
  
 
 

 

 

 

 

DIRECT AIR CAPTURE CONTRIBUTION TO SUSTAINABLE DEVELOPMENT 

 

 

Dissertation in partial fulfilment of the requirements for the degree of 
  

BACHELOR OF SCIENCE WITH A MAJOR IN SUSTAINABLE ENERGY 
TRANSITION 

 

 

 

Uppsala University 
Department of Earth Sciences, Campus Gotland 

 
 
 

Hólmfrídur Snorradóttir 
 
 
 

19th May 2022 

 



 

 

 

II 
 

 
 

 

DIRECT AIR CAPTURE CONTRIBUTION TO SUSTAINABLE DEVELOPMENT 

 

Dissertation in partial fulfilment of the requirements for the degree of 
  

BACHELOR OF SCIENCE WITH A MAJOR IN SUSTAINABLE ENERGY 
TRANSITION 

 
Uppsala University 

Department of Earth Sciences, Campus Gotland 
 

Approved by:   Karl Nilsson 

Supervisor, Christian Lewander  

 

Examiner,  Karl Nilsson 

 
 

 

19th May 2022 

  



 

 

 

III 
 

ABSTRACT 

To meet ambitious climate goals, of keeping global warming below 2°C, past emissions need 

to be removed from the atmosphere with the help of negative emissions technologies (NETs). 

The transition of energy systems, however, needs to follow the requirements of sustainable 

development to benefit all three pillars of sustainability, those are the environment, society, 

and economy. A NET that has gained increased attention from policymakers and businesses in 

recent years is direct air capture (DAC). The technology is currently on a small scale and faces 

challenges for scale-up such as energy and water intensity, the unclear requirements of 

resources and uncertain environmental, social, and economic impacts. The aim of this study 

was, therefore, to address DAC's impact on the three pillars of sustainability to answer the 

research question: How does direct air capture influence or connect to the three pillars of 

sustainable development? Because of the lack of research on DAC in connection with 

sustainability a qualitative interview approach was chosen where five interviews were 

conducted with researchers working with DAC. The findings derived from the interviews were 

separated into the different pillars of sustainability. The finding for the sustainability aspect 

included the definition of sustainability, various justice aspects and contributions to the SDGs. 

For the environmental aspect, DAC's carbon footprint and impact on mitigation were 

highlighted. The economic aspect of DAC showed the need for a clear business model and a 

supportive carbon mechanism. Lastly, for the social aspect low level of knowledge and the 

importance of social acceptance were recognized. Concluding, these different aspects influence 

the pillars of sustainability and need to be considered before further scale-up of DAC. 

Keywords: Sustainable Development, Negative Emissions Technologies (NETs), Direct Air 

Capture (DAC), Three Pillars of Sustainability, Qualitative Approach 
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1. Introduction 

Looking back at previous human developments such as globalization, industrialization, green 

revolution etc. it can be seen that their failure to include sustainable approaches led to the planet 

reacting with vengeful actions (Madurai Elavarasan et al., 2021). Furthermore, adding CO! to 

the atmosphere through anthropogenic activities, mainly burning fossil fuels, has driven 

changes to the Earth's supportive systems, the world's climate and ecosystems that are being 

threatened (Santos, Gonçalves and Pires, 2019). These severe changes have led to the move 

away from the only known state of the planet that can support modern society, the Holocene, 

into the new human-driven geological epoch, the Anthropocene (Steffen et al., 2015). The 

future of the Earth's development is up to humanity and actions taken in the near future to limit 

global warming to a suggested threshold of 2°C or else a tipping point of continuous warming 

may be reached (Steffen et al., 2015). 

Humanity now faces a new type of development that considers sustainability. The modern 

definition of sustainable development was given in the 1987 Bruntland Commission Report: 

"development that meets the needs of the present generation without compromising the ability 

of future generations to meet their own needs" (Chen, 2016). The three pillars of sustainable 

development, i.e. social, economic, and environmental aspects, were also implicit in the same 

report (Purvis, Mao and Robinson, 2019). The pillars are often presented with the intersecting 

Figure 1: The three pillars of sustainability (Purvis, Mao 
and Robinson, 2019) 
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circles as Purvis, Mao and Robinson (2019) show in figure 1. The conceptual origins of the 

three pillars of sustainability are unclear (Purvis, Mao and Robinson, 2019) but they are said 

to reflect on a responsible development that requires equal concentration of natural, human and 

economic capital (Hansmann, Mieg and Frischknecht, 2012). The three pillars were also 

embedded in the United Nations 17 Sustainable Development Goals (SDGs) (Purvis, Mao and 

Robinson, 2019) that were defined to guide the development in a direction where humanity and 

ecosystems can evolve as a "single self-sustainable system" (Madurai Elavarasan et al., 2021). 

Poor climate efforts may deflect efforts toward sustainable development (Werners et al., 2021), 

therefore, the SDGs in combination with the commitment to the Paris Agreement to limit global 

warming to far below 2°C above pre-industrial levels are essential to reduce human impacts on 

the Earth's systems while also improving human well-being (Steffen et al., 2015).  

The sixth assessment report by the Intergovernmental Panel on Climate Change (IPCC) has 

recognized the interconnection between the climate and sustainable development (Werners et 

al., 2021) and dedicated a chapter to "climate-resilient development" which is defined as "a 

process of implementing greenhouse gas mitigation and adaptation options to support 

sustainable development for all" (Schipper et al., 2022). For a climate-resilient development 

the transition away from fossil fuels to a renewable energy system needs to be extended to 

include social, ecological, and political aspects to ensure not just renewable but sustainable 

energy transition (van Zyl-Bulitta et al., 2019). The IPCC 2011 special report on Renewable 

Energy Sources and Climate Change Mitigation stated that:  

“For a RE [renewable energy] resource to be sustainable, it must be inexhaustible and 

not damage the delivery of environmental goods and services including the climate 

system. [...] To be sustainable, energy must also be economically affordable over the 

long term; it must meet societal needs and be compatible with social norms now and in 

the future. Indeed, as use of RE technologies accelerates, a balance will have to be 

struck among the several dimensions of sustainable development. It is important to 

assess the entire lifecycle of each energy source to ensure that all of the dimensions of 

sustainability are met” (Moomaw et al., 2011). 

It is important to look at these different factors of energy sources to see if they can be 

considered sustainable.  
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A common remediation method is carbon capture and storage (CCS) solutions that can reduce 

emissions from large sources (Santos, Gonçalves and Pires, 2019), however, to meet the 

ambitious targets of the Paris Agreement within the century past emissions need to be removed 

as well, which requires negative emissions technologies (NETs) (Breyer et al., 2020).  

The discussion of removing emissions from the atmosphere on a large scale is not new, the first 

time it was mentioned concerning climate change mitigation was by Lackner et al. in 1999 

(Santos, Gonçalves and Pires, 2019; Lackner et al.,1999). However, the occurrence of 

mainstream discussion about NETs is fairly recent and closely related to the lack of mitigation 

policies in line with meeting climate goals as well as the emergence of integrated assessment 

models (IAMs) that highlight Bioenergy with Carbon Capture and Storage (BECCS) as a 

respectable CO! removal option (Minx et al., 2018; Fuhrman et al., 2021). Measures have 

shown that the remaining carbon budget to reach the target of 1.5°C is between 400 and 1000 

Gt of CO! that needs to be removed from the atmosphere, which amounts to approximately 10 

to 25 years of global emissions as it is today (Minx et al., 2018). Although removing CO! from 

the atmosphere may be more expensive than capturing it from stationary points it presents 

advantages such as capturing past and recent emissions, it can be placed anywhere so transport 

infrastructure may be avoided, and other pollutants have less impact on the separation process 

since their atmospheric concentration is lower in contrast to exhaust gases (Santos, Gonçalves 

and Pires, 2019). NETs feasibility to meet the required objective is, however, questioned since 

technological and social barriers, such as lack of supportive political action, public acceptance, 

or potential side effects of NETs, are delaying scale-up (Santos, Gonçalves and Pires, 2019). 

NETs include several different techniques that Santos, Gonçalves and Pires (2019) divided into 

two groups, first, direct air capture through physicochemical processes and, second, indirect 

air capture through biological processes. The focus of this report is however only on direct air 

capture (DAC) through physicochemical processes. As already mentioned, to date, IAMs have 

mostly relied on indirect air capture such as BECCS and afforestation/reforestation for negative 

emissions while a smaller number of IAMs have included DAC (Fuhrman et al., 2021). IAMs 

have been allowed the reliance on negative emissions since the window of limiting global 

warming to 2°C is closing fast (Fuhrman et al., 2021). This means that it is not possible to only 

rely on one technology but many different ones.  
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1.1. DAC processes 

DAC refers to several engineered processes that extract CO! from the atmosphere (Beuttler et 

al., 2019) through absorption, adsorption, ocean alkalinity enhancement, or soil mineralization 

(Santos, Gonçalves and Pires, 2019). The CO! is then either stored permanently or utilized 

further. In their study on negative emissions Santos, Gonçalves and Pires (2019) explained the 

four different capturing methodologies applicable for DAC to date.  

The first process Santos, Gonçalves and Pires (2019) discussed was absorption where a liquid 

solvent is used to absorb only CO! from the air while letting the other gases pass. They 

explained that the CO!-rich solution is usually transferred for the CO! to be extracted from it, 

and then the solvent is recycled and further used for the process. They mentioned that the 

absorption process takes place under high pressure and low temperatures while the desorption 

process requires the opposite conditions. They mentioned the typical absorbents used, Selexol 

and Rectisol, which are less corrosive in an environment with other gases, less toxic and have 

low regeneration temperatures.  

The second process mentioned by Santos, Gonçalves and Pires (2019) was the adsorption 

process that requires solid sorbents that the air gets in contact with and fixes CO! selectively 

until an equilibrium is reached. They discuss that the solid sorbents to date are used for a limited 

number of cycles and, therefore, the regeneration process of them is important to develop to 

enable a longer-lasting sorbent that can be reused for a larger number of cycles and to reduce 

the recovery costs. They mention the desorption process that is usually performed with either 

pressure swing adsorption, which requires less power and has fast regeneration, or thermal 

swing adsorption, which has a longer regeneration time but higher CO! purity and recovery. 

The third and fourth processes Santos, Gonçalves and Pires (2019) only briefly discussed were 

ocean alkalinity enhancement and CO! soil mineralization. They mentioned that the ocean 

alkalinity enhancement, a carbon sequestration process, had gained attention for its ability to 

reduce ocean acidification by applying minerals that can bind CO! and form bicarbonate with 

the ocean water. Lastly, for the CO! soil mineralization, they mentioned in which three ways it 

could be performed: accumulation of organic carbon, rock weathering and precipitation of 

carbonate materials, but not much else was said about these processes.  
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1.2. Problem description 

DAC processes have received increased attention from policymakers and businesses (Fuhrman 

et al., 2021) and are rising in the debate for future NET options (Breyer et al., 2020). DAC 

could potentially play a role in strengthening the global capacity for negative emissions, 

lowering the costs of mitigation, matching the future renewable electricity-based energy system 

and reducing land use because of its low physical footprint compared to other NETs such as 

BECCS (Fuhrman et al., 2021; Breyer et al., 2020). Because of challenges such as energy and 

water intensity in the process especially if set to reduce emissions on a large scale as well as 

high costs (Fuhrman et al., 2021) DAC might not be considered a suitable option for emission 

reduction. The energy intensity is due to the large volumes of air that need to pass through the 

absorbers to collect a significant amount of CO! (Santos, Gonçalves and Pires, 2019). In 

addition, there is wide uncertainty about the resource requirements of DAC as well as its 

impacts on the environment (Madhu et al., 2021), society and the economy. Because DAC is 

an emerging technology and not all of its impacts are known, it is critical to better understand 

it before the wider deployment of the technology (Fuhrman et al., 2021).  

1.3. Aim and research question  

The relationship between DAC and sustainability is missing from the current literature on DAC 

but is essential to research to understand its contribution to a "climate-resilient development" 

as well as sustainable energy transition. This knowledge gap will, therefore, be tackled with 

this thesis that aims to address the connection between DAC and the three pillars of sustainable 

development, i.e. economic, environmental, and social aspect as well as its overall impacts on 

sustainability. The research question is, therefore: How does direct air capture influence or 

connect to the three pillars of sustainable development? Answering this research question can 

give a better insight into what parts of the current DAC systems need to be considered before 

further scale-up of the technology.   

 

2. Literature review 

The following chapter provides an overview of some other research that has been done on DAC 

and its relationship with the three pillars of sustainability.   
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2.1. DAC current status  

According to Ozkan (2021), three companies are leading the DAC development, those are 

Climeworks in Switzerland, Carbon Engineering in Canada, and Global Thermostat in the 

USA. Ozkan (2021) reviewed DAC in terms of its commercial status, contribution to climate 

goals, different technologies, environmental aspects, and cost analysis. They concluded that 

DAC is not profitable yet and that DAC could be used by policymakers to postpone other 

mitigation efforts such as decarbonization of the industry sector. They noted that with private 

investments, governmental initiatives, mitigation goals of corporations and support from oil 

companies the promotion of DAC for large-scale deployment can continue. They also argued 

that it is important to look at the environmental and economic aspects of DAC in detail before 

further scale-up of the technology.  

A more in-depth literature review was then performed by Ozkan et al. (2022) on the status of 

DAC which included a description of current projects happening to date. They mentioned that 

there were 19 operating DAC units over the world that have the joint capacity to capture 10,000 

tCO! per year. They showed a list of projects including the first DAC plant that was opened for 

operation in 2013 in California, USA. They mentioned that currently, the largest operational 

plant is the Climeworks ORCA plant located in Iceland which captures 4,000 tCO! per year 

with a solid sorbent. As well as discussing other ongoing projects including Global Thermostat 

which is building two plants in Oklahoma, USA, with a capacity of 2,000 tCO! per year, Carbon 

Engineering which is building a commercial plant in Texas, USA, that will have the capacity 

to remove and store one million tCO! per year, and the Black and Veatch company that has 

received funding for building a DAC plant with a capacity of 100,000 tCO! per year.  

The literature review by Ozkan et al. (2022) also included DAC's five pillars as they outlined 

“capture technology, electrical and thermal energy demand, cost, environmental impact, and 

political support". They discussed some challenges related to these pillars that are stunting the 

adoption of the technology and look at techno-economic analysis and life cycle analysis (LCA) 

done on DAC. They concluded after looking at many of the LCA that the readiness level of the 

technology is not yet high enough to make predictions of future economic performance. They 

detected three areas of improvement needed to achieve scale-up and economic feasibility of 

the technologies, these areas were related to the contractors, sorbent, and regenerations. They 

mentioned the energy requirements concerning liquid and solid carbon capture technologies 

and suggested waste heat as a source that could lower the costs of energy. Ozkan et al. also 
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acknowledged the challenge of public acceptance and global support by which DAC is 

governed. 

2.2. Life-cycle assessment 

A few studies have been done to assess the life-cycle of DAC. The literature review by Ozkan 

et al. (2022) included a chapter on LCA where they discuss the high energy demand, carbon 

footprint of the energy source used, costs and energy demand of scaling and environmental 

impacts of DAC. They looked at both the impacts the environment has on DAC plants as well 

as the opposite effect, i.e. the impacts DAC has on the environment. They noted that the 

environmental impacts of DAC systems concern the construction of the plants, the low-carbon 

energies, and the choice of sorbents. They concluded that the sole purpose of DAC is to help 

the planet and therefore environmental impacts are extremely important to consider since they 

should not cause harm to the environment in any way.   

Deutz and Bardow (2021) showed with LCA that the Climeworks‘ DAC plants in Hinwil and 

Hellisheidi can contribute to negative emissions with their capture efficiency of 85.4% and 

93.1%. They mentioned that for DAC to mitigate 1% of CO! global emissions in 2019 3,683 

plants with a capacity of 100,000 tCO! per plant are needed. They discussed that their analysis 

shows that this scale-up is not limited by material or energy requirements since they correspond 

to low shares of the global market. They discussed area demands as well, which they predicted 

would be about 29 km2 but if solely using electricity from wind power additional 445 km2 

would be needed and using electricity from photovoltaics would increase land usage to 4,450 

km2 which is still less area than the estimated land use of BECCS which is 100,000–150,000 

km2.  

Madhu et al. (2021) presented a comparative LCA of two DAC technologies coupled with a 

storage unit, temperature swing adsorption and high-temperature aqueous solution DAC. Their 

results showed a better performance of temperature swing adsorption DAC in all the 

environmental impact categories. However, their limited data availability and because of 

DAC’s early development stages, they made some estimations about scale-up scenarios and 

sorbent lifetime. They discussed the need for further research on the different DAC 

technologies as well as the political, economic, and ethical implications of large-scale DAC 

technologies.  
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Liu et al. (2020) conducted an LCA of the greenhouse gas emissions of a pared DAC and 

Fischer–Tropsch synthesis system where the CO! captured was converted into synthetic fuel. 

They found that if electricity from a low carbon source is used synthetic fuel could have lower 

energy intensity than conventional diesel production and several biofuel sources. They 

suggested that the location of the system should be in regions with low grid emissions or 

connected to renewable sources 

Terlouw et al. (2021) provided a critical review of some LCAs of carbon dioxide removal 

technologies including direct air capture with carbon storage (DACCS). They presented three 

key elements for the future LCA of DAC. The first element they presented was system 

boundaries where they believed a cradle-to-grave approach is needed to include end-of-life 

examination. The second element they discussed is the functional unit, they presented a 

recommendation for an appropriate functional unit. Lastly, they mentioned environmental 

impact categories, criticised studies for showing CO! removal potential at the expense of other 

environmental burdens and raised the question of environmental trade-offs. They concluded by 

saying that there is a lack of detailed LCA on DACCS and argued that there is a need for more 

transparency in data provision on DACCS.  

2.3. Economy and policies 

Much of the literature on DAC concerns its costs and predicted future costs as well as 

supportive policies that can influence who pays for DAC. In their literature review, Ozkan et 

al. (2022) analysed the costs of DAC. They highlighted the high level of uncertainty in 

predicting the costs of the technology because of its early stages of development. They 

discussed the costs of other NETs such as its main competitor BECCS which ranges between 

20-100 $/tCO! compared to the current cost of DAC which is always greater than 100 $/tCO!. 

They mentioned the reporter costs given by companies such as Climeworks‘ costs which are 

600 $/tCO! and Carbon Engineering‘s costs which range between 94-232 $/tCO! (see table 1). 

They noted the reason for this fluctuation in costs as a result of three factors: first, capital cost 

which includes material costs for the DAC system; second, operating cost, including labour 

and maintenance; and third, the sorbent used in the system.  

Breyer, Fasihi and Aghahosseini (2020) did research on the levelized cost of CO! DAC for a 

low-temperature solid-sorbent DAC based on modelling for the Maghreb region that has a 
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dominated energy supply from solar photovoltaic. They mentioned that the demands for this 

specific DAC technology are heating at approximately 100°C and electricity and stated that it 

leads to a sustainable operating DAC system that is based on renewable electricity and heat 

pumps. Their key results showed levelized costs of 105 €/tCO!, 70 €/tCO! and 55 €/tCO! for 

the years 2030, 2040 and 2050 (see table 1). 

Malm and Carton (2021) examined DAC in their study by tracing its origins and looking at its 

current political economy. They found a large entanglement with the capital in general and 

fossil capital that use DAC as sequestration for clean-up and utilisation for a “business of air-

mining” (Malm and Carton, 2021). They also noted the fact that policy is needed that compels 

the polluters to clean up, and transfer workers in obsolete industries to new jobs and policies 

supportive of DAC’s geological and chemical expertise. 

Ozkan et al. (2022) discussed the wide market that DAC could play a role in since CO! could 

be used in agriculture, food, beverages, or synthetic fuels if it is not stored underground through 

sequestration. They mentioned that this market could help DAC towards future development. 

The IEA (2019) believes that this market is catching the attention of governments, industry, 

and the investment community. It is believed that the market will be on a relatively small scale 

and include fuels, chemicals, building materials from minerals and waste, and CO! use to 

enhance yields (IEA, 2019). 

Articles Technology Current 2030 2040 2050 Future 

Ozkan et al. 
(2022) 

DAC Greater than 
100 $/tCO!     

Climeworks 600 $/tCO!     

Carbon 
Engineering 

94-232 
$/tCO!     

Breyer, 
Fasihi and 
Aghahosseini 
(2020) 

Low-temperature 
solid-sorbent DAC 
in Maghreb region 

 105 
€/tCO! 

70 
€/tCO! 

55 
€/tCO!  

Malm and 
Carton (2021) DAC 80 – 1133 

€/tCO!    34 – 260 
€/tCO! 

Table 1: An overview of the costs mentioned in some of the literature presented in the chapter. 
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Chauvy and Dubois (2022) provided in their literature review on the techno-economic 

assessment of DAC the current range of costs of DAC processes that they conclude to be 

between 80 – 1133 €/tCO!. They also concluded the estimated future costs to be between 34 – 

260 €/tCO! (see table 1) where different levers related to technological development, energy 

demand and implementation characteristics can improve the economic performance of DAC. 

Lastly, they discussed other benefits of DAC concerning the utilization of CO! that they believe 

can support a CO!-based circular economy. 

2.4. Sustainable Development 

Sustainability has been of interest to only a few researchers looking at DAC. Honegger and 

Reiner (2018), in their study, looked at a sustainable mechanism for DAC. They suggested that 

the market mechanism 'Sustainable Development Mechanism' from the Paris Agreement could 

be a potential international policy instrument that could play as a financial incentive for 

attractive NETs on a global scale. They believed that a policy instrument that demonstrates the 

emission impacts of DAC as well as includes safeguards to prevent social and environmental 

conflict is needed and that this mechanism in combination with sustainable development 

implications could be essential. 

Beuttler, Charles and Wurzbacher (2019) also looked at some sustainable aspects of DAC but 

then how it can benefit some of the SDGs. In addition, they gave a brief view of the status of 

DAC and suggested appropriate policy approaches for climate-relevant scale-up of the 

technology. They discussed the main benefits of DAC as its space efficiency, that it can be 

located on non-arable land and that it does not add pressure on the ecosystem or food 

production. The SDGs they mentioned that DAC could have a positive impact on were SDGs 

13 (Climate Action), 9 (Industry, Innovation and Infrastructure), 6 (Clean Water and 

Sanitation) when water is used as a by-product of the process, SDG 8 (Decent Work and 

Economic Growth) with new job opportunities, SDG 7 (Affordable and Clean energy) by 

driving scale-up of renewables, SDG 12 (Responsible Consumption and Production) and SDG 

11 (Sustainable Cities and Communities) by using captured carbon for synthetic fuel and 

material production in cities and SDG 3 (Good Health and Well-Being) since synthetic fuels 

produce fewer pollutants. They concluded that the challenge of scale-up for DAC and other 

NETs, within the timeframe needed is impossible without climate policy measures and high 

carbon prices. 
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2.5. Public perception and ethics  

Although researchers have mentioned the importance of the public acceptance of DAC there is 

a lack of research in the area. However, Cox, Spence, and Pigeon (2020) did a study on the 

public perception of carbon dioxide removal technologies in the USA and UK, focusing on 

three technologies, BECCS, DAC and enhanced weathering. Their results for public attitudes 

towards DAC showed an overall low public knowledge about the technology and CO! 

characteristics as well concerns about the high energy requirement and current renewable 

capacity. The participants of their study had different perspectives where some saw its 

simplicity and low land requirements positively while others had a negative view and saw it as 

industrial and futuristic. Cox, Spence, and Pigeon expressed the participants' biggest concern 

was related to storage (leakage, safety) and societal/ ethical concerns.  

Minx et al. (2018) did an extensive literature review of many aspects of NETs including ethical 

aspects. They highlighted that the discussion about ethical aspects is rare in NETs literature. 

They discussed three ethical issues that need to be further analysed. First, the concern of NETs 

leads to a moral hazard against mitigation. Second, that policy reliance on NETs at a large scale 

leads to a lock-in of worse climate-related harms if they fail to develop. Third, the future large-

scale NETs deployment in future scenarios overestimates our ability to manage carbon cycle 

flows and this hubris leads to ignorance of the complexity of natural systems. 

2.6. Future of DAC 

To understand the future of DACCS Fuhrman et al. (2021) developed different shared 

socioeconomic pathways or SSPs with modelling. Their results indicated that even with low 

assumptions about cost and efficiency improvements the technology could play a significant 

role in mitigating climate change. Their assumptions about CO! emission pricing taking off in 

the next five years and growing over time they believed that DACCS deployment could reach 

several to hundreds of MtCO!-scales. Their results showed that off the five pathways modelled 

the lowest overshoot occurred in the scenario where constraints on negative emissions 

deployments were tightened. Furthermore, the scenarios where temperature goals were 

exceeded before the policy was set in place, in 2040, Fuhrman et al. illustrated can be the cause 

of delayed mitigation policies and thus lead to deep dependence on negative emissions. 
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A similar study was performed by Realmonte et al. (2019) which did an inter-model 

comparison of DACCS role in the 1.5 and 2 °C scenarios. Their results showed that DACCS 

reduces mitigation costs and complements other NETs but that it should not be deployed 

instead of other mitigation actions. Their result also showed that the limiting factor of DACCS 

is its development rate. Their scenario showed that relying on DACCS deployment that then 

fails to develop led to an overshoot of up to 0.8°C and risked lock-in of a fossil-fuel-based 

energy system. 

2.7. Research gap  

Most literature on DAC has considered its current status and the predicted costs both current 

and future. Sustainability has been mentioned but mostly concerning policy suggestions or for 

advertising purposes. LCA and environmental impacts of DAC have been widely looked at but 

for specific systems or only briefly. Although some studies consider and have looked at public 

acceptance, the social benefits and social justice aspects have seldom been connected to the 

DAC technology.  

Researchers seem to be well aware of the importance of public acceptance, justice, 

environmental impacts of the technology’s lifetime and economic sustainability yet there are 

not many studies that consider researching those aspects in detail. These aspects are a part of 

the three pillars of sustainability which will be looked into in more detail in this thesis. In 

addition, a qualitative research design has never been used to explore the relationship between 

DAC and sustainable development. 

 

3. Research design and Methods 

The research design will be discussed in this chapter as well will the method of the research 

and the analysis process be described in detail. Ethical considerations, delimitations of the 

study and critiques of the methods will also be discussed here.  
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3.1. Research design 

The research design follows a qualitative approach to give an open-minded way of researching 

the phenomenon as well as a detailed understanding of the connection between DAC and 

sustainable development. Qualitative research has established a place in the research literature 

around generating knowledge from human experience (Nowell et al., 2017). According to 

Creswell and Creswell (2018), qualitative research is useful when the most important variables 

are unknown, and the research topic is new or has not been addressed before. Bryman and Bell 

(2019) emphasize that in qualitative research the measurements of a concept are not considered 

a key factor, but theories and concepts are the outcomes of the research process, moreover, data 

is used to develop theoretical ideas. Furthermore, they state that the researcher usually has a 

constructionist worldview, i.e. believes that individuals gain an understanding of the world 

from their own experiences (Creswell and Creswell, 2018) and, therefore, the researcher seeks 

to understand the social world through the eyes of the research participants (Bryman and Bell, 

2019). In this particular study, the researcher will try to see through the eyes of the participant, 

that are all researchers working with DAC, by conducting semi-structured interviews. The 

qualitative approach was chosen because it offers the flexibility of the research direction which 

is needed to answer the research question as well as it is an appropriate approach to give deep 

understanding and rich context descriptions of the phenomena studied.     

3.2. Data collection 

Interviews are plausibly the most common method for qualitative studies (Bryman and Bell, 

2019). Qualitative interviews are usually either unstructured or semi-structured and tend to 

have open-ended questions that allow for changes to the original research idea and unplanned 

turns during the investigation time (Bryman and Bell, 2019).  

In April of 2022, five semi-structured interviews were conducted with researchers in the DAC 

field. The chosen sample group for the study were researchers working with DAC and, initially, 

17 potential participants were selected through an internet search and contact persons. These 

participants were contacted via email, where they were given information about the aims and 

objectives of the study and the timeframe of the interviews. Out of 17 interview requests, five 
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accepted. Out of the five participants, two were process engineers (P11 and P2), one energy 

systems engineer (P3), one energy systems modeller (P4) and one social scientist (P5).   

The interview duration ranged from 35 minutes to 1 hour and 23 minutes. Out of the five 

interviews four were recorded and transcribed but for all interviews, notes were taken during 

the interviews. All the data was then coded, and themes were detected from the codes. The 

interview questions (Appendix A) were given to the participants beforehand for them to better 

understand the topic and have the opportunity to discuss it with their colleagues. All the 

questions were asked during four out of the five interviews. P5 was only asked about the social 

aspects of DAC since they had limited knowledge about the technological aspect of the 

technology.   

The interview aimed to obtain the participants' interpretation of the different aspects of DAC 

in connection to sustainable development. The interview questions were all specific to the topic 

of the interview but yet open-ended and allowed the participants to take different directions 

when answering the questions. 

3.3. Data analysis 

The researcher is the key instrument for conducting data analysis for qualitative research, 

making judgments about which approach is most suitable to assure rigour and trustworthiness 

of the results (Nowell et al., 2017). For this study, a thematic analysis was chosen and to 

rigorously apply the method the guidelines from Nowell et al. (2017) were followed. According 

 
1 P1 stands for participant number one. The order of P1 – P5 was decided depending on the order of the date the 
interviews were conducted. 

Sustainability Environment Economy Society 

Definition of 
sustainability Carbon footprint Carbon mechanism Social support   

Justice Impact on mitigation Business model Knowledge 

SDGs Negative Emissions 
Technologies    

Table 2: Themes detected from the analysis process of the interview data. The themes are grouped according 
to the three pillars of sustainability. 
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to Nowell et al. (2017), the advantages of thematic analysis are its flexible approach that can 

be adapted to the study's needs. They also mentioned that the approach is suitable for 

newcomers in the qualitative research field as it is fairly easy to grasp and does not require 

much knowledge of other qualitative approaches and therefore more accessible.  

As earlier mentioned, the data analysis process followed the six-phase approach to trustworthy 

thematic analysis provided by Nowell et al. (2017). Creswell and Creswell's (2018) five-step 

guide was also used for supporting information about each step. The first phase, "Familiarizing 

Yourself With Your Data", included transcribing interviews and gathering notes to prepare for 

analysis. In addition, the data was closely read to reflect on its meaning and patterns. The 

reflective thoughts and suggested codes were documented. During the second phase, 

"Generating Initial Codes", a coding process was performed where the researcher coded the 

data into different labelled categories. The data was then organized into four categories: 

sustainability, environment, society, and economy. Subcodes were created for the data in each 

category.  The third phase, "Searching for Themes", began when all data was coded so that 

broader themes could be generated from the codes. The fourth phase, "Reviewing Themes", 

included refining the themes generated by reviewing the coded data for each theme and seeing 

if it follows a clear pattern. During the fifth phase, "Defining and Naming Themes", themes 

were defined according to the aspect they capture and the story they tell. The themes are shown 

in table 2 The researcher wrote a detailed analysis of the different themes. The sixth and last 

phase, "Producing the Report", included the write-up and the presentation of the findings.  

3.4. Ethical considerations and limitations 

An issue that was addressed from the beginning of the study and kept in mind throughout the 

study was ethics (Bryman and Bell, 2019). The core ethical considerations outlined by Bryman 

and Bell (2019) are respect, concern for welfare and justice. The ethical considerations in this 

study were mainly related to the participants, the limitations and the researcher's role in the 

study.  

The researcher must respect the participants' rights throughout the study. These rights include 

being informed about the purpose and goals of the study, secured anonymity, giving consent 

to recordings and assurance that the work is free of plagiarism (Bhandari, 2021). These issues 
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were considered before the interviews were conducted and a consent form (see consent form 

under Appendix B) was given to each participant to prevent unethical practice.  

The limitations of the study included the timeframe, literature availability, language, and the 

selected participants. The timeframe of the study, nine weeks, limited the researcher's ability 

to find participants, the number of participants included, and the depth of the analysis and 

conclusion. The study was also dependent on a literature review that was limited to the 

available literature the researcher had through the university webpage, meaning that 

unavailable literature that could have been significant to the study was left out. Language was 

another limiting factor since only literature in English was used for the study as well as the 

English language was used for communication with participants. Language may have been a 

barrier to the participant's ability to answer questions or to the researcher for understanding the 

meaning behind the participants' reflections. The participants were also limited to those the 

researcher was able to get in contact with. It may be noticed that the limitations of the study 

are mostly dependent on the researcher who therefore plays a very large role in the study. 

3.5. Critique 

Bryman and Bell (2019) identified four different areas in which qualitative research has been 

criticised from the view of quantitative social scientists. Firstly, they mentioned that qualitative 

research is criticised for being too subjective and based on general views instead of facts. 

Secondly, they argued that because the research is unstructured and depends on the researcher 

it is almost impossible to replicate. Thirdly, they suggested that because of the small number 

of participants in qualitative research it is difficult to say that it applies to the general public or 

other settings. Lastly, they criticised qualitative research for its lack of transparency about how 

the researcher reached their conclusions. 

Additionally, Creswell and Creswell (2018) mentioned a few limitations concerning 

interviews. Their view on information gathered from interviews was that they can be indirect 

and filtered through the participants' views and gathered in a designed place instead of the 

natural setting. They also saw the researcher's presence as an influence on the responses from 

the participants and can make them biased. Lastly, they mentioned that participants are not all 

coherent and perceptive of the things being studied.     
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4. Findings 

The following chapter presents the findings from five interviews conducted with researchers 

working in the field of DAC. The participants were asked questions regarding the sustainability 

of the DAC technology covering the three pillars of sustainability. The interviews aimed to 

address in detail the relationship between DAC and sustainable development to answer the 

respective research question.  

The themes detected from the analysis were grouped according to the three pillars of 

sustainability (see table 2). The sub-chapters are, therefore, also organised according to the 

three pillars. The first chapter presents the themes for sustainability, the second for the 

environment, the third for the economy and the fourth for the society. The sub-themes and 

codes for the different aspects the findings are based on can be found under the Appendices 

below (see Appendix C, D, E, F). The last chapter presents the key finding and the most 

important takeaways from the interviews.  

4.1. Sustainability Aspect 

4.1.1. Definition of Sustainability 

An important point that was discussed in the interviews was the definition of sustainability. 

Some of the participants either looked up the definition of sustainability or asked the 

interviewer how they define it to get a better understanding of how DAC contributes to 

sustainable energy transition or how DAC can be a sustainable technology. The definition 

given by P1 was “the possibility or the ability to meet a present need without affecting the 

future generations or their ability to meet their own needs”.  

Concerning DAC as a sustainable technology P1 referred to the above definition to argue for 

DAC being a sustainable technology since it “allows you to undo some of the harm, in that 

sense, it allows for future generations to be able to provide as previous ones did”. P2 and P4 

referred, however, to the energy and material aspect of DAC as being the main factors that 

make the technology sustainable, those two aspects then need to be sustainably handled for 

DAC to be considered sustainable.   
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Mixed opinions were on DAC's contribution to the sustainable energy transition. P3 mentioned 

that DAC could contribute but also hinder sustainable energy transition because of its high 

renewable energy demand and because the demand for renewable energy is still very high 

worldwide. P2 hinted in the same direction, that the energy consumed by DAC could be used 

for other meaningful purposes. P4 also believed that DAC could both contribute to and hinder 

the transition depending on how and when it is used. Some of the participants, however, saw 

DAC as a crucial contributor to energy transition in the long term since it can be used if needed 

in the future. P2 mentioned that NETs could be applied as a “backup for the future in case we 

fail to address these emissions”.  

4.1.2. Justice  

Justice was mentioned in different forms by the participants: distributional, international, and 

intergenerational. P1 and P3 discussed distributional justice in terms of who bears the costs of 

DAC, who benefits and what kind of system could support a just distribution. P1 and P3 both 

raised the question of “who pays?” as well as additional questions such as “who bears the risks” 

(P1) and “who benefits?” “who’s emissions?” ”will that be just?” (P3). P1 also talked about a 

system of equity that could allow “an equally biased redistribution of the revenue collected 

from these carbon pricing schemes e.g. by reducing the income tax in the lower partials”.  

In terms of the international justice the discussion raised by P1 and P4 about DAC allowing 

for flexibility, P1 mentioned that if countries are not allowed access to emitting activities it 

“might hurt their access to not only energy but development”. P4, however, discussed that DAC 

can be placed “where we cannot do anything else”. P5 talked about responsibility being shifted 

spatially, to countries that have and are developing DAC. On the other hand, P5 talked about 

countries being able to take responsibility for historical emissions which also connects to the 

intergenerational justice aspect.  

P5 saw the definition of sustainability as an intergenerational justice approach. A few 

participants mentioned that DAC “makes it possible for industrialized countries built on fossil 

fuels to lower their current and cumulated historical emission” (P4). In addition, P2 also 

mentioned that DAC could be used as a backup solution for the future. In contrast, many of the 

participants also mentioned that DAC could make countries lazy in meeting their emission 

reduction goals and keep society in the current business-as-usual scenario. 
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4.1.3. SDGs 

The participants were asked about which SDGs they believed DAC influenced, either by 

contributing or hindering them. All participants that were asked this question mentioned SDG 

13 (Climate Action), and that DAC had a positive effect on it because it promotes mitigation. 

Some however believed that a moral hazard could negatively affect this SDG. Those that 

mentioned SDGs 14 (Life Below Water) and 15 (Life on Land) also found a positive correlation 

since there is a reduction of pollution and CO! concentration in the air and water.  

Three of the participants mentioned interlinkages between SDG 12 (Responsible Consumption 

and Production) and DAC because of sustainable and responsible utilization and storage 

solutions as well as prices being able to reflect carbon footprint if a carbon mechanism was 

implemented. Two participants also mentioned SDGs 8 (Decent Work and Economic Growth) 

and 9 (Industry, Innovation and Infrastructure) in terms of employment or markets for carbon-

neutral material for industries. One participant mentioned SDG 17 (Partnership for the Goals) 

as indirectly impacted if a carbon credit scheme was successfully implemented by countries.  

Three participants mentioned SDG 7 (Affordable and Clean Energy) as being both positively 

and negatively impacted. Negative impacts were mentioned to be the high costs, energy 

intensity and that it doesn't have any output (when coupled with storage). The positive aspects 

were the utilization of fuels, the flexibility it provides and that it can put an upper-bound cost 

on emission removal. Two of the participants also mentioned SDGs 2 (Zero Hunger) and 3 

(Good Health and Well-Being) as positively impacted because of reduced land use and better 

air quality. One participant mentioned SDG 6 (Clear Water and Sanitation) as positively 

impacted because of the reduced water demand compared to other NETs and because some 

DAC processes can capture water.  

4.2. Environmental Aspect 

4.2.1 Negative emissions technologies 

DAC was considered by most of the participants as a novel NET on a development scale and 

“the level of implementation and technology readiness level is pretty low” (P3). P1 also 

mentioned that “we only have had pilots up to this point so it's not a proven technology”.  
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During the interviews, DAC was often compared to other NETs, mostly BECCS and 

afforestation. All participants used BECCS to compare environmental aspects of DAC. DAC 

was considered by most as having less environmental risks, being less land-intensive, more 

productive, and flexible in terms of location compared to BECCS. Some of the participants 

also mentioned the benefits of BECCS compared to DAC as being the production of energy, 

landscape, and biodiversity.  

4.2.2. Impacts on mitigation 

DAC's impacts on mitigation were a discussion that came up quite a lot during the interviews, 

especially when discussing storage or utilization options. Most participants talked about DAC 

as a response to the need for emissions reduction of unavoidable emissions, and DAC was one 

of many tools of mitigation. Many also discussed that DAC was not the first mitigation option 

because other mitigation efforts should be done first. Concerning utilization, many found it to 

be “used to speed up implementation” (P3), contribute to a closed loop of carbon (P4) and 

provide carbon-neutral feedstock but for the process to contribute to negative emissions long-

term storage solutions would be needed. 

4.2.3. Carbon footprint  

All the participants that were asked about environmental impacts mentioned the energy and 

material aspects of DAC. For the energy aspect, the mutual view was that DAC “should be 

powered with renewable energy sources” (P4). For the material aspect, the participants 

discussed different materials that have been suggested, that they should not contribute to 

resource depletion, should be recycled and be of a general source to avoid material limitations. 

Furthermore, P1 said that “DAC doesn't use key materials, […] for either the liquid absorption 

or the solid adsorption processes the material used are quite common”. 

Water usage was also mentioned by most of the participants and that the usage depends on the 

process since some processes can be very water-intensive while others, as mentioned by P1, 

“can be producing water as a by-product, in this case, there might be a net positive production 

of water”.  

Two of the participants (P2 and P3) mentioned the lack of in-depth environmental studies of 

DAC. P2 said that an LCA of DAC’s footprint is needed because “for DAC to reduce global 
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emissions it has to be developed in such a way that in that process it minimises the emissions 

that it is trying to capture in the end”. Additionally, P3 mentioned that “there hasn't been that 

much deeper environmental analysis performed so that is kind of a research gap still”. 

Most of the participants also talked about the environmental footprint of the sorbents and 

solvents as a big factor in DAC's footprint. P3 mentioned that there have been many different 

variances of sorbents suggested and therefore hard to say which one is the most 

environmentally beneficial. P1 talked about solid sorbents as short-lived and methods of 

disposing of them.  

4.3. Economic Aspect 

4.3.1. Business model 

Most of the participants noted that currently there are no clear business models or carbon 

markets DAC can compete in. P1 mentioned that the current business model is mainly based 

on selling offsets to companies and P5 also mentioned that current voluntary carbon markets 

use a similar method. Many also talked about utilization as a way of promoting the technology 

and speeding up implementation while also starting “to create a circular system” (P4).  

4.3.2. Carbon Mechanism 

When it came to the economic benefits of DAC most of the participants discussed the high 

costs of DAC, “eventually the technology will improve but in the short-term […] it's not going 

to be the cheapest alternative” (P1). They referred to some kind of carbon mechanisms in the 

form of carbon taxes, carbon credits, carbon offsets, emission trading, carbon take-back and 

polluter pays schemes that could provide economic support for DAC. P4 went on to say that 

“if no system is in place, no one pays for polluting or cleaning it up” and so “DAC depends on 

the future policies that can make it a good solution or an expensive solution” (P4). In addition, 

P5 mentioned that we ought to be treating carbon as a waste product instead of an externality, 

so “you are producing waste, you have to do something with that waste either by dealing with 

the waste yourself, paying a company to deal with the waste […] or you don't produce the 

waste in the first place”. 
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The discussion of the price of capture or abatement costs also came up in three interviews. P1 

discussed carbon pricing in the form of  “credits, an emission credit system or a carbon tax 

[…] then this carbon price will be passed along the value chain and eventually impact the price 

of different goods”. P1 also talked about DAC as being able to set the upper limit to the cost it 

takes to remove carbon. P2 had similar thoughts about passing costs to the consumer by 

crediting products. Lastly, P4 talked about the prices of emitting becoming higher while the 

price of capturing is getting lower and mentioned that therefore DAC in the future might be a 

cheaper option than paying to emit.  

4.4. Social Aspect 

4.4.1. Knowledge 

Almost all participants mentioned that the public knowledge and awareness of DAC is very 

low. P5 mention that every time surveys come out saying “awareness is extremely low” and 

“that people just haven't heard of any of these things”. Two of the participants however 

mentioned that “in the scientific community it has been more discussed” (P4) and is a hot topic.  

P3 talked about the way that DAC was portrayed to the public in media, newspapers, or 

podcasts and said: “it seems that DAC is portrayed like this sexy rockstar in a way” and DAC 

companies ”would like to make it sound like this is such a promising, perfect, great solution”.  

4.4.2. Social support  

The acceptance and support of DAC were also discussed in the interviews. Two of the 

participants (P3 and P4) believed that utilization “might be a way to create better 

understanding, better acceptance, better economics of the entire system so it might be a way to 

speed up implementation on a larger scale” (P3). P4 mention that if DAC is a feedstock for 

final products the public may support it indirectly, without knowing about it.  

Some of the participants discussed the possibility of pushback from the local population, firstly, 

if they do not understand how the technology works it could make them “a bit sceptical about 

it” (P5). Secondly, P1 mentioned that some people connect DAC to a moral hazard, then “there 

is a risk of the public not seeing it as an actual solution […] to the climate issues, that means 

that there could be some push back from society even to engage in research of this technology.” 
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However, local engagement was mentioned by P3 and P5 as a way of overcoming opposition 

and creating a larger share of understanding and acceptance. 

Many also talked about the lack of social benefits of DAC, like P5 mentioned “the problem 

with DAC if you are using it with storage this is it has like zero benefits to anything other than 

the climate, it doesn't do anything”. In addition, it was also mentioned that it doesn’t have a 

useful output like e.g. BECCS that produces energy.  

4.5. Key findings  

The following bullet points present the key findings of the five interviews conducted. 

• It was important for participants to have a clear definition of sustainability to understand 

how DAC influences and connects to it.  

• DAC was connected to three aspects of justice: distributional, international, and 

intergenerational. 

• The SDG everyone discussed was SDG 13 (Climate Action) to which DAC was said to 

positively contribute, other SDGs were mentioned that DAC both positively and 

negatively influenced.  

• DAC was considered novel and with a low readiness level. DAC was often compared 

to BECCS.  

• DAC was considered one of many mitigation tools and utilization could provide 

carbon-neutral feedstock but for negative emissions, long-term storage would be 

needed.  

• All participants mentioned that for the lowering of DAC’s carbon footprint it needs to 

be coupled with renewable energy and sustainably handled material. 

• Most mentioned that there is no clear business model or carbon market available for 

DAC and a carbon mechanism is needed to provide economic support for DAC. 

• Public knowledge and awareness of DAC were said to be very low but it is a hot topic 

in the scientific community. 

• Some believed that utilization could create awareness or that public engagement could 

overcome opposition, but DAC coupled with storage, however, was believed to lack 

social benefits.  
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5. Discussion 

In this chapter, the findings will be interpreted and connected to previous literature on the topic.  

5.1. Interpretation of results   

Figure 2 shows a drawing of the themes derived from the interviews that were placed in the 

figure of the three pillars of sustainability by Purvis, Mao and Robinson (2019) (see figure 1). 

The figure gives a visual representation of the areas within each pillar that are important to 

DAC and its development.  

The findings of the sustainability aspect of DAC indicate that the participants would consider 

DAC as a sustainable technology or a contributor to a sustainable energy transition if the 

energy, material, and water footprint is minimized. However, people may look at the definition 

of sustainability in various ways and, therefore, it has to be clear in which way people look at 

sustainability to understand where their opinion is drawn from. The participants also showed 

how DAC can relate to justice of different forms which raises the question of DAC as a just 

technology and how these justice issues can be tackled.  

Figure 2: Own drawing of DAC‘s contribution to sustainability 
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It can be noted that the most compared technology to DAC and its biggest competitor is 

BECCS. It was mentioned that it has more benefits to society, social understanding, contributes 

to biodiversity and is less expensive. It would therefore be interesting to see the expert views 

on the sustainability of BECCS compared to DAC and the related justice concerns. BECCS is 

also considered a cheaper option than DAC and, therefore, it is in high need of supportive 

policies to have a chance at competing with other NETs in the market. In addition, policies that 

can support negative emissions while also prompting mitigation activities are highly needed if 

DAC and other NETs are to be morally acceptable in current markets. But as concluded by 

many participants the social knowledge of DAC is very limited and, therefore, support from 

society and policies is lacking. 

Finding a way for DAC to contribute to some type of local engagement could be a way of 

reaching to public and gaining understanding and support for wider implementation, as some 

participants mentioned can be done with utilization of CO! then as a way of promoting DAC. 

But utilizing the captured carbon for fuels, chemicals, beverages etc. can be expensive and 

doesn't contribute to negative emissions. Therefore, a long-term storage solution and spread of 

awareness and knowledge about DAC is highly important if it should scale up and contribute 

to global emissions reduction. 

As mentioned by the participants, DAC is a novel technology and the knowledge about it is at 

a very low level. It is interesting to note that only one participant mentioned how DAC is 

portrayed to the public. They seem to think it is described as a perfect solution to our climate 

problems. Giving positive information to the public may increase support and understanding 

as well as encourage public engagement. However, considering the justice aspect, negative 

impacts on some of the SDGs, high costs and lack of social benefits is it the perfect solution to 

date? Can it be the perfect solution in the future? The way it is portrayed to the public may give 

false hope of DAC being the solution that will fix our climate problems when it is not yet 

known how it will scale up.  

5.2. Connecting to previous research  

From the literature review, the argument for the sustainability of DAC was in the form of policy 

measures and prices on carbon. However, the sustainability of DAC concerning justice has 

been absent from the DAC literature until now. The discussions about the SDGs by Beuttler, 
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Charles, and Wurzbacher (2019) show similar results as the SDG analysis from the interviews 

but the argument for justice regarding DAC's sustainability in their study was missing. Minx 

et al.'s (2018) study on the ethical aspects of NETs, however, includes some justice discussions 

that can be connected to discussions derived from the interviews. 

When comparing the findings with the literature review the five pillars of DAC mentioned by 

Ozkan et al. (2022) capture attention. The five pillars (capture technology, electrical and 

thermal energy demand, cost, environmental impact, and political support) can be linked to the 

different themes for the three pillars of sustainability. All the aspects mentioned by Ozkan et 

al. were discussed in the interviews and were challenged by connecting the different aspects. 

However, missing from Ozkan et al.'s pillars is social support which was discussed as an 

important factor for wider deployment. Ozkan et al. mentioned the importance of public 

acceptance and support for DAC but from the findings of the interviews, it can be considered 

a separate pillar that is equally important for the further development of DAC.    

The LCA literature reviewed had much of its focus on the energy aspect, costs, land use of the 

technology and comparison between processes. The interview findings suggested that the 

footprint of DAC is highly related to these areas but also, relating to Terlouw et al. (2021), that 

there is a deeper analysis needed to get the whole picture of the environmental aspect of DAC 

and its impacts on emission reduction.  

Much of the economic-based literature for DAC focused on the improvement of costs by 

suggesting how to get the costs of the technology down. Malm and Carton's (2021) discussion 

about political economy and policies for the polluter to clean up can be connected back to the 

interview discussions about carbon mechanisms for polluters to pay. Ozkan et al. (2022) also 

discussed the carbon markets available if CO! is utilized after capture which was also a large 

discussion in the interviews. The interview findings, however, showed a broader view on how 

utilization can contribute to better economics but also social benefits and sustainable 

production and consumption. Chauvy and Dubois (2022) mentioned a CO!-based circular 

economy with utilization which also came up in many of the interviews.  

Although the importance of public awareness and acceptance has been acknowledged by many, 

not a lot of research has been done in that area. Cox, Spence, and Pigeon (2020), however, tried 

to fill that knowledge gap by studying public perception and the results were quite similar to 
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the findings of the interviews where many mentioned the knowledge and awareness of DAC 

being very low.   

 

6. Conclusion  

This qualitative study aimed to answer the research question: How does direct air capture 

influence or connect to the three pillars of sustainable development? An answer to this question 

was sought from five interviews with researchers working with DAC.  

If DAC were to contribute to climate-resilient development, it would need to be implemented 

so that it contributes to sustainable development for all. The results of the interviews showed 

that the themes shown in figure 2 are the highly important aspects of DAC that need to be 

looked at when it comes to its contribution to sustainable development. Even though DAC is 

still on a small scale it was considered one of the tools for future mitigation and by many of 

the participants considered as being able to contribute to a sustainable energy transition. While 

others believed that it may do the opposite since it has high renewable energy requirements.  

Referring back to the 2011 IPCC statement of the sustainability of renewable energy sources 

(see chapter 1), DAC must contribute to a balance of the pillars of sustainability as well as be 

economically affordable and meet social needs to be considered sustainable. However, the 

results showed that its contribution and scale-up were believed to be highly dependent on 

carbon mechanisms of some type that can provide economic support and social benefits 

believed to be lacking since its main focus is on mitigating climate change. A balance between 

the pillars, therefore, can only be corrected when the economic and social aspects are in place.  

The various aspects and impacts DAC can have on the environment, economy and society need 

to be considered before further scale-up and implementation of the technology. If DAC should 

contribute to global emission reduction it ought to follow the requirements of sustainable 

development and keep a balance between the three pillars of sustainability.  

Suggestions for future research include a detailed literature review of the different pillars of 

sustainability as well as DAC's contribution to sustainable development. There is also a need 

for a more compact analysis of DAC's impacts on the different SDGs and each target that 

follows. In addition, as has been mentioned, an in-depth environmental study is missing from 
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the DAC literature as well as social studies around it, how local involvement and awareness 

can be contributed to this system. Additionally, for more sustainable economics of the DAC 

system, a circular system should be further explored.  
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Appendices 
Appendix A: The interview questions given to the participants beforehand and asked during the 
interviews.  

  

DAC in connection with sustainability 
Topic: Interview with specialist 

 
Sustainability 

1. In which way can DAC be considered a sustainable technology?  
2. Do you think DAC contributes to sustainable energy transition?  
3. Which SDGs would you say are related to DAC?  

a. How does DAC influence those SDGs?  
b. Does DAC support or hinder that SDG? 

 
Advantages, disadvantages, and risks 

4. What are the advantages and disadvantages of DAC compared to other negative 
emission technologies (NETs)? 

5. What are the risks of DAC? 
a. In relation to the environment? 
b. Socially? 
c. Financially? 
d. In relation to energy systems? 
e. In relation to atmospheric CO! concentrations?  

 
Environmental aspect  

6. What are the potential environmental benefits of DAC? 
7. How does DACs impact the environment around it?  
8. What is the environmental footprint of DAC? 
9. How does DAC impact global emissions? 

 
Social aspect 

10. What are the potential social benefits of DAC? 
11. How does DAC contribute to justice and equity? 
12. What view do people have on DAC? 
13. How is the society engaged and informed about DAC? 

 
Economic aspect 

14. What are the potential economic benefits of DAC? 
15. In which way can DAC contribute to a circular economy? 
16. What socioeconomic impacts does DAC have? 
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Appendix B: A consent form given to each participant before their interview.  
  

Interview Consent Form 

Research Title: Direct Air Capture and Sustainability  

Researchers name: Hólmfrídur Snorradóttir 
Participants name: X      

Interview date: X 
Zoom link: X 

 
Description of study 

The study is about direct air capture and its connection with economic, environmental, and 
social sustainability as well as it‘s relationship with the sustainable development goals. How 
is direct air capture connected to the three pillars of sustainability? How does direct air 
capture contribute to/hinder the sustainable development goals? 

Thank you for agreeing to be interviewed as part of the above research project. The 
interview will take 40-60 minutes. I don’t anticipate that there are any risks associated with 
your participation, but you have the right to stop the interview or withdraw from the 
research at any time. Would you send an email with your consent to certify that you approve 
the following: 

• Your participation is voluntary. You do not have to take part, have the right to 
decline to answer any questions and end the interview at any time. 

• You will not receive any benefit or payment for the participation. 
• The interview will be recorded, and a transcript will be produced. 
• You can request a copy of the transcript of the interview and may make edits you 

feel necessary to ensure the effectiveness of any agreement made about 
confidentiality. 

• The transcript of the interview will be analysed by Hólmfrídur Snorradóttir. 
• Access to the interview transcript will be limited to Hólmfrídur Snorradóttir and the 

supervisor of the study. 
• Any summary interview content, or direct quotations from the interview, that are 

made available through academic publication will be anonymized so that you cannot 
be identified, and care will be taken to ensure that other information in the interview 
that could identify yourself is not revealed. 

• The actual recording will be deleted after the transcript has been produced. 
• Any variation of the conditions above will only occur with your further explicit 

approval. 

Please give the researcher your consent to the terms indicated above via email and let the 
researcher know if you request any changes to these terms. 
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Appendix C: The sub-themes and codes from the analysis of the sustainability aspect. 
 

Definition of Sustainability Sustainable technology International climate justice 

Definition vague and contested Factors to consider: energy, material and 
economic aspects Responsibility shifted spatially 

Diverse actors drawn under one 
umbrella, e.g. SDGs 

Could argue the opposite, hinders SET 
since it requires a lot of renewable energy 

Historical responsibility, countries 
benefitted from historical emissions 

Used as justification for things that can 
mean anything 

Key question is sustainability of the energy 
source 

Take on more than a fair share of 
emissions. 

Sustainable techn, need to know the 
definition of sustainability DAC a back-up solution Carbon removal enhancing climate 

justice 
Under the definition DAC a 
sustainable technology 

Does not contribute to SET, could speed 
up parts of SET but not part of SET 

It requires energy for countries to 
industrial-ize and fulfil other SDGs 

Contribution to sustainability depends 
on how you define it 

DAC could be sustainable, depends on 
source of energy 

Industrializing countries usually have 
increased use of fossil fuels 

Something we need to do now since 
we haven’t been towards sustainability 

Contribution to SET depends on how and 
when it’s used 

Banning emitting activities hurt 
development 

  DAC gives flexibility so nations can 
produce energy and develop 

  Take on more than a fair share of 
emission 

  Two sides to the role of DAC with 
climate justice 

Intergenerational justice Mitigation Soci SDGs 

Responsibility shifted temporarily Some damage we won’t be able to reverse  DAC could negatively influence social 
SDGs because of energy and finances 

DAC allows for future generations to 
provide as previous ones did Need to clean up harm that has been done SDG 1, negatively impacted, job 

creation 
Historical damage, cumulative 
emissions 

Mid-century need to increase means of 
carbon removal 

SDG 2, indirectly impacted, reduced 
competition of land use 

Utilization, source of carbon material 
for future generations 

Consume/produce goods with low 
footprint 

SDG 3, reduced pollution, better air 
quality.  

 DAC important if overshoot carbon budget 
SDG 4, more education more 
environmental awareness, promotes 
DAC not other way. 

 Net-zero targets by mid-century SDG 6, reduced water demand, some 
DAC capture water 

 DAC makes societies and countries lazy in 
their emission reduction commitments 

SDG 7, energy-intensive, no output, not 
cheap, provides upper-bound costs, 
flexibility, utilization for fuels 

 Business as usual scenario 
Banning emissions can affect SDG 7 
because some nations do not have a 
choice 

  SDG 11, carbon credits from DAC 
SDGs Env SDGs Econ SDGs 

Three categories of SDGs: 
environment, economy, society 

Environmental aspect of SDGs impacted 
by DAC 

SDG 8, employment and economic 
growth, promote CO! markets indirect 
reducing inequalities, applied where 
necessary 

Positive and negative impacts 
depending on comprehensive study 

SDG 13, promotes mitigating emissions, 
reduced CO! concentration, invest in 
research, moral hazard 

SDG 9, carbon neutral feedstock for 
chemical industry 

The SDGs are interlinked SDG 15, reduction of pollution, indirect 
impact of avoiding global warming 

SDG 12, price reflecting footprint, 
sustainable fuels, responsible storage 

 SDG 14, balanced carbon cycle, reduced 
ocean acidification 

SDG 17, carbon credits, SDGs achieved 
with partnership between countries 
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Appendix D: The sub-themes and codes from the analysis of the environmental aspect 
 

Carbon footprint Impact on mitigation Novel technology Compared to other NETs 

Leakage to environment High demand for renewables 
already, expand may be at risk Unproven  Risks of DAC depend on what 

you compare it to  
Environmental impact at 
scale DAC not first option Energy-intensive BECCS and AR 

Footprint of the energy 
source 

First work on electrification 
and carbon neutral solutions Development phase Natural capture process 

LCA needed to measure 
environment-al footprint 

Decarbonization first, cannot 
decarbonize whole system Smaller scale in buildings Less productivity, capacity 

limited 

Carbon treated as a waste 
product 

Empty promises can slow down 
transition 

Research focused on 
efficiency, techno-logy 
and energy consumption 

Efficiency of photosynthesis 

Carbon treated as waste can 
support DAC deployment 
and rapid emission cuts 

More meaningful use of energy Shallow environmental 
analysis in research 

DAC has lower environmental 
risk 

Emissions from burning 
sorbent, partly recycled 

Hard to avoid emissions need 
DAC 

DAC used for 
unavoidable emissions 

DAC doesn’t compete with 
biodiversity or food production 

Sorbents short-lived Companies should focus on 
mitigation of processes Focus on scaleup BECCS tight to a specific 

plant 

materials need to be 
recycled  

DAC can make industries lazy, 
make industries stop working 
on mitigation 

Low readiness level Competition of land use 

Energy, water and material 
a disadvantage 

DAC response to the need for 
emission reduction 

Currently on a small 
scale BECCS land-intensive 

Debate about solvent or 
sorbent 

Technological response to a 
need  Other techniques can produce 

energy, landscape, biodiversity 

DAC shouldn’t contribute 
to resource depletion 

Used to capture cumulative 
CO!  

Point source capture not 
applicable for all, limited 
efficiency, doesn’t remove past 
emissions 

Worst case CO! release 
back to air 

Atmospheric concentration 
balanced quickly  Can have more of DAC 

territorially 

 Reduction of CO! in ocean  Risky, impermanent forestry 
compared to DACCS 

Resource requirements CO! utilization and storage Continued fossil fuel 
usage  

Minimized land and water 
use  CO! has to be stored or utilized Fossil fuel externality/ 

finite  

Water usage depends on 
process 

Maybe easier to store CO! in 
depleted oil and gas fields 

Misallocation of 
resources   

No key material needs, no 
material limitations 

Mineralization can be 
geologically limited Stranded assets  

Large energy requirements  
Utilization enhance 
environmental perfor-mance of 
projects 

Depleting fossil fuels in 
one place, clean up at 
another   

 

Can be placed anywhere, 
positive and negative 

CO! should be stored for 
lowering of atmospheric CO! 
concentration 

Should be coupled with 
storage   

Minimized need for extra 
infrastructure 

Carbon mineralization better 
option for storage, non-issue   

Can strategically chose a 
placement Utilization for non-arable land   

Coupled with renewable 
energy source 

Utilization for fuels, chemicals, 
any material   

Renewable or waste energy  Closed loop of carbon   



 

 

 

36 
 

A lot of different material 
suggested DACCS not circular system   

 
 
 
Appendix E: The sub-themes and codes from the analysis of the economy aspect.  
 

Carbon mechanism Business model Prises of capture 
Carbon price Voluntary carbon markets Upper-bound cost 

Polluter pays Markets DACCS can’t compete 
in  Change in costs  

Net taxation, CO! tax Process of buying offsets… Better economic decisions 
Carbon accounting Fund Capture costs decreasing  

Carbon credits Who pays? Who’s emissions? 
Who benefits? Willingness to pay 

Emission trading system Support Future cheap solution 
CO! offsets Revenue Abatement costs 
Niche markets Public funds Net capture costs 
With the right policies DACCS can be an 
elegant solution Competition for funding credit consumer products 

Policies can start accounting for the climate 
in our economy Corruption 

Paying with quality of life, loss due 
to extreme weather and lost wealth 
in the future 

Carbon-takeback obligation Carbon neutral businesses  
System needed   

Cost of technology Utilization  
Expensive  Circular system  
Novel Better economics  

No additional benefits enhanced environmental 
performance  

Profitable Speed up process  
Price will come down Carbon neutral feedstock  
Increased costs for small scale market promotion for deployment  
Costs of emitting increasing Closed loop of carbon  
Different claims of cost, everything between 
100-1000 dollars   
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Appendix F: The sub-themes and codes from the analysis of the social aspect.  
 

Knowledge  Social gains  Morals Social support 
Hard to understand the 
chemistry, people sceptical 
since they don’t understand 

Job creation, economic 
activity 

Intergenerational justice 
approach 

Acceptance issues since we 
could be planting trees 
instead 

Perceptions of CO! as 
dangerous Local engagement International climate justice 

aspect 
Mineralization could 
overcome public concerns 

Low levels of knowledge DACCS has no additional 
benefits to other than climate 

Risk of inequality/ injustice 
or corruption Noise and visual pollution 

Low policy support 
Important to be clear if it’s 
DAC or DACCS when 
discussing social benefits 

Carbon accounting should 
not compound equity issues Mixed public perception 

Strategies for awareness 
Benefits for countries with 
abundant, cheap, renewable 
energy 

Carbon tax can increase 
inequality Moral hazard 

LCA for promoting and 
educating about DAC No useful output 

Carbon pricing compensated 
by equally biased 
redistribution of revenue 

Local involvement, large 
share of understanding and 
acceptance 

People have good 
understanding of chemistry 
within a plant 

Energy used for other 
meaningful purposes 

DAC could indirectly reduce 
inequalities 

Involved people feeling of 
pride and participation 

May have heard about it in 
radio, podcasts, news papers Benefits from planting trees Responsibility shifted 

spatially and temporarily 

General public may view 
DAC as coming instead of 
other mitigation actions 

People may be aware but not 
realize how it works, 
development status, how it’s 
used etc. 

Improved air quality 
Spatially shifted to 
technologies in countries, 
DAC 

Some think it’s not feasible 
because of high energy 
demand 

Communicatory problem DAC can become a cheap 
solution for society 

Temporarily shifted to the 
future Willingness to pay 

Hot topic in the scientific 
community 

DACCS lack of social 
benefits 

Historical responsibility, 
countries benefitted from 
historical emissions 

Studies shown that DAC is 
perceived as more intuitive 
than BECCS 

Awareness spread in future 

Social benefits often aligned 
with co-benefits, new 
ecosystems, forest, ascetic 
benefits 

Take on more than a fair 
share of emissions. 

Mistrust in government and 
towards experts if things 
don’t make intuitive sense 

Surveys show extremely low 
level of awareness  Carbon removal enhancing 

climate justice 
People may think it’s for the 
rich to make profit 

   
Local opposition against 
projects that give jobs to 
others 

   Need to be aware of social 
context and their history 

   People worried about the 
transition 

   
People concerned that DAC 
slows down mitigation 
efforts 

Socio-economics Utilization of carbon Presented to the public  
Who pays, benefits, bears the 
risk?  Increased acceptance  Sounds like a great solution, 

sexy rockstar, amazing thing  

Change in prices of goods, 
reflecting their footprint Increased understanding In media, podcasts etc like 

this future super solution  

We are paying in our quality 
of life, climate impacts, 
future losses 

For promotion, better 
economics and awareness 

Advertisements of this cool 
system  
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Polluter pays principle Indirect public support for 
DAC   

CCS job opportunities for 
deindustrialising areas    

 


