scale comparisons’ (e.g., 1 
platform v area of  afforestation needed)?

• Are logics of  benefit more powerful than logics of  risk, when each is 
disaggregated into arguments of  cost, moral hazard, solution need, etc?

• Is there evidence for power of  ‘climate urgency’ instead of  ‘climate belief ’?



14

• Development of  different scenarios/choice scenarios to 
achieve greater calibration of  the problem of  scale of  natural v 
technological CR solutions.

• Pathway survey to investigation progressive (from simply to 
more complex) explanations and reflections on SC.

• Expert survey on how different expert communities evaluate 
the risks and benefits of  scaling up SC.

Next surveys …



Thank you
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A Research Strategy for Ocean Carbon Dioxide 
Removal and Sequestration

Juan Moreno-Cruz
Associate Professor School of Environment, Enterprise and Development

Canada Research Chair in Energy Transitions
University of Waterloo

Financial and Economic considerations to Ocean-based CDR 



What is required to incorporate 
CDR into climate management?

• A clear definition of “a ton of CDR.”
• A clear understanding of the magnitude of the effort.
• A clear strategy to support that effort.



Clear definition of 
“a ton of CDR.”

• Technical properties:
• Scalability
• Costs

• Effects:
• Transiency (Latency and Persistence)
• Regionality

• Impacts:
• Efficacy
• Side-effects and co-benefits



Clear definition of 
“a ton of CDR.”

Katharine Ricke, Juan Moreno-Cruz, “Geo-Wedges: A Portfolio 
Approach to Geoengineering the Climate,” Reference Module 
in Earth Systems and Environmental Sciences, Elsevier (2020)



• Commoditization.

• Standardization.

Clear definition of 
“a ton of CDR.”



A clear understanding of 
the magnitude of the effort

• Energy is cheap because we invested over many 
decades in all the infrastructure required to make 
it so.

• If we want to make CDR cheap, there is no reason 
to believe the process will be easier or less 
expensive.



A clear strategy to support 
that effort.

• Curve shifting vs movement along the 
curve.

• Coordinated effort in public and 
private investment in R&D. 

• Think of the NIH.
• “Turning discovery into effective 

climate change management.”
• Increased demand for the outputs of 

the CDR techniques.
• Government procurement
• Public-Private Partnerships (pilots)
• Private sector.



A clear strategy to support 
that effort.

• Economic Policy
• Incentives

• Technology Subsidies
• “Carbon” Markets
• “Carbon” Taxes

• Standards
• Requirements
• Quotas

















figuring out what to do is overly complicated or time intensive.

easily share what they’re doing









●

●

●

●

mailto:cdr-spring21@stripe.com


Experience with Carbon Offsets: 
Lessons and research ideas for ocean CDR

Barbara Haya, PhD

Research Fellow
Center for Environmental Public Policy
University of California, Berkeley
bhaya@berkeley.edu

January 19, 2021 
Presentation to NASEM Committee on A Research Strategy for Ocean-based Carbon Dioxide 
Removal (CDR) and Sequestration



● Quick primer on carbon offsets

● Quality of offset on the market today is poor

● Why is this happening?

● Lessons learned and research ideas for ocean CDR

For the next 10 minutes:

2



Quick primer on offsets

3

1.1 billion credits were issued through the end of 2020 from the four largest voluntary offset registries – CAR, ACR, Verra, and Gold 
Standard (also includes California’s offset program)

hydropower
wind
biomass
solar 

high potency gas reduction, efficiency, fuel switching

avoided deforestation / REDD
improved forest management
reforestation
wetland restoration

landfill gas capture

manure digesters

efficient cookstoves 
clean water provision
household biodigesters
efficient lighting & appliances



Quality of offsets on the market today is poor

4

High quality offsets manage uncertainty in: 

● Additionality

● Baselines

● Leakage

● Perverse incentives

● Durability

● Do no harm



Quality of offsets on the market today is poor
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Quality of offsets on the market today is poor
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Quality of offsets on the market today is poor
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Quality of offsets on the market today is poor
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Quality of offsets on the market today is poor
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High quality offsets manage uncertainty in: 

● Additionality

● Baselines

● Leakage

● Perverse incentives

● Durability

● Do no harm



Perfect storm for poor quality offsets

11

● Uncertainty -> quality judgements are subjective

● Subjective quality judgements 

-> vulnerability to politics & financial interest

-> influence by values 

-> few academic studies

● It is easy to forget that offsets trade rather than increase mitigation



What does this mean for ocean CDR? / Research needs

12

● It’s hard to get offsets right; the structure of the market is stacked against quality

● Four possible ways forward: 
○ Focus on project types with low uncertainty in climate impact, like many CDR activities

○ Convince the registries to use conservative methods for estimating emissions reductions and additionality when there is 
uncertainty

○ Reconceptualize offsets as a way to provide financing for climate mitigation rather than as quantified verified tons of 
carbon removal

○ Don’t use offsets and focus on other public and private funding approaches

● Research needs:
○ quality of offsets on the market

■ as long as offset quality is poor, prices will be too low to drive needed mitigation

○ institution creation – how to create a high-quality offset market given the challenges

Thank you! Barbara Haya, bhaya@berkeley.edu
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Parallel EU/German Efforts in the 
Advancement of Ocean-based CDR 
Strategies

David P. Keller
GEOMAR Helmholtz Centre for Ocean Research Kiel



The OceanNETs project



14 Participating Institutions

Funding: 7.2M € 4 year project (started July 2020)



Ocean-based Negative Emission Technologies



OceanNETs Objectives

OceanNETs Objectives

►Determine the most effective ocean-
based NETs with low environmental and 
ecological risks (e.g., to biodiversity, 
ecosystem services) and high co-benefits.

►Identify for different ocean-based NETs 
the degree of (and factors affecting) 
social and political acceptance, 
affordability, and societal impacts and 
risks (e.g., to food security).



+ WP10: Ethics

Social Science

OceanNETs 
Structure Natural Science

Stakeholders



WP 1: Economic Prospects & Incentives

OceanNETs – Work Package 1

Objectives:

►Determine how many carbon credits various 
ocean NETs provide

►Quantify the (operational) cost of various 
ocean NETs 

►Determine what the future role of ocean 
NETs is in climate policy 



WP 2: Governance Policy & International Law

OceanNETs – Work Package 2

Objectives:
► To analyze the governance, policy and 

international legal dimensions of Ocean NETs.
► To identify key barriers and synergies for Ocean 

NETs with current and future ocean governance 
regimes, to promote their successful and cost-
effective implementation.

► To offer recommendations for overcoming 
governance challenges and exploiting 
opportunities.



WP 3: Public Acceptance 

OceanNETs – Work Package 3

Objectives:
►Explore laypersons’ perceptions of ocean-based 

NET research and deployment. 
►Explaining the variations in acceptance based on 

values, political outlook, framings, and 
demographics. 

►Link laypersons’ perceptions with experts’ 
economic assessment and stakeholders’ views on 
governance to contribute to the development of 
scenarios constrained by socio-economic factors.



WP 4: Simulations

OceanNETs – Work Package 4

Objectives:

► To understand and quantify the potential, effectiveness, 
and impacts of ocean NETs through model simulations 
from regional to global scales on decadal to multi-
centennial timescales.

► To identify maximum (physically and chemically possible) 
deployment rates, as well as constrained deployment 
rates, which allow staying within “safe operating spaces” 
(e.g. local ecological thresholds, planetary boundaries), 
and which ensure compatibility of ocean NETs with the 
UN sustainability goals and public acceptance.



WP 4: Simulations

OceanNETs – Work Package 4

Objectives:

► To provide an assessment of impacts (co-benefits and 
risks) of different ocean NETs associated with changes in 
ocean physics and biogeochemistry, with “termination 
effects”, and potential impacts on ecology; taking into 
account model uncertainties.

► To understand and quantify impacts of ocean NETs on 
the land and atmosphere. 

► To assess interactions of ocean NETs with land-based NET 
methods, particularly through changes in carbon and 
nutrient cycling.



WP 5: Ocean Alkalinization Biogeochemistry and Ecosystem Impacts 

OceanNETs – Work Package 5

Objectives:

► To provide an assessment on the 
suitability of various minerals for ocean 
alkalinization purposes

► To examine ecological and 
biogeochemical responses to different 
approaches of ocean alkalinization in 
representative pelagic systems

modelling
mesocosm

experimentslaboratory
experiments



WP 6: Ocean Alkalinization Case Studies

OceanNETs – Work Package 6

Objectives:

► Scope and define realistic deployment 
scenarios for two ocean alkalinization 
approaches

► Ocean liming by using spare capacity 
in cement industry

► Electrochemical weathering 
integration into the desalination 
industry CO2



WP 7: Stakeholder Dialogue and the Provision of Knowledge

OceanNETs – Work Package 7

Objectives:

► Establish a project-wide stakeholder dialogue to inform the project’s 
research, shape its final outcomes (e.g., ensure the results are relevant for 
different audiences), and facilitate the communication and uptake of the 
results. 

► Synthesize knowledge on OceanNETs results for dissemination, 
communication, and exploitation, as well as use within the project. 

► Enable cross-cutting activities, including the development of a sustainable 
development goals evaluation framework and protocols for responsible 
innovation within the consortium. 



Learn more at our website: https://www.oceannets.eu/

Or contact 
us directly!



►~27M € of research funding for (2021 – 2024); will continue after 2024

Topics include:

1) Geological methods for enhancing marine CO2 uptake and storage

2) Alkalinity enhancement

3) Blue carbon approaches

4) Emerging proposals for enhancing marine CO2 uptake and storage

►Proposals have passed an initial round of evaluation and are currently being revised

►Projects will start in summer of 2021

German Alliance for Marine Research (DAM) 
research mission on Carbon Removal

BMBF



OceanNETs Objectives

OceanNETs Objectives

Overall goal: OceanNETs aims to determine to what 
extent, and under what conditions, the large-scale 
deployment of ocean-based negative emission 
technologies could contribute to realistic and effective 
pathways for Europe and the world to achieve climate 
neutrality and the goals established in the Paris 
Agreement, as well as, to identify and prioritize 
options with the most potential in regard to CO2
mitigation, environmental impact, risks, co-benefits, 
technical feasibility, cost effectiveness, and political 
and societal acceptance.



WP 1: Economic Prospects & Incentives

OceanNETs – Work Package 1

Approach:
► Integrated assessment modelling to 

determine carbon credits and climate 
policies

► Cost estimate studies
► Stylized, regional, strategic forward-

looking ecological-economic integrated 
assessments

► Create a database on existing and 
proposed ocean NETs  



WP 2: Governance Policy & International Law

OceanNETs – Work Package 2

Approach:
► National case studies of selected NETs

► Canada, Germany, & Australia
► Identification of regional and global governance challenges 

and opportunities
► Stakeholder surveys
► Expert interviews
► Participatory workshops

► Analysis of the international law of the sea
► Analysis of international agreements and other 

instruments
► Contextual legal research to determine how to best 

establish new regulations



Focus groups

Lab experiments

Cross-country survey 
experiments

WP 3: Public Acceptance 

OceanNETs – Work Package 3

Approach:

Canada, China, Germany, and Norway 

China, Taiwan, and Norway 

Germany and Norway 



WP4 Models



WP 5: Ocean Alkalinization Biogeochemistry and Ecosystem Impacts 

OceanNETs – Work Package 5

Approach:

► Characterization of dissolution kinetics and 
stability of minerals with high potential for 
ocean alkalinization approaches

► Laboratory experiments

► Modelling to extend dissolution 
experimental results to ocean 
conditions

modelling
mesocosm

experimentslaboratory
experiments



WP 5: Ocean Alkalinization Biogeochemistry and Ecosystem Impacts 

OceanNETs – Work Package 5

Mesocosm 
experiments

9 units of 55 m3

9 units of 10 m3

Gran Canaria, Jan. – Feb. 2021

Raunefjord, Bergen, May – July, 2021 

►Model-supported mesocosm data analysis and 
synthesis 

TBD

TBD



WP 5: Ocean Alkalinization Biogeochemistry and Ecosystem Impacts 

OceanNETs – Work Package 5

Mesocosm 
experiments

9 units of 55 m3

9 units of 10 m3

Gran Canaria, Jan. – Feb. 2021

Raunefjord, Bergen, May – July, 2021 

►Model-supported mesocosm data analysis and 
synthesis 

Deliberative workshops with local 
stakeholders will take place in parallel

Purpose: elicit the preferences, priorities 
and existing knowledge of relevant 
stakeholders; engage in a dialogue



WP 6: Ocean Alkalinization Case Studies

OceanNETs – Work Package 6

Approach:

► Scoping research into cement and desalination 
industries

► Including interviews & workshops 

► Scoping of deployment scenarios

► Life cycle assessments based on international 
standards

► Stakeholder engagement for co-development 

► Synthesis and policy engagement
CO2



WPs 8, 9, and 10

#8 – Data management

#9 – Project management

#10 – Ethics

OceanNETs also aims to have a 
small CO2 footprint!

• We will monitor our CO2 footprint and 
take steps to minimize it



This project has received funding from the European
Union’s Horizon 2020 Research and Innovation
Programme under Grant Agreement No. 869192.

Parallel Advancements -
NEGEM & EU CDR Policy

Prepared by:  Mark Preston Aragonès

January 19th 2021
National Academies of Science Engineering & Medecine 
Virtual Workshop on Ocean CDR



NEGEM - Quantifying and Deploying Responsible 
Negative Emissions in Climate Resilient Pathways

- 16 partners
- 11 countries
- 6 universities
- 3 RTOs
- 2 NGOs
- 5 industrial

2



• What role can NETPs play in the EU’s goal for climate 
neutrality by 2050 (and beyond)?

• At what scale might it feasible to implement them, 
given their technical, economic and socio-political 
aspects? 

• How to formulate policies and governance frameworks 
to optimise the deployment of NETPs within the overall 
climate architecture? 

NEGEM’s main research questions

19/01/2021 NASEM Ocean CDR Workshop 3

NETPs = Negative Emission Technologies and Practices



What is the realistic potential NETPs?

Sustainable NETP deployment

How do we meet the realistic 
potential for NETPs?

The objective of NEGEM is to analyse the 
”realistic” potential of NETPs

• Technological potential
• Commercial potential
• Planetary Boundaries
• Social License to Operate

• Country portfolios, EU-wide 
potentials

• Enabling governance frameworks

4



European Green Deal – 2019 

Set of policy initiatives by the European Commission with the aim of making Europe climate neutral in 2050

EU Climate Law – Climate Neutrality 2050

Net reductions of ‘at least 55%’ by 2030

Piecemeal approach to CDR:

- Carbon Removal Certification Mechanism (by 2023)

- Carbon Farming Initiative

- Review of the EU Emission Trading System

- Circular Economy Action Plan

- Land-Use, Land-Use Change and Forestry (LULUCF) Directive

5

What are EU up to?

No work planned on specifically on Ocean-based CDR



The concept Carbon Dioxide Removal is relatively simple

Rationale and role of CDR is well understood in research circles 

- An additional and necessary tool in reaching climate goals

CDR is now becoming ‘real’

Translating the research into policy will be a huge challenge

- Rampant confusion among policymakers

- Wide range of interests 

- Many stakeholders benefit from improper assessments

- Large uncertainties and unknowns

- How do we deal with permanence and reversibility?

- How to account for CDR?
6

Shifting CDR from research to policy



7

Carbon Dioxide Removal can go wrong in many ways

17/01/2021
7

Business case 

for ‘good’ 

CDR

Robust 

Definitions

Mechanism 

for reversals

Matching with 

the ‘supply’ of 

CDR rather 

than the 

‘demand’

Accurate 

accounting

Supplementary 

to mitigation

Overplaying 

CDR’s role

Forests can offset 

oil production;

‘Carbon negative 

oil’

Ignoring issues of 

permanence Forests and soil 

alone can reverse 

climate change

Overly relying on CDR to 

meet net-zero goals

Improper 

Lifecycle 

Assessments

Assuming 

CDR is 

cheaper than 

mitigation

Moral Hazard: 

A distraction 

from mitigation

It’s a trap!

CDR is 

unreliable

Underplaying 

CDR’s role

A fig-leaf 

to buy 

more time 

for fossil 

fuels

CDR will 

consume 

forests 

CO2 

accounting 

will be a 

cheat

CDR is 

“offsetting” 

for the 1%

Confusing the role 

of CDR



4 Principles that collectively define CDR:

1. Carbon dioxide is physically removed from the atmosphere; 

2. The removed carbon dioxide is stored out of the atmosphere in a manner 
intended to be permanent; 

3. Upstream and downstream greenhouse gas emissions, associated with the 
removal and storage process, are comprehensively estimated and included in 
the emission balance;

4. The total quantity of atmospheric carbon dioxide removed and permanently 
stored is greater than the quantity of carbon dioxide equivalent emitted to the 
atmosphere. 

(adapted from Tanzer and Ramirez, 2019)

8

First step – A Robust Definition of CDR



How to limit the ‘hype’ around CDR without dismissing its role?

How do we match the ‘demand’ with the ‘supply’?

How to price a future scarcity of CDR into present market mechanisms?

How to assess the ‘quality’ of removals? 

How to shift the conversation from ‘demand-driven’ CDR to ‘supply-driven’ CDR?

9

Many open research questions for CDR



Thank you!



NASEM Workshop on Ocean-based CDR: 19 January 2021

UK perspective 
on marine CDR

Phil Williamson  
University of East Anglia



NASEM Workshop on Ocean-based CDR: 19 January 2021

UK perspective 
on marine CDR
not Gideon Henderson

(personal)

• Chief Science Adviser, Defra
• Oxford academic/CDR researcher
• Chair, 2018 RS/RAE report on GGR 



Background #1:  The UK has led several 
reviews on marine CDR (in wider context)

Royal Society: 2009

Convention on 
Biological Diversity: 

2012 and 2016

Negative 
Emissions 

Technologies
2021

Royal Society & Royal Academy of 
Engineering: 2018



“In what way, according to Plymouth Marine 
Laboratory, might iron, if scattered on the 
sea’s surface, slow down global warming?”

Background #2:  The UK has supported research 
relevant to CDR for rather a long time (more recently 

through the Greenhouse Gas Removal programme)



“In what way, according to Plymouth Marine 
Laboratory, might iron, if scattered on the 
sea’s surface, slow down global warming?”

Background #2:  The UK has supported research 
relevant to CDR for rather a long time (more recently 

through the Greenhouse Gas Removal programme)

1935-1993

John Martin

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiR1KauwKneAhUCXSsKHaFXAagQjRx6BAgBEAU&url=https://earthobservatory.nasa.gov/Features/Martin&psig=AOvVaw3pKTwf6OkH55J7vuJvuV3Q&ust=1540828688234353


“In what way, according to Plymouth Marine 
Laboratory, might iron, if scattered on the 
sea’s surface, slow down global warming?”

Background #2:  The UK has supported research 
relevant to CDR for rather a long time (recently 
through the Greenhouse Gas Removal programme)

John Martin

What has happened in the past 31 years?
• Lots of science; some policy commitments
• Global CO2 emissions increased by ~60%
• Global surface temperature increase of ~0.5⁰C

CO2 emissions

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjwhoWD7pDXAhUKsBQKHR9lBy4QjRwIBw&url=https://commons.wikimedia.org/wiki/File:Instrumental_Temperature_Record.png&psig=AOvVaw13APxuxvxB1Z0YswiGpgya&ust=1509195555249908


Background #3:  The UK government has recognised 
that CDR (‘removals’) will be necessary to achieve 

2050 net zero climate commitment

Climate Change Committee report on Net Zero (2019)

BUT marine CDR not included in recent scenario

Shipping
F-gases
Transport
Power
Buildings
Waste
Industry
Land use & 
Agriculture

Aviation

“Additional 
removals”  
or extra 
abatement

DACCS

BECCS

Wood in 
construction

UK scenario for 2050

Residual emissions         Removals



Image: Glynn Gorick

1. Nutrient fertilization
2. Ecosystem recovery
3. Seaweed cultivation
4. Ocean alkalinity enhancement
5. Seawater CO2 stripping
6. Artificial upwelling and downwelling

Focus on specific options for marine CDR:



Focus on specific options for marine CDR:

RESEARCH

DEPLOYMENT

DEMONSTRATION

UK effort directed at Past Recent Future

zero low medium high

1990-2015 2015-2020 2021-2025

TRL 
level



1. Nutrient fertilization  adding Fe or macronutrients

RESEARCH

DEPLOYMENT

DEMONSTRATION

FutureRecentPast

Involvement in >10 
field experiments; 
theoretical work
(PML, NOC, UEA)

Theoretical work (NOC, Liverpool); 
concept development (CCRC)

Named institutions 
are examples; not 
comprehensive

CCRC, Centre for Climate Repair at Cambridge; NOC, National Oceanography 
Centre,; PML, Plymouth Marine Laboratory; UEA, University of East Anglia



2. Ecosystem recovery  ‘Blue carbon’ (on global basis)

RESEARCH

DEPLOYMENT

DEMONSTRATION

FutureRecentPast

Seagrass restoration (WWF, Swansea); Overseas Territories 
(Cefas); coastal carbon biogeochemistry (St Andrews, 
Marine Scotland, Bangor, NOC, Grantham Inst., UEA)

Defra Blue Planet
fund

Cefas, Centre for Environment, Fisheries  & Aquaculture Science; Defra, Department for Environment 
Food & Rural Affairs;  NOC, National Oceanography Centre;  UEA, University of East Anglia



2. Ecosystem recovery  ‘Blue carbon’ (on global basis)

Factors affecting reliability of carbon 
sequestration in coastal ecosystems:
• Local variability in C burial rates
• Errors in measuring C burial rates
• Lateral C transport
• Fluxes of CH4 and N2O
• GWP timescale for CH4 and N2O
• Carbonate formation & dissolution
• Vulnerability to future climate

Rosentreter, Al-Haj, Fulweiler & Williamson
Submitted to Global Biogeochemical Cycles

Analysis by Williamson et al in RSC book 
Negative Emission Technologies (2021)

“Seagrass Ocean Rescue” 
project; Sky Ocean Rescue, 
WWF, Swansea University 

Critical appraisal and field testing



3. Seaweed cultivation  for bioenergy

RESEARCH

DEPLOYMENT

DEMONSTRATION

FutureRecentPast

Optimising cultivation (SAMS, Crown 
Estate); biogas production (Cefas, Defra)

Cefas, Centre for Environment, Fisheries  & Aquaculture Science; Defra, Department for 
Environment Food & Rural Affairs; SAMS, Scottish Association for Marine Sciences



4. Ocean alkalinity enhancement

RESEARCH

DEPLOYMENT

DEMONSTRATION

FutureRecentPast

Concept development (Heriot Watt; Oxford)

Support under NERC-led Greenhouse Gas Removal project



5. Seawater CO2 stripping

RESEARCH

DEPLOYMENT

DEMONSTRATION

FutureRecentPast

BEIS initiative 
on DAC

“The competition will take a portfolio approach, aiming to fund a 
range of different solutions which could include use of biochar, 

direct air capture, bioenergy carbon capture and storage solutions, 
removal of CO2 from seawater, and others.” Up to £100m support.

BEIS, Department for Business, Energy and Industrial Strategy

?

?



6. Artificial upwelling and downwelling

RESEARCH

DEPLOYMENT

DEMONSTRATION

FutureRecentPast

No known UK interests or involvement



NASEM Workshop on Ocean-based CDR: 19 January 2021

Thank you for the 
opportunity to participate!

p.williamson@uea.ac.uk  



Coastal enhanced silicate weathering

Coastal enhanced silicate weathering

Prof. Filip Meysman 
Department biology, University of Antwerp (Belgium)
Department Biotechnology, Delft University of Technology (The Netherlands)
filip.meysman@uantwerpen.be

mailto:filip.meysman@uantwerpen.be


Coastal enhanced silicate weathering
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Proposals for negative emission technologies

Soil
carbon 

Bio-energy
with CCS

Ocean 
fertilisation

Direct Air 
Capture

Afforestation
& reforestation

Enhanced 
weathering

land sinkgeological ocean sinkgeological ocean sinkland sink

Where to store the CO2:

chemistryphotosynthesis photosynthesis photosynthesisphotosynthesischemistry

How to capture of CO2:



Coastal enhanced silicate weathering
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Silicate weathering: natural process inducing oceanic CO2 sequestration
Green beach (Big Island, Hawaii)

(1) selectively mine rapidly weathering rocks
(2) increase reactive surface area by crushing and grinding
(3) distribute in locations with high weathering rates
(4) export alkalinity to the ocean
(5) increased CO2 storage + alleviation of ocean acidification



Coastal enhanced silicate weathering
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Application areas of enhanced weathering

Terrestrial soils Coastal oceanOpen ocean

Meysman & Montserrat (Biol. Lett., 2017)

Agro-soil management  
with co-benefits

Low efficiency, high 
milling and transport costs

New realm, no competition
with land NETS

Potential

~ 40 € per tCO2> 100 € per tCO2Cost > 100 € per tCO2



Coastal enhanced silicate weathering
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Coastal ESW is highly cost-competitive

2. Distribution 3. CO2 monitoring 4. CO2 trading1. Mining

 Estimated cost of large volume application: ~30-50 Euro per ton CO2

 Highly cost competitive! 
 Advantage. We don’t need any subsidies: it can be “business as usual” -> strong 

economic incentive for fast deployment and scaling
 Disadvantage. Potential for “cowboy entrepeneurs”



Coastal enhanced silicate weathering
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Roadmap for climate stabilization requires rapid scalability! 

Mercator Institute

Negative 
emissions

technologies
need to
become

GigaTon-scale
by tomorrow!



Coastal enhanced silicate weathering
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Coastal ESW has a high Technology Readiness Level
Technology Readiness Level

Fully
Commercial

1-2
Basic 

research

3-4
Applied
research

5-6
Early
demo

7
Full

demo

8-9
Commercial 
with support 

research

Olivine
production

Carbon 
credit

trading

Coastal
distribution

Technology question: Can we do it? 
Yes. Industry (mining companies 
and marine engineering companies) 
are ready to roll
Societal question: Should we do it?Environmental 

impact assessment

CO2 sequestration 
monitoring

Critical research questions
• Does it work? What is the CO2 sequestration efficiency?
• Is it safe? What are the environmental consequences? 



Coastal enhanced silicate weathering
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Our research questions 

Shelf application Beach application 

Physical stimulation 
of weathering?

Biological 
stimulation 

of weathering?

Alkalinity 
release

Alkalinity 
release

CO2
Sequestration?

CO2
Sequestration?

Impact on 
ecosystem?



Coastal enhanced silicate weathering
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Coastal ESW: Research and development map

Broad
market

Basic 
Research

Lab 
demo Field trial Niche 

market

2020 2024 20402015 2030

1 Gton10 kg 1 kton 1 Mton

Natural sitesFlume experiments MesocosmsKinetic
studies



Coastal enhanced silicate weathering
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International mesocosm test-facility for coastal ESW

Mesocosm set-up

Project website: https://coastalesw.com



Coastal enhanced silicate weathering
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International mesocosm test-facility for coastal ESW

Project website: https://coastalesw.com

With fauna Without fauna

• Silicate types (natural, artificial) 
• Different grain sizes, application loads
• Geochemistry, toxicology, ecology, grain 

scale dissolution 

• 22 mesocosms
• Simulation of 1 m2 natural seabed 
• Automated chemistry (T, S, O2, pH,…)



Coastal enhanced silicate weathering
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Research and development map

Broad
market

Basic 
Research

Lab 
demo Field trial Niche 

market

2020 2024 20402015 2030

1 Gton10 kg 1 kton 1 Mton

• North Sea EEZ Belgium, Area = 1 km x 1 km 
• Site = former harbor sludge deposit site 

(already environmentally degraded)
• Permission - London protocol   
• Multiple stakeholder development 

(academia, industry, regulatory)



Coastal enhanced silicate weathering
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Research climate
Green beach (Big Island, Hawaii) Research has been ongoing over last 8 years

 Early research: a hobby (financed by “crumbles from other projects”) 
 Current research financed by applied technology schemes (e.g. FET-OPEN)
 There are no dedicated programs at the national level (though first call at EU level)
 Strong interest from private companies (mining & marine engineering)
 Strong interest from journalists and the broader public 



Coastal enhanced silicate weathering
14

More information
Green beach (Big Island, Hawaii)Project website: https://coastalesw.com
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