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Abstract 

In recent years, negative emissions technologies (NETs) have gained attention as a strategy to tackle 
climate change. While the academic debate on NETs has been heated, international and national 
governance frameworks for regulating and incentivising the technologies largely remain unseen. In 
this thesis, I add to a growing debate concerning the governance of NETs with an empirical investiga-
tion of the development of national-level governance in Sweden. Sweden is an intriguing case, be-
cause of its target to become climate-positive after 2045, i.e. remove more carbon from the atmos-
phere than emitted. Through eleven elite interviews with key actors from the Swedish establishment, 
I explore what role NETs play in shaping a sociotechnical imaginary of a climate-positive Sweden, 
what governance regimes may evolve, and how this may impact Sweden’s response to climate 
change. I find that both material and ideational factors support the role of NETs in the Swedish estab-
lishment’s vision of climate-positivity. The authority of the IPCC plays an important legitimising func-
tion for developing NETs, and especially bioenergy with carbon capture and storage (BECCS) plays 
into a Swedish identity of being an international frontrunner regarding climate change. Simultane-
ously, a governance regime and incentive structures for NETs can largely develop within the current 
socioeconomic system in Sweden. However, the funding of NETs may challenge the established ‘pol-
luter pays’-principle by shifting the distribution of rights and responsibilities in society. Hence, the 
public will have the responsibility to pay private companies to provide negative emissions if they 
want a clean atmosphere. While choosing to incur those costs collectively is a valid political position, 
its feasibility relies on public support, which requires an open discussion about NETs. Finally, the is-
sue of funding also points to a more fundamental and international problem: if NETs are to be used 
to compensate for excessive emissions in the past, the international community must find ways to 
assign responsibility for those past emissions. Assigning that responsibility may reignite previous 
discussions of historical responsibility, which may severely jeopardise the effectiveness of NETs as a 
solution to climate change. 

Keywords: bioenergy with carbon capture and storage; climate governance; carbon dioxide removal; 
climate recovery; elite interviews; polluter pays principle. 

Word count: 11,997. 
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1 Introduction 

In recent years, negative emissions technologies (NETs) have gained prominence as a solution to limit 

climate change and reduce atmospheric greenhouse gas (GHG) levels. In October 2018, the IPCC’s 

Special Report on Global Warming at 1.5°C (SR1.5) showed that most scenarios in which we keep 

global warming below 2°C and virtually all 1.5°C scenarios depend on large-scale deployment of NETs 

(Rogelj et al., 2018). By allowing removal of carbon dioxide (CO2) from the atmosphere for long-term 

storage in the bio- or geosphere, NETs provide a technological hope that we can avoid dangerous 

climate change (Beck & Mahony, 2018). 

NETs as a climate solution has, however, been at the centre of a heated academic debate, where 

researchers have criticised their inclusion in integrated assessment models (IAMs), expressing con-

cerns about the feasibility of deploying NETs on the large scales assumed in the models (Anderson & 

Peters, 2016; Beck & Mahony, 2018; Minx et al., 2018). IAMs combine models of the climate and 

socioeconomic systems to produce potential future scenarios, which allow scientists to explore the 

effects policies and societal development have on the climate (Low & Schäfer, 2020). An often-cited 

critique is that the IAMs assume that large areas of arable land, often twice the size of India, will be 

available to produce biomass for the most prominent NET, bioenergy with carbon capture and stor-

age (BECCS) (Popp et al., 2017; Smith et al., 2016). The availability of an area of that magnitude has 

been deemed unrealistic, given that we also need to halt the biodiversity crisis and ensure food secu-

rity for a growing population (Anderson, 2015; Schneider, 2019; Williamson, 2016). 

Despite insecurities concerning the feasibility of deploying NETs, researchers have argued that the 

very inclusion of NETs in IAMs has altered the political reality of climate change mitigation. By seem-

ingly showing that 1.5°C is still feasible without radical mitigation efforts, the modelling has effective-

ly made the technologies politically inevitable (Beck & Mahony, 2018; Carton, 2019). Perhaps, as a 

result, the international public debate around NETs has increasingly moved from polarisation to what 

Haikola and colleagues (2019) have called reluctant acceptance. 

Given this potential inevitability of deploying NETs, a critical area of engagement for sustainability 

scientists is to ensure that their use becomes as socially acceptable and environmentally sustainable 

as possible (van Vuuren et al., 2017). Responding to this need, more researchers now consider ideal 

and potential governance regimes of NETs (e.g. Buck, 2019; Honegger & Reiner, 2018; Horton et al., 

2016; Reynolds, 2018b). The debate on governance has primarily been theoretical, since there are no 

international agreements for governing NETs (Horton et al., 2016; Talberg et al., 2018) and few coun-



3 

tries are developing national governance frameworks (Fridahl & Bellamy, 2018; Moe & Røttereng, 

2018). 

Through an in-depth case study of the emerging discussion in the Swedish establishment, I aim to 

add to this growing strand of research by exploring how national-level governance of NETs will de-

velop. Sweden is an intriguing case due to the country’s 2017-goal of becoming climate-positive after 

20451, which has prompted the development of NETs policies and pilot projects (Ministry of Envi-

ronment and Energy, 2018a). 

Through the concept of sociotechnical imaginaries from science and technology studies (STS), I ex-

plore the role NETs play in the Swedish vision of climate-positivity. Furthermore, through cultural 

political economy (CPE), I ask what potential governance regimes, we may see emerge in Sweden 

around NETs. By examining perceived opportunities and challenges in Sweden, I open for a discussion 

of whether NETs can be part of a viable solution to climate change, or if opponents are right in dis-

missing the techniques. 

1.1 Research questions 

I pursue three lines of enquiry represented by three research questions: 

Research question 1: How does the Swedish establishment envision NETs to play a role in cre-

ating a climate-positive Sweden and what factors shape this role? 

Research question 2: What governance regimes does the establishment consider regarding 

NETs and how will costs and benefits of deployment be spread across society? 

Research question 3: What implications may the development of NETs have for ^ǁĞĚĞŶΖƐ�ĞĨĨŽƌƚƐ�ƚŽ�

ůŝŵŝƚ�climate change?

In research questions 1 and 2, I explore different aspects present in the Swedish discussion to under-

stand the vision of climate-positivity, which NETs feed into, and the expected political regulation of 

the technologies, including distributional effects. As the political discussions around NETs are still in 

their infancy, I focus on providing an in-depth and nuanced exploration of the case based on eleven 

elite interviews I conducted with representatives from the Swedish establishment2. The final line of 

1 The term climate-positive is somewhat bewildering. It refers to reaching net-negative emissions, i.e. that more GHGs are 
removed from the atmosphere than emitted. The term is popular in marketing, but both Sweden and the C40 Cities Climate 
Leadership Group use the phrase politically (Anzilotti, 2018). In this thesis, I use climate-positive synonymously with net-
negative emissions. 
2 I use the term establishment to denote those individuals and groups who will likely affect the Swedish discussion on NETs 
and the development of governance regimes. It thus includes politicians, but also civil servants, researchers and representa-
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enquiry focuses on the expectation that NETs will help us limit climate change by exploring to what 

extent and under which conditions we can expect this to be the case.  

To answer my research questions, I proceed as follows; in section 2, I define and situate the concept 

of NETs in the broader academic debate and introduce the Swedish case. In the subsequent three 

sections, I outline my research philosophy, important theoretical concepts, and my methodology. In 

section 6 and 7, I present and discuss my results relating to the three research questions posed 

above, before I conclude in section 8. 

2 Background 

2.1 Conceptualising NETs 

Negative emissions denote “intentional human efforts to remove CO2 from the atmosphere” (Minx et 

al., 2018, p. 3) and can be achieved through several different techniques known as NETs3, as seen in 

table 1. These vary greatly in costs, benefits, risks, maturity, potential, etc. (Minx et al., 2018). 

Table 1. Types of negative emissions technologies. Adapted from Minx et al. (2018). 

Technique Storage medium Capture via Earth system 

Afforestation and refor-
estation Above-ground biomass 

Photosynthesis 

Terrestrial 

Soil carbon sequestra-
tion Soil 

Biochar 

Bioenergy with carbon 
capture and storage  

Geological reservoirs 
Direct air carbon cap-
ture and storage 

Chemistry 
Enhanced weathering 
and ocean alkalinisation Minerals 

Ocean 
Ocean fertilisation Marine sediments Photosynthesis 

 

 
tives of businesses and civil society organisations who may all affect the public debate and development of policies (see 
also section 5.1 and 5.2). 
3 Within the literature, NETs are also referred to as CO2 removal or GHG removal (Gough & Mander, 2019). I use the term 
NETs throughout the thesis. 
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Academia has debated the conceptualisation of NETs vis-à-vis more traditional climate change strat-

egies. The concept initially entered mainstream climate change debates with the Royal Society’s 

2009-report on geoengineering, which defined NETs as one of two types of geoengineering, the oth-

er being solar radiation management (SRM) (Shepherd, 2009). However, researchers have since ar-

gued that NETs and SRM are fundamentally different and should not be treated under the same label 

(e.g. Heyward, 2013; Lomax et al., 2015; Minx et al., 2018). Since several techniques, included as 

NETs, have also been considered traditional mitigation measures, e.g. afforestation and soil carbon 

sequestration, NETs may in some respects be closer to mitigation (Reynolds, 2018b).  

In this thesis, I combine insights from Heyward (2013) and Meadowcroft (2013) to conceptualise 

NETs as a climate change strategy (see figure 1). According to Heyward, NETs constitute one of five 

distinct strategies to address climate change: mitigation, NETs, SRM, adaptation, or rectification. 

NETs resemble mitigation, since both techniques aim to avoid a given level of atmospheric GHG con-

centration (Heyward, 2013). Still, unlike mitigation, which focuses on eliminating current and future 

emissions, NETs draw GHGs, which have already been emitted, out of the atmosphere, storing them 

in enhanced or artificial carbon sinks (Heyward, 2013). 

 
Figure 1. Strategies to avoid climate change. The figure shows three of Heyward’s five climate change strate-
gies, namely mitigation, NETs, and SRM. For simplicity, I omit adaptation and rectification, as these strategies 
aim to deal with the effects of climate change rather than avoiding climate change. NETs are highlighted in 
black and further divided into an emission offset and a climate recovery strategy in line with Meadowcroft. 
Adapted from Heyward (2013) and Meadowcroft (2013). 

I nuance this conceptualisation through Meadowcroft, who holds that NETs can be employed 

through two distinct strategies: an emission offset or a climate recovery strategy. Through an offset 

strategy, negative emissions compensate for continued present-day emissions to reach a balance of 
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net-zero or slightly positive emissions (Meadowcroft, 2013). Through a climate recovery strategy, 

negative emissions compensate for excessive historical emissions to reach net-negative emissions 

and atmospheric GHG level, thus only decreases through this latter strategy (Meadowcroft, 2013). 

2.2 The history of NETs 

NETs gained prominence in IAMs around 2007, when the IPCC included the Representative Concen-

tration Pathway 2.6 (RCP2.6) in their assessments (Beck & Mahony, 2018). By allowing large-scale 

removal of GHGs from the atmosphere, the inclusion seemingly doubled the remaining carbon budg-

et (Fuss et al., 2014; Geden, 2016). Some researchers, however, found the inclusion controversial, as 

they considered RCP2.6 the result of an international political community eager to see a pathway to 

2°C, which was politically acceptable, i.e. did not require extensive societal transformations (Ander-

son & Peters, 2016; Beck & Mahony, 2017). 

To reach 2°C, RCP2.6 relied heavily on BECCS, a technology deemed technically possible, but largely 

unproven at the time (Beck & Mahony, 2018). The principle behind BECCS is that, as biomass grows, 

it draws CO2 from the atmosphere through photosynthesis. When the biomass is then converted to 

energy or bioproducts, instead of re-emitting the CO2 to the atmosphere, it is removed and trans-

ported for underground storage (see figure 2). By providing both energy and negative emissions, 

BECCS is particularly useful in IAMs, which generally seek to optimise costs and benefits (Low & 

Schäfer, 2020). In fact, so useful that the median estimate across IAMs suggests that 46% of our pri-

mary energy use in 2050 should come from BECCS (Lehtveer, 2018). 

The inclusion of RCP2.6 into the IAMs happened at a time, when climate science, especially as per-

formed by the IPCC, was seen to shift towards focusing more on assessing potential policies than 

causes and consequences of climate change (Beck & Mahony, 2017; Workman et al., 2020). This shift 

has been criticised for masking the political nature of the assumptions in IAMs, which influence the 

scenarios they produce (Jasanoff, 2015b). For example, the IPCC is only mandated to assess the tech-

nical and bio-physical feasibility of resource allocation for NETs and not social or political feasibility 

(Beck & Mahony, 2017). Thus, some scenarios assume vast amounts of land and other resources 

being allocated to NETs (e.g. Dooley et al., 2018; Popp et al., 2017; Realmonte et al., 2019; Smith et 

al., 2016), causing considerable criticism for compromising other aims such as food and biodiversity 

security (Schneider, 2019). 
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Figure 2. Principle of bioenergy with carbon capture and storage (Fridahl, 2018). 

Others have argued that the production of scenarios hide the many assumptions the modelling 

community makes about the climate system, where uncertainties exist (Fuss et al., 2014; Jones et al., 

2016; Minx et al., 2018; Workman et al., 2020). One example is uncertainties about how the climate 

system will respond to negative emissions. Contrary to the general understanding at the time, Zick-

feld and colleagues (2016) proved it unlikely that one ton of removed CO2 will have a proportional 

effect on temperatures compared to one ton emitted. Rather, it is more likely that removed CO2 will 

have a smaller impact than emitted CO2, primarily because the large historical carbon uptake in the 

oceans will continue to affect temperatures despite NETs (Zickfeld et al., 2016). Such insights have 

led some to argue that depending on NETs constitutes hubris if we believe we can manage the car-

bon cycle without fully understanding it (Minx et al., 2018). 

Finally, some researchers have argued that IAMs are not only based on debatable techno-scientific 

assumptions, but also on inherently political assumptions, which cannot be assessed scientifically 

(e.g. Carton, 2019; McLaren et al., 2019; Workman et al., 2020). An example is that the discount rates 

used in IAMs are generally positive, which means that a cost incurred in the future, ceteris paribus, 

will appear preferable to that cost being incurred today (Bednar et al., 2019). This assumption tends 

to delay action and inherently means that we value the welfare of our generation higher than future 

ones (Bednar et al., 2019; Carton, 2019; McLaren et al., 2019; Workman et al., 2020). 

Assumptions are necessary to build models and scenarios (Beck & Mahony, 2018) and it has there-

fore been argued that the assumptions mentioned are legitimate, as long as they are communicated 
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clearly to policymakers (Geden, 2016). The IPCC and other climate science communities have, how-

ever, been criticised for not communicating clearly. Hence, scenarios become seen as inevitable, 

while other potential pathways could be produced with different assumptions (e.g. Anderson & Pe-

ters, 2016; Geden, 2016; Haikola et al., 2018; Larkin et al., 2018; Low & Schäfer, 2020; Workman et 

al., 2020). 

Collectively, these issues may lead to a moral hazard risk. The moral hazard argument entails that if 

NETs are believed to be available in the future, necessary according to climate science, and cheaper 

than other solutions, then we will be less supportive of traditional mitigation measures in the present 

(Minx et al., 2018). Thus, we may not initiate the radical changes required to avoid dangerous climate 

change (Anderson & Peters, 2016; Buck, 2012; Campbell-Arvai et al., 2017; Geden, 2016; Markusson 

et al., 2018). Though this argument enjoys traction among opponents of NETs, it has been criticised 

for lacking empirical grounding (Bellamy, 2018; Colvin et al., 2020). 

Despite the discussions within academia, no international agreements governing NETs exist (Horton 

et al., 2016; Talberg et al., 2018), few countries have developed national policies (Moe & Røttereng, 

2018) and the private sector has few incentives for developing NETs (Fridahl & Bellamy, 2018). 

2.3 NETs in Sweden 

In 2017, a broad parliamentary coalition adopted the Swedish Climate Framework (SCF), which sets 

the goal that Sweden should reach net-zero emissions in 2045 and after that pursue net-negative 

emissions (Ministry of Environment and Energy, 2018a). The SCF specifies that while Sweden’s emis-

sions should fall by 85% compared to 1990-levels, the remaining 15% can be reached through sup-

plementary measures (Ministry of Environment and Energy, 2018a), i.e. through an emission offset 

strategy with negative emissions. The remaining 15% are expected largely to be non-fossil emissions 

from the agricultural sector (Ministry of Environment, 2020a). The SCF does not specify any targets 

for the amount of net-negative emissions, which should be delivered after 2045 (Ministry of Envi-

ronment, 2020a). 

In 2018, the Swedish Government appointed a Commission to investigate the possibilities of reaching 

the remaining 15% (Ministry of Environment and Energy, 2018b). The Commission was tasked to 

investigate three types of measures leading to negative emissions: 1) land use, land-use change and 

forestry (LULUCF) sector activities, 2) BECCS, and 3) verified emission reductions (VER) in other coun-

tries (Ministry of Environment, 2020a). Especially BECCS has been proclaimed as a promising solu-

tion, with researchers pointing to large potentials for deployment in Sweden (Hansing & Fridahl, 
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2018; Karlsson et al., 2017). The results of the Commission, published in January 2020, supported this 

assessment (Ministry of Environment, 2020a). 

In 2019, while still awaiting the results of the Commission, the Swedish government took initial steps 

to support the development of NETs by investing 100 million SEK in industrial test projects (Ministry 

of Environment, 2019). This support effectively constituted the first economic incentive for compa-

nies to develop NETs, and led to the launch of the first Swedish test facility for BECCS in December 

2019 by Stockholm Exergi (Stockholm Exergi, n.d.). 

3 Research philosophy of sustainability science 

A crucial aim of my thesis is to bridge the distinction between problem-solving and critical research. 

First developed by Cox (1981), this distinction has been central in sustainability science (Jerneck et 

al., 2011; Mahmoud et al., 2018). According to Cox (1981), theory and research tend to be problem-

solving or critical. Either you approach the world as you find it and research aims to solve problems 

within current scientific paradigms and socioeconomic structures or research questions current par-

adigms and structures aiming to ensure fundamental changes at the expense of solving concrete 

problems (Cox, 1981). 

Following the criticisms of NETs outlined in section 2.2, it could be straightforward to employ a criti-

cal research approach to investigate the Swedish discussion. However, according to Colvin and col-

leagues (2020), assessing NETs from a purely critical perspective may polarise the debate, which 

could result in a stalemate situation, where we do not develop alternatives to NETs, but simultane-

ously do not deploy NETs due to lack of societal acceptance. In that case, it may become impossible 

to avoid dangerous climate change (Colvin et al., 2020).  

Hence, I aim to balance the two traditions. Concretely, I ask how NETs governance will likely develop, 

without questioning the inclusion of NETs in the SCF. But next, I explore the potential distributional 

impacts of NETs and how NETs may impact Sweden’s ability to respond to climate change. Ultimate-

ly, I aim for the reader to ask themselves: is this development desirable, and if not, how do we im-

prove the situation (Flyvbjerg, 2004)?  

As such, my research follows the credo of sustainability science, aiming for research to be problem- 

and purpose-driven to inform better societal decisions (Clark & Dickson, 2003). With this, I also rec-

ognise that as a researcher, I carry values and ideas myself (Spangenberg, 2011). Most importantly, I 

acknowledge that I, personally, hold conflictual sentiments towards NETs, agreeing that the concept 
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and the way it has been debated (or rather, has not been debated) entails a risk of moral hazard. 

Simultaneously, since climate change is only growing more challenging, I believe NETs, if used wisely, 

may allow us to amend mistakes of the past and avoid the worst impacts of climate change. It is with 

this personal conflict and desire to contribute to NETs being a solution and not a hazard that I con-

duct my study. 

Besides employing a research strategy indicative of sustainability science, I also aim to contribute to 

key discussions in sustainability science about concepts of power and temporality. As reviewed in 

section 2.1 and 2.2, NETs entail complex interplays between past, present, and future. In short, pre-

sent scientific results provide visions of future solutions, which will allow us to offset emissions of the 

past. As such, studies of the politics surrounding NETs can inform ongoing debate within sustainabil-

ity science about the role of temporal scales (Cash et al., 2006; Wiek et al., 2011). 

Furthermore, power plays a central role in the study, especially through the critical examination of 

the power inherent in scientific results and visions about the future. Importantly, I understand power 

in a Foucauldian sense, i.e. power is both a productive and restrictive force that limits what appears 

politically possible, but also simultaneously allows for changes in status quo (Flyvbjerg, 2004). 

4 Theoretical entry points 

Theoretically, I build on STS and CPE. The two perspectives complement each other by emphasising 

both the role of ideas and materiality in shaping social reality (Jasanoff, 2015b; Newell, 2015). Idea-

tionally, both theories share the concept of imaginaries, while scientific innovations and economic 

structures, respectively, provide the material side. As NETs generally remain a vision for the future 

rather than empirical reality, the concept of imaginaries provides a lens to examine factors shaping 

the phenomenon (Gough & Mander, 2019), while perspectives of both science and economy allow 

for a well-rounded exploration of the case. 

4.1 Science and technology studies 

A central assumption in STS is that science and politics cannot be fully separated, but constantly in-

fluence each other (Jasanoff, 2015b; Turnhout, 2018). Political decisions, programmes and funding 

thus influence how science is conducted (Turnhout, 2018). Simultaneously, science produces certain 

understandings of the world, which influence political decisions (Lövbrand, 2009; Turnhout, 2018). 

However, since scientific assessments tend to appear neutral, basing political decisions on scientific 
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authority tend to depoliticise politics and make decisions appear objective (Lövbrand, 2009; Turn-

hout et al., 2015; Workman et al., 2020). 

In this thesis, the STS concept of sociotechnical imaginaries is central. Originally developed by Jasa-

noff and Kim (2009), sociotechnical imaginaries refer to “collectively imagined forms of social life and 

social order reflected in the design and fulfilment of nation-specific scientific and/or technological 

projects” (Jasanoff & Kim, 2009, p. 120). That is, visions about a desired future society shape govern-

ance of science today, e.g. regarding regulation and funding of new technologies (Burri, 2015; Jasa-

noff & Kim, 2009). Simultaneously, science also plays a crucial role in shaping the futures and the 

politics we can imagine (Lövbrand, 2009). Sociotechnical imaginaries thus have performative power, 

i.e. they make some actions, and therefore some futures, more or less possible (Jasanoff & Kim, 

2009). Again, I understand this power in the Foucauldian sense of being both restrictive and produc-

tive; ideas and visions of the future allow societies to progress. While techno-scientific discovery may 

be similar across different contexts, the particular sociotechnical imaginary that forms in each con-

text is highly dependent on existing identities and narratives in that society (Jasanoff & Kim, 2009). 

NETs may thus represent potential scientific opportunities to limit climate change, which enable spe-

cific visions about a preferred future society, where we keep temperature increases below 2°C 

(Gough & Mander, 2019). As the vision about NETs becomes collectively shared, it, in turn, influences 

political and scientific decisions, e.g. by leading to more investment into developing technologies 

such as BECCS. 

According to Jasanoff and Kim (2009), sociotechnical imaginaries are neither political programmes 

nor discourses. Rather, they are somewhere in between; a discursive vision that leads to decisions 

and action (Jasanoff & Kim, 2009). While a full-fleshed political framework for governing NETs has 

still not been developed in Sweden, important political steps are already taken to promote the de-

velopment as reviewed in section 2.3. 

4.2 Cultural political economy 

To further nuance the concept of sociotechnical imaginaries, I use insights from the theoretical tradi-

tion of CPE. While theories of political economy explain processes in society by referring to material 

interests and economic structures, theorists of CPE hold that material aspects are necessary, but not 

sufficient to understand societal development (Jessop, 2010). To fully understand how practices such 

as NETs gain influence, we must ask both which economic structures and material interests underpin 

this development, but also which identities, values and norms facilitate and inhibit such development 
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(Jessop, 2010; Markusson et al., 2018). Thoughts of CPE thus align with STS’s attention to ideas and 

technological materiality but adds the further nuance of economic materiality (Tyfield, 2012). 

Theorists of political economy often understand climate change as a collective action problem, 

where free-riding and over-exploitation degrades a common-pool resource, namely the atmosphere 

(Newell, 2015). A common solution to cease over-exploitation is to incorporate the ecological service 

provided by a clean atmosphere into the market mechanism (Mauerhofer et al., 2013). This reason-

ing has inspired carbon markets, carbon taxes etc. (Newell, 2015).  

While such solutions have material aspects, they also hinge on different ideas, norms, and values in 

society. An example is the ‘polluter pays’-principle often used to address the collective action prob-

lem (Bernstein, 2002). The principle normatively privileges market solutions over stricter regulatory 

ones, but also includes the normative idea that companies are responsible for cleaning up their pollu-

tion (Bernstein, 2002) and that the public has the right to a clean environment (Mauerhofer et al., 

2013). 

Tying together aspects of materiality and ideas through Jessop’s concept of imaginaries, Levy and 

Spicer (2013) identify different systems of ideas about the climate, which advocate different re-

sponses and correspond to different interests and identities in society. Among them is an imaginary 

of techno-markets or ecological modernisation, which has historically been prevalent in shaping our 

understanding of and actions towards climate change (Levy & Spicer, 2013); a conclusion shared by 

other researchers as well (e.g. Hajer, 1995; Jänicke, 2008; Jessop, 2010; Mol & Spaargaren, 2000). 

The techno-market imaginary assumes that our climate is vulnerable, but that we can manage it 

“through appropriate economic incentives and technological innovation, without fundamentally 

compromising lifestyles or economic growth” (Levy & Spicer, 2013, p. 666). Within this imaginary 

exists differences in how much emphasis one puts on the role of the state, ranging from complete 

confidence in the market as the best mechanism to solve problems to a belief that the state must 

actively support the development of green industries (Levy & Spicer, 2013). 

5 Methodology 

5.1 Case study 

My study is an in-depth case study of the emerging political discussion on NETs in Sweden. The case 

study approach allows me to explore values, interests, and mechanisms of power at play in the de-

velopment of a governance regime in a concrete empirical setting (Flyvbjerg, 2006). Furthermore, an 
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in-depth case study can increase the Swedish society’s understanding of the values and assumptions, 

which underpin the emerging political agenda on NETs, thus adding to society’s practical rationality 

and ability to make informed decisions (Flyvbjerg, 2006). The results found in this study is considered 

context-dependent, but since the governance of NETs is a new empirical phenomenon, an explorato-

ry study can add considerable knowledge (Flyvbjerg, 2006). The results may thus still be informative 

for understanding a wider range of phenomena (Lund, 2014). Conceptually, the results may illumi-

nate the role of sociotechnical imaginaries in climate change governance, and empirically, the case 

may reveal challenges policymakers will face when developing policies on NETs. 

Empirically, I explore the discussion in the Swedish establishment. I understand establishment as 

those actors who influence societal decision-making in Sweden. It is thus not only politicians, but also 

civil servants, industry representatives, researchers, and civil society organisations. While actors out-

side of Sweden also influence national policy, for simplicity, I delineate the study to encompass ac-

tors within Sweden only. 

I chose Sweden as case both for practical, research and strategic purposes. Practically, it is an exclu-

sive club of countries, which have started serious discussions on how to deploy NETs (Moe & 

Røttereng, 2018). Among those who have, Sweden was the most accessible to me, both geograph-

ically and linguistically. For research purposes, Sweden is furthermore intriguing, as the discussion on 

establishing a governance framework is gaining momentum, with the Commission presenting its re-

sults in January 2020 and a deadline for public referrals in late May (Ministry of Environment, 2020b). 

Therefore, I can study initial discussions and ideas, which shape the governance structures. From a 

strategic perspective, my study may have a, albeit small, chance of transcending academia and play a 

role in shaping the governance of NETs in Sweden, as I will share my results with my interviewees at 

a time, where the governance structure has yet to be determined. 

5.2 Qualitative interviews 

The main data for my study is eleven semi-structured interviews. I sampled the interviewees pur-

posefully according to their proximity to the policy process or their public engagement with the NETs 

agenda. As such, I expect them to possess important information about the current discussions on 

NETs and how NETs governance may develop. The eleven interviewees included four politicians, 

three civil servants, two energy industry representatives, one civil society organisation representative 

and one researcher. I considered the spread of the professional backgrounds positive, as my objec-

tive was to piece together different perspectives to gain a broad and balanced understanding of cur-

rent discussions (Aberbach & Rockman, 2002; Lomax et al., 2015). 
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The interviewees were all professionals working actively with the NETs agenda, most of them in high-

level positions. As such, I consider the interviewees elites, i.e. they are understood to be of particular 

relevance and as having certain types of unique knowledge (Aberbach & Rockman, 2002). I, there-

fore, modified the interview guide for each interview, dependent on the experience I assumed the 

interviewee to have (see appendix). I also revised the interview guide according to the knowledge I 

gained throughout the study (Kvale, 2007). 

While I sampled the interviewees according to the knowledge, I assumed they possessed, I also, to a 

certain extent, consider them representative for a wider circle of stakeholders with similar positions 

(Bogner et al., 2009). I, however, do this cautiously as I do not verify whether they are representa-

tive. Due to the interviewees’ schedules and geographic residence, I conducted some interviews in 

person and others via Skype or phone. Some interviewees asked for the questions beforehand to 

prepare, which I then sent. 

5.3 Thematic analysis 

In line with the purpose-bound research philosophy, my focus in the study was to provide productive 

and useful results (Fereday & Muir-Cochrane, 2006; Nowell et al., 2017), rather than a full account of 

all aspects brought forward in the interviews. Productive and useful results are here understood to 

be those who illuminate aspects of an emerging sociotechnical imaginary and potential governance 

regimes of NETs. Therefore, reflections mentioned by several interviewees were not necessarily con-

sidered more important than observations raised by only one or a few interviewees (Fereday & Muir-

Cochrane, 2006). 

Practically, I undertook a thematic analysis to uncover the most important aspects of NETs in Sweden 

(Nowell et al., 2017). Due to the interpretive process of constructing themes through repeated read-

ings of the data, the thematic analysis bridges inductive and deductive research practices (Fereday & 

Muir-Cochrane, 2006). Since I explore a phenomenon with little previous empirical research, I con-

sider this iterative process between theory and data conducive. 

I identified the themes through several rounds of reading and coding the interviews. The initial cod-

ing was open but based on my prior knowledge and analytical interests (Nowell et al., 2017). Be-

tween each coding, tentative themes were established. I selected the final five themes (see section 

6) as they collectively incorporated the primary reflections raised across the interviews and individu-

ally provided novel perspectives to answer the research questions. 



All interviewees consented to being referred to by titles. Still, since several interviewees requested 

anonymity beyond that, in the analysis, I only reference the interviewees according to randomly as-

signed ID numbers. As there is limited previous research on the political discussion of NETs in Swe-

den, my primary purpose is to explore some of the overarching ideas and challenges and not, e.g. 

compare the views of different groups in society. I, therefore, deemed it more important to gain ac-

cess to key actors and in return, assure them confidentiality, than reporting the exact origin of any 

specific quote or opinion. 

5.4 Limitations oĨ the study 

In this study, I aim to give a focused yet comprehensive account of the discussions around NETs in 

the establishment in Sweden. However, due to resource limitations, it was impossible to cover all 

aspects of the debate. I chose to focus on ensuring broad representation from the political parties, 

where I include four out of eight political parties with representatives from both right- and left-wing 

parties.  

From the private sector, I focus on one type of industry, namely the energy sector. I, therefore, lack 

representatives from, e.g. the agricultural, forestry and industrial sectors, which are also essential 

voices in the debate (see section 6.3). It furthermore became apparent throughout the interviews 

that besides missing certain types of stakeholders, I miss certain opinions as well, especially the more 

radical ones. Interviewees pointed to actors and organisations who hold considerably more positive 

and negative views about NETs than the views voiced in my interviews. These omissions limit the 

comprehensiveness of my results. 

Another limitation of my study is the lack of comparative element. Sociotechnical imaginaries are 

usually identified through comparative studies either temporally, to identify development within a 

society, or spatially, to identify different imaginaries in different contexts (Jasanoff, 2015a). While the 

interviewees do compare the Swedish experience with NETs to other countries, periods, etc., these 

comparisons are anecdotal, and my research neither seeks to validate nor refute them. 

Without variation across time or space, my study has limited explanatory power, and I cannot confi-

dently generalise to a broader class of cases, which is often considered the case study method’s rai-

son d’être (e.g. Gerring, 2004). The Swedish context will undoubtedly differ substantially from other 

countries, limiting the generalisability of the study. The merit of my research thus remains to be the 

in-depth exploration of the single case (Flyvbjerg, 2006). 

15 
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6 Results 

In the following sections, I present the five main themes identified in my analysis: the role science 

plays in understanding NETs; opportunities of developing NETs in Sweden; challenges involved; issues 

regarding the governance of NETs; and finally questions about setting targets and assigning responsi-

bility for delivering negative emissions. As I, in the interviews, asked about negative emissions in 

general, the results concern NETs as a broad category rather than specific technologies, unless oth-

erwise specified. 

6.1 The role of science 

Because sociotechnical imaginaries arise from certain understandings of current and potential future 

states of science and technology (Jasanoff & Kim, 2009), I explore the interviewees’ perception of the 

science surrounding NETs and the state of the techniques in this section of the analysis. 

One crucial aspect emerging from the analysis is that many interviewees expressed that the science 

clearly states that negative emissions and NETs are necessary to meet the goals of the Paris Agree-

ment, often referring to the IPCC as saying that this is the case (interview 1, 3, 5, 6, 9, 10). As one 

interviewee said, mentioning the results of the SR1.5 report: “if we are to meet our targets on 2°C or 

1.5°C, it is obvious that we need negative emissions” (interview 5). This expressed necessity concern-

ing negative emissions is indicative across the interviews as no interviewees argued that national or 

international targets can or should be reached without negative emissions. According to several in-

terviewees, negative emissions are not just necessary to meet net-negative emissions, but also to 

achieve net-zero, as it is impossible to reduce all emissions in Sweden (interview 3, 6, 7, 9, 10). Align-

ing with the conclusion of the Commission (Ministry of Environment, 2020a), agriculture is consid-

ered the sector, which must be allowed most residual emissions after 2045.  

The interviewees, who comment on the state of technology, in general, expressed optimism that 

NETs will be technically feasible within a reasonable timeframe; while LULUCF sector measures can 

be implemented immediately, BECCS is at least expected to be relevant for the 2045 goal (interview 

1, 3, 4, 10). A few interviewees expressed some concerns about uncertainties regarding the costs 

(interview 4, 5, 10): “We do not know for sure how big the potential is, and it is also going to be ex-

pensive, we do not know how expensive” (interview 5). A couple of interviewees also mentioned that 

there will be uncertainties about the permanence of storage in the LULUCF sector, if fires, insect out-

breaks, storms, or similar compromise storage. However, these risks were considered non-avoidable 

in the LULUCF sector (interview 4, 7). 



A few interviewees mentioned uncertainties regarding the true potential of different solutions (in-

terview 1, 2, 4, 5). Still, only one interviewee expressed concerns about whether the technologies 

proposed could indeed provide the envisioned climate-benefits (interview 2). Especially BECCS and 

issues of sustainable biomass sourcing were highlighted, 

I think on the technological part of it there is a lot of optimism … on how to get 

access to the biomass and how climate-friendly it is in the first place, and I guess 

the question whether BECCS will be available in the scale imagined in internation-

al climate politics or Swedish climate politics is an open question (interview 2). 

Regarding this concern, I asked all interviewees how they considered the international-level critique 

of the inclusion of NETs in the IPCC’s models. While many argued that the critique does not apply to 

Sweden (see section 6.2), some also dismissed the critique warning against questioning the IPCC. The 

reasoning behind was either strategic, because it would give climate deniers ammunition to chal-

lenge climate science in general (interview 1) or because the science from the IPCC is considered the 

best available (interview 9, 10). 

Overall, the state of science and especially the authority of the IPCC thus appear to play an essential 

role in establishing confidence in NETs as a policy solution, but also for building the understanding 

that NETs ĂƌĞ inevitable for reaching the climate targets. 

6.2 Benefits and opportunities for NETs in Sweden 

Since the establishment of a sociotechnical imaginary of climate-positivity will be dependent on the 

perceived opportunities and challenges of NETs, I asked all interviewees to reflect on these. In this 

section, I explore opportunities, while I elaborate on challenges in section 6.3. Several interviewees 

expressed that the opportunity to raise the ambitions for climate change action is the primary and 

perhaps sole purpose of developing NETs (interview 4, 5, 6, 7, 8). As one interviewee put it: “I think at 

the end of the day it is about saving the planet of course” (interview 8). 

However, most interviewees also highlighted secondary benefits. Some mentioned that developing 

NETs will allow Sweden to maintain frontrunner-status in international climate politics (interview 1, 

2, 6). Similarly, some saw developing NETs as potential business opportunities, both for individual 

companies if they can sell negative emissions as offsets (interview 3), but also for Sweden as a whole 

if know-how can be exported (interview 1). Others mentioned that Sweden, through NETs, can as-

sume international responsibility by reaching net-zero, and then net-negative emissions, as fast as 

possible (interview 5) or develop know-how about technologies such as BECCS, which can then bene-
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fit other countries as well (interview 6). Considering the different techniques available, some inter-

viewees favoured BECCS as an especially cost-efficient option (interview 3, 11). Others advocated for 

measures in the LULUCF sector to create synergies with soil improvement, biodiversity enhancement 

or similar (interview 2, 4, 6, 7). 

One aspect present in most interviews was the sentiment that Sweden has conducive opportunities 

for developing especially BECCS. With abundant biomass available from the large forestry sector and 

multiple large point-sources, where biogenic CO2 can be captured, most interviewees considered the 

Swedish conditions ideal for BECCS (interview 1, 3, 4, 6, 7, 10, 11). One interviewee articulated the 

sentiment present in many interviews, 

In Sweden, there is a huge technical potential for BECCS, because we have huge 

emissions of biogenic CO2 from large sources. So … compared to other countries, 

Sweden has very good potential to capture this CO2 without conflict with biodi-

versity and so on (interview 7). 

The ideal Swedish conditions also led some interviewees to dismiss the international-level critique of 

relying on BECCS for providing negative emissions as being irrelevant for Sweden. They argued that 

biomass is already used extensively in Sweden and producing negative emissions with BECCS will, 

therefore, not require more biomass and land (interview 3, 4, 6, 7, 10). Several interviewees agreed 

that IAMs rely too much on BECCS and that this can result in global-level land-use problems, but that 

the critique does not apply to Sweden (interview 3, 4, 5, 6, 7, 10).  

I think the criticism is, to a certain extent, correct, but it is not valid everywhere. … 

we do not need to produce more biomass to start with BECCS. What we need to 

do is maybe take more of this harvest residue from forestry (interview 4).  

Only one interviewee questioned whether Sweden overestimates the potential for ensuring sustain-

able biomass for the envisioned BECCS-production (interview 2). 

While NETs thus appear to be considered a solution to primarily increase climate ambitions, several 

co-benefits are considered. The opportunities for development are considered excellent, even indi-

cating a sense of Swedish exceptionalism regarding BECCS. 

6.3 Challenges for NETs in Sweden 

When asked about the difficulties for developing NETs in Sweden, many mentioned the issue of se-

curing funding, which I elaborate on in section 6.4.1 and 6.4.2. Others suggested issues of ensuring 
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proper verification (interview 1, 4, 6) and standardising accounting rules (interview 4, 6, 9, 10). Two 

slightly different, but also interconnected challenges were, however, raised throughout the inter-

views in somewhat different ways. The first concerns the risk that NETs become a reason to neglect 

traditional climate change mitigation. The second concerns the risk that the discussion around NETs 

becomes polarised. Below, I explore the two in turn. 

All interviewees held that NETs are purely supplementary measures to mitigation and should not be 

considered alternatives to rapid emission reductions. “Negative emissions cannot be seen as an ex-

cuse to not do anything with the fossil fuels. You have to do both at the same time” (interview 1). 

However, several interviewees expressed concerns that other stakeholders may be less supportive of 

mitigation measures because NETs are considered a possibility (interview 2, 5, 8). One interviewee 

expressed optimism regarding NETs, in general, but also raised concern, 

I think negative emissions can be used as something that says to people that, 

well͕ since we will have negative emissions in the future, we do not have to do so 

much now. Let us just wait for all of these sci-fi solutions and let us not trouble 

the economy and the society we live in now so much (interview 8). 

Contrary, some interviewees expressed confidence that the moral hazard issue will be minor in Swe-

den because there are already several emission reduction targets for different sectors and the entire 

economy, e.g. that 85% of emissions must be cut by 2045 (interview 6, 7). 

Though some interviewees thus fear that NETs are used to deflect from mitigation, other interview-

ees fear that the discussion will be tainted with misunderstandings (interview 3, 4, 6, 7) or polarised 

with sceptics blocking NETs project (interview 1, 9, 10), making it difficult to reach the Swedish cli-

mate targets. One interviewee explained that while they consider the exact use of NETs a fair politi-

cal discussion, they fear polarisation of the general debate, 

There is a risk that it will become polarised when it comes to one side looking at 

[negative emissions] as an alibi [not to cut emissions] and the other side defend-

ing itself … I hope that we can find a way to not polarise that debate, since the 

IPCC talks about that we need to have negative emissions (interview 9). 

In their considerations of the two above challenges, the interviewees also touch upon the different 

stakeholders they perceive to be important in the Swedish debate. Here especially environmental 

NGOs and the forestry and industrial sectors are considered to be essential for how the discussion on 
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NETs develops as these groups either hold strong opinions or play influential roles in society (inter-

view 1, 2, 3, 4, 5, 6, 10, 11). 

6.4 Governing NETs 

From the interviews, roughly three main governance issues arose, namely the incentive structure for 

NETs, who should pay for NETs and what should be considered NETs. 

6.4.1 Incentivising NETs 

The first issue concerns the system that should be created for the private sector to develop NETs. I 

mainly consider incentives to promote BECCS as these are new and few. 

Several interviewees argued that developing NETs will require incentivising private actors through 

rewards (interview 1, 3, 5, 9, 10). According to one interviewee, increasing the current carbon tax 

should furthermore complement the reward-system (interview 5). Several interviewees also men-

tioned that while the system can be initiated nationally, it should ideally be scaled up or connected 

to the EU level, perhaps through the EU’s Emissions Trading Scheme (interview 1, 5, 6, 11). However, 

no one presented concrete suggestions on this. 

Two incentive structures stand out as the most debated: a reverse carbon tax and a reverse auction 

system. A reverse carbon tax entails subsidising negative emissions by paying a predetermined price 

to anyone who delivers negative emissions (Ministry of Environment, 2020a). A reverse auction sys-

tem means that the government requests a certain amount of negative emissions and then pay the 

provider, who offers the lowest price in an open bidding process (Ministry of Environment, 2020a). 

One interviewee argued for the logic of the reverse carbon tax due to Sweden’s traditional carbon 

tax, 

If you put one ton of CO2 in the air and you have to pay a certain amount, if you 

take the same amount out of the air, you should be paid equally, because if socie-

ty values something for a certain amount, well, then it should work the other way 

around as well (interview 1).  

Another interviewee also argued that a reverse carbon tax would probably create more incentive for 

companies to produce negative emissions than a reverse auction, as the companies’ profit would 

probably be higher with the reverse carbon tax (interview 3). 
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However, the reverse auction option, which the Commission also recommended (Ministry of Envi-

ronment, 2020a), seemed more popular among most interviewees as it ensures greater governmen-

tal control over the process, including the amount of money spent on negative emissions (interview 

4, 5, 6, 10). According to one interviewee, this is especially preferable as there are still uncertainties 

about how much BECCS will cost (interview 4). A reverse auction system would also most likely be 

more cost-efficient as the price would be driven down as far as possible (interview 1, 3, 11). 

A few interviewees furthermore advocated for the creation of an emissions trading scheme, where 

private companies can buy and sell negative emissions (interview 1), as this can increase the incen-

tive for businesses to develop NETs (interview 3) and decrease the price of deployment in general 

(interview 11). Some interviewees were more cautious about this option, arguing that the state 

should retain control over such a market (interview 4, 8, 10). 

6.4.2 Paying for NETs 

Several interviewees deemed the issue of who should pay for negative emissions considerably chal-

lenging (interview 2, 3, 6, 8, 9, 10). A couple of interviewees explicitly argued that there should be 

some sort of ‘polluter pays’-principle involved in securing funding for NETs, arguing that fossil-fuelled 

industries should pay the lion’s share of the bill (interview 2, 8). 

Another interviewee, however, argued that a ‘polluter pays’-system cannot fund NETs, because re-

sidual emissions after 2045 will mainly stem from the agricultural sector. According to the interview-

ee, putting an additional economic burden on the Swedish farmers would undermine their competi-

tiveness on the open market (interview 10). Another interviewee similarly reasoned that the politi-

cians are unlikely to require the agricultural sector to pay to offset their emissions: “[the govern-

ment] do not want to put any more pressure on the agricultural sector. … so, the suggestion is that 

they auction and basically are responsible for buying negative emissions to counter the agricultural 

sector” (interview 3). Another interviewee also argued that if the government presses industries to 

reduce emissions without helping to fund negative emissions, then production will move to other 

countries, where it will be more carbon-intensive (interview 9). 

Generally, most interviewees agreed that considerable amounts of tax money must fund NETs pro-

jects (interview 1, 3, 4, 9, 10, 11). One interviewee recalled that the Commission defined negative 

emissions as a common good, which should, therefore, be paid collectively by everyone in Sweden 

(interview 6). Another interviewee also considered government funding an opportunity to ensure 

that NETs are spread widely in society and does not become a competitive factor between compa-
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nies (interview 8). Only one interviewee expressed considerable aversion against funding BECCS and 

other CCS projects through taxes, arguing that the industries in question already receive substantial 

subsidies despite using fossil fuels and do not pay enough for emissions under the EU’s Emissions 

Trading Scheme (interview 2). 

As most interviewees concluded that taxes must constitute a considerable portion of investments in 

and production of negative emissions, a couple also raised the issue that generating negative emis-

sions must compete with other policy areas for public funding (interview 9, 10). As one interviewee 

put it: “there is always this issue of what the tax payment should be used for. … how much should we 

spend on health and how much should we spend on school and how much should we spend on cap-

turing CO2?” (interview 10). 

For developing NETs, securing funding on national budgets may however not be straightforward. One 

interviewee grappled with the issue, arguing that on the one hand, it should be possible, since the 

climate issue is so pressing, but on the other hand that allocating funds for projects, where results 

are uncertain might prove difficult (interview 9). Several interviewees also mentioned that while they 

believed that people working with climate issues in Sweden know that NETs projects are necessary 

and will require considerable funding, they doubt that the public and politicians, in general, are 

aware of the funding NETs will require (interview 2, 6, 7, 8, 9). 

6.4.3 Defining NETs 

Finally, one consideration that came up in the interviews concerned what should be considered NETs 

and thus incentivised. Here, the interviewees revealed diverging opinions concerning which types of 

NETs are preferable. One interviewee favoured LULUCF sector activities, arguing that the largest op-

portunities for negative emissions until 2030 would be in that sector (interview 2). Contrary, two 

interviewees promoted BECCS, arguing against relying too heavily on the LULUCF sector due to the 

risk of storage permanency mentioned in section 6.1 (interview 4, 7). Another line of division ap-

peared between those who argued against counting VERs in other countries as negative emissions in 

Sweden (interview 2, 8) contra those who saw this option as a flexible safeguard, in case domestic 

efforts do not provide the necessary negative emissions (interview 4, 9, 10). 

Whether CCS should be allowed to eliminate fossil emissions in industries such as cement, steel and 

fossil energy production also revealed diverging opinions. Some interviewees argued that the state 

should be careful and potentially quite restrictive regarding CCS technologies used in fossil-fuelled 

industries to avoid the moral hazard issue (interview 5, 8). Others saw fewer problems in allowing 
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CCS in fossil industries if the support systems are different and clearly distinguish between produc-

tion that is net-negative and net-zero (interview 3) and certain conditions are met, e.g. that stored 

carbon is not used for enhanced oil recovery (interview 10), and that other opportunities are not 

available for emission reductions (interview 6). In that case, deploying CCS technologies broadly in 

society could even increase the learning curve and reduce the price for using CCS in general (inter-

view 10). 

6.5 Setting targets and assigning responsibility 

The last issue that I focus on, which arose in the interviews, is the question of setting targets and 

assigning responsibility for delivering negative emissions. As mentioned in section 2.3, the SCF speci-

fies that emissions must be reduced with 85% in 2045, while negative emissions can offset the re-

maining 15%. However, the SCF does not specify any targets for how much net-negative emissions 

should be produced after 2045 (Ministry of Environment and Energy, 2018a). Sweden thus only have 

goals for how much NETs can be used in an offset strategy and not how much they should be used in 

a climate recovery strategy. 

Most interviewees emphasised that it is important to differentiate between negative emissions used 

to offset other emissions and negative emissions used to reduce the GHG level in the atmosphere 

(interview 2, 3, 5, 6, 8, 9).  A few interviewees emphasised that the primary purpose of negative 

emissions should be to reduce the GHG level in the atmosphere (interview 5, 6), but several ex-

plained that the main political focus now concerns how NETs can offset emissions until 2045, thus 

reaching net-zero (interview 2, 3, 4, 6, 7). Most of these interviewees said that they did not suspect 

that it will be difficult to progress from net-zero to net-negative emissions after 2045 (interview 3, 4, 

7, 10). 

Related to the issue of setting targets, two interviewees raised the problem of assigning responsibil-

ity for producing negative emissions both nationally and internationally (interview 6, 10). One inter-

viewee argued that they see a risk that negative emissions may allow some actors to do less, while 

others take the lion’s share of producing negative emissions (interview 10), i.e. what is called the 

free-rider problem (Reynolds, 2018a). This issue could both arise internationally, but also within 

Sweden, e.g. if targets are set at municipal-level. If, e.g. one municipality has conducive conditions 

for producing negative emissions, actors in this municipality may be less interested in pursuing tradi-

tional mitigation, as they already seemingly reach net-zero or even net-negative emission. Contrary, 

other municipalities may have less conducive conditions for NETs and may, therefore, struggle to 

reach their targets. The interviewee mentioned that this might also be a problem internationally, 
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since some countries, unlike Sweden, will have less means to achieve negative emissions (interview 

10). 

This consideration aligns with the thoughts of another interviewee, who brought up what they call 

the global responsibility issue, 

To reach 1.5°C, the amount of CO2 that needs to be taken away from our atmos-

phere is grand … and so far we have been speaking in international contexts on 

dividing up the responsibility for mitigation, and at one point we are going to have 

to start speaking about … how are we going to divide up the responsibility for 

negative emissions and what portion of that responsibility will Europe take or 

Sweden take? (interview 6).  

Unable to answer the question, the interviewee indicated that it will probably be a great challenge to 

solve this issue through international negotiations in the future (interview 6). 

7 Discussion 

In the following three sections, I discuss the results of my analysis, considering my three research 

questions. 

7.1 The sociotechnical imaginary of a climate-positive Sweden 

Returning to the theoretical entry points of STS and CPE, both material factors (e.g. scientific innova-

tions and socioeconomic structures) and ideational factors (e.g. visions about the future and national 

identities) shape sociotechnical imaginaries. With the vision of climate-positivity after 2045, I consid-

er my first research question and what kind of factors are present in the Swedish establishments’ 

discussions of NETs. 

From the thematic analysis, science appears to play an essential legitimising function for promoting 

the development of NETs. The consensus seems to be that NETs will allow Sweden to become cli-

mate-positive and the IPCC is understood to encourage the development of the technologies. 

While most IPCC-scenarios rely on large-scale deployment of NETs to reach the targets of the Paris 

Agreement, the IPCC, and the scientific community in general, emphasise that these are potential but 

not prescribed pathways (Rogelj et al., 2018). There furthermore remain pathways to 2°C or 1.5°C, 

which minimise (van Vuuren et al., 2018) or exclude NETs altogether (Grubler et al., 2018). Such 

pathways may prove more politically challenging than those with NETs (Lehtveer, 2018) and the win-



dow of embarking on them may be closing quickly (Asayama & Hulme, 2019). But the reality of these 

alternative scenarios emphasises that relying on NETs rather than extensive decarbonisation of the 

entire economy is a political choice and not a scientific commandment. 

The apparent consensus among the interviewees concerning the necessity of NETs, thus supports 

that climate science and scenarios have performative power as certain elements of climate politics 

are depoliticised. It varies between interviewees, but at least some, express that there are aspects of 

the IPCC-scenarios, which are beyond political judgments. This notion reflects a general idea of clear 

separation between science and politics, which is impossible to uphold when modelling the future 

(Beck & Mahony, 2017, 2018). While it may be difficult to strike a reasonable balance between trust 

in the scientific community and healthy scepticism, it is nevertheless important to find. Refraining 

from questioning the IPCC and other scientific entities do not make the political influence on science 

disappear, it only hides it. If deploying NETs appear unavoidable, it may preclude other potential 

ways for Sweden to minimise their impact on the climate system. 

On the economic level, developing NETs may fit well into current socioeconomic structures. Though 

Sweden has limited experience with the reverse auction system, it is a well-known policy instrument 

used in other countries to support, e.g. the proliferation of green technologies (Ministry of Envi-

ronment, 2020a). The emphasis on BECCS may also serve to support and further legitimise the cur-

rent Swedish forestry model and an energy system, where biomass is an important component. 

NETs thus appear to align with the techno-market imaginary’s understanding of the climate and soci-

ety. Few interviewees questioned whether the climate would benefit from NETs, indicating confi-

dence that the climate is manageable. Furthermore, this management through NETs is understood to 

be achievable through scientific innovation and certain economic structures, e.g. reverse auctions. 

The collective action problem can thus be solved without fundamentally changing the present socio-

economic system, and NETs can even provide new business cases. This fitness with current socioeco-

nomic structures in the Swedish society, thus makes NETs more appealing and more likely to be a 

preferred climate solution. 

On the ideational level, NETs furthermore appear to support a certain national identity of Sweden 

being a frontrunner regarding climate change. Sweden has generally been considered a climate 

frontrunner internationally, e.g. by being early adopters of a carbon tax, over-complying with reduc-

tion targets under the Kyoto Protocol, and having early-mover strategies regarding eco-innovations 

(Sarasini, 2009; Zannakis, 2015). This international reputation has translated into a national identity 

shared across the political landscape (Sarasini, 2009). According to Zannakis (2015), both altruistic 
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values of assuming global responsibility and prospects of economic gains if climate solutions are ex-

ported motivate this identity; sentiments which are also expressed in the interviews. Relating to this, 

the conducive Swedish conditions for developing BECCS, also appear to, at least in some interviews, 

lead to a notion of Swedish exceptionalism; Sweden is considered a special case regarding BECCS and 

therefore beyond the international-level critique of the problems that adhere to BECCS. Interestingly, 

this exceptionalism may partly contradict the prospects of creating business opportunities out of 

NETs, as a solution tailored to Swedish conditions cannot easily be promoted internationally. 

While there thus seems to be material and ideational factors to support that NETs play an important 

role in a sociotechnical imaginary of a climate-positive Sweden, there also appears important areas 

of struggle. One area of disagreement identified in the interviews is the level of state control imag-

ined in deploying NETs. Though no interviewees expressĞĚ clear disagreement, there appear conͲ

flicting perspectives on whether negative emissions should be sold on free markets between differͲ

ent companies or if the state should have greater control of the process. This discussion, Levy and 

Spicer (2013) argue, is expected within imaginaries of techno-markets and does not challenge the 

overall assumption that the climate can be managed within current economic structures. 

Disagreement about the extent of state regulation also appears between opponents and proponents 

of using CCS technology in the fossil fuel industry and whether VERs in other countries should count 

as negative emissions in Sweden. Whether fossil fuel-CCS and VERs are included or excluded in the 

climate-positive vision is relevant because sociotechnical imaginaries influence how we regulate 

emerging technologies and practices (Burri, 2015). It will, therefore, likely determine, e.g. the level of 

public funding and support such practices can receive. 

All these discussions remain within an imaginary of techno-markets and therefore do not fundamen-

tally challenge the role NETs may play in the sociotechnical imaginary of a climate-positive Sweden. 

The issue of who should pay for negative emissions, raised across several interviews, may, however, 

challenge important values in the Swedish society, especially concerning the ‘polluter pays’-principle. 

Such an ideational clash may have important implications for the acceptance of NETs. In the next 

section, I, therefore, consider the governance regime, which will likely form around NETs and what 

distributional implications this will have in Sweden. 

7.2 Governance regimes of NETs 

In this section, I take as starting point that the governance regime around NETs will be characterised 

by a reverse auction system, as this seemed to be the preferred solution among most interviewees. I 
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thus return to my second research question of how such a system will spread the costs and benefits 

of deploying NETs across society.  

Both the reverse auction and the reverse carbon tax system would entail that private actors receive 

payment for producing negative emissions, begging the question: who should pay for it? Historically, 

a central principle in dealing with expenses of environmental protection has been the ‘polluter pays’-

principle (Bernstein, 2002), which is also employed in Sweden, e.g. guiding the country’s carbon tax 

(Government Offices of Sweden, 2020; Swedish Environmental Protection Agency, 2019). However, 

deploying substantial amounts of NETs will likely require a fundamental departure from this principle 

with implications for rights and responsibilities in society. 

GHG emissions constitute pollution, which under traditional economic theory is considered a nega-

tive externality, i.e. an effect of one actor’s actions, which negatively affects others’ welfare, without 

being accounted for within the market mechanism (Rosen & Gayer, 2014). Negative externalities can 

be penalised under the ‘polluter pays’-principle to account for the adversity inflicted (Mauerhofer et 

al., 2013). 

However, negative emissions constitute the opposite of pollution, wherefore the Commission defines 

it as a common good (Ministry of Environment, 2020a). A common good is characterised by benefits 

being widely spread across society, while costs are incurred by a few or a single entity (Rosen & Gay-

er, 2014). According to traditional economic theory, provision of a common good should, therefore, 

be rewarded under a ‘provider gets’-principle, where the actor supplying the good receives payment 

from those who use or benefit from it; practically this is often funded through taxes (Mauerhofer et 

al., 2013). 

While paying private companies to provide negative emissions through taxes, may seem straightfor-

ward as indicated by several interviewees, moving from a ‘polluter pays’- to a ‘provider gets’-

principle implies a fundamental shift in rights and responsibilities in favour of the service provider 

compared to the public. Under the ‘polluter pays’-principle the public is assumed to have the right to 

enjoy a clean environment and polluters have the responsibility to pay if they violate this right (Mau-

erhofer et al., 2013). But under the ‘provider gets’-principle, this relationship shifts, so the service 

provider has the right to be paid for their services, while beneficiaries or the public in general, must 

pay if they want to receive the service (Mauerhofer et al., 2013). A system must, therefore, be con-

structed, to incentivise private actors to provide the service of a clean environment (in the case of 

NETs, a lower atmospheric GHG level). Still, private actors are not necessarily required to provide this 

service (Mauerhofer et al., 2013). As such, NETs may reinforce certain power relations by offering 
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new business models, markets, and opportunities for the same businesses, who have historically 

profited from fossil fuel-intensive production (Schneider, 2019). 

The ‘provider gets’-principle is furthermore often enacted if a previous ‘polluter pays’-based system 

has not managed to sufficiently protect the ecological service in question (Mauerhofer et al., 2013). 

This point highlights a paradox: the reason why we must incentivise the development of NETs 

through a ‘provider gets’-scheme is because the current governance system, meant to prevent pollu-

tion of the atmosphere and largely based on the ‘polluter pays’-principle, has not worked. It further 

indicates a shift in the implicit baseline from which we judge climate policies. We only consider nega-

tive emissions a common good if we accept that the status quo is a polluted atmosphere. If our base-

line is a clean atmosphere, then the provision of negative emissions would merely be considered the 

responsibility of polluting actors to clean up for their emissions. This shift in rights, responsibilities, 

and perceptions thus warrants a wider and more elaborate discussion of the distributional effects 

and ethical underpinnings of different governance regimes of NETs, including an honest discussion of 

who bears the responsibility for emissions. 

Several interviewees also seem to hold onto the ‘polluter pays’-principle, at least as an ethical point 

of departure, arguing that the emitters should pay for the deployment of negative emissions. Identi-

fication of those emitters, however, is problematic because NETs decouple emissions and emission 

reductions in both space and time (Carton, 2019; Workman et al., 2020). Negative emissions provid-

ed by one actor may compensate for an emission held by another actor in society (i.e. decoupling in 

space) or for an emission in the past (i.e. decoupling in time). In the first case, a ‘polluter pays’-

principle could be used if the actor emitting a ton of CO2 was required to pay for the negative emis-

sion. But in the second case, responsibility for the emission lies in the past, which complicates the 

allocation of responsibility. Thus, the public most likely incurs the cost. 

The latter point becomes particularly important, since, if we follow the scenarios of the scientific 

communities, considerable negative emissions must offset historical emissions (Rogelj et al., 2018). 

There will, therefore, not be a clear present-day polluter to incur the costs. According to calculations 

by Bednar and colleagues (2019), if we follow the trajectories complying with the Paris Agreement, 

we must rapidly scale up production of NETs, but simultaneously reduce the production of fossil fuels 

and other GHG intensive processes. Thus, revenues from these industries will simply not cover the 

costs of producing NETs. Since it is furthermore difficult to create business cases around capturing 

CO2 and storing it underground, besides through offsetting schemes (Buck, 2019; Haikola et al., 

2018), it will be difficult to generate profit from NETs projects. There is, therefore, no way around 
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large-scale public funding; in fact, Bednar and colleagues (2019) estimate that developed countries 

may spend up to 15% of their yearly GDP in 2100 funding NETs. 

While these points do not dismiss the potential need for NETs to reach our climate goals, they clearly 

illustrate why a broad societal discussion is necessary concerning the governance and deployment of 

NETs. The prospect of NETs deployment requiring public funding of the magnitude suggested can 

only take place if there is broad public consensus of the necessity. Reaching such consensus will re-

quire open discussions about who will be the winners and losers of different policies and who has 

which rights and responsibilities (van Vuuren et al., 2017; Workman et al., 2020). 

7.3 Limiting climate change through NETs 

While deploying NETs thus will require public discussions in Sweden, the above section also indicates 

fundamental challenges around NETs as a climate strategy. In this section, I, therefore, turn to my 

final research question and consider what implications the development of NETs may have for cli-

mate change action in Sweden. To explore this, I return to Meadowcrofts’ (2013) distinction between 

using NETs in an emission offset or a climate recovery strategy. 

By introducing NETs into IAMs, the possibility of employing a climate recovery strategy became avail-

able, which in turn made the concepts of carbon budget overshoot and carbon debt a reality. That is, 

we can emit more GHGs today than our carbon budget allows us, because we can compensate 

through NETs in the future (Asayama & Hulme, 2019; Carton, 2019). While, as mentioned in section 

7.1, some scenarios only assume minor use of NETs, with the current progression of emissions in 

mind, an overshoot scenario appears increasingly unavoidable (Asayama & Hulme, 2019). 

Considerable negative emissions must, therefore, be produced to employ a climate recovery strate-

gy. This point reiterates the national-level issue outlined in the previous section but scales it up to an 

international issue: considerable international public funding must be allocated to use NETs to offset 

historical emissions. However, if NETs are supposed to offset excessive historical emissions, the ques-

tion of how to divide that global responsibility remains; a question which was also posed by one in-

terviewee. 

It is unlikely that countries will by themselves start producing considerable net-negative emissions 

for just the same reason that it is doubtful that any company starts producing by themselves: there is 

no incentive to do so (Reynolds, 2018a). The UNFCCC does allow countries to report negative emis-

sions produced through BECCS to balance out other emissions from that country and sell any exces-

sive national emission reductions to other countries (Fridahl & Bellamy, 2018). However, these op-
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tions still entail a present-day buyer of negative emissions, who has a reason to buy the negative 

emissions, i.e. to offset their present-day emissions. The current structure thus only allows for an 

emission offset strategy and not a climate recovery one. 

The issue is that if NETs are to offset excessive historical emissions, then nobody will have a reason to 

pay for them unless they have already owned up to a historical responsibility of releasing those ex-

cessive emissions in the past (Horton et al., 2016; Meadowcroft, 2013; Reynolds, 2018a). Because the 

present-day benefit which can be gained, namely avoiding climate change, is broadly enjoyed and 

the costs of producing negative emissions will be incurred by countries individually, there is no rea-

son for one country to start generating considerable net-negative emissions unless they are compen-

sated by the collective or an international agreement assigns them the responsibility to do so (Reyn-

olds, 2018a). However, unlike national, common goods, there is no international tax system through 

which we can collectively pay for net-negative emissions, thus reaching an international agreement 

seems necessary. But how will we solve the issue of assigning responsibility, to achieve such an in-

ternational agreement? 

While it goes beyond this study to review the complex and contested history of the principle of 

common but differentiated responsibility, it is clear that the question of assigning responsibility for 

developing negative emissions has the potential to reignite and further complicate past discussions 

of historical responsibility. The concept of common but differentiated responsibility has been around 

throughout the time of international climate negotiations (Brunnée & Streck, 2013). However, it re-

mains a contested concept, as developed countries have resisted that it entails a historic responsibil-

ity to remedy past emissions; rather, they have argued that it involves an obligation to mitigate cli-

mate change according to current capabilities and emissions levels (Brunnée & Streck, 2013). 

The concept of historical responsibility was officially acknowledged at COP16 in 2010 (Friman & 

Hjerpe, 2015), thus providing some hope that assigning responsibility may be possible. However, a 

shift has also taken place from a top-down approach of assigning responsibility towards a bottom-up 

process, where countries have greater control of the level of responsibility they take upon them-

selves (Rajamani, 2016). This shift was effectively institutionalised with the establishment of the ‘na-

tionally determined contributions’-process of the Paris Agreement with which we may have seen a 

tendency for nations to avoid committing to tough mitigation measures (Falkner, 2016). If we in fu-

ture negotiations must address questions about who bears the responsibility for providing expensive 

negative emissions, it may thus be even more difficult to reach binding and ambitious agreements to 

solve climate change. 



8 Conclusion 

NETs as a strategy to deal with climate change has been heavily debated within the scientific com-

munity. On the one hand, IAMs increasingly depend on future large-scale deployment of NETs to 

produce scenarios, where we stay below a 2°C temperature increase. On the other hand, parts of the 

scientific community have questioned the feasibility of deploying NETs to the extent assumed in 

IAMs and have argued that the suggestive promise of NETs undermines commitment to substantial 

emission reductions. Despite this discussion, a reluctant acceptance of NETs as part of the strategies 

to combat climate change seems to be the new political reality, and a theoretical debate about the 

ideal and potential governance of NETs has started to emerge. 

In this thesis, I have contributed to this debate by undertaking an exploratory and in-depth case 

study of the emerging discussion around NETs in Sweden. From my analysis and discussion, I find that 

the authority of science and the IPCC plays an important legitimising function for the development of 

NETs and that especially BECCS plays into a certain national understanding of Sweden as a frontrun-

ner in the fight against climate change.  

Furthermore, NETs development partly supports an imaginary of techno-markets, where technologi-

cal innovation and market-based policy solutions can ensure climate protection and restoration 

without compromising current socioeconomic lifestyles. However, a line of disagreement may appear 

between those favouring more liberal approaches to NETs, where technologies can͕ e.g. be used in 

industries to balance out emissions, contra those who prefer greater governmental control of the use 

of NETs. 

In line with the idea of techno-markets, the main governance mechanism to regulate NETs appears 

to become a reverse auction system, where private actors receive payment for providing negative 

emissions. Such a governance regime may, however, shift rights and responsibilities in society by 

abandoning the assumption that the public has the right to a clean environment in favour of an as-

sumption that private actors have the right to receive payment for providing a clean environment. 

Considering that deployment of NETs at the scale assumed in IAMs will entail substantial costs, if the 

public is expected to support that tax money is allocated to climate recovery through NETs, broader 

societal discussions need to take place to avoid polarisation. 

It remains that even if Sweden develops NETs, it will not necessarily entail the successful limitation of 

climate change. If NETs are only used to offset continued emissions and not actively used in a climate 

recovery strategy, reaching the goals of the Paris Agreement will be difficult. However, to be used in 

31 



32 

a climate recovery strategy requires assigning international responsibility for historical emissions, 

which may prove only to exacerbate the struggles of current international climate negotiations. Solv-

ing this issue is crucial for the effectiveness of NETs as a solution to climate change. 
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Appendix: Interview guide 

For each interview, I developed an individual interview guide. I based the questions on the 

knowledge I expected the interviewee to possess, the professional position of the interviewee, and 

the amount of time the interviewee could allocate to the interview. The questions below are the 

questions I most often asked in the interviews. For each interview, there were, therefore, specific 

questions about their position, which do not feature in the interview guide below. 

All interviewees, including their institution, were thoroughly researched before interviews to ensure 

that I was up to date with recent public statements. I did this through the portal Retriever that sur-

veys a range of Swedish media. 

The interviews were all semi-structured to allow for flexibility if interesting aspects came up. There-

fore, while the intention was to start with broader questions and end with more narrow questions, if 

an interviewee touched upon an issue I intended to ask about later, I would follow up with more 

narrow questions, before returning to the originally intended order of the questions. 

I intentionally never asked about “negative emissions technologies” but only about “negative emis-

sions” to avoid connotations in favour of more technical solutions such as bioenergy with carbon 

capture and storage or direct air carbon capture and storage at the expense of more nature-based 

solutions such as reforestation or soil carbon sequestration. That way, I hoped the interviewees 

would focus on the NETs which are most debated and considered in Sweden. 

Question Purpose 

Will you introduce yourself and how you work 
with negative emissions? 

The question was not asked to politicians but 
was asked to the other ŝŶƚĞƌǀŝĞǁĞĞƐ to get a 
clearer understanding of their experience with 
NETs to adjust subsequent questions to their 
particular knowledge. 

Sweden has set a goal of becoming climate-
positive after 2045, can you tell me a bit about 
this goal and how you set this goal? 

I primarily asked this question to politicians and 
civil servants. The purpose was to get an under-
standing of the ideas and visions behind the goal 
of becoming climate-positive. 

What do you see as some of the main oppor-
tunities regarding negative emissions in Swe-
den? 

Follow up question: Why are those opportuni-

The question was asked to all interviewees to gain 
an understanding of the perceived benefits and 
reasons for deploying NETs. 
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ties? 

What do you see as some of the main chal-
lenges regarding negative emissions in Swe-
den? 

Follow up question: Why are those challenges? 

The question was asked to all interviewees to gain 
an understanding of the perceived challenges and 
concerns of NETs. 

How does your institution work with negative 
emissions and the goal of becoming climate-
positive? 

I asked this question to all interviewees except the 
politicians to get a clearer understanding of the 
institution’s work and position regarding NETs. 

How do you experience the discussion on neg-
ative emissions in Sweden? 

Follow up questions: Who is part of the discus-
sion? What do you discuss? How does the 
discussion differ from other climate change 
discussions? Is the public engaged in the dis-
cussion? 

I asked this question to all interviewees to under-
stand how the interviewee perceived the discus-
sion and to make them reflect on the issues which 
they discuss the most, who engage in the discus-
sion, and how it differs from other discussions. 

What do you think will be the main discussions 
regarding negative emissions going ahead? 

I asked this question to all interviewees to under-
stand what kind of discussions the interviewee 
thought would be most important in the years to 
come. 

How do you see your role, as a politician, in 
regulating negative emissions? 

Follow up question: How do you believe nega-
tive emissions should be regulated? What kind 
of policy instruments should be used? Why 
those? 

The question was only asked to politicians to un-
derstand which policy instruments could be used 
to regulate NETs and in general how the politicians 
saw their role vis-à-vis the private sector or other 
actors. 

In your experience, how do you think negative 
emissions will be regulated? 

The question was asked to civil servants to under-
stand which policy instruments and what kind of 
regulation they expected to be central in govern-
ing NETs. 

What would you recommend the politicians to 
do regarding negative emissions? Anything you 
would advise them not to do? 

I did not ask this question to politicians and civil 
servants. I asked the question to understand how 
the private sector and civil society envisioned 
governance regimes. 

How do you think the development, imple-
mentation, and use of negative emissions 
should be financed? 

The question was asked to all interviewees to gain 
an understanding of where the interviewees saw 
potential financing issues. 

To me there are two ways that negative emisͲ
sions can be used: it can either be used to 
compensate for continued emissions or used 
to compensate for historical emissions, where 

The question was asked to all interviewees. The 
question was only asked at the end of the inter-
views unless the interviewee had touched upon a 
similar distinction earlier in the interview. The 
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you reduce the greenhouse gas level in the 
atmosphere. How do you consider that distinc-
tion in your work and the discussion? 

question was intended to explore to what extent 
and how Meadowcrofts’ (2013) distinction was 
present in the discussion and how it was consid-
ered. 

Internationally, there has been a critique 
against negative emissions that if we focus too 
much on negative emissions, we may forget to 
talk about traditional mitigation measures. 
How do you consider that critique? Is it rele-
vant here in Sweden? 

The question was asked to all interviewees. The 
question was only asked at the end of the inter-
views unless the interviewee touched upon the 
critique themselves. The question was intended to 
understand how the stakeholders consider the 
moral hazard issue. I explicitly framed the question 
as being prompted by an international discussion 
and not a Swedish national debate, to avoid mak-
ing assumptions about the Swedish debate. 

Internationally, there has also been a critique 
of the IPCC that they rely too much on negative 
emissions in their climate models. How do you 
consider that critique? Is it relevant here in 
Sweden? 

The question was asked to all interviewees. The 
question was only asked at the end of the inter-
views unless the interviewee touched upon the 
critique themselves. The question was asked to 
understand how the interviewee considers the 
heated academic debate there has been on the 
inclusion of NETs into climate models. 

Do you have anything else you would like to 
mention, or think is important regarding the 
negative emissions and the discussion you 
have here in Sweden? 

The question was asked at the end of every inter-
view to allow for the interviewee to have a final 
reflection on NETs. 

 


