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Carbon dioxide removal (CDR) increasingly features in climate scenarios that hold global
warming well below 2◦ C by 2100. Given the continuous gap between climate mitigation
pledges and the emission pathways that are aligned with achieving the temperature
goals of the Paris Agreement, we would expect countries to promote CDR in their
long-term planning to achieve mid-century targets. Yet, countries may not consider it
their responsibility to contribute to the global response to climate change using CDR.
Thus, a study of the respective country’s long-term climate plans is both timely and
vital. Such a study could reveal the pledged collective ambition, the contribution of
CDR to the pledged ambition, and how the envisaged role of CDR is described by
the different countries. This paper explores the long-term low emission development
strategies (LT-LEDS) of countries in order to map the role of CDR in addressing climate
change. We also supplement our examination of strategies with the opinions of climate
experts. Based on an inductive coding of the material and a literature review, the analytical
focus of the analysis includes CDR targets and planning, types of CDR, barriers and
opportunities to CDR implementation, as well as international cooperation. Our study of
25 national LT-LEDS submitted to the UN or to the EU, as well as 23 interviews with
climate experts, shows that national plans for CDR vary substantially across countries
and are generally lacking in detail. The findings also demonstrate that CDR is perceived
to be necessary and desirable for achieving mid-century climate goals, but also reveal
variation in the intended role of CDR. We use an interpretive approach to outline three
possible visions of CDR in climate action: as a panacea, as a necessary fallback and
as a chimera. We conclude by discussing what our findings of the envisaged roles of
CDR in addressing climate change mean for climate governance. This research thereby
contributes to the literature on governing CDR with new comprehensive insights into the
long-term climate strategies of countries.
Keywords: negative emission technologies, carbon dioxide removal, UN Framework Convention on Climate
Change, long-term strategies, carbon removal
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INTRODUCTION

quite scarce in shorter term policy documents, such as nationally
determined contributions (NDCs) to the Paris Agreement (Thoni
et al., 2020; Mace et al., 2021). Thus, it would be expected
that CDR would feature more prominently in LT-LEDS and
LTS, alongside emission reduction measures. While we expect
to find references to CDR in LT-LEDS and LTS, the high-level
planning nature of the documents arguably means that we do
not expect to find lengthy debates on the potentials and barriers
to CDR implementation. Thus, we complement our material
with policymaker and expert interviews in order to contextualize
our findings and provide a broader view of the role of CDR as
perceived by climate experts.
This research focuses on carbon removal methods, including
more mature and tried-and-tested nature-based solutions such
as the sequestration of carbon in forest biomass and soils,
and currently less economically viable and more technologically
sophisticated, or technologically-based CDR, such as bioenergy
with carbon capture and storage (BECCS), direct air carbon
capture and storage (DACCS), ocean fertilization, enhanced
weathering, biochar, and others (Minx et al., 2018; Fridahl
et al., 2020a; Morrow et al., 2020). For the purposes of this
research, we rely on “nature-based” and “technologically-based”
as a commonly used heuristic to distinguish between CDR
approaches (Schenuit et al., 2021). However, we acknowledge
the important debates around the analytical clarity of these
concepts and the impact of framing them as such. The distinction
between what is natural and what is technological is often
arbitrary and highly political. While, for example, forestation
may be erroneously understood as low tech, modern forestry
practice is actually highly technological, from the development
of plant species through to harvest. This means that “naturebased” CDR should not necessarily be regarded as a less risky
approach. To continue using forestation as an example, largescale monoculture forestry is likely to have adverse effects
on biodiversity and may increase water shortage and reduce
food security (McLaren et al., 2019; Bellamy and Osaka, 2020;
Carton et al., 2020; Woroniecki et al., 2020). Finally, we
expect the main focus on CDR in the strategies and interviews
to be on approaches that are not strictly considered to be
climate engineering (CE) approaches (e.g., managing the Earth’s
radiation uptake). While CE methods have entered academic and
popular science debates (Caldeira, 2009; Huttunen and Hildén,
2014; Himmelsbach, 2018; Lefale and Anderson, 2018; Low and
Schäfer, 2019), alongside or interchangeably with CDR (Bellamy,
2013; Sapinski et al., 2020), and have been in focus in multilateral
negotiations broadly aimed at limiting deployment (Bodansky,
2013; Möller, 2020; McLaren and Corry, 2021), solar radiation
management is not yet a significant part of domestic policy
debates (Reynolds, 2019).
We are only aware of a few studies that have examined
CDR in long-term national climate strategies. In a report on
CDR governance, Mace et al. (2021) briefly acknowledged the
presence of CDR in LT-LEDS. In their effort to align long-term
climate plans with NDCs, Falduto and Rocha (2020) conducted
an overview of a few LT-LEDS, yet did not go into details
about CDR specifications. Jaber et al. (2020) compared the LTLEDS of France, Germany and the UK using criteria of political

While the adoption of the Paris Agreement has provided a basis
for collective climate action, the world is far from being on track
to hold global warming well below 2◦ C. Current levels of climate
ambitions claimed in the Nationally Determined Contributions
(NDCs) of countries fall short of the goals of the Paris Agreement
(Mace et al., 2021). Collectively, even fully implemented NDCs
are projected to increase global emissions from 2015 to 2030
(United Nations Environment Programme, 2020), contrary to
the requirements for decarbonization provided by the rapidly
shrinking carbon budget (IPCC, 2018). The vast majority of
climate scenarios, in which the Paris Agreement temperature
target is successfully achieved (even the scenarios assuming
global emission reductions by 2030), deploy carbon dioxide
removal (CDR) technologies to sequester greenhouse gases from
the atmosphere on a massive scale (Anderson, 2015; Fridahl,
2017; IPCC, 2018; Minx et al., 2018; Workman et al., 2020).
The scenarios that avoid overshooting the Paris Agreement
temperature objective (limiting global warming to below 2◦ C),
and which do not rely on future large-scale deployment of CDR,
require global CO2 emissions to start declining well before 2030
(IPCC, 2018; Kartha et al., 2020). For a more stringent carbon
budget associated with a 1.5◦ C warming, zero emissions would
be required by around the end of the 2020s (IPCC, 2018). Thus,
there is a growing understanding that the introduction of CDR
will be necessary in the future in order to maintain net-zero
emissions, as we will otherwise fail to achieve carbon neutrality,
whether for technological, economic or political reasons (Geden
and Schenuit, 2020).
Assuming that by ratifying the Paris Agreement, countries
implicitly agree to follow the IPCC carbon budget for achieving
the temperature objective, we would expect countries to promote
CDR in their long-term climate strategies, either on par with
current greenhouse gas (GHG) mitigation measures or as a
forward-looking approach to achieving net-negative emissions.
Yet, countries may not consider it their responsibility to
contribute to the global response to climate change using CDR
technologies and approaches. Given the differences in domestic
geographic, economic, and political conditions, it can be expected
that countries have various views on the role of CDR in their
national contexts.
This article explores the envisaged role of CDR technologies
in addressing climate change as described in the long-term
climate strategies of countries and by gauging the perceptions
of policymakers and experts. Specifically, in order to develop a
synthesized view of the envisioned implementation of CDR, we
examine the specifications of CDR in the long-term low-emission
development strategies (LT-LEDS) submitted to the United
Nations Framework Convention on Climate Change (UNFCCC)
and in the long-term strategies (LTS) submitted to the European
Commission (EU), as well as in interviews with climate experts.
LT-LEDS and LTS are intended to highlight national mid-century
climate pledges and pathways to their achievement. As a source
they reveal insights into collective long-term climate ambitions.
Focusing on documents with a long-term perspective is useful
as many CDR technologies are still nascent and are therefore
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EU LTS submissions, such as those from Greece, Hungary and
Lithuania. Given our criteria, the only LTS that was submitted
to the EU and not to the UNFCCC that we have included was
submitted by Estonia. While the low number of submissions
means that many high-emitting countries are missing from
the analysis, the empirical material still provides an initial and
extensive indication of how CDR is envisaged by a range of
countries. Notably, six out of seven G7 countries have submitted
their strategies and all global regions are covered. The online
repositories for all the studied LT-LEDS and the Estonian LTS are
listed in the data availability statement.
The different submission dates of the LT-LEDS should be
understood in light of the fact that the debate and policy on midcentury climate objectives have progressed rapidly over the last
couple of years. Thus, some older LT-LEDS may seem outdated
as some countries have subsequently developed new net-zero
targets. For example, the UK has issued an amendment to the
national Climate Change Act 2008, legislating for a net-zero
target by 2050. France has also enshrined a carbon-neutrality goal
in national law (Felix, 2019). Other countries, such as Japan, have
announced a pledge to achieve carbon neutrality by 2050 (Patel,
2020). It could be that other countries analyzed here have also
updated their mid-century targets or discussions are currently
underway on a national level. However, the legal status of these
potentially renewed commitments is uncertain.
Despite the dynamic climate policy landscape, there are at
least two reasons for looking favorably at using LT-LEDS for
analyzing how CDR is envisaged in plans for mid-century
climate action. First, there is nothing to prevent countries from
submitting updated LT-LEDS to the UNFCCC in order to
capture policy developments. The UNFCCC website for LTLEDS continues to be a relevant and highly visible public
platform for countries to communicate their mid-century plans
to a global audience. In the midst of continuous debates and
uncertain policy processes, LT-LEDS may be viewed as the basis
of what countries regard as being sufficiently mature plans
to be officially communicated. Second, LT-LEDS provide the
most comprehensive source of comparable information across
countries. As the focus of our analysis is not on the exact details
of how CDR will be deployed, but on how CDR is represented
in a country’s decarbonization strategies, LT-LEDS yield useful
empirical material for understanding how the role of CDR is
communicated to a global audience.
The LT-LEDS are high-level policy documents and we assume
that the envisaged role of CDR in these documents captures
the views of national governments on the issue. While we
acknowledge that these documents have been drafted by different
policy actors such as government agencies and departments,
and in consultation with various stakeholders, we view the
discussions in the documents as a reflection of the positions of
the respective national governments.
In order to gain a broader understanding of the potentials and
barriers of CDR implementation, we also conducted interviews
with 23 climate experts (academics, policymakers and climate
diplomats working at national and international levels on
addressing climate change) on their views about CDR. The
semi-structured interviews were carried out via Zoom between

commitment, policy coordination, planning, policy effects and
monitoring, without reference to CDR. Lastly, Thoni et al. (2020)
focused on the CDR feasibility debate in LT-LEDS, finding
more frequent manifestations of the technical and biophysical
feasibility aspects compared to the socio-cultural dimensions,
thereby suggesting a need for more holistic and comprehensive
feasibility assessments in the future. They also concluded that
CDR appears in most of the strategies analyzed, nature-based
carbon sinks being the most popular carbon removal approach.
We believe that our work complements their study and expands
on it in order to particularly examine the role that CDR is
envisaged to play in achieving mid-century climate targets.
This work is also timely as a growing number of countries
are committing to more ambitious mid-century climate targets.
However, a significant part of how the higher ambition will be
accomplished remains unclear and unspecified. LT-LEDS offer
enhanced focus to the transparency of climate targets and reveal
insights into the global collective long-term climate ambition and
plans for its implementation.
Our research is guided by the following questions: (1) What
role does CDR play in national plans for achieving mid-century
climate targets? (2) What do policymakers and experts think
about the potentials and challenges of implementing CDR? While
the first question focuses on what countries have communicated
to a global audience about their long-term plans for achieving the
goals of the Paris Agreement, the second question examines how
policymakers and experts more broadly perceive the potentials
and challenges of CDR implementation. Together, these two
questions provide us with an initial assessment of the envisaged
role of CDR in the long-term climate planning of countries and
the potentials and challenges relating to CDR implementation.

MATERIALS
The Paris Agreement stipulates that its parties should “strive
to formulate and communicate long-term low greenhouse gas
emission development strategies [LT-LEDS]” (UNFCCC, 2016:
Article 4.19). The Conference of the Parties to the UNFCCC
has further encouraged countries to communicate their LTLEDS to the UNFCCC Secretariat by 2020 to be published
on the UNFCCC website (UNFCCC, 2016: Decision 1/CP.16,
Section 36). Some countries acted early on this invitation and
had already submitted LT-LEDS by 2016, including the USA,
Canada and Mexico. Other countries, such as South Africa,
Finland and the Republic of Korea, waited until 2020. By
the end of 2020, 25 countries had submitted LT-LEDS to the
UNFCCC and LTS to the EU in English. As some EU countries
produced long-term strategies, but only submitted them to the
EU and not to the UNFCCC, we also include these as they are
considered to be the EU equivalent to the LT-LEDS submitted
to the UNFCCC (Kulovesi and Oberthür, 2020). Countries
that submitted strategies both to the UNFCCC and to the EU
uploaded identical documents to both organizations. Thus, it
was not necessary for us to prioritize. Only English language
submissions were considered, which excluded the UNFCCC
LT-LEDS submitted by Benin, Spain and Belgium and several
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April and July 2020. They were recorded, transcribed and
anonymized. The interviewees were chosen based on their
expertise in climate change policy with the aim of identifying
a diversity of backgrounds. Rather than targeting CDR experts
from the countries that had submitted LT-LEDS, we aimed
to gain extensive insight into how CDR might be perceived
by the wider climate policy community as some forms of
CDR implementation may depend on international cooperation
and agreement. We therefore chose to broaden our search of
respondents to also capture the views of climate professionals
who might not work directly with CDR issues in order to gain a
more inclusive understanding of the perceptions of policy experts
in the climate field. Thus, a plurality of perspectives was sought,
and while most respondents are from European countries, there
is broad representation as the respondents are from across the
globe (Australia, Canada, Costa Rica, Denmark, Estonia, Finland,
Iceland, India, Ireland, Latvia, The Netherlands, Nigeria, Poland,
Seychelles, Sweden, the UK, United Arab Emirates and the
USA). Thus, the interview transcripts complement the document
analyses by providing insights into how CDR is perceived by
climate experts, as the respondents could speak freely and in
depth about issues that might not be covered in the LT-LEDS.
The interviewees were asked about their views on climate action
in general, and the role of CDR in particular. The aim of the
interviews was not to generate generalizable results, but rather to
contextualize the document analysis and provide an examination
of the perceptions of CDR planning and implementation
amongst academics, policymakers and climate diplomats.

sense of the level of specificity in planning or committing to CDR
implementation. Our original coding included a finely granulated
set of categories subsequently aggregated into broader themes
such as “target specification and planning.” We also attempted to
code for CDR policy instruments, e.g., demand-pull and supplypush measures. Unfortunately, the language used to describe
policy instruments was too general to arrive at a meaningful
distinction between policies related to other technologies or
innovations and CDR specifically. We opted to exclude analysis
of choice of policy instruments from this study. Overall, the way
in which CDR is described in LT-LEDS varies significantly across
strategies in terms of language and number of references, while
generally lacking analytical clarity. In an attempt to systematize
this information, we decided to focus on categories that appeared
to be more uniformly and analytically distinct across strategies.
These included types of CDR, target specification and planning,
barriers and opportunities to implementation and international
cooperation. While studying the literature relating to the induced
codes, it was used to deduce more refined codes. The process
was repeated iteratively, going back and forth between the
empirics and previous research, until “code saturation” (Hennink
et al., 2017) was achieved. The next section describes how
these dimensions appear in the literature, providing additional
motivation for their use in understanding the role of CDR in
climate action.

METHODOLOGY

The first key aspect for understanding the envisaged role of
CDR in climate action is the type of CDR that policymakers
plan to implement for target achievement. Different types
of CDR have different pros and cons, not least in terms
of, for example, potentials, socio-economic, environmental
and biophysical impacts, storage stability and maintenance
requirements, which involve various uncertainties and risks (Fuss
et al., 2018; Minx et al., 2018; Nemet et al., 2018; Fridahl et al.,
2020a). There is significant variation in the way in which each
CDR performs across the dimensions of potentials, impacts, risks,
and uncertainties and the performances of CDR also depend
on the scale and location of deployment. Thus, it is difficult to
precisely state whether betting on a future delivery of each type of
CDR would increase the risk of a failure to reach climate targets
if CDR is not realized in the future. However, research shows that
in terms of technological and market readiness for immediate
deployment, methods of forestation and carbon sequestration in
soils are more readily available for widespread implementation
today than technologically-based CDR. For example, DACCS and
BECCS have a larger overall potential for carbon sequestration
but are currently still costly (Minx et al., 2018).
In coding for types of CDR, we used concepts from the
literature (Fawzy et al., 2020; Geden and Schenuit, 2020) and our
own judgment based on descriptions in LT-LEDS. For example,
afforestation and reforestation to increase carbon sequestration
in standing forests are widely accepted CDR methods. Yet, we
also code bioplastics as CDR, motivated by it being described as
such in one LT-LEDS. However, the potential for carbon removal

Previous Literature: Key Dimensions of
CDR in Long-Term Planning

The objective of this article is to take a synthesizing view on
the role of CDR in achieving mid-century climate targets. In
order to achieve this, using the joint development of analytical
categories via an inductive coding of LT-LEDS and by deducing
codes from previous literature on CDR, our study assesses the
CDR specifications in LT-LEDS and in the interview material
using four elements. In the second stage of our analysis, we try
to systematize the discourse and formulate three visions of the
role of CDR in climate action that highlight the similarities and
differences across the analytical elements (Schenuit et al., 2021).

Inductive Coding
The initial reading of LT-LEDS generated a broad range of
categories describing CDR. We took account of the context
first, i.e., strategy names, when they were submitted and
their purpose as broadly defined in the texts themselves.
We recorded information on overall climate targets, separate
emission reduction and CDR targets, base year and target year.
Several strategies present pathways or scenarios for achieving
their climate ambitions, resulting in a range of emission
reduction and carbon removal targets or potentials. The LTLEDS’ narratives also include types of CDR methods, their role
and purpose, time frame, barriers and opportunities, as well as
requirements for implementation. It is important to note the
great degree of variation regarding the form and frequency of
this information in and across strategies. We then tried to make

Frontiers in Climate | www.frontiersin.org

4

July 2021 | Volume 3 | Article 675499

Buylova et al.

Role of CDR in Climate Action

via bioplastics is more questionable than via forest biomass.
An initial search for CDR in LT-LEDS was based on various
search queries using multiple versions of the terms (net) carbon
sink, carbon sequestration, carbon removal, carbon capture and
storage, negative emissions, carbon stock, absorb, capture and
conserve carbon. We did not record carbon capture and storage
(CCS) and carbon capture and utilization (CCU) technologies as
CDR, unless they were mentioned in conjunction with bioenergy.
The importance of the second category of target specification
and planning is enhanced when connected to issues of timing.
A strategy centered on offsets may involve immediate offsets or
offsetting not only in space but also in time. Meadowcroft (2013)
argues that “immediate emissions reductions could be delayed”
(p. 141) through achieving larger reductions in the future using
CDR. According to Anderson and Peters (2016), such strategies
represent a moral hazard by speculating on the realization of
future CDR, which may or may not be delivered (see e.g.,
Fuss et al., 2014). Planning to offset contemporary emissions
using large volumes of future CDR, instead of prioritizing nearterm emission reductions, also heightens the risk of temperature
overshoot that may activate tipping points and trigger irreversible
climate change (Geden and Löschel, 2017). To avoid mitigation
deterrence based on speculating on future CDR, McLaren et al.
(2019) argue that policymakers should adopt separate targets
for emission reductions and removals. This would serve to
maintain pressure on emission-reducing activities, but also make
the envisaged scale of CDR explicit. Specifying the scale of
the required emission reduction and CDR would pave the way
for discussions on the necessary policy to be put in place in
order to deliver on both types of targets. Current examples
of CDR integration into national climate policies reflect these
issues (Schenuit et al., 2021). For example, in Australia, New
Zealand and the UK, nature-based carbon removal is regarded
as the equivalent to emission reduction measures, with no cap
on the permissible amount of CDR to reach the overall targets.
In contrast, Sweden has set two separate emission reduction and
CDR targets on the road to its goal of net-zero emissions by 2040.
The third dimension represents barriers and opportunities
to CDR implementation. While CDR has the potential to
cancel out future emissions, currently much CDR faces a
number of uncertainties related to technological developments,
economic considerations and public acceptance, meaning they
are not a particularly attractive policy choice (Smith et al.,
2015; Williamson, 2016; Bui et al., 2018; Fridahl and Lehtveer,
2018; Gough et al., 2018; Bellamy and Geden, 2019; Fridahl
et al., 2020b). The moral hazard debate highlights the potential
tradeoffs and the positive synergies between CDR and emission
reductions, different CDR methods (Levihn et al., 2019; Fridahl
et al., 2020b) and between CDR and the sustainable development
goals, SDGs (IPCC, 2018, 2019; Honegger et al., 2020).
Understanding the nature and likelihood of such tradeoffs or
synergies is important when examining the conditions for CDR
deployment. For example, the issue of scale needs to be addressed.
The IPCC (2019) has concluded that deployment of small-scale,
best-practice CDR may contribute to SDG 13 (climate action),
while it is unlikely to impact the achievement of other SDGs.
However, there is a high risk that large-scale deployment will
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generate negative synergies. While there are many barriers to
and opportunities for CDR implementation that could originate
in various sectors of society and be implied by the presence or
absence of other factors directly unrelated to CDR, our analysis
focuses on barriers and opportunities as explicitly described and
related to CDR by the countries themselves, as well as through
interviews with climate experts.
Finally, the need for international cooperation in order
to promote CDR implementation has been raised by several
researchers. The Sustainable Development Mechanism (SDM)
under Article 6.4 of the Paris Agreement (Honegger and Reiner,
2018) and natural resource and carbon credit sharing between
countries (Fajardy and Mac Dowell, 2020) are highlighted
as channels for multilateral work in CDR proliferation. The
international cooperation category did not appear prominently
in the initial, inductive coding of the LT-LEDS. Yet, given
the transboundary nature of the climate change issue and
the importance of international ties in climate policy efforts,
we decided to investigate how this aspect, or lack thereof, is
presented in the strategies in relation to CDR.
Thus, based on our literature review, we scrutinized the
respective country’s long-term climate strategies and interview
transcripts by examining how they described types of CDR,
target specification and planning, barriers and opportunities to
CDR implementation, as well as international cooperation. We
used these dimensions to finally map CDR as presented in LTLEDS and as analytical themes for the interview analysis. We
present the results of the content analysis of LT-LEDS and
interviews separately in order to answer our two respective
research questions. The results of the document and interview
analyses were used to identify and discuss what our material
reveals about the different understandings of the envisaged role
of CDR in addressing climate change. We propose three visions
of CDR based on our material: a panacea, a necessary fallback and
a chimera, and debate the implications of these envisioned roles
of CDR in the discussion and conclusion section.

RESULTS
Mapping of the CDR Specification in
LT-LEDS
Targets and Planning
Many countries have pledged to achieve net-zero, carbon
(climate) neutrality or close to net-zero emission reduction
goals. Technically speaking, carbon neutrality implies net-zero
emissions, while climate neutrality implies a broader focus on
factors such as changes in albedo (Butler et al., 2015; Fridahl
et al., 2020a). Despite their different implications, in practice
these terms are often used interchangeably in strict reference
to emissions. As with the interpretative flexibility surrounding
the phrase “net-zero emissions,” there is no definitive agreement
on how these targets are put into practice. The content of two
net-zero commitments can be dramatically different, aiming for
different timelines, covering different kinds of GHG emissions
and removals and relying on offsets to varying extents. Table 1
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TABLE 1 | Overall target and target specification, as described in the most recent LT-LEDS submitted to the UNFCCC and to the EU.
Country

Target

Target year
(base year)

Allows CDR to
meet the target

Specified separate
long-term emission
reductions target

Compilation of information on
underpinning scenarios for
emission reduction, as
described in LT-LEDS
(excluding CDR, to the extent
possible)

Net-negative
post-target
goal

Austria

Climate
neutrality

2050 (1990)

Yes

No

−72 to −84%

No
Yes

Canada

−80%

2050 (2005)

Yes

No

−65 to −80%

Costa Rica

Net-zero

2050 (2012)

Yes

No

Approx. −59%a

No

Czech Republic

At least
−80%

2050 (1990)

Yes

Unclear

No economy-wide
quantifications

No

Denmark

Climate
neutrality

2050 (1990)

Yes

No

No economy-wide
quantifications

No

Estonia

−80%

2050 (1990)

Yes

No

No economy-wide
quantifications

No

Finland

Carbon
neutral

2035 (1990)

Yes

Yes (−90% by 2050)

−67 to −81% (incl. BECCS)

Yes

Fiji

Net-zero

2050
(2013–2016)b

Yes

No

4.54 to −0.78 MtCO2 eq (incl.
LULUCF)c

No

France

−75%

2050 (1990)

Yes

No

No economy-wide
quantifications

No

Germany

−80 to
−95%,
aspiring to
GHG
neutrality

2050 (1990)

No (yes for the
GHG neutrality
aspiration)

Yes (no CDR)

−80 to −95%

No

Japan

−80%

2050 (2013)

Yes

No

No economy-wide
quantifications

No

Latvia

Climate
neutrality
±5%

2050 (1990)

Yes

No

−68%

No

Marshall Islands

Net-zero

2050 (2010)

Yes

No

−56 to −87%

No

Mexico

−50%

2050 (2000)

Yes

Uncleard

−50%, two pathways

No

The Netherlands

−95%

2050 (1990)

Yes

No

No economy-wide
quantifications

No

Norway

−80 to −95%

2050 (1990)

Yes

No

No economy-wide
quantifications

No

Portugal

Carbon
neutral

2050 (2005)

Yes

No

−85 to −90%

No

Republic of Korea

Carbon
neutral

2050 (2017)

Yes

No

No economy-wide
quantifications

No

Singapore

33 MtCO2 ,
net-zero
thereafter

2050

Yes

No

No economy-wide
quantifications

No

Slovakia

Climate
neutral

2050 (1990)

Yes

Yes (−90%)

Scenarios will be updated to
reflect the −90% by 2050
emission reduction target

No

Sweden

Net-zero

2045 (1990)

Yes

Yes (at least −85%)

−85%

Yes

Ukraine

Qualitative
objectives
(decarbonization
and
enhanced
sinks)

2050 (1990)

Yes

No

−47 to −69% (energy and
industrial processes only)

No

UK

At least
−80%

2050 (1990)

Yes

No

−80 to −77% (incl. LULUCF)e

No

(Continued)
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TABLE 1 | Continued
Country

Target

Target year
(base year)

Allows CDR to
meet the target

Specified separate
long-term emission
reductions target

Compilation of information on
underpinning scenarios for
emission reduction, as
described in LT-LEDS
(excluding CDR, to the extent
possible)

Net-negative
post-target
goal

USA

At least
−80%

2050 (2005)

Yes

No

−70 to −74%f

No

South Africa (ZA)

Just transition
toward
carbon
neutrality

2050

Yes

No

212 to 428 MtCO2 eq (unclear if
incl. LULUCF)g

No

This table has been compiled by the authors based on the information in the LT-LEDS.
a Own calculation based on information in the LT-LEDS: Base year (2011) emissions excl. forest sink: 13.29 MtCO2eq. The so-called “1.5◦ C scenario” (consistent with the Costa Rican
2050 net-zero target) emissions excl. the forest sink: 5.50 MtCO2eq (p. 25).
b Fiji uses a range of base years that depends on the availability of reliable data.
c Percentage reduction from base year emissions unavailable due to the use of a range of base years for different sectors and activities.
d Mexico’s modeling exercise, underpinning the mitigation objective, appears to exclude LULUCF sinks from the −50% by 2050 compared to 2000 target. Whether this should be
interpreted to mean that Mexico has excluded LULUCF sinks from its 2050 mitigation objective is unclear.
e Base year emissions of 803 MtCO eq, target year emissions of 165 MtCO eq. Three pathways are explored that deliver on the target. Pathway 1 relies on no negative emissions, i.e.,
2
2
emission reductions of −80%. Pathway 3 relies on negative emission technologies in the power sector resulting in net-negative emissions from this sector (−22 MtCO2 eq). Excluding
these net-negative emissions, this results in a −77% emission reductions (see pp. 151). It is likely that pathway 3 also includes some positive emissions in the power sector that are
offset through BECCS, resulting in net-negative emissions. This means that the deployment of negative emission technologies in the power sector in Pathway 3 exceeds 22 MtCO2 eq,
an addition which has not been excluded from the estimated lower range of the modeled emission reductions, i.e., not deducted from the −77%.
f Own calculation based on information in the LT-LEDS: The 2050 target, expressed in absolute terms, equals 1,329 MtCO eq (20% of base year, 2005, emissions of 6,644 MtCO eq).
2
2
The range of removals then amounts to 399–664 MtCO2 eq, resulting in absolute emission reductions (excluding CDR) in the range of 1,728–1,994 MtCO2 eq.
g Percentage reduction from base year emissions unavailable due to lack of a base year. The scenarios can be compared to 2000 and 2015 emission levels: “South Africa’s total gross
GHG emissions (excluding forestry and other land use) increased by 23% from 439 Mt CO2 -eq in 2000 to 541 Mt CO2 -eq in 2015 […]. Forestry and land use are a CO2 sink and
reduced gross emissions by 5% in 2015. South Africa’s net GHG emissions are 512Mt CO2 -eq.” (South Africa, p. 12).

the process of decarbonization and climate action. This category
includes countries such as Czech Republic, Denmark, Estonia,
France, Japan, The Netherlands, Norway, Republic of Korea, and
Singapore. Examples of qualitative statements from LT-LEDS
include the following: “The Government will promote carbon
storage in cropland soil [. . . and] realize innovation to further
expand wood use in high-rise buildings in urban area[s] as well”
(Japan, p. 64–65); “Carbon sequestration ability will be increased
through productive and sustainable forest management, and
the carbon stock of forests will be maintained in the longer
perspective” (Estonia, p. 4); “Coastal and marine environments
are also effective ecosystems in carbon storage and sequestration.
Carbon stocks in mangrove ecosystems can be three times
or more that of terrestrial forests. In this regard, mangrove
restoration projects are being implemented at key conservation
sites such as Sungei Buloh Wetland Reserve” (Singapore, p. 78).
Regarding technologically-based CDR, Denmark’s strategy refers
to the carbon storage capacity of the country’s subsoil as being up
to 500 times the current total annual Danish CO2 emissions, and
estimates that from 2030, 0.9 MtCO2 per year can be sequestered
through carbon capture and storage, including BECCS.
The commitment of countries to CDR can also be assumed
in more concrete terms from a quantified potential or projection
of the amount of emission reduction and removal, either in the
form of percentages or in absolute amounts of CO2 e. However,
this is often referred to as a potential option rather than a target.
Countries in this category include Austria, Canada, Costa Rica,
Fiji, Latvia, Marshall Islands, Mexico, Portugal, Ukraine, UK,

gives a detailed overview of overall targets, emission reduction
pledges and CDR presence in climate strategies by country.
The first three columns of Table 1 summarize how each
country has specified its long-term target, including target and
base year. The targets are described in several ways, from
emission reduction targets relative to a base year, via net-zero
targets, to carbon or climate neutrality targets. Targets as well as
base years vary dramatically, with the target years ranging from
2035 to 2050. The most commonly applied base year is 1990,
but this also varies from 1990 to 2017. Two countries, Singapore
and South Africa, do not specify base years since they describe
their targets in terms of absolute emissions (Singapore) or as a
qualitative development goal (South Africa). Some countries use
different base years for different sectors. Already by this stage,
before attempting to disentangle which types of CDR will be able
to meet the targets, comparability generally becomes lost in the
differences between the underlying assumptions.
We found that all strategies are open to using CDR to
compensate for residual emissions in order to achieve midcentury targets, be they net-positive emission reductions targets
or net-zero (neutrality) targets, and sometimes also when aiming
to move toward net-negative emissions in the more distant
future. However, the envisaged role of CDR varies considerably
across countries. None of the documents explicitly specify
separate CDR targets.
Some countries present targets and planning for CDR in nonspecific generic terms as a potential or a possibility to be explored
in the future, or make statements about the importance of CDR in
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CDR Types

USA and South Africa (see Table 1, column 6). Examples of
statements from countries in this category regarding naturebased CDR include the following: “Other land uses, including
forests, can significantly increase current sequestration levels to
around 11–13 million tons of CO2 ” (Portugal, p. 19). “With
early and sustained effort, maintaining and enhancing the land
carbon sink beyond today’s levels could offset up to 45 percent
of economy-wide emissions in 2050, with US forests playing
a central role.” (USA, p. 10). Regarding technologically-based
CDR, the UK demonstrates a scenario in which carbon removal
via BECCS would account for around 20 MtCO2 in meeting the
2050 target.
Finally, in some cases, the intention to use CDR for overall
target achievement is implied in terms of net-zero targets or
net emission reduction targets. CDR commitments could then
be estimated from overall targets when countries also specify
a separate emission reduction target. Examples of countries
for which an implicit CDR target could be calculated include
Finland, Germany (for carbon neutrality aspiration), Slovakia
and Sweden (see Table 1, column 5). However, determining
explicit CDR targets is not possible since countries are also open
to complying with targets by using international offsets. The
relative importance of using CDR as opposed to international
offsets is not discussed in quantitative terms.

Carbon sequestration in forests, soils, water biomass and
harvested wood products (HWP) dominate LT-LEDS narratives
in terms of the frequency in which they are referred to as a
potential source of carbon removal today and in projections
to 2050, resonating with the findings of Thoni et al. (2020).
Table 2 describes the types of nature-based CDR and measures
to maintain and/or increase their carbon capture and storage
capacity as they appear in the strategies.
Table 3 presents definitions and examples of technologicallybased CDR. These carbon removal solutions include bioenergy
with carbon capture (utilization) and storage [BECC(U)S],
direct air carbon capture (utilization) and storage [DACC(U)S],
enhanced weathering, ocean liming and bioplastics. We also
found some ambivalences in the definitions and classifications.
For example, the French strategy refers to bioenergy and CO2
capture separately, leaving scope for interpretation as to whether
these two approaches are planned to be used jointly.
A summary of all CDR in Table 4 demonstrates that all
strategies, except for one (Marshall Islands), refer to forests and
soils as sources of carbon removal. Blue carbon is more frequently
discussed by coastal states (e.g., Fiji, Japan, Republic of Korea and
Singapore). In this table, biochar is placed in a separate category
from the soil sink category because of the additional stages

TABLE 2 | Examples of nature-based carbon sinks and measures for their maintenance or enhancement as described in the strategies.
Forest carbon sink

Soil carbon sink

Blue carbon sink

HWP

Forest conservation
Nature reserves/parks
Green (urban) spaces
Agroforestry
Reducing deforestation
Re- (a)forestation
Sustainable forest management
(e.g., changing tree species,
forest fire management,
improving forest productivity)
Restoring degraded forestland

Sustainable land management
(e.g., reduce cultivation of peat
soil, restoration of peatlands,
precision agriculture)
Conservation agriculture
(capturing CO2 in farmland,
pastures, cropland, grazing land,
rangeland, grasslands)
Conservation of wetlands
and buffer zones
soil enhancement with biochar

Seagrass meadows
Mangrove restoration and
protection
Conservation and restoration of
algae beds
Ocean fertilization to fixate
carbon in phytoplankton and
useful aquatic plants

Wood products for carbon
retention in buildings
Substitution of wood-based
materials for more
emission-intensive materials
Carbon storage in wood and
wood-based products
Expansion of the application of
materials derived from
woody biomass

Claims made in the climate strategies sometimes likely overstate the potential of CDR by including activities whose status as a removal technology is the subject of debate in research.
This is particularly true for the conservation of existing carbon stocks.

TABLE 3 | Definition and examples of technological carbon sinks as described in the climate strategies.
BECC(U)S

DACC(U)S

Enhanced
weathering on land

Ocean liming

Bioplastics

CO2 that is removed from the
atmosphere and sequestered
through vegetation growth is
captured and stored when the
plant material is used to generate
energy
CCS or CCUS technologies
combined with sustainable
biomass use, including at power
plants

Artificially separating
and capturing CO2
directly from
the atmosphere
Capturing CO2 from
ambient air and either
utilizing it or storing
it underground

Use minerals to absorb
atmospheric CO2 and
transform minerals,
potentially utilized in
construction
Crushing suitable rocks
that react with CO2 and
spreading them over
land

A form of enhanced
weathering based on
dissolving lime or crushed
minerals (such as olivine) in
oceans to increase alkalinity
that enables the oceans to
absorb more atmospheric
CO2

Manufacture
plastics
and biofuels by using
biomass
resources
such as microalgae and
plants that absorb CO2
Retain the CO2
captured in vegetation
beyond the harvest by
producing and
recycling bioplastics

The claims made in the climate strategies sometimes likely overstate the potential of CDR by including activities whose status as a removal technology is the subject of debate in
research. This is particularly true for the concepts involving carbon utilization and bioplastics.
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TABLE 4 | References to carbon dioxide removal (CDR) methods in long-term climate strategies by country (reference to CDR is marked by an x; absence of CDR is
marked by a dash).

Nature-based

Technological

Typea

AT

CA

CR

CZ

DE

DK

EE

FI

FJ

FR

JP

KR

LV

MHb

MX

NL

NO

PT

SE

SG

SK

UA

UK

US

ZA

Forest sink

X

X

X

X

X

X

X

X

X

X

X

X

X

–

X

X

X

X

X

X

X

X

X

X

X

Soil sink

X

X

X

X

X

X

X

X

X

X

X

X

X

–

X

X

X

X

X

X

X

X

X

X

X

Blue carbon

–

–

–

–

–

–

–

–

X

–

X

X

–

–

–

–

–

–

–

X

–

–

–

–

–

Biochar

–

X

–

–

–

X

–

–

–

–

X

–

–

–

–

–

–

–

–

–

–

–

–

–

–

HWP

X

X

–

X

X

–

X

X

X

X

X

X

X

–

X

X

–

–

X

–

X

X

X

X

–

BECC(U)S

–

X

–

–

–

X

–

X

–

X

X

–

–

–

–

X

X

–

X

–

–

–

X

X

–

DACC(U)S

–

–

–

–

–

X

–

–

–

–

X

–

–

–

–

–

–

–

–

–

–

–

X

X

–

Enhanced
weathering

–

–

–

–

–

–

–

–

–

–

X

–

–

–

–

–

–

–

–

–

–

–

X

X

–

Ocean
liming

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

X

–

–

Bioplastics

–

–

–

–

–

–

–

–

–

–

X

–

–

–

–

X

–

–

–

–

–

–

–

–

–

a Some

of the strategies refer to forest and soil sinks in aggregate, in the LULUCF (land use, land-use change, and forestry) or AFOLU (agriculture, forestry, and other land use) sectors.
Marshall Islands refers to CDR in its strategy (as indicated in Table 1), although not to any specific type of CDR. See Appendix A for the explanation of ISO country codes. Please
note that claims made in the climate strategies sometimes likely overstate the potential of CDR by including activities whose status as a removal technology is the subject of debate
in research.

b The

out that it “has not yet quantified emissions/removals from
the Wetland category as there is no sufficiently accurate input
data” (p. 60). Costa Rica and Finland highlight a high level of
uncertainty related to carbon absorption by forests. A lack of
consensus on how to account for carbon in different naturebased CDR is a barrier that is also linked to questions about the
permanence of carbon storage that could affect the feasibility of
implementation. The USA highlights the potential competition
in the forestation approach with other sectors of the economy
and land uses: “Some stakeholders have expressed concerns
that a forest expansion program could create competition for
agricultural production” (p. 73).
However, an opportunity has been described for synergies
between some sectors of the economy and between CDR
as the multifunctionality of forests, including biodiversity,
bio-economy and sustainable management, are extensively
promoted. Austria states that the use of wood for the bioeconomy might have a higher value in climate mitigation
measures than a standing forest in capturing CO2 : “Effect of
avoiding fossil CO2 emissions (substitution effect) is at least twice
as high as the effect of climate measures from capturing CO2
in forests” (Austria, p. 64). Thus, for example, the sustainable
management of forests and soils could be a more desirable policy
if it appealed to a broader societal use, rather than solely for the
purpose of carbon removal.
With respect to barriers of technologically-based CDR—
safety concerns, uncertainties of effects and potential, as well
as significant energy input demands [particularly relevant to
DACC(U)S], high costs and capacity constraints are listed as
barriers. Austria rejects the use of CCS technologies on its
territory (at least until 2023), citing unresolved safety issues.
Denmark acknowledges the financial impediments faced by
companies otherwise able to scale-up. The US claims DACC(U)S
are not economically competitive until all point sources utilize
CCS, while BECCS carbon removal potential “depends on the

required to process biomass into biochar, and then bury it in soil,
serving as both a soil supplement and a form of carbon storage.
At the end of the production cycle, biochar becomes a component
of soil, yet it is often referred to as a separate CDR method. In
terms of carbon sequestration capability, the potential of biochar
is high (Fuss et al., 2018), although it has not yet become a widely
implemented or discussed method, and it is only mentioned in
three strategies (Canada, Denmark and Japan). Finally, HWP is
the third most frequently mentioned CDR approach. It often
appears alongside discussions about forest carbon sink in the
strategies, described as an alternative to standing forests for longterm carbon storage, while also being a substitute for emissionintensive materials. Technology-based CDR is significantly less
present in the strategies compared to nature-based carbon
removal. Bioenergy with carbon capture and storage (BECCS) is
mentioned most frequently in this category.

Barriers and Opportunities
The described limitations of carbon sequestration include the
slow growth of trees, reduction in carbon dioxide absorption with
forest age, deterioration of forests and soils due to environmental
forces (e.g., fires and storms, draft, pathogens), limited capacity
of land (e.g., Canada, Ukraine, The Netherlands, Portugal,
Slovakia). Thus, a few strategies project a reduction in the level
of carbon dioxide sequestration by forests and lands by 2050
(e.g., Republic of Korea), and other strategies indicate that their
land and forest sectors are currently net emitters (e.g., Denmark,
Mexico). Uncertainties in the quantification of resources and a
lack of robust modeling tools are also emphasized. As stated
by Fiji, “Seagrasses have not been considered in this LEDS due
to lack of data specific to Fiji.” (Fiji, p. 141). Germany is also
hesitant: “Accounting for emissions from land use and forestry
is subject to considerable methodological difficulties. Therefore,
the German government does not include this sector directly in
the national climate targets.” (Germany, p. 29). Slovakia points
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although CCS on its own is not considered a CDR—but could
contribute to CDR if the technology is used for bio-CCS. This
indicates that even amongst climate experts, the knowledge of
CDR is inconsistent and, in some cases, very insufficient.
Regarding the need for CDR in addressing climate change, a
few of the respondents referred to IPCC reports that highlight
CDR as being necessary for achieving the Paris Agreement
temperature objective. Other respondents highlighted difficultto-abate sectors such as agriculture, aviation, cement, aluminum
and other heavy industry sectors, and that CDR is very important
because it “gives us some runway because we’re going to need
it. We need it right now because we’re so off track” (M25, see
Appendix B).
On different types of CDR, the respondents highlighted the
different potentials of various forms of CDR depending on
the geographical location of the country and its economic and
industrial profile. Types of CDR frequently mentioned were
natural climate solutions (afforestation, grasslands, mangroves,
regenerative agriculture), carbon capture and storage with
biomass, bio-methane and direct air capture.
Regarding opportunities and barriers, most respondents
distinguished and emphasized the differences between various
types of CDR. Some types were considered uncontroversial as
they are commonly included in decarbonization plans. These
are natural climate solutions such as blue carbon habitat and
afforestation. However, the respondents agreed that technological
solutions need further development before they can be scaled
up and become cost-effective. Some solutions are regarded as
“more speculative measures” that may come to fruition in the
future (B14). Respondents highlighted the legal challenges of
carbon capture and storage, which legislation does not permit in
some jurisdictions. However, most respondents referred to the
issue of cost and finance regarding bio methane and BECCS,
as such technologies are not yet “commercially viable” (R13).
Issues of permanence, storage and access to the required amount
of biomass without causing other environmental problems were
also raised regarding BECCS. According to one respondent, there
is no proof that technological CDR can work on the required
scale and therefore believes that “it is completely irresponsible
to have them as an important part of any long-term plan right
now. We just don’t know that we can have them” (F12). Another
respondent also warned of relying on unproven technologies
and referred to technological CDR as “still a bit sort of science
fiction-ish” (T22). Similarly, another respondent warned of the
risk of moral hazard, whereby global expectations of CDR are
too high compared to what may be feasible: “Companies and
organizations aren’t putting into place ambitious enough plans
[e.g., emission reduction plans] because they think it [CDR] is
available, then maybe it ends up not being available and then
they haven’t met their climate targets” (R13). Even in the case of
natural climate solutions that are considered to be more reliable,
the risks of permanence and accounting were described by some
of the respondents.
Several respondents specified the importance of international
collaboration on RD&D (research, development and
deployment) in sharing the financial burden and the risks
involved in the expansion of CDR technologies: “If we went

upstream land carbon effects of biomass production” (US, p.
39). Japan warns that “DAC faces many challenges, including the
necessity for significant energy input and cost reductions” (p.
81). The most frequently discussed opportunity for BECC(U)S
and DACC(U)S proliferation is connected to the expansion of
CCS technologies via their use in existing coal and natural gas
power plants, which is more economically justifiable at this stage
of technological development. Consequently, CCS could be used
also in facilities using bioenergy.

International Cooperation
By and large, proposals for CDR-focused international
cooperation are absent in LT-LEDS or poorly described,
even though cross-country efforts, particularly with respect to
the implementation of technologically-based CDR, might be
the most cost-effective opportunity, and “owing to the uneven
distribution of key resources (e.g., CO2 storage or biomass),
delivering large-scale atmospheric removal of CO2 is likely
to require active collaboration” (Fajardy and Mac Dowell,
2020, p. 215). There are a few exceptions in LT-LEDS: The
Netherlands advocates for cross-border partnerships, keeping
in mind each country own national commitments, and offering
space for CO2 storage in the North Sea for other countries
lacking such resources; France refers to an international program
on soil carbon research; and the UK highlights international
climate diplomacy and the country’s investments in overseas
deforestation programs, e.g., the Colombian Amazon. However,
a high number of strategies acknowledge the importance of
global cooperation on climate action in general, while implying
the possible collaboration on CDR solutions as part of the
process. Japan states that as “the climate change problem cannot
be solved by one country alone, it is necessary to gather wisdom
of the world” (Japan, p. 16). Further, the government of Norway
stresses that “[c]ooperation and the development of climate
technology are important elements of Norway’s contribution to
global transformation” (Norway, p. 44).
Thus, as with the planning discussions, we found that
references to international cooperation are lacking in detail.
This could either be due to the nature of the documents, i.e.,
that long-term strategies by their very nature cannot be too
specific, and that more detailed information can be found in
domestic policy documents, or it reflects an actual lack of
comprehensive planning.

Perceptions of CDR Amongst Climate
Experts
In order to contextualize the results from the document analysis,
we gauged the perceptions of climate diplomats, practitioners and
researchers on the role of CDR in addressing climate change.
Their views largely reflect what was found in the LT-LEDS, but
also add nuances and additional insights into the different types
of CDR, their potential, barriers to proliferation and the role of
international collaboration.
The first finding of interest from the interviews is that several
of the respondents stated that they are not aware or familiar
with the concept of CDR or negative emission technologies.
Many respondents described carbon capture and storage (CCS),
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ways that the role of CDR in climate action appears in LT-LEDS
and interviews.

down the route of competing with one another to try and gain
some advantage with some of these technologies, we’re less
likely to produce solutions at a global scale that we require in
a timely fashion” (B14). Most respondents agreed that more
investment was needed for realizing the potential of CDR and
that planning and RD&D requirements had to be met sooner
rather than later.
In terms of overcoming the costs of CDR, several respondents
spoke of the need for policymakers to signal that the price of
carbon must rise in the coming decades. According to these
respondents, the demand for CDR needs to be generated in
advance in order to attract investment and bring down costs.
In sum, most respondents acknowledged that CDR is crucial
in addressing climate change but raised questions about its
feasibility and how to realize its potential without causing
other environmental problems and crowding out alternative
climate solutions.

CDR as a Panacea
This vision is the most optimistic about the role of CDR in
climate action. It presents emission reduction and CDR targets
in non-specific terms, creating flexibility in the extent to which
CDR could be allowed to substitute emission reductions in
achieving net-zero targets. We also note this discussion in
Schenuit et al. (2021), who describe the domestic policies of
Australia, New Zealand and the UK as having no cap on the
amount of CDR allowed to meet the overall targets. LT-LEDS’
CDR projections are mainly described using qualitative but
promising terms, suggesting an opportunity for other sectors
to delay decarbonization, yet keeping climate action on track
through CDR implementation. The USA and UK strategies
explicitly state that CDR (mainly BECCS) could allow other
sectors to decarbonize more slowly. Strategies exemplary of this
vision highlight the highest number of CDR solutions (e.g., Japan,
USA, UK, Denmark and Canada) and the highest number of
technologically-based CDR (e.g., Japan, The Netherlands and
Denmark). Indeed, technologically-based CDR, if implemented
at scale, has the potential to remove large amounts of carbon
(Fuss et al., 2018). In addition, the opportunity for CDR
development through international cooperation is emphasized
by Japan and The Netherlands. The Netherlands states that it
could offer other countries CO2 storage in the North Sea.
While conceptually attractive and a great opportunity for
climate action, this vision risks deterring mitigation actions.
If plans for future CDR deployment are described as creating
headroom for slower decarbonization, so that less ambitious
near-term decarbonization is expected to be compensated by
CDR in the long term, such mitigation deterrence may indeed
trigger the moral hazard that Anderson and Peters (2016) have
warned could become a reality. If CDR does not deliver as
expected, there would be no option for compensating for the
lost abatement opportunity. This issue was also described by one
of the interview respondents. The risk of mitigation deterrence
is also potentially enhanced as the strategies that adhere to this
vision are supposed to rely on a number of technologicallybased CDR. As discussed by the countries themselves, there are
a number of safety concerns, uncertainties about effects and the
potential, as well as significant energy input demands that are still
unresolved in relation to these types of CDR (Japan, Denmark,
US.). Similar challenges, including high costs and questions about
the permanence of carbon removal created by these technologies,
were described by the respondents.
Thus, not only is it vital to plan for mid-century targets
with clearly articulated expectations for CDR, it is also vital to
articulate the same kind of expectations for milestone targets on
the road to the long-term target and to plan for their delivery.
Hedging against the moral hazard requires clear plans regarding
the type and role of CDR for achieving the targets, but also—
importantly—the timing of CDR implementation. Thus, CDR
as a panacea highlights the benefits of CDR deployment at
scale. According to Anderson et al. (2020), if the developed
countries did not bet on the successful deployment of large-scale

THE ENVISAGED ROLE OF CDR IN
ADDRESSING CLIMATE CHANGE
We could discern different understandings of the potential role
of CDR in achieving the promised climate targets. At face value,
the fact that references to CDR appear in all the climate strategies
studied arguably indicates the alignment of countries with the
consensus on the current global climate regime exemplified
by the Paris Agreement and the IPCC reports. Increasing
national commitments to net-zero emission targets by 2050 also
inevitably force countries to consider CDR, regardless of local
idiosyncrasies. This broadly suggests the further normalization
of CDR as a strategy to achieving the climate goals (Markusson
et al., 2017; Minx et al., 2018; Low and Boettcher, 2020; Mace
et al., 2021; Schenuit et al., 2021) and the continued disassociation
of carbon removal methods from climate engineering proposals
(Bellamy and Geden, 2019).
Thus, the overarching view that transpired is that CDR is
needed to help achieve mid-century climate targets. Since the
ambition of mid-century targets are insufficient, CDR is also
described as needed to compensate for a temporary carbon
budget deficit by continued CDR deployment in the second
half of the century. However, this alone is not an unexpected
finding. Existing research shows that countries are already
starting to integrate CDR into their existing climate policy
instruments (Schenuit et al., 2021), suggesting that CDR as a
climate mitigation method is perhaps reaching a point of broader
acceptability and desirability in policy circles. Yet, this does not
tell the whole story. As our analysis has shown, there is a variation
in how countries envisage the role of CDR. Interpretive analysis
used in this study does not necessarily focus on what is being
described or how countries perceive the role of CDR, but rather
how the underlying positions on CDR can be simplified in order
to highlight their potential roles in climate action. The roles of
CDR are described below: CDR as a panacea, CDR as a necessary
fallback and CDR as a chimera. While these are distinct visions,
they are not mutually exclusive and can partially overlap. They do
not represent polarizing views but rather synthesize the different
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CDR as a Chimera

CDR and wanted to comply with their commitments under the
Paris Agreement, they would need to commit to a double-digit
reduction in emissions annually. Thus, for policymakers in the
developed countries, the allure of CDR becomes clear—but its
risks should not be ignored.

The third vision features the ambiguities and lack of details in
many of the plans. Thus, CDR could become an unrealizable
dream, or a chimera. Specifications regarding timing and scale
are essential if climate targets are to be achieved, with or without
CDR. However, they are largely missing in most of the strategies,
particularly regarding CDR targets and implementation plans.
Discussions about CDR’s potential and opportunity engender a
sense of hope yet might delay the necessary measures. The lack of
clarity and details on CDR in most of the strategies means that
the role of CDR in achieving long-term climate targets had to
be often deduced on a piecemeal basis and, ultimately, it is still
not clear whether CDR will play a meaningful role in climate
efforts, or to what extent. Also, there is a degree of uncertainty in
understanding the potential of CDR in the first place, identifying
accounting mechanisms and planning for the integration of CDR
into broader climate policies and frameworks. For example, it is
not always clear whether the countries that propose to maintain
or enhance nature-based sinks do so mainly because they want
to balance out the simultaneously increasing emissions in the
same sectors. These doubts were also expressed by some of
the interview respondents, who highlighted several barriers to
CDR implementation that are yet to be addressed in the short
term. One respondent even voiced their concern that CDR
would not achieve its intended purpose of achieving the Paris
temperature targets but argued for the need for more advanced
geo-engineering options.
Planning for the future always involves an element of
uncertainty, but missing the specificities of the role of CDR in
long-term plans—if they reflect an actual lack of planning—
means that CDR may remain an illusion. If, on the other
hand, countries have actually made progress in their intentions
regarding CDR than what was reflected in the studied documents,
it may be beneficial to convey such intentions to a global audience
in order to encourage more cross-border cooperation. However,
if countries do not actually want to rely on CDR or only use it as
a last resort, then their emission reduction targets and pathways
should also be specified.
The way in which CDR is described in most long-term
strategies appears to be a form of constructive ambiguity (Jegen
and Mérand, 2014), whereby deliberately vague language is used
to describe a controversial topic. Public discussions on how
to achieve net-zero targets have barely been raised in most
countries, even less so on the role of CDR therein. Thus, social
acceptance is a variable that needs to be taken into account when
developing future plans for CDR (Thoni et al., 2020).

CDR as a Necessary Fallback
In the second vision, carbon removal methods are outlined
as an opportunity to offset emissions from the ‘hard-toeliminate’ sectors (e.g., industrial processes, agricultural activities
and aviation) and to substitute for highly polluting materials
(e.g., iron, steel and cement), offering support to primary
emission reduction measures. In this vision, the problem of
moral hazard and uncertainty in the tradeoffs between emission
reductions and removals are reduced by articulating the emission
reduction targets and scenarios, as well as giving CDR a clearer
supporting role in emission reductions efforts (e.g., Finland,
Slovakia, Sweden, Germany). At the same time, the fact that
carbon removal receives attention alongside emission reduction
approaches, illustrates an opportunity for “experimentation
with [CDR] technology development, regulation and public
deliberations” (Geden et al., 2019), which is needed in the near
future if we want to realize the potential of CDR and apply it
to meaningful climate action, as the interviewed climate experts
also state.
Nature-based sinks are described as key approaches among
the types of CDR in supporting climate action, with the
potential for growth. The LULUCF (land use, land-use change
and forestry) sector, especially forests, have served as a carbon
sequestration sink for decades (Bäckstrand and Lövbrand, 2006;
Carton et al., 2020) and therefore, not surprisingly, remain a
low-hanging fruit when it comes to the potential and interest
in the sector’s expansion and inclusion in climate frameworks
by many countries, a view that was also supported by a
few of the interviewees. However, the future of nature-based
sinks is not unambiguous. Schenuit et al. (2021) argue that
the growing institutionalization of CDR policies has changed
the political status of LULUCF sinks, opening a debate on
their status and how to account for various forms of climate
actions. The issues to be reconciled include, inter alia, managing
the overlaps of LULUCF sinks with other types of CDR and
balancing the multiple social and economic interests that are
embedded in the sector. The challenges faced by naturebased CDR on the road to its wider implementation are also
described in some of the strategies. However, despite potential
objections, based on the overall representation of naturebased sinks in LT-LEDS, there are reasons to assert that they
will play a key role in supporting the achievement of midcentury climate targets. Some countries, such as Sweden and
Finland, also describe BECCS as an opportunity to achieve
their long-term ambitions. These countries both have large
forestry sectors and are technologically advanced and, with
their relative proximity to carbon storage sites in Norway
(Rodriguez et al., 2021), they view BECCS as being realizable
within the near future. The second vision thus envisions CDR
as a necessary fallback that will be needed to achieve netzero targets, while acknowledging barriers and challenges to
their use.
Frontiers in Climate | www.frontiersin.org

DISCUSSION AND CONCLUSION
Carbon dioxide removal (CDR) is expected to play a crucial role
in achieving the targets of the Paris Agreement, yet we have
scant understanding of how countries envisage the role of CDR
in climate action. This paper has analyzed 25 long-term climate
strategies and 23 interviews with policy experts to examine how
CDR is described in documents and perceived by academics,
policymakers and climate diplomats. The results demonstrate
that CDR is acknowledged as being necessary for achieving
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by indicating what different countries value and assuring
future trajectories by setting transparent targets and plans. The
lack of articulation might be a lost opportunity to accelerate
decarbonization and climate action. Enhancing the transparency
and clarity of national long-term emission trajectories is
crucial for the ability to take stock of the collective global
climate ambition and its potential contribution to achieving the
temperature objective of the Paris Agreement. LT-LEDS are an
appropriate and established platform that could accommodate
the need for enhanced transparency. We therefore recommend
that countries update their LT-LEDS with new targets once such
targets have been decided. This opportunity is readily available
for all countries that have already submitted LT-LEDS. It is clear
that the race to net-zero emissions has advanced over the past
couple of years and that it is conceivable that future iterations of
LT-LEDS may need to reflect more ambitious targets.

mid-century climate goals, but also show variation in what role
CDR should play. Based on the differences in target specification,
types of CDR, barriers and opportunities to implementation and
the discussion of international cooperation, we highlight three
visions of the different roles envisaged for CDR in long-term
climate action.
Overall, we found a lack of specificity in the planning and
the role of CDR in meeting climate targets, even though some
of the strategies clearly intend to rely on CDR in the future.
Perhaps LT-LEDS are not the right forum for such discussions
and the ambiguity of language can be used to achieve a strategic
advantage. However, the lack of focus on detailed planning can
also be described as a lost opportunity. While not fully explored
in this research, LT-LEDS also lack specific policy interventions
to encourage a demand for CDR. Without such measures being
implemented and communicated, CDR is unlikely to be adopted
at scale—something that some of our respondents highlighted as
a real risk. If a lack of demand-pull policy for CDR is combined
with postponing emission reductions, the moral hazard that
Anderson and Peters (2016) described would most likely be
effectuated. Future research could more broadly examine LTLEDS regarding the specification of CDR policy mechanisms or
policy proposals for climate action. Future studies could also
examine domestic climate policy documents and processes, as
suggested by Schenuit et al. (2021), in order to understand more
about how CDR is envisaged in achieving the communicated
climate goals. Domestic policy proposals may contain more
nuanced details and targets, although our interviews suggest that
much of the policy discussions on (particularly technological)
CDR have only recently started and are therefore at an early stage.
Overall, the role of CDR in climate action as described in the
strategies and interviews could be regarded as an emission offset
strategy (Meadowcroft, 2013) that exists in a broader paradigm
of technological solutions to the climate change problem (e.g.,
Minx et al., 2018; Mace et al., 2021). While this vision is common
to all LT-LEDS, the divergent roles of CDR also emerge from
the strategies: a panacea that highlights the benefits of CDR,
particularly its ability to create headroom for slower emission
reductions, yet risks mitigation deterrence; a necessary fallback
to help achieve mid-century climate targets, capitalizing on the
existing resources of countries with specific milestone targets and
detailed plans about how to achieve them; and a chimera, with
CDR at risk of being an illusion that distracts attention away from
concrete near-term mitigation measures, due to largely missing
targets and specified plans for implementing CDR measures.
Only a few LT-LEDS include an outlook on net-negative
emissions later in the century and refer to CDR as an opportunity
to enhance climate action in the net-negative territory (e.g.,
Sweden, Canada, Finland). Thus, CDR as a climate recovery
strategy (Meadowcroft, 2013) is less visible and arguably not
sufficiently mature to be adopted by most countries. CDR is
mainly positioned as an opportunity to offset emissions.
The results of this research add to the discussion about the
specification of pathways to carbon neutrality and achieving
the Paris Agreement temperature goals, as well as the role of
CDR therein. Moreover, LT-LEDS are a recognized platform
for communicating national climate goals to a global audience.
These strategies could influence the direction of future policy
Frontiers in Climate | www.frontiersin.org
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APPENDIX A: COUNTRY ISO CODES
Austria (AT)
Canada (CA)
Costa Rica (CR)
Czech Republic (CZ)
Denmark (DK)
Germany (DE)
Estonia (EE)
Finland (FI)
Fiji (FJ)
France (FR)
Japan (JP)
Korea (KR)
Latvia (LV)
Marshall Islands (MH)
Mexico (MX)
The Netherlands (NL)
Norway (NO)
Portugal (PT)
Singapore (SG)
Slovakia (SK)
Sweden (SE)
Ukraine (UA)
United Kingdom of Great Britain and Northern Ireland (UK)
United States of America, USA (US)
South Africa (ZA)

APPENDIX B: INTERVIEWS
B14, policymaker, Ireland
F12, practitioner, Costa Rica
M25, diplomat, UK
R13, researcher, UK
T22, diplomat, Denmark
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