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1. Modern Man in search of a solution.

The last seven years have been the seven warmest on record (Copernicus Climate Change
Service (C3S) 2022). In fact, the last decade was warmer than any multi-century period after
the Last Interglacial, roughly 125,000 years ago. Global surface temperature has increased
by an average of 1.09°C between 1850-1900 and 2011-2020 (IPCC 2021). Hence, from
2020 onwards, the remaining carbon budget aligned with 1.5°C is merely of 500 gigatonnes
(Gt) CO21 (IPCC 2021), against annual global emissions of approximately 39.3 GtCO2in 2021
(Friedlingstein et al. 2022). Despite such unambiguous background, pledges for 2030 sub-
mitted by parties to the UNFCCC, or Nationally Determined Contributions (NDCs), remain
insufficient to reach emissions levels consistent with the Paris Agreement’s long-term tem-
perature goal (IPCC 2022). Inaddition, COz emissions in 2021 have already returned to pre-
COVID emissions levels. Thus, in combination with insufficient national mitigation targets,
global emissions trends actualise rather than avoid the occurrence of a temperature over-
shoot? pathway.

1 Estimated with a 50% probability. A carbon budget of 1150 Gt CO: is estimated for a probability of 67% to
limiting warming to 2°C. Remaining carbon budgets depend on the amount of non- COz mitigation (*220 Gt
CO2) and are subject to geophysical uncertainties.

2 Temperature overshoot, as defined in the IPCC Glossary, refers to the temporary exceedance of a specified
level of global warming, such as 1.5°C. Overshoot implies a peak followed by a decline in global warming,
achieved through anthropogenic removal of CO; exceeding remaining CO2 emissions globally.
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Overshoot pathways imply greater climate-related, social, and environmental risks, and are
subject to feasibility concerns? (IPCC 2022). Yet, it is more likely than not that under a very
low greenhouse gas (GHG) emissions scenario, global surface temperature relative to 1850-
1900 would decline back to below 1.5°C toward the end of the 21st century, with a tem po-
rary overshoot of no more than 0.1°C above 1.5°C global warming (IPCC 2021). Hence, tem-
porarily exceeding the 1.5°C threshold appears unavoidable, even under the most stringent
decarbonisation scenario. Realistic climate policy therefore implies anticipating mitigation
and adaptation efforts today, to limit the duration, width, and impacts of a foreseeable tem-
perature overshoot.

Keeping long-term temperature increase at a maximum of 1.5°Crelies on drastic mitigation
efforts in the short term, and the establishment of net zero or net-negative emissions sys-
tems at the global, national, sectoral or supply chain level. Net zero GHG or CO2 emissions
systems can be achieved through Carbon Dioxide Removal (CDR) techniques, which remove
CO2 from the atmosphere to store it durably in geological, terrestrial, or ocean reservoirs,
or in products. A plethora of CDR methods exist, and have been practised for centuries to
millennia, such as afforestation and improved forest management, wetland restoration, and
soil carbon sequestration - although not with the intention to deliberately remove carbon
on a large-scale. Other methods such as Direct Air Carbon Capture and Storage (DACCS),
Bioenergy with Carbon Capture and Storage (BECCS) and Enhanced Weathering are rela-
tively new. Their knowledge base and scales of deployment are more limited (IPCC 2022),
(Babiker et al., 2022). While CDR captures COz from the atmosphere, carbon capture and
storage (CCS) captures CO: from emissions sources, such as coal-fired power plants or ce-
ment factories, to sequester carbon underground. Carbon capture and storage based on fos-
sil fuels and industrial processes is referred to as FFI-CCS in this working paper.

In the scenarios assessed by the IPCC, CDR is no substitute for deep emissions reductions
but rather complements ambitious global and national mitigation strategies. First, by fur-
ther reducing net GHG or COz emissions levels in the short term. Second, by counterbalanc-
ing hard-to-abate residual emissions from sectors such as industry, transport and agricul-
ture to address mid-term emissions. Finally, if deployed at levels exceeding annual residual
gross COz or GHG emissions, CDR can achieve and sustain net-negative CO2 or GHG emis-
sionsin the long term (IPCC 2022).

Carbon dioxide removal has gained political momentum since the adoption of the Paris
Agreement (UNFCCC 2015) 4, the publication of the IPCC’s Special Report on Global Warm-
ing of 1.5°C (IPCC 2018), and the rapid diffusion of net zero emissions target announce-
ments (Schenuit et al. 2021). Most U.N member states have announced GHG neutrality tar-
gets, which include non-COz gases and COz, although the exact scope of a minority of targets
remains unclear or undecided. In combination with deep reductions in both CO2 and other
GHG emissions, CDR is inherent to the achievement of these net-zero emissions targets,
chiefly to compensate for residual emissions® in hard-to-transition sectors such as
transport and heavy industry (IEA 2022). The timing and scale of CDR deployment will de-

3 The duration of the overshoot has direct implications for food production and the regional distribution of
mitigation costs. See Drouet et al. 2021.

4 Article 4.1 of the Paris Agreement explicitly stipulates the need “to achieve a balance between anthropogenic
emissions by sources and removals by sinks of greenhouse gases in the second half of this century [...]”
(UNFCCC, 2015).

5 Total amounts of residual emissions depend on technological feasibility, economic opportunities, and political
choices on the determination of sector-level contributions.



pend on sectoral gross emissions reductions, national reduction trajectories, and the devel-
opment of effective approaches to address feasibility and sustainability constraints, espe-
cially at large scales of deployment (IPPC 2022). International collaboration, policy learn-
ing, and knowledge and technology transfer are therefore essential to global CDR
deployment. However, although balancing residual emissions through CDR is emerging as
anew organising principle of climate policy (Schenuitetal. 2021), the profusion of net-zero
targets announcements since 2020 has not led to the clear quantification and distribution
of responsibilities regarding CDR. Moving from intention signalling to implementation,
countries are now expected to specify the scope of their targets, articulate how these targets
are deemed adequate and fair, and communicate concrete roadmaps towards and beyond
netzero (Rogelj etal. 2021). We contribute to this discussion by conducting a cross-country
comparison of the role of CDR in the achievement of climate mitigation ambitions in China,
the United States, and the European Union. These jurisdictions have been selected for their
prominentrole ininternational climate policy, the availability of information, and their high
share of current and historical global emissions. Governance structures, path dependencies,
existing CDR targets, policies or announcements are compared based on desk research to
provide a snapshot of the different levels of CDR integration across all three jurisdictions.

2. The People’s Republic of China, on the road to an Ecological Civili-
sation delivered by ordinance

The Chinese economy is currently the largest contributor to global carbon emissions, re-
sponsible for 32% of the world’s territorial-based COz emissions in 2020 (Statista 2022).
That same year, during the 75th session of the United Nations General Assembly, President
Xi Jinping announced China’s dual objective: to peak COz emissions by 2030 and reach car-
bon neutrality by 2060. The country also renewed its 2030 NDC, which aims to reduce car-
bon emissions per unit of GDP by over 65% compared to 2005 levels. China has already
reduced the carbon intensity level of its GDP by 40-45% in 2020 compared to 2005. This
target was primarily achieved through the introduction of top-down administrative
measures, namely, the attribution of national goals to local and regional governments (Liu
etal. 2022).

China’s carbon neutrality objective is enshrined in the wider development of an “ecological
civilization” (shentai wenming), as specified at the Ninth Meeting of the Central Committee
of Finance and Economics chaired by Xi Jinping on March 15, 2021. The country has now
entered its 14th Five-Year Plan (FYP) (2021-2025), with one of the steepest roads to net
zero COz emissions in the world ahead. As introduced above, just as numerous ways to re-
duce anthropogenic emissions exist, there are different methods and means to remove CO2
from the atmosphere. The Chinese government appears to be betting on afforestation and
reforestation, which would need to be deployed at an unprecedented scale in order to com-
pensate for residual national COz emissions. Provinces in southwest (Yunnan, Guizhou and
Guangxi) and northeast China (Heilongjiang and Jilin provinces) especially, have estab-
lished a pattern of rapidly expanding regional afforestation. Forest areas have increased by
between 0.04 million and 0.44 million hectares per year over the past 10 to 15 years (Liu et
al. 2022). These changes are driven by the plantation of fast-growing forests for timber ex-
port and domestic paper production, which do not provide for long term carbon dioxide
removals. In addition, CDR gains from afforestation are limited to the duration of the trees’
growth cycles, and permanence is not guaranteed, since forests are increasingly exposed to
pests, natural hazards and extreme weather events.



Credits generated through afforestation may be traded under the pilot national ETS
(Shrestha et al. 2022). However, afforestation and reforestation projects in China are im-
plemented on unfertile, remote mountainous lands, and associated with greater costs com-
pared to industrial forest plantations (Zhou et al. 2017). Moreover, landowners lack active
participation and consultation rights in the design of carbon forestry projects and retribu-
tion schemes. Forest agencies, local governments and private enterprises have invested in
carbon projects established on forest land owned by collectives of rural households. These
landowners have in most cases not participated in the planning and design of carbon forest
projects (Zhou et al. 2017). As a result, frequent conflicts between landowners and project
developers are reported. In practice, landowners favour fast-growing species to reap the
short-term economic benefits associated with timber production, while project developers
alone benefit from carbon credits®. A configuration which hinders the viability of large-scale
carbon sequestration projects in China. The potential of ocean-based CDR methods was also
considered in a 2021 report by the Chinese Academy of Sciences (Jiao 2021), although no
clear policy development is identifiable to date.

For the Chinese economy to reach carbon neutrality in the given timeframe, non-fossil fuel
sources are estimated to account for 85% of the energy mix by 2050 (He et al. 2022). When
fossil energy currently accounts for nearly 85% of China’s total energy (Zhang et al. 2021).
Evidence in support of FFI-CCS can be found in the Chinese literature related to the trans-
formation of the energy sectoravailable in the English language (Singh etal. 2019). All eight
commercial FFI-CCS facilities currently in operation capture COz emissions from fossil fuel
combustion, such as coal-fired power plants, or fossil/mineral process emissions, such as
from petrochemical processes (Liu et al. 2022). Although FFI-CCS effectively reduces emis-
sions to a lower or even near-zero level, carbon dioxide removal is only possible through
bioenergy combustion with CCS (BECCS), or through other methods that capture COz emis-
sions from ambient air or biogenic rather than fossil sources (Fuss et al. 2014). CDR from
BECCS can be expected to play a significant role in the cost-effective decarbonisation of the
Chinese energy sector (Weng et al. 2021), (Huang et al. 2020), (Xing et al. 2021). Indeed,
BECCS provides additional time, and more affordable means, to energy-consuming sectors
to transition at lower mitigation costs. One study argues that widespread development of,
as well as inevitable reliance on BECCS and biofuels beyond 2030, are key characteristics of
China’s contribution toward the long-term temperature goal of the Paris Agreement (Pan
et al. 2018). Another study published by the Chinese Academy for Environmental Planning
(CAEP), aresearch institute close to the government, estimates that removals to be achieved
by BECCS and Direct Air Carbon Capture and Storage (DACCS) need to reduce national car-
bon dioxide emissions by 0.3-0.6 billion tons and 0.2-0.3 billion tons respectively in 2060
(Cai et al. 2021). Ultimately, the country’s emissions reduction pace, energy choices, scale
of gross residual emissions from fossil fuels use and industry, combined with the introduc-
tion of other removal strategies, will define BECCS’ exact role and deployment trajectory.

Mitigation efforts in China are essentially the outcome of a coincidental alignment of inter-
ests between local actors’ realities and policies dictated by the central government (Engels
2018).Bottom-up efforts to promote a just transition, set voluntary local mitigation targets,
perfect the carbon trading scheme and mobilise society are not prevalent in the Chinese
People’s Republic, although called upon by academics (Zhang et al. 2021). Regions and
provinces will play a major role in the country’s transition to net zero COz emissions, with

6 Between 63% (Zhouetal. 2017) and 80% (Fang and Gao 2015) of landowners surveyed in Guangdong related
to carbon forestry activities were found unaware of the project.



national targets traditionally relying on regional-level mitigation. As an illustration, thou-
sands of power plants and factories were shut down by central and local governments to
achieve the carbon intensity reduction target established in the 12th FYP (2011-2015).
Provincial targets at administrative levels were also set to achieve 18% reductionin carbon
intensity of GDP during the 13th FYP (2016-2020) (Xie 2021). Accordingly, Chinese prov-
inces may formulate specific implementation plans, local emissions reduction targets and
removal targets. This target delegation may further derive to the city level, since each prov-
ince can allocate reduction targets to cities on its territory so that, by extension, national
targets can be achieved. Such a governance scheme, while promising in theory, can prove
detrimental to a smooth and deep transition when combined with poor coordination and
harsh pressure to deliver, as illustrated by the “dual-control” mechanism introduced during
the five-year plan for 2016-2020. The policy required provinces to place a cap on local en-
ergy use and cut GDP intensity. Several provinces were unable to achieve their allocated
targets, resulting in authorities enforcing last-minute power cuts in December in order to
uphold year-long performance targets (Xie 2021). Delivering removals through CDR relies
on very different governance schemes than delivering emissions cuts arbitrarily, by tempo-
rarily shutting down installations. Relying on local authorities to achieve national net zero
CO2 targets appears difficult in this context.

In China, carbon peaking and carbon neutrality are two stages of the same goal on the path
towards the national interpretation of an “ecological civilisation”, which relies on CDR to
counterbalance remaining emissions. The country’s pathway to net zero emissions will be
instrumental to remain within the long-term temperature target outlined in the Paris
Agreement. Afforestation programs and the inclusion of forestry projects in the ETS indi-
cate that CDR-relevant governance is already present in the country. However, the absence
of policies and incentives specifically for CCS-based CDR methods such as BECCS and
DACCS, can prove detrimental to China’s effective decarbonisation given the high amount
of residual emissions to be expected on the way to 2060.

3. De-facto CDR governance in the United States of America

Since 2018, the United States has been the world’s largest producer of oil and natural gas
(U.S. Energy Information Administration 2022). The country re-entered the Paris Agree-
ment under the auspices of the Biden administration and submitted an enhanced NDC to
the UNFCCCin April 2021. President Biden also announced a net-zero GHG emissions target
by 2050, in the run up of COP26, which relies on a “whole-of-government' approach where
ministries, federal agencies and the private sector are identified as key actors. The US gov-
ernment aims to reduce national emissions through procurement power and investments
in clean energy infrastructure and manufacturing, with the clear intention to derive eco-
nomic competitiveness, job creation, as well as industrial and innovation leadership.

The US Department of State and the US Executive Office of the President published the Long-
Term Strategy of the United States: Pathways to Net-Zero Greenhouse Gas Emissions by 2050
in November 2021. The strategy acknowledges that some sources of non- COz emissions,
and potentially some COzemissions, may not be reduced to zero by mid-century and must
therefore be balanced-out by COz removals. All twelve scenarios considered in the strategy
document involve carbon dioxide removal activities at low, medium or high deployment
levels. Transport, building, and industry-related emissions fall dramatically across all sce-
narios with electrification, transportation and non-land sink CDR responsible for the bulk
of net emissions reductions. Although CDR is considered critical to reach net-zero by 2050



and achieve net negative emissions thereafter, dedicated policy instruments, economic in-
centives and governance structures remain unspecified. The US strategy simply notes that
“CDR technologies will only deliver desired societal and environmental benefits if their deploy-
ment is well-designed and well-governed” (US National Net Zero Strategy).

Since 2010, observers note the gradual structuring of an ecosystem involving academic ac-
tors, small and large companies and representatives of civil society multiplying initiatives
to transform the energy transition into economic opportunities, including in the field of car-
bon dioxide removal (Bekki et al., 2021). In October 2018, the National Academy of Sci-
ences, Engineering, and Medicine (NASEM) released a detailed research agenda on carbon
removal needs in the United States, along with funding level recommendations. As follow-
through, in 2019, the charity-funded Energy Futures Initiative (EFI) released the Clearing
the Air: A Federal RD&D Initiative and Management Plan for Carbon Dioxide Removal Tech-
nologies report to add substance to the NASEM recommendations with implementation
plans. American foundations, often linked to the largest fortunes, have also unveiled fund-
ing programmes dedicated to CDR projects such as the Apple and Conservation Interna-
tional Restore Fund ($200 million), the Nature Conservancy project ($100 million), the
World Wildlife project ($100 million) and the Environmental Defense project ($100 mil-
lion) from the Bezos Earth Fund. The $100 million XPRIZE for Carbon Removal offered by
the Musk Foundation and the undisclosed amount of funds initially provided by the Gates
Foundation to Carbon Engineering, a Canadian company leading the development of Direct
Air Capture (DAC), are other examples of this trend. Venture capital is actually characteris-
tic of the American innovation system. CDRis no different, with government funding lagging
behind the mobilisation of private investments. For instance, the US Department of Energy
(DOE) launched a project to support direct air capture (DAC) in the form of a $12 million
prize competition in 2021, when DAC projects received a total of $280 million from private
venture capital between 2015 and 2020 (Bekki et al.,, 2021). In 2022, the Frontier Fund, a
privately owned corporation supported by Stripe, Alphabet, Shopify, Meta, and McKinsey,
was also launched to provide an additional $925 million to CDR start-ups. The US govern-
ment is now inverting this trend, with the provision of $3.5 billion to fund four regional
directair capture hubs under the Infrastructure Investment and Jobs Act, also known as the
BIL?.

In coherence with its leadership position in oil and gas production, the US is a world leader
in Carbon Capture and Storage technologies due to its colossal oilindustry and massive R&D
investments8. The US holds a competitive edge on geological storage, but the policy focus is
placed on capturing and storing emissions from fossil fuels - coal, oil and gas - which, as
exposed above, do not provide for carbon dioxide removal. The US envisaged pathway has
received strong criticism and pushback from civil society actors. In August 2021, 500 or-
ganisations sentan open letter to President Biden and Canadian Prime Minister Trudeau to
call for a FFI-CCS ban, particularly when used for enhanced oil recovery®. While FFI-CCS,
DACCS and BECCS share common technological building blocks, they serve very different
means. The US government is increasingly differentiating processes that reduce CO2 emis-
sions from those which remove CO2 from the atmosphere, primarily through the creation
of dedicated R&D and regulatory frameworks.

7 $700 million annually for the five years period 2022-2026, Public Law 117-58.

8 Already in 1997, the US Department of Energy launched a RD&D programme dedicated to the various building
blocks of the CCUS sector, for a total investment of $4 billion between fiscal year 2012 and 2018. Congressional
Research Service, July 2018.

9 EOR is a process whereby CO:is injected into depleted underground oil reservoirs to boost oil production.



CDRis allocated a new funding line, for the first time separated from FFI-CCS for emissions
from fossil fuels and industrial processes programmes, in the budget of the US Department
of Energy (DOE) for the fiscal year 2022. A total of $64 million in budget request is dedicated
to the research, deployment and demonstration of CDR projects in directair capture (DAC),
carbon capture and storage (CCS) coupled with the conversion of biomass waste to energy
(BECCS), enhanced weathering through carbon mineralisation, soil sequestration tech-
niques (e.g. improved forest management, reforestation and afforestation) and carbon cap-
ture by coastal or wetland ecosystems (Department of Energy 2021). The second main
funding actor is the US Department of Agriculture (USDA), which dedicated $4 billion in FY
2022, $647 million more than the 2021 enacted level- to agricultural research, education
and innovation projects in science and data-based application tools “to put US technologies
in the hands of farmers” (FY 2022 Budget Justification 2021). The creation of a multi-agency
initiative through a $161 million request also aims to foster the development of new indi-
cators and tools to measure, monitor and verify carbon storage on federal lands.

On the regulatory side, President Biden has promulgated two executive orders in January
2021 to establish new taskforces, workgroups, and advisory committees on climate change
science and policy. Different federal states can be expected to progress at a different pace
on CDR. This governance structure may contribute to the fruitful diversification of CDR ac-
tivities across the country, providing effective joint initiatives and policy learning. Some
states are already acting as pioneers, with the Californian Congress amending the California
Climate Crisis Act to legally clarify the notions of carbon capture at source and direct cap-
ture from the atmosphere, and distinguish between " CO: intensity reduction” and "CO2 re-
moval" techniques in July 2021. Other states have also enacted CDR-related regulations
since 2020 and introduced measures. Although numerous bills have entered the legislative
process under the 116th and current 117th Congress, those which have passed the US Con-
gress to date are not directly related to CDR. The CHIPS and Science Act, for instance, was
passed in August 2022 and aims to “help ensure America’s place as a global leader in science
and technology”10. The bill establishes a Carbon Sequestration Research initiative, a Centre
for Greenhouse Gas Measurements, Standards, and Information, and provides an additional
$1 billion over four years to the DOE to carry out R&D and demonstration projects!. Also
passed in August 2022, the Inflation Reduction Act extends the 45Q tax credit for carbon
sequestration from $50 to $85 per metric ton, thereby easing the financial viability of pro-
jects that capture carbon dioxide from industrial facilities with lower CO2 concentrations.
The eligibility threshold is reduced from 100 thousand tonnes per year to 1000 tonnes, so
that pilot and small scale facilities become eligible. Tax credits allocated to DAC projects
also increase to $180 per ton. Finally, the bill dedicates $300 million to quantify, assess,
monitor and track carbon sequestration, methane, and nitrous oxide emissions through the
Greenhouse Gas Inventory and Assessment Program of the Department of Agriculture. An
additional $50 million incentive aims to allow states and other eligible entities to provide
payments for carbon sequestration to private forest land owners!2.

Although technological building blocks are known, deployment remains unresolved and un-
certain due to lasting questions on the financing of transport infrastructure, technological

10 Press statement by Antony J. Blinken, Secretary of State. August9, 2022

11 Text - H.R.4346 - 117th Congress (2021-2022): Supreme Court Security Funding Act of 2022 | Congress.gov
| Library of Congress

12 Text - H.R.5376 - 117th Congress (2021-2022): Inflation Reduction Act of 2022 | Congress.gov | Library of
Congress


https://www.congress.gov/bill/117th-congress/house-bill/4346/text
https://www.congress.gov/bill/117th-congress/house-bill/4346/text
https://www.congress.gov/bill/117th-congress/house-bill/5376/text
https://www.congress.gov/bill/117th-congress/house-bill/5376/text

uptake, social acceptance and the consideration of other ecosystem services. American civil
society and companies can be expected to play a major role in the establishment of de-facto
CDRgovernance. US start-ups are already taking the lead in the creation of voluntary carbon
sequestration accounting instruments (e.g. Climate Action Reserve) and new business mod-
els based on voluntary carbon markets (e.g. Nori). Today, US farmers can generate carbon
credits and directly connect with other service users such as citizens, farmers or companies
willing to buy these credits. In the case of Nori, an audit is scheduled at the end of the 10
years storage period to compare stated objectives with actual achievements. One decade is
an extremely short timeframe for effective CDR, and there is no guarantee that the farmer
will notreturn to previous agricultural practices. The risk of simply destocking carbon later
is high, which reveals the limits of analogous market-led approaches.

To conclude, CDR is a bi-partisan policy issue in the US and evolves in a nascent but rapidly
evolvinglandscape. Prominent themes emphasised by NGOs in the country include the need
for CDR in climate action, economic opportunities, and innovation (Schenuit et al. 2021).
The US strategy acknowledges the need for meaningful and equitable community engage-
ment for the successfulimplementation of CDR initiatives, and DAC projects funded through
the BIL provisions will include “Equity, Environmental and Energy Justice (EEE]) principles
and priorities”!3. However, how these priorities, principles and engagement processes are
to unfold exactly remains unspecified. Dedicated markets are already taking shape, while
regulations and state-led R&D are still under development. Although part and parcel of the
US decarbonisation strategy, CDR is not associated with standard methods to certify and
verify the quantities of carbon stored. Carbon creditors may design their own verification
schemes and assessment methods. Hence, a dynamic, entrepreneurial-oriented ecosystem
of private funds, researchers, businesses and NGOs is actively shaping the de-facto govern-
ance of carbon dioxide removal in the United States.

4. De-jure CDR governance in the European Union

On the other side of the Atlantic Ocean, the EU has prioritised the decarbonisation of its
energy system. The European Green Deal, announced in late 2019, explicitly aims to decou-
ple GHG emissions from economic growth, decrease resource consumption, but also ad-
dress regional and social inequalities and achieve energy sovereignty. The 2021 European
Climate Law?4, central piece of legislation, enshrines the EU economy-wide net zero green-
house gas emissions target by 2050 into law. An arsenal of legislative proposals, the so-
called “fit for 55 package”, aims to ensure that short-term action is taken in parallel to
achieve the interim NDC target of 55% reductions in net emissions by 203015 . A Union-
wide net-zero GHG target allows Member States to contribute differently to the overall EU
reduction target, according to national specificities and geographies?¢ . In this communal
context, timely progress in specific Member states or sectors can compensate for delayed
emissions in other parts of Europe (Geden/Schenuit 2020). Based on this premise, early
European movers might be expected to compensate for remaining emissions in hard-to-
transition sectors.

13 US Department of Energy Notice of Intent No.. DE-FOA-0002746. Available at https://www.en-
ergy.gov/bil/four-regional-clean-direct-air-capture-hubs

14 Regulation (EU) 2021/1119

15 Compared to 1990 levels.

16 However, all member states are bound to individual national targets for renewable energy, energy efficiency
and emissions reduction for the period 2021 - 2030, through the submission and update of National Energy
and Climate Plans in negotiation with the Commission.


https://www.energy.gov/bil/four-regional-clean-direct-air-capture-hubs
https://www.energy.gov/bil/four-regional-clean-direct-air-capture-hubs

The EU Effort Sharing Regulation (ESR) applies to sectors not covered by the EU Emissions
Trading System (ETS), such as transport, building, agriculture, and waste, which are pre-
cisely hard-to-transition sectors. The ESR therefore covers many sectors prone to im-
portant potential residual emissions, and could benefit from a replication toward the inclu-
sion of CDR activities. Iceland, Norway and the EU Member States have set binding targets
for greenhouse gas emissions reductions for 2030 under the ESR regulation. In line with
this model, Member States could engage with all levels of government to design policies and
measures that would contribute to the deployment of CDR at the regional level. The repli-
cation of the ESD model to set national CDR targets does not exclude the inclusion of CDR
in the EU ETS (Schenuit et al. 2021). Instead, national CDR targets would provide invest-
ment signals to markets, clarify responsibilities, and ensure that the financial incentives
necessary to drive emissions reductions and CO2 removal simultaneously are available on
the road to 2050. A CDR Effort Sharing Regulation would need to ensure the fungibility of
CDR credits with other accounting units and policy instruments (e.g. Carbon contracts for
difference, Carbon farming mechanisms) to connect sectors and countries where CO2 re-
moval potentials and COz storage capacity do not match.

The current ESR regulation also provides for the inclusion of CDR through its interaction
with the LULUCF regulation. The LULUCF regulation applies to EU member states and en-
sures that accounted emissions from Land Use, Land Use Change and Forestry (LULUCF)
are fully compensated by accounted atmospheric CO2 removals. This “no-debit rule” estab-
lishes that annual emissions allowances from the ESR need to be transferred to balance
emissions in the LULUCF sector. Limited flexibility allows a maximum transfer of 280 Mt
(i.e. 1% of annual ESD emissions from 2005) LULUCF credits to achieve the national reduc-
tion targets under the ESR. As a whole, the LULUCF sector is a net carbon sink in the EU,
absorbing nearly 10% of total EU GHG each year?!’. Following a two-phase approach, the
new LULUCF framework sets binding removal targets for each member state up to 2030.
Member states ought to balance emissions and removals in the LULUCF sector up to 2025.
From 2026 onwards, each member state's targets must contribute to the achievement of
the new EU-wide target for net removal of -310 Million tonnes of CO: equivalent (Mt) in
2030.

The EU Commission also aims to align the European Common Agricultural Policy with its
climate objectives, to support carbon farming projects, and achieve a balance between GHG
emissions and removals in the land sector. Already in December 2020, the Commission rec-
ommended the inclusion of carbon sequestration activities in the Common Agricultural Pol-
icy (CAP) Strategic Plans prepared by Member States. A new CAP was adopted in December
2021 and is now due to be implemented from 1 January 2023. EU countries will implement
the new CAP though a CAP strategic plan at national level. These National Strategic Plans
ought to dedicate 25% of the anticipated budget to “eco-schemes”, and attribute 35% to
environmental, climate and animal welfare measures. The draft strategic plans are cur-
rently assessed by the Commission until the end of 2022. A preliminary summary overview
for the 27 member states was published in June 2022. The reportindicates that 21 Member
States have set targets for carbon storage in soil and biomass, with half of them targeting
more than 30% of the utilised agricultural area. Member States must also include agricul-
tural knowledge and innovation systems in their plans, to ensure that knowledge transfer

17 https://www.consilium.europa.eu/en/infographics/fit-for-55-lulucf-land-use-land-use-change-and-for-
estry/


https://www.consilium.europa.eu/en/infographics/fit-for-55-lulucf-land-use-land-use-change-and-forestry/
https://www.consilium.europa.eu/en/infographics/fit-for-55-lulucf-land-use-land-use-change-and-forestry/
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and innovation can contribute to the locally relevant deployment of carbon farming strate-
gies.

The EU Commission is aware of the difficulties associated with designing a robust monitor-
ing, reporting and verification (MRV) framework for the certification of CDR methods. A
regulatory proposal is expected by the end of 2022. In accordance with the Better Regula-
tion Guidelines, a regulatory impact assessment (RIA) will then be carried out to assess and
balance risks. Impact assessments have been used for nearly 20 years in the EU, both as a
tooland a process, to inform policy making, improve or revise regulations, and manage their
outcome (OECD 2022). Contrary to traditional “command and control” approaches to reg-
ulation, RIAs allow for the consideration of alternative policy designs, evidence-based pol-
icy choices, and the balancing of options through stakeholder participation. In parallel to its
own reflection, the Commission will also create an expert group to develop standards for
the certification of carbon removals. Expert groups bring authorities and stakeholders
across member states together to share experiences, exchange best practises for carbon
farming, and jointly assess the monitoring, reporting and verification of the certification
process.

Finally, the Trans-European Networks for Energy (TEN-E) Regulation was revised in June
2022 to modernise Europe’s cross-border energy infrastructures and align with the
Green Deal objectives. One of the three ‘priority thematic areas’, in addition to smart grids
deployment and electricity highways, is the creation of a cross-border carbon dioxide net-
work. Trans-border CO:z transport and storage is now officially encouraged, and imple-
mented through the launch of Projects of Common Interest (“PCI”) among EU member
states. The regulation also includes third parties for the first time, under Projects of Mutual
Interest (“PMI"). PCIs and PMIs hold priority status to ensure rapid administrative and ju-
dicialtreatment, and are eligible for financial assistance. The firstlist of PCIs adopted under
the new regulation can be expected in autumn 202 3.

The above-mentioned governance and market structures, regulatory practices and public
participation mechanisms will play a key role in facilitating the deployment of CDR across
the EU. The “Sustainable Carbon Cycles” Communication published by the European Com-
mission in December 2021 was the first attempt to clarify how the EU could promote and
regulate regional CO2 removal activities. After specifying an ambitious net-zero GHG emis-
sions target, the EU Commission is now specifying the intermediate steps. EU institutions,
but also some Member States such as Finland, Sweden and Germany, are increasingly en-
gaging in policy discussions and forging new alliances in CDR research and development
(e.g. German Coalition Agreement 2021). Yet, CDRis still not addressed in a comprehensive
and strategic manner at the member state level. In fact, no MS holds a strategy dedicated to
CDR (Meyer-Ohlendorf et al., 2022). The impetus provided by the EU Commission is essen-
tial, but uptake across MS will be fundamental to ensure large-scale CDR deployment in Eu-
rope. Still, long-lasting governance framework such as the the Responsible Research and
Innovation (RRI) practice standard, the precautionary principle and the no harm rule stem-
ming from environmental law, open public consultation mechanisms and transparent fund-
ing rules, place the region in a pioneering position to ensure the responsible and effective
deployment of CDR options. Federal and citizen-led initiatives are paving the way forward,
such as the European Open Science Cloud which aims to build an open federal cloud to pro-
vide a multi-disciplinary environment to European researchers, innovators, companies and
citizens which would be particularly relevant for CDR research and development?8. Citizen-

18 European Open Science Cloud (EOSC) | European Commission (europa.eu)
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led crowdfunding platforms, such as Time for The Planetare also providing funding to early
stage!® CDR projects.

5. Conclusions

The global potential of CDRis limited due to technical, social and sustainability factors (IPCC
2018,IPCC 2021, IPCC 2022) and important uncertainties remain??. Case studies and cross-
country comparisons are particularly valuable in this context to provide an assessment of
different national specificities, governance structures and path dependencies, contextualise
mitigation targets, and provide opportunities for policy replication and learning. Carbon
dioxide removal is certainly no substitute for emissions reduction, and has started to enter
national debates in China, the U.S. and the European Union.

Level of CDR integration

Juridiction

United States

European Union

Overall climate
ambition

Peak CO2 emissions by
2030

Achieve carbon
neutrality by 2060

Net-zero GHG
emissions target by
2050

50-52% reductions in
GHG emissions in 2030
(2005 levels)

Net zero GHG target by
2050 in law

55% reductions in net
GHG emissions by 2030
(1990 levels)

Role of CDR in
climate targets

Unacknowledged and
unspecified

Acknowledged and
unspecified

Acknowledged at the EU
Commission level and
unspecified

Governance

structures and
path-dependencies

No public participation.
Uncoordinated
mitigation action
through decentralised
target allocation

CCS to capture and
store carbon from fossil
fuels emissions.
Proactive venture
capital, private
philanthropy and civil
society

Inter-pillar flexiblity
between the ESR and
LULUCEF regulations.
Responsible Research
and Innovation (RRI).
Precautionnary principle

Existing CDR
policies and
announcements

Carbon forestry projects

included in the pilot ETS.

FFI-CCS plants from
fossil fuels and industrial
sources

Investment in R&D and
demonstration projects.
Focus on regulatory and
market based tools such
as volontary carbon
markets and the
creation of standards

Incentive to deploy CO2
transport and storage,
Carbon MRV scheme.
Revision of the CAP
strategic plans

Compared to China, where innovation is planned by the central governmentand mitigation
targets allocated to sub-administrative levels, innovation in the United States stems from
market needs and actors, which are prone to play a decisive role in the choice and deploy-
ment of CDR methods. Innovation in the EU is overseen by standards, such as the Respon-
sible Research and Innovation (RRI) conduct standard. European governance schemes also
include participatory mechanisms, which can ensure democratic oversight over the choice
of mitigation pathways. Importantly, environmental and social assessments ought to feed
into policy decisions when assessing the role of CDR in national transition pathways, to
avoidlocking into inappropriate strategies. The EU has initiated the construction ofa trans-
border carbon network and the definition of MRV standards. However, the effective deploy-
ment and fair distribution of CDR activities in Europe remains to be delineated. The ‘effort
sharing’ model already includes key European CDR actors such as Iceland, where the con-
struction of the world’s biggest direct air capture and storage plant has started in June, and
Norway, which has launched the Longship Project, a €1.7 billion investment project aiming

19 Time for the Planet (time-planet.com)
20 Regarding land-use change, freshwater use, nutrients availability which raises concerns over food security
and water shortage. See Smith et al, 2016; Minx et al,, 2018
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to develop an open access infrastructure for COz transport and storage facilities under the
North Sea. As such, the ESR would present a practical way forward in the definition of CDR
potentials, targets, and policies.

Beyond the achievement of its own ambitions, European climate policy seeks to contribute
to bringing global temperatures back down to the 1.5-degree threshold in the longer term
(Droge and Geden 2022), which depends on the availability of carbon dioxide removal on a
global scale. In this context, the EU may act as a global laboratory, where countries with
different starting points, energy mixes and CDR potentials engage on a joint net-zero trajec-
tory on a much smaller scale. Science diplomacy initiatives dedicated to CDR, both between
EU member states and with international partners, offer promising tools to foster the un-
derstanding of CDR techniques and their political uptake. Emerging economies and devel-
oping countries have already pointed to the Common but Differentiated Responsibilities
and Respective Capabilities (CBDR-RC), enshrined in the UNFCCC, to call upon industrial-
ised countries to lead on carbon dioxide removal. Ina cross-regional joint statement includ-
ing India, Bolivia, and China, India’s Permanent Representative to the United Nations indi-
cated that “developed countries must reach Net Zero well before 2050 in order to achieve
overall global net zero target by around mid-century on the basis of equity, CBDR and RC,
poverty eradication and sustainable development. We, therefore, call on developed coun-
tries to get Net-Negative in 2050, in order to vacate carbon space in 2050 for developing
countries to grow till they too reach Net-Zero” (Permanent Mission of India to the UN, New
York 2022).

The United States and Europe are responsible for the bulk of historical cumulative emis-
sions so far. Fair-share calculation studies attribute two to three times larger CDR respon-
sibilities to the triad this century (Fyson et al. 2020). In accordance with the enforcement
of the CBDR-RC and the polluter pays principle, these jurisdictions are accountable, and re-
sponsible, for the bulk of carbon dioxide removal to provide time for the rest of the world
to decarbonise. Importantly, emerging markets and developing economies now account for
more than two-thirds of global COz emissions, which raises fundamental questions of
knowledge and technology transfers and patent rights, which ought to be considered up-
front to also deploy CDR in developing economies in the long run.

In conclusion, only near-term action and more ambitious NDCs can minimise reliance on
CDR in the long term (Strefler et al. 2018). Despite the central role of carbon dioxide re-
moval to keep the 1.5°C target within reach, to bring down cumulative COz emissions and
to limit the duration of the overshoot, no party to the UNFCCC has clearly articulated how
net negative emissions ought to be achieved at the national level, let alone distributed glob-
ally (Honegger und Reiner 2018), (Mohan et al. 2021). International cooperation should
work towards ensuring that CO2 removal and storage consider geographic, economic, insti-
tutional and social specificities, in conjunction with the global distribution of historical re-
sponsibility. Indeed, the costs and potential for achieving emissions reductions and remov-
als are unevenly distributed geographically. Reaching net-zero CO2 emissions globally will
involve a combination of CDR options, across numerous sectors and jurisdictions.

UNFCCC parties established a mechanism to review progress towards the goals of the Paris
Agreement, the so-called Global Stocktake (GST), and clarified its modalities during the Ka-
towice Climate Change Conference in 2018 (COP24). The GST will be conducted for the first
time in 2023 (COP28) and every five years thereafter. The first technical dialogue (TD), a
conversation among Parties, experts and non-party stakeholders which lays the ground for
the outputs of this review process, took place in Bonn in June 2022. CDR was included in
the presentation of the key findings from the IPCC WG III report relevant for the GST. Both



the TDs and GST will inform the preparation of the next round of Nationally Determined
Contributions (NDCs) in 2024-25. The potential inclusion of CDR in the Chinese climate gov-
ernance architecture remains unclear going forward due to the uncoordinated orchestra-
tion of actors responsible for climate action, decision scales, and distribution of effective
decision power. The United States can be expected to upscale CDR, in parallel to FFI-CCS, to
meet national decarbonisation targets. The European Union, through the impulsion of the
EU Commission, has initiated the design of a robust regulatory framework. The EU's Carbon
Removal Certification Mechanism, to be published in November, paves the way for further
economic incentives and political uptake across member states. Beyond emissions cuts, the
role of CDR, CCS and CCUS to reach net negative emissions in Europe is increasingly
acknowledged. In this context, if the EU would establish a European-wide CDR target?!, the
Union would provide a significant message to the international community: that Europe is
pulling its weight in the global transition.

21 Built upon the removal targets newly established under the LULUCF revision for instance.
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