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Abstract 

Carbon removal (CR) by carbon capture and storage has neither seen a widespread or 

large-scale application despite its potential for negative emissions, where there is a 

knowledge gap on how these activities can become a profitable solution. This study 

provides a multidisciplinary view on the interconnected challenges and benefits of 

establishing a first-of-a-kind Nordic industrial CCS system, with particular focus on 

enabling CR by CCS through a tradable negative emissions credit, and by using Carbfix as 

a case study, show how using CO2 mineralization storage could be an important part of 

such a system. A systematic review of multidisciplinary literature was conducted, as well 

as semi-structured interviews with key roles in the industry. Policies for deploying CR by 

CCS are insufficient and there is a lack of financial incentive. This study suggests that a 

credible NEC that can be traded in a voluntary carbon market could provide financial 

incentive and boost deployment of CR by CCS. In fact, facilitating trading of such credits 

can enable a Nordic industrial CCS system to become widespread. Furthermore, enabling 

CR activities require having storage available where Carbfix can become a storage 

provider for captured negative emissions exclusively. The framework for CCS activities 

poses potential barriers for Carbfix in terms of storage complex characteristics and 

monitoring requirements since the CCS Directive assume conventional CCS. However, 

these issues can be overcome, and evidently Carbfix have found a solution considering 

their new plans of becoming a storage hub for Nordic countries. Nevertheless, the lack of 

technology openness in the policy and regulatory framework for CCS activities must be 

resolved, where it’s suggested that governing bodies should aim to set tough standards 

and goals but allow the industry to be innovative and decide the technology path to reach 

those goals. The large potential for climate change mitigation from CR by CCS in Nordic 

countries has not yet been appropriately addressed where the findings in this study can 

contribute to enabling the Nordic countries to become a large-scale superpower of 

negative emissions.  
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Definitions of terms 

Carbon removal (CR) 

Anthropogenic activities removing CO2 from the atmosphere and durably storing it in 

geological, terrestrial, or ocean reservoirs, or in products. It includes existing and 

potential anthropogenic enhancement of biological or geochemical sinks and direct air 

capture and storage, but excludes natural CO2 uptake not directly caused by human 

activities1 (IPCC, 2018).  

 

Climate target 

Climate target refers to a temperature limit, concentration level, or emissions reduction 

goal used towards the aim of avoiding dangerous anthropogenic interference with the 

climate system. For example, national climate targets may aim to reduce greenhouse gas 

emissions by a certain amount over a given time horizon, for example those under the 

Kyoto Protocol (IPCC, 2018). 

 

Negative emissions 

Removal of greenhouse gases (GHGs) from the atmosphere by deliberate human 

activities, in addition to the removal that would occur via natural carbon cycle processes 

(IPCC, 2018). 

 

Carbon capture and storage (CCS) 

A process in which a relatively pure stream of CO2 from industrial and energy-related 

sources is separated (captured), conditioned, compressed and transported to a storage 

location for long-term isolation from the atmosphere (IPCC, 2018). 

 

Renewable energy (RE) and renewable energy sources (RES)  

RE is energy from sources that are naturally replenishing but flow-limited; renewable 

resources are virtually inexhaustible in duration but limited in the amount of energy that 

is available per unit of time. The major types of RES are biomass, wood and wood waste, 

 
1 There is no broadly agreed definition of CR, where it is interchangeably used with the term negative 
emissions technology (NET), despite the fact that NETs not always provide permanent removal. 
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municipal solid waste, landfill gas and biogas, ethanol, biodiesel, hydropower, 

geothermal, wind, and solar (U.S. Energy Information Administration, 2021).  

 
Negative emission credits  

A credit awarded to those who provide negative emissions through CR in their processes, 

that can be traded in a carbon market (McKinsey Sustainability, 2020). 

 

Industrial CCS system  

Includes all interrelated installations connected to an infrastructure with the intention of 

either capture,  transport, or permanently store CO2 (Global CCS Institute, 2020) 

 

CCS cluster 

Groups of installations in a defined geographic area that share common markets, and 

technologies, and which are equally dependent in a customer and supplier relationships 

(Global CCS Institute, 2020) 

 

CCS hub 

Groups of companies in a defined geographic area that share common markets, and 

technologies, and which are equally dependent in a customer and supplier relationships 

(Global CCS Institute, 2020). 

 

Capturer  

Companies that capture CO2 from their production process without having the ability to 

permanently store it themselves.  

 

Transporter  

Companies that offer transportation of CO2 by boat, pipelines, or trailers to a storage 

location for permanent storage.  

 

Storer  

Companies that offer permanent storage of CO2. 
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1 Introduction  

1.1 Background 

The ever-increasing levels of anthropogenic emissions, accelerated by economic activity 

and population growth, is driving the climate crisis we are currently facing (Boyle, 2020; 

Steffen, Broadgate, Deutsch, Gaffney, & Ludwig, 2015). Since the 1950´s, scientists have 

observed higher temperatures in the atmosphere and oceans, which is leading to 

diminishing icepacks and glaciers, and increasing sea levels (IPCC: Allen et al., 2018; 

Rockström et al., 2009). Substantial emission reduction through mitigation and adaption 

efforts within the next few decades are needed to avoid high risks of severe, wide-spread, 

and irreversible impacts globally by the end of the 21st century (IPCC: Allen et al., 2018; 

Rockström et al., 2009). To achieve this, the IPCC (2018) recommends that global 

temperature rise should be kept to 1.5°C above pre-industrial levels. In fact, postponing 

additional mitigation efforts, even to 2030, will substantially increase the challenges 

associated with limiting global warming (IPCC: Allen et al., 2018). Countries are not on 

track with achieving their pledges to the Paris Agreement (Climate Action Tracker, 2020a; 

United Nations, 2015) amplifying the mounting need for deployment of Negative 

Emission Technologies (NETs) such as carbon removal (CR) by carbon capture and storage 

(CCS). CCS is gradually becoming recognized as a complementary tool in the mix of 

approaches toward carbon neutrality (Tamme, 2020). This is a promising sign, since 

deployment has been lagging despite the fact that the technology has been considered 

to be sufficiently developed for large-scale deployment for over a decade (Markusson, 

2012). 

1.1.1 Essential difference between carbon reduction and carbon removal 

There is a need to distinguish the essential difference between CR (such as NET by CCS), 

and carbon reduction (fossil CCS). CR by CCS can provide negative emissions if the nature 

of the energy used in production is from renewable energy sources (RES). The evolution 

of CCS methods and its applicational areas have outgrown the limitations of its 

terminology. CCS is a principle that has significantly evolved the last decade and are now 

describing an abundance of natural or technical methods aiming to reduce or remove CO2 
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in a variety of lifecycles steps2, and not only emissions reduction from heavy industries. 

Calling it CCS is not specific enough anymore, due to the meaning of the term and the 

growing number of new methods entering the bundle (Bui, 2018; Geden, 2020; 

Haszeldine, 2018). The abbreviation CCS includes all solutions capturing, transporting, 

and storing carbon, but the abbreviation NET only applies for capture, transport, and 

storage of negative emissions. Distinguishing conventional CCS and CR by CCS is 

increasingly important since the area of application and what roles the different methods 

have in a mitigation mix are very different. However, distinguishing them does not mean 

that one method is more important than the other. In fact, we need both urgently. 

Furthermore, separating the two methods can allow for understanding of different end 

results, which may lead to more initiation of CR by CCS. 

 

First, carbon emission reduction and CR must be distinguished. Carbon emission 

reduction is the principle of capturing CO2 from an emitter to avoid putting more CO2 into 

the atmosphere. In contrast, CR is not avoiding emissions, but removing what’s already 

been emitted. Therefore, this process can be defined as negative emissions. 

Nevertheless, CR is often deployed by using CCS methods, but to achieve negative 

emissions and not only emissions reduction within the environment and atmosphere as 

with conventional CCS. There is no broadly agreed upon definition of CR; however, this 

terminology is used interchangeably with the term NET, despite that NETs don’t always 

provide permanent removal (Tamme, 2021).  

 

As Figure 1 demonstrates, CR by CCS can provide negative emissions since the biomass 

(used as an energy resource in production) sequesters CO2 from the atmosphere. When 

the biomass is used as fuel, it emits CO2. However, when applying CCS to this process, the 

CO2 will not enter the atmosphere again, providing negative emissions. In contrast, using 

fossil fuels only provides emissions reduction from a production plant, for example, due 

to the nature of the resource. 

 
2 Lifecycle includes procedures for compiling and examining the inputs and outputs of materials and energy, 
and the associated environmental impacts, directly attributable to the product or service throughout its 
lifecycle (Ibrahim & Marc, 2021) 
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Figure 1 Depicts the difference between carbon emissions reduction (black) and carbon removal 
(green) (Naturvårdsverkets, 2019) 

 

Conventional CCS, presented as a black cloud in Figure 1, is commonly perceived to be 

carbon emissions reduction. Here, CO2 emitted from burning fossil fuels is captured 

directly from the emitting source, then usually directly transported through local piping 

infrastructure down into a permanent storage solution. In the Nordic Region, traditional 

CCS (from now on referred to as fossil CCS), has been used throughout the petroleum 

industry to mitigate emissions from production, mainly motivated by climate targets and 

emissions regulations (Directive. Amend. 2003/87/EC; Gebremedhin, 2021). 

1.1.2 Shift of paradigm for carbon capture and storage  

Historically, CCS has been regarded as a conventional CCS method, where capture occurs 

from point sources, as the emitter is localized in near proximity to a permanent storage 

site. However, the future of CCS activities may redirect in a slightly different direction, 

where the idea of clusters are promising (Global CCS Institute, 2020). This means that an 

industrial CCS system approach is arising, where a number of capturers, transporters, and 

storers are collaborating towards achieving national and international climate goals. The 

Global CCS Institute emphasizes that there are significant economies of scale to be 

achieved if the process is fractioned into clusters that aggregate, compress, dehydrate 

and transport CO2 streams to businesses specializing in storage. In fact, the Norwegian 

government and project proponents are currently developing one of the most advanced 

clusters globally for CCS activities (Global CCS Institute, 2020), making the Nordic region 

especially relevant for the initiation of a successful industrial CCS system. It is important 
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that NETs are regarded as crucial for such a cluster to succeed at large. First, CR by CCS 

can provide CRif the nature of the energy resource used in production is RES. Secondly, 

having several actors in the industrial CCS system can be beneficial as it decrease cross-

chain and investment risk, emphasizing the need for a wide-raging enabling framework 

(Global CCS Institute, 2020; IOGP, 2019). Nevertheless, viewing application of CR 

technologies in the light of a cluster approach, there are some knowledge gaps on the 

viability of a business case. Currently, industries relevant for CR activities by CCS are not 

regulated due to the nature of their energy resource, and thus the only deployment 

incentive is driven by corporate social responsibility and national or independent climate 

targets. Thus, a financial incentive should  be established for CR by CCS, suggestively in 

the form of a negative emission credit3 (NEC) (Fajardy, 2019). The economic market and 

governance mechanisms that allow for verification and trading of NEC is currently non-

existent, complicating the investment incentive for NETs (Fajardy, 2019). Moreover, it is 

increasing the value chain risk throughout the industrial system due to a lower number 

of actors. Likewise, enabling penetration of new and differing storage solutions, such as 

Carbfix´s CO2 mineralization approach, is equally important to reduce risk. 

 

Tamme (2020) points out that NET deployment urgency is growing in line with lower 

emissions trajectories for reaching carbon neutrality by 2050. Despite this, incentives to 

reward NETs via technological sinks are yet to be addressed (Tamme, 2020). NET methods 

such as bioenergy production with carbon capture and storage (BECCS) and direct air 

carbon capture and storage (DACCS) offer proven mitigation solutions by removing CO2 

at point sources or from the atmosphere and storing it long-term underground. Since 

some NET methods are utilizing CCS, the mitigation approach is most often discussed in 

line with conventional CCS and the associated political, economic, and legal challenges 

(Bui, 2018; Consoli, 2019; H. A. Daggash, Heuberger, C. F., & Mac Dowell, N, 2019; Fridahl, 

Bellamy, Hansson, & Haikola, 2020; C. Gough, Garcia-Freites, S., Jones, C., Mander, S., 

Moore, B., Pereira, C., Röder, M., Vaughan, N., & Welfle, A., 2018; Haszeldine, 2018; 

Rickels, 2020; Torvanger, 2019). In fact, NETs are most often discussed in line with 

 
3 In this study the term NEC is generally referring to the verified CR generated, and/or traded in a voluntary 
market to define the act of mitigation action to compensate for anthropogenic emissions.  
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conventional CCS since its deployment levels are highly dependent on the development 

of conventional CCS factors, such the general ability of international large-scale capture 

and storage of CO2 (Haszeldine, 2018). Nevertheless, both conventional CCS and NETs 

play a key role in decarbonization economic activities as co-beneficial solutions  

(Budinis, 2018; H. A. Daggash, & Mac Dowell, N, 2019; H. A. Daggash, Heuberger, C. F., & 

Mac Dowell, N, 2019; Haszeldine, 2018; Leeson, 2017; Rickels, 2020), where climate 

models project that without CCS, the EU can simply not reach its climate goals (IPCC: Allen 

et al., 2018).  

 

CCS as a mitigation method has received increased attention the last few years from 

various stakeholders, where CCS methods have been playing an important role in the EU´s 

mitigation efforts (Tamme, 2021). Moreover, both conventional CCS and CR by CCS has 

received increased attention globally the last few years where political, legal, and 

economic challenges have been explored to understand how this method can have a 

breakthrough in deployment levels (Budinis, 2018; Bui, 2018; Consoli, 2019; H. A. 

Daggash, Heuberger, C. F., & Mac Dowell, N, 2019; Durmaz, 2018; Elkerbout, 2019; 

Fajardy, 2019; Galina, 2019; C. Gough, Garcia-Freites, S., Jones, C., Mander, S., Moore, B., 

Pereira, C., Röder, M., Vaughan, N., & Welfle, A., 2018; Haszeldine, 2018; Krüger, 2017; 

Rickels, 2020; Tamme, 2020, 2021; Webb, 2018; Weber, 2018; Wifling, 2020). 

Nevertheless, despite growing interest and broad support for this technology, 

encouragement of investment incentive for CR technologies has been insufficient so far 

(Tamme, 2021). There is however development in governing bodies that can address the 

need for increased deployment levels. For instance, steered by commitments of the Paris 

Agreement, the unprecedented European Green Deal, and the associated Climate law 

(covering political commitments to climate neutrality into a legal obligation), exemplifies 

the future initiatives that may provide opportunities to support deployment of CCS in 

European countries (European Commission, 2019a, 2020a; Tamme, 2020). In general, if 

commitments made by countries are converted into law, decarbonization efforts have to 

be significantly stronger (Climate Action Tracker, 2020b). This applies to the Nordic 

countries as well, where current policy and efforts are insufficient to reach pledges 

(Climate Action Tracker, 2020b). As more ambitious Nationally Determined Contributions 

(NDCs) targets were submitted in 2021 (Climate Action Tracker, 2021) the level of 
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deployment may be affected. Furthermore, when the climate law is adopted formally 

(European Commission, n.d. ), countries have to put additional effort into 

decarbonization of industries rapidly, where a variety of different emitters in Nordic 

countries hold potential for providing negative emissions.  

 

Over a decade ago, an extensive study on the potential of CCS in the Nordic region found 

that there are favorable conditions for CCS deployment in this region as there are both 

large stationary sources of biogenic CO2 and suitable geology for permanent storage. As 

one of the few studies exploring negative emissions from biogenic origin in the Nordic 

region, the study found that the total sum of biogenic emissions from facilities was 54 Mt 

CO2 in 2007, showing a large potential for negative emissions (Teir, 2010). A more recent 

study emphasizes this argument even further, where Finland and Sweden stand out as 

having significant potential for BECCS in the production of pulp, heat, and power. 

Respectively, Sweden and Finland reported 64% and 51% biogenic emissions from 

facilities emitting 100 kt CO2 in 2017 (Rodriguez, 2021).  

 

Negative emissions in Nordic countries can also be provided by direct air capture (DAC) 

(H. A. Daggash, Heuberger, C. F., & Mac Dowell, N, 2019; Fajardy, 2019; Haszeldine, 2018; 

McLaren, 2019; Nemet, 2018; Tanzer & Ramírez, 2019). However, DAC projects are in  the 

early phases globally, where there are only a few projects running in the Nordic region 

(Climeworks, 2021; Nordic DAC Group, 2020). Nevertheless, DAC is projected to play an 

important role in decarbonization as this technology has the ability to compensate for 

emissions made from sectors that are hard to abate (Nordic DAC Group, 2020). There are 

some challenges with NETs utilizing CCS methods in general, such as spatial issues and 

high energy demand throughout the lifecycle, especially during the capture process 

(Fajardy, 2019; Tanzer & Ramírez, 2019). Fajardy (2019) adds that the possibility to access 

low carbon energy sources is a key enabler for CR by CCS since the lifecycle energy 

requirement can be high. Tracking CO2 emissions can be challenging when CR by CCS 

value chains are potentially international and multipolar, as well as the fact that this value 

chain only becomes net-negative after several years of operation (Fajardy, 2019), 

emphasizing the importance of an efficient accounting system. Tanzer and Ramírez 
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(2019) have provided general criteria for what could be considered as removal of CO2, 

thus determining whether a method or technology can deliver CR. First, there has to be 

removal of CO2 from the atmosphere. Secondly, CO2 is stored out of the atmosphere in a 

manner intended to be permanent. Further on, upstream and downstream CO2 emissions 

associated with the removal and storage process, such as energy source, origin, energy 

use, are comprehensively estimated and included in the emission balance. Lastly, the 

total quantity of atmospheric CO2 removed and permanently stored is greater than the 

total quantity of CO2 emitted to the atmosphere (Tanzer & Ramírez, 2019). 

 

Nordic countries, with their high share of RES in the energy mix, provide suitable 

characteristics for CR by CCS considering the demand for carbon-free energy. In fact, the 

electricity mix in Nordic countries is estimated to be 87% carbon-free (Nordic Energy 

Research, 2019). Furthermore, Nordic countries have seen a significant increase in how 

RES is used in the energy mix, dominated by hydropower and biomass (Nordic Energy 

Research, 2019). From this point forward, it is expected that energy from biomass will 

increase even further, and that wind power capacity will increase five-fold (Nordic Energy 

Research, 2019). Accounting the projected increase of carbon-free electricity and further 

utilization of biomass in energy production, the potential for deployment of CR by CCS in 

Nordic countries is compelling. Moreover, the idea of an interconnected industrial CCS 

system between Nordic countries is gaining traction (Sandberg, 2019, p. 13) where such 

an approach can connect storage providers with the capture facilities, e.g. those who are 

eligible to provide negative emissions. The framework for CCS activities in Europe has 

been studied widely in academia, (Elkerbout, 2019; Fajardy, 2019; C. Gough, Garcia-

Freites, S., Jones, C., Mander, S., Moore, B., Pereira, C., Röder, M., Vaughan, N., & Welfle, 

A., 2018; Heffron et al., 2018; Low & Boettcher, 2020; Meyer-Ohlendorf, 2020; O´Brien, 

2019; Pop, 2016; Torvanger, 2019; Weber, 2018) though there is  a lack of attention on 

an international industrial value chain approach with allocated CCS activities. This topic 

has only been addressed by industry (Equinor, 2018; European Biofuels Technology 

Platform & Zero Emissions Platform, 2012; Gassnova, 2019, 2020; Geden, 2020; Global 

CCS Institute, 2018, 2020; IEA, 2020b; IOGP, 2019; Platform, 2012; Sandberg, 2019; 

TSVCM, 2021; VividEconomics, 2020), so there is a need for further research from an 

academic perspective.  
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1.1.3 Negative emissions in a Nordic industrial CCS system 

The Nordic region has a high level of expertise toward CCS, thus providing an opportunity 

for establishing competitive interconnections in the start phase of CCS market 

development (Global CCS Institute, 2020). Equinor, for instance, have been working 

toward a systems approach, where the objective of the Northern Lights project is to show 

commercial attractiveness through establishing a successful system consisting of a large 

supply of captured CO2 from larger and smaller actors, cross-border transportation of CO2 

and permanent storage in Norway (Sandberg, 2019). Moreover, Carbfix in Iceland can 

play a major role in providing permanent storage for CR by CCS from Nordic countries. 

Carbfix, initiated in 2006, was the beginning of the CCS adventure in Iceland. This 

initiation was driven by the country´s commitments to the Kyoto Protocol and at that 

time, the Icelandic president invited academics and industry to design a project to aid in 

limiting greenhouse gas emissions, resulting in CCS from point source at Hellisheidi 

Geothermal power plant (Gíslason, Sigurdardóttir, Aradóttir, & Oelkers, 2018). Pilot 

injections were done to investigate the potential of mineral carbon storage in basalt rock 

and after proving a rapid mineralization of dissolved CO2, the project was scaled-up in 

2014 (Sigfússon et al., 2018). A visualization of their process is shown in Figure 2 (Carbfix, 

n.d.-a). 

 

 

Figure 2 Visualization of Carbfix´s CCS process with mineralization of CO2 providing permanent 
storage (Carbfix, n.d.-d) 
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Now, Carbfix is a subsidiary of Reykjavik Energy (OR), aiming to become an essential part 

of the Nordic emission mitigation mix by reaching one billion tons of permanently stored 

CO2 in 2030. As shown in Figure 2, Carbfix has separated CO2 from the stream used in 

production of geothermal electricity, dissolved it in water, and injected it into basalt rock 

through the injection station (the dome). As of 2nd of May 2021, they state that around 

67 thousand metric tons have been injected since the project started (Carbfix, n.d.-d). 

Moreover, Carbfix has ambitions to grow further into being cost competitive and applied 

at scale in the industrial sector (iron, steel, cement and chemical production), as a storage 

coastal, onshore and offshore storage provider. They are also in collaboration with 

Climeworks (a clean-tech company from Switzerland) in developing DACCS for upscaling 

(Carbfix24 and Orca5)(Carbfix, n.d.-a; Climeworks, 2021). Carbfix´s ambitions of becoming 

a storage provider through their newly published project plan for the Coda Terminal6 is 

particularly relevant for this thesis, and furthermore, Carbfix2 is an excellent example of 

how negative emissions could be provided by mineral storage (Carbfix, 2021, n.d.-a, n.d.-

b, n.d.-c).  

1.2 Research aim and questions 

The aim of this thesis to provide a multidisciplinary view on the interconnected challenges 

and benefits of establishing an industrial CCS system, with particular focus on enabling 

CR by CCS through financial incentive, and by using Carbfix as a case, show how using CO2 

mineralization storage could be an important part of such a system. In the light of this, 

the study will answer four research questions designed to examine how higher 

deployment levels of CR by CCS could be accommodated by allowing and facilitate trading 

of NECs in an international carbon market. In addition, the role of NETs in a first-of-a-kind 

industrial CCS system in Nordic countries will be explored, where Carbfix´s role in such a 

co-benefitting system could be a key role as a hub for permanent storage. The material 

 
4 The CarbFix2 project intend to make the CarbFix geological storage method both economically viable with 
a complete CCS chain, and to make the technology transportable throughout Europe (Carbfix, n.d.-a). 
5 Orca is the name of Climeworks' direct air capture and storage plant in Iceland where Climeworks' direct 
air capture technology is combined with Carbfix´s CO2 mineralization storage, as part of the Carbfix2 project.  
6 The CODA Terminal is Carbfix´s planned cross-border carbon transport and storage hub in Iceland, 
projected to be online in 2025 (Carbfix, n.d.-b).  
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scope of the thesis is confined to the available and potential resources in Finland, Iceland, 

Norway, and Sweden. The aim of this study will be addressed by answering the following 

four research questions: 

 

1. What role do CR by CCS play in a first-of-a-kind industrial CCS system in Nordic 

countries and in reaching climate targets? 

2. How can establishment of a “gain-and-trade” credit system for negative emission 

activities boost deployment of CR by CCS in Nordic Countries?  

3. How can credibility and transparency in a carbon market support the long-term 

success of tradable NECs in Nordic countries? 

4. How can an enabling framework allow Carbfix to provide a storage hub in an 

industrial CCS system in Nordic countries? 

 

1.3 Methods  

Economic, political, and legal challenges in regard to achieving climate targets have been 

explored extensively, where complex frameworks for emissions reduction and removal 

have been established to address ever-increasing emissions from economic activity 

(Bradshaw, 2009; Directive 2003/87/EC; Directive 2009/31/EC). Many studies have had a 

sector specific approach, focusing on either economics (Durmaz, 2018), politics and/or 

policy challenges (Fajardy, 2019; Geden, 2020; Krüger, 2017; Lipponen et al., 2017; 

Martínez Arranz, 2015; A. Zapantis, Townsend, A., & Rassool, D., 2020; ZERO, 2013), or 

the legal framework (Backhaus, 2011; Dixon, 2015; Havercroft, 2014; Pop, 2016; Radgen, 

Irons, & Schoenmakers, 2013; Rickels, 2020; Webb, 2018; Weber, 2018). Despite 

extensive research within this area of expertise, there is a general lack of multidisciplinary 

studies on how CR activities and needed storage solutions can be enabled in Nordic 

countries, as co-dependent activities in an industrial CCS system. This is a complex and 

challenging task due to the immaturity of the business model of CCS activities in general, 

and the large area of application. To best address what is being explored in this thesis, 

applying a supply chain approach falls naturally.  
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Often, political, legal, and economic issues are largely intertwined. This thesis will benefit 

from critically exploring the findings from subject-specific research, where a literature 

review draws connections between multidisciplinary challenges. Further on, five semi-

structured interviews with subject matter experts were carried out to achieve insight into 

the current status of the overall research topics presented. Additionally, a saturation level 

in opinions and feedback from the interviewees gives valuable weight to the discussion 

and conclusions, presented in Section 6 and Section 7.  

 

Findings in this thesis could have significant value for different roles within industry and 

provide a new approach to CR activities within Nordic countries. Rather than looking at 

CCS activities as individual mitigation efforts, the matter is viewed in the light of a large-

scale industry, benefitting from lower value chain risk due to a higher number of actors 

in the chain (Global CCS Institute, 2020). This is arguably the direction the industry is 

going, possibly providing higher levels of mitigation efforts compared to what 

conventional CCS efforts can provide alone (Carbfix, 2021, n.d.-b; Gebremedhin, 2021; 

Global CCS Institute, 2020; Sandberg, 2019). Therefore, by combining relevant literature 

with industry experience and insight, this study will present applicable and timely 

knowledge on a topic that has to be addressed urgently. 

1.4 Structure  

This thesis will review the latest literature concerning CCS, CR by CCS and NETs in Section 

2, as well as national and international regulations for such activities to explore potential 

regulatory barriers. The literature review also includes organizational reports to 

incorporate the industry perspective. Section 3 defines the objective, aims and research 

questions. Section 4 will describe the research method of this study. Further on, section 

5 provides the results from interviews. The discussion of results from the literature review 

and interviews is presented in section 6, where potential barriers, enabling of capturers 

and the idea of establishing a “gain-and-trade” credit scheme for negative emissions is 

discussed.  Limitations and further research is presented in section 6.5. Finally, section 7 

presents the conclusions of this thesis.  
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2 Literature review 

This literature review is divided into three subsections: policy perspective for deployment 

of NETs, a carbon market for NECs from CR by CCS, and Carbfix in a Nordic industrial CCS 

system and potential regulatory barriers. Subsection 2.1 discusses deployment of CR by 

CCS from a policy perspective to explore its role in international climate action plans and 

how it facilitates deployment for all CCS activities in regard to NETs in Nordic countries. 

In subsection 2.2, the lack of a market for CR by CCS is discussed, where it is explored how 

NETs by CCS can be incentivized through a negative emissions credit (NEC) eligible for 

trading. Subsection 2.3 discusses Carbfix as part of a first-of-a-kind industrial CCS system 

in Nordic countries and explores multidisciplinary barriers in light of NETs. Finally, in 

subsection 2.4, a summary of the literature and findings will be discussed.  

2.1 A policy perspective for deployment of negative emission technology  

This subsection will focus on the policy perspective of deployment of CCS in Nordic 

countries and contribute to answering what role CR by CCS play in a first-of-a-kind 

industrial CCS system, and what effect this might have on reaching national and 

international climate targets (research question 1). In addition, this subsection will unveil 

possible barriers and contribute in the discussion about what an enabling framework 

could look like, also addressing research question 4. Deployment levels for CR by CCS is 

lagging, and this section highlights the current policy for deploying CR by CCS and how 

policy is mostly assuming fossil CCS whenever the mitigation method is addressed.  

2.1.1 Deployment of negative emission technology by CCS 

From a policy perspective, both CCS and CR can be addressed similarly, but CR solutions 

(such as geothermal energy production with CCS, BECCS and DACCS) presents a dilemma 

in terms of how this method should be prioritized relative to other mitigation options. 

Literature points out that CR should be regarded as a public good combating climate 

change, which determines its value and how its significance should be recognized 

(Fajardy, 2019). Realization of CR at scale would require major investment and innovative 

policy and regulatory processes (C. Gough, Garcia-Freites, S., Jones, C., Mander, S., 

Moore, B., Pereira, C., Röder, M., Vaughan, N., & Welfle, A., 2018). Thus, it is important 

to assess financial opportunities. There has been much discussion and development on 

topics related to CCS  the last few years (Durmaz, 2018), where the viability and role of 
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CR have “finally” received increased attention relating to these issues (Bui, 2018; Fridahl 

et al., 2020; C. Gough, Garcia-Freites, S., Jones, C., Mander, S., Moore, B., Pereira, C., 

Röder, M., Vaughan, N., & Welfle, A., 2018; Haszeldine, 2018; McLaren, 2019; Rickels, 

2020). It has been repeatedly highlighted that regional carbon prices are insufficient to 

incentivize CR deployment (Fajardy, 2019). Likewise, industries, institutes and 

organizations are doing extensive work to assess how incentive and deployment of CR 

activities could be enabled, where high confidence is placed in build-out if barriers are 

removed (Consoli, 2019; Equinor, 2019; Gassnova, 2019, 2020; Global CCS Institute, 2018, 

2020; IEA, 2020b; IETA, 2016; IOGP, 2019; Swedish Bioenergy Association, 2019; Tamme, 

2020, 2021; TSVCM, 2021; A. Zapantis, Townsend, A., & Rassool, D., 2020). 

 

CR activities using CCS technology is mostly discussed in line with other CCS activities, in 

particular issues related to policy, law, and regulations, since all economic activities 

related to CCS fall under the same regulatory framework. However, literature suggest 

that CCS and CR should be differentiated, and that targets and accounting for CR should 

be explicitly set and managed separately from existing and future targets for emissions 

reduction (McLaren, 2019). Despite the fact that CR provides different outcomes than 

conventional CCS,  the loss in momentum in implementing conventional CCS technologies 

affects CR by CCS deployment significantly, as most studies on CR by CCS assume 

availability of cost-effective ´off-the-shelf´ CCS, or rely on widespread availability of CO2 

storage (EASAC, 2018). In line with the suggestion of separation of targets for fossil CCS 

and CR activities, such as CR by CCS, the European Commission announced in 2020 

through the Circular Economy Action Plan that the development of a legal framework for 

the certification of CO2 removal options is being explored, with particular focus on 

creating a robust and transparent carbon accounting system, (European Commission, 

2020a). A robust and transparent accounting system can provide clearer guidance for 

sustainability criteria and how supply chain certification frameworks could be designed 

(Fajardy, 2019). Additionally, the EU Commission work on a legal framework for 

certification of CO2 removal options could imply that NECs could become reality within a 

reasonable amount of time in the EU and EFTA states. As pointed out in the introduction 

of this study, accounting for all lifecycle emissions throughout the CR process is essential 

to define how much is actually removed from the atmosphere, which should be reflected 
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in EUs expected accounting rules and certification framework (Fajardy, 2019; Tanzer & 

Ramírez, 2019; United Nations, 2021). In regard to these recent developments, it could 

be argued that CR by CCS is being differentiated from conventional CCS. How this 

differentiation will be done will lay the foundation of how financial incentive will 

materialize. For example, thorough accounting rules and a certification framework open 

up the possibility of including CR in a carbon market. It has been argued that the potential 

of CR is sufficient in delivering CR at the scale necessary to achieve climate targets, but a 

stable revenue stream is essential to enable it´s up-scale (Fajardy, 2019). In this regard, 

the next part of the literature review will explore carbon market possibilities for NECs 

from CR by CCS.  

 

2.2 A carbon market for negative emission credits from CR 

This subsection will focus on carbon markets for trading of negative emissions credits. 

Within this subsection, the importance of establishing carbon markets is laid out, and the 

choice of market for NECs is discussed. Additionally, the best option for a carbon market 

is identified and how to ensure its success and reliability, including justification by 

comparing regulated and voluntary markets.  

2.2.1 Lacking a market for trading negative emission credits 

According to IETA (2016) several countries have stated in their NDCs that the level of 

commitment they are putting forward is conditional upon having access to international 

carbon markets within the ambit of the Paris Agreement, emphasizing the importance of 

facilitating successful carbon markets to reach future climate targets. This suggests that 

a credit market, regulated or not, is necessary for countries to deliver on their 

commitments to the Paris Agreement (Government of Iceland: Ministry for the 

Environment and Natural Resources, 2021). Even though the EU ETS establishes a market 

for carbon credits for emitting industries, it does not cover CR by CCS (Directive 

2009/31/EC). Thus, there is a lack of incentive for deploying activities eligible for negatve 

emissions. The absence of a market that can incentivize CR by CCS is a lost opportunity, 
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considering the need for substantial incentive for technological sinks7 (Tamme, 2020). 

Currently, there is not a clear demand for NECs in the existing value chain. Creating a clear 

demand signal for CR, CCS, and NEC suppliers has to be established through consistency 

in investor’s climate action plans, ensuring carbon offsetting has a prominent position 

(TSVCM, 2021). Regarding this, the following six sections will explore how a NEC from CR 

by CCS can be traded. 

2.2.2 Carbon markets and suitable option for negative emission credits 

According to IETA(2016), there are three ways of creating a market eligible for emissions 

reduction and CR for the parties committed to the Paris Agreement: i) Fixed Economy 

Wide Emissions Pathway, ii) Anticipated Economy Wide Emissions Pathway, and iii) Other 

NDC Types. For the first pathway, fixed economy wide emissions, specific emissions 

targets are grounded in a fixed emissions limit that should not be exceeded. The second 

pathway, anticipated economy wide emissions, is dealing with two emission limits. The 

first emission limit is related to the projected or business as usual rise in emissions over 

the forward period. The second emission limit is associated with the anticipated or target 

outcome itself and can be converted into an absolute emissions limit over the period. The 

third and final pathway, other NDC types, is based on a set of actions within the economy 

that give rise to an ideal emissions trajectory. In type three, the country focuses on 

implementing actions, such as CR, rather than managing their carbon budget. The EU and 

the Nordic countries have undertaken pathway 1 where decision-makers and 

government officials have urged the use of carbon pricing as the most effective policy 

tool to achieve the fixed emissions targets (IETA, 2016). Regarding this, it is reasonable to 

believe that other market approaches, as complimentary additions to the EU ETS, can also 

be suitable in reaching NDC targets. Therefore, in the next section, different market 

options for NECs will be explored.  

 

It is important to explore possible market options to assess how the potential of NECs 

could be best utilized for involved stakeholders. Literature has contradicting ideas, 

 
7 Technological sinks refer to one out of three CO2 sequestration methods, where the aim is to to remove 
and store carbon from the atmosphere using innovative technologies. The two remaining methods is 
biological and geological carbon sequestration (UC Davis, n.d.). 
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whether credits from negative emissions should be implemented in the EU ETS or if a 

voluntary carbon market (VCM) would be more suitable. Some studies suggest that since 

the EU ETS is already a market trading with credits, a good option would be to include 

NECs in this scheme (Fridahl et al., 2020; Rickels, 2020). According to Fridahl (2020), there 

is a possibility to integrate BECCS into the EU ETS where regulations concerning leakage 

events are already established; however, Rickels (2020) explains that integrating CR into 

the EU ETS would require fundamental amendments of the ETS Directive. On the other 

hand, a recent study proposed creation of a separate market for NEC trading, and 

dismissed the idea to permit NECs to be traded in existing carbon markets (McLaren, 

2019). Tamme (2021) points out that technologies providing CR are now gaining market 

share in a voluntary market, where Stripe’s purchase of CR credits is a good example for 

such traction (Orbuch, 2020). The two market options explored in this literature review 

are i) implementation of NECs in a regulated market: the EU ETS, and ii) a voluntary 

market where individual CO2 capturers sell their NECs to private or public entities who 

want to offset their emissions. 

2.2.3 Regulated market for negative emission credits 

As described earlier, the EU and member states (MS) have undertaken an economy wide 

emissions pathway where specific emissions targets are grounded in a fixed emissions 

limit that should not be exceeded. For Industries that fall under the scope of the Industrial 

Emissions Directive (Directive 2010/75/EU), a “cap-and-trade” emission mitigation 

mechanism was established, commonly known as the EU ETS in Europe (Directive 

2003/87/EC).  The ETS Directive provides the legislative framework for the ETS market, 

where the initial reason was to enable the EU and MS to meet their Kyoto Protocol 

commitments. The ETS was also used for the second commitment period of the Protocol 

and will continue to operate as a tool to achieve current and future climate targets, such 

as pledges toward the Paris Agreement (Directive. Amend. 2003/87/EC; European 

Commission, n.d.-a; United Nations, 2015). The EU ETS is built on allocation (to 

installations) of a set number of emission allowances within the EU (the cap), where 

allowances can be traded between the participants of the ETS. In January 2019, a Market 

Stability Reserve (MSR) was established within the EU ETS as a long-term solution to 

address surplus of allowances and improvement of the systems resilience to major 
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“shocks”, alongside the increase of percentage decline in annually allocated allowances 

(European Commission, n.d.-a, n.d.-d). All emitting installations in EU´s MS and 

participating EFTA countries (including those who use RES in their production such as 

biomass), are obliged to stay under the cap. As mentioned in the beginning of this section, 

the cap is established based on international obligations, and depending on the 

limitations that the cap creates, the total number of allowances is set. Under this 

scenario, allowances are allocated as credits to installations that can provide negative 

emissions. Rickels (2020) explains that an unrestricted supply of credits onto the market 

would make inelastic cap on emissions elastic at the allowance price. Above the 

allowance price however, provision of NECs becomes profitable. 

 

There are currently no economic incentives for applying CCS to facilities that are emitting 

biogenic CO2 other than staying below the EU ETS cap, although CCS applied to biogenic 

emissions would turn the facility into a CO2 sink (Rodriguez, 2021; Teir, 2010). Regarding 

this, a recent study points out the specificity of BECCS and suggest that installations 

exclusively using RES should be covered by the EU ETS and receive credits for removal of 

CO2 from the atmosphere. This would create financial incentive for BECCS installations as 

a result of the opportunity to sell allowances on the EU ETS market (Rickels, 2020). The 

European Biofuels Technology Platform and the Zero Emissions Platform also carried out 

a study on awarding BECCS with allowances for CR under the EU ETS (European Biofuels 

Technology Platform & Zero Emissions Platform, 2012). They found that even when 

BECCS can be operationalized at low cost, there is no incentive to abate emissions 

because emissions resulting from RES are not rewarded with credits in the ETS. If the 

carbon price is sufficiently high and negative emissions were rewarded, BECCS could be 

economically viable (European Biofuels Technology Platform & Zero Emissions Platform, 

2012).  

2.2.3.1 ETS carbon price criticized for it´s insufficiency 

Throughout its existence, the ETS price has been much lower than what existing literature 

suggests would make CR activities economically viable. Tvinnereim (2014) explains that a 

barrier to implementation of NECs under the EU ETS is the lower-than-expected carbon 

prices. From 2005-2015 the price was $13 per ton(C. Gough, Garcia-Freites, S., Jones, C., 
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Mander, S., Moore, B., Pereira, C., Röder, M., Vaughan, N., & Welfle, A., 2018). However, 

the carbon price in the EU ETS has reached over $47 per ton (as of May 3rd, 2021) and the 

MSR seems to be stabilizing the price. The higher price could create more incentive for 

emission reduction action (Ember, n.d.; European Commission, n.d.-d). On the other 

hand, a recent study shows that the stabilization provided by MSR is dependent on the 

severity of the economic shock due to COVID-19. The extent to which the market is 

stabilized is very sensitive to long-term expectations, where regulations are argued to be 

one of the main influencers on the price (Gerlagh, Heijmans, & Rosendahl, 2020). 

However, if the price continues to increase and stay relatively stable, this could have a 

positive effect on deployment levels of CCS and CR activities. Nevertheless, the economic 

viability for CR by CCS is stated to lie between $59-275 (C. Gough, Garcia-Freites, S., Jones, 

C., Mander, S., Moore, B., Pereira, C., Röder, M., Vaughan, N., & Welfle, A., 2018; C. V. 

Gough, N. E., 2015), and the EU ETS price has to reflect that in order to create a solid 

financial incentive. These numbers are based on a study from 2014 on retrofitting existing 

stock with CCS technology, co-firing using indigenous biomass and including operating 

costs (Akgul, N, Papageorgiou, & Shah, 2014). Even though CR activities were declared 

more crucial than previously foreseen in IPCCs scenarios, Gough (2018) found that the EU 

has assumed progressively lower shares of CCS in 2030 due to low carbon prices (C. 

Gough, Garcia-Freites, S., Jones, C., Mander, S., Moore, B., Pereira, C., Röder, M., 

Vaughan, N., & Welfle, A., 2018). These assumptions and anticipations are concerning, as 

the price of carbon must reach certain levels to incentivize CR by CCS activities, as laid out 

in this section. It is reasonable to believe that other market approaches as a 

complimentary addition to the EU ETS can be favorable in reaching NDC targets. 

Therefore, the possibility of a VCM will be laid out in the following section of this study.  

2.2.4 Voluntary carbon market for selling negative emission credits 

IETA (2016) point out that an important advancement step for reaching the Paris 

Agreement´s aims is to ultimately ensure that a sufficient price for carbon is set. A VCM 

delivers a price for carbon through voluntary carbon offsetting8 initiatives from public and 

 
8 Carbon offsetting is a broad term referring to reduction in GHG emissions or an increase in carbon storage 
through natural or technological carbon sinks to compensate for emissions that occur elsewhere (Carbon 
Offset Guide, n.d.). 
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private entities. In Article 9.3 of the Paris Agreement, it is emphasized that mobilization 

of climate finance should represent a progression beyond previous efforts (United 

Nations, 2015). Taking this into account, a suitable percentage of the price of NECs could 

be allocated to a fund aiming to boost sustainable development. 

 

Putting a price on carbon through a VCM for NECs has made an appearance in academia 

the last few years (Fajardy, 2019; McLaren, 2019; Tamme, 2021), where a NEC is regarded 

as crucial to incentivize CR (Fajardy, 2019; Rickels, 2020). Furthermore, the European 

Commission hascommunicated that they are currently working on incentivizing CR and 

circularity of carbon by exploring the development of a regulatory framework for 

certification of CR (European Comission, 2020).  

 

NEC supply from BECCS and DACCS is expected to sit between $100 to 200 per ton of CO2 

in 2030, where costs will vary by geography due to factors such as biomass type, proximity 

to source and storage, and cost of RES. Investment, as mentioned in numerous studies, 

has to be sufficient (C. Gough, Garcia-Freites, S., Jones, C., Mander, S., Moore, B., Pereira, 

C., Röder, M., Vaughan, N., & Welfle, A., 2018; Tamme, 2020, 2021), where the taskforce 

on scaling voluntary carbon markets (TSVCM) emphasizes that a diverse set of investors 

may prove critical to increase credit volumes at affordable prices (TSVCM, 2021).  

 

VCM is not a recognized or well-established infrastructure, where trading is most 

commonly done over the counter (OTC). Nevertheless, there are some examples of 

functioning VCMs. The American Carbon Registry (ACR), a nonprofit enterprise of 

Winrock International, founded in 1996 as the first voluntary greenhouse gas registry in 

the world, believes that markets are the most effective path to mobilize actions to reduce 

emissions (American Carbon Resistry, n.d.). Carbon Plan is another non-profit registry 

database, for CR activities only, aiming to improve transparency and scientific integrity 

(Carbonplan, n.d. ).  

 

Due to the difference in the principles of emission reduction and CR by CCS, McLaren 

(2019) emphasizes that there should be made explicit separate objectives and timetables 
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for the two when setting targets, which would require redesign of most offsetting and 

carbon trading schemes (McLaren, 2019; TSVCM, 2021). TSVCM and McLaren (2019; 

2021) point out that a separation also implies a different approach to incentives and 

portfolio building, where VCM, as a promising solution, can facilitate bankability for CR 

activities (TSVCM, 2021).  

 

New research shows that DAC and DACCS are getting traction in voluntary markets 

because there are no international accounting rules in place for countries to include CR, 

meaning that CR by DACCS cannot be included under the NDCs under the Paris 

Agreements (Tamme, 2021). Stripe, a software company, are pledging at least $1M 

annually toward offsetting their greenhouse gas emissions, by paying for the direct 

removal of carbon dioxide from the atmosphere and its sequestration in secure long-term 

storage. By doing so, Stripe wants to create a demand signal by being an early customer, 

which implies further potential for a VCM for NECs (Orbuch, 2020). 

 

2.2.5 Exploring what a voluntary carbon market requires to succeed 

TSVCM (2021) have identified six key topics (as seen in Figure 3) of interest when enabling 

a VCM. Arguably, these six key topics of importance could be adopted to any type of 

carbon market, including the EU ETS. However, due to the aim of this thesis, these topics 

will be laid out in a VCM perspective.  

 

 

Figure 3 Vision for VCMs with six key topics for action in the value chain (TSVCM, 2021) 
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The key topics included are core carbon principles and taxonomy, carbon reference 

contracts, infrastructure, legitimacy of offsetting, market integrity assurance, and 

demand signal for VCMs. In the following sections, these principles will be described and 

how these facilitate market integrity for a VCM. Regardless of which market option that 

will be selected in the future for trading NECs market integrity is essential. Market 

integrity can be ensured in different ways. Taken this into account, factors for integrity in 

a voluntary market has to be explored to unveil how stakeholder interests can be 

encouraged.  

2.2.5.1 Constant liquidity and high integrity through carbon principles is key  

When scaling a voluntary market, sufficient liquidity and high integrity is essential 

(TSVCM, 2021). Buyers in a VCM have to be assured that there is integrity in the NECs 

they are purchasing. TSVCM (2021) emphasize that certification, enabled through 

alignment in core principles in the market, set a threshold for how standards and 

methodologies should assure a high level of quality criteria. This will set the foundation 

for the first step for a high-integrity market scaling (TSVCM, 2021).  

 

Both ACR and Stripe have put effort into setting the bar for what carbon offsetting 

principles should consist of, making a positive contribution to how a credible NEC 

can be defined. In the EU, some MS have labelling schemes for classification and guidance 

toward sustainable investment. However, these labelling schemes are built on different 

criteria for sustainable economic activities (EU Technical Expert Group on Sustainable 

Finance, 2020). TSVCM explains that for corporations, it could be favorable to establish 

offsetting principles and use offsetting at point-of-sale principles. This can provide clarity 

on how corporations can use carbon credits. This could contribute to  alignment in vision, 

and understanding of the role of offsetting in supporting the achievement of net-zero 

goals (TSVCM, 2021). Arguably, alignment of visions and understanding of offsetting 

require a framework providing such principles, where this possibly could be established 

at an intergovernmental level. By building classification principles on commitments to 

Article 6 and Article 9 in the Paris Agreement, the EU can allow for the necessary 
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alignment for a VCM to be effective (EU Technical Expert Group on Sustainable Finance, 

2020; IETA, 2016; Regulation (EU) 2020/852; United Nations, 2015). 

 

For buyers of NECs from CR by CCS, market integrity is important to provide. Today’s 

carbon markets are missing a strong governance body to decide i) participant eligibility, 

ii) an effective validation and verification processes, and iii) tools to combat fraud or 

money laundering. Specifically, the fragmented nature of NEC supply creates potential 

for fraud because of conflict of interest, and lack of price transparency and regulatory 

oversight. This is suggestively solved through implementation of efficient and accelerated 

verification, development of global anti-money-laundering guidelines tailored for VCM 

and establishing a legal and accounting framework. TSVCM (2021) explains that 

implementing these mechanisms is key in enabling a scale-up of the market, as well as it 

institutes governance for market participants and market functioning (TSVCM, 2021). 

Additionally, the currently available VCMs are missing the necessary infrastructure to 

operate effectively. Creation, or utilization, of high-volume trade infrastructure, resilient 

post-trade infrastructure, advanced data infrastructure and catalyzation of structured 

finance, is important to ensure increased liquidity, market integrity and functioning, 

transparency, and bankability (TSVCM, 2021). 

 

Liquidity in current VCM is fragmented, where a range of attributes can influence value, 

and where buyers have different attribute preferences. For financial incentive for CR 

activities, it is important that the value set for their contribution is sufficiently high to 

cover value chain costs and economic risk, since capture installations hold the most 

financial risk in the CTS value chain. Furthermore, fragmented liquidity is a key issue as 

the price signal will not be reliable, negatively affecting the price risk management. This 

is a barrier to finances for the NEC supplier. Regulation (EU) 2020/852 establish a 

regulatory framework to facilitate sustainable investment in Europe, where the  

Commission’s aiming to create security for investors by making CR attractive, and by 

mitigating market fragmentation (Regulation (EU) 2020/852). In order to concentrate 

liquidity, reference contracts could be implemented, built on the same perquisite 

fundamental principles as for the integrity for a carbon market (TSVCM, 2021). 
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2.2.5.2 Taxonomy is needed to boost investment  

TSVCM (2021) explains that in order to classify project and credits, taxonomy should be 

defined for attributes. This is in line with recent developments in the EU where an EU 

taxonomy has been established to meet EU´s climate and energy targets for 2030 and the 

objectives of the European Green Deal, aiming to boost investments towards sustainable 

projects and activities (European Commission, n.d.-b). Importantly, activities that provide 

CR by CCS falls within the scope of economic activities in EUs taxonomy classification 

system. Earlier, activities that previously had been classified as ´greening by´, are now 

defined as ´enabling activities´ in the EU taxonomy (Regulation (EU) 2020/852). In 

addition, TEG (2020) explain that the EU taxonomy provides technical screening criteria 

for validation of ́ enabling activities´ where these activities include all necessary economic 

activities that fall within the scope of an industrial CCS system supported by a VCM. 

2.2.5.3 Contracts for transparency and effective price risk management 

Reference contracts, providing transparency in prices and transactions, could be 

beneficial for effective price risk management for both supplier and buyer, enablement 

of access to finances, and informed investment decisions. As a further matter, 

introduction of standardized spot- and futures- contracts will allow for trading at scale, 

as well as providing clear pricing signals. Additionally, the most common NEC method for 

BECCS and DACCS is currently OTC transactions. This type of transaction will most likely 

not disappear overnight, and reference contracts can benefit an OTC market as well due 

to increased transparency and standardization (TSVCM, 2021).  

 

In regard the information gathered on VCMs, and literature shown that there is a long 

way to go in achieving a high-functioning VCM with ensured integrity for customers. 

Additionally, information gathered in this review have shown that there is stakeholder 

interest when it comes to trading NECs, and that this can potentially create the financial 

incentive CR by CCS needs to achieve higher deployment levels. Furthermore, even 

though literature is contradicting in the idea of what the most suitable market structure 

would be for a carbon market, there are some uncertainties to the carbon pricing. It’s 

shown that the ETS proposedly could have a lower carbon price, and that the price in a 

voluntary market could be stronger.  
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2.3 Carbfix in a Nordic industrial CCS system and potential barriers  

This subsection discusses Carbfix’s business case in the context of a Nordic industrial CCS 

system, where the CCS directive and relevant legal frameworks are explored to unveil 

potential regulatory barriers. In additional, the lack of access to financing for such 

mitigation methods is discussed, including funding opportunities, taxonomy, and state 

aid in Nordic countries.  

2.3.1 Background and Carbfix´s value chain as a Storage Hub in Iceland 

Previous studies show that if CR by CCS, e.g., DAC, is to be applied at scale, there is a need 

for access to storage. Therefore, this section will address the need for storage and co-

benefitting opportunities in a Nordic industrial CCS system, and use Carbfix as a case 

example in this system to show their role in providing storage for CR activities. Exploring 

an industrial CCS system in Nordic countries require having a value chain focus where 

barriers, which are most likely intertwined, can be distinguished, and appropriately 

described for each value step. Since there is an abundance of capturers, transporters and 

storers in an industrial CCS system, exploring how different actors in the system will act 

upon the legal framework and toward each other is important to be able to unveil any 

potential barriers. For example, capturers are specialized in their respective capture 

method (E.g., BEC, DAC, geothermal energy production capture, or fossil CCS from heavy 

industry) and will therefore have to comply with the legal framework for their specific 

activity, and possibly requirements in a carbon market depending on if they would like to 

trade or not (such as certification, transparency, and accounting principles). Storers on 

the other hand, will have to comply with barriers in relation to injection, monitoring and 

liability issues. The value chain for an industrial CCS system in Nordic countries presents 

an intricate value chain, posing interconnected barriers. Having Carbfix´s mineralization 

storage as a case example, a small introduction to their possible value chain is necessary. 

Assuming their newly proposed Coda terminal as the storage hub in such a value chain, 

captured CO2 will be shipped across borders in North Europe to Straumsvik in Iceland for 

mineralization storage. Shipped CO2 will be unloaded into onshore tanks temporarily, 

before it is pumped into a pipe-network of wells where the CO2 is dissolved in water and 

injected into basaltic rock for mineralization. After two years, the mineralization process 
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has turned the CO2 into solid minerals, and monitoring can be terminated (Carbfix, n.d.-

b). 

 

Logically, for Carbfix´s success it’s important to enable capture activities throughout 

Nordic countries to create a significant demand for their service. Therefore, this section 

includes exploring the Industrial Emissions Directive as well as access to financing for NET 

projects. Additionally, the CCS directive and other relevant regulations provide challenges 

to a value chain approach since it is not point-source but an entire value chain. Therefore, 

assumptions in the CCS Directive relevant for storage is discussed, as well as long-term 

liability, environmental liability, monitoring requirements, and several EU regulations. 

Carbfix as a storage provider is not dependent on the capture method of the CO2 they are 

storing and will benefit of a market that consist of a variety of capture methods, whether 

it is CR by CCS or emissions reduction through conventional CCS, as long as the CO2 stream 

is of acceptable quality (Act 12/2021; Directive 2004/35/CE). Furthermore, the annual 

capacity of the injection system for Carbfix at Hellisheidi is currently about 12,000 tons of 

CO2 (Carbfix, n.d.-a). Moreover, Carbfix´s proposed Coda Terminal (CO2 mineral storage 

terminal) that will be commercially operative in 2025, will be based in Straumsvík in 

Southwest Iceland. The Coda terminal will be equipped to receive large quantities of CO2 

transported by ship from North Europe. At full scale, the Coda Terminal will provide an 

annual storage amounting to three million tons of CO2 (Carbfix, n.d.-b). The Coda Terminal 

shows great potential for genrally enabling CCS activities in Nordic countries, including 

negative emissions by CR, as it can provide large-scale storage for capturers in need of a 

storage complex.  

2.3.2 The CCS Directive 

The EU CCS Directive was developed in 2007 and 2008, and adopted in 2009 (Directive 

2009/31/EC). The Directive established a framework for CCS, aiming to remove barriers 

and allowing continuation of deployment in an environmentally sound manner (Dixon, 

2015). Alongside, the EU ETS Directive was revised, connecting CCS with the EU ETS 

(Directive 2003/87/EC; Dixon, 2015). Further on, the CCS Directive established a legal 

framework for safe storage of CO2 in geological formations in the EU. Even though the 

CCS Directive provides some provisions on capture and transport components of CCS, 
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these activities are also subject to an Environmental Impact Assessment (EIA), and the 

Industrial Emissions Directive (IED). In the context of an industrial CCS system, this sets 

the basis of EU legislation that different actors in the value chain have to follow. For 

storers, such as Carbfix, the CCS Directive is the main EU legal framework to comply with.  

2.3.2.1 Barrier due to assumption of pipeline transport  

The directive has been criticized for several reasons. After the capture process, CO2 has 

to be transported safely to storage site. Here, the directive has defined transport network 

as the network of pipelines, including associated booster stations, for the transport of 

CO2 to the storage site (Directive 2009/31/EC). O´Brien (2018) points out that the majority 

of studies assume pipeline transport, though ship and rail also are potential alternatives. 

In a recent study, O’Brien (2019) analyzed the exclusion of shipping from the CCS Directive 

and the EU ETS Directive and found that the EU Environmental Liability Directive and the 

Convention on Limitation of Liability of Maritime Claims fails to ensure comprehensive 

regulation of damages arisen from CO2 shipping and lack of clarity to drive investment. 

Further on, exclusion negates the commercial incentive to CCS activities as operators 

would interrupt the monitoring and reporting obligations and break the value chain of 

the approved CCS method (O´Brien, 2019). If monitoring and reporting obligations are 

not met, the EU ETS will not regard the CO2 as successfully stored. In addition, transport 

operators would not be required to surrender emissions allowances under the ETS 

Directive, nor obtain an emissions permit in compliance with monitoring, reporting and 

verification (MRV) shipping regulation (Regulation (EU) 2015/757), leaving the 

responsibility for leakages unspecified (O´Brien, 2019).  

2.3.2.2 Barrier due to specificity of storage complex 

The CCS directive describes the storage site as a ´geological formation´, meaning a 

lithostratigraphic subdivision within which distinct rock layers can be found and mapped. 

The specificity of this definition could serve as a barrier to other storage solutions 

(Directive 2009/31/EC; Slingerland et al., 2015). Pop (2016) points out that ´prevention is 

better than cure´, and that insufficient definition of site selection poses barriers for 

operators and site selection. In Slingerlands report (2015) stakeholders expressed 

concern about that requirements could be vague, but also too specific which potentially 

could limit MS flexibility to take account of site specific issues. For example, Gíslason 
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(2018) pointed out that the definition of storage method in the CCS directive is not 

applicable for the Carbfix storage solution since their storage complex does not comply 

with the specific characteristics defined in the CCS Directive. This concern was also a 

submitted to Slingerlands study in 2015 by Reykjavik Energy (on behalf of Carbfix), where 

the CCS Directive should more clearly permit the use of different injection methods. 

Furthermore, Reykjavik Energy pointed out that the CCS Directive should be 

differentiated for different CCS technologies depending on the safety of injection and 

storage method applied, where e.g. mineralization require less safety and monitoring 

than conventional CCS. However, in Slingerland´s study (2015) it was concluded that no 

changes to the directive were to be proposed as there is no evidence that Carbfix´s 

approach is prohibited by the CCS Directive. Despite the concern for limited flexibility for 

MS ans site specific issues, the Icelandic Act No 70/2012, Act No 7/1998, and Act No 

106/2000 were recently amended and the latter is now covering the Carbfix solution (Act 

12/2021), enabling large-scale mineralization storage activities in Iceland.  

2.3.2.3 Legal liability in the CCS Directive as a barrier 

The CCS Directive includes CCS into the Environmental Liability Directive and the ETS 

Directive, providing three types of liability such as liability for corrective measures, 

liability for environmental damages and liability for climate change arising from leakage 

(Weber, 2018). Moreover, the CCS Directive has been criticized for how legal liability is 

defined in its articles. Requirements defining legal liability provided in the CCS directive, 

such as permanent containment, leakage, and financial provisions, raise uncertainty 

about future responsibility as uncertainty around the post-closure monitoring period.  

Costs have also been highlighted as a concern to various stakeholders (Directive 

2009/31/EC; T. Dixon, McCoy, S. T., & Havercroft, I., 2015; Pop, 2016). Dixon (2015) point 

out that it is particularly important to create supportive policy and an appropriate legal 

framework for liability when it comes to CCS activities, where it’s proposed that the legal 

framework is currently more of a barrier itself than an enabling framework. Furthermore, 

according to Weber (2018), one of the most often evoked impasses for CCS is the 

requirement of “complete and permanent containment” before liability can pass to the 

state, where it’s been pointed out that this requirement should be regarded with 

common sense rather than literal interpretation if it is to ever be exercised. It should be 
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noted that the phrase “all evidence of” invited a more lenient interpretation, compared 

to “proof of”, making the CCS Directive open to interpretation. Dixon (2015)explains that 

the directive itself support such an approach, which is a counter argument for  Webers 

(2018) concerns about the legal framework being a barrier. Pop (2016) points out that 

division of responsibilities for the risk of leakage have successfully established a governing 

instrument for CCS projects, and that the focus on environmentally safe deployment must 

still be prioritized to ensure supplementation of climate change mitigation efforts. 

Concerning leakage from the geological storage complex in the different stages of its 

lifetime (permanent containment), Weber (2018) explain that it is clear from the CCS 

Directives paragraphs that some risk of leakage is contemplated the site selection stage, 

making it reasonable to expect the same risk on site closure and later on.  

 

When it comes to leakage, taking release of CO2 from both the storage site and secondary 

containment formations into account, the CCS Directive provide definitions on storage 

complex and leakage that are linked and not ready-made. Here, Weber (2018) suggest 

that the CCS Directives solution could be of help for operators as it recognize the varying 

characteristics of a storage complex and that there will be a case-to-case approach 

establishment of CO2 storage due to the many individual differences, and importantly, 

that “the definitions of leakage is contingent on the geological strata that are considered 

to be part of the storage complex” (European Commission, 2011). This allows for case 

specific risk planning and management, where leakage parameters will be defined by the 

operator during the design phase of the storage complex (European Commission, 2011; 

Weber, 2018). Both Dixon´s (2015) and Weber´s (2018) findings was that there needs to 

be more MS action for CCS deployment levels to increase to the needed degree in Europe, 

within an acceptable amount of time. This has to be facilitated by a liability policy that 

enable investment, but at the same time hold operators responsible for any adverse 

events that might happen (Dixon, 2015; Weber, 2018). 

 

One of the biggest barriers created by the CCS Directive is that potential liability is 

uncertain, thus putting a price on and allot responsibility for release of CO2 emissions as 

well. Weber (2018) explain that the financial provisions of the CCS Directive should be 
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interpreted with the same liberty as for “complete and permanent” storage, and that 

financial security provision should cover a reasonably expectable contingencies based on 

estimates from the operator (from the project design phase) for how much CO2 that might 

escape at various points of time. Additionally, Weber (2018) suggest that MS should 

designate the responsibility of estimated risk to the operator, but take responsibility for 

the residual risk of greater liability (Weber, 2018).  

 

Some stakeholders also interpret the CCS Directive to extend the operator´s liability 

indefinitely, in the period after transfer of responsibility of storage site, since the directive 

require a handover of a minimum 30 years’ worth of monitoring costs (financial 

contribution) to the competent authority. According to Weber (2018), this interpretation 

is wrong where what it actually means is that MS shall enact legislation which allows it to 

draw on the financial contribution already given, and not any further contributions from 

the operator.  This clarification can lessen the hesitance of investment for stakeholders, 

and also signal to MS what role they have in the lifecycle steps of a storage complex. 

Additionally, there are barriers in the CCS Directive’s definitions concerning transfer of 

responsibility when storage permit is withdrawn by the competent authority, as a last 

resort measure (due to leakage, non-compliance with permits and so on) (Directive 

2009/31/EC). It is indicated that transfer of responsibility will not take place before at 

least 20 years after closure of storage complex, depending on the Member State´s 

satisfaction regarding complete and permanent containment of CO2, where there also is 

no minimum time specified. This means that the competent authority would prescribe a 

minimum period for itself, placing the financial responsibility and the financial security 

with the operators until the competent authority decides when it want to transfer 

responsibility, prescribing its own minimum period (Directive 2009/31/EC). This might 

prolong the transfer process to the MS advantage, possibly increasing any claims against 

the operator or the financial security if necessary. However, Weber explains that taking 

this into account, the permit process for a storage complex should include how such an 

issue should be resolved, to provide more security for stakeholders and operators 

(Weber, 2018). Webers (2018) key take-away is that close cooperation and 

implementation of tailor-made agreements allowing for commercially viable projects, 
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focusing on proactive solving of potential future issues and avoiding uncertainty, are 

essential for CCS development in Europe and that it is realistic to provide this through the 

CCS directive´s solution. However, Weber also add that there is a need for amendment of 

the guidance documents, where adjusting or clarifying demands of the CCS Directive 

would be particularly helpful for deployment levels of CCS in Europe (Weber, 2018).  

2.3.3 CCS Directive is relying on existing legal frameworks 

2.3.3.1 Industrial Emissions Directive  

Directive 2010/75/EU of the European Parliament and of the Council of 24 November 

2010 on industrial emissions (integrated pollution prevention and control)  on regulation 

of pollutant emissions from industrial installations, commonly known as the Industrial 

Emissions Directive (IED), aims to protect human health and environment by reducing 

harmful industrial emissions across the EU. Here, around 50,000 installations are covered. 

All installations emitting industrial CO2, are listed in Annex 1 of the IED, making them 

subject to the EU ETS. However, energy from biomass is not included in Annex 1 of the 

IED as biomass could be described as carbon neutral in the long run due to the natural 

sequestration process embedded in biomass. CO2 capture from bioenergy production can 

provide negative emissions, in contrast to installations burning fossil fuels in their 

production providing emissions avoidance only. Currently facilities eligible for BECCS have 

little motivation for applying CCS in their process since there are no “penalty” for their 

emissions, leaving little economic incentive for capture activities. In a sense, regarding 

bioenergy production as carbon neutral could be disuse of the embedded CR potential. 

Indeed, including bioenergy production emissions under the IED could boost deployment 

of CCS on these facilities, but that does not nessecarily mean that this is a correct way for 

creating incentive for CR by CCS. On the other hand, this highlights the fact that bioenergy 

production is in need of economic incentive for deploying any type of CR by CCS, creating 

a barrier to enable a wide array of potential customers for Carbfix.  

 

2.3.3.2 Directive on Environmental Liability 

Directive 2004/35/CE on environmental liability with regard to the prevention and 

remedying of environmental damage, known as the Directive on Environmental Liability, 

creates a framework of environmental liability based on the "polluter-pays" principle, to 
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prevent and remedy environmental damage. The definition of environmental damage in 

Article 2 of the directive is instrumental for its scope. According to recital (14) the 

directive does not apply to cases of personal injury, to damage to private property or to 

any economic loss, and does not affect any right regarding these types of damages.  

 

The scope of this directive could potentially be regarded as too narrow in the case of new 

and novel storage methods entering the market, as it does not cover previously 

mentioned topics. Onshore storage for example increase the risk of damage to private 

property, creating a knowledge gap and uncertainty in how this should be addressed 

leagally. The directive mostly covers activities related to storage in compliance with the 

CCS directive. The environmental liability directive provide definition on discharge of 

pollutants into the air, where damage is all direct and indirect measurable adverse 

changes on the environment and emissions released as a result of human activities. 

In the case of storage of negative emissions, the question of leakage and damage has not 

been discussed.  In this context Pop (2016) argues that some fears relating to the damage 

of CO2 leakage on the global environment are unwarranted as they are already in the 

process of materializing precisely due to the absence of CCS. As a continuation, Pop 

(2016) points out that applying a legal approach of such to leakages would be dangerous 

however, as it might decrease the criteria of storage site and how it is managed. This does 

not, however, change the implications provided by that the CCS Directive require a vague 

and immense no-leakage certainty, that is almost “impossible” to provide (Directive 

2009/31/EC; Pop, 2016).  

2.3.3.3 Environmental Impact Assessment Directive 

The Environmental Impact Assessment (IEA) Directive 2011/92/EU (plus amendments in 

Directive 2014/52/EU) applies to a wide range of public and private projects, where all 

projects that are considered as having significant effects on the environment requires an 

EIA. As CR by CCS projects will meet these criteria, they would need to deliver an EIA. The 

objective of this Directive is to ensure a high level of protection of the environment and 

of human health by establishing minimum requirements for environmental assessments 

(Directive 2011/92/EU; Directive. Amend. 2014/92/EU). CO2 mineralization projects in 

Iceland for permanent storage are subject to an Environmental Impact Assessment and 
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obligated to have an operating permit according to Act No 7/1998. The Act on 

Environmental Impact Assessment is now (amended in 2021) covering both the need for 

clear definitions on activities for carbon capture, transport, injection and storage, and 

regulations toward carbon dioxide injection. According to the Act, an operator must apply 

for an injection permit at the Environment Agency, and the Environment Agency is 

obligated to send a draft of injection permit to EFTA Surveillance Authority, prior to 

issuing the permit. There is also a specific requirement that the CO2 stream intended for 

injection shall not contain waste. In the amendment there is no further explaination to 

what waste is defined as potentially providing uncertainty to what an acceptable CO2 

quality  is regarded as. Having this requirement is neseccary, but making sure that these 

factors are properly defined is important to enable collaboration with customers 

(capturers). By using the definition “Injection site” this amendment enables a more 

precise requirement on the specific method used in Icelandic exclusive economic zone 

(Act 12/2021).  

2.3.4 Framework for energy infrastructure in Europe  

The regulation (EU) No 347/2013 on guidelines for trans-European energy infrastructure 

(the TEN-E Regulation) has established ground rules for accelerating growth in 

development of interconnecting energy networks with strategic significance, also known 

as Projects of Common Interest (PCIs). Through the European Green Deal (European 

Comission, 2020) it is required that the TEN-E Regulation is reviewed, including revision 

of the definition of the objectives of the regulation (Regulation (EU) No 347/2013). 

Tamme (2020) points out that the amendment of the TEN-E Regulation is important for 

the build-out of European CO2 transport and storage networks for a cluster approach to 

be possible. The TEN-E Regulation (EU) No 347/2013 provide strategic priorities for 

energy infrastructure of common interest in MS and EFTA countries, where CO2 transport 

and cross-border collaboration is included in the scope. Projects that use CCS while 

maintaining security of energy supply, increases resilience and security of CO2 transport, 

and importantly, ensure efficient use of resources, by enabling the connection of multiple 

CO2 sources and storage sites via common infrastructure and minimizing environmental 

burden and risks. However, the TEN-E regulation, in the same way as the CCS directive, 

have an assumption leaning toward the petroleum industry by assuming pipeline as 
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transport option. Mark Driessen (2021) explained that revision of the TEN-E is a crucial 

opportunity to underline the importance of CCS in reaching the aims of the Green Deal. 

Strengthening regulations could incentivize industries and encourage investments, which 

in turn could enable the value chain for capture, transport, and storage to emerge. 

Furthermore, Driessen emphasize that storage should be included in the regulation to 

speed up the permit process. If the European Commission recognize the transnational 

element of the CCS value chain and cross border benefits of storage facilitates and the 

third-party availability of these, a suboptimal storage scenario could be avoided 

(Driessen, 2021).  

2.3.5 Lack of funding and financial incentive  

2.3.5.1 The EU Taxonomy creating security for investors 

Through the EU Taxonomy Regulation, the EU have acknowledged that for CR projects to 

be an attractive investment there has to be a trusted labelling scheme in place. Such a 

scheme is expected to create security for investors, protect private investors from 

greenwashing, help companies to plan the transition, mitigate market fragmentation and 

eventually help shift investments where they are most needed (Regulation (EU) 

2020/852). 

 

The taxonomy regulation aims to harmonize how environmentally sustainable economic 

activities is defined among MS and their economic zones to encourage investments across 

borders. In this way the uniformity can decrease project costs and incentivize economic 

operators by enabling access to cross-border capital markets for the purposes of 

sustainable investment. The EU taxonomy is therefore an important enabler to scale up 

sustainable investment and to implement the European Green Deal (European 

Commission, 2019a; Regulation (EU) 2020/852). Interestingly, the taxonomy Regulation 

have broken down the different CCS steps into separate activities, allowing for methods 

other than conventional CCS. Here, DACCS, transport of CO2, permanent sequestration of 

captured CO2, infrastructure for low carbon transport by land and water is defined as valid 

enabling activities (EU Technical Expert Group on Sustainable Finance, 2020). The 

definitions in the EU Taxonomy allow enabling of geothermal energy production with CCS, 

BECCS and DACCS, as it labels them as sustainable investments. This sustainability label 
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for such activities has previously been a missing, acting as a barrier for MS to include it in 

action plans aiming to comply with the objectives of the European Green Deal(European 

Commission, 2019a, n.d.-b). 

2.3.5.2 EU Innovation Fund 

The Innovation Fund, a successor of the NER300 program, is one of the world’s largest 

funding program for the demonstration of innovative low carbon technologies the fund 

will provide around EUR 10 million, depending on the carbon price, of support to 

commercial demonstration of innovative low-carbon technologies. This fund is, in 

compliance with Article 6 in the Paris Agreement, provided by revenues from the EU ETS. 

The innovation fund support projects, also from energy-intensive industries, with risk-

sharing by giving more funding in a more flexible way through a simpler selection process. 

The aim of this program is to provide long-term incentive for CCS projects, among others 

(European Commission, n.d.-c). Carbfix, for example, was one of the receiving project of 

this fund (FP7-ENERGY: 283148)(Cordis, 2015).  

2.3.5.3 Aid from Member States 

State aid is defined by the European union as ´an advantage in any form whatsoever 

conferred on a selective basis to undertakings by national public authorities´ (European 

Commission, 2019b). Furthermore, the EU has state aid control to ensure that MS and  

European economic area (EEA) states are subsidizing economic activities in compliance 

with EU policy (European Commission, 2020b). As an example, the EFTA Surveillance 

Authority (ESA), is responsible for monitoring compliance with state aid rules in EFTA 

countries, approved state aid up to €2.1bn for Norwegian full-scale CCS (ESA, 2020). For 

CCS projects, MS are encouraged to give state aid to fund CCS demonstration, but the EU 

also suggest that such funding will be limited to the initial demonstration phase (Teir, 

2010). In the longer term however, national subsidies in MS and EEA countries toward 

CCS projects will be difficult under EU competition law. For example, for the EU ETS the 

primary objective of state aid is to ensure that ´the positive effects of subsidies outweigh 

its negative effects in terms of distortion of competition the internal market´ (European 

Commission, 2020b; Teir, 2010). Svebio (n.d.) note that the regulation, and the 

implementation of the regulation, in some cases contradicts the purpose to enable the 

MS to fight climate change and support the targets in the climate policy.   
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3 Objective and research questions 

In this section, the objective and research questions are presented.  

3.1 Objective and research questions 

Against the above backdrop, the overall objective of the research involves investigating 

how CR by CCS can be enabled through financial incentives through a carbon market for 

NECs, and its role in a first-of-a-kind industrial CCS system in Nordic countries where 

Carbfix can function as a hub for permanent storage in such a co-benefitting system. The 

material scope of the thesis is confined to the available and potential resources in Finland, 

Iceland, Norway, and Sweden. The objective will be addressed by answering the four 

research questions listed in this section. 

 

The role of CR by CCS in climate action plans are not in line with desired deployment levels 

to reach climate targets. The first research question will assess the current business case 

for CR by CCS in Nordic countries, to explore what role the mitigation method could have 

in reaching climate targets. Therefore, the first research questions is as follows: 

1. What role do CR by CCS play in a first-of-a-kind industrial CCS system in Nordic 

countries and in reaching climate targets? 

 

Further on there is currently no financial incentive for CR by CCS, and the need for 

exponential deployment is increasing alongside steeper climate target pathways. To 

address this issue, this thesis will explore the lack of a market for CR by CCS and how CR 

by CCS can be incentivized through gaining negative emissions credits for their activities, 

eligible for trading in a market. Therefore, the second research question is as follows: 

2. How can the establishment of a “gain-and-trade” credit system for negative 

emission activities boost deployment of CR by CCS in Nordic Countries? 

 

Thirdly, the idea of a market for trading NECs is immature, and to be able to further 

explore if a market can provide the financial incentive needed to push for deployment of 

CR by CCS, the potential structure of such a market has to be explored. Therefore, the 

third research question is as follows: 
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3. How can credibility and transparency in a carbon market support the long-term 

success of tradable NECs in Nordic countries? 

 

Furthermore, previous studies show that if CR is to be applied at scale, there is a need for 

access to storage (Fajardy, 2019; Geden, 2020; Tamme, 2021). Accounting for this, the 

framework for CCS activities and associated barriers will be explored, with Carbfix´s 

business opportunities in a Nordic industrial CCS system in mind. Therefore, the fourth 

and last research question is as follows:  

4. How can an enabling framework allow Carbfix to provide a storage hub in an 

industrial CCS system in Nordic countries? 

 

By answering these four questions, this thesis will add to the knowledge on how 

profitability can enable widespread, large-scale deployment of CR by CCS activities to 

achieve national and international climate goals. In the grand scheme of things, this thesis 

aims to contribute to solving the complex issue of reaching global climate goals by 

exploring opportunity and potential for an industrial CCS system in Nordic countries.  

4 Research method 

This research consisted of a literature review and semi-structured interviews with 

different experts with key knowledge on current CCS deployment in Nordic countries, 

allowing first-hand insight and exploration in this new emerging industry. The method 

was chosen to extract the participants individual experience of the direction the sector is 

heading, and their perception of its current status. The method, consisting of a literature 

review and a thematic analysis of qualitative research data, allows for substantiated and 

rich insight (Castleberry & Nolen, 2018). Castleberry (2018) further explains that such an 

approach can provide insight that goes beyond numbers, where this thesis aims to merge 

the most recent studies in the field with experience and current state status perceived 

from participants, to unveil and address barriers and the direction the sector is heading.  
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The interview framework for this thesis was built on the understanding of recent and 

discussed issues regarding policy, economic and legal issues from literature. Figure 4 

show the process for the interviews, from designing the questions to analysis in MAXQDA. 

In-depth insight from the interviewees was ensured through thoroughly considered 

open-ended questions so that quality of the data received could be a complimentary 

addition to the relevant literature and provide new insight.  

 

 

Figure 4 Research method process. Based in Latapi's (2021) model, created based on the 
research method used 

 

4.1 Characteristics, question design and conduction of interviews 

The selection criteria were based on approaching industries that are involved in CCS and 

CR by CCS projects in Nordic countries, where Table 4 details the selected interview 

participants. Carbfix recommended an interview with the owner of Navigo in Iceland as 

well as a climate policy analyst in Climeworks. 

 



38 

Table 1 Interview participants 

# Title Company Country  

1 Senior Advisor  Equinor, Northern Lights Norway  

2 Director for CCS Operations  

Framework Conditions Advisor 
Fortum Oslo Varme Norway 

3 Owner/Managing Partner Navigo Iceland  

4 CEO iCert Iceland  

5 Climate Policy Analyst Climeworks  Switzerland  

 

The research included 5 interviews, with 6 participants (Fortum Oslo Varme asked to have 

two participants in the same interview). The characteristics of the interviews can be seen 

in Table 5.  

 

Table 2 Characteristics of conducted interviews 

Characteristics  Total  Notes 

Total interviews 5  

Total companies  5  

Total Participants  6 Fortum Oslo Varme asked to have two participants in 

the interview 

Maximum duration  01:57  

Minimum duration  00:55  

 

The semi-structured questions were mainly focusing on opinion, where a free structure 

of the interview also allowed the researcher to explore interviewees knowledge and 

feelings toward certain topics that were brought up during the interview (Meagen, 2016). 

In this way, participant could provide their understanding of the topic, and provide 

specific insight (Meagen, 2016). The researcher put a great emphasis on having a natural 

conversation so that the participant could talk freely. This translated into 10 main 

questions (see Appendix I) with follow up questions to further investigated topics that 

might not have been answered through the main questions. Due to the questions being 

broad and concerning a complex topic, the interviewer had additional information at 

hand if interviewee needed guidance on the context of the question.  
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All interviews were conducted through Microsoft Teams for two specific reasons: i) 

Interviewed candidates were situated in different nations and locations, and ii) Covid-19 

restricted social interaction and free movement between countries, thus the 

interviewees could not perform face-to-face interaction.  

 

Interviews were conducted between early February to early April 2021. All interview 

candidates allowed for the interview to be audiotaped through a local app on researcher’s 

computer. Five out of six interviews were conducted in English, and one in Norwegian.  

 

All recordings of the interviews were transcribed by the researcher, aiming to transcribe 

as accurately as possible. Additionally, recordings were shown to be of poor quality due 

to echo on the Mp4-file, making the process tedious and somewhat difficult. This will be 

addressed in more detail in Section 6.5.  

4.2 Coding tool and thematic maps for interview analysis 

MASQDA 2021 was used to extract relevant data from interviews by using a coding frame, 

and to structure the information. The qualitative methods of this study was a thematic 

analysis, using a combination of inductive and deductive coding, often called a blended 

approach (Castleberry & Nolen, 2018; Linneberg & Korsgaard, 2019). This study had a 

deductive approach as the pre-designed  interview questions (based on already assessed 

literature) was used in the coding process (Linneberg & Korsgaard, 2019). Furthermore, 

to honor the interview participants, an inductive approach was taken during the 

extraction of data from interviews (Linneberg & Korsgaard, 2019; Manning, 2017). For 

the inductive approach, “In Vivo” coding was found suitable to as it highlights good points, 

good ideas and broader significance-thinking through the coding process (Manning, 

2017). Further on, a coding manual was created in Microsoft Excel for the explorative 

analysis.  

 

The coding tool for the interview analysis (Table 2 and Table 3) contains two separate 

thematic subjects and is built on the thematic maps created for the method of this thesis. 

This coding tool was used as the main guide when coding interviews in the context of the 

theme, to ensure a non-biased interpretation of segments in MAXQDA.  
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Table 3. Coding tool for Carbfix´s business case in a Nordic industrial CCS system 

Code hierarchy 
Includes:  

Why do we 
need it?  1st Level 2nd level 3rd Level 

Carbfix in the Nordic Cluster Enabled by License 
to Operate 

All statements regarding Carbfix 
RQ4 

"Approval of 
business 
case 
grounded in 
factors, 
leads to 
license to 
operate" 

Factors of 
interest for 
Business 
Case 

"Grounded in" 
Everything related to making a 
business case, or statements regarding 
business case  

RQ4 

Customer potential 
and availability  

When potential or BEC/DAC activities 
is discussed 

RQ4 

Lack of funding and 
available finances 

Lack of investment and current 
positive investor signal, everything 
that mentions funding of operational 
phase for Carbfix 

RQ4 

Factors affecting 
Carbfix 
competitiveness 

whenever barriers such as transport, 
land storage, distance are mentioned 

RQ4 

"Achieving 
License to 
Operate 
through 
factors, 
leads to 
Carbfix 
opportunity
" 

Factors of 
interest for 
Operation - 
"License to 
operate"  

"Through" 
Whenever "allowed to do" is 
mentioned 

RQ4 

Integrity of 
/Approved Storage 
Method 

 Whenever opportunities in other 
countries is discussed regarding sea 
and land storage. Approved land and 
sea storage method (property law and 
directives) Whenever the integrity of 
Carbfix's storage method is discussed, 
specifically regarding leakage and 
monitoring 

RQ4 

System Thinking 
Whenever Carbfix, or storage 
provider, is mentioned as a part of a 
system  

RQ4 

Integrity of value 
chain emission 
"Lifecycle 
Perspective" 

All related to "the total emissions in 
the process of transporting and 
storing the CO2 has to be significantly 
lower than the negative emissions 
stored". 

RQ4 

Shipping as an 
efficient solution 
(TEN-E) 

Whenever TEN-E is mentioned, as well 
as Carbfix’s opportunities from 
customers in Europe 

RQ4 

CCS Directive issues 
Whenever the harmonization of the 
CCS Directive is discussed, including 
the implications it can have for Carbfix 

RQ4 

 

Table 4. Coding tool for a viable voluntary carbon market with high integrity 

Code hierarchy 
Includes:  

Why do we 
need it?  1st Level 2nd level 3rd Level 

Viable VCM with Sufficient Carbon Price  
Whenever a topic regarding selling 
credits or markets are discussed RQ3 

"Approval 
of NECs, 

Fundamental 
Factors of 

"Grounded in" 
Whenever it is mentioned that a 
credit is necessary  

RQ2 
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grounded 
in factors, 
leads to 
Market 
Integrity 
Assurance" 

Interest for 
Reliable NECs  

A new separate 
directive for CR by CCS 

When a new Directive for CR 
removal is mentioned specifically RQ2 

A funding Mechanism 
in Carbon market 

Whenever compliance toward PA 
and NDCs is mentioned, if 
participant mention, indirectly, any 
of the principles that the VCM 
report talk about, Whenever 
contracts (e.g. Spot and Futures 
contracts) or spice signals are 
mentioned 

RQ2 

Integrity of value 
chain emission 
"Lifecycle Perspective" 

All related to "the total emissions in 
the process of transporting and 
storing the CO2 has to be 
significantly lower than the negative 
emissions stored". 

RQ2 

Fundamental carbon 
principles and 
accounting rules 

Whenever accounting rules are 
mentioned specifically, everything 
related to the legal issues of carbon 
credits and negative emissions 

RQ2 

An Effective EU 
Taxonomy regulation 

Whenever the EU Taxonomy is 
mentioned specifically RQ2 

"Achieving 
Market 
Integrity 
Assurance 
through 
factors, 
leads to a 
Viable 
VCM" 

Factors of 
Interest for 
Market 
Integrity 
Assurance 

"Through" 

Everything related to a trustworthy 
and functioning market is 
mentioned and possibly whenever 
participant is mentioning a 
framework for allowing trading of 
NECs 

RQ2 & RQ3 

Compliance with NDC 
Paris agreement art 6 

Whenever compliance toward PA 
and NDCs is mentioned RQ2 & RQ3 

A credible NEC  
Everything regarding accounting 
rules and negative emissions RQ2 & RQ3 

Certification of NECs 
Whenever certification of NECs is 
mentioned  

RQ2 & RQ3 

Willing customers 

Whenever customers, willingness 
and that the market is ready for 
NECs is mentioned, whenever 
putting a price on CO2 is mentioned, 
that it should be higher/that it’s not 
high enough, and that the price in a 
voluntary market might be 
significantly higher than in an ETS 

RQ2 & RQ3 

 

Furthermore, the main goal was to explore the participants experience and view on the 

assessed topics discussed in this thesis. Five main codes were used to determine the topic. 

Sub-codes were created to be more specific, which allowed for more intertwined coding 

of answers. Furthermore, one set of codes was created to retrieve discussion points. 

Lastly, In Vivo coding was used to retrieve new information, deviating from pre-

determined research questions, as well as statements of particular interest.  
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Similar to Lapatí´s (2021) qualitative study on drivers and characteristics for a responsible 

business framework methods approach, the consistency of the coding frame and validity 

of coding rules were tested through pilot-coding of the longest and shortest interview. 

 

Furthermore, coding was divided into two main topics to be able to answer the research 

questions. As shown in Figure 5 and Figure 6, thematic maps were made for the two topics 

to determine the coding and its relevance (Cañas, 2004).   

 

 

Figure 5. Thematic map for a viable voluntary carbon market with a sufficient carbon price, 
based on Cañas (2004) concept map theory 
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Figure 6. Thematic map for Carbfix in a Nordic CCS industry system, based on Cañas (2004) 
concept map theory  
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5 Results  

In this section, the results from semi-structured interviews, as well as an analysis, will be 

presented. Firstly, interviews have been analyzed with a focus on capturing what the 

participants have answered specifically to the questions asked, where relevant answers 

stated at different times throughout the interview have been disregarded for this part of 

the analysis. Importantly, one interview out of five in total, was not included in the 

analysis of answers to questions as the information provided was solely toward carbon 

credits and VCMs. Relevant statements not included in the first analysis section are 

included in the three analyses focusing on specific topics: Carbfix’s opportunities, VCM, 

and Nordic CCS industrial system.  

 

Retrieved information from interviews, coding and In Vivo quotes are anonymously 

presented in this section. Additionally, it’s important to note that the intertwined nature 

of explored topics made statements applicable in different analyses, where coded 

segments were used multiple times.  

 

Questions and answers in interviews have been explored both structure-wise, and by 

using principles of the thematic maps created for Carbfix’s business case and for a viable 

VCM in the Nordic industrial CCS system. Questions are aiming to open a multidisciplinary 

discussion about political, economic, and legal questions. The structure of the result 

section is as follows: first, the research questions and participant’s answers are analyzed 

to show their main concerns and thoughts on the subject of the question. By doing this, 

answers that are surprising or that might be new information can be highlighted. In 

addition, to highlight participants agreement/disagreement in the form of yes/no 

questions will show if there is saturation in the results, as well as the direction the 

industry is taking based on response. Next, results from the analysis of thematic coding 

are presented to incorporate input from participants with the addressed theme of this 

thesis, aiming to show how these two main focal points can both be enabled and be 

crucial contributors to a successful industrial CCS system in Nordic countries.  
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From the answers, it is apparent that during the interviews, the discussion was mainly 

focused on what the two theoretical models (Figure 8 and Figure 9) describe as “grounded 

in”. There are some exemptions, where answers can be regarded as both “grounding 

factors” or “factors leading to”. The reason for this is that the topic is very much about an 

up-and-coming industry, where there are few ground rules yet. Therefore, answers have 

been elaborated on the ground principles that are currently set, barriers due to 

interfering ground rules (such as the CCS Directive), and what the future ground rules 

should be. 

5.1 Policy, economic factors and legislation  

Transcribed interviews were coded in line with the aims of the thesis, where policy, 

economic factors and legislation were explored to unveil potential barriers for CR 

deployment. For the analysis provided in this section, questions asked in interviews have 

been divided into the three different topics. Five questions, including one follow up 

question, (Q1, Q2, Q3, Q5, Q7 and follow up question for Q7) provide insight to how policy 

could be sufficient or insufficient as a grounding factor for deployment of CR. One 

question (Q8) provides insight in how legislation could be a sufficient or an insufficient 

grounding factor for deployment of CR. Questions 9 and 10, as well as the follow up 

question 10 provide insight in how regulation can be a sufficient or insufficient factor for 

deployment of CR.  

 

The analysis of answers to questions followed a constrainedin structure where 

participants input, after being asked a question, is tied to that exact question. This limits 

interpretation by the researcher throughout the entire interview, where participants are 

“honored” with their own statements relevant toward the questions asked. Other 

comments or reflections not relevant for the question asked are left out of this part of 

the analysis. Here, In Vivo codes were used to highlight the participant’s opinion and 

experience. This approach was chosen to emphasize the participants “top-of-mind” 

answers, and how candidates responded to different topics.   
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Figure 7 Representation of Yes/No answers on question Q1, Q2, Q3, Q5, Q7 and follow up 
question for Q7. Question 4 and 9 asked the participant about specifics, and was not designed 
as yes/no questions, thus not included in this figure.  

 

It is important to note that not all questions were answered directly by the participants. 

Figure 7 from the analysis of question one, two, three, five, and seven provides a good 

oversight of the saturation in opinions among participants. 

 

In Figure 8, all four participants answered “No” to the question “Do you think that the 

existing policies are sufficient enough to push for deployment of these technologies or 

activities for the time being?”. Quotes are representing a selection of statements toward 

why they answered the way they did.   
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Figure 8 Representation of answers for the sufficiency of existing policies in deploying CR by 
CCS in Nordic countries 

 

When asking participants if they believed that the existing policies in the Nordic countries 

included in the scope of this thesis is sufficient to push for deployment of CR technologies, 

the answers were uniform. Even though there are funding mechanisms, such as the 

Innovation fund, and regulations toward CR by CCS, none of the participants find the 

policies to be sufficient. Participant’s experience is that policy moves slowly, where goals 

for CR technology should be set, and that more targeting and specific policies is needed 

to push for deployment. One participant however explained that even though policies 

might not be enabling directly, one must be innovative and work with what’s at hand. 

 

When asking the question, “Do you think that the focus of policies could be acting as a 

form of barrier as it might neglect future viability of CCS and NETs projects and 

companies?” all four participants provided an answer. Answers, however, were divided 

in “Yes” and “Maybe, the future will show”. In Figure 9, quotes are representing a 

selection of statements toward why they answered the way they did. The broadness of 

this question allowed for participants to answer specifically or elaborate on the bigger 

picture of what future deployment will look like.  
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Figure 9 Representation of answers to the focus of policies being a barrier for future viability of 
CR by CCS activities. Quotes are placed randomly and participants are anonymous. 

 

Participants answer toward the question about the suggestively misplaced focus of 

policies was somewhat divided. Two participants meant that policies toward CCS 

deployment should be about enabling the industry to find good solutions through 

incentives and though standards, and not towards “already-picked winners” (Per 

Sandberg). The two remaining point out that there is funding driven by policy, but it’s not 

sufficient. Especially not for CCS projects. They also accounted more for changes that will 

happen in near future, such as COP26 in Scotland and the continuation and evolvement 

of early phase PCIs currently being established in Europe. In that regard, participants 

leaned more towards a “we’ll see what happens” in their answers.  

 

All four participants answered uniformly “Yes” to the question “Do you think that a gain-

and-trade carbon credit scheme can be applied to CR by CCS activities?”. In Figure 10, 

quotes are representing a selection of statements from answers in the interviews.  
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Figure 10 Representation of answers about introducing a gain-and-trade carbon credit for CR 
by CCS 

 

All participants believed that a “gain-and-trade” carbon credit scheme would be a suitable 

approach for  enabling deployment of CR activities, such as BEC and DAC. In fact, most 

participants found it as an absolute necessity to achieve a solid business case for such 

solutions. One participant emphasized the importance of the ground rules, such as 

correct accounting and transparency, for such a scheme to make sense. Another 

participant explained that the potential lies in the voluntary market, and not in a 

regulated market like the EU ETS. A third participant explained that establishing a NEC 

would be in line with the Paris Agreement and the creation of a carbon market, which will 

allow nations to follow up on their commitments (NDCs). 

 

Figure 11 depicts that two out of four participants answered “No” to the question “Do 

you think current national tax rates and the carbon price is a big enough push toward 

desired levels of CCS and NET deployment in Europe?”. Quotes are representing a 

selection of statements from answers in the interviews.  
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Figure 11 Representation of answers to the current national taxes and carbon price and if it is 
sufficient to push for deployment of CR by CCS in Nordic countries 

 

The two participants that answered this question directly believe that the current 

national tax rates and carbon prices are not sufficient to push for desired levels of CCS 

and CR activity deployment in Europe. One participant explains that there most likely will 

be changes within the next few years due to changes happening in the ETS. Furthermore, 

it is pointed out that the unforeseen achievements of pledged targets and commitments 

with the current rates will drive changes, and more incentive will be placed into achieving 

these in the near future.  

 

One participant points out that there are some interesting schemes appearing in the 

private sector, where a carbon price is set internally, to take responsibility for their 

respective emissions. Further on, the participant explains that these types of schemes can 

help boost deployment if these finances are fed back into CR projects.  

 

Figure 12 visualizes one main question and a follow up question. The main question asked 

was “Do you think that CCS and NETs might end up in the shadows of Renewable Energy 

and be an undervalued option in the mitigation-mix?”  and the follow up question was 

“Compared to RE the key difference is that targets were set, and financial support 

mechanisms put in place to achieve them. Why do you think it’s different for CCS and NET 
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activities?” Two participants answered “No” to the main question specifically, and four 

participants answered the follow up question. 

 

 

Figure 12 Representation of participants answers to if they think that CR by CCS activities might 
end up in the shadows of renewable energy in the mitigation-mix 

 

The two participants answering the main question meant that CR is not going to end up 

in the shadow of RES, where awareness of the need leads to it being regarded on its own 

merit. However, one participant points out that the real question is how big the role of 

CR by CCS will be in the long run in the mix of solutions, as hydrogen production most 

likely will affect the level of deployment CCS activities in the energy intensive industries9. 

This is an intricate issue where hydrogen produced from natural gas will require the use 

 
9 Green hydrogen production have been prioritized over blu hydrogen in climate strategies in Europe 
(Noussan, Raimondi, Scita, & Hafner, 2021) 
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of CCS to avoid emissions (Beck, 2019), boosting CCS deployment. Here, one has to 

account for the fact that CR by CCS deployment is dependent on the maturing of CCS 

technology in general (Haszeldine, 2018). However, the EU aims to excel in production of 

green hydrogen produced through electrolysis, where only water and heat is emitted 

(zero CO2 emissions) (European Parliament, 2021). Green hydrogen technology depends 

on the maturing of the technology in general as well as the level of RES in the EU. To be 

able to decarbonize the energy intensive industry with green hydrogen, the level of RES 

has to be scaled up significantly. Studies suggest that the required RES scale-up needed 

support clean power generation may not be enough, making blue hydrogen important in 

fulfilling the hydrogen demand in a transition phase (Noussan et al., 2021).  

Thefore, the role of CCS in the mix of mitigation solutions might be challenged when clean 

hydrogen gets traction in the energy mix (Beck, 2019). 

 

The follow up question presented in the square in Figure 12 provided more specific 

answers in regard to if CCS has been an undervalued option in the mitigation mix, 

compared to RE. Here, participants were under the impression that targets are what 

drives deployment and this might be missing for CR technology. However, one participant 

pointed out that the real target, global emissions, is already set. Other participants 

explained more specifically that policy hasn’t been able to concretize what role CR 

activities have in reaching these targets and therefore, with no concrete position, make 

it challenging to work effectively towards targets. One participant pointed out that CR 

solutions are not included in NDCs, making CR technology´s role even more questionable 

from a national perspective. The participant emphasized that if all nations followed up on 

their commitments, a CCS industry might not reach large-scale levels. Regarding this, 

deployment levels can be a question of each nations ability to follow up on their planned 

commitments to the Paris Agreement. Furthermore, statements imply that separate 

targets for CR is getting traction in policy discussions, where one participant explained 

that this is essential to help a new industry to be able to achieve a solid business case.  

 

On the question “Do you think the CCS Directive’s ‘assumption’ of injection method could 

be a barrier to deployment of CCS and NETs using different methods?” all four participants 
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answered “Yes”. In Figure 13, quotes represent a selection of statements from answers 

in the interviews.  

 

 

Figure 13 Representation of participants answers to the CCS Directives assumption of injection 
method and if it could act as a barrier to deployment of other methods 

 

All participants believed that an assumption of the injection method in the CCS Directive 

could act as a barrier. The question is related to exploring Carbfix’s barriers, thus many 

participants addressed this issue for Carbfix specifically, as well as on a general basis for 

methods differing from “traditional CCS”.  Interestingly, one participant pointed out that 

even though the zero-leakage requirement can be regarded as too definite, the industry 

has accepted it. It is also emphasized that the current situation, where emissions that are 

not captured, could be considered as a 100% leakage-scenario. Even if a certain 

percentage leaks from storage, principally, most of the CO2 is still captured. One 

participant, similar to statements in Figure 9 (Representation of answers to the focus of 

policies being a barrier for future viability of CR by CCS activities) in the beginning of this 
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analysis, called attention to that when authorities choose what they consider being the 

right solution, things can become problematic. Nevertheless, one participant pointed out 

that this regulatory barrier can possibly be overcome by having an innovative approach 

to the issue and focusing on becoming a storage hub in Iceland. This statement is in line 

with the Slingerlands findings (2015) where it was concluded that there is no evidence of 

this assumption prohibiting Carbfix´s method. 

 

Figure 14 represent a follow up question to the previous question (Figure 13), exploring 

if coherence and harmonization could be a barrier for novel CCS methods. Three out of 

five participants gave an answer to this question, where these have been included in this 

analysis section due to how participants answered and relevance of their input. Quotes 

are representing a selection of statements from answers in the interviews.   

 

 

Figure 14 Representation of participants answers to the coherence and harmonization of the 
CCS Directive, and if that could be a barrier to deployment of other methods in a market 

 

Of the three answering participants, all were under the impression that coherence of 

regulations for CCS activities in Europe could be problematic for new CCS methods who 

want to enter a market. They elaborated that countries want to play on their strengths 

and issues with technology openness was brought to light. One participant stated that 

technology openness in regulations could be regarded as a form of coherence as well. 
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One participant addressed Carbfix´s project specifically and suggested that it might be 

beneficial for them to be a storage solution only for negative emissions and not fossil CO2, 

as it might lessen the negative stance on the risk of leakage from basalt storage. Further 

on, several participants mentioned that this potential barrier is being addressed already, 

where amendment is expected soon. This also ties to one participant´s explanation about 

the fact that coherence in Europe not being a huge issue if companies such as Carbfix 

work with what’s at hand, and possibly focus on becoming a part of the interconnections 

and projects of common interest in Europe by focusing on becoming a storage hub in 

Iceland.  

5.2 Results from thematic coding 

In this section the results from thematic coding, based on thematic maps and the coding 

tools (Table 2 and Table 3), are presented. First, results from thematic coding of Carbfix´s 

business case opportunities are laid out. Secondly, the results from thematic coding for a 

viable VCM is presented.  

5.2.1.1 Business case opportunities for Carbfix 

An explorative analysis of Carbfix and its business case opportunities address research 

Question 4 about how an enabling framework can allow Carbfix to be a service provider 

in a Nordic CCS system.  

 

Following the theory model presented in section 4.2 (Figure 6, page 44), this section 

addresses fundamental factors relevant for Carbfix´s business case and their license to 

operate10. According to the model, license to operate is built on enabling principles and 

compliance with legislation. This approach allows for exploration of barriers and potential 

opportunities by utilizing experience and knowledge from experts on these topics. 

Factors of interest for a viable business case assessed in this section include fundamental 

factors such as competitiveness, availability of potential customers who are willing to buy 

permanent storage, and access to financing.   

 

 
10 A “license to operate” can be defined as a grant of permission to undertake a trade or carry out a business 
activity, subject to regulation or supervision by the licensing authority(Nielsen, 2013). 
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In Figure 16, all five participants provided insight into significant factors that affect Carbfix 

in the Nordic Cluster. It is important to note that segments that do not specifically address 

Carbfix as a case have been included based on relevance for the case study. Figure 16 

depicts how interview answers are categorized into two topics. Since interviews were 

designed to create a conversation about pre-determined topics, results from coded 

segments reflect this to some degree.  

 

 

Figure 15 The two main codes for Carbfix and respective count 

 

Figure 16 shows that 47% of statements from interviews are relevant for Carbfix’s “license 

to operate.” Factors included in “License to Operate” are CCS Directive Issues, Integrity of 

Value Chain Emissions/Lifecycle Perspective, System Thinking, Transportation Barriers 

(CCS Directive and TEN-E) and CCS Directive Issues. Further on, 53% of statements coded 

and included that relate to Carbfix’s business case opportunity are leaning toward Lack 

of Funding and Available Finances, Factors Affecting Carbfix’s Competitiveness and 

Customer Potential and Availability (BEC/DAC). The factors have been explored by 

weighing the number of times the specific topic was brought up during the interviews. 

Figure 17 depicts how different factors were distributed along the two topics, based on 

the number of times they were coded in total from all five interviews.  

 

53%

47%

CARBFIX IN THE NORDIC 
CLUSTER ENABLED BY LICENSE 

TO OPERATE

Factors of Interest for  Business Case

Factors of Interest for  Operation "License to Operate"
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Figure 16 Sub Code counting for the two topics discussed for Carbfix 

 

Codes, presented as squares, have been plotted to show their share of the total count of 

coded segments (211 coded segments). This has been done to show which code has been 

used the most. The largest square represents the code that was used the most out of the 

total counted segment. As shown in Figure 17, lack of funding and available finances (61 

coded segments) is what that’s been most frequently brought up by participant for a 

business case, followed by factors concerning competitiveness (42 coded segments). 

Since all codes relevant to a business case have been included in this analysis, and not 

only those specifically addressing Carbfix, the main code might be overrepresented. 

Further on, exploring factors of interest for operation (99 coded segments), codes show 

that integrity of storage method for Carbfix (38 coded segments) and an industrial CCS 

system outlook (27 coded segments) were mentioned the most throughout the five 

interviews. Issues concerning the CCS Directive (16 coded segments) and transportation 

barriers (14 coded segments) also take up a large share of the results from coded 

segments.  

5.2.1.2 A Viable Voluntary Carbon Market 

In this section, information retrieved from interviews will be used to assess the idea of a 

VCM for NECs. Following the theory model for VCMs presented in section 4.2 (Figure 5, 
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page 43) segments have been explored by focusing on two main codes: Factors of Interest 

for Market Integrity Assurance and Fundamental Factors of Interest for Reliable NECs. The 

aim with this coding approach is to show how approval of NECs, grounded in a directive 

for CR, a funding mechanism, fundamental carbon principles and accounting rules, 

integrity of value chain emissions, and taxonomy, provide market integrity assurance. 

According to the model, market integrity through I) compliance with Article 6 of the Paris 

Agreement, II) NEC credibility, III) certification of NECs, and IV) willing customers, can 

potentially provide a carbon price high enough to ensure viability of a carbon market.  

 
Figure 19 show the divison of how all five participants answers, where they provided 

insight to factors of interest for a VCM, represented by the two main codes; Factors of 

interest for Market Integrity Assurance and Fundamental Factors of Interest for Reliable 

NECs. As shown in Figure 19, the two main topics of this section were discussed evenly 

throughout the interviews, like the two main topics in Carbfix’s case. Fundamental factors 

for a reliable NECs were discussed slightly more than factors relevant for market integrity 

assurance.  

 

 

Figure 17 Two Main Codes for Exploring a Viable VCM with Sufficient Carbon Price 

51%49%

VIABLE VCM WITH SUFFICIENT 
CARBON PRICE 

Factors of Interest for  Market Integrity Assurance

Fundamental Factors of Interest for Reliable NEC
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In Figure 20, coded segments have been plotted to show what sub-code has been used 

the most on segments from interviews. Size and share of squares represent the number 

of times codes have been used, where the largest represent the code used the most. The 

smallest square represents the code that was used the least times.  

 

 

Figure 18 Sub Code counting for the two topics discussed for a viable VCM 

 

Overall, fewer segments were coded for a viable VCM (100 coded segments), compared 

to opportunities for Carbfix (211 coded segments). For the main code Fundamental 

factors of interest for reliable NECs, the Figure 20 shows that fundamental carbon 

principles and accounting rules was mentioned the most throughout the interviews. 

Participants pointed out that the development of this “emerging” CCS industry have 

challenges ahead in terms of policy, as the complexity of how to account for negative 

emissions in a lifecycle perspective. Here several participants pointed out that one has to 

determine what “truly” negative means. Furthermore, funding mechanism in a carbon 

market (12 coded segments) takes  up a larger share of the results, where the sub-code 

includes statements about compliance toward the Paris Agreement and countries NDCs. 

Furthermore, several participants pointed out that there was a need for separation of the 

CCS principles where CR activities should be under a new Directive (8 coded segments). 
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Participants also explained that it is fundamental to have integrity in value chain 

emissions, so emissions are truly negative throughout the lifecycle (17 coded segments).  

 

For the main code Factors of interest for Market Integrity Assurance (51 coded segments), 

the sub-code Willing Customers was applied the most. This sub-code includes participants 

input about the current attitude toward a carbon market, and their impression about 

level of NECs that can potentially be expected. Other factors discussed as important for 

market integrity assurance was ensuring compliance with pledged commitments toward 

the Paris Agreement. Additionally, certification of, and having  credible NECs was brought 

up as necessary for the functioning of this market. The significance of Funding 

mechanisms in a VCM and the number of coded segments for this sub-code is influenced 

by participants opinion on the lack of funding, and that there must be continued focus on 

making money accessible for both projects and research. Furthermore, participants 

expressed the importance of achieving pledges toward the Paris Agreement, making a 

funding mechanism highly relevant. The results from the analysis of viability of a VCM 

show that willing customers and compliance with NDCs are factors of particular interest 

among participants. These two factors are built on fundamental carbon principles, 

integrity of value chain emissions and access to funding, however, all factors are 

interrelated.  

5.3 Answers are trending toward a Nordic industrial CCS system   

Additionally, through the inductive approach taken in this analysis, it was apparent that 

participants were talking about deployment of CCS in in the context of clusters and hubs 

in an Industrial CCS system of separate capture, transport, and storage activities (See 

Figure 21). Interestingly, this is in line with research suggesting redefinition of this 

industry, going from conventional CCS, to an interoperable system where CCS is sectioned 

into value chain steps of capture, transport, and storage (Global CCS Institute, 2020). 

Exploring this finding, MAXQDA provided helpful tools to show correlation between codes 

used for analyzing interviews. The Code co-occurrence model (Figure 21) visualizes the 

co-occurrence of coded segments. 
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Figure 19 Code Co-Occurrence model for the code "Industrial CCS System Thinking". Showing 
correlation between "Industrial CCS system thinking" and other coded segments by counting 
how many times they appear on the same segment. 

 

For Figure 21, the required number of co-occurrence was set to minimum 4, resulting in 

19 codes in the model. Considering the broad area of codes occurring the same places, 

the results from the models suggest that participants have a systems way-of-thinking 

when it comes to the future of CCS and CR deployment, implying that the industry is in 

fact going in the direction of separating chain steps to becoming capturers, transporters 

and storers, instead of conventional CCS. For Carbfix´s business case this can be highly 

interesting as they can provide large-scale and safe storage in a highly competitive way 

in this value chain. Figure 21 can be interpreted in the way that participants brought up 

statements that were of Industrial CCS system relevance when, for example, asked if they 

thought the CCS Directives assumption of injection method could be a barrier for 

deployment of CCS or CR Technology activities. Numbers on tags represent the number 

of times the code has been applied throughout the entire analysis of all 5 interviews, 

where system thinking has been coded 30 times.  
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Running the model with the requirement of minimum 5 co-occurrences resulted in far 

less codes, as shown in Figure 22. By looking at results with a requirement of 5 co-

occurrences in MAX QDA, a narrower picture of topics that are discussed in relation to 

each other is demonstrated. 

 

Figure 20 Code co-occurrence model with a requirement of minimum 5 occurrences for the code 
"Industrial CCS systems thinking" 

 

Results from the model depicted in Figure 22 suggest that participants have a systems 

way-of-thinking when discussing potential customers for NECs, fundamental factors for 

reliable NECs, the overall VCM, as well as the factors of interest for a business case for 

Carbfix. This implies that participants find it of particular interest or importance for NECs 

that there are several actors providing capture and gaining credits for those activities, 

which is consistent with literature showing that CR by CCS could become viable at large 

scale if there is access to large-scale storage (possibly cross-border, such as for Carbfix) 

(Fajardy, 2019; Geden, 2020; Tamme, 2021). 
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6 Discussion  

Section 6.1 provides a short introduction to the main knowledge gaps and issues for this 

discussion. Section 6.2 , discussing potential barriers, takes basis on In Vivo results and 

literature review. Section 6.3, Enabling Capturers to allow Carbfix to access customers, 

the idea of establishing a “gain-and-trade” credit scheme for negative emissions, with 

credits grounded in transparency and credibility principles. Section 6.5 provides the 

importance of enablement of large-scale deployment of capture activities to ensure 

Carbfix´s business opportunities as a storage hub in Nordic countries. Section 6.5 

discusses the limitation of this study and future research.  

 

6.1 Recap of knowledge gap and discussion structure 

In order for negative emission activities to take a key role in climate actions, there is a 

need for financial incentive for CR by utilizing CCS technologies (Fajardy, 2019; Low & 

Boettcher, 2020; Ng et al., 2020; VividEconomics, 2020; A. Zapantis, 2019; A. Zapantis, 

Townsend, A., & Rassool, D., 2020). The financial incentive is proposed to be through 

allocation of NECs to facilities capturing CO2 by NET (Fajardy, 2019; Rickels, 2020; 

Torvanger, 2019). There is major potential for CR in the Nordic region (Fuss & Johnsson, 

2021; Rodriguez, 2021), and this industry could thrive if a successful carbon market can 

be established. Results from this thesis suggest that there already are customers willing 

to buy such credits for a price higher than in the existing regulated carbon market in the 

EU, explained by both interview participants and findings showing private funding of CR 

by CCS in existing projects (Microsoft and Stripe)(Carbonplan, n.d. ; Orbuch, 2020). On 

another note, enabling of capture activities that can provide negative emissions requires 

having large-scale storage sites available. Currently, there is a limited number of storage 

providers (Fajardy, 2019; Geden, 2020; Tamme, 2020, 2021). This is a major business 

opportunity for Carbfix who are one of the most promising and well-established storage 

solutions in the Nordic region, where interview participants regard the establishment of 

a hub as the most promising opportunity for Carbfix. Results in this thesis suggest that 

Carbfix can become a storage hub in a Nordic Industrial CCS system. In fact, this 

opportunity is clearly materializing as Carbfix has initiated several projects and partnered 
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up with a DAC company, aiming to become a storage hub for Nordic countries (Carbfix, 

2021, n.d.-b; Climeworks, 2021).  

 

With the above backdrop in mind, the aim of this thesis was to answer four research 

questions. Throughout this discussion, the multidisciplinary dimension of the topic 

becomes clear as different topics and factors are necessary to discuss from several points 

of view, due to their interrelated nature. Therefore, the following sections will address 

relevant research questions in regard to the topic, aiming to address the overall aim of 

this thesis: to provide a multidisciplinary view on the interconnected challenges and 

benefits of establishing an industrial CCS system. There is a particular focus on enabling 

CR by CCS through financial incentive, and how Carbfix could be an important part of such 

a system. 

 

6.2 Potential barriers 

This section focuses on the insufficiency of policies concerning deployment of CR by CCS, 

including the lack of technology openness, delayed action, how Carbfix´s business case is 

affected by such insufficiency, ripple effects from a lagging momentum in deployment of 

conventional CCS and how it affects CR by CCS, the need for more MS action and the 

knowledge gap on having a value chain approach for NET activities. 

 

6.2.1 Insufficient policy for deployment of CR by CCS 

One key finding from this study is that is that policy is not sufficient in deploying CR by 

CCS in Nordic countries, both reflected in literature (Fajardy, 2019; McLaren, 2019; 

Nemet, 2018; Rickels, 2020; Rodriguez, 2021; Tamme, 2020, 2021) and from interview 

participants. The gap between sought deployment levels described in mitigation 

scenarios and target plans (IPCC: Allen et al., 2018; Kulovesi & Oberthür, 2020) and the 

actual achieved levels in the industry as of today tells us that there is a need for further 

measures to be able to reach adequate deployment levels. Similar to findings in literature, 

all participants in this study answered “No” when answering if policies are sufficient in 

deploying CR. One reason for CR by CCS being insufficiently supported in policy could be 

that NET activities present dilemmas in terms of how they should be prioritized in policy 
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relative to other mitigation options, as well as financial challenges regarding upscale of a 

non-incentivized solution (Fajardy, 2019). 

6.2.1.1 Lacking technology openness in policy and delayed action  

Several participants in this study pointed out that policy often creates challenges for 

deployment of different solutions as decisionmakers “pick winners” in action plans and 

regulatory tools, narrowing the technology openness significantly when aiming to create 

coherence among states. One participant stated that technology openness in EU 

regulations is also a way of coherence as it allows nations to adopt openness in their 

regulations. Another participant added to this point by stating that governing bodies 

should be in charge of setting tough standards for the industry, though industries should 

be able to oversee how and with what solutions targets should be met. Interpreting 

participants answers quite openly, one could suggest that governing bodies should aim 

to set tough standards on the effectiveness of solutions (regardless of method), required 

safety assurance, and liability when adverse events occur. To allow for such an approach, 

governing bodies should avoid being too definite in regulations which can be limiting for 

the industry. The CCS Directive presents a regulation with tough standards for projects to 

follow. The Directive is one of the main drivers of risk and cost due to its many 

requirements and division of responsibility, where comprehensive and costly  project 

plans must be submitted before the final business decision is made (Directive 

2009/31/EC). This enables high quality assurance,  though it is limited to one technology, 

not allowing for technology openness.  

For example, Carbfix´s mineralization method is limited by the Directive´s assumption of 

fossil CCS. Specifically, the Carbfix method does not require the same level of monitoring 

as for fossil CCS, though they are obligated to reach those levels to comply with the 

Directive.  This imposes extra costs for Carbfix that would otherwise be unnecessary if the 

Directive was more lenient.  

 

Preferably, a balance between technology openness and standardization of requirements 

could be found to allow for a cost-efficient use of mature technologies as well as 

bankability in penetration of new methods (i.e. Carbfix method). It is apparent that 

policymakers are quite delayed in addressing measures to enable this industry (Global 
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CCS Institute, 2018, 2020; IPCC: Allen et al., 2018), creating a contradiction between 

decided climate targets (Climate Action Tracker, 2021; Low & Boettcher, 2020) and the 

possibility to achieve them. However, results from interviews unveiled that NDCs have 

mostly focused on increasing the share of RES to reach climate goals, and that CR by CCS 

in general has been in the shadow of these goals. Taking this into account, it seems like 

the importance of CR by CCS has been neglected on multiple levels and has now 

resurfaced as crucial and urgent, as countries and policymakers realize that targets won’t 

be met by deploying only one climate solution (Gebremedhin, 2021). In order to enable 

up-and-coming methods to become a part of the mitigation mix, policymakers have to be 

proactive and make the necessary changes in regulations, but still ensure the high quality 

assurance by setting tough standards.  

 

6.2.1.2 Insufficient policy could undermine Carbfix´s business case 

As previously mentioned, Carbfix has the aim to become a storage hub in Iceland as part 

of the emerging Nordic CCS industrial system. To do this, they need customers in the form 

of capturers that do not have a storage solution themselves (Ng et al., 2020; Nordic DAC 

Group, 2020; Rickels, 2020; Tamme, 2021; Tanzer & Ramírez, 2019). Since policies do not 

provide enough incentives for new potential CO2 capturers, the number of potential 

storage customers could be limited. Answering research question four, exploring how an 

enabling framework can allow Carbfix to become a storage hub in Nordic countries, it is 

clear that insufficient policies for deployment of CR by CCS could limit Carbfix’s business 

case in terms of restricting the customer base due to lack of prioritization and technology 

openness in climate action plans. Considering the grand potential of CR by CCS, not 

enabling NET capturers could be a lost opportunity for both Carbfix, and for common 

interest, as it could provide a significant and important contribution toward national and 

international climate targets.  

 

For Carbfix, a lack of technology openness in regulations is one of the main concerns for 

their storage solution (Gíslason, 2018; Slingerland et al., 2015). The CCS directive has been 

criticized for assumption of injection method and storage specifications in both literature 

and through interviews conducted in this study, where Carbfix’s method is proposed to 
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be in a grey area under these definitions (Gíslason, 2018; Sigfússon et al., 2018; 

Slingerland et al., 2015). This presents uncertainties and higher investment risks as there 

is no clarity if the storage method is approved or not. In an international context, if 

Carbfix’s storage method is not approved in EU regulations, their competitiveness will 

suffer as buyers will potentially not be able to stamp their captured and stored CO2 as 

“permanently stored” (O´Brien, 2019). However, through interviews it was suggested that 

this won’t be a barrier for Carbfix, as things are changing at high pace now and that they 

can succeed through innovative approaches with what they have at hand. Moreover, 

recent developments in Iceland are showing signs of such innovative approaches, where 

Carbfix has announced the initiation of a storage hub accessible by ship, as well as 

collaboration with companies specializing in marine CO2 transport (Carbfix, 2021, n.d.-b).  

Additionally, Iceland amended the act on Hygiene and Pollution Control, the Act on 

Environmental Impact Assessment and the Act on Climate Issues (carbon dioxide 

injection) (Act 12/2021), now enabling Carfbfix´s business case in Iceland. Regardless of 

these recent developments, this study has not found any recent amendments for 

regulations on the EU level that change these potential bariers, implying that decicions 

perhaps have been made in the anticipation of changes occurring In the near future 

(Gebremedhin, 2021). 

 

6.2.1.3 Non-existing long-term business case for negative emission technology 

Exploring if policies act as a barrier in the way that they don’t include a viable and long-

term business case for NET activities, interview answers were divided. Some participants 

gave inconclusive answers to the question where they raised emphasis on current policies 

working toward CCS deployment, though they pointed out the policies are not working 

effectively for NET deployment. For example, the EU Innovation fund, which is the largest 

funding opportunity for CR by CCS, has potential to boost the business case for NET 

activities. However, interviewee´s pointed out that currently it is not designed to include 

CR and is over-signed. This shows that the funding opportunities are not far-reaching and 

will potentially not reach CR solutions, emphasizing that a major barrier is the lack of 

available funding for such projects. This is consistent with previous research, adding to 

the financial challenges for any technology utilizing CCS technology (C. Gough, Garcia-
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Freites, S., Jones, C., Mander, S., Moore, B., Pereira, C., Röder, M., Vaughan, N., & Welfle, 

A., 2018; A. Zapantis, 2019; A. Zapantis, Townsend, A., & Rassool, D., 2020). An additional 

factor amplifying the inconclusiveness from interview participants toward policy barriers 

was that these policies will be amended soon. If plans announced by the EU and MS are 

organized sufficiently, policy will not act as a barrier for future viability of CR projects, but 

likely will enable the business case. Regardless, a key finding is that more MS action is 

needed, especially regarding liability concerns, to incentivize deployment of CR by CCS 

activities in Nordic countries (V Weber, 2018). It is necessary to implement national 

policies that will hold operators responsible for adverse incidents, but at the same time 

encourage investment through ensuring predictability in the liability regime (Peters, 

2019; Weber, 2018). For Iceland, and in Carbfix´s case, having this approach is reflected 

in the Act recently amended in Iceland where collaboration between industry and 

authorities allowed for an appropriate agreement sanctioning Carbfix´s operation in 

relation to EIA (Act 12/2021). MS should consider having such an approach in their 

policies and legislative framework in general to incentivize CR by CCS. It should be 

highlighted that interpretation of European guidance, such as directives, should be done 

in line with the direction of where the industry is heading and with technology openness, 

avoiding locking in the direction by restricting mitigation options to what  policymakers 

have chosen as “the winner” of the mitigation mix in climate action plans.  

 

6.2.1.4 Ripple effects of lagging momentum in deploying CCS 

The cost of carbon is one of the main economic drivers for deploying CCS methods in 

general, which has been the case for decades. CR by CCS depends on the momentum in 

implementation of CCS due to the need for widespread availability of storage, making the 

insufficient cost of carbon a multifaceted issue (EASAC, 2018; Tamme, 2021). Even though 

there are schemes addressing carbon pricing, both privately (pointed out during 

interviews) and publicly (EU ETS),  such measures have not driven the needed level of CCS 

deployment. In the future, changes in carbon price are expected  due to modifications of 

the ETS. Only time will show if these modifications will be sufficient  to drive a higher level 

of CCS deployment, leading to the deployment of CR by CCS as well (World Bank, 2020). 

However, results in this thesis, both from literature and from interviews, suggest that 
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NETs utilizing CCS technology should not be under the same framework as for fossil CCS 

(McLaren, 2019). When looking at the principal difference between these two 

approaches, it can be argued that such a suggestion is justified. Indeed, CR by CCS would 

still be dependent on the deployment levels of conventional CCS due to innovative 

processes, but it would be enabled in the respective area of expertise (Haszeldine, 2018). 

6.3 Enabling Carbfix´s customer base 

This section addresses research question two, three and four, exploring I) how 

establishing “gain-and-trade” credit system for negative emission activities can boost 

deployment of CR by CCS in the Nordic Countries (research question 2), II) how 

creditability and transparency can be ensured to underpin the long-term success of 

establishing tradable NECs (research question 3), and III) how an enabling framework can 

allow Carbfix to become a storage hub in an industrial CCS system in Nordic countries 

(research question 4). This section focuses on what factors that have to be resolved to 

enable Carbfix´s customer base, including the need for establising a gain-and-trade credit 

scheme for negative emissions from capture activities, establishing a VCM for trading 

NECs, importance of credit price reflecting the value chain costs, and the potential 

monetary exchange a voluntary market can provide from Nordic NETs by CCS activities.  

6.3.1 Background for enabling Carbfix´s customer base 

From interviewees, it was pointed out that Carbfix should focus on creating a storage hub 

in Iceland for an international market consisting of capture, transport, and storage of CO2, 

and as explained earlier in the discussion, Carbfix is currently heading in this direction. In 

addition, it was suggested by one interviewee participant that requirements relating to 

permanence in storage solutions could be less impactful if Carbfix decides to store only 

NE. However, despite being an interesting point of view, this is something that needs 

further research. Nevertheless, to enable Carbfix’s access to customers who can provide 

negative emissions, capturers has to enabled by creating financial incentive for CR 

activity. To explore one potential option for financial incentive, the next section will 

discuss the principle of a “gain-and-trade” credits scheme based on voluntary customers, 

and transparency and credibility on the value chain of providing permanently stored NE.  

 



70 

6.3.2 Enabling capture activities through a gain-and-trade credit scheme  

Both literature and interview participants show that CR should be considered as public 

good of common interest, substantiating the argument for increased political support and 

enablement of financial incentive (Elkerbout, 2019; Sekera & Lichtenberger, 2020). The 

lack of financial incentive for CR by CCS is clear, where a market could help boost 

deployment of CR technologies. As expressed earlier in the discussion implementing a 

negative credit that can create financial incentive for CR deployment is a prerequisite in 

enabling the large potential of customers that Carbfix can provide storage for. There are 

many factors at play in a carbon market where trading of NECs take place, where all 

activities must comply with regulations, policy and legislation (Directive 2009/31/EC; 

Elkerbout, 2019).  

 

6.3.2.1 Reliability of negative emission credits grounded in carbon principles 

First, NECs must be addressed, which provides an answer to research question three in 

this study. Both interview participants and studies point out that it is essential for a VCM 

to have high integrity carbon credits, where this has to be built on standardization of the 

CR principles (McLaren, 2019; Rickels, 2020; Tanzer & Ramírez, 2019; TSVCM, 2021). NECs 

should be grounded in lifecycle principles, taking space, time, transparency, and total 

removal into account in the entire supply chain (Tanzer & Ramírez, 2019; TSVCM, 2021). 

This is crucial to establish how “negative” a credit is (Tanzer & Ramírez, 2019), where 

actors in this supply chain need to have a leveled playing field to ensure quality. 

Standardization of CR principles has to be established in governing bodies (TSVCM, 2021), 

where it’s essential that these are adopted within all states in the Industrial CCS system. 

Results show that accounting rules and how to define truly negative emissions is not clear 

at this point, and has to be established. However, the EU has announced development of 

a legal framework for certification of CR options, built on robust and transparent 

accounting rules (Tanzer & Ramírez, 2019; United Nations, 2021). Furthermore, to 

address lack of investment in CR projects, the EU has introduced uniformity and access 

to cross-border capital markets for CCS supply chains, where capture, transport and 

storage are separated to address all steps (EU Technical Expert Group on Sustainable 

Finance, 2020). In this way, the taxonomy provides technical screening criteria and 
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validation, which is essential to establish certification and achieve validation of truly 

negative credits in a supply chain (EU Technical Expert Group on Sustainable Finance, 

2020). Ongoing political processes in the EU implies that the necessary foundation to 

enable certification, integrity, and validation of NECs is forthcoming and a high integrity 

VCM might be feasible within the near future. However, a prerequisite for this 

opportunity is that the legal framework allocates roles appropriately, where negative 

emissions by CCS should have an increased importance in the mitigation mix. Additionally, 

when accounting rules are set by the EU, countries can include CR in their NDCs, which 

can provide a major boost for deployment levels of NETs as this enable inclusion of CR in 

national climate action plans (EASAC, 2018). On the other hand, one of the main findings 

of this thesis was that a lack of accounting rules is a reason for NECs getting traction in 

voluntary markets, since there is seemingly no other option to benefit from initiation of 

NETs (E Tamme, 2021). However, how establishment of accounting rules will affect this 

traction is unknown, but there is reason to suspect that a more structured way of trading 

NECs will be beneficial and facilitate deployment levels of NETs. 

 

6.3.3 A voluntary carbon market for trading negative emission credits  

Further on, for a NEC to be useful in the context of financial incentive, there must be some 

type of market. This thesis had a nonpartisan approach to what type of market that would 

be suitable for a NEC, where both voluntary and regulated market structure were 

assessed as possibilities. There is attention directed toward VCMs for trading of carbon 

credits in both literature and in the industry, it is however rather limited. There is a lack 

of knowledge about how VCMs could be scaled and how they could contribute in reaching 

national and international climate targets, where TSVCM are the only provider of 

comprehensive research on the topic (TSVCM, 2021). Findings from literature and results 

from interviews suggest that a VCM is where most potential lies since it could lead to 

sufficiently high trading prices (TSVCM, 2021). In addition, a VCM is suggested to be the 

most effective option since implementation of NECs would be less problematic than in an 

ETS considering the fundamental differences in CR and emissions reduction by CCS (C. 

Gough, Garcia-Freites, S., Jones, C., Mander, S., Moore, B., Pereira, C., Röder, M., 

Vaughan, N., & Welfle, A., 2018; TSVCM, 2021). However, VCMs are not a well-established 
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infrastructure, which has to be addressed for a successful market to emerge. Currently 

there are private registries (e.g., ACR and Carbonplan) aiming to structure and improve 

scientific integrity for trading for carbon credits. The extent of these markets and how 

fast they will emerge, depends on how well a structured and transparent database with 

transparency and appropriate infrastructure can be established. If appropriate 

prerequesites as forementioned are not established, these markets will continue 

functioning at a lower scale.  

 

6.3.3.1 Compliance with the Paris Agreement by inclusion of a market mechanism 

Results in this thesis show that, similar to the ETS, it’s important for a voluntary market 

to provide compliance with the Paris Agreement in regard to funding mechanisms and 

achieving pledged NDCs (United Nations, 2015). On that note, considering 

implementation of a funding mechanism, such as the Innovation fund in the EU ETS, in a 

VCM is highly relevant. This will in general contribute to the lack of access to financing for 

CR and NET projects globally, and support sustainable development, in line with the goal 

of the Paris Agreement.  

 

6.3.3.2 A voluntary carbon market as part of the patchwork in a business case 

A key finding was that the establishment a business case for CR projects consist of 

patchwork, where a VCM could be an important piece in that patchwork for providing 

long-term incentive (Tamme, 2020, 2021). Even though there are some VCMs operating, 

there is no well-functioning VCM for NECs from CCS as of today. Recent NEC trading has 

been done OTC by private customers taking initiative to offset their emissions. As 

mentioned previously, the EU is working on accounting rules and the EU taxonomy is 

aiming to encourage further investments, setting some form of foundation for 

establishing a functioning VCM. However, there is still a lot of work needed to make sure 

such a market can operate successfully for trading of NECs in Nordic countries. For 

example, there must be established a solid VCM infrastructure, as well as formulation of 

what NEC contracts should look like. In fact, Futures Contracts was mentioned, in both 

interviews and literature, to be a good option for NECs, implying that capturers are 

exploring the option of long-term contracts for their CR by CCS activities (TSVCM, 2021). 
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Also, in order to accomplish a successful VCM, liquidity has to be constant to provide 

strong price signals and incentivize finances for NEC suppliers (TSVCM, 2021). Depending 

on deployment levels for CR by CCS, and the implementation of certification systems, 

liquidity will most likely take some time to stabilize.  

 

6.3.3.3 Substantial demand signal for negative emission credits is needed 

Moreover, according to TSVCM (2021) a substantial demand signal for buying NECs has 

to be communicated for this market to materialize. Demand signal might become 

stronger as an EU framework is being established, but it’s suggested that industry 

collaboration, consistency in action plans and commitments are important drivers as well. 

This demand signal might happen on companies own initiative, but it is however 

important for the industry to generate such demand in the market by showing 

opportunities and possibilities. In the VCM case provided in this study, it’s important for 

industries to be able to attract NEC customers with credible and transparent credits, 

where the entire value chain is accounted for. Essentially, for such a market to thrive, the 

NECs from the Nordic industrial CCS system has to be able to stand out by being grounded 

in low-carbon value chain thinking and transparency, providing a high integrity market. 

This will be crucial in creating demand from voluntary buyers, and why they should 

choose credits from the Nordic system or not. Beyond that, the price signal is by far one 

of the key elements that has to be resolved for this market to be possible.  

 

6.3.4 Negative emission credit price must reflect the value chain costs 

In the context of an Industrial CCS system in Nordic countries, it is essential that the price 

for a NEC is high enough to cover value chain costs and economic risk since capture 

installations holds the most financial risk in the value chain. This means that the price of 

a NEC must be able to cover the capturers operational costs, as well as costs for transport 

and buying permanent storage. Based on estimates from TSVCM (2021) customers must 

potentially be willing to pay a NEC price of around $100/ton CO2 -$200/ton CO2 (TSVCM, 

2021). Taking this into account, capturers have to cut their costs to match what the 

market is willing to pay and still gain profit after taking operational, transport and storage 

costs into account for the solution to be viable long-term. DAC is in its infancy and it is 
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not expected that this method will become economically feasible in the near future, 

where more experience and maturing of the method is needed to decrease costs (IEA, 

2020a). BECCS however is considered as mature enough to provide sufficient levels of 

capture at a reasonable price (Bui, 2018; Consoli, 2019; H. A. Daggash, & Mac Dowell, N, 

2019; H. A. Daggash, Heuberger, C. F., & Mac Dowell, N, 2019; Fridahl et al., 2020; Fuss & 

Johnsson, 2021; C. Gough, Garcia-Freites, S., Jones, C., Mander, S., Moore, B., Pereira, C., 

Röder, M., Vaughan, N., & Welfle, A., 2018; Ng et al., 2020; Rickels, 2020; Torvanger, 

2019), leaving the costs of the other value chain steps as possible focal points for actions 

addressing enabling of  wide-spread application of trading of NECs in Nordic countries. 

However, an in-depth analysis of these value steps has to be done for each individual 

project, depending on location-specific factors.  

 

6.3.5 Potential monetary exchange in a voluntary carbon market 

Using TSVCM estimates (2021) for credit prices in 2030 and the potential removal existing 

projects in the Nordic region can provide, the monetary exchange in the market could be 

between approximately $88 billion – $176 billion (Carbfix, n.d.-b; Sandberg, 2019). 

However, the monetary exchange could potentially be much higher due to other projects 

in the Nordic region that are not included in this estimate (IOGP, 2021). In addition to a 

substantial potential monetary exchange in existing projects, looking at potential storage 

capacity for Northern Lights and Coda, where combined capacity is 4,5-million-ton CO2 

annually, the monetary exchange in a VCM in the Nordic industrial CCS system can 

potentially be between $450 and $900 million per year (assuming the estimated price of 

$100 to $200 for CR) (Carbfix, n.d.-b; Sandberg, 2019). Taking these estimates into 

account it is shown that by establishing a tradable NEC, compelling business opportunities 

for permanent storage of CO2 from CR by CCS arise.  

 

6.4 Opportunities for Carbfix as a storage hub 

This section will discuss Carbfix´s role as a storage provider in a Nordic industrial CCS 

system, including the great potential of Carbfix´s as a storage provider for negative 

emissions despite existing barriers in the framework for such activities. Factors such as 

competitiveness, liability issues and investment uncertainties, vague definitions, 
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certification, validation and compensation rules, and establishing a “negative account” 

for leakage events is also discussed in this section.  

 

6.4.1 Great potential despite possible barriers  

Establishing a storage hub for negative emissions in Iceland presents an intriguing 

business opportunity for Carbfix (Carbfix, 2021, n.d.-b), considering the potential 

magnitude of capture activities in Nordic countries (IOGP, 2021; Rodriguez, 2021). On 

another note, Carbfix can in this way play a crucial role in enabling of CR by CCS as they 

can provide necessary permanent storage for negative emissions.  

 

During interviews, access to money and weakened competitiveness were factors of 

interest that were brought up the most. It’s becoming common knowledge that access to 

money is the main concern for all CCS activities (C. Gough, Garcia-Freites, S., Jones, C., 

Mander, S., Moore, B., Pereira, C., Röder, M., Vaughan, N., & Welfle, A., 2018; Tamme, 

2021; A. Zapantis, 2019). Carbfix has been successful in getting grants and funding, 

including the EU Innovation fund, which has supported their realization of several 

projects (Gíslason, 2018). However, it is questionable if such funding and grant are 

enough long-term and does not support future developments. Also, application is a long 

process and there is a high level of competition between applicants, creating uncertainty 

about getting the funding or not.  

 

6.4.1.1 Competitiveness 

Exploring interesting factors for Carbfix´s business case in a Nordic Industrial CCS system, 

it was predetermined to look at how it is grounded in customer potential (BEC) and 

availability, Carbfix´s competitiveness, and lack of funding and available finances.  

 

Following the theoretical method model, competitiveness was discussed both in terms of 

favorable and unfavorable factors. Carbfix have established a novel and efficient storage 

solution that have the potential of providing storage in a less costly manner than other 

options (Carbfix, n.d.-a, n.d.-d). On the other hand, Carbfix face several factors that affect 

their competitiveness internationally. Considering the fact that Carbfix is dependent on 
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shipping of CO2 to provide storage for capture activities in Nordic countries, economically 

sound and efficient shipping of CO2 is a prerequisite. If costs and efficiency of CO2 shipping 

can be optimized, Carbfix could achieve an important position as a storage provider in the 

Nordic CCS industrial system. However, it has been highlighted that the CCS Directive´s 

assumption of conventional CCS for these activities exclude transport by ship as a part of 

a CCS operation (Directive 2009/31/EC). If Carbfix is to be a part of the Nordic CCS 

industrial system, shipping of CO2 across borders must be clarified and there is a need for 

modifications in the regulatory framework for CCS (Heffron et al., 2018; Kjärstad, Eldrup, 

& Johnsson, 2016). For example, currently shipped CO2 would be inconsistent with 

monitoring and reporting obligations and responsibility of leakages during transport is 

unclear (Peters, 2019). Taking that into account, shipped CO2 could potentially be 

regarded as not permanently stored, thus providing a barrier to investment. However, 

through interviews it pointed out that this will be resolved soon, reflecting Carbfix´s 

recent project plan initiating a storage hub accessible by ship in Iceland (Carbfix, n.d.-b).  

Additionally, harmonization of regulations could possibly both beneficial and detrimental 

for Carbfix´s competitiveness. If adoption of the CCS Directive in a MS goes beyond the 

demanded minimum required (Directive 2009/31/EC), there could occur challenges for 

Carbfix if they were to go international with their solution, e.g, if a country defines 

technology too spesifically in their national legislation. However, it could be viewed in the 

light of business opportunities as well. For example, Germany has decided to ban storage 

of CO2 in its territory, making them a potential customer for Carbfix as a storage provider 

(Wettengel, 2020).  

 

6.4.1.2 Liabilty issues in EU´s legal framework leads to investment uncertainty  

The CCS Directive is relying on existing legal frameworks, where the EU Environmental 

Liability provide the “polluter pays” principle to CCS activities (Directive 2004/35/CE; 

Weber, 2015, 2018). For Carbfix, the question of leakage and damage has been one of 

the focal points due to the nature of their storage solution. The EU does not regard a 

geological formation without a “roof”, implicating that a basaltic rock storage is not 

approved (Directive 2009/31/EC). This complicates financial questions and responsibility 

of cleaning up, amplifying investment risk (O´Brien, 2019; Pop, 2016; Weber, 2018). 
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However, Carbfix point out that even though it’s stated that 95% of injected CO2 is 

mineralized within 2 years, the final 5% is still mineralized within a short amount of time 

(Carbfix, n.d.-d). The 5% is reflecting the scientific measurement uncertainty and not any 

potential leakage, making the concern of missing a “roof” unwarranted. However, these 

barriers are pointed out to be solvable where literature suggest that the CCS Directive´s 

phrase “all evidence of” invites a more lenient interpretation, compared to “proof of”, 

making the CCS Directive open for interpretation (Dixon, 2015). Furthermore, it’s been 

pointed out that if Carbfix choose to store only negative emissions, the question of 

“leakage” is even less applicable, which is one of the main findings of this thesis. 

Additionally, the fear of damage from CO2 leakage to the global environment from 

negative emissions are unwarranted as they are already in the process of materializing 

due to the absence of CR (Pop, 2016). Furthermore, this emphasizes the point that even 

if theres a small leakage of negative emissions from a storage location, a significant 

quantity of CO2 is still removed from the atmosphere.  

 

6.4.1.3 Definitions of leakage in regulations are vague 

Then there is a question of how a leakage is defined. The CCS Directive define “leakage” 

as any release of CO2 from the storage complex and “significant irregularity” (Directive 

2009/31/EC). The definition in the directive does not provide any quantitative numbers 

or criteria for “significant irregularity”, making it hard for operators to know how to 

adhere to this requirement.  

 

Iceland recently amended definitions and requirements of their EIA, where they explicitly 

replace “geological storage” with “injection site”, where monitoring is now to be done at 

“injection site” and the “storage complex” (Act 12/2021). These changes are done to 

include the Carbfix method in the EIA definitions to secure investment and further 

financial incentive. The amendments, however, do not clearly address the duty to 

surrender credits whenever there’s an event of “significant irregularity” or “leakage”, 

similar to the EU´s EIA Directive (Directive 2011/92/EU).  
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6.4.1.4 Certification, validation, and establishing compensation rules for leakage 
events 

If Carbfix were to provide storage for negative emissions from capturers who gain NECs 

for their activities, a certification system for permanence has to be established to ensure 

creditability in the value chain, which is essential for market integrity in a VCM (TSVCM, 

2021). Since credits, representing permanently removed and stored CO2, is the final 

product sold in this market, one has to consider how to approach a leakage scenario. 

Leakage can theoretically occur during transport, in the process of injection or in the 

storage complex. If a leakage occurs in any of these steps, there has to be rules for how 

this affect capturers and their NECs, the validity of sold NECs, and how the leakage is to 

be compensated. These principles are tied to accounting and liability rules and has to be 

appropriately defined and stipulated. As mentioned previously, accounting rules are 

currently being constructed in the EU, where these might be defining how leakage for 

NETs utilizing CCS are going to be addressed. This development is a step in the right 

direction for establishing ground rules for a large-scale VCM, making the opportunity 

feasible. Currently, there is no indication on how these accounting rules are going to be 

designed, but in an industrial CCS system scenario, one has to decide who is responsible 

for “cleaning up” and how this will be carried out. The final product, as a constant, is sold 

“as is” and the customer should be ensured that their purchase is reliable.  

6.4.1.5 Quality assurance through establishing a “negative account” for leakage events 

In a scenario where CR by CCS is to be permanently stored elsewhere than its capture 

site, there could be liability questions if a leakage event were to occur. Capturers are 

buying a service from a storage provider, and likely, any leakage lie at the owner of the 

injection site or storage complex (Directive 2004/35/CE; Directive 2009/31/EC). 

Therefore, for storage providers, it could be an idea having a negative account as 

insurance, so that any leakage can be resolved by removing quantity stored on storage 

providers own responsibility. Overall, the main aim is to remove CO2 permanently from 

the atmosphere, keep account of these negative emissions, as well as ensuring the 

integrity of a market so that buyers are willing to buy carbon credits. Having a negative 

account, simplifies further complexity in liability, and the accounting balance can possibly 

be resolved at the earlies convenience. On the other hand, the question of liability of 

leakage of negative emissions during transport will go under the same discussion as for 
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CO2 for emissions reduction(DNV GL Energy, 2020; Driessen, 2021; Heffron et al., 2018; 

Kjärstad et al., 2016). There is currently no agreed upon responsibility during this chain 

step, where this issue has to be addressed properly in regulations and law by governing 

bodies to ensure efficient collaboration and agreements between all part in the value 

chain.  

 

6.5 Limitations of this study 

The scope of this thesis is wide and complex. The CCS sector, both conventional CCS and 

for CR by CCS, is gaining momentum as a new industry. There are new methods entering 

the market, and modifications of policies, laws, and regulations are being done, as well 

as implementation of new ones. For example, COP26 is being held in Scotland later this 

year (2021), where final non-determined issues of the Paris agreement, specifically tied 

to the issues explored in this thesis, will be determined. Additionally, there are expected 

to be amendments in regulations concerning cross-border shipping of CO2, which will 

have major effects in the CCS industrial system. Gained momentum and changes 

occurring at high pace currently, might make findings in this thesis historical in the near 

future. Since this thesis address future potential and approaches to deployment of CR by 

CCS, there will always be uncertainty to how this will pan out in reality.  

 

On another note, the uncertainty to the scope of this thesis has to be addressed. The 

thesis scope, having a multidisciplinary approach, cover a broad area of expertise where 

it had to be narrowed down to a comprehendible scope for a master thesis and the 

analysis have therefore not been indepth on each topic. An in depth analysis of all topics 

of the scope could provide an even better understanding of the issues addressed in the 

research questions. However, exploring and opening up for realization of a system like 

this has not yet been done and this thesis provide valuable insight to the discussion of 

NET. 

 

Number of interview candidates is rather low, which is limiting the results of this thesis. 

A low number of interviews affect the saturation level for data collected in this study, 

providing uncertainty to the comprehensiveness of the final results. This study included 
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key experts with knowledge in their respective field, where answers were differently 

angled depending on their expertise. Additionally, since interviews were designed to 

create a conversation about pre-determined topics, it is expected that there is a limitation 

to the scope of data collected from interviews. Having a higher number of interviewees 

and more data for analysis, could have provided saturation and more reliable results. 

Additionally, during the interview process the audiotape was shown to be of lower 

quality, making transcription challenging and tedious, limiting the desired accuracy for a 

qualitative research with experts.  
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7 Conclusion 

CR, as a part of the mitigation mix in Nordic countries, offers a proven climate change 

mitigation solution by removing CO2 from the atmosphere and storing it long-term 

underground. CR is an essential part of a low-carbon future, though there are many 

barriers that must be overcome for it to get a prominent position in the mitigation mix in 

Nordic countries. Aiming to provide a multidisciplinary view on the interconnected 

barriers and benefits of establishing an industrial CCS system, particularly focusing on 

enabling CR by CCS to create financial incentive, this thesis provides valuable insight from 

industry and the latest research in the field. Using Carbfix as an example of a storage 

provider in a Nordic industrial CCS system, a promising business case was described. To 

explore the topic of CR by CCS in a Nordic industrial CCS system, four research questions 

were answered.  

 

The first research question found that CR by CCS has the potential to be a significant part 

of a first-of-a-kind industrial CCS system in Nordic countries, and contribute to reaching 

national and international climate targets. However, a Nordic industrial CCS system  is in 

the early stages, and current policies are insufficient in boosting deployment. There is 

ever-increasing urgency for large-scale and widespread application, and further efforts 

are needed to establish CR at scale in Nordic countries. Nevertheless, changes are 

happening fast in this sector and policy modifications are expected shortly, which will 

define the state of deployment levels of CR by CCS for the next few years. 

 

The second research question found that establishing a gain-and-trade credit system 

could be a suitable solution to boost deployment of CR by CCS in Nordic countries as it 

would provide financial incentive, which is currently absent. The lack of financial incentive 

for initiating CR by CCS presents a significant barrier to deployment. This has led to the 

expected number of projects not being met. Negative emissions could be incentivized by 

rewarding validated and reliable NECs to installations carrying out CR by CCS. It was found 

that there could potentially be higher trading prices in a VCM than in a regulated market 

like the EU ETS, making that market option more desirable. Additionally, the need for 
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separating targets for CR by CCS and conventional CCS indicate that a VCM could be a 

more suitable market structure than implementing trading of NECs in the EU ETS.  

 

Moreover, following the EU´s goals of encouraging sustainable development, a VCM for 

NECs should comply with the Paris Agreement by inclusion of a market mechanism, 

similar to the Innovation Fund. This could enable VCMs to be a  valid approach in national 

and international climate action plans, provided that ridgid carbon principles and 

accounting rules are incoprporated. There is currently no functioning VCM, so 

infrastructure, contracts, and reliable carbon principles and accounting rules must be 

established before this market can emerge at scale. Literature suggests that a clear 

demand signal for buying credits is needed to create confidence in establishing a VCM. 

The demand signal has increased over the last few years, but it has to be significantly 

stronger to enable the required liquidity for the market to thrive. Additionally, the NEC 

price must be an intermediate between what a customer is willing to pay for carbon 

offsetting and the sum of value chain costs for the capturer, and currently there are no 

indicators to suggest what these prices are going to look like long-term due to lack of 

experience. 

 

The third research question unveiled that credibility and transparency are indeed 

essential for the long-term success of carbon markets, where transparency and 

accounting rules were found to be important factors to ensure reliability for all 

stakeholders. Reliability of NECs in a Nordic CCS system is complex due to the undefined 

lifecycle and complex accounting requirements to ensure that CR activities actually lead 

to negative emissions.  Currently, the European Commission is working on accounting 

rules which will define the next steps of how credibility and transparency can be achieved 

for NECs and VCMs.  

 

The fourth research question found that Carbfix has intruiging business opportunities as 

a storage hub in Iceland as part of a Nordic industrial CCS system, provided they resolve 

potential barriers. With its well-established storage method, Carbfix could become a 

strong competitor as a storage provider for negative emissions from CR by CCS 
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throughout Nordic countries. Most barriers are presented by the CCS directive 

assumption of point-source CCS, where the majority are found to be solveable through 

lenient interpretation. Regardless, there are barriers that need further exploration such 

as how to address liability in different value chain steps and surrendering credits if a 

leakage occurs. Moreover, Carbfix would have to solve how to offset a leakage of stored 

CO2 that represents NECs and resolve the question concerning noncompliance with the 

CCS Directive´s monitoring requirements if CO2 is shipped. Carbfix could consider storing 

negative emissions exclusively considering the magnitude of potential CR in Nordic 

countries, which might lessen controversy and liability concerns in the case of a leakage 

event. However, this concept needs further research where an indepth analysis of liability 

and perception could be valuable.  

 

Additional conclusions that can be drawn from this research are the lack of financial 

incentives and insufficient policy acting as a barrier to enabling CR by CCS. This results in 

the expected numbers of projects not being met. There is therefore a need for more MS 

action where national policies should aim toward implementing a liability regime that 

holds operators responsible, but at the same time encourages investment by ensuring 

predictability. Further, it was found that policy and legislation often lack technology 

openness where frameworks are strongly defined, potentially “locking in” the direction 

of the industry. This study found that this issue is considered to be a significant barrier to 

stakeholder investments. This is an intricate issue, where decision makers must ensure 

appropriate requirements for industries and coherence among MS, but still allow for 

technology openness so that industries can be innovative. This study therefore suggests 

that governing bodies should aim to set tough standards on the effectiveness of solutions, 

required safety assurance, and a rigid liability regime, but allow the industry to create a 

technology path that fulfills these requirements,  instead of choosing the path for them. 

In addition, this study calls attention to the interrelation between capturers, transporters 

and storers in a Nordic industrial CCS system. Enabling CR by CCS activities opens up a 

significant customer market for installations providing permanent storage, such as 

Carbfix´s planned Coda Terminal in Iceland, emphasizing the importance of increased 
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stakeholder efforts toward establishing a gain-and-trade system where NECs could be 

traded.  

 

As the first study addressing CR by CCS as part of a first-of-a-kind Nordic industrial CCS 

system, this study can contribute to opening up a discussing about boosting deployment 

levels through a gain-and-trade system where NECs could be traded, since it creates the 

long saught after financial incentive. Previous studies have unveiled the large potential of 

CR in Nordic countries, however more research is needed to understand the value chains 

emerging from establishment of a Nordic industrial CCS system where lifecycle emissions 

should be a main focal point to ensure efficient climate change mitigation.  

 

Without urgent and far-reaching climate change mitigation action the likelihood of 

staying below warming of 1.5°C becomes increasingly beyond reach, making our decisions 

and measures critical for the next few years. CR by CCS is at a tipping point and 

widespread deployment could have the potential to drastically mitigate the negative 

impacts of climate change. Without addressing many of the barriers discussed in this 

thesis, the benefits from CCS could be lost.  
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Appendix 

Main Questions 

1. Do you think existing policies are sufficient enough to push for deployment of CCS 
and NET activities for the time being? 

 

2. Do you think that the focus of policies could be acting as a form of barrier as it might 
neglect future viability of CCS and NET projects and companies? 

 

3. Do you think that a gain-and-trade carbon credit scheme, possibly implemented in 
the EU ETS, can be applied to NET activities? 

 

4. Despite costs, there is a need for exponential deployment of CCS and NET activities. 
What do you think should be addressed to best facilitate deployment? 

 

5. Do you think current national tax rates and the carbon price is a big enough push 
toward desired levels of CCS and NET deployment in Europe? 

 

6. Do you think that the correlation between lower emission levels and decreased 
demand for CCS and NET´s could serve as a barrier to deployment? 

 

7. Do you think that CCS and NET´s might end up in the shadows of Renewable Energy 
and be an undervalued option in the mitigation-mix? 

 

8. What do you consider being the biggest legal barrier, on national or EU level, for 
deployment of CCS and NET´s in Europe? 

 

9. Removal of what legal barrier do you think would have the most effect on enabling 
deployment of CCS and NET´s, to expedite experience and achieve more political 
support for changes? 

 

10. Do you think the CCS Directive´s “assumption” of injection method could be a 
barrier to deployment of CCS and NET´s using different methods? 
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Interview Questions 

CONSTRUCT OPEN-ENDED QUESTIONS FOLLOW-UP 

Warm-up What industries are important in 
deployment of CCS and NET´s, and how do 
you think the level of innovation around 
these technologies are going to evolve the 
next decade?  

What do you think the relevance of 
these industries have in deploying 
such technology? 

If you were to choose only one, what would 
you consider as the most important barrier 
to CCS and NET´s? 

 

Policy Barriers In Europe, the framework to address CCS 
and NET activities consist of a number of 
tools based on both general climate policy 
and more specific policy.  
1. Do you think existing policies are 

sufficient enough to push for 
deployment of CCS and NET activities for 
the time being? 

Are there any issues with the 
existing framework that you think 
could act as barriers? 
 
Are there policies, that might be 
premature at this point, you think 
could be crucial to add in the 
future to achieve desired levels? 

Per now, there are few ways of gaining 
profit from NET activities, except from CCUS. 
The business case always includes some 
form of funding mechanisms or 
governmental financial incentive.   
2. Do you think that the focus of policies 

could be acting as a form of barrier as it 
might neglect future viability of CCS and 
NET projects and companies? 

Do you think that encouraging 
investment is sufficient in enabling 
NET´s in Europe? 
 
Are funding mechanisms and 
granting good enough? 
 
Are financial incentives from 
governments sufficient enough to 
enable activities?  

It’s been pointed out that policy has to 
change now to fit future purpose. Future 
viability of companies or projects might be 
achieved by making sure there is an 
opportunity of profit from activities. 
3. Do you think that a gain-and-trade 

carbon credit scheme, possibly 
implemented in the EU ETS, can be 
applied to NET activities? 

What do you think would be the 
biggest issue with introducing a 
“gain-and-trade” credits scheme 
for NET activities? 

Economic 
barriers 

Cost: The high cost of CCS and NET activities is 
considered a major barrier for deployment. 
4. Despite costs, there is a need for 

exponential deployment of CCS and NET 
activities. What do you think should be 
addressed to best facilitate deployment? 

What do you think about the 
statement that “CCS projects are 
needed now to be able to take 
advantage of the cost-learning 
curve rates enjoyed by other 
rapidly advancing elements of the 
low carbon economy, like 
renewables and storage”? 
 
Per now, is it more beneficial to 

emit CO2 and pay the carbon price? 
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If yes, when do you think this 
will change? 

Climate/environmental policy cost drivers: 
Carbon tax is considered as the main 
economic driver for CCS technology.  
5. Do you think current national tax rates 

and the carbon price is a big enough 
push toward desired levels of CCS and 
NET deployment in Europe? 

Are further measures, or increase 
in tax/price, necessary to achieve 
goals?  
 

Cost of Fossil Fuels Energy: 
The cost of fossil fuel energy affects the 
demand for CCS and NET´s. High fuel prices 
lead to lower emission and lower levels of 
application, and vice versa. 
6. Do you think that the correlation 

between lower emission levels and 
decreased demand for CCS and NET´s 
could serve as a barrier to deployment? 

How do you think one can continue 
to push for deployment of CCS and 
NET´s, even when increasing prices 
and tax?  

Competition against Clean Carriers: 
E.g., “The fourth main economic driver 
affecting the deployment of CCS is the 
competition between fossil energy 
complemented with CCS and carbon-free 
options, such as solar, wind and nuclear 
electric power” – Durmaz, 2018 
7. Do you think that CCS and NET´s might 

end up in the shadows of Renewable 
Energy and be an undervalued option in 
the mitigation-mix? 

If so, how do you think one can 
surpass this challenge? 
 
Compared to RE the key difference 
is that targets were set, and 
financial support mechanisms put 
in place to achieve them. Why do 
you think it’s different for CCS and 
NET activities? 
 
Do you think CCS and NET´s will 
lose the competition for spatial 
demand against RE? 

Legal Barriers General Legal Barriers:  
There are a number of legal barriers for 
widespread and large-scale deployment of 
CCS in Europe.  
8. What do you consider being the biggest 

legal barrier, on national or EU level, for 
deployment of CCS and NET´s in Europe? 

There seem to be lack of guidance 
in EU Law on how cooperation, 
coordination and implementation 
among MS are to be carried out. Is 
this an obstacle for deployment 
and efficiency in projects? How can 
this be addressed? 

Lack of Political Support: 
The European Commission´s approach to 
barriers is that the majority of them can’t be 
resolved until more experience is obtained.  
9. Removal of what legal barrier do you 

think would have the most effect on 
enabling deployment of CCS and NET´s, 
to expedite experience and achieve 
more political support for changes? 

 

What do you think would be 
“sufficient experience” for 
policymakers to be willing to make 
changes? 
 
International agreements could be 
breached if one follows secondary 
law, and not following secondary 
law breaches with the principle of 
loyal cooperation in the EU. What´s 
your though on this inconsistency 
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and how can this barrier be 
resolved?  

Definition obstacle in CCS Directive 
There are possible obstacles in the 
framework due to how CCS is defined, 
where it assumes injection of gas in 
supercritical phase and does not 
differentiate for different methods of 
injection and storage. 
10. Do you think the CCS Directive´s 

assumption of injection method could be 
a barrier to deployment of CCS and 
NET´s using different methods? 

Regulations are based on principles 
of CCS in energy intensive 
industries, where coherence in 
among MS is promoted. Could 
coherence lead to a too narrow 
scope of methods in regulations, 
and weakened competitiveness for 
CCS and NET´s using other 
methods? 
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