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The International Politics of Carbon Dioxide Removal: Pathways to 

Cooperative Global Governance. 

Bryan Maher and Jonathan Symons* 

Intergovernmental Panel on Climate Change scenarios that limit warming to 1.5°C 

require that, in addition to unprecedented reductions in global greenhouse gas 

emissions, between 100 and 1000 Gigatonnes of CO2 be removed from the atmosphere 

before 2100. Despite this, carbon dioxide removal (CDR) is not yet firmly on national 

or global policy agendas. Owing to uncertainty about both technical potential and 

social license, it is unclear whether CDR on the required scale will even be feasible.  

This article asks what scholarship about the provision of global public goods can tell us 

about governing CDR. We identify four areas where new international cooperative 

efforts – likely performed by small clubs of motivated actors – could amplify existing 

CDR policy responses: development of CDR accounting and reporting methodologies; 

technological and prototype deployment for technically challenging CDR; development 

of incentives for CDR deployment; and work on governance and accountability 

mechanisms that respond to social justice impacts and social license concerns.  
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Introduction  

 

If all Nationally Determined Contribution (NDC) pledges submitted under the Paris 

Agreement are achieved, warming of 1.5ºC will still likely occur by the early 2030s (IPCC 

AR6, SPM 18). Given the growing probability of ‘dangerous warming’, interventions such as 

solar geoengineering (SG) and carbon dioxide removal (CDR) are gaining increasing 

attention  (Buck 2019; Craik and Burns 2019; Reynolds 2018, 2019). Yet, while SG and 

CDR are often discussed together, they pose radically different policy dilemmas. Whereas 

SG could be comparatively fast, low-cost and would aim to mask some of the consequences 

of increasing atmospheric concentrations of greenhouse gases (GHG), CDR is slow, 

expensive and has the goal of restoring atmospheric GHG concentrations to safe levels (Craik 

and Burns 2019 1115). A policy dilemma arises because although Intergovernmental Panel 

on Climate Change (IPCC) scenarios that avoid overshooting 1.5 ºC warming now require 

large-scale CDR; CDR is not yet a major focus of national or international policy-making 

(Moe & Røttereng 2018; Schenuit et al 2021). 

 

CDR describes “anthropogenic activities removing CO2 from the atmosphere and durably 

storing it in geological, terrestrial or ocean reservoirs or in products” (IPCC 2018 26). CDR 

might potentially serve two purposes. First, combined with aggressive mitigation, CDR could 

hasten progress towards net zero emissions. Indeed, in several jurisdictions policy focus on 

CDR has followed adoption of net zero emissions targets. Second, if overshoot beyond ‘safe’ 

atmospheric GHG concentrations occurs, CDR might draw down CO2 after ‘net zero’ 

emissions are reached. Nevertheless, CDR is controversial. Quite apart from social and 

environmental impacts (Carton et al 2021), critics fear that the hypothetical possibility of 

future CDR might undermine the perceived urgency of present-day mitigation. They worry 

some advocates act in bad faith, with the real goal of legitimating fossil fuel use (McLaren et 

al. 2019). This bad faith argument references concerns that CDR might contribute to fossil 

fuel ‘lock-in’ and that state support for carbon sinks is linked to petroleum-production 

(Røttereng 2018). Despite sharing these concerns, we argue that assessing CDR’s potential is 

urgent because were CDR on climate-relevant scales (i.e. tens-of-gigatonnes) to prove 

infeasible, this knowledge would have implications for other areas of climate policy. 

Consequently, we advocate exploring CDR’s potential through simultaneous social, technical 

and policy learning. 
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The good-faith motivation for exploring CDR is the global public good of preserving a 

habitable climate. Limiting warming to 1.5ºC might be impossible without large-scale CDR. 

Previous research has called on “the international climate regime” to formalize “rules and 

incentives” for CDR efforts, “recognizing them as legitimate national contributions” (Moe 

and Røttereng 2018 199). However, regimes change in response to their members’ changing 

motivations. As yet neither NGOs (see Höglund 2020) nor states are advocating for large-

scale CDR internationally. A chicken-or-the-egg dilemma results: on the one hand, the 

absence of bottom-up support means few states have prioritized CDR in domestic policy-

making or international negotiations; on the other hand, the absence of international CDR 

accounting standards or targets means there is no top-down mechanism prompting national 

policy-development. Potentially, this negative reinforcement could be flipped into a positive 

cycle of ‘catalytic cooperation’ (Hale 2020). Progress in any area – such as domestic policies, 

international target-setting, civil society engagement or technological progress – could trigger 

a ‘participation cascade’ of further change (Busby and Urpelainen 2020). Some states are 

now engaged in early CDR policy-development (Schenuit et al 2021; Tamme and Beck 2021) 

and these green shoots need to be nurtured. 

 

Our starting point is the dilemma that while IPCC scenarios that avoid dangerous warming 

require large-scale CDR, CDR is scarcely on national or international policy agendas. 

Responding to this ‘lack of incentive to act’ (Hale 2020), the paper seeks to identify initial 

forms of international cooperation that might nurture additional political motivation. The 

paper’s method involves applying insights from global public goods research to CDR. Our 

analysis proceeds in five parts. After first outlining the policy dilemma, section two 

summarizes characteristics that shape each CDR method’s technical and political feasibility. 

Section three describes the CDR “cooperation-problem” structure and the case for distinct 

policy responses. Section four outlines four key points of leverage – developing accounting 

methodologies, incentives, technological-readiness, and accountability mechanisms – where 

change could cultivate additional political motivation.  Focusing on the potential for small 

clubs of highly motivated actors to drive early action, Section 5 asks what forms of 

international cooperation, by which actors, might achieve progress on these four challenges. 

 

1. The problem  
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The IPCC’s 2018 Special Report on Global Warming of 1.5°C (SR1.5) presents 90 scenarios 

in which global temperature increase is limited to 1.5°C with limited overshot – these 

scenarios require CDR “in the order of 100–1000 GtCO2”  by 2100 (IPCC 2018 2.3.4.1). For 

context, global emissions from oil are approximately 13 GtCO2. IPCC scenarios thus assume 

the creation of a CDR industry that may need to be of a comparable magnitude to the current 

oil industry. Likewise, the United Nations Environment Program’s analysis of cost optimal 

scenarios with a 50% probability of limiting warming in 2100 to 1.5-degrees concludes that 

net emissions of 788 GtCO2 prior to 2050 must be offset by net removal of 552Gt between 

2050 and 2100 (UNEP 2016 11). Estimates suggest achieving CDR at this approximate scale 

through ‘direct air capture’ might cost between 1.2–1.9% of global GDP (Hanna et al 2021). 

 

While IPCC scenarios rely on CDR, IPCC reports have given minimal attention to specific 

CDR methods. The IPCC Fifth Assessment Report’s (AR5) global mitigation scenarios 

include only two CDR approaches: afforestation (IPCC 2014 801-922) and Bio-energy 

Carbon Capture and Storage (BECCS) (IPCC 2014 60). The 1.5ºC special report began to 

rectify this inattention (IPCC 2018 Ch 4) and Working Group III’s contribution to AR6 will 

go further. Meanwhile, the IPCC has provided accounting guidance for afforestation, soil 

carbon, and bioenergy (irrespective of whether it includes CCS), but not for DACS, ocean 

fertilization or accelerated weathering (Mace et al. 2021). Accounting rules have powerful 

practical impacts as they inform NDCs and carbon-trading rules.  

 

The Paris Agreement notes that state parties must achieve “a balance between anthropogenic 

emissions by sources and the drawdown of greenhouse gases by sinks in the second half of 

this century” (UNFCCC 2015 Articles 4 and 5). Despite this tacit recognition, UNFCCC 

negotiations have addressed CDR only indirectly and sporadically. First, afforestation has 

featured in some Paris Agreement NDCs with India and China outlining particularly 

ambitious plans (Department of Climate Change  PRC 2015; Government of India 2015)). 

Unfortunately, land-use change continues to be a net source of emissions. Second, the 

“Reduced Emissions from Deforestation and Forest Degradation” (REDD+) mechanism, 

encompasses CDR (den Besten et al. 2014). The “+” was added at the 2017 Bali COP13 to 

denote the “role of conservation, sustainable management of forests and enhancement of 

forest carbon stocks in developing countries” (UNFCCC 2008 3).  REDD+ seeks to apply 

funds from the Global North to reducing tropical deforestation in the South, either via direct 

public investment or through tradable carbon offsets. However, the commerce of tropical 
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deforestation (approximately $135B/y) dwarfs both public funds for tropical forest 

management ($7B/y) and carbon markets for forests ($0.2B/y) (Boucher 2015) and concerns 

surround the power imbalance between REDD+ proponents and the communities that 

currently rely on forests (McGregor et al. 2015; Pasgaard et al. 2016). Consequently, the 

IPCC’s 2019 Climate Change and Land report discussed REDD+ as an example of a 

potential ‘easy win’ which had stalled (Smith et al. 2019 555). A third area of international 

CDR progress has been the ‘4 per 1,000’ initiative proposed by the French government at 

COP 21.1 This voluntary programme seeks to increase soil carbon by 0.4% per year. Since 

increasing soil carbon brings co-benefits for agricultural productivity, ‘4 per 1,000’ will 

likely have some success. Unfortunately, the potential long-term scale of CDR from soil 

carbon is modest (Bossio et al. 2020).   

 

2. Alternative technological pathways.  

 
CDR methods are very diverse. This paper focuses on seven prominent CDR methods:   

 
• Soil Carbon Sequestration:  Changing farming and livestock management practices to 

increase the amount of carbon stored in soil. 
 

• Afforestation: Tree-growth (ideally mixed species) removes CO2 from the 
atmosphere. 

 
• Bio-energy Carbon Capture and Storage (BECCS): Biomass is used as a feedstock for 

energy generation. The resulting CO2 is captured and injected underground for long-
term geological storage. 
 

• Direct Air Capture and Storage (DACS): Fans force air through absorbent filters 
which extract CO2 before injection underground for long-term geological storage. 

 
• Land-based and Coastal Weathering: Finely ground minerals (e.g. olivine / basalt) are 

spread; subsequent reactions absorb atmospheric CO2. 
 

• Ocean alkalinisation. Spreading of alkaline material (e.g. calcium carbonate) in the 
ocean to reduce ocean acidity and increase the ocean’s absorption CO2 

 
• Ocean Fertilisation. Spreading of fertilising elements (iron, phosphorous, nitrate) 

stimulates photosynthesis in ocean life which draws down atmospheric CO2.   
 

                                                
1 4 per 1000 initiative, 2018 Welcome to the 4 per 1000 Initiative, Paris, France. Available at 
https://www.4p1000.org/ Accessed 19 July 2021. 
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Table 1 summarises conclusions of major reports into CDR by mapping CDR methods 
against variables shaping their technical potential (EASAC 2018; Minx et al. 2018; National 
Research Council 2015; Fuss 2018; Nemet 2018; The Royal Society 2018; IPCC 2018) and 
the political feasibility of implementation by motivated actors (Jewell and Cherp 2020). 
 

 
 Technical Potential Factors Shaping Political Feasibility 

Implementation Mitigation potential Resourcing  Sources of support 

Cost  Tech. 
readines

s 

Scalability Permanence Impact on 
biodiversity 

Land 
requirements 

Energy 
requiremen

ts 

Other 
resources:  
e.g. H2O 

Commercially 
appropriable 
co-benefits in 
the absence of 

policy-
incentives 

Non-
commercial 
co-benefits 

BECCS expensive low high high high high low very high energy none 

DACS expensive very 
low 

very high high very low very low very high low none none 

Afforestation lower cost very 
high 

medium medium potentiall
y positive 

very high low medium none Ecosystem 
services, 

biodiversity 
preservatio
n & social 
amenity 

Soil Carbon 
Seq. 

lower cost high medium low to 
medium 

low low low to 
medium 

low soil quality 
improvemen

t 

none 

Land-based 
Weathering 

medium medium high high uncertain high high mined 
silicate 
rocks 

soil quality 
improvemen

t 

none 

Ocean 
alkalinisation 

medium 
(uncertain) 

low high high uncertain low 
(mining) 

high mined 
limestone 

None  Reduced 
ocean 
acidity 

Ocean 
Fertilisation 

medium 
(uncertain) 

high low to 
medium 

medium to 
high 

uncertain  very low very low low for Fe, 
very high 
for P or N 

None Uncertain 
ecosystem 
impacts 

that might 
potentially 

include 
increase 

fish stocks 

 

Fig.1 provides an alternative way of representing the same data. 
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Although DACS is not technologically mature, it is likely the most scalable and most 

permanent (along with BECCS) method and has relatively low land requirements per unit of 

sequestration which is an important social justice consideration. This factors suggest that 

public investment in DACS’ technical development may be prudent. 

 

CDR methods may also be classified across several dimensions as follows: 

 

‘Low-tech’ versus ‘technologically-enabled: A set of ‘low-tech’ approaches (afforestation, 

soil carbon and possibly land-based basalt weathering and ocean fertilization) include 

measures that are currently low cost (afforestation’s cost likely increases with scale owing to 

land requirements), technologically undemanding and which may have sufficient 

appropriable co-benefits to be deployable with only weak policy incentives. Many ‘low-tech’ 

approaches are perceived as ‘natural’ (afforestation, protection of coastal ecosystems and soil 

carbon) and consequently enjoy strong civil society support; this contrasts with opposition or 

limited public engagement with other CDR techniques (Bellamy and Osaka 2020; Schenuit et 

al. 2021). ‘Technology-enabled’ CDR options (BECCS, DACS, land-based olivine 

weathering and ocean alkalinisation), by contrast, are currently higher cost, require 

significant technological development, and have limited co-benefits; deployment will not 

occur without strong policy support. Despite these drawbacks, technology-enabled CDR is 

highly scalable and so may warrant further development.  
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Land requirements and justice: The land requirements of ‘natural’ afforestation-based CDR 

(and BECCS) frequently generate injustices and public opposition (Asiyanbi and Lund 2020). 

For example, while afforestation may bring local co-benefits (e.g. improved microclimates), 

regulating local land-use on behalf of the global climate regime often creates conflict with 

existing land users. Similarly, land-based silicate rock weathering conducted on ‘marginal’ 

lands might have adverse health impacts on local communities. Since DACS, ocean 

fertilization and alkalinisation involve less competition with other land uses, their public 

acceptance may be less sensitive to scale (Minx et al. 2018). 

 

Co-benefits: Forms of CDR with clear, appropriable co-benefits (e.g. yield increases from 

soil carbon) that are not policy-dependent have favourable politics, and are closer to ‘no-

regrets’ measures.  

 

Incentivisation versus early regulation: Most forms of CDR are inherently difficult and 

costly, so the primary near-term cooperation challenge is one of incentivisation (The Royal 

Society 2018). However, low-cost ocean fertilization may require early regulation to forestall 

unwelcome deployment (Fuentes-George 2017), especially since the high seas are not 

regulated by national law (GESAMP 2019).  

 

3. The problem structure.  
 
 

The CDR cooperation problem differs from the mitigation cooperation problem (see 

Keohane and Victor 2016 573). Some differences reflect CDR’s early stage in the policy life-

cycle. For example, CDR is largely absent from national/international policy agendas 

(Schenuit et al. 2021); lacks deep civil society, corporate or state support; understanding of 

environmental impacts is inadequate; and most CDR methods lack agreed accounting rules. 

With time, these factors may change.  However, there are also differences in actors and 

motivations that give different methods of CDR a distinct problem-structure (Busby and 

Urpelainen 2020).  

 

Differing motivations. Robert Keohane and David Victor have argued that states’ Paris 

Agreement NDCs reflect motivations that include: 1) providing a global public good; 2) 

pursuit of national co-benefits; 3) generating economic advantage; 4) bargaining for side 
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payments and 5) creating reputational benefits and enhancing soft power (2016 573). Will 

these same motivations shape CDR? While CDR provides a global public good (1), large-

scale CDR currently seem inconsistent with motivations 2-5.  Whereas many mitigation 

strategies secure important co-benefits (energy independence, air quality, public health etc), 

CDR typically produces few appropriable co-benefits (2) (soil carbon and afforestation are 

sometimes exceptions). Moreover, CDR will not generate economic advantage until 

accounting methods allow inclusion within NDCs and carbon trading (3); CDR currently 

attracts no side-payments other than through REDD+ (4) ; and CDR brings uncertain near-

term reputational benefits given some civil society opposition (5). Some factors could change 

rapidly: if the international community were to develop accounting rules that allowed CDR to 

be recognised in NDCs and international carbon trading, then economic advantage (3), side-

benefits (4) and reputational motivations (5) would shift. Technological advances that 

lowered the cost of large-scale CDR could alter the economic calculus. However, the absence 

of co-benefits means the political dynamics surrounding large-scale CDR are inherently more 

challenging than for mitigation more generally. For now, CDR advocates are typically 

motivated either by public good concerns or by highly specific political/economic interests.  

 

Differing actors. The identities of CDR advocates reflect these different motivations. Of 

course, some key players in mitigation will also be key to CDR; likely examples will include 

great powers (the U.K. and U.S. are currently most active, but policy-work is occurring in 

China and the E.U.) and other states with active climate-focused sectors. Networks of climate 

scientists, generally organised around pursuit of public goods, are another force common to 

CDR and mitigation. The growing discussion of CDR in IPCC reports and the UK 

parliament’s commissioning of a national assessment of CDR capacity (The Royal Society 

2018 91) both reflect experts’ agenda-setting power.  

 

States that are not usually green demandeurs, but which possess unusually large carbon 

sequestration potential may become key CDR advocates; the role Papua New Guinea, Costa 

Rica and other ‘Coalition for Rainforest Nations’ played in REDD+ negotiations is an 

example (Gupta et al 2016). Although there is no accepted ranking of national sequestration 

potentials, geographically large states (e.g. Russia, Australia and Canada) or those with 

afforestation ambitions (e.g. China and the African Union) may play disproportionate roles. 

There are also less obvious candidates that could emerge as potential CDR advocates: states 

with significant installed nuclear power capacity (e.g. France and Sweden) whose surplus 
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thermal energy could drive CDR (Grishchenko and Kudinov 2020); states with large 

merchant navies might potentially integrate ocean fertilization into commercial shipping (e.g. 

Greece);  states with significant kelp-industries might advocate kelp-based CDR (e.g. 

Indonesia or Canada). The likelihood that large-scale CDR will have only a few state 

advocates has implications for the kind of cooperative structures that might harness their 

energy.  

 

Sub-national actors that might advocate for CDR also differ. To date, farmers seeking state 

payments in exchange for minor changes in land management, and industrial emitters and 

extractive industries seeking support for use of captured carbon in oil and gas extraction have 

been among the most politically organised commercial advocates (Schenuit et al 2021).  Civil 

society advocacy has overwhelmingly focused on ‘natural solutions’ like afforestation and 

soil carbon (Bellamy and Osaka 2020). Consequently, US Democrats’ ‘Green New Deal’ 

includes “proven low tech solutions that increase soil carbon storage, such as land 

preservation and afforestation.”2 Meanwhile, political representatives of manufacturing and 

extractive industries sometimes promote CDR methods that might benefit these workers. For 

example, US Senator Manchin is a co-sponsor of the bipartisan CCUS Tax Credit 

Amendments Act of 2021, which proposes to extend ‘45Q’ tax credits to support DACS at a 

higher rate,3 and a recently-formed ‘Carbon Capture Coalition’, comprising of unions, 

industry and civil-society advocates for a wide range of CDR methods  The political appeal 

of both ‘natural’ and fossil-fuel adjacent approaches such as DACS has meant that they have, 

to date, received most government support (Schenuit et al 2021).  

 

CDR’s interaction with mitigation.  

The reputational impact of advocating for CDR is uncertain because of controversy over the 

desirability of CDR  (see Brent et al. 2018; Buck 2016; Colvin et al. 2019; Moe and 

Røttereng 2018). Civil society actors have seldom supported technologically-enabled CDR, 

although there are some early signs of change (Höglund 2020).  ‘Moral hazard’ – the concern 

that discussion of CDR may undermine ambition to achieve conventional forms of mitigation 

                                                
2 congress.gov. 2019. Recognising the Duty of the Federal Government to create a Green New Deal, 
Washington, DC, USA: 9 
3 ‘Carbon Capture Coalition Applauds Introduction of Bipartisan Senate Carbon Capture, Utilization and 
Storage Tax Credit Amendments Act’ Available at: https://carboncapturecoalition.org/carbon-capture-
coalition-applauds-introduction-of-bipartisan-senate-carbon-capture-utilization-and-storage-tax-credit-
amendments-act/ Accessed 19 July 2021. 
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– is key to this opposition (Anderson and Peters 2016 ; Cox and Edwards 2019; Honegger 

and Reiner 2017). In response, some scholars have proposed separating CDR targets from 

negotiations over mitigation (McLaren et al. 2019). Yet, separating CDR from mitigation 

carries costs. Since CDR is most commonly advanced as part of national mitigation plans, 

allowing CDR to be included in NDCs may embolden states to take on greater decarbonising 

ambition. Alternative responses to moral hazard would set only ‘limited CDR targets’ (Geden 

et al. 2018) or would see UNFCCC negotiations specify the maximum scale and duration of 

any overshoot beyond agreed atmospheric GHG concentrations (Geden and Löschel 2017), 

so that ambition for mitigation and deployment of CDR become mutually supportive.  

 

A related issue concerns the ‘equivalence’ of mitigation methods. Should CO2 stored in soil 

or forests, where sequestration may be short-term, be treated as equivalent to securely 

geologically sequestered CO2, or to emissions saved through avoided coal mining (Carton et 

al 2021)? Should a tonne of captured CO2 that is utilised in enhanced oil recovery be 

considered equivalent to a tonne that is directly sequestered? Even when permanent CDR is 

achieved, questions remain. How will the oceans and biosphere respond to net removal of 

atmospheric CO2? Once net CDR has been achieved, research suggests that the biosphere and 

oceans might release CO2 back to the atmosphere and thus cancel out a portion of the CDR 

achieved (Jones et al. 2016).  These issues illustrate the complex relationship between CDR 

and wider mitigation pledges. While there is a case for additional expert review of the ethics 

of CDR within the IPCC (Lenzi et al 2018), evaluating the trade-offs associated with 

different CDR approaches is ultimately a political question. As such, it must be addressed by 

slow social deliberation that will primarily occur within national politics. Establishing social 

license will be all the more difficult because public understanding and democratic 

deliberation on CDR lags other areas of climate policy. 

 

4. Four cooperation challenges:  
 

Piecemeal domestic CDR policy-development is already occurring in several jurisdictions 

and weak advocacy coalitions are forming (Schenuit et al 2021). Policies supporting 

afforestation and soil carbon are comparatively developed and widespread. Technologically-

enabled CDR is either controversial or not yet on the policy agenda in most places; however 

it enjoys weak bipartisan support and some preliminary policy-development in the United 

States (Schenuit et al 2021) and is supported by government procurement in the United 
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Kingdom.4  In this section we identify four points of leverage – which we term cooperation 

challenges – where modest international cooperation might potentially shift the calculus of 

state interests. Three challenges, around accounting, incentives and technology-readiness, 

derive from the CDR problem structure described above. A fourth challenge, concerning 

accountability and justice, addresses potential adverse consequences. Policies that incentivise 

CDR will, inevitably, risk creating injustice and harms to some groups. A just and sustainable 

CDR agenda must mitigate this risk in respect of specific projects (Morrow et al 2020). 

 

Accounting: Development of CDR accounting standards could provide significant impetus to 

national policy-making, as accounting standards would allow inclusion of CDR in Paris 

Agreement NDCs. However, rules must recognise that negative emissions and avoided 

emissions have different climate impacts (Carton et al 2021). While the IPCC has developed 

accounting standards for afforestation (REDD+) and BECCS (Gough et al. 2018 ; Peters and 

Geden 2017), accounting for rock weathering, ocean alkalinisation, ocean fertilization and 

DACS is not yet included in the UNFCCC’s Common Reporting Format. Developing 

accounting rules for these CDR methods raises complex technical and political questions. 

While underground geological storage is commonly perceived as a secure, long-term form of 

CO2 capture (Alcalde et al. 2018 ), leakage can occur and liability, governance and long-term 

monitoring systems all need to be established (Andersen 2017).  Considerations of 

sequestration security and liability may require that a discount is placed on sequestered CO2.   

However, other certain elements of DACS/BECCS accounting should be more 

straightforward with calibrated and certified meters measuring the flow of CO2 capture. 

Measuring changes in soil carbon requires ongoing sampling, which is a key impediment for 

farmers seeking credit for land change practices. Australia, which incorporates soil carbon 

fluxes in its Paris Agreement NDC, has a process for measuring changes in soil carbon.5 

Nevertheless, even soil carbon accounting methods would benefit from additional refinement. 

Of course, developing accounting standards would also likely hasten incorporation of CDR 

                                                
4 “Direct Air Capture and other Greenhouse Gas Removal technologies competition” 2020. Available at:  
https://www.gov.uk/government/publications/direct-air-capture-and-other-greenhouse-gas-removal-
technologies-competition Accessed 12 September 2021. 
5 Corporate Carbon. 2019. World's first soil carbon project to earn credits under Paris, Sydney, Australia. 
Available at: https://agriprove.io/our-news-old/worlds-first-soil-carbon-project-to-earn-credits-under-paris 
Accessed 19 July 2021.  
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into carbon trading schemes, and this creates challenges concerning both social justice and 

the verification of offsets (see Lederer 2017; Cullenward and Victor 2020).  

 

Technological readiness. While all forms of CDR appear technically feasible, significant 

research, prototype development, standard harmonization, and pre-commercial deployment  

will be needed if large-scale deployment is to become cost-effective (see National Research 

Council 2015). Significant public support would be needed to bring large-scale CDR to 

technological maturity because: 1) CDR methods are generally difficult to protect through 

patenting/intellectual property law (Victor 2011 128-130); 2) large-scale CDR (DACS, 

BECCS, large-scale land-based weathering or ocean alkalinisation) is technologically 

complex and capital intensive (Mace et al 2021); 3) CDR will likely be subject to significant 

regulatory control and its economic model will be dependent on policy mechanisms  (Victor 

2011 128-130). This combination of low appropriability (i.e. an innovator is unable to 

capture profits), high lockout and regulatory-driven demand is unattractive to private sector 

investors in the absence of strong policy support. 

 

While small-scale DACS and BECCS are already in commercial use, prototype development 

and larger-scale deployment will be necessary to assess the viability of a large-scale industry. 

The chemistry of ocean alkalinisation and basalt/olivine weathering is well understood, yet 

research is needed to explore both technical and process optimisation, e.g. how to optimise 

crushed rock size when spreading olivine (Nemet et al. 2018). Moreover, many challenges 

will be site-specific. Dispersal of basalt might bring agricultural benefits in one region, and 

risk ecological harm in another; research involving small-scale trial deployment would be 

needed prior to large scale deployment. Although ocean fertilization is technically feasible 

and low-cost, the efficacy of carbon removal is contested (McGee et al. 2018). Models and 

small field studies suggest that while both ocean alkalinisation and fertilization could remove 

carbon, knowledge gaps concerning potential side effects and scale of sequestration remain 

(GESAMP 2019 14). 

 

Incentives: Even after CDR reaches technical maturity, the lack of appropriable co-benefits 

means large-scale CDR will not occur unless policy-mechanisms permanently incentivise 

deployment. Government procurement of CDR might potentially activate the kind of virtuous 

‘green spiral’ of technological development, investment and advocacy coalitions forming to 

drive further policy development (Kelsey and Zysman 2020). Market-based incentives might 
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be created by international agreements (e.g. UNFCCC negotiated emissions trading), by 

national or sub-national governments (e.g. carbon prices or tax credits such as under 45Q of 

the U.S. Internal Revenue Code), or by private actors through voluntary offset schemes. Once 

a CDR industry is created, it will generate economic and political interests that benefit from 

CDR’s expansion and continuance. While this dynamic may accelerate deployment, in the 

long-term it raises questions concerning both justice implications and barriers to CDR 

phasedown (Parson and Buck 2020).  

 

International governance mechanisms should not only seek to incentivise CDR, but to also 

constrain unwelcome implementation (GESAMP 2019). For example, there may be scope to 

achieve large-scale CDR by exploiting, and potentially harming, the shared resource of the 

‘high seas’ (Fuentes-George 2017; Rabitz 2016).  The risk of unilateralism is currently low, 

as there are no incentives that would allow actors to profit from ocean-based CDR. However, 

any global CDR financing scheme would need to manage this kind of risk (Fuentes-George 

2017).  

 

Accountability and justice dimensions. Land-intensive CDR methods such as afforestation 

necessarily compete with alternative land uses. As the experience of REDD+ demonstrates, 

efforts to manage ‘marginal’ lands on behalf of the global climate regime frequently have 

adverse impacts on existing land users who typically lack political power (Asiyanbi and Lund 

2020). REDD+ schemes also sometimes create new conflicts as they monetise relationships 

that had previously been cooperative and norm-based. Since power inequalities are structural, 

these dilemmas cannot easily be resolved; safeguards intended to protect existing land-users’ 

rights are frequently circumvented and grievance mechanisms run by project proponents are 

typically poorly resourced and unable to address systemic factors such as land tenure laws 

(Satyal et al. 2020).  These issues are most acute in the case of land-intensive afforestation 

(REDD+ & BECCS). However, similar challenges confront other CDR methods and indeed 

renewable energy deployment and commodities (Haines and Macdonald 2020). Alongside 

careful development of mechanisms of political accountability and representation within 

global CDR governance, political deliberation on the trade-offs inherent to land-intensive 

CDR is needed. 

 

5. The Role of Climate Clubs 
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CDR’s purpose is to contribute to the public good of preserving a habitable climate. States 

typically underinvest in global public goods, in part because they are unable to capture the 

full value of ‘positive externalities’ for themselves.  Consequently, advocates may seek to 

create institutions that cultivate cooperative ambition. International agreements sometimes 

shape the distribution of costs and benefits in ways that make investment in global public 

goods attractive, e.g. through side payments or promises of equivalent contribution. Such 

cooperation is explicitly encouraged in respective of carbon sinks (especially forests) in 

Article 5 of the Paris Agreement (UNFCCC 2015). 

 

‘Clubs’ are often promoted as effective institutions for fostering international cooperation 

because small groups of highly motivated actors with concentrated interests may achieve 

outcomes that are impossible in multilateral negotiations where interests are more diverse 

(Gampfer 2016; Nordhaus 2015; Victor 2011 242). Proponents anticipate that clubs can 

cultivate motivation, share information, coordinate national efforts, accelerate technology 

innovation, develop proof of concepts and establish standards and accounting methods 

(Weischer et al. 2012). But what is a club? Scholars advocate variously for formal 

agreements creating incentives for state participation (Nordhaus 2015), for issue-specific 

international negotiations where elites cut deals (Keohane and Nye 2001), and for ‘3d Clubs’ 

of networked non-state and state actors focused on specific topics and working within or 

across national governments (Victor 2017). 

 

Our interest is in identifying small groups of actors with concentrated interests that might 

collaboratively address CDR challenges. We do not focus on any single club structure both 

because the distinct tasks call for different groupings and because club-based cooperation 

typically advances by experimentation (Victor 2017, 2). Our analysis works by analogy, 

identifying existing forms of successful cooperation that might usefully be emulated in 

respect of the four CDR challenges identified in Section 4.  

 

Accounting: Who is best placed to advocate for development of accounting standards that 

would allow incorporation of CDR into NDCs? The example of ‘natural’ CDR accounting is 

instructive. In order to attract international investment in REDD+ projects, the Coalition for 

Rainforest Nations first needed to measure the carbon contained within existing and new-

growth forests (Andersson et al. 2009). In UNFCCC negotiations, the Coalition pushed 

afforestation accounting rules that allowed REDD to gain tradeable Certified Emission 
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Reduction (CER) units under the Kyoto Protocol’s Clean Development Mechanism (Sutter 

and Parreño 2007). The UNFCCC negotiating group most likely to advocate for 

technologically-enabled CDR, at least for the term of the Biden Administration whose 

climate policies include a significant CDR focus,6 might be the Umbrella Group. Its 

membership includes the United States, Canada, Australia, Russia, all of whose large 

landmasses and industry profiles give them significant CDR potential. CDR accounting rule-

making is a low-cost action that is held back by a lack of momentum, rather than by active 

opposition – with support from an influential negotiating group, progress would be likely. 

 

Technological readiness: The most basic role of technology development ‘clubs’ is to 

provide states with reassurance concerning reciprocal effort. Development of CDR 

technologies is a costly contribution to a public good and so is likely to be underprovided. 

However, national investment in technology development is more likely if states are 

reassured that others are making reciprocal contributions (Brook et al 2016). Since 

technology-enabled CDR research faces a heightened version of the dilemma that confronts 

research into low-carbon energy technologies, the experience of international cooperation in 

respect of low-carbon research is instructive.  

 

Public energy-related R&D in OECD member states rose in response to the oil shocks of the 

1970s, and then declined for decades, including through the first two decades of the 

UNFCCC’s operation  (IPCC 2014, 7.12.4; Brook et al 2016). Recognition that deep 

decarbonisation would only be possible with increased energy research prompted the creation 

of Mission Innovation (MI) in 2015. MI’s twenty-two members encompass most global R&D 

capacity. The agreement seeks to advance “clean energy innovation” by providing members 

with reassurance of reciprocal contribution. Members first pledged to double expenditure on 

low-carbon research and development by 2020, then to further increase funding until 2030, 

and to report annually on their progress. MI’s structure, where research is directly funded and 

controlled by individual member-states is appropriate for situations where political 

motivation is in short supply, as it allows resource allocation to reflect domestic political 

considerations. Could MI incorporate CDR? The MI expert working group addressing carbon 

capture from ‘power plants and carbon-intensive industries’, has called for “[d]esign [of] a 

                                                
6 The FY22 President’s Budget, as told by Carbon180 Available at: https://carbon180.medium.com/the-
fy22-presidents-budget-as-told-by-carbon180-90d503e524 Accessed 21 September 2021. 
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quota and certificate system for net removal of carbon dioxide, paving the way for a business 

model for pure removal technologies offering no other services than removing carbon from 

the cycle” (Mission Innovation 2019b 12). Since MI’s charter excludes CDR (Mission 

Innovation 2019a), responding to this call would require an active political decision by MI 

member-states. Given the growing focus on CDR in several states with net zero emission 

targets, such an expansion of MI’s charter may soon win support.  

 

Alternatively, a stand-alone innovation effort might focus on bringing a particular CDR 

method, such as DAC, to maturity. A ‘3D’ club including government, corporate, civil 

society and academic members, akin to the existing ‘Global Carbon Capture and Storage 

Institute’ might possibly advance such a goal. However, the Global CCS Institute focuses on 

information-sharing because it has not mobilised sufficient resources to drive technological 

development itself – so we might question the feasibility of this path.7 Another plausible 

model is that of a cooperative international research organisation, such as the nuclear fusion 

focused ITER which is funded by just seven member-states. ITER demonstrates how 

international sharing of expertise, technology, land and facilities can spread costs, socialise 

risk and build institutional capacity. However, in the absence of a shared international vision 

of the desirability of CDR, such intense cooperation seems improbable. Incorporation of 

CDR research into Mission Innovation seems the most feasible near-term advance. 

 

Should a CDR innovation club include ocean-fertilization and alkalinisation? Evidence of 

public opposition suggests a need to proceed cautiously (Fuentes-George 2017; McGee et al. 

2018). That said, part of the hostile international response to early ocean-fertilization 

experiments likely reflected concerns over corporate exploitation of the oceans. CDR public 

opinion research suggests that public attitudes are highly sensitive to the types of policy 

instruments that incentivise CCS (Bellamy et al. 2019). A democratically responsive CDR 

innovation club might thus be better placed to explore ocean CDR research than would 

profit-oriented firms.  

 

Incentives: Creation of CDR accounting rules would incentivise national level CDR policy-

making. However, gigatonne-scale deployment will turn on policy-driven financial 

                                                
7 Global CCS Institute. 2018. About Us, Melbourne, Australia. Available 
https://www.globalccsinstitute.com/ accessed 17 July 2021. 
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incentives. In the sequencing of CDR governance, large-scale incentives are only appropriate 

after technological and social license/justice concerns have been addressed. However, it 

would still be valuable for international deliberation on the shape of such incentives to begin 

now. International agreement on including CDR in carbon trading arrangements is one likely 

pathway to create such incentives (Lomax et al. 2015; Peters and Geden 2017). However, 

carbon trading arrangements enabled by the Kyoto Protocol (Article 17, UNFCCC 2020) and 

the Paris Agreement (Article 6, UNFCCC 2015) do not currently include CDR (REDD+ is an 

exception). The prospects for technology-enabled CDR methods would brighten if they were 

specifically included in ongoing UNFCCC negotiations (e.g. negotiations for implementing 

the PA’s “internationally transferred mitigation outcomes” (Article 6.2) for creating a 

successor to the sustainable development mechanism (Article 6.4), for climate finance 

(Article 9), technology development and transfer (Article 10), capacity-building (Article 11), 

and education and participation (Article 12) – (see Craik and Burns 1997 1125-7). The 

Umbrella Group is again the most likely potential advocate.  

 

Accountability and justice dimensions: Creation of the pro-CDR cooperation ‘clubs’ 

described above would inevitably create social justice challenges. As financial incentives 

increase the land-demands of CDR, work to address social justice dimensions and enhance 

accountability mechanisms is needed. Here we identify two key roles for cooperative clubs: 

1) pro-CDR initiatives should seek to build accountability into their design, and 2) a new 

coalition of actors (potentially a 3D Club) might usefully be established with the goals of 

scrutinising CDR activities, protecting existing land users and maintaining the credibility of 

CDR commitments.  

 

Currently, the social justice impacts of CDR are most apparent in the case of afforestation. 

However, existing 3D climate clubs primarily focus on promoting natural CDR through 

knowledge sharing and policy advocacy (e.g. ‘4 per 1,000’, the ‘Natural Climate Solutions’ 

club the ‘Blue Carbon Initiative’ and the now defunct ‘REDD+ Partnership’) rather than on 

ensuring justice in implementation.8 For example, the Blue Carbon Initiative focuses on 

gaining access to “international carbon mitigation financing streams” such as REDD+  and 

                                                
8 nature4climate, (2019) Natural Climate Solutions. Available: https://nature4climate.org accessed 17 July 
2021. 
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voluntary carbon trading schemes for carbon sequestration in coastal ecosystems.9 These 

clubs’ efforts to expand incentives for natural CDR should ideally proceed in conjunction 

with efforts to enhance accountability and grievance mechanisms.   

 

The likelihood of adverse social justice impacts is inherent to any land-intensive CDR 

method: new land demands conflict with existing uses. Ultimately the resolution of these 

disputes depends on the quality of local land regulations, and these regulations are outside the 

control of global climate governance. Since these challenges are directly analogous to those 

faced by other commodity extraction industries, pro-CDR initiatives have the opportunity to 

learn from the experience of 3D clubs like the Roundtable on Sustainable Palm Oil and the 

Forest Stewardship Council, and from NGOs focused on land-justice, such as the Forest 

People’s Program (FPP). These organisations offer governance models that ensure 

representation for forest peoples in project decision-making, accessible grievance 

mechanisms, and safeguards to ensure harmful projects are not funded (Haines and 

Macdonald 2020). Of course, REDD+ certification processes have already adopted some of 

these techniques, and the tendency for grievance mechanisms run by project proponents to 

fail to address community concerns reflects the intractable nature of these conflicts (Satyal et 

al. 2020).  

 

As CDR initiatives expand, we envisage a role for a new kind of 3D CDR club whose task 

would be to monitor corporate and state-backed CDR projects. Such a club could be 

modelled on existing civil society carbon reporting initiatives. Ideally, civil society advocates 

of land-justice (e.g. FPP) might work with groups that focus on carbon reporting (e.g. Carbon 

Disclosure Project) and national mitigation efforts (e.g. the Climate Action Tracker) as well 

as with First Nations and state allies (e.g. Alliance of Small Island States) to develop routine 

monitoring of both the quality of mitigation and the social justice impacts of CDR (Satyal et 

al. 2020).  

 

5. Conclusion 

 

                                                
9 “About Blue Carbon” Available: https://www.thebluecarboninitiative.org/about-blue-carbon#policies 
accessed 17 July 2021. 
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Without large-scale CDR, dangerous warming may now be inevitable.  Yet CDR is not 

currently a subject of serious policy-making. Issues that contribute to this inattention include 

the uncertainty and complexity inherent in most CDR approaches, limited public support, 

fears of a moral hazard, and a lack of incentives or co-benefits. Additionally, CDR’s role in 

achieving mitigation goals has received scant attention in UNFCCC deliberations. 

Consequently, CDR is almost completely absent from member-states’ NDCs: this is the 

chicken-or-the-egg dilemma discussed above.  

 

Until there are clearer accounting rules and financial incentives for carbon drawdown, 

implementation of large-scale CDR is unlikely. Minilateral action through CDR clubs, might 

allow state-advocates of CDR to cultivate greater international momentum. Progress on these 

four CDR cooperation challenges within clubs could, in turn, enable more aggressive NDC 

mitigation targets and deeper inclusion of CDR within multilateral climate negotiations. The 

scope of work for such a CDR club would need to be negotiated and agreed. Just as MI has 

identified eight “Innovation Challenges” focused on the theme of accelerating clean energy, 

so too is it possible to identify areas that require focus from CDR clubs.  

 

The tasks we have identified – of addressing social justice impacts, developing accounting 

standards, technology development and regulatory incentives – need not be performed in 

strict sequence; indeed, the urgency of exploring the potential of large-scale CDR would 

recommend parallel progress. Moreover, democratic deliberation should proceed in 

conjunction with other steps and be integrated into policy design. Non-state actors can play a 

role in advancing and monitoring progress on each of these tasks. While progress has been 

minimal to date, as states have adopted mid-century ‘net zero emissions’ pledges many have 

begun to consider the potential of CDR. The positive flipside of ‘chicken-or-the-egg’ 

dilemmas is that progress in any area has the potential to cascade – either the chicken or egg 

can come first. 
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