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Carbon dioxide removal (CDR) is recognized as an important tool for addressing residual emissions and achieving
net-zero emission targets. While some have cautioned that a focus on CDR in policy processes may lead to
delayed efforts to mitigate emissions, others have argued that such concerns are unwarranted. Nevertheless, the
circumstances under which CDR could help or delay emissions mitigation in given contexts remain unclear. This

paper explores the emerging discourse on CDR in Switzerland. We examined how the CDR community legitimizes
CDR and limits its scope, and what the implications are for emissions mitigation. Switzerland is home to growing
businesses in CDR and has pioneered the implementation of international offsetting projects under Article 6.2 of
the Paris Agreement. We found that numerous promises help legitimize and attract interest in CDR. Actors use
discursive strategies and rules to limit CDR and avoid disappointment in its contribution to climate mitigation.
The idea that emission reduction should prevail over removal is promoted accordingly, which ironically helps
legitimize the CDR idea yet dodges the question of how much removal is possible and for balancing which
emissions. Superficial engagement with the issue is reinforced by the normalization of inflated promises and the
sentiment that the mitigation deterrence rhetoric erodes trust in CDR. We argue that this can contribute to
mitigation delays by evading the debate on what it is possible to remove and taking resources from alternative
measures. We recommend a thorough discussion to examine the risks and the implementation of rules that

minimize them.

1. Introduction

In 2018, a Green Party member of the Swiss Parliament asked the
administration to report on the potential importance of carbon dioxide
removal (CDR) in the country’s future climate policy. Since then, the
Swiss administration has examined the potential and adequacy of
different removal methods in achieving net-zero goals. In this way,
Switzerland has followed a similar path to the European Union and the
United Kingdom in advancing policies on CDR to fulfill climate
neutrality goals by mid-century or sooner. The term “CDR” describes a
wide range of approaches that remove carbon dioxide from the air and
durably lock it away. These includes methods such as afforestation,
durable storage in timber for construction, carbon sequestration in soil,
the enhanced weathering of minerals, and bioenergy or direct air cap-
ture with carbon capture and storage (BECCS and DACCS, respectively).

* Corresponding author.

Some of these methods were originally classified as the “enhancement of
sinks” in the climate governance discourse (UNFCCC, 2016). CDR and
solar radiation management were then grouped together under the
concept of geoengineering (Caldeira et al., 2013). Currently, the Inter-
governmental Panel on Climate Change views CDR as “sink enhance-
ment.”(IPCC, 2018).

Since its appearance in global emission reduction scenarios, CDR has
generated tensions concerning its contribution to climate mitigation.
The IPCC (2022a) stated that CDR is needed to help accelerate
short-term mitigation, counterbalance residual emissions to reach
net-zero goals, and achieve negative emissions. Thus, all the modeled
pathways from the Sixth Assessment Report (AR6) that limit warming to
1.5 °C and 2 °C involve rapid emission reduction in all sectors and CDR
methods to counterbalance residual emissions (IPCC, 2022c)." Aca-
demics and nongovernmental organizations (NGOs) have expressed
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1 In modeled pathways that report CDR and limit warming to 1.5 °C with no or limited overshoot, total cumulative net negative emissions in 2020-2100 were
20-660 GtCO,. In modeled pathways that limit warming to 2 °C, global cumulative CDR is 0-290 GtCO-.

https://doi.org/10.1016/j.envsci.2023.103659

Received 5 April 2023; Received in revised form 29 November 2023; Accepted 18 December 2023

Available online 9 January 2024

1462-9011/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:juanita.rothkirch@usys.ethz.ch
mailto:olivier.ejderyan@fibl.org
mailto:michael.stauffacher@usys.ethz.ch
www.sciencedirect.com/science/journal/14629011
https://www.elsevier.com/locate/envsci
https://doi.org/10.1016/j.envsci.2023.103659
https://doi.org/10.1016/j.envsci.2023.103659
https://doi.org/10.1016/j.envsci.2023.103659
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envsci.2023.103659&domain=pdf
http://creativecommons.org/licenses/by/4.0/

J. von Rothkirch et al.

concern over the extraordinarily large quantities of removals included in
some of the assessed scenarios (Anderson and Peters, 2016; Bio-
fuelwatch, 2022; Economy Land and Climate Insight (ELCI), 2021; Eu-
ropean Academies Science Advisory Council (EASAC), 2022; Fuss et al.,
2014; Perlman, 2022). They have affirmed that the assumed large-scale
rollout of CDR methods in the scenarios is unlikely to be technically,
economically, and socially viable, since such methods are difficult to
implement at the scale needed, and many are expensive and can nega-
tively affect biodiversity, water resources, and energy availability
(Creutzig, 2016; Diaz et al., 2019; Heck et al., 2018; Realmonte et al.,
2019; Smith et al., 2016). Therefore, placing unrealistic hopes on such
methods can elicit irreversibly damaging consequences for future gen-
erations if they fail to deliver (Hansen et al., 2017).

These researchers and NGOs have also asserted that CDR may
threaten ambitious decarbonization efforts. This is mentioned in the
literature alongside terms such as moral hazard or mitigation deter-
rence, deferral, obstruction, or delay (Anderson and Peters, 2016;
Carton, 2019; McLaren, 2016; Markusson et al., 2018; McLaren, 2016;
Minx et al., 2018; Morrow, 2014). In this paper, we use the term
“mitigation deterrence” (MD), defined as the prospect of reduced or
delayed mitigation” resulting from the introduction or consideration of
another climate intervention (Markusson et al., 2018). In contrast to
concepts such as moral hazard, in MD, the substitution of reductions for
CDR is not (1) necessarily the result of rational decision-making and (2)
inherently undesirable, even though in practice, CDR is far from func-
tionally equivalent to reductions (Carton et al., 2023; Markusson et al.,
2018).

The MD risks surrounding CDR have gained attention in the litera-
ture from individualistic and structural perspectives. A body of research
has focused on how CDR and its framings affect individuals’ support for
mitigation measures (Campbell-Arvai et al., 2017; Merk et al., 2018).
Some of these studies have concluded that individuals do not prioritize
CDR over reductions, which has led to the empirical basis of MD being
questioned (Colvin et al., 2019) and to calls to avoid stigmatizing
methods that are crucial to achieving climate goals (Jebari et al., 2021;
Morrow, 2014; Reynolds, 2014). Carton et al. (2023) posited that
structural conceptualizations constitute a more appropriate way to
address the issue in the real world, since they account for the social,
economic, and political processes that shape individuals’ actions (Mar-
kusson et al., 2018; Oomen, 2021). In line with this, some studies have
stated that MD can arise as a result of unrealistic expectations for the
deployment of CDR (Beck and Oomen, 2021; Lamb et al., 2020; Low and
Boettcher, 2020; Sendroiu, forthcoming) or of market logics, political
promises, or interest in upholding current consumption patterns
(Asayama, 2021; Carton, 2019; Hougaard, 2024). However, there is a
lack of case studies that provide a better understanding how MD man-
ifests in the real world or what is being done to contain it.

We examine the emerging expectations for CDR in Swiss emissions
using a sociology of expectations lens. Expectations, in the form of
promises and concerns, can be performative by creating legitimacy,
attracting resources, building networks, and shaping actions today. In
line with recent calls (Carton et al., 2023), our research aims to deter-
mine how CDR is legitimized or limited through the promises and con-
cerns expressed by various actors and how they affect mitigation
deterrence risks. Thus, we ask the following questions: How do promises
and concerns, as posed by Swiss stakeholders, shape CDR in the public
arena? What are the implications of these promises and concerns on
mitigation deterrence risks?

Switzerland presents an interesting case for analysis. The country is
the birthplace of growing CDR businesses and has pioneered the
implementation of international offsetting projects under Article 6.2 of

2 In the case of CDR, we refer in particular to the prospect of reducing or
delaying the avoidance of emissions. Debates over climate adaptation generally
refer to the broader concept of mitigation.
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the Paris Agreement. The early integration of CDR into national climate
policies provides an opportunity to examine the effect that CDR might
exert on decarbonization strategies and expectations.

1.1. Expectations for emerging technologies

Expectations for the potential of CDR are rooted in the discourses
that accompany the development and promotion of the technologies to
achieve it. Since the late 1990s, research on the sociology of expecta-
tions has examined the expectations and visions that accompany the
development of technologies (Van Lente, 1993). This field studies how
actors involved in scientific and technological developments continu-
ously refer to what is possible in the future, drawing from and adding to
a repertoire of images, statements, and prophecies, as well as the dy-
namics created by them (Borup et al., 2006a; Brown et al., 2017; Van
Lente, 2012).

The sociology of expectations is part of a growing number of ap-
proaches to “imagined futures” in the social sciences (Suckert, 2022)
that explore how the representations of the future that circulate in so-
ciety influence present actions. It relates to other approaches in science
and technology studies, such as socio-technical imaginaries (Jasanoff
and Kim, 2015) that study the relationships between collectively held
visions of the future and (institutionalized) forms of governance of sci-
ence and technology (Hess and Sovacool, 2020). It also focuses on how
the expectations for specific emerging technologies can redistribute (or
not) relationships among actors and hence reinforce or challenge
existing imaginaries.

Borup et al. (2006, p.286) defined expectations as “real-time repre-
sentations of future technological situations and capabilities. [as]
wishful enactments of a desired future.” They can be viewed as
“generative,” since they guide activities, provide structure and legiti-
mation, attract interest, and foster investment (Borup et al., 2006a; Van
Lente, 1993). Expectations play a role in coordinating actor commu-
nities at different levels, circulating among engineers, research centers,
and policy circles (Borup et al., 2006a). They can be embedded in
dedicated, formal assessments of the future, such as modeling scenarios
and forecasting, as well as in elements of ongoing and informal tech-
nology assessments, such as grant proposals, presentations, and policy
debates. Early expectations are often technologically deterministic,
downplaying considerations such as cultural, societal, and organiza-
tional factors. The past is also usually downplayed when these expec-
tations emphasize newness.

Expectations for the future development and implications of
emerging technologies or framings are rarely presented as neutral
statements but instead usually take the form of promises or concerns,
implying a positive or negative valuation (te Kulve et al., 2013). Promises
refer to optimistic expectations regarding the potential role and assumed
benefits that may follow from a technology, and they usually require
additional work to reach the desired outcomes (Van Lente, 1993).
Concerns relate to expectations about possible problems and risks
involved in the development and application of a technology (te Kulve
et al., 2013). Promises help generate initial excitement and enthusiasm
about an innovation or trend in hype cycles by creating a sense of pos-
sibility and potential benefits (Borup et al., 2006b). They often down-
play the many organizational and cultural factors on which a
technology’s future may depend, leading to disappointment when the
promised benefits do not materialize (Borup et al., 2006b). Concerns can
anticipate and mitigate the potential cycle of disappointment by
prompting critical thinking and action regarding the potential draw-
backs and limitations of an innovation. Expectations in the form of
promises or concerns shape the present (Joly, 2010; Robinson et al.,
2021), since they implicitly or explicitly request resources to realize
promised outcomes or measures to avoid disappointment.

The consequences of promises of the future volume of CDR have
mainly been explored with regard to integrated assessment models
(IAMs) (Anderson and Peters, 2016; Beck and Mahony, 2018; Beck and
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Oomen, 2021; Fuss et al., 2014; Vaughan and Gough, 2016), where there
is general agreement that MD exists. IAMs include supposedly
cost-effective technologies, such as BECCS, thereby substituting emis-
sion reductions. Thus, the inclusion of CDR in these models implies that
reductions do not have to be as large, nor do they have to occur as fast.

This substitution dynamic is amplified by framings and assumptions
that make CDR appear particularly attractive (Carton et al., 2023). This
includes promises about the volumes of mitigation that can be achieved
using CDR, linked to assumptions of technological feasibility and
cost-effectiveness that have not been subject to rigorous scientific
scrutiny (Beck and Oomen, 2021; Vaughan and Gough, 2016). It can also
include promises of co-benefits between addressing climate change and
other issues or “time-buying” rationalities for easing the short-term
strain for societies and economies on the route to low-carbon transi-
tion (Low and Boettcher, 2020). The focus on removal is often embedded
in narratives suggestive of novel opportunities and challenges for
climate mitigation (Carton et al., 2020).

Despite the uncertainties of technologies and their negative effects
on socio-ecological systems being known, such technologies are treated
as critical components of mitigation pathways that, it has been argued,
constitute a bold bet for the future (Asayama and Hulme, 2019; Fuss
et al., 2014; Geden and Loschel, 2017). These assumptions narrow the
political trajectory of pathways that are deemed technologically feasible
by pre-empting the consideration of pathways based on social or polit-
ical change (Beck and Oomen, 2021). This risks distracting policymakers
and other actors from the mitigation challenge made clear by the Paris
Agreement—namely, the need for immediate and radical change across
all facets of society (Anderson and Jewell, 2019).

In this paper, we look at how the dynamics of MD studied in distant
governance contexts take shape in a national context. We use a sociology
of expectations lens to explore not only how actors legitimize CDR but
also how they coordinate around the idea as well as express concerns to
limit or regulate its role in climate policy.

1.2. CDR developments in Switzerland

The Federal Council (2021) estimated that CDR and CCS will be
necessary to counterbalance residual and store hard-to-abate emis-
sions,’ such as those from waste incineration, agriculture, and certain
industrial processes. The Swiss Federal Office for the Environment
(FOEN) has estimated that around 7 million tons of CO5 equivalent
(CO2e) will be removed annually from 2050 onwards—2 million tons
domestically and 5 million tons abroad (The Federal Council, 2022).
These 7 million tons make up about 16% of current domestic greenhouse
gas emissions.” The remaining emissions from the international aviation
sector might add to that (Federal Office for the Environment (FOEN),
2021). The FOEN noted that the CDR methods with the highest potential
include BECCS of biogenic waste from waste incineration plants, biogas
plants, and cement plants® and DACCS. These methods result in negative
emissions by storing emissions underground or in recycled concrete. The
Federal Council (2022) stated that “land-based” methods® are less likely
to be considered, since they do not guarantee durable storage. Locations
abroad are being considered for underground storage due to the

3 The terms “residual emissions” (in German, Restemissionen) and “hard-to-
abate emissions” (schwer vermeidbare Emissionen) are often used interchange-
ably in the Swiss policy context. In this paper, we refer mainly to residual
emissions as those tackled by CDR and to hard-to-abate emissions as those
tackled by CCS.

4 According to the FOEN, the domestic GHG emissions of Switzerland were
estimated to be 45.25 CO,e in 2021.

5 Swiss cement plants cover some of their energy requirements using waste
fuels.

6 Land-based methods consist of soil carbon sequestration, biochar, affores-
tation and reforestation, and timber in construction.
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uncertain capacity and suitability for CO5 storage of geological struc-
tures in Switzerland. To date, these locations include the North Sea and
Iceland (The Federal Council, 2020). The detailed exploration and use of
underground storage in Switzerland for potential domestic storage is
also being considered.

Efforts are also underway to increase the supply of CDR and CCS. In
2022, the Federal Council signed an agreement with operators of waste
incineration plants to put at least one CO capture plant into operation
by 2030 (The Federal Department of the Environment, Transport, En-
ergy and Communications (DETEC), 2022.).” Switzerland is the birth-
place of growing businesses on DACCS and mineralization of biogenic
CO; in concrete. The DACCS company Climeworks raised CHF 600
million in its last equity round, becoming a so-called unicorn—that is, a
start- up with a market valuation in excess of CHF 1 billion (ETH Zurich,
2022). The FOEN has signed an agreement with the Climate Cent
Foundation, which once collected voluntary contributions from fossil
motor fuel importers,® to invest CHF 60 million in carbon removal by
2030 (Climate Cent Foundation, 2022).°

The Federal Council (2021) stated in its long-term climate strategy
that removals should increasingly replace compensation projects.
Switzerland has pioneered the implementation of international off-
setting projects under Article 6.2 of the Paris Agreement, which forms
the basis for trading in greenhouse gas emission reductions (“mitigation
outcomes”). The country has established bilateral cooperation with 12
states to develop compensation projects that will allow fossil motor fuel
importers to fulfill their obligations and, recently with Iceland and the
Netherlands, to collaborate on the development of CDR and CCS (Fed-
eral Office for the Environment (FOEN), 2022). Talks on a potential
collaboration with Norway have also begun (Ministry of Petroleum and
Energy-Norway, 2022).

In June 2023, Swiss citizens voted in favor of the Climate and
Innovation Act, which states that Switzerland must achieve net-zero
emissions by 2050 (Klima- und Innovationsgesetz, 2022). Initially,
proponents demanded a ban on fossil fuels, except where substitution
was not technically possible (Gletscher Initiative, 2019). In contrast, the
Act states that the consumption of fossil fuels must be reduced as much
as technically possible and economically justifiable. Residual emissions
by 2050 must be balanced by CDR in Switzerland and abroad. After this
year, the amount of CO, removed and stored through the application of
CDR methods must exceed the remaining GHG emissions, thereby
achieving negative emissions.

2. Methods

We used a qualitative research approach employing stakeholder in-
terviews, Swiss parliamentary motion documents, and participant ob-
servations for primary data collection.

We conducted 10 preliminary interviews to help guide the research
design (see, e.g., Ellis et al., 2011) and conducted participatory obser-
vations at seven CDR events organized by academia, the Federal
Administration, and CDR companies (See Appendix). Participant
observation methods (DeWalt et al., 1998) were used to gain familiarity

7 The plant is set to have a minimum nominal capacity of 100,000 tons of CO,
per year and to capture as much CO, as the transport, storage, and use condi-
tions allow. It is estimated that around half the emissions from incineration
plants originate from biogenic waste.

8 The Climate Cent Foundation received its funds from a levy of 1.5 centimes
per liter on petrol and diesel imports between October 2005 and August 2012.

9 Importers of fossil fuels are obliged to compensate domestically or abroad
for some of the emissions caused by transport. They use, among other things,
wood construction projects to comply with their emissons compensation obli-
gation (Klik, n.d). When the next CO, law is formulated in 2024, the Parliament
will reevaluate sinks or removals that are allowed as part of the compensation
instrument.
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with the community of CDR practitioners and researchers. To adjust the
research question and interviewee pool accordingly, observations were
reported in a research diary and used to understand how topics were
discussed, which were promoted, and which should be omitted.

We conducted a document search of the Swiss Parliament’s website
for parliamentary documents concerning CDR methods (See Appen-
dix).'” The selection included texts containing terms related to CDR (e.
g., CO3 sequestration) and covering CDR methods, even if they were not
labeled as such. The search generated 32 documents corresponding to
interpellations, postulates, and motions. We coded for recurring themes
surrounding CDR’s role (e.g., emissions to be removed).

The lead author conducted 20 interviews in 2022 to understand
perspectives on the use of CDR for removing Swiss emissions. The main
selection criterion was having expertise on CDR and CDR methods as
well as on relevant components or sectors whose emissions are supposed
to be partially removed through CDR. The CDR methods considered
followed the implementation options in the CDR taxonomy of the (IPCC,
2022a). We also included the storage of biogenic CO, in recycled con-
crete, an option being considered in Switzerland (Neustark, 2022; Zir-
kulit, 2022). We sought to maximize the diversity of perspectives. As
such, the interview pool included parliamentarians; employees of the
administration at federal, cantonal, and municipal levels; NGO repre-
sentatives; researchers; and members of the CDR industry as well as
sectors interested in balancing emissions with CDR (See Table 1). Con-
sent was obtained from participants to join the research and interviews
were conducted anonymously in German or English.

Each interview sought perspectives on (1) the need for and role of
CDR in targeting Swiss emissions, (2) CDR methods to be employed, (3)
regions where CDR methods should be implemented, and (4) the effect
of removal on reduction efforts. In a semi-structured interview format,
the interviewer used open-ended questions to allow interviewees to
focus on the issues they viewed as important. The interviews were

Table 1
Background and code for each study participant.
Interviewee Sector Area of Expertize/Association Code
1 Research Soil carbon sequestration R1
2 Research Biochar in construction R2
3 Research Technological assessment of CDR R3
methods
4 Research Bioenergy R4
5 Research Sustainable construction R5
6 Government Energy Gl
7 Government CCS and CDR G2
8 Government CO, compensation G3
9 City government Climate and energy policy G4
10 Cantonal Climate and energy policy G5
government
11 Civil society Climate and energy policy S1
12 Civil society Climate and energy policy S2
13 Civil society Post-growth S3
14 Industry CDR company 1
15 Industry CDR company 12
16 Industry Waste to energy plants I3
17 Industry Carbon offsetting of fossil motor 14
fuels

18 Parliament Swiss People’s Party (SVP) P1
19 Parliament Green Liberal Party (GLP) P2
20 Consultancy Energy research and innovation Cl

10 The search included the keywords “carbon dioxide removal” OR “negative
emissions” OR “compensation” OR “sequestration” OR “sinks” AND “bioenergy
with carbon capture” OR “biochar” OR “direct air capture” OR “afforestation”
OR “reforestation” OR “enhanced weathering” OR “soil carbon sequestration”
OR “ocean fertilization” OR “wood.” Afforestation topics were considered only
when conducted with anthropogenic interventions.
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conducted either virtually or face to face and lasted for an average of 1 h.

The interviews were fully transcribed and, with the documents, were
coded in English using MAXQDA. We looked for promises about and
concerns over CDR as well as how interviewees used these to promote or
(de)legitimize CDR, specific CDR methods, and their uses. We focused
on what interviewees said, how they said it (e.g., connections made,
areas of emphasis) and what this might mean. In the Results section, the
interviewees are identified as belonging to research (R), government
(G), civil society (S), consulting (C), industry (I), or parliament (P). In
the quotations, we use parentheses when editing the language and
brackets to provide brief explanations.

3. Results
3.1. CDR as indispensable for net zero

In all the interviews and documents, there was promissory discourse
on the indispensability of CDR methods in reaching net-zero goals (See
Table 2). CDR on an industrial scale was mostly legitimized through its
depiction as being a necessity for meeting net-zero targets and, to a
lesser extent, for counterbalancing historical emissions. Government
interviewees highlighted how the political imperative of achieving net-
zero emissions would be much more difficult—or politically impossi-
ble—without CDR. Some participants highlighted the need for certain
sectors’ products and services (e.g., waste management, agriculture,
cement) and how CDR and CCS provide the only effective means to
counterbalance and reduce, respectively, their emissions, asserting that
there are no alternative methods to target them. One interviewee
emphasized that CDR or conventional offsetting can be used to increase
mitigation ambitions by removing the indirect emissions generated
abroad that would not otherwise be targeted (G5). Thus, it can be
assumed that CDR is easier to implement than reductions or that it is the
only practical way to address certain emissions. The feasibility of CDR in
Switzerland can be made more salient by focusing on what is hard to
abate rather than having a reduced discussion on what may be difficult
to remove or better to abate for reasons that go beyond climate.

A few interviewees countered this, stating that Switzerland should
assume mitigation pathways with no or much less CDR by critically
evaluating the amount of CDR required to achieve its climate goals (G1,
13, S1, S2, S3, P2). Some stated that there are no funds to counterbalance
emissions from certain sectors and that CDR could therefore distract
from the necessary reductions (P1). In some CDR group meetings, a few
participants reported a desire to reduce the need for CDR.

3.2. CDR as a responsibility of and opportunity for Switzerland

The role of CDR as indispensable for climate policy was enhanced by
statements on the responsibility of and opportunities for the country.
Some parliamentary documents highlighted the “leading role” that
Switzerland can play in exporting technologies and knowhow. At the
macro level, this can legitimize engineered CDR as a sector in which the
country has already assumed a pioneering role and can benefit from
economically. Some asserted that Switzerland, as a wealthy country, has
a responsibility to push for CDR developments to accelerate climate
action and mitigate indirect and historical emissions (G1, G2, R3, 12, S2,
C1)—for example, by replacing compensation achieved under Art 6.2 of
the Paris Agreement through removal projects and by balancing some of
the federal administration’s emissions with CDR. These combined ideas
of necessity, responsibility, and opportunity help to establish and
strengthen national networks of actors. Switzerland is home to
renowned CDR and CCS researchers, multiple carbon offset providers,
and leading CDR industry and government actors who coordinate ac-
tions to combat climate change and leverage related research and
business opportunities.
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Table 2

The promises about and concerns over CDR presented in the material we
reviewed. Promises legitimize CDR, while concerns limit or regulate its attrac-

tiveness and uses.

Category Promises Concerns
CDR as e CDR is indispensable to e Switzerland should
indispensable for achieve net-zero and assume pathways with
net zero negative emissions. less or no CDR, due to
e Certain sectors (planning material limitations to
on using CDR) are needed. scale up CDR.
e Sectors lack effective e There are insufficient
means to reduce emissions. funds for financing
CDR is easier to implement removals for certain
than reductions. sectors (e.g.,
agriculture).
CDR as a e CDR represents e Switzerland should

responsibility of
and opportunity
for the country

CDR as a supplement
to reductions

CDR as novel,
pragmatic
mitigation

opportunities for the Swiss
industry to export
technologies and
knowhow.

Switzerland has the
responsibility, as a wealthy
nation, to make additional
efforts in climate
mitigation.

Offsets should be replaced
by removals in the long
term.

The Federal
Administration will
balance some of its
emissions with CDR,
leading by example.
Networks of actors can
benefit from the research
and implementation of
Swiss technologies.
“Reductions should be
first.”

“All methods are needed.”

e Innovative methods are

inspiring models of the
way ahead.

Permanent methods are
high-quality removals.
Expensive methods reduce
substitution dynamics.
Methods can be
implemented abroad,
where resources to do so
are available.

Methods such as soil
carbon sequestration,
biochar, and timber are
readily available and
should be used for specific
applications.

assume pathways with
less or no CDR due to
MD risks.

o Different expectations
for “residual” emissions
might lead to a demand
for removals that cannot
be met.

CDR companies should
limit their sales to
clients with reduction
targets.

The use of fossil fuels
should be banned,
thereby reducing the
amount of CDR needed.
Lack of discussion on
CO, removal accounting
across territories.

CDR companies/
industries lack
incentives to push for
reductions.

Skepticism over CDR
companies’ promises on
the future scale of CDR.
Focus should not be on
permanence but on
durability, depending
on where and in what
form the CO, is.
Scarcity of resources (e.
g., energy) and other
challenges to scale up
methods.

Skepticism over
feasibility of CO, export
for underground
storage. CDR should be
constrained within
Swiss boundaries.
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3.3. CDR as a supplement to reductions

Some interviewees accompanied calls for CDR with the caveat that
removals should not hinder efforts to reduce greenhouse gas emissions
(G1, G2, G3). The idea of “reductions first” was used in the introductory
sentences of interviews, events, and texts. This created a general direc-
tion for the use of CDR—for example, “reductions first” was used as a
temporal indication of when CDR should be available, situating CDR’s
role in the future of emissions that “cannot be reduced.” “Reductions
first” was also used to define the second priority of CDR after emission
reduction policies, such as by restricting CDR sales to companies taking
part in the Science-Based Targets Initiative. This was also mentioned in
interviews to preempt criticism of the use of CDR or to express the ne-
cessity of saying this to the public to avoid a backlash over CDR. Thus,
these statements legitimized CDR by claiming that it can be applied
without causing MD.

While CDR is often promoted as a means of mitigating residual
emissions, we observed that this definition is often empty or disputed in
practice. Some interviewees acknowledged that there is not yet any
definition of what constitutes “residuals,” and some expressed concerns
regarding the issue of defining and communicating what qualifies as
such emissions (G1, G3, I1, 12). Emissions that would ideally be removed
include all those remaining by 2050, those from sectors lacking tech-
nological alternatives, those from nonpoint sources, those that are too
expensive to reduce, and non-fossil fuel emissions. Moreover, expecta-
tions of actual emissions to be counterbalanced went beyond the re-
sidual sectors imagined by the government, including balancing indirect
emissions abroad, balancing emissions from buildings, and temporarily
balancing emissions to reach net-zero goals before implementing
reduction measures. We observed the participants to be silent about
these disagreements and the lack of involvement of actors from the re-
siduals sectors in CDR discussions. One interviewee noted, “I tried many
times to say, ‘Hey, can we just take a step back and just think about what
we really need [emissions to be removed]?’. But it is something that (is
not discussed]” (G1).

Thus, while the idea of “reductions first” helps legitimize CDR and
give a rough direction for its role in climate policy, it does not coordinate
the expectations of the many actors enrolled. Some interviewees high-
lighted the practical challenges of agreeing on the uses of CDR. A
representative of the CDR industry mentioned the lack of consensus
among CDR companies on the criteria for selecting customers (I2). A
member of the government expressed unease over decisions of
accountability (e.g., limited BECCS removals could be accounted for by
the municipality where the carbon was captured or the biomass waste
originated) (G5). Some mentioned the difficulty of incentivizing re-
ductions within sectors developing BE(CCS), such as waste incinerators
(P2, G1) and the cement industry (G1, C1, R5), where higher incinera-
tion of biowaste/production of cement would mean a higher amount of
removals. Others expressed concern over the involvement of fossil fuel
importers in the early support of CDR projects (see section CDR de-
velopments in Switzerland).

Stakeholders talked about and reacted to MD issues in very different
ways. Some adopted an open attitude, stating that it is risky not to
perform mitigation while relying on CDR, describing MD as a thorny
issue about which they were vigilant (S1, S2, S3, 13, G4). Similarly, some
described it as a systemic issue due to the lack of discussion and coor-
dination between different stakeholders and policy departments (G1,
C3). Some avoided the discussion, mentioning that “reductions should
come first” and that markets reduce MD risks when the focus lies on
permanent methods (G2, 12); some noted that it could be harmful for the
reputation of CDR in the early stages of implementation (C3); and some
stated that the correction of potential MD risks is not part of their role or
within their power (G3, 13).
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3.4. CDR as a novel, pragmatic mitigation approach

The interviewees and documents promoted using all methods
collectively instead of the one method deemed most effective. In this
way, a narrative is created that allows a variety of actors to enroll in the
CDR community. Members of the CDR industry avoided devaluing other
methods, saying that “all are needed” and that they “do not like criti-
cizing competitors.” The participants affirmed that CDR methods need
support and flexibility in the early stages of development (G4, I1, 12, I3,
14, R1, R2, R5, S1, S2, C1). Several interviewees noted the field’s
fledgling status and the many uncertainties involved in some of the CDR
methods as reasons not to pick winners too early. Others argued that all
methods should be used because every gram of CO, removed counts to
“minimize the level of desperation in 2050” (C1). They said the
emphasis should be on supporting their scale-up and gaining experience
through pilots and regulatory sandboxes (C1, R2) instead of focusing on
“ideological debates on the merits of carbon (removal) technologies”
(C1). Despite the openness they promoted, the interviewees’ opinions
differed regarding the individual methods that should be supported in
the face of the opportunities and challenges identified.

Engineered methods were depicted as the most promising in terms of
CDR events and networks. These methods were considered urgent for
achieving net-zero emission targets and seen as easier to implement than
changing consumer behavior in areas such as flying, waste avoidance,
and diet. Their promises to tackle climate change were based on ideas of
novelty and expansion potential. The innovative power of DACCS, in
particular, was emphasized in the introduction of texts and events by,
for example, calling the projects a “milestone in the fight against climate
change” and highlighting that they can be implemented in any region
with abundant renewable energy. This was emphasized by diverse actors
who stated that developing removals abroad is valid because “for the
climate, it does not make a difference.” These strategies help attract
attention to CDR and mobilize resources through events, research pro-
jects, and government reports.

Although DACCS was used to legitimize CDR, some participants
expressed discomfort around the number of expectations that had “all of
a sudden been put on a still very young industry” (I12). While some in-
terviewees affirmed that DACCS might be attractive for certain appli-
cations, they cited issues with energy use, costs, and the use of space if
scaled up, noting its current contribution to mitigation to be “cosmetic”
(G1, G5, R4, R5, 11, 14, S1, S2, S3, C1, P2). In this way, they distanced
themselves, at least in private, from the hype dynamics, questioning the
role that DACCS will play in balancing Swiss emissions.

Some interviewees advocated for permanence as a key argument to
legitimize the choice of engineered methods (G1, G2, G4, G5, I1, 12). In
their opinion, permanent methods offer the best quality, have the
greatest potential, can be monitored easily, and create a definitive so-
lution to the problem. The potential for land-based removal methods is
quite small in Switzerland; they lack permanence and, in the case of
biochar, can be a source of contaminants (G2, G3, G4, G5, R2, R3). This
was combined with the idea of “reductions first,” as some actors argued
that expensive methods reduce the likelihood of reduction substitutions.
In contrast, others argued that in-depth knowledge of where CO is, the
form it takes, and for what it is used are much more important (R5),
encouraging the consideration of methods such as soil carbon seques-
tration and carbon capture and utilization.

Most promissory statements favored using BECCS from waste
incineration plants (G1, G2, G4, G5, 12, I3, R2, R3, S1, S2, C1). BECCS
coordinates the interests of waste incinerators and governments in
reducing emissions and achieving negative emissions to balance a mix of
residuals. Thus, CDR methods and CCS are grouped together in pro-
jections and the topics of events. Some interviewees argued that
capturing CO, from point sources offers the greatest potential, since
biomass is already being burned and requires some additional infra-
structure to capture emissions. Thus, BECCS coordinates the interests of
diverse actors and is viewed as one of the least disruptive solutions to
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help achieve net-zero goals. CCS, which has been strongly criticized in
the past, is now within the realm of possibility, with a new narrative and
materiality. One interviewee argued that, unlike in the past, the narra-
tive around CCS has distanced itself from the idea of “cleaning fossil
fuels,” which has allowed CCS to re-enter the arena (C1). Another
interviewee noted that CCS could become an interesting offsetting
measure as emission compensation for fossil fuel importers in the future.
The compensation instrument will last until 2024, at which time it can
be re-evaluated.

Despite the optimism toward permanent methods, a few in-
terviewees cautioned against following promises concerning engineered
methods and the interests of CDR companies (G1, I1, 12, S1, S2),
affirming that “there’s not a single company that will [deliver] what it
promises” (I1); addressing the economic interests that CDR companies
have in removals in contrast to reductions (S2), including the difficulty
of incentivizing reductions within sectors developing BE(CCS) (G1, C1,
R5, P2); mentioning the lack of standards that guarantee the quality of
removals (I2, R5); conceding that there is a lack of resources to pay for
expensive removals; and mentioning the enormous material challenges
of scaling-up methods (G1, G2, I1, 12, I3, I4, S1, S2, S3, R1, R2, C1). We
found that CDR stakeholders were less likely to express disagreement
about material limits or technological promises in public than in private
spheres.

Land-based methods were also described as attractive for specific
applications. Several interviewees and parliamentary documents noted
their role as either a temporary (stopgap) measure until engineered
methods are ready for use or as a long-term measure (G1, I1, 12, S1, S2,
R1, R5, C1), such as for balancing emissions from (past) land-use change
and enabling net-zero buildings. In the case of the latter, one interviewee
mentioned that land-based methods can be used immediately while
cement industries will delay investment in BE(CCS) as long as possible
(R5). The use of timber and other types of biomass were mentioned
frequently in the interviews and parliamentary documents as a “reduc-
tion” (offsetting) method, a substitute for cement, and a removal option.
However, some interviewees mentioned that intervention in this area is
unnecessary because there is enough demand for timber. We observed
that even though the idea of carbon storage in timber mobilizes a broad
base of actors, they do not need to invest in coordination with the CDR
community to attract resources.

4. Discussion

In this paper, we examined how stakeholder expectations shape the
CDR landscape in Switzerland. We explored how efforts to legitimize
CDR and anticipate challenges in its development may be contributing
to comprehensive decarbonization or its delay. This work contributes to
the emerging body of literature examining the ongoing debates and
institutionalization processes of CDR in real-world contexts.

Our findings indicate that CDR in Switzerland is legitimized by no-
tions of necessity, opportunity, feasibility, and responsibility. Actors
thereby create a repertoire, or “sea of expectations” (Van Lente, 2012),
that makes CDR “come alive” by elevating expectations of its pivotal role
in the battle against climate change. Similar to the observations made in
prior studies (Beck and Oomen, 2021; Low and Boettcher, 2020; Lund
et al., 2023), the role of CDR was justified with arguments based on the
needs of certain sectors; the assumption that removals are easier to
implement or more likely to happen than social change and other
alternative forms of abatement; and the opportunities that engineered
methods represent, based on the expected scalability of components,
and thus the expected volumes from removal and the associated re-
ductions. These legitimization strategies have an effect beyond CDR. For
instance, amalgamating CCS and CDR into the same policies and debates
serves to integrate CCS, which has long been controversial, into a new
narrative (Low and Boettcher, 2020; Schenuit et al., 2023).

These expectations are amplified in Switzerland by the prospect of
CO, storage abroad, in territories perceived to have the necessary
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resources, as well as the country’s perceived responsibility as an affluent
nation to undertake additional mitigation efforts, thereby “leading by
example” (Boettcher, 2020; Boettcher et al., 2023). This matches the
image of Switzerland as a strong diplomatic force internationally. In
addition, it extends the logics of the current CO, compensation scheme
by assuming that it is easier to conduct climate projects in countries that
supposedly have the resources to do so. Despite these similarities, we
observed profound silence on the discourse on possible historical
continuities.

Despite the sea of expectations created around CDR, some actors
acknowledged that “in terms of growth, none of the methods is there.”
They also showed skepticism and distanced themselves from some of the
promises of CDR promoters by asserting that they might not be deliv-
ered. Studies in the sociology of expectations have shown that such at-
titudes are common and denote an internalization of hype/
disappointment cycles (Borup et al., 2006b; Joly and Le Renard, 2021).
This contributes to reifying the cycle by anticipating disappointment as a
“normal” (almost natural) phase. This view absolves those who promise
from their responsibility to make realistic promises, since disappoint-
ment is accepted as being part of the game. Joly (2010) and Joly and Le
Renard (2021) described the dangers of such developments, arguing that
while science and technological innovation have always advanced with
promises, there has been a rift in the past 50 years, during which we
have entered a “regime of technoscientific promises” that governs sci-
ence (Joly and Le Renard, 2021). By stating necessity and multiplying
unrealistic promises, technology promoters capture large financial re-
sources that create path dependencies (by creating research centers,
programs, etc.) that protect certain technologies from democratic scru-
tiny and debate.

Expectations serve as coordination devices for the actions of many
different actors, helping align actors within the CDR community and
enrolling new actors. We observed patterns in which scientific knowl-
edge and corporate and political interests reinforce each other in the
support of engineered methods to achieve net-zero goals. Our results
suggest that discursive tools such as interpretive flexibility over terms
and the “and” rhetoric (i.e., “we need reductions and removals”) facili-
tate coordination by allowing actors to tailor broad expectations to their
needs. Terms such as residuals and hard-to-abate emissions allow for
interpretive flexibility as to what removals and CCS will be available for.
Thus, the ambiguity of the terms helps obscure disagreements over what
actors consider possible and desirable (Star, 2010). Similarly, ideas such
as “we need all methods” reduce perceived competition and attract re-
sources for the whole community, despite disagreements over the actual
methods that should be supported. Suggesting that there is room for any
solution that can contribute to removing CO3 levels removes politics
from the CDR discussion by wishing away the conflicts that are likely to
appear when choosing certain technologies or policies over others
(Carton et al., 2023). The characteristics of these expectations go beyond
the discursive level because they are translated into laws, research
programs, international collaboration agreements, and funding for
specific methods.

Efforts to legitimize CDR and coordinate associated activities might
create unrealistic expectations for the scale-up of CDR and its role in
climate policy. Despite this, our results show that some interviewees
anticipated multiple risks that might hinder the contribution of CDR to
fast, effective mitigation. Some actors showed skepticism toward CDR
companies’ promises, acknowledging the multiple challenges in terms of
regulations, resources, and practices that may impede the scale-up of
CDR methods. We observed a collective effort to avoid the equivalence
between the fossil and biotic forms of carbon that have been criticized in
other regions (Carton et al., 2021; Geden and Schenuit, 2020; Seddon
et al., 2019) by dealing carefully with the complexities of methods in
terms of carbon cycles, durability, and substitution dynamics. This also
includes steps by some CDR companies to diminish reputation risks by
avoiding associations with the fossil fuel industry that have been ques-
tioned in the past regarding CCS in Switzerland (L’ Orange Seigo et al.,
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2014; Wallquist et al., 2009). MD appears to have permeated the
discourse, influencing how actors perceive risks and design rules to
minimize them. This is in line with Bellamy et al. (2021), who noted that
the dynamics of substitution in real-world contexts can be different from
those in IAMs, since actors are aware of the importance of avoiding
trade-offs between reducing emissions in the short term and encour-
aging future negative emissions.

On the other hand, discursively addressing MD risks might help
legitimize CDR without leading to coordinated action to reduce them.
Our results show that the idea of “reductions first” is commonly used to
communicate the intended role of CDR in climate policy—that is,
initiating discussions about CDR by referring to “reductions first” has
become the norm. Our results suggest that this helps legitimize CDR by
pre-empting criticism of its potential contribution to business as usual.
Indeed, some actors suggested that debates on MD are detrimental, since
they can erode support for CDR. However, coordination was lacking
across the actors regarding what emissions should be reduced and which
ones removed. This is consistent with Buck et al. (2023), who argued
that no standard definition of “residual emissions” exists; the need for
certain activities and the impossibility of decarbonizing them are social
constructs that respond to groups’ priorities and perceptions of what can
be abated (Lund et al., 2023; Otto et al., 2021). Diverging expectations
of the role of CDR can become problematic, since it is unlikely that all
expectations for tackling emissions with CDR will materialize (see also
Hougaard, forthcoming). This might prevent action in sectors that are
not so hard to abate and risks distracting policymakers and others from
their mitigation requirements in the present (Vaughan and Gough,
2016).

The positions prioritizing reductions over removals and how they are
held explicitly highlight how concerns over MD have become part of the
discourse within the CDR community. By dealing reflexively with the
risk of MD and either minimizing it or emphasizing the urgency to take it
seriously and address it, the CDR community gives the impression that it
is under control. Furthermore, because it appears to be a risk that the
community scrutinizes, it diverts attention away from questions of
whether MD is happening now, how it is happening, and to what extent.

5. Conclusions and recommendations

To address climate change, it is necessary to examine the instances
where CDR contributes to achieving or hinders comprehensive decar-
bonization. Being attentive to the expectations created by promises
about and concerns over CDR plays a crucial role in this exploration. Our
findings highlight that concerns over MD permeate the CDR discussion
and can result in discourses and policies that minimize associated risks.
In Switzerland, actors are carefully approaching issues such as methods’
carbon cycles and cost-efficiency logics that contribute to the substitu-
tion of reductions by CDR in other regions and in IAMs. However,
concerns can also have an opposite effect by legitimizing CDR and
preventing its scrutiny. Discourses that prioritize reductions over re-
movals, such as the idea of “reductions first,” might paradoxically help
legitimize CDR but fall short of fostering discussions and coordinating
expectations for residual emissions. This, we argue, inadvertently fuels
uncritical enthusiasm for CDR, rather than prompting its careful
development. The perception of MD as unnecessary or harmful to CDR’s
reputation further sidetracks from assessing whether MD is occurring
and how to mitigate it.

Our findings suggest that while promises are necessary to build
support for CDR, they can contribute to MD by depoliticizing the dis-
cussion and leading to an overestimation of the potential of CDR
methods. Overestimating these methods can lead to MD by attracting
competing resources from and delaying the development of alternative
measures—such as sufficiency—that might be less constrained by nat-
ural, social, and financial resources. The overestimation of CDR can
occur through an exclusive focus on what is “hard to abate,” which
neglects the fact that some emissions might be “hard to remove” and
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some resources better invested in reductions than removals. It may also
be reinforced by ambiguous expectations over what CDR is available for,
which helps to enroll new actors but avoids the question of what is
possible and desirable to remove. The tolerance to hype can also
contribute to MD risks when the responsibility of technology promoters
to keep their promises in check is downplayed. It is therefore important
to challenge the assumption that it will be easier to deploy large-scale
CDR than it will be to avoid emissions in the first place, and to open
up possibilities for alternative measures.

We recommend a thorough discussion to examine the contexts in
which the construct of CDR can contribute to the delay of aggressive
mitigation as well as the implementation of rules that minimize MD
risks. Our data suggest that many of the consequences of the CDR
construct for MDs arise from neglecting social dynamics rather than
from anyone’s active intention. Our results can be used as a stepping-
stone to identify crucial areas for discussion, and the critical social sci-
ences can provide further input on structural power dynamics to be
targeted for change. Indeed, it has been said that the influence of power
and culture on social norms is to people what water is to fish (Bulbeck,
1991; Risseeuw, 1988); that is, it is not intuitive for fish to recognize the
water in which they swim. The critical social sciences can help us to see
the water (Deutsch et al., 2023).
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