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“It is unethical for a bearer of great causal responsibility who is able to repair or

alleviate a very harmful situation to which she is actively contributing to ignore her

obligations to stop contributing to harm.” (Cuomo, 2011, p. 705)

Introduction

The premise for this master thesis is based on two scientific facts that are widely

supported in the literature: the transient climate response to cumulative CO2 emissions

(TCRE) (Collins et al., 2013), and the unavoidable implementation of carbon dioxide

removal (CDR) in order to not exceed the Paris Agreement Long Term Temperature

Target of limiting global warming to 1.5 degrees, a condition that crucially also holds

for pathways with no or limited climate overshoot (Rogelj et al., 2018, Fajardy et al.,

2019).

Whilst the allocation of the remaining CO2  budget and subsequent trading of carbon

credits has been relatively well covered in the literature in the context of CO2 emission

mitigation, the discussion is less thorough in the context of CO2 removal (Fajardy and

Mac Dowell, 2020) and even sparser when concepts of equity and fairness are

incorporated in burden sharing approaches. Fyson et al. (2020) begin to fill this gap,

conducting an analysis of possibilities for sharing the global CDR burden by

implementing different equity-based approaches. This offers an insightful alternative to

the common approach of using the least-cost-distributions produced by optimization

primed integrated assessment models (IAMs), which rely on normative assumptions

that costs should be held at a minimum by balancing potentially negative impact of

mitigation on economic growth against the reduction of future climate damages (Frisch,

2013). Whilst IAMs provide an economically efficient pathway for regionally

disaggregated CDR deployment, they do not consider equitable allocation of

responsibility regarding the large scale deployment or financing of CDR, exemplified

by the findings that applying different equity considerations shifted responsibilities

between low-emitting countries with high CDR potential and high emitting countries

bv a magnitude in the range of hundreds of Gt CO2 (Fyson, 2020). Thus, whilst there is

a consensus from the scientific modelling community that the deployment of  CDR is
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inevitable, there is still relatively little guidance in the literature on how this will be

achieved and, more importantly for the purpose of this thesis, by whom.

This, the lack of identifying responsible agents, is a problem, as climate change,

commonly identified as a “Free Rider Problem”, suffers from the fallacy of the

self-interest of nations and entities being prioritised over mitigation efforts to protect

the common good of a (stable) global climate (e.g. Nordhaus, 2015; Cullity, 2006). This

is demonstrated by the overwhelming inability of countries to cooperate in international

agreements to produce binding and specific targets (e.g. Roy et al., 2020). This

realisation supports the endeavour that particular entities should be targeted and called

upon to explicitly take on a substantial portion of responsibility for operationalising

CDR on the scale required to increase the chance of meeting the long term temperature

goal of the Paris Agreement. Similarities can be drawn with the tobacco industry, where

increased scrutiny and transparency of the damage done by the industry had

far-reaching impacts on the consumption of these products (e.g. Whitehouse, 2015).

Parallels have been drawn between the two industries regarding the marketing of

harmful products, spreading of misinformation and deliberately misleading the public

(this is expanded upon in section 2.3.3), further justifying holding this group of entities-

the fossil fuel companies- to account.

In light of this, the group of entities that this thesis will focus on is the Carbon Majors

(Heede, 2014a,b), a collection of the largest investor, state-owned  and nation state

producers of oil, gas and coal globally. This choice of target group is justified by the

fact that the production and consumption of fossil fuels constitutes the main

anthropogenic source of global CO2 (e.g. Olivier and Peters, 2020).  Between

2008-2017, emissions from fossil fuels made up 87% of total global emissions, with the

remaining 13% stemming from activities related to land use change (Le Quéré et al.,

2018). Heede`s groundbreaking research attributes historic emissions to the carbon

producing entities themselves, as opposed to collecting GHG data at a country level

(Griffin and Heede, 2017). According to the research, 90 of the largest fossil fuel and

cement producers have been responsible for nearly two-thirds of carbon dioxide

emissions since the 1750s (Heede, 2014a,b). Crucially, many of these entities continued

to operate and produce harmful emissions, after the scientific basis for climate change

had been established, which, it can be argued, was as early as 1965, when climate
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scientists communicated the risk that carbon dioxide pollution posed for the climate to

president Johnson (Revelle et al., 1965). Even after the publication of the first IPCC

report in 1990, which marked an international consensus regarding the threat of climate

change, most companies did little to change their production processes.

At the time of writing, there has been no documentation in the literature of a

burden-sharing analysis being conducted for the carbon majors specifically regarding

their responsibility for CDR. The objectives of this thesis therefor are to:

➢ Begin to tackle this gap in the literature through focusing exclusively on a group

of entities- the Carbon Majors - that has, to date, been exempt from binding

climate change targets and assessing their proportional responsibility in a global

context.

➢ Provide quantitative values (projections) for the amount of CDR that should be

deployed by the Carbon Majors by 2050 and 2100, based on their historic,

cumulative CO2 emissions. This is valuable, as self-proposed and voluntary net

zero pledges within the fossil fuel industry are frequently criticised as being too

vague and lacking in near-term action (Fankhausen, 2021).

➢ Compare how these projected values vary across types of entities (nation states,

state-owned companies (SOE) and investor owned companies (IOC)) and

within these groups.

➢ Demonstrate how CDR projections vary across 1.5°C compatible SSPs,

emphasising the importance of early climate action to avoid highly ambitious

CDR deployment.

➢ Assess the feasibility of Carbon Majors deploying projected CDR quantities by

discussing deployment challenges and comparing current action to projected

future deployment.

➢ Contribute towards the ethical discussion regarding the responsibility major

global fossil fuel companies have for climate change mitigation.

Due to model constraints and limitations (see chapter 6), the values provided by the

analysis regarding the quantitative amount of CDR obligations in cumulative Mt CO2

removed by 2050 and 2100 respectively should be viewed more as providing a broad

overview of the range of cumulative CDR amounts required by the different

model/pathway combination and the substantial proportion of which, according to
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the line of argument presented in this paper, should be taken on by the Carbon

Majors. The purpose of this thesis is thus to provide a useful resource for

highlighting the ethical discussion around allocating responsibility for CDR to the

Carbon Majors as well as providing quantitative projections of the range of the

amount of CDR required by mid and end of the current century.

To my knowledge, a burden sharing approach analysis regarding CDR responsibilities

specifically for the “Carbon Majors” has not been conducted to this date and thus

constitutes the purpose of this thesis.

Chapter 1 will cover the scientific basis for the necessity of CDR in 1.5°C pathways as

well as defining what is meant by CDR for the purpose of this thesis.

Chapter 2 delves into an ethical discussion on burden-sharing in regards to CDR. After

a brief overview of burden-sharing approaches in the literature, the new approach is

introduced, targeting the Carbon Majors by drawing on the principle of negative

responsibility and uncovering the multitude of characteristics and activities that make

this group of entities blameworthy.

Chapter 3 will describe the datasets used and the methodology deployed. Here the data

and models used in the analysis and the methodology implemented will be presented.

In Chapter 4, the results of the data analysis will be highlighted. Chapter 5 will open up

the discussion. Results will be interpreted and contextualised by scrutinising the current

climate change mitigation activities and proposed pledges of the Carbon Majors,

compared to their expected share of CDR deployment based on their historic emission

production activities, as projected by the IAMs. To limit the scope, only the top five

Carbon Majors (IOC and SOEs) are analysed.

The discussion will then be widened, critically discussing the feasibility of large scale

CDR deployment, particularly focusing on governance challenges. The suitability of

the Carbon Majors as a target group will be discussed and alternative culprits, for

example the world's billionaires, the super rich, will be proposed. Finally, alternatives

to CDR deployment will be discussed, drawing on the Societal Transformation

Scenario proposed by Kuhnhenn (2018), as well as other pathways attempting to avoid

or  limit CDR deployment (Holz et al., 2018, Van Vuuren et al., 2018, Grubler et al.,

2018).
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The conclusion will highlight limitations of the data analysis and subsequent insights

drawn. The research will be reflected on and recommendations for future work on the

topic will be proposed.

Chapter 1: The scientific basis for CDR in 1.5°C
pathways

1.1 Setting the Scene: Linking cumulative CO2 emissions to

global mean temperature change

Global warming is the product of the cumulative build up of greenhouse gases (GHG)

in the atmosphere. The quasi linear relationship between emission of CO2 and the

increase in global temperature implies that the climate response to cumulative CO2

emissions is also linear (e.g. Matthews et al., 2009, Allen et al., 2009). This relationship

is described as the transient climate response to cumulative CO2 emissions (TCRE)

(Collins et al., 2013). CO2, whilst not being the sole contributor to anthropogenic

warming, can be classified as the most important GHG due to its ability to produce

temperature changes that are practically irreversible by natural processes in the context

of timescales relevant to human societies (Matthews et al., 2018). This irreversibility

also implies that even if CO2 emissions were stopped imminently, a substantial

percentage of climate change and associated impacts, such as sea level rise, would take

place nonetheless (Solomon, 2010). In comparison, GHGs such as Methane or

hydrofluorocarbons, also known as short-lived climate pollutants (SLCPs), have limited

lifetimes and could theoretically be continuously emitted at low, stable levels forever

(Rogelj, 2015).

The cumulative nature of CO2 emissions suggest that rather than focusing on the rate

of emissions in a given year (flow), the challenge of long-term climate change

mitigation is best described as a stock problem (Millar et al., 2016), with the stock

referring to the concentration of GHGs in the atmosphere.
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1.2 The “what”: the carbon budget

The sixth assessment IPCC report unequivocally states that human influence has

warmed the atmosphere, ocean and land and that the scale of recent changes in the

climate system are unprecedented (IPCC, 2021).

Acknowledging this human impact and the constant global response of temperature to

cumulative CO2 emissions explained in the previous section, supports the claim that, in

order to stabilise global temperatures, net anthropogenic CO2 emissions must be

reduced to zero (Matthews and Caldeira 2008). In other words, any global temperature

target is associated with a finite total amount of allowable CO2 emissions. This finite

amount of CO2 emissions, linked to staying below a specific temperature target, has

been coined the carbon budget in the literature (Allen et al., 2009, Meinshausen et al.,

2009, Zickfeld et al., 2009). Thus, high emissions now require reduction of a similar

calibre in future decades (Collins et al., 2013). Net Zero stabilises global temperature

only if any continued emissions are balanced out by a permanent removal of CO2

(Allen et al., 2020). The IPCC and recent literature offer a variety of methods used to

estimate the size of this carbon budget. Despite the neatness of the concept, a range of

estimates of future carbon budgets has been published in the literature, mainly due to

variations in the definitions and calculations leading to these budgets (Rogelj et al.,

2016). Whilst a carbon budget reflecting CO2 induced warming is the simplest to

quantify, it should be interpreted with caution for application in the real world, as it

ignores the significant impact of non-CO2 induced warming (Rogelj et al., 2016).

It should also be noted that the concept of Net Zero is frequently confused or

misinterpreted in the literature, such as equating it to net-zero CO2-equivalent

emissions or describing specific trajectories consistent with a specific temperature goal

(e.g. 1.5 °C). The latter however runs the risk of focusing too much on the specific

temperature goal, concealing the fact that ceasing global warming  at whatever

temperature goal is reliant on achieving net-zero CO2 emissions  and decreasing

non-CO2 radiative forcing (Fankhausen et al. 2021). Whilst Net Zero Carbon or

Carbon Neutral refers to balancing the emissions and removals of CO2 only, Net Zero

Emissions or Climate Neutral refers to balancing the emissions and removals of all

greenhouse gases (Peters, 2021). The danger with these various interpretations is that

they obscure the necessity of maintaining a state of balance over decades. Preserving

this state of balance over time is not conducive to compensatory action such as relying

more on certain climate drivers or carbon pools (Fankhausen et al., 2021). Essentially,
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it is not possible to achieve a state of net zero (carbon or GHG) by solely offsetting

emissions through CDR.  Radical reductions in fossil fuel emissions in the short term

are essential (Peters, 2021). The potential danger of over relying on CDR at the

expense of emission reduction will be addressed in chapter 5.

1.2.1 Path Independence

It is worth highlighting that the carbon budget has been claimed, with the help of

carbon-cycle and climate models such as MAGICC, to be independent of the path that

is chosen to reach the temperature targets and the associated point where emissions

reach net zero (Zickfeld et al., 2009, Meinshausen et al., 2009). In other words, as long

as all pathways reach the same cumulative CO2 emissions by the end of the century,

temperature projections are more or less identical (Rogelj, 2016). This is exemplified in

Figure 1.

Figure 1: Proportionality of global-mean temperature increase to cumulative emissions

of CO2, taken from Collins et al. (2013).
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1.2.2 Overshoot Scenarios

Recent literature, however, has questioned the aforementioned independence in the

context of overshoot-scenarios. Overshoot scenarios are pathways that temporarily

exceed the desired temperature target and consequently rely on lower stabilisation

levels later on (Matthews & Solomon, 2013). Geophysically, this can only be achieved

by deliberately removing CO2 from the atmosphere and subsequent net negative

emissions (Tokaraska, 2019). Due to the near linear relationship between total

cumulative CO2 emitted and global mean temperature rise, high overshoot scenarios

and associated smaller emissions reductions in the short term, require deeper long term

reductions to meet the specified temperature target. However, the impact of overshoot

scenarios on components of the climate system beside global temperature increase,

such as sea level rise, ocean acidification and marine net primary productivity are

expected to be significant. This is due to the fact that the carbon cycle, unlike the global

mean temperature response, does indeed exhibit path dependency, with significant

implications for environmental change in areas beyond global mean temperature rise

(Tokaraska, 2019). Whilst for low-overshoot scenarios this effect is expected to be

somewhat offset by path dependence in the thermal response of the ocean, for pathways

with large overshoots, the impact is much greater (Tokaraska, 2019).

Besides the largely unknown potential impacts on the climate system in dimensions

other than global temperature rise, a delay in GHG reductions in the context of a

high-overshoot scenario, perpetuates our carbon-intensive lifestyles and heightens the

risk of economic and institutional lock in, making the attainment of the temperature

target even less likely (Rogelj, 2018).

1.2.3  Short-Lived-Climate-Pollutants (non-CO2)

As mentioned in the introduction, short-lived climate pollutants (SLCPs) could,

theoretically, be emitted at low, stable levels forever (Rogelj, 2015). However, in

practice, calculating a carbon budget without taking into account the behaviour of

non-CO2 gases is impractical and incongruent with reality. This is because the rate of

emissions of these SLCPs is significant for near-term climate warming (e.g.

Zhongming et al., 2021) ,which becomes especially relevant at the time of peak
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warming (Rogelj, 2016). Ignoring these SLCPs runs the risk of activating tipping points

and inducing irreversible feedback loops in the climate system. Although, for the

purpose of this thesis, CO2 emissions only will be assessed, it is important to highlight

the role of these SLCPs, as well as the opportunities they can offer for immediate

impact on rising temperatures and consequent safeguarding against potential tipping

points (Zhongming et al., 2021). The rate of emissions of SLCPs is directly affected by

climate policy, such as changes in agricultural practices. Given the short-lived nature of

these pollutants, it is more effective to focus on their present-day emission rate (with

adjustment for their long-term impact), as opposed to their cumulative build up over

time (Fankhauser et al. 2021). However, the current design of most climate policy,

which uses a 100 year time horizon for measuring the impacts of climate change, by

default neglects the positive role SLCP mitigation could play (Zhongming et al., 2021).

1.3 Defining Mitigation as CDR

Although the UNFCCC includes the IPCC definition of CDR in the mitigation of

climate change, CDR has traditionally been considered separate from mitigation in the

literature (Honegger et al., 2021). This separation is likely to be a product of the

relative novelty of CDR and the conceptual confusion with geoengineering, commonly

occurring when talking about large scale CDR deployment (Honegger et al., 2021).

For the purpose of this thesis, the mitigation burden is explicitly referring to the

implementation of CDR. Following on from the approach used in Fyson et al., (2020),

the analysis in this thesis will focus on possibilities for sharing this CDR burden, whilst

assuming that the reduction of emissions will align with the cost-optimal distribution

outlined by the respective pathways.

1.3.1 What is CDR?

At this point, it seems appropriate to clarify what is meant by CDR for the purpose of

this paper. CDR is sometimes used interchangeably in the literature with terms such as

Greenhouse Gas Removal or Negative Emission Technology. However, this neglects

the fact that CO2 does not impact the climate in the same way or with the same
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magnitude as other greenhouse gases, predominantly due to their different

accumulation rates and lifetimes in the atmosphere.

Simply stated, CDR includes processes that take CO2 out of the atmosphere to stop it

contributing to climate change and put it somewhere else, to prevent this from

happening (Preston Aragonès et al., 2020). The IPCC, in its special report on Global

Warming of 1.5°C, defines it as the “process of removing CO2 from the atmosphere”

and makes the link to negative emissions by describing these as the outcome or

achievements of CDR (de Coninck et al., 2018). The following definition by Tanzer

and Ramirez (2019) provides four principles that can act as guidelines for deciding

whether a process can be classed as CDR or not:

1) Carbon Dioxide needs to be physically removed from the atmosphere.

2) The removed carbon is stored in a permanent manner (or at least with the intention

of permanence!). Geological storage generally entails this permanence but other forms

of storage require continuous management to ensure the carbon is stored securely and

for the long term.

3) Any GHGs involved in the removal or storage process (upstream and downstream)

are estimated and included in the emissions balance. This is crucial to ensure an

adequate representation of the overall process and is a prerequisite for the following

principle to also hold:

4) The total amount of carbon dioxide removed by the process is greater than the total

amount emitted.

CDR can broadly be separated into two main types:

1) enhancing existing natural processes that already remove carbon, also referred to as

carbon sinks and

2) chemical processes that capture carbon and permanently store it somewhere (de

Coninck et al., 2018).

It is useful to distinguish CDR from other commonly used terms in the literature

including geoengineering and carbon capture. Whilst CDR actually reduces the

warming effect of CO2 on the earth by actively removing it from the atmosphere,

geoengineering does not change the concentration of GHG in the atmosphere but only

focuses on the symptoms of climate change (Wilcox et al., 2021). Carbon Capture,

unlike CDR, is a point source method for capturing carbon from emissions sources
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before it can reach the atmosphere. CDR however has the potential to target non-point

sources and sectors that are currently hard to mitigate such as agriculture.

Carbon Dioxide Removal can complement and compensate for what cannot be

achieved by emission reduction alone through a portfolio of methods: increasing

natural carbon sinks, creating new carbon sinks or through a combination of natural

uptake and engineered storage (Keller et al., 2018). In this thesis, two CDR options will

be considered: afforestation (establishment of forest on land where there was no forest

prior) and reforestation (the planting of trees on land recently deforested, (IPCC,

2000)), hereafter referred to as A/R and bioenergy with carbon capture and storage

(BECCS), a combination of two climate change mitigation technologies: Carbon

Capture and Sequestration (CCS) and the use of biomass as an energy source (Fajardy

and MacDowell, 2017), through which CO2 absorbing biomass is burnt and the

emissions released by the process captured and stored underground in long-term

reservoirs (Brack and King, 2020). Both CDR options will be described in more detail

in chapter 3.

Of course the range of possible CDR strategies presented here is not exhaustive, not

mentioning engineering options such as Direct Air Capture (DAC) or Solar Radiation

Management (SRM). However, for the purpose of this thesis, it will suffice, as other

forms of CDR beyond those described above are rarely included in most current

model pathways (Fyson et al., 2020). Following Fyson et al., (2020), for the purpose

of this paper, CDR will be treated as the sum of negative emissions from bioenergy

with carbon capture and storage and land-based sequestration, with the latter

including both afforestation and reforestation. As other CDR forms do not feature in

most model pathways, it is assumed that implementing alternative CDR portfolios

would not significantly alter the total amount of CDR required in the pathways (Fyson

et al., 2020).

1.3.2 The role of CDR in 1.5 pathways

Crucially for the purpose of this paper, it should be highlighted that all analysed

pathways that result in a maximum warming of 1.5 °C degrees rely on CDR to

some extent to reduce residual emissions for which mitigation is currently not
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available or very difficult and to incur net negative emissions to decrease warming

after a temporary overshoot (Rogelj et al., 2018). Furthermore, a move to a

low-carbon energy system would take time and the pace of this change also affects the

need for CDR. The International Energy Agency (IEA) predicts that, in order to meet

sustainability goals globally, fossil fuel will continue to be needed to meet an increasing

demand in energy (Hastings, 2020). Thus, the need for CDR becomes ever more

pertinent, as continued combustion cannot be accompanied by a release of CO2 into the

atmosphere of similar magnitude (Hastings, 2020). The amount of CDR required to

meet the 1.5 °C temperature target therefore depends on the pace of global emission

reduction over the next century. The four illustrative model pathways that limit

warming to 1.5 °C set out by the SR1.5 (IPCC, 2018a) all rely on contribution from

CDR from a variety of sources, though primary reliance is on BECCS and changes in

land use cover including afforestation and reforestation (Brack and King, 2020). The

dominance of BECCS in IAMs and subsequent IPCC reports can partially be explained

by the fact that quantifying it at various carbon prices is fairly simple in comparison to

other CDR options (Smith and Porter, 2018). Furthermore, IAMs favour BECCS due to

the structure of most models: assuming perfect knowledge of future technologies,

cost-optimal design and discount rates utilised, which give more weight to present day

expenditure versus future costs (Brack and King, 2002). The challenges of using IAMs

for projecting CDR will be expanded upon in chapter 6, when limitations of this paper

are discussed.

Dramatic and imminent reductions in global emissions significantly decrease the

reliance on CDR for the likelihood of meeting the Paris Agreement goal (Strefler et al.,

2018). This is exemplified in Figure 2, where we see that pathways with

high-overshoot (S5), in which emission reduction are delayed, require a much larger

amount of CDR to compensate for this. Despite this knowledge, the bulk of the debate

regarding the necessity for CDR has remained within academia and is only beginning

to enter policy discussions (Fuss et al., 2020).
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Figure 2: Accounting of cumulative CO2 emissions for the four 1.5°C-consistent pathway

archetypes, depicting the range of magnitude of CDR required across pathways with varying

degree of overshoot and temperature at peak emission, taken from SR1.5 Chapter 2 (Rogelj et

al. 2018).

1.4 Separating the “what” from the “how” - building the research

question
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1.4.1 The “what” - the role of historic emissions in the carbon budget

The cumulative nature of CO2 emissions in the atmosphere is a complicating factor

when attempts are made to allocate responsibility for reducing CO2 emissions to stay

within a determined carbon budget. If warming was determined by an annual rate of

emissions, it would arguably be simpler to identify scapegoats and design policies

accordingly, as those polluting the most currently would be deemed the most

responsible. However, acknowledging the concept of the carbon budget makes it

inevitable to examine historical data of greenhouse gas emissions - those emissions that

have contributed to the stock over time.

In light of this, the question becomes less focused on identifying the largest emitters of

GHG currently, and more about discovering who has contributed most to the stock of

CO2 in the atmosphere overall.

As mentioned previously, the concept of a carbon budget is tied to a specific

temperature target, at which point the stock is used up and no further emissions can be

generated. The long-term temperature goal of the Paris Agreement established 1.5 °C

as the long term warming limit. This essentially operationalises the objective of

preventing dangerous anthropogenic interference with the climate system, the main

goal stated by the UNFCCC in 1992. However, it is important to bear in mind that these

scientifically produced targets, whilst providing important information for

science-based political decisions, omit critical discourse on questions of responsibility

and values, amongst other factors (Schleussner et al., 2016). This will be addressed in

the following section.

The concept of the carbon budget and net zero stems from physical climate science,

however, ultimately it is the social, political and economic institutions that determine

how and when it is invoked and who have to grapple with the fact that these scientific

concepts do not exist in isolation (Fankhauser et al., 2021). Furthermore, the size of the

respective carbon budget is not specified for individual countries, let alone for non-state

entities, such as companies (Fankhauser et al. 2021).

Understanding that climate change is a result of the build up or “stock” of CO2 in the

atmosphere as opposed to the rate of, or “flow” of  emissions in each year, is an

essential prerequisite for any attempt to conduct a burden sharing analysis regarding
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future CO2 mitigation strategies, assuming that the burden sharing analysis is based on

the commonly used “polluter pays principle”, an environmental guideline that attributes

the cost, prevention, control and remediation of pollution to the polluter (Maguire,

2012), as opposed to e.g. a capability approach, in which a greater capacity to act or

pay translates into taking on a greater share of the mitigation burden (den Elzen, 2015).

1.4.2 The “how” - sharing the global CDR burden?

Accepting the need for CDR in all pathways, as illustrated in section 1.3.2,  the

question is less about what needs to happen and more about how it is achieved and

specifically for the purpose of this thesis; who should shoulder the greatest

responsibility. Whilst the how refers to questions regarding the extent of reliance on

CDR, timing of deployment and what portfolio of technologies is utilised (Mace,

2021), the who seeks to elect a certain group or groups of entities in society which

should be held largely responsible and subsequently finance and manage the CDR

strategies implemented.

How one should spread the cost of climate change mitigation and adaptation across

nations and generations has been a prominent feature in debates on climate change, but

clear answers are still lacking (Page, 2008). If one can agree that, at least when talking

about mitigation and adaptation efforts, the present generation is the only appropriate

target audience, given that past generations can no longer act and future generations

cannot and should not shoulder all responsibility (even though proponents of high

discount rates seem to think so!), then one still is confronted with a range of agents and

entities to whom responsibility could be allocated to (Page, 2008). To offer some

background knowledge on how questions regarding burden sharing have been tackled

in the past, the next chapter will provide a brief overview of some of the burden sharing

approaches in the literature and then highlight the rationale behind choosing the Carbon

Majors as a target group.
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Chapter 2: An ethical discussion on climate mitigation

burden sharing

2.1  A brief overview of burden sharing approaches in the

literature

The literature of burden-sharing schemes in the context of climate change is rich and

principles of equity and fairness have increasingly been incorporated, in step with a

growing emphasis on these principles in the development of climate policy (Leimbach

and Giannousakis, 2019). Zhou and Wang (2016), amongst many others, provide an

overview of burden-sharing-schemes, highlighting fairness and efficiency as major

initial principles of allocation criteria. They then separate common CO2 allocation

methods into four groups which they name: indicator, optimization, game theoretic and

hybrid approaches. Relevant to this thesis, they also note that most of the criteria are

implemented for allocating CO2 emissions at a country level (Zhou and Wang, 2016),

which confirms the value of this thesis in addressing the issue of burden sharing at a

company level.  Fairness plays a dominant role in the choice and design of policy

frameworks for CO2 allocation and the indicator approach is the most commonly used

allocation method, primarily due to it being easily implemented and understood. If

efficiency is prioritised, optimization is the most suitable indicator to be used (Zhou

and Wang, 2016), confirmed by the design of IAMs. Höhne et al., (2014), corroborate

the impact of the choice of equity principle on the outcome of the allocation methods

and subsequent distributional impact, especially at a regional level. A recent analysis

by Rajamani et al., (2021) added an interesting perspective to the discussion by testing

168 nationally determined contributions (NDCs) to the Paris Agreement against criteria

obtained from environmental law, concluding that some NDCs are based on indicators

that are not aligned with the principles of environmental law, notably those based on

minimising costs or grandfathering. Thus, the analysis provides states with a

benchmark for assessing whether their NDCs are adequate on a global stage in the

context of environmental law (Rajamani et al., 2021).
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For the purpose of this thesis, two common allocation principles will be briefly

expanded upon: The Polluter Pays Principle (PPP) and the Ability to Pay Principle

(APP). Whilst both employ the initial principle of fairness, they differ in the choice of

indicator to implement the allocation method, with the first selecting historic emissions

and the latter current resource availability.

2.1.1 Polluter pays principle (PPP)

The PPP has been widely implemented and incorporated in international agreements.

The OECD, the European Council of Ministers and the Commission of Global

Governance have all recommended the adoption of the principle on numerous

occasions (Caney, 2005). Debates regarding the cost of climate change tend to invoke

the PPP, claiming that historical accountability is a just tool for allocating responsibility

(e.g. Shue, 1999; Neumayer, 2000). The traditional PPP is limited to identifying

specific (negative) consequences that are the results of a specific act. Consequently, the

responsible actors should pay for the results of their action. However, in reality and

especially in the climate change debate, it is useful to marginally adjust the PPP as we

are (in this case) dealing with a group of polluting entities and it is not possible to link

specific activities to an exact amount of pollution. It is therefore appropriate to create a

more indirect link between the group of polluting entities and the pollution they

produce as an aggregate (Caney, 2005). It is however still possible to differentiate

responsibility within the group, so that those who pollute more than others are deemed

more responsible and consequently should pay a higher cost (Caney, 2005).

Traditional analysis that implements the polluter pays principle treats nation states as

the principal agents. Consequently countries that have a large record of historical

emissions should be responsible for the bulk of emissions reduction in the future. As

Caney (2005) points out, arriving at this conclusion might be the result of a process of

eliminating other possibilities including individual agents, economic corporations and

international institutions. Caney (2005) argues that reasons for this could be that tracing

GHG emissions back to individual agents or corporations is not always possible or

extremely difficult. Furthermore, Caney (2005) argues that individual agents and

corporations exist within the state and can therefore not be treated as separate from it.

However, as this thesis demonstrates, substantial detailed information can be and

has been gathered on the emissions produced by the combustion of fossil fuels by
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major global oil, gas and cement companies. Additionally, the other

counter-argument provided by Caney (2005), that corporations exist within the state

and are therefore subject to the regulations of the state, does, in my mind, not allow

sufficiently for the fact that most major global oil and gas companies operate

internationally and therefor their emissions cannot be exclusively allocated to single

nation-states. Furthermore, as the analysis in his thesis will show, their contributions to

global CO2 emission are of such a magnitude that is indeed justifiable to apply the PPP

to the companies within the Carbon Major database.

A crucial objection made by Caney (2005) to applying the PPP retrospectively to nation

states is that it actually violates the principle itself, as it does not make the actual

polluters pay (as these individuals and entities are partially no longer alive). However,

Shue (1999) and Neumayer (2000) both object by stating that present generations are to

some degree related to previous generations and therefore cannot be claimed to be void

of any responsibility and more importantly, present generations continue to benefit

from the activities of past agents, which include the negative externalities they caused.

The latter point however seemingly invokes a second principle, the “Beneficiary pays”

principle (BPP) , which suggests that those nations that have benefitted from a high rate

of consumption of fossil fuels in the past, must reduce their consumption and/or pay a

price for the higher standard of living they obtained through past consumption (Caney,

2005).  However, without wanting to digress too much into the realms of philosophy, an

interesting point is made about the BPP by Caney (2005), drawing on philosophical

insights from Parfit (1984), which essentially argues that the BBP is flawed because the

individuals who currently benefit from the past activities that contributed to the build

up of greenhouse gases in the atmosphere would theoretically not exist if these

activities and circumstances had not taken place and therefore claiming that they would

have had an inferior quality of life had this been the case seems somewhat redundant.

Parfit refers to this conundrum as the “non-identity problem” (1984), which highlights

that we cannot make people pay for something they have benefitted from, as without

said event or innovation they would not exist today (Caney, 2005).

If, however, one moves from an individualist to a collectivist position, the previous

argument no longer holds as consistently. If we allocate the responsibility to collective

entities such as nation states, we no longer face the situation that the agent or entity

would not exist if a certain chain of events had not taken place, and therefore cannot be

exempt from making some kind of payment to make up for past discrepancies (Caney,
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2005). In addition, contrary to Parfit's argument in the previous paragraph, the

argument that one cannot compare individuals' standards of living if certain events did

not occur does not hold from a collectivist approach, as the existence of countries

would not be impacted in the same way (Caney, 2005). However, a final remark made

by Caney (2005) highlights the the problem with the collectivist approach is that, by

treating individuals as a homogenous entity, one cannot account for the fact that some

individuals would have objected to or acted against past activities, and so arguably

should not be held responsible for the consequences.

From the discourse presented by Caney (2005), one can conclude that the individualist

perspective of the PPP is only useful when assessing responsibility of individuals

currently alive, whereas a collectivist approach can encompass past generations as well.

The argument of ignorance, claiming that past generations (up to a point) were unaware

of the dangerous consequences of their actions, thus only holds from a collectivist

perspective (Caney, 2005).

The analysis in this thesis utilises the PPP, as will be explained in chapter 3, by

calculating future mitigation shares for companies by taking into account their historic

emissions over a specific timeframe.

2.1.2 Ability to pay principle

Under the Ability to Pay Principle (APP) the burden of climate change mitigation is

allocated to those with the highest productive capacity, which can be measured for

nations by GDP and for companies by annual revenue. Weijers et al., (2010) claim that

this is effective, as it results in those who have benefitted the most from polluting

activities also being the ones to pay for historic GHG emissions. Said bluntly, the APP

disregards the question of who caused or is causing the harm, but targets those entities

who have the greatest capacity to rectify the harm (Caney, 2010). However, essentially

letting poorer nations “off the hook” eliminates any incentive for them to reduce their

GHG emissions, with potentially disastrous consequences for the global climate.

Furthermore, the principle can also be criticised, as, by treating all rich nations (or

companies) the same, it does not allow for differentiation between those who

knowingly and continuously produced GHG emissions and those who did not (Weijers
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et al., 2010), though arguably it is quite hard to imagine how someone could

unknowingly pollute, especially after 1990, the year from which the analysis presented

in this thesis begins. Caney (2010) therefore calls for a modified version of the APP, in

which a distinction is made within the groupy of those able to pay between those who

became rich through exploiting the earth's climate and those who gained wealth without

endangering life on earth (again, this seems like quite an implausible scenario). In the

light of this thesis, the Carbon Majors clearly fall into the former group, as they

indisputably made their wealth by producing carbon intensive products whose

production and consumption produces CO2 emissions.

A comparison between these two principles will be drawn in chapter 4, highlighting

how companies who are making the highest profits currently are not necessarily

companies who have the highest historic CO2 pollution track record.

2.2  The main contributors / the research focus

The following section will justify the choice of selecting the Carbon Majors as a target

group for taking on a large share of the CDR burden by highlighting the challenges

with limiting the allocation of said burden to nation states as well as calling attention to

the history and characteristics of the Carbon Majors that underscore their culpability for

exacerbating global climate change.

2.2.1 Exploring the how- a note on responsibility

The dominant focus in philosophical discussions regarding the ethics of climate change

tends to rest on the responsibilities of nations, with the finger often being pointed at

wealthier nations who have profited more from the continuous combustion of fossil

fuels and subsequently should shoulder a greater burden of the challenge of reducing

GHGs

(e.g. Gardiner 2004; Michaelson, 2021). However, policy and agreements at national or

international level often do not adequately incorporate other non-state actors that
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contribute significantly to the production of greenhouse gases, one of the most

prominent groups being corporations.

In the discussion on responsibility, individuals, as consumers, are often cited as

exacerbating the problem through their continuous demand for fossil fuel intensive

products, a narrative often encouraged by the fossil fuel companies themselves.

However, instead of framing this as being an active choice individuals make, it can be

argued that they have been locked into this carbon-intensive system by the fossil fuel

producing entities themselves. The term carbon or fossil-fuel lock-in (Unruh, 2000)

describes the persistence of carbon-intensive technological systems over time,

preventing lower carbon alternatives becoming more ubiquitous (Erickson et al., 2015).

This is significant, because if these entities were to alter their production processes or

invest in renewables, all consumers dependent on their products would automatically

be reducing their emissions, regardless of their personal stance on climate change

(Cuomo, 2011).

Physical, economic and social constraints mutually reinforce each other, illustrating a

severe case of path dependency based on large capital costs, infrastructure lifetimes and

the interdependence of social and technical systems (Seto et al., 2016). The “lock in”

phenomenon is exacerbated by the fact that human beings are creatures of habit and

generally are unlikely to select options that require changing said habits or involve

investing significant resources (e.g finding an alternative energy supplier). Seto et al.,

(2016), claims that there are three, mutually reinforcing types of lock-ins:

infrastructural, behavioural and institutional, which in conjunction create a collective

inertia (Asayama, 2021). Our reliance on a fossil-fuel intense world is the product of

the complex interaction of our institutions, governance systems, cognitive frames and

social practices - demonstrating the extensive effort required to move society out of a

sustained carbon lock-in (Asayama, 2021).

That being said, social norms and practices are also dynamic and can be responsive to

sociotechnical changes and innovations. This is most commonly the case when a

technological innovation becomes dominant, thereby crowding out previous practices.

An example of this is the decline in cycling associated with the advent of the

automobile industry, which dominated in terms of investment and roadspace and

offered competitive advantages such as comfort and saving time (Seto et al., 2016).
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Thus, whilst individuals are often reluctant to change their behaviour, socio technical

innovations can positively impact their ability to do so.

In light of this, this thesis argues that it is necessary to focus on the contribution to the

stock of CO2 emissions by a specific group of entities, as opposed to targeting nation

states or the individuals living within it directly. The partial unsuitability of nation

states as responsible agents will be expanded upon in the following section.

2.2.2 The (traditional) focus on the nation state and the problems with this

As mentioned earlier, the traditional approach in the discussion on responsibility for

climate change mitigation has focused on the contributions of individual nation states.

This is partly explained by the fact that the nation states represent a well suited entity to

participate in international discourse about the protection and use of the global

commons (Cuomo, 2011).  Currently, countries emissions are calculated using a

“bottom up approach”, following international guidelines. Socioeconomic activities are

combined with estimates of the emissions intensity of these activities. However, the

accuracy of reporting required varies between countries, with developing countries

being allowed to report less frequently, due to the large administrative burden of

monitoring and collating the results (Rigby, 2021).  An investigation by the Washington

Post into 196 countries found that countries across the world are underreporting their

GHG emissions significantly in some cases. 59% of the gap between reported and

actual emissions (measured by other scientific datasets, see Minx et al., (2021), which

combines various datasets, top-down atmospheric measurements and expert judgement)

is linked to the methods countries employ to account emissions from the LULUCF

sector, with countries including the carbon absorbing qualities of the land sector in their

calculations, in order to offset emissions from the continuous burning of fossil fuels

(Mooney et al., 2021). Furthermore, 45 countries have not submitted a report on

updated GHG emissions since 2009 (Mooney et al., 2021). Basing mitigation strategies

on inaccurate data presents an obvious problem, as percentage values of emissions

reductions will be distorted if baselines are said to be lower than they actually are

(Deng et al., 2021).

National inventories, such as those created by members of the UNFCCC are limited to

emissions produced within those sovereign territories. However, this method of
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emissions accounting neglects the emissions embodied in international trade (David

and Caldeira, 2010) and highlights the potential for international carbon leakage and

associated concerns over regional and historical inequity of emissions (David and

Caldeira, 2010).

Analysing the emissions of nation states can also be misleading for other reasons. A

nation´s cumulative emissions can be misrepresentative as they may be attributable to

only a small part of the population, meaning that a small part of the population might

be disproportionately contributing to the total CO2 emissions of that country (Barros

and Wilk, 2021). This is also relevant for per capita emissions, which also need to be

interpreted with caution, as they represent average values, generated by dividing a

nation's total reported emissions, including all industrial and commercial emissions, by

total population (Cuomo, 2011). This value is therefore not necessarily an adequate

representation of the emissions of an average household or individual.

This, of course, is very relevant in the discussion on burden sharing. Should we put

greater mitigation burdens on individual countries, even if their larger emissions share

is actually only traceable to a relatively small group of individuals, in some cases?

Beyond the country level, data from the World Inequality Database shows how, in

2019, the top 10% of global emitters were responsible for roughly 48% of global CO2

emissions, whereas the bottom 50% were responsible for a mere 12% of global

emissions in 2021 (Chancel, 2021). Furthermore, the responsibilities of nations cannot

be entirely representative of the responsibility of individuals and corporations within it

(Cuomo, 2011) as these can also transgress international boundaries and engage in

behaviour that is not regulated by governmental decisions (Cuomo, 2011). Furthermore,

GHG emissions reported by nations typically do not include a nation's military sector,

although the ecological costs of military operations are significant (Gould, 2007) and

military operations are often not subjected to environmental policy on the basis that

they are facilitating the maintenance of essential national security (Gould, 2007). The

Iraq war alone has been estimated to have created more than 141 million metric tons of

carbon dioxide equivalent (Reisch et al., 2008).

Thus, a nation-based approach can obscure significant sources of emissions on a

country level as well as disproportionately affect segments of the population that have

contributed negligible amounts to the global carbon stock. Furthermore, a nation based

approach is confronted with the difficulty of accommodating the huge global inequality
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regarding the relationship between countries GHG emissions and how vulnerable they

are to the negative impacts of a changing climate (Althor et al., 2016). As such,

countries who are less vulnerable are tempted to become free-riders and disincentivized

to mitigate their own emissions (Althor et al. 2016). This notion begins to invoke the

APP discussed previously, proposing that those who have the most resources, should

take on a greater share of the burden of climate change mitigation (e.g. Shue, 1999).

Finally, in the context of CDR, an analysis of long-term national climate strategies

demonstrated that whilst CDR is considered necessary, national plans are inconsistent

and highly variable regarding the level of detail and intended use of CDR (Buylova et

al., 2021).

By abandoning the nation-based approach and selecting a group of entities who per se

have the capability to fund mitigation action, this consideration becomes somewhat

negligible, as arguably within the selected group, all entities have the ability to pay,

based on their extensive annual revenues, as shown in Figure 3 (Financial Times,

2022).
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Figure 3: The top (investor owned) Oil and Gas companies when ranked by their

annual revenue in 2022 (Financial Times, 2022), taken from Statista. Original source:

Thomson Reuters; Various sources (company data). Note: due to being a state-owned

enterprise, Saudi Aramco was not included in this figure. The source notes that Saudi

Aramco is the leading oil company worldwide based on daily oil production, at over

nine million barrels per day.

https://www.statista.com/statistics/280705/leading-oil-companies-worldwide-based-on-daily-oil-production-2012/
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2.3. A new approach to burden sharing- targeting the Carbon

Majors

Thus, there is another view emerging in the literature, one that acknowledges that

“nations and international bodies are not the only relevant parties with moral

responsibilities related to climate change” (Cuomo, 2011). Besides from individuals,

households, communities and local governments, this also includes corporations.

At this point, it is useful to invoke the concept of “common but differentiated

responsibility” (Sands, 1992 in Frumhoff et al., 2015) - the consensus that the

production of historic carbon emissions has not been homogenous across nations and

subsequently, financial profits linked to the production and consumption of fossil fuels

also varies greatly between nations. This principle is grounded in a more general ethical

consensus that one should allocate responsibility to an individual or collection of

individuals (which could also be an entity, group of entities or nations) who created the

problem in question (Frumhoff et al., 2015). This allocation becomes even more

indisputable if the problem was created knowingly (Rawls, 1971). Whilst the concept

seems intuitive, in reality, the problem at hand will be multifaceted, involve various

players with competing interests and is subject to a multitude of interpretations.

Heede (2014) contributes a novel approach to the burden-sharing debate by tracing

GHG emissions directly to the carbon producing entities themselves. By doing so,

Heede draws attention to the fact that the traditional Annex 1 and non-Annex 1 divide

does not account for the fact that nations and companies producing fossil fuels have

gained substantial wealth by selling their products on the international market, and

many of these nations traditionally belonged to the non-Annex 1 group. This suggests

that these entities should therefore shoulder a proportion of the burden for the negative

impacts their products have had and are having on the global climate and subsequently

be held responsible for contributing towards mitigation efforts (Heede, 2014).
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This group of entities will be described in detail in the method section when the

datasets for the analysis are presented. However, at this stage, it is relevant to highlight

the rationale for targeting this group. Essentially, this can be condensed to three major

points:

1. the cumulative contribution of CO2 emissions by this group of entities over time

(invoking the “Polluter Pays Principle”),

2. the engagement of this group of entities in “greenwashing”, spreading

misinformation and misleading the public.

3. the fact that these entities have the financial and technological capacity to engage

in and promote meaningful change and innovation on a large scale based on their

extensive revenue and technological know-how (invoking the Ability to Pay Principle).

The final point is particularly significant for CDR strategies that involve geological

storage, such as BECCS, as in-use oil fields can be suitable locations for carbon

storage. However, one should be wary of conflating theoretical capacity with trusting

the Carbon Majors to appropriately invest the resources in order to aid the low-carbon

transition (Kenner and Heede, 2021).

Essentially, the combination of the three points highlighted above demonstrate that the

Carbon Majors knew about the harmful effects of the CO2 emissions stemming from

their production processes and use of products, did little or nothing to ameliorate the

situation and (in some cases) actively lied or misled the public about the effect of their

activities. The relevance of these points and rationale for targeting this group of entities

is further strengthened by a rapid increase in climate litigation globally in recent years,

a branch of law using legal practice and precedent to hold governments and

corporations accountable for their actions and demanding compliance and more

stringent mitigation and adaptation goals (see section 2.3.2).

As Shue (2017) points out, the Carbon Majors need to take responsibility for the harm

caused by their products by “... by financing adaptation and participating in

compensation for damage and loss in proportion to their knowing contribution to the

disruptions...” . For this to occur, their proportional responsibility in a global context

needs to be established. This is one of the main goals of the data analysis of this paper.
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The following section will further reinforce the claim that these companies should

indeed be held responsible by invoking the principle of “negative responsibility”.

2.3.1 The principle of “negative responsibility”

As pointed out by Shue (2017), causal responsibility does not automatically translate

into moral responsibility. For this to be the case, the causation must be blameworthy,

which it becomes once a socially accepted principle is violated. A causation becomes

blameworthy when it was possible to avoid the harm and/or if the possibility of causing

the harm was known at the time the action occurred (Cuomo, 2011). According to Shue

(2017, 2015), the Carbon Majors have continuously violated their negative

responsibility of doing no harm, exacerbated by the fact that the scale of the harm is of

monumental magnitude, threatening the ecological systems that human society depends

on for its existence. The Carbon Majors have actively engaged in deceiving the public

and hindering climate action, knowing that their products are causing harm (Frumhoff

et al., 2015). As pointed out by Cuomo (2011), questions about blameworthiness

become somewhat redundant when a non-trivial harm continues to be caused, when the

morally right thing to do would be to end the causation of the harm immediately, even

if this incurs extra effort or costs. The following section will provide evidence for the

claim that the Carbon Majors were aware of the negative impacts their products were

having and, in some cases, actively lied and misled the public on this topic.

2.3.2 Uncovering the evidence - identifying “blameworthiness”

Heede´s research (2014a) reveals that the 90 largest industrial Carbon producers have

produced nearly two-thirds of all known industrial greenhouse gas emissions since

1751 (Heede 2014a). A popular counter argument to targeting this group of entities is to

say that responsibility can only be attributed to an entity if there is knowledge of the

negative impacts the activities of that entity are causing, which arguably in 1751 there

was not. However, Heede is quick to point out that the bulk of these emissions of this

group (more than half), have been produced since 1988, a date which neatly aligns with

the establishment of the IPCC, whose purpose it is to provide regular scientific
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assessments of the current state and knowledge of climate change. 1988 also marks the

date when James Hansen, a leading climate scientist testified before Congress that the

anthropogenic influence on the global climate had been confirmed by scientific data.

Crucially for the purpose of this master thesis, actions following this date cannot be

cleared of responsibility by claiming to have been carried out in the absence of

knowledge, regarding the detrimental effects of fossil fuel production on the stability of

the global climate (Mulvey et al., 2015).

Furthermore, the literature reveals that, within the fossil fuel industry, an awareness of

the risks of climate change was present much earlier than the first publication of the

IPCC report (Franta, 2018). Already by 1965, the US President's Science Advisory

Committee acknowledged the pollutant nature of atmospheric CO2 (Revelle, 1965) and

internal scientists at fossil fuel companies were at the forefront of realising the serious

consequences of CO2 emissions (Banerjee, 2015). In their 1968 paper, Robinson and

Robbins from the Stanford Research Institute (SRI) warned the American Petroleum

Institute (API) of the increase in temperature and subsequent major changes in the

world´s atmosphere on an unprecedented scale as a result of rising CO2 emissions

(Robinson and Robbins, 1968).

The rationale for targeting producers is collated into five key points by Frumhoff,

Heede and Oreskes (2015) in their paper: “The Climate Responsibilities of Industrial

Carbon Producers”. First off, a large proportion of historic emissions can be linked to a

relatively small number of producing entities. Second, these producing entities have the

internal resources and know-how to be able to access and understand the scientific data.

Third, they did not engage in or pursue more sustainable alternatives, instead they

continued to explore new fossil fuel resources and promote their products. Currently,

less than 1% of the fossil fuel companies capital expenditure is invested into

low-carbon businesses (IEA, 2020).  Fourth, they have actively denied scientific

evidence and misled the public and fifth, they have received surprisingly little attention

thus far from both academic and policy circles. Grasso (2020a) condenses this line of

argument into four morally relevant facts that highlight the culpability of the Carbon

Majors: Knowledge, Timing, Capacity and Denial. The Carbon Majors are therefore

in a position of unique agency, based on the notion that they made the

self-informed choice to continue with the exploration and production of fossil fuels

despite being fully aware of the harmful consequences. Whilst temporary harm can
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be justified by necessity, the continued violation of the “doing no harm” principle by

the Carbon Majors since 1965 reflected in their lacklustre ambition to modify their

methods or products invokes the other side of the “doing no harm” principle, which can

be simply stated as “clean up your own mess” (Shue, 2017). This is also embodied by

the “polluter pays principle”, which calls for those polluting to cease doing so and

additionally compensate those who have been harmed by their actions (Baatz, 2013).

Furthermore, Ekwurzel et al., (2017), by implementing a simple climate model, is able

to quantify the impacts of the GHG emissions produced by the Carbon Majors. The

study shows that since 1980, emissions produced by the 90 Carbon Majors caused

∼43% of the observed rise in atmospheric CO2, ∼29–35%  of the rise in global mean

surface temperature (GMST), and ∼11–14% of global sea level (GSL) rise (Ekwurzel et

al., 2017) Framing the impacts of the continued production by these carbon producing

entities in this quantitative way strengthens the argument that they should be held

responsible for their past and present actions.

The case for targeting these companies is only strengthened by investigations that have

showcased that they have worked consistently to block environmental laws and

regulations that would otherwise curb the extraction and production of fossil fuels, in

some cases via spreading misinformation about climate science (Mulvey et al., 2015)

and continue to invest in and expand fossil fuel use (Frumhoff, Heede, and Oreskes

2015). A study carried out by the Union of Concerned Scientists (UCS) focusing on

eight companies from Heede`s Carbon Major Dataset analyses each company´s climate

related positions and actions between 2015 and 2016. Whilst there are differences

between the companies, all eight companies studied need to increase efforts to distance

themselves from the spread of climate disinformation and no company (at time of

publication) has laid out a comprehensive pathway plan that envisions a world free

from carbon pollution and meets the targets of the Paris Agreement.

A report named “The Climate Deception Dossiers: internal fossil fuel industry memos

reveal decades of corporate disinformation” (Mulvey et al., 2015), represents a

collection of internal company and trade association documents obtained through

disclosure by invoking the Freedom of Information Act, emerging through lawsuits or

by being leaked to the public. The documents provide evidence that the fossil fuel

industry has deliberately spread misinformation on climate change science for decades
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in the form of carefully planned campaigns. Letters and memos included in the report

show that company executives chose to actively deceive the public despite being fully

aware of the harm caused to the environment by their products (Mulvey et al., 2015).

The evidence compiled in the report shows that  major fossil fuel companies including

BP, Chevron, ConocoPhillips, ExxonMobil, Peabody Energy, and Shell were aware of

the detrimental impacts of their products much earlier than the commonly quoted date

of 1989, as representatives of these companies were attending congressional hearings

on climate science as early as 1977 (Davies 1990; Gifford 1990; Greenpeace 1990 in

Mulvey et al., 2015). An internal assessment carried out by Exxon in 1979 forecasted

an array of devastating climate change impacts by 2050, unless the majority of fossil

fuels were left in the ground and clean energy systems replaced dirty sources by the

1990s (Knisley and Ferral, 1979).

Yet, in 1989 the Global Climate Coalition was founded, an international lobbyist group

that publicly questioned the science of climate change and actively tried to obstruct

actions to reduce GHG emissions.  By the mid 1990s internal industry experts were

well aware of the dangers posed by climate change (Figure 4) and facilitating climate

change deception (Figure 5) evidenced in leaked documents.
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Figure 4: A Letter from L.S Bernstein to Members of GCC-STAC including an excerpt

from the first page of the final draft of the  Primer on Climate Change Science taken

from Mulvey et al., 2015.
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Figure 5: An excerpt from the American Petroleum Institute (1998): Global Climate

Science Communications Team Action Plan internal strategy document outlining a

roadmap to facilitate climate deception, with the goal of intentionally confusing the

public (taken from Mulvey et al., 2015).

The task of persuading the public was deliberately delegated to scientists without a long

history in the debate on the credibility of climate change science and whose ties to the

fossil fuel industry would be hidden, to maintain credibility in the eye of the public.

These scientists would have to produce peer-reviewed papers that challenged the

widely accepted consensus on climate change science (Mulvey et al., 2015). API´s

deception strategies went beyond manipulating scientific publications, seeking to target

teachers and schoolchildren in order to ensure that an acceptance of fossil fuels would

be carried over into the next generation. This was achieved through creating online

curriculums for elementary students which glorified the role of non-renewable energy

sources such as oil, natural gas and coal by emphasising their convenience and

affordability compared to most renewable energy sources (API, 2002). Deceitful

behaviour was also uncovered through internal documents that demonstrated how fossil

fuel companies created so-called “astroturf” groups, impersonating grassroot consumer

movements in order to create the perception that there was opposition to proposed
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policies on climate change and renewable energy use (Union of Concerned Scientists,

2017). The culmination of this was the creation of fraudulent letters (13 in total

uncovered by the investigation), written in the name of existing non-profit groups, with

the purpose of influencing a vote on an important federal climate change legislation

(Mulvey et al., 2015). Franta (2021), confirms the API´s propagation of false and

misleading information about climate change as early as 1980, evidenced by a newly

discovered document titled “Two energy futures: a national choice for the 80s”, which

essentially confirmed the pollutant nature of carbon dioxide and the causal relation

between fossil fuels and global warming (Franta, 2021). The document also deemed the

expansion of coal and synthetic coal production to be safe and causing no significant

environmental damage (API, 1980). Before the publication of the document, a briefing

was given by J. Laurmann, a Stanford University engineer, to representatives of the

API, including major oil firms. The briefing communicated that a 2.5 degree celsius

rise in global temperatures would have major economic consequences, in stark contrast

to the message communicated to the public (Franta, 2021).

Besides the API, US coal companies were also involved in deceiving the public about

climate science, employing similar tactics to the oil and gas companies. In 1991, the

“Information Council on the Environment” (ICE) was founded, which ran

advertisement campaigns that deliberately cherry picked data that brought claims of

cooling temperatures into the public eye, purposefully creating confusion amongst the

public. Internal Coal memos uncovered by Mulvey et al., (2015),  reveal that the

organisation was knowledgeable of the long term warming trend acknowledged by the

majority of scientists globally. The memo also revealed that the advertisement

campaigns were targeted towards specific groups of the population that were deemed to

be more “susceptible”, notably women and lower income groups (Mulvey et al., 2015).

Such deceitful activities continued into the 21st century. The Environmental Protection

Agency´s  (EPA) clean power plan was attacked by a number of large companies, most

prominently the giant coal company Peabody Energy whose coal production would

have been limited by the implementation of the clean power plan (Goldman, 2015). The

plan was also opposed by other prominent oil and gas industry trade groups

representing BP, Chevron, ExxonMobil, and Shell. The American Legislative Exchange

Council (ALEC) also continues to act as a prominent outlet for climate misinformation

and design of policies that hinder climate action. ALEC´s current stance on climate

change is critical, calling it a “historical phenomenon”  and claiming that the “debate
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on natural versus anthropogenic cause” will continue (ALEC, 2015 in Mulvey, 2015).

Its website today conveys this message a little more subtly, but the overall attitude

remains clear. ALECs annual meetings have featured prominent climate change deniers

and internal documents lay bare that ALEC´s task force held frequent closed door

meetings which intend to brief state legislators with climate misinformation. These task

forces were shown to include members of prominent oil and gas companies including

BP, Chevron, ExxonMobil, Peabody Energy, and Shell (Myslinski, 2011). The authors

point out that the data collected in this report build a compelling case targeting these

companies and holding them accountable and responsible for a share of global warming

damages.

In the light of these findings, investigations focusing on specific companies have taken

a closer look at their climate communications. Supran and Oreskes (2017) investigated

Exxon Mobil´s climate change communications from 1977-2014. After conducting a

textual content analysis of 187 climate change communication documents covering a

range of formats (internal reports, publications, advertorials etc.), the authors conclude

that although Exxon advanced climate science internally, it promoted doubt about

climate science in its communication with the public, primarily through its advertorials.

On the basis of this discrepancy, the authors claim that Exxon Mobil misled the public.

Supran and Oreskes (2017) believe that this kind of research can pave the way for

challenging how we view the individual responsibilities of fossil fuel companies. This

is further supported by the growing field of climate change litigation, which is

increasing an awareness that companies cannot get away with continuing to engage in

profit maximising activities that negatively impact the environment.

2.3.3 Climate Change Litigation

Another way for making the case that the Carbon Majors should take on a significant

share of the mitigation burden is by drawing attention to the growing trend of climate

change litigation, especially those cases targeting individual companies. Climate

change litigation covers lawsuits that raise concern over law or fact related to climate

change science and associated mitigation and adaptation efforts (Burger, 2017).

Strategic climate litigation increases awareness of the role of major emitters and utilises

the line of argument, that the activities of these companies produce emissions that are
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linked to climatic change. The 2021 report: “Global Trends in Climate Change

litigation” (Setzer & Higham, 2021) highlights that there are currently 33 active cases

against Carbon Major worldwide. The majority of these cases are trying to establish

corporate liability for the historic contributions of these entities that have damaged the

climate, typically by invoking claims that these companies engaged in misinformation

and deception regarding their communication about their own activities and climate

science more generally. A more recent trend in climate change litigation has seen

claimants invoking human rights arguments when holding governments and

increasingly also corporations accountable for climate change (Peel and Osofsky,

2018), based on the accusations that these entities are taking inadequate climate

protection measures (Setzer and Higham, 2021). One of the most high profile of these

cases that draws on human rights law is “Milieudefensie et al. v. Royal Dutch Shell

plc”, in which the court found that the Shell group´s total CO2 emissions were larger

than the total emissions of the Netherlands and that the associated impacts on the

climate in the Netherlands and the Wadden Region constituted a significant risk for the

residents (Nollkaemper, 2021). In a groundbreaking and unprecedented move, the court

acknowledged that Shell, informed by international human rights standards, (Khan,

2021), had a legal duty to reduce its GHG emissions in line with the Paris Agreement.

The case strongly invoked Dutch tort law, requiring Shell to comply with international

human rights obligations, interpreting them in such a way that the Shell group was held

responsible for its entire value chain. As the 2015 Paris Agreement represents an

internationally endorsed scientific basis, the court concluded that a 45% net reduction

in CO2 emissions by 2030 relative to 2010 levels was the appropriate reduction target

(Clifford Chance, 2021) and that the reduction of global CO2 emissions cannot be

achieved without the participation of non-state actors (Nollkaemper, 2021). Shell´s

claim that society as a whole, not just individual companies, should be held accountable

for achieving the energy transition, was not found to be persuasive enough to rid Shell

of any responsibility to act in line with its individual partial responsibility, recognising

that individual actors are responsible for their own conduct and prevention of harmful

effects (Nollkaemper, 2021).

Essentially, this case set a precedent for the Paris Long Term Temperature goals to

inform legal obligations and standards (Nollkaemper, 2021). The case constituted

the first time a company was held legally responsible by a court for its individual
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contribution to global greenhouse gas emissions (Setzer and Higham, 2021) and thus

set a precedent for future trials.

A further growing field is value chain litigation, which essentially incorporates a

company's entire value or supply chain in discussions of climate change and

responsibility (Setzer and Higham, 2021). This has a significant impact on a company's

scope 3 emissions, which are currently often emitted from annual reports or net zero

climate pledges.

Finally, so called greenwashing cases have also increased, especially against energy

companies. These cases highlight the discrepancies between a company's

communication or discourse on climate change and the actual changes it has

participated in or pledges it has taken on. One of the most prominent cases is the “State

v. American Petroleum Institute'', where the state of Minnesota brought charges of

deception and misinformation against these major players in the oil and gas industry

(Climatecasechart, 2020). The hope is that the direct (legal and administrative costs)

and indirect costs (e.g. impact of market valuation an share price) incurred by the

Carbon Majors as a result of an increase in climate litigation geared towards them will

be of an order of magnitude large enough to instigate changes in policies and behaviour

(Setzer, 2021).

The fact that there is a marked increase in climate litigation targeting major oil

and gas companies supports the endeavour of this thesis to hold the carbon majors

accountable for their cumulative CO2 emissions and efforts to operationalise

CDR.

2.3.4  The relative lack of focus on this group of entities until now- the

theory of the firm

The lack of focus on this particular group of entities until now can also be explained by

the systems and mechanisms that govern them, which are largely voluntary of nature

http://climatecasechart.com/case/state-v-american-petroleum-institute/
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and do not compare to the more stringent emissions limits imposed by nations through

a more top-down governance approach (Benjamin, 2016). Adding to this, norms

prominent in the commercial environment, such as shareholder wealth maximisation as

well as company law and theory do not create a climate where the reduction of GHG

emissions is encouraged (Benjamin, 2016). The fact that transnational companies are

not subject to the more stringent rules of nation states seems absurd in the light that

emissions from carbon majors are of a significant magnitude.

The firm, in traditional economic theory, represents an entity that is formed by a

number of private contracts that exist with minimal intervention or regulation by the

state. As a result, generally, the main goal of a firm is to decrease transaction costs and

increase profits. This fits neatly into the greater picture of traditional welfare theorems

in economics, under which social welfare is increased through the maximisation of

profits (Benjamin, 2016, 2021). However, disagreement about whether the focus lies on

shareholder maximisation or maximising the firms´s value, as well as ambiguity

regarding the short or long-term nature of this profit maximisation, has led to a

tendency to prioritise short-term profitability, which frequently stands in conflict with

social and environmental issues that are of a more long term nature (Benjamin, 2016).

In economic terms, social efficiency regarding the firm is therefore quantified by

increasing shareholder profits (Armour et al., 2009). Costs incurred by dealing with

Climate Change are seen as wealth reducing, as they divert funds from investments

which could bring shareholders more profit  (Hsu and Wang, 2013). Consequently,

shareholder wealth maximisation is pursued at the expense of negative externalities and

the commodification of the environment (Greenfield and Smith, 2007). As a result,

various other purposes and opportunities for firms are no longer acknowledged.

Arguably, these shareholder-centric corporate norms are outdated and incompatible

with the present climate emergency (Benjamin, 2021).

Chapter 3: Methods

3.1 Global CO2 Emissions 1990-2018

Data for global historical CO2 emissions is taken from the PRIMAP-hist version 2.2

database (Gütschow et al., 2021). This dataset is a combination of several published

datasets that together create a comprehensive set of GHG emission pathways from
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1850-2018, which cover every country and Kyoto gas. The dataset does not include

emissions from international aviation and shipping and does not include emissions from

land use, land use change and forestry (LULUCF).

The Dataset includes two “scenarios”: HISTCR and HISTTP. In the HISTCR scenario,

country reported data is prioritised over data reported by third parties. In the HISTTP

scenario, the reverse is true: third party data is prioritised over country reported data.

Third party data is gathered from the CDIAC database (Boden et al., 2017), the

FAOSTAT database (FAO, 2020), the Emission Database for Atmospheric Research

(EDGAR) and the BP statistical review of world energy (British Petroleum, 2020). A

combination of data sources is used to ensure that emission data for the entire time

series can be provided. For example, the BP Review of World Energy is used in

addition to the CDIAC database, as it is able to provide emission data for recent years,

whereas, for example, the CDIAC database does not provide data beyond 2011

(Gütschow et al., 2016). Sources are prioritised, so that those of highest quality are

selected for each unit of analysis. Following a similar methodology as that

implemented by  Le Quéré in his paper on the global carbon budget, the highest priority

sources provide the absolute values and lower-priority sources are used for

year-by-year growth rates that allow the time series to be extended (Gütschow et al.,

2016).

For the purpose of this thesis, the HISTTP category is selected, in the hope to achieve a

more objective and unbiased overview of global CO2 emissions over time (see the

comment in section 1.5.2 on reporting errors by countries).

The database provides different options for grouping countries together. To capture

global historic emissions, the code “EARTH” was selected for, representing aggregate

emissions of all countries.

The dataset utilises the IPCC (2006) categories for emissions, as well as some

aggregate sectors which are distinguished by the prefix IPCM instead of IPC. The data

analysed for this paper is sourced from the category IPCMOEL, which represents

national total emissions, excluding emissions from  LULUCF.

The gas categories used in the database utilise the global warming potentials (GWP)

from the IPCC second or fourth assessment report. For the purpose of this analysis,

CO2 only is examined. The units are given in Gigagrams.

The reason why emissions from LULUCF are omitted relates to the high annual

fluctuations in this sector, which complicates the combination of datasets as
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harmonisation of scales between datasets becomes challenging. Fluctuations in this

sector exceed those from other sectors that are significant CO2 contributors and can, if

aggregated with these other sectors, give the false impression of a trend development

(Carbon Tracker). Including LULUCF data has been shown to lead to misinterpretation

of the dataset, as sudden changes in emission time series were understood by users as

changes in actual emissions as opposed to differences in underlying datasets. Providing

detailed descriptions of the inconsistencies and limitations of the dataset did not suffice

to eliminate these misinterpretations. The inclusion of LULUFC data would therefore

not allow the PRIMAP database to meet its requirements of internal consistency and

easy usability by a broad audience. This could be amended once the methodology and

consistency of LULUFC datasets has improved, as stated by the authors on the

PRIMAP-hist website (Gütschow et al., 2016).

It should also be noted that, for the sake of completeness, extrapolation is used to

provide the relevant data for some gases and non-Annex 1 countries. Subsequently,

short term emissions trends need to be interpreted with a degree of caution (Gütschow

et al., 2016).  For a full description of the uncertainties present in the individual dataset

within the PRIMAP-hist national historical emissions time series as well as limitations

regarding the methodology implemented, please refer to the dataset description paper

by Gütschow et al., (2016). Notably however, the authors acknowledge that the

integration of different datasets will inevitably lead to key differences as methodologies

for estimating emissions, definitions of sectors, data and assumptions made about

missing data points will all vary.

However, in general, the data coverage for CO2 from the database is of very good

quality and the consumption and production of fossil fuels and production of

cement are identified as the largest emission sources. The authors also state that,

despite its shortcomings, the dataset provides a more holistics picture of the historical

time series of countries' greenhouse gas emissions than could be provided by any

individual source, confirming the usefulness of this dataset (Gütschow et al., 2016).

In order to adequately represent global CO2 emissions in my dataset and subsequently

calculate the appropriate amount of CDR necessary to stay on a 1.5 trajectory, I believe

it is necessary to include emissions from LULUCF. LULUCF refers to the net sum of

CO2 emissions and removals resulting from all human induced changes in land use and

land management (Minx et al., 2021). The bulk of CO2 emissions from this sector stem

from forestry or changes in land use such as clearing or regrowing natural vegetation,
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as opposed to agriculture, which contributes larger shares of CH4 and N2O, than CO2

(Minx et al., 2021). This sector has been estimated by the IPCC 5th assessment report

to be responsible for 20% to 25% of global greenhouse gas emissions (IPCC 2018, in).

As the LULUCF sector includes both carbon storage and removals and is a significant

contributor to global GHG emissions, inclusion of this sector in the analysis is vital to

paint a representative picture. To do this, I draw upon the FAOSTAT database (FAO,

2020).

3.1.1 CO2 emissions from agriculture and land use

As previously explained, the PRIMAP database does not include GHG emissions from

agriculture and land use. To adjust for this, this thesis incorporates data from the

FAOSTAT database. For the sake of consistency with the other datasets, data is selected

for the period: 1990-2018, although 2019 data is also available. The database was

updated in June 2021, combining the previously separate datasets Agriculture Total and

Land Use Total in a single database titled Emissions Totals, enabling both FAO and

UNFCCC data to be visualised jointly for the first time (FAOSTAT Analytical Brief

25).  Within this, the LULUCF entity was selected for the time span 1990-2018,

filtering for CO2 emissions only, on a global scale (Area Code: World). LULUCF

covers human activities that impact terrestrial carbon sinks, thereby incorporating

emissions and removals of GHGs.

3.1.2 CO2 emissions from the Carbon Majors 1990-2018

The data for CO2 emissions for the Carbon Majors comes from Richard Heede`s

Carbon Major research, which quantifies emissions of CO2 and CH4 traceable to the

supply chains of the largest fossil fuel and cement companies that produce oil and

natural gas liquids, natural gas, coal, and industrial cement, as well as the combustion

of these hydrocarbons that reach the global economy (Heede, 2014a). The project

traces emissions back to as early as 1854. For this analysis, a more recent version of the
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database was provided by Richard Heede directly, including data up until 2018. The

data provided will  be shared as a spreadsheet in the digital version of this thesis.

In Heede´s research, fossil fuel producing entities were initially chosen based on

production data on oil, natural gas and coal from published sources. The threshold for

inclusion of a company was set at ≥8 million tonnes of carbon (MtC) per year. The

database is kept up to date by adding new entities that meet the threshold as well as

tracking mergers and acquisitions. For the latter, historic production is assigned to the

extant company. The project reports companies' net production of crude oil and natural

gas liquids. In the case where the company only reports data on gross production, net

production is estimated by applying a net of gross percentage, in order to minimise the

risk of overestimating emissions by relying on gross production data. Reporting is

particularly poor for state owned companies, where it is often limited to total

production data, which runs the aforementioned risk of potential double-counting.

An array of sources have been utilised by Heede (2014a,b) to minimise potential

over-reporting. Heede´s task is further complicated by the fact that companies

themselves have been shown to underreport their emissions. Bloomberg Green

Analysis (2021) uncovered that the company topping the Carbon Major list, Saudi

Aramco, understated its emission by 50% in 2019, as it disclosed only wholly owned

assets, thereby excluding numerous assets located abroad. Saudi Aramco also does not

disclose emissions from joint ventures, nor publicise scope 3 emissions (Rathi &

Martin, 2021). This is just one prominent example that highlights the difficulty in

compiling a dataset like the one produced by Heede (2014a,b). Gaps in the reported

data of companies are completed through interpolation.

The project also subtracts the share of each fuel used for non- combustion purposes (i.e.

for non-energy purposes such as steel production, fertilisers and petrochemicals) from

the emissions it calculates (again, following IPCC guidelines) for individual

companies, as these processes essentially store carbon. It is worth noting that since the

increased use of plastic in the 1920s, non-energy uses have also increased. Thus, an

overall sequestration rate applied to each year would be overestimating the values for

data pre 1980s. However, the fact that half of all emissions have occurred since 1984

somewhat offsets this  (Heede, 2014b).  A detailed overview of the data on non-energy

uses is provided in Heede (2014b).
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Industrial emissions from cement production are also included, but limited to process

emissions from calcining (as emission from fuel and electricity inputs are already

accounted for in the fuel production of other carbon majors). The cement industry is a

huge contributor to global CO2 emissions, producing around 8% of global CO2

emissions (Preston and Lehne, 2018). If represented by a country, the industry would

follow in third place after the US and China. Cement is the most widely used human

made material globally and the second most consumed resource after water (Rogers,

2018), used for the construction of housing, infrastructure and subsequently a key

determinant of economic growth, creating direct employment and economic benefits to

related industries (Devi et al., 2017 .

Compared to the power sector, cement companies have received less attention as the

production process is harder to decarbonise as over 50% of emissions are directly

linked to the production process itself and R&D into low-carbon cement has until now

yielded few commercial results (Timperley, 2018; Preston and Lehne, 2018).

Given the key role that cement plays in enabling development and the difficulty in

reducing emissions associated with its production, an interesting question remains if the

emissions should be attributed to the producing companies or to the nations requiring it

for infrastructure and housing.

Heede (2014a) recognises the ambition and subsequent uncertainties associated with

the Carbon Majors project. Heede (2014a,b) notes that whilst the industrial emissions

of CO2 of nations based on their fossil fuel consumption is relatively well established,

sitting within a fairly narrow range of uncertainty ( +/- 5% for one standard deviation

(which equates to the IPCC range of  “likely”, Global Carbon Project, 2012),

attributing emissions directly to the producers of fossil fuels is subject to a much wider

uncertainty range, due to a reliance on the reporting accuracy of mult-national

producers (Heede, 2014a). Adding to this, the carbon content of crude oils can vary

substantially, yet for practicality, a general factor is applied to every barrel (Heede,

2014a), thus obscuring this diversity. This is especially prominent for coal, where the

carbon content can vary from 32.8% (lignite coal) to 71.6% for anthracite (IPCC 2006

Guidelines for National GHG Inventories, Volume 2). Uncertainties are widely

discussed and acknowledged in the Methods and Results Report (Heede, 2014a). An

uncertainty range of +/- 10% is estimated for all historic emissions attributed to the

Carbon Majors (Heede, 2014a).

https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html
https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html


50

For the purpose of this thesis, the CO2 emissions of the Carbon Majors are analysed for

the time period 1990-2018. This is for two reasons: First, 1990 is chosen as a starting

point because this marks the date of the first assessment report of the intergovernmental

panel on climate change (IPCC) being published, which presents the risks of human

induced climate change by providing evidence of the phenomenon (Kimuyu, 2017).

This is relevant, because it essentially nullifies any previous claims from the Carbon

Majors that they were not knowledgeable about the impact of their products and can

therefore not be held accountable for their consequences.

Second, LULUCF data is prone to uncertainty. Models are needed to separate emissions

from the land carbon sink (Gasser et al., 2020) and two types of models are combined

to estimate LULUCF emissions: dynamic global vegetation models (process-based) and

bookkeeping models (parametric models), with contrasting strengths and weaknesses

(Gasser et al., 2020). This is exacerbated by the fact that definition and calculation of

LULUCF varies across models (Pongratz et al., 2014).These incongruities are naturally

aggravated if the time period under analysis is extended.

Non-extant companies are omitted from the data, as the purpose of the thesis is to

calculate future CDR share for the carbon major entities. Therefore, the companies for

whom the shares are being calculated need to still be in existence at time of writing.

Companies no longer in existence in the database include: British Coal; Cyprus Amax,

USA; Czechoslovakia (coal); FSU (former Soviet Union) (oil and gas); Ruhrkohle AG

and UK coal.  Removing these companies from the database does not change the

percentage share of global CO2 of individual companies, as these are calculated by

dividing each company by the global total, which remains unchanged. However, when

separating the carbon majors into respective groups (Nation State, SOE and IOCs),

omitting the non-extant companies will change the overall contribution of each group

to global CO2 emissions and subsequent CDR responsibility.  However, as four out of

the 7 no longer extant companies were in existence for five years or less in the time

period under analysis, the impacts of these companies are deemed negligible enough to

remove them from the analysis without making further adjustments. If one subtracts the

sum of the cumulative emissions of the non-extant companies from the total cumulative

CO2 emissions from all Carbon Majors (incl. non-extant) over the period of analysis,

one is left with a difference of 12.524,1 Mt CO2, which constitutes less than 2% of the

total CO2 emissions generated by the Carbon Majors over the time period 1990-2018.
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This is warranted as insignificant enough to justify the exclusion of the non-extant

companies from the analysis without further adjustments.

3.2 Integrated Assessment Models

As noted in the introduction, CDR is necessary to balance out sources of emissions that

are not possible to mitigate fully, predominantly stemming from human activity in

energy and land-use sectors, through natural or technological based sinks (Schweizer et

al., 2020).

In order to imagine the future and design pathways that meet global climate goals,

scientists employ Integrated Assessment Models (IAMs), which represent geophysical,

energy and economic systems as well as the interactions between them, essentially

allowing storylines of future development to be quantified (Huppmann et al., 2018).

IAMs project emissions based on possible future socio-economic developments,

ranging from demographic changes to technological progress. Different types of policy

interventions can also be accounted for in the models (Schweizer et al., 2020). Upon

introduction of the Integrated Scenario Framework, the use of representative

concentration pathways (RCPs) and shared-socio-economic pathways (SSPs) allowed

emission scenarios to be modelled in two dimensions, resulting in output that represents

particular RCP-SSP pairing (Schweizer et al., 2020). This integrated framework allows

a reflection over a range of policy choices, taking into account differences in targets,

timing (explored with RCPs) and quantitative and qualitative differences in

socio-economic conditions (SSPs) (Schweizer et al., 2020). SSPs represent underlying

societal values and commitments that prioritise certain trajectories for global

socio-economic development and hereby lead to certain mitigation options being

favoured over others. These underlying societal attitudes and developmental

trajectories have significant impact on the reliance on and timing of a significant

scale-up of CDR (Schweizer et al., 2020).

Thus, IAMs facilitate an understanding of how fast emissions need to be reduced to

meet specific temperature goals, but also which portfolio of technologies can best

achieve this goal. IAMs can only rule out infeasible pathways based on technological,

economic and geophysical constraints (Jewell and Cherp, 2020). However, what is

deemed feasible in a modelling context does not necessarily translate into
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feasibility in the real world, as additional pervasive factors, such as political and

social forces, can hinder implementation significantly (Riahi et al., 2015).

Furthermore, it is important to acknowledge that IAMs, being optimization models,

generally identify least cost pathways. This means that when CDR is used in a model, it

is considered to be cheaper than direct emission abatement (Greenpeace, 2021), This is

a result of the less time-bound nature of CDR compared to standard mitigation (which

is applied at the point of emissions occurring) and the discounting of future costs

associated with deploying it. From the perspective of an IAM, CDR represents just one

candidate from an array of climate change mitigation strategies including, amongst

others, renewable energy, nuclear power and efficiency improvements (Tavoni and

Socolow, 2013). Other mitigation strategies, e.g. behaviour or lifestyle change which

are significantly harder to model, are therefore arguably underappreciated as a result of

the model structure.

IAMs differ substantially in their structure, objective function, assumptions and

constraints. The amount of CDR projected by models covers a large range and any

scenario used to project a future value for CDR is based on a particular bundle of

assumptions (Schweizer et al., 2020). The limitation regarding IAMs will be further

expanded on in chapter 6.

For this thesis, future amounts of CDR are projected by using the IPCC SR1.5 Scenario

Explorer Database (Huppmann et al., 2019, Rogelj et al., 2018). The scenario

ensemble is the product of single and multi-model studies, which share the common

aim of limiting warming to 1.5°C or well below 2°C, resulting in a range of

quantitative climate change mitigation pathways that support the  IPCC 2018  “Special

Report on Global Warming of 1.5°C" (SR1.5) (Huppmann et al., 2018, Rogelj et al.,

2018b). For this thesis, scenarios limiting end of century warming to 1.9 Wm-2 (which

translates into median year 2100 warming of 1.5°C) were selected, resulting in six

IAMs being used in conjunction with five Shared Socioeconomic Pathways (SSPs)

(Rogelj et al., 2018b). The SSPs provide a framework for the IAMs to explore the

impact that socio-economic drivers have on, in this case, 1.5°C-consistent pathways

(Rogelj et al., 2018b), covering five plausible futures regarding the evolution of society

and ecosystems over this century, not including the impact of climate change or climate

policies (O´Neill et al., 2014). The analysis carried out in this master thesis utilises

four of the five SSPs in combination with the models outlined below to illustrate
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the quantitative amount of cumulative CDR (limited to BECCS and A/R)

necessary by 2050 and 2100 in order to attempt to not exceed a 1.5 temperature

increase by end of the century (though  temperatures may temporarily exceed this

limit within the century). The pathways vary in terms of their challenges for

adaptation and mitigation, exemplified by their reliance on technology and

socio-economic developments. 1.5 consistent pathways could not be achieved in all

model-SSP combinations, notably, SSP3, which is characterised by resurgent

nationalism and regional conflicts, which hinders the abatement of GHG emissions

through implementation barriers such as low institutional capacities in developing

countries and low international cooperation (Popp et al., 2017, Rogelj et al., 2018b).

Six IAMs in the database combined with the SSPs attempt to model scenarios limiting

end of century warming to 1.5°C (with a 66% probability) (Rogelj et al., 2018b). The

models included are AIM/CGE 2.0, IMAGE 3.0.1, MESSAGE-GLOBIOM 1.0 ,

REMIND-MAgPIE 1.5, WITCH-GLOBIOM 3.1. and GCAM4. All models succeeded

in not exceeding the 1.5°C goal in SSP1, four were successful in SSP2, one in SSP4

and two in SSP5. For the purpose of this thesis, adopting the approach used in

Fyson et al. (2020), GCAM is excluded from the analysis as its projections for

required CDR mid century are judged as unrealistic. This is also shown

graphically in Figure 6. CDR requirements for GCAM SSP5-19 are significantly

higher by midcentury than for any of the other pathway/model combinations, peaking

at over 30000 Mt CO2/yr.
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Figure 6:  CDR projections from the IAMC 1.5 Scenario Explorer.

Data for creating the graphic was taken from the IAMC 1.5 Scenario Explorer

https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/ (Huppmann et al., 2019, Rogelj et al.,

2018).

All information for the following model descriptions is taken from the IAMC webpage,

and the IAMC wikipedia page.

3.2.1  AIM/CGE 2.0

AIM/CGE is a computable general equilibrium model, which incorporates all economic

goods, the interactions between the production factors as well as the trade of goods and

services. The focus of the model is to analyse future climate change mitigation and

grasp the impact of this on economic conditions. The model disaggregates the energy

system (supply versus demand) and the agricultural sector. The flexibility of the model

design means it can be used at either a global or a regional scale (individual countries).

The temporal scale of the model is 2005-2100 with a time step of one year.

3.2.2 IMAGE 3.0.1

The IMAGE 3.0.1 modelling framework simulates the interactions between human and

natural systems and their consequences worldwide, with the objective of exploring the

https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/
https://www.iamconsortium.org/resources/models-documentation/
https://www.iamcdocumentation.eu/index.php/IAMC_wiki
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long-term dynamics of global change. Specifically, the model seeks to gain insights into

the processes (and accompanying uncertainties) taking place within global

environmental change and to provide possible response strategies by assessing

available options. The framework is best applied for global and long term (2100)

coverage in order to assess the impact of human activities on the natural environment,

the provision of natural resources and ecosystem services. The model is able to

consider negative side effects of natural resource use (emissions, resource depletion,

quality reduction etc.) when making projections for future energy and natural resource

use.

3.2.3 MESSAGE-GLOBIOM 1.0

MESSAGE is designed to optimise the energy system in order to meet energy demand

at the lowest cost, whilst GLOBIOM provides input covering land use and the

implications of land use availability on the cost of land-based carbon dioxide removal

strategies. The framework is designed to assess energy and land system transformations

in the face of climate change and other sustainability challenges (IXMP Scenario

Explorer developed by IIASA, 2021).

3.2.4 REMIND MAgPIE 1.5

REMIND represents the future evolution of world economies, focusing on the energy

sector and consequences this has on the global climate. The model works within

population, technological, policy and climate constraints to determine an optimal mix

of investments in the energy and economy sectors. REMIND is commonly used in

conjunction with MAgPIE, a model which projects the impact of agricultural

production on the environment. The strength of the model lies in its detailed depiction

of the energy system as well as its ability to take into account system inertia and path

dependencies within that system (REMIND — Potsdam Institute for Climate Impact

Research, 2021).
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3.2.5 WITCH GLOBIOM

WITCH dynamically models the interactions between the economy, technological

options and climate change. The land use and forestry model GLOBIOM presents

land-based mitigation options and the climate model MAGICC computes future climate

projections. A damage function represents the impact of climate change on economic

output, taking into account the rate of investments in adaptation (The WITCH team,

2019). WITCH can evaluate climate policies and their impact on economic systems on

a global and regional scale. A strength of the model is its ability to characterise

endogenous technological change

3.3 Model variables (input)

The two main CDR options for IAMs featured in the SR1.5 are in the land and energy

sector. In the land sector, carbon is stored via afforestation and reforestation (A/R) in

the forest and in the soil. In the energy sector, BECCS is the dominant option, (Hare et

al., 2018). The extent of CDR deployed varies greatly between models due to

underlying differences in model assumptions, such as demographic trends and speed of

technological and socioeconomic change (Hare et al., 2018). BECCS had a history of

being the dominant CDR measure in deep mitigation pathways, but, since the fifth

IPCC Assessment report and the associated increase in the variation in underlying

assumptions including socio-economic drivers, a larger and more diverse portfolio of

CDR options has been made available and limitations regarding deployment of CDR

measures (e.g. related to land-use) have been emphasised (Rogelj et al., 2018a)

The variables chosen to represent CDR options in this paper are “Carbon

Sequestration/CCS/Biomass” and “Carbon Sequestration|Land Use” or, when the

former is not available, negative values for “Emissions/CO2/AFOLU”.

“CarbonSequestration/CCS/Biomass” represents the total CO2 emissions captured

from Bioenergy use and subsequently stored in geological deposits, reported as a

positive number in Mt CO2/year. Following the approach used by Lee et al., (2021),

the amount of BECCS utilised in each pathway is used as a proxy for

technological CDR. “Emissions/CO2/AFOLU” represent CO2 emissions from



57

agriculture, forestry and other land use, reported in Mt CO2/yr. Values can be positive

or negative reflecting the potential for the AFOLU sector to act as both a source and

sink of CO2 emissions (Smith et al. 2014). When available, the “Carbon

Sequestration/Land Use” variable is prioritised over “Emissions/CO2/AFOLU”.

This refers to the total amount of carbon dioxide sequestered through land-based sinks

(e.g. afforestation, soil carbon enhancement, biochar), in units of  MtCO2/yr. However

this variable is only available for the IMAGE SSP1-19 and MESSAGE-GLOBIOM

SSP1 and SSP2-19 model-pathway combination. For the other models, in line with the

IPCC SR1.5 methodology, net negative AFOLU emissions are used as a conservative

proxy for terrestrial CDR options (Rogelj et al., 2018a). For the latter, positive values

are emitted as these do not reflect CDR. For the sake of consistency with the other

model output, net negative AFOLU emission values are turned into positive values to

represent projected amounts of CDR deployment. Limitations of this approach are

acknowledged, most importantly that it likely significantly underestimates emission

removals from this sector (Rogelj et al., 2018a).The estimation is a lower bound

because it does not include any CDR deployed before reaching net zero AFOLU CO2.

Yet, baseline AFOLU CO2 emissions are also reduced by other interventions besides

CDR such as reducing deforestation and preserving land carbon stocks. Currently, the

literature on pathways is not able to separate these two processes and therefore the

approximation is conservative  (Rogelj et al., 2018a).

Thus, for the purpose of this thesis, CDR is treated as the sum of the negative

emissions from bioenergy with carbon capture and storage and negative emissions

from the AFOLU sector- afforestation and reforestation.

A portfolio of CDR options is chosen, as it is generally acknowledged that a large-scale

deployment of a single CDR option is a somewhat risky strategy as all technologies

have strengths and weaknesses (Fuss et al., 2020).

As mentioned in the introduction, the approach in Fyson et al., (2020) is followed, in

that the assumption is made that the total amount of CDR projected would not differ

much in different model portfolios, even if additional (more nascent) forms of CDR are

included.

It is worth noting that efforts have been made to investigate whether the 1.5

temperature target could be achieved without invoking technological CDR to achieve

this. This so-called Low Energy Demand (LED) (Grubler et al., 2018) scenario

achieves this goal but only through a very ambitious global target of a drastic reduction
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of energy demand that would have to take place within the decade. This is supported by

work from Edmondes et al. (2013) who stated that the 1.5 °C target could be achieved

without BECCS CDR, but only under very stringent conditions including, amongst

others, a carbon price in excess of $500/tCO2 by 2040 (Schweizer et al., 2020).

Alternative strategies for meeting the end century 1.5 temperature target will be

expanded upon in chapter 5.

Regarding CDR, the models differ in respect to the moment in time when negative

emissions are initiated and the amount and form of CDR required. For example, CO2

emissions from energy supply in the WITCH model become negative by 2030, whilst

in the AIM model, this does not happen till 2050-2060 (Rogelj, 2018a).

3.3.1 CDR in the Land Sector-A/R

Afforestation refers to trees being planted on land which has not been afforested

recently, with a value of 50 years or more usually used as reference. On the contrary,

reforestation refers to the planting of trees on land recently deforested (IPCC; 2000).

However, in the literature, the distinction between the two practices can be quite fuzzy

and they are sometimes categorised together under “AR” (Fuss et al., 2018). Both

practices can induce negative emissions through an increase in additional biomass

which enable CO2 to be sequestered from the atmosphere (Fuss et al., 2018). Estimates

for global sequestration potential and costs for AR vary widely (for an overview, see

Fuss et al., 2018). The sequestration potential is not only the result of the planted trees,

but also of the improved soil quality (Brack and King, 2020). Early studies suggested

that over the period 1995-2050, the potential for carbon sequestration under maximum

feasible afforestation and reforestation scenario amounts to 60-87 GtC (Brown et al.,

1996), which subsequently translates into a 15-30 ppm reduction in atmospheric CO2

(House, 2002). These estimates should be viewed with caution as they do not take into

account the effect of future climate change on forest growth (Sonntag et al., 2016). The

study by Sonntag et al., (2016) also points out that the potential for reforestation as a

CDR method is strongly dependent on the background climate and CO2 levels.

Concerns regarding the feasibility of AR as a CDR strategy include the effect that the

changes in land cover can have on local and non-local climate via biogeophysical

pathways and subsequent alterations in wide ranging climate circulation (e.g. Lejeune
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et al., Boers et al., 2017). A prominent example is the change in albedo invoked by

modifying land cover (e.g. Anderson et al., 2011). This is particularly significant for

boreal forests in high latitudes, where increased forest cover could actually increase

local warming and ice/snow cover loss, as dark trees substitute land cover that

previously reflected the heat. For tropical regions, the loss of albedo effect is not an

issue, as it is overshadowed by the greater potential for evaporative cooling through

increased tree coverage (Fuss et al., 2018). Scaling up A/R is marked by trade-off:

Whilst planting native species is beneficial for biodiversity, it can reduce carbon

sequestration potential.  Furthermore, this CDR strategy can compete with food and

biofuel production for land and water resource availability (Davin and De

Noblet-Ducoudré, 2010). Furthermore, although deployment of A/R is fairly low cost

and achievable in the near-term, this is not associated with an immediate removal of

CO2, as sequestration rates are biologically constrained and juvenile vegetation has

lower total storage potential and sequestration rates (Brack and King, 2020).

Over time, AR becomes a less attractive CDR option as storage of CO2 is less

permanent than for other CDR options (Smith et al., 2016)  and is dependent on careful

management of the reforested area as human induced changes in land use or natural

disturbances can alter the sequestration potential of the area imminently.

3.3.2 CDR in the energy sector - BECCS

BECCS is a carbon removal technique that entails burning CO2 absorbing biomass,

capturing the emissions released in the process and storing them underground in

long-term reservoirs (Brack and King, 2020). The biomass utilised can be sourced from

wood, energy crops, agricultural residues and organic waste.

BECCS plays an important role in long-term climate scenarios, with deployment

usually rapidly increasing from mid-century. Scenarios in which mitigation is delayed

see the sharpest increase in BECCS deployment, exemplified in the SSP5 pathway.

However all SSPs feature BECCS to some extent (Fridahl and Lehtveer, 2018). The

IPCC Special Report on 1.5 °C showed that, in order to stay well below the 2 °C target,

emissions in 2030 would have to be drastically reduced, to about 50% of 2010 levels
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(Köberle, 2019). Meeting near term targets is only realistic if CDR technologies are

utilised that already exist, making BECCS a prime candidate for this purpose.  BECCS

is considered a popular choice  as a mitigation option for IAMs due to its ability to, (in

theory), make scenarios with ambitious mitigation targets feasible, as well as the fact

that it is a versatile source of energy, as it can be used produce bioelectricity, liquid

biofuels, charcoal, hydrogen, or biomaterials (Köberle, 2019). BECCS has the

advantage that it can be utilised to decarbonise sectors that are traditionally hard to

decarbonise such as freight transport, aviation and industry (Azar et al., 2013), which

increases the chance of making ambitious climate scenarios feasible (Köberle, 2019).

The versatility complements the cost-optimization structure of most IAMs, as they can

replace secondary energy carriers with high marginal cost with bioenergy, which

reduces the overall cost of the system (Azar et al., 2013).

The dominance of BECCS in IAMs is partly due to the existing structure of these

models, but also, as previously mentioned, due to the use of high-discount rates, which

essentially favour delaying stringent mitigation action on the basis that technological

solutions will be cheaper to deploy in the future. On the other hand it could be argued

that a high discount rate actually reflects the current state of affairs quite well, as the

minimal efforts to reduce emissions so far could suggest that society does indeed

embody a high discount rate (Köberle, 2018).

However, this high discount rate raises ethical concerns (disproportionately burdening

future generations) and runs the risk of relying extensively on a NET that is not

guaranteed to materialise at the time and scale required and is subject to significant

governance and implementation challenges, such as land area required for storage

(Lenzi et al., 2018). In addition to the discount rate, the dominance of BECCS in IAMs

is also explained by the fact that IAMs have only recently started including CDR

technologies other than BECCS and afforestation (Smith et al., 2014). Various studies

found that when other NETs, such as Direct Air Carbon Capture Storage (DACCS) are

included, the deployment of BECCS is substantially reduced (20-37%)  across 1.5 °C

and 2 °C scenarios (Realmonte et al., 2019).

Representation of technological innovation is a further factor to consider when

assessing the dominance of one NET over another. Most IAMs do not give much

weight to disruptive innovation or increases in energy efficiency. However, including
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low-carbon technology can reduce the deployment of BECCS in IAM projections. In

addition to neglecting technological innovation, IAMs struggle to incorporate

institutional and social innovations and subsequent behaviour change. Combining

lifestyle changes with optimistic technological assumptions can reduce the need for

CDR (Van Vuuren et al., 2018). In terms of cost-efficiency, the cost of BECCS may be

underestimated due incomplete accounting of the costs of agricultural production,

resulting in lower estimates of energy prices and subsequently makes BECCS appear

more favourable in alignment with the cost-minimisation function of most IAMs

(Köberle, 2018).

Further development and choice of constraints (e.g. what other NETs are included) in

IAMS could diminish the role of BECCS in future scenarios (Köberle, 2018).

A paper by Bauer et al., (2020) provides an in-depth overview of the EMF33

comparison project which describes the ways in which models represent and deploy

BECCS.

3.4  Data Processing

Data for the CO2 emissions attributed to the Carbon Majors was extrapolated  from the

spreadsheet provided by Heede (2020)2 and formatted to select for the time period

1990-2018, filtering for CO2 emissions only. Cumulative emissions were calculated for

said time period and no longer extant companies were removed, as was explained in

section 3.1.2 , as these non-extant companies are not able to contribute towards CDR

efforts. Their theoretical share (were they still in existence) was calculated to verify

whether they had contributed an amount significant enough to warrant further action in

the analysis. The sum of the cumulative emissions of all seven no longer extant

companies represents just under 2% of the total Carbon Major CO2 emissions over the

time period 1990-2018. This was deemed a substantially small share, so that no further

action was taken to incorporate them into the analysis. Thus, when referring to total

2 The data provided by Heede (2020) is attached in the digital version of this document as a
spreadsheet.
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Carbon Majors from now on, this should be interpreted to not include non-extant

companies.

The data for global CO2 emissions in the same time period, obtained from the

PRIMAP-hist national historical emissions time series, was also filtered for CO2

emissions values only. As explained in the data section, LULUCF emissions data from

the FAOSTAT database were added, in order to provide a more complete and accurate

depiction of global CO2 emissions. After converting the data sources to the same units

(megatonnes), the two cumulative values were summed together. This allowed for the

first calculation of the analysis to be carried out: identifying the proportional share of

global CO2 emissions attributed to the Carbon Majors. In order to do so, the

cumulative emissions from the Carbon Majors over the time period 1990-2018 were

divided by the total global cumulative emissions over the same time period.

Individual values were then sorted by grouping the companies into the three categories:

IOCs, SOEs  and nation states, the same categories used by Heede (2014) in the initial

analysis.

In the next steps, the CDR data was prepared for the analysis. As the data was received

with values separated by 10 year intervals, the first step involved doing a linear

interpolation to complete the missing values.

Figure 7:  Visualisation of the interpolated CDR-data. Script for interpolation is

attached in the digital version of this thesis.
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Next, cumulative values for the time period 2020-2050 and 2020-2100 were calculated

per model, pathway and variable combination. Finally, individual values were

summarised to provide one value per model and pathway combination (i.e. total CDR).

In order to compare CDR projections between the different SSPs, Median values were

calculated for SSPs for which there were results from multiple models (SSP1 and 2),

whereas for SSP4 and 5, only two models were able to provide results, Witch-Globiom

and Remind-MagPie respectively.

In the final step, the share of CDR attributed to the Carbon Majors was calculated by

multiplying the CMs share of total CO2 emissions by the CDR values per

pathway/variable/model combination. The fact that there are multiple

pathway/variable/model combinations results in a number of possible values for CDR

shares in 2050 and 2100 for each Carbon Major. Attributing shares of global CDR to

individual companies represents a novel approach, as analysis thus far in the literature

has focused on the responsibility of nation states (e.g. Fyson et al., 2020, Lee et al.,

2021).

Chapter 4: Results

Cumulative CO2 emissions for the Carbon Majors in the time period 1990-2018

totalled 685.129 Mt. The value for cumulative global CO2 emissions totalled 833.900

Mt, reaching 866.493 Mt when the LULUCF emissions from the same time period

were added.

When calculating the proportional shares of the Carbon Majors in respect to global

CO2 emissions, it was identified that the Carbon Major´s total share of Global CO2

emissions amounts to 79,1% over the time period 1990-2018. Values for individual

companies can be found in the attached excel sheets. When entities are grouped into

categories, IOCs contribute 22,1% of global CO2 emissions, SOE contribute 31,1% of

global emissions and Nation States contribute 25,8% of global CO2 emissions over the

time period 1990-2018. These statistics are valid when non-extant companies are not

included in the equation.
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Figure 8 compares global CO2 emissions between 1990-2018 to those  of the Carbon

Majors over the same time period. Whilst the two graphs follow a similar trajectory, it

is notable that the CO2 emissions from the Carbon Majors dip slightly in the early

1990s and between 2014-2017. This is better visualised in Figure 9, which shows the

change in the Carbon Majors cumulative CO2 emissions over the time period

1990-2018. The decline in emissions between 1990-1993 can be explained by the

collapse of the Soviet Union and subsequent fall of economic activity (Raupach et al.,

2007). The decline seen between 2014-17 could in part be attributed to a reduction in

China's coal consumption, prompted by a move to cleaner energy sources and a

slowdown in economic growth over this period (Jackson et al., 2015). However, data

uncertainty regarding China's coal burning activity means that this apparent dip needs

to be viewed with a degree of caution (Weiss, 2015). Yet, overall, the relative share of

Carbon Major CO2 emissions stays fairly constant over time. This is significant, as

discussed earlier, the danger of continuously emitting high levels of CO2 emissions for

the global climate was indisputably confirmed in the scientific community by 1990 and

the publication of the first IPCC report, yet a reaction to this in the form of a decrease

in emissions is not displayed in the data.

Figure 8: global (blue) and carbon major (red) CO2 emissions 1990-2018 in

Megatonnes (Mt).
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Figure 9: change in percentage of the Carbon Major share of total global CO2

emissions 1990-2018.

Table 1 shows the share of global CO2 of the top twenty Investor Owned Companies

(IOCs). Due to the large number of IOCs in the dataset (61), only the top 20 are

displayed here for ease of visualisation. Even within the top 20 group there is

significant variation, with Exxon Mobil´s share being more than 5 times as large as that

of Petoro, Norway. Furthermore, the top 5 IOCs are responsible for nearly half of the

total share of the top 20 companies combined.  Whilst the bottom 50% of companies

(within the top 20 IOCs) are responsible for only 2,8% of cumulative global CO2

emissions over the period, the top 5 IOCs contribute nearly 8% of total global

cumulative emissions between 1990-2018. The top 5 contribute a share more than half

as a large (7,94%) of global cumulative emissions than the rest of the IOCs combined

(14,14%)

Entities cum. CO2 Emissions/Mt share of Global CO2

1 ExxonMobil, USA 17117,9 1,98%

2 Royal Dutch Shell, The Netherlands 15375,4 1,77%

3 BP, UK 13480,4 1,56%

4 Chevron, USA 11845,3 1,37%

5 Peabody Energy, USA 11014,1 1,27%



66

6 Total, France 8587,0 0,99%

7 Rosneft, Russian Federation 7514,2 0,87%

8 BHP, Australia 7506,2 0,85%

9 ConocoPhillips, USA 7407,5 0,70%

10 Lukoil, Russia 6079,5 0,66%

11 Arch Coal, USA 5755,2 0,63%

12 Equinor, Norway 5424,8 0,61%

13 ENI, Italy 5293,7 0,57%

14 Contura Energy / ANR, USA 4956,9 0,54%

15 Anglo American, UK 4706,7 0,52%

16 Glencore, Switzerland 4521,4 0,48%

17 Repsol, Spain 4190,2 0,43%

18 CONSOL Energy, USA 3697,7 0,39%

19 RWE, Germany 3397,9 0,36%

20 Petoro. Norway 3150,9 0,36%

Table 1: share of cumulative global CO2 of the top 20 IOCs over the time period

1990-2018. Source:Carbon Major Database  (Heede, 2020)

Table 2 shows the share of cumulative global CO2 by SOEs over the time period

1990-2018. Again, within this group we see substantial variation. The top five SOEs

contribute a share of global CO2 (15,15%) that is (slightly) larger than that of the rest

of the SOEs combined (15,06%). Even within the top five, Saudi Aramco and Gazprom

make up a disproportionately large amount of the share, contributing 4,8% and 4%

respectively.

Entities cum. CO2 emissions/Mt share of Global CO2

1 Saudi Aramco, Saudi Arabia 41678,3 4,81%

2 Gazprom, Russia 34807,5 4,02%

3 National Iranian Oil Co. 21410,3 2,47%
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4 Coal India, India 18395,7 2,12%

5 Petroleos Mexicanos (Pemex) 14971,5 1,73%

6 PetroChina, China 14550,1 1,68%

7 Abu Dhabi, United Arab Emirates 11112,9 1,28%

8 Petróleos de Venezuela (PDVSA) 10754,7 1,24%

9 Kuwait Petroleum Corp., Kuwait 8990,0 1,04%

10 Sonatrach, Algeria 8588,1 0,99%

11 Rosneft, Russian Federation 7514,2 0,87%

12 Iraq National Oil Co., Iraq 7374,1 0,85%

13 Petróleo Brasileiro (Petrobras), Brazil 7302,8 0,84%

14 Nigerian National Petroleum, Nigeria 6352,1 0,73%

15 Petronas, Malaysia 5839,1 0,67%

16 Qatar Petroleum, Qatar 5735,3 0,66%

17 Rio Tinto, UK 5289,2 0,61%

18 Libya National Oil Corp., Libya 4225,2 0,49%

19 Pertamina, Indonesia 4118,3 0,48%

20 Oil & Gas Corp., India 3682,7 0,43%

21 Sinopec, China 3299,6 0,38%

22 Sasol, South Africa 3132,4 0,36%

23 CNOOC (China National Offshore Oil Co.) 2970,8 0,34%

24 Petroleum Development Oman 2705,0 0,31%

25 Egyptian General Petroleum, Egypt 2641,4 0,30%

26 Sonangol, Angola 2475,9 0,29%

27 TurkmenGaz, Turkmenistan 2384,8 0,28%

28 Ecopetrol, Colombia 2335,1 0,27%

29 Singareni Collieries, India 1987,0 0,23%

30 Syrian Petroleum, Syria 1140,8 0,13%

31 Bahrain Petroleum Corp. 930,5 0,11%
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32 Polish Oil & Gas Co., Poland 536,4 0,06%

Table 2: share of cumulative global CO2 by SOEs over the time period 1990-2018.

To put these values into perspective, Table 3 shows the countries with a high share of

global CO2 emissions. Comparing these percentage values with those of the top IOC

and SOEs highlights the magnitude of the Carbon Major´s share of global CO2

emissions. Saudi Aramco, the top SOE emitting company, had higher annual emissions

in 2018 than Indonesia, a country that ranked 5th place in the 2018 report "Fossil CO2

emissions of all world countries - 2018 Report" (Publications Office of the European

Union) and Gazprom and National Iranian Oil had higher annual emissions than Japan.

Whilst for IOCs the comparison is less dramatic, it is nonetheless remarkable how an

investor owned company like Exxon produced roughly half the emissions of a country

like Japan in 2018. One should also note that as we are comparing CO2 equivalent

emissions for countries with CO2 only emissions for companies, comparisons should

be drawn with a degree of caution.

country CO2e* in 2018 SOE CO2 in 2018 IOC CO2 in 2018

Indonesia 1269.55Mt
Saudi

Aramco
1797.62Mt ExxonMobil 512.76 Mt

Japan 1074.08Mt Gazprom 1243.82Mt Shell 478.44Mt

Russia 1049.05Mt
National

Iranian Oil
1108.45Mt BP 486.59Mt

Brazil 812.02Mt Coal India 1091.05Mt Chevron 392.48Mt

Germany 680.06Mt
Petroleos

Mexicanos
348.91Mt Peabody Energy 358.01Mt

Table 3: 5 countries with high shares of global CO2 emissions from 2018 taken from

"Historical GHG Emissions". Climate Watch., as well as the top 5 SOEs and IOCs from

the Carbon Major Database  (Heede, 2020). Note, the values for the countries are

shown in CO2 equivalent, so comparison should be drawn with caution.

https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions#:~:text=Cookie%20statement-,%22Fossil%20CO2%20emissions%20of%20all%20world%20countries%20%2D%202018%20Report%22.%20Publications%20Office%20of%20the%20European%20Union.,-22%20November%202018
https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions#:~:text=Cookie%20statement-,%22Fossil%20CO2%20emissions%20of%20all%20world%20countries%20%2D%202018%20Report%22.%20Publications%20Office%20of%20the%20European%20Union.,-22%20November%202018
https://www.climatewatchdata.org/ghg-emissions?end_year=2018&start_year=1990
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Figure 10 shows the share of cumulative global CO2 of the six nation states included

in this analysis for the time period 1990-2018. The graph clearly demonstrates China´s

disproportionately large share (21,1%), nearly five times the size of those of the other

nation states combined (4,75%). The nation states included in Heede´s original analysis

represent states where investor- owned or state- owned enterprises have not been

established or play a minor historical or quantitative role (Heede, 2014b). China´s

significantly large share is partly attributed to a lack of historical data and verification

of ownership structure, which led to all production being aggregated under the nation

state (Heede, 2014a). In reality, there are a number of semi-autonomous coal mining

entities, commonly controlled by provincial governments. However, ownership

structure is often unclear. Further work is needed to disaggregate these production

entities into state vs investor owned entities (Heede, 2014a).

Figure 10: share of cumulative global CO2 by Nation States over the time period

1990-2018.

Moving on to the results for the CDR calculations, these will also be presented for each

company-type group, beginning with the investor owned companies. Due to space

constraints and ease of visually displaying the data, only the top 5 companies of each

category and only CDR values for BECCS will be shown graphically here. Full

datasets can be viewed in the excel spreadsheets attached in the appendix.  BECCS is

prioritised to be visualised as, being a technological CDR solution that deploys carbon

capture and storage (CCS), it can be argued that fossil fuel companies are more
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amenable to engage with this CDR solution, based on their existing infrastructure and

technological expertise.  Individual values for each company can be gained from the

complete spreadsheet attached in the appendix.

Figure 11 and 12 show the quantitative amount of BECCS contributions by 2050 and

2100 respectively, calculated for the top five IOCs across SSP1, SSP2, SSP4 and SSP5

in Mt CO2/year. Columns represent the median values for each pathway. The figure

clearly shows the significant relative differences in magnitude of CDR required

between SSP1, 2, 4 and 5. This is unsurprising, given the trajectory of SSP5 - fossil

fueled development- a scenario which relies on intensive energy and resource

consumption.  Comparing figures 11 and 12, it becomes clear that the amount of

BECCS required by 2100 is significantly larger, e.g. in the case of Exxon for SSP5,

nearly 24,000 Mt CO2/year in 2100, compared to just over 3000 Mt CO2/year in 2050.

Figure 11: cumulative CDR by 2050 projected for the top five IOCs in the Carbon

Major database, per SSP. Columns represent the median values for each SSP. Note: for

SSP4 and 5, due to model constraints, only one value was available.
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Figure 12: cumulative CDR by 2100  projected for the top five IOCs in the Carbon

Major database, per SSP. Note the change in scale on the y-axis between the figures

between figure 11 and 12.

Figure 13 and 14 show the quantitative amount of BECCS contributions by 2050 and

2100 respectively, calculated for the top five SOEs across SSP1, SSP2, SSP4 and SSP5

in Mt CO2/year, following the same methodology as for the previous graphs. Insights

drawn are similar to those of the previous figures, however the extremely large amount

of CDR required by 2100 for Saudi Aramco, nearly 60,000 Mt CO/year, is remarkable.

Figure 13: cumulative CDR by 2050  projected for the top five SOEs in the Carbon

Major database, per SSP. Columns represent the median values for each SSP. Note: for

SSP4 and 5, due to model constraints, only one value was available.
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Figure 14: cumulative CDR by 2100 projected for the top five SOEs in the Carbon

Major database, per SSP. Columns represent the median values for each SSP. Note: for

SSP4 and 5, due to model constraints, only one value was available. Note also the

change in scale on the y-axis between the figures between 13 and 14.

Figure 15 and 16 show the quantitative amount of BECCS contributions by 2050 and

2100 respectively, calculated for the seven nations states across SSP1, SSP2, SSP4 and

SSP5 in Mt CO2/year, following the same methodology as for the previous graphs.
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Figure 15 and 16: Cumulative CDR by 2050  and 2100 respectively projected for the

seven nation states in the Carbon Major database, per SSP. Columns represent the

median values for each SSP. Note: for SSP4 and 5, due to model constraints, only one

value was available.

Figure 17 and 18 shows the top IOCs and SOEs, ordered by cumulative emissions

(1990-2018) and their CDR projections for 2050 and 2100. This comparison

demonstrates that SOEs clearly dominate in regards to the quantity of their historic

cumulative emissions.

Figure 17: top 10 IOCs and SOEs ordered by their total cumulative CO2 emissions

(1990-2018) and their CDR projections for 2050.
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Figure 18: top 10 IOCs and SOEs ordered by their total cumulative CO2 emissions

(1990-2018) and their CDR projections for 2100.

Chapter 5: Discussion

5.1 Interpreting the results

As a group of entities, the Carbon Major´s share of CO2 emissions has remained fairly

stable over the time period 1990-2018, constituting a very large share (fluctuating

between 74%-89%) of the total global CO2 emissions over the same time period. The

fact that their share of global CO2 emissions has remained consistently high is clearly

significant when making the case that these companies should take responsibility for

their polluting activities, especially as there is no evidence that they have made

significant efforts to reduce their emissions, despite being aware of their damaging

effects on the global climate.

When the results are divided into the three types of company (IOC; SOE and nation

state) it becomes evident that within each group, there is significant diversity regarding

the share of CO2 emissions contributed by each entity. For IOCs and SOEs, it can be

said that the top 5 companies in each group contribute a significantly larger share of

CO2 emissions than the rest of the entities in these respective  groups. Whilst in the

IOCs, the top 5 companies produce a share of global CO2 over half as large as that of
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the rest of the companies (57) in this category. This difference is even more pronounced

for the SOEs, where the top five companies produce more emissions than the rest of the

SOEs combined. However, it should be noted that the total number of SOEs in this

dataset is also significantly smaller than the number of IOCs (32 and 62 respectively).

However, the top 2 SOEs: Gazprom and Saudi Aramco together contributed a

staggering 8,8% towards global CO2 emissions over the time frame under analysis.

As respective CDR shares are calculated by invoking the share of cumulative emissions

of these entities, the results paint a similar picture regarding the distribution of the CDR

burden between the three entity groups.  BECCS values are chosen to be visualised,

given their dominance in IAMs and the technological know-how and infrastructural

capacity of the carbon majors. Differentiating between SSPs and cumulative values by

2050 and 2100 clearly demonstrates the extremely large increases in BECCS required

by 2100 compared to 2050, across pathways. Comparisons across pathways

demonstrate the stark differences that different socio-economic scenarios have on the

timing and magnitude of CDR deployment, with CDR requirement in SSP5 being more

than twice as large as those for SSP1 and SSP2.

Thus, the main insights gained from the analysis are that although the Carbon Majors as

a whole have contributed a very large share of global CO2 emissions over time period

1990-2018, there is actually substantial variation within this group and within the

separate subgroups. The top five IOCs and SOEs contributed 23,1% of global CO2

emissions over the time period 1990-2018. Given this insight, the following section

will contextualise the results by taking a closer look at the climate pledges and plans of

some of the top 5 companies in the IOC and SOE subgroups.

5.1.1 Contextualising the results

As noted previously, whilst scientific concepts such as the carbon budget, net zero and

CDR are defined in the scientific literature, their successful implementation and

realisation are determined by social, political and economic institutions. In order to

illustrate this, feasibility and challenges of large scale CDR deployment will be
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assessed and compared to the pledges and commitments announced by the Carbon

Majors themselves. The suitability of the carbon majors as a target group will also be

reevaluated.

In order to begin to contextualise the findings from the data, five of the companies

topping the IOC and SOE lists will be assessed in terms of their current climate pledges

and targets, specifically attempting to assess their stance and proposed reliance on

CDR.

An analysis carried out by Carbon Trackers in 2020 found that a number of the major

polluting companies have developed climate policies that allow them to rid themselves

of responsibility for total or partial scope 3 emissions, especially those emissions

related to use by the end-user. This is extremely significant, as scope 3 emission can

constitute up to 95% of the carbon footprint of oil and gas companies (Carbon Tracker,

2020).

The top 5 IOC and SOE companies from my analysis using Heede´s database are:

Exxon Mobil (IOC), Royal Dutch Shell The Netherlands (IOC), BP UK, Gazrpom

(SOE) and Saudi Aramco (SOE). In the following section, the companies will be

briefly described and their net zero target critically assessed. Information is mainly

gathered from companies own websites, the Client Earth Greenwashing Files , the The

Climate Action 100+ Net-Zero Company Benchmark - which provides an assessment

on the progress of the major global corporate GHG emitters regarding their transition to

a net zero future and the Transition Pathway Initiative- a tool that assess companies

readiness for the transition to a low-carbon economy.

A Greenpeace Briefing report “Net Expectations-Assessing the role of carbon dioxide

removal in companies' climate plans” (2021), highlights five key points that should be

addressed in the climate plans of companies. These include:

1) How much CDR specifically will contribute towards achieving the companies

climate targets and how much of this will be achieved by emissions reductions.

2) A justification for why remaining emissions are deemed unavoidable.

3) Which technological innovations are being developed to abate the currently

unavoidable emissions.

4) Avoiding double counting by being transparent about CDR sources that are also

included in other companies or countries climate targets and

https://www.clientearth.org/projects/the-greenwashing-files/
https://www.climateaction100.org/net-zero-company-benchmark/
https://www.climateaction100.org/net-zero-company-benchmark/
https://www.transitionpathwayinitiative.org/
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5) the specifics of the CDR method relied on, including details of the location,

mechanisms and governance strategy.

These criteria can be used as a benchmark of comparison when analysing the

companies climate action plans presented in the following section.

Notably, at the time of writing, none of the 5 carbon majors mentioned above are

currently part of the UN race to zero campaign or the Science Based Target Initiative

(SBTI), a collaboration between global institutions including CDP, the UN Global

Impact, the World Resource Institute and the WFF, that develops methodology and

criteria for companies to set science-based targets and certifies their pledges

(Greenpeace, 2021).

In the Oil and Gas sector, there is a considerable reliance on CDR in companies climate

plans, but also a significant vagueness regarding the extent of this reliance and detail of

how this will be achieved.

According to the Greenpeace Briefing report (2021), companies can either apply CDR

within their own supply chain, enhancing their ability to absorb carbon by using nature

based solutions such as planting more trees on a production site to sequester carbon

from the air, or, alternatively, companies can develop or manage their own CDR

projects, such as investing in nature based solutions or CCS plants. Finally, companies

can, in theory, purchase CDR credits on the global carbon market.

A 2021 study by Kenner and Heede, examining the top four IOCs of the carbon major

dataset, concluded it to be unlikely that these companies will proactively decarbonise in

line with the urgency to do so demanded by climate science, primarily because the

executives and directors of the companies will not decide to do so. The influence that

the personal choices and attitudes of executives and directors of fossil fuel companies

has on the company's performance in terms of meeting climate mitigation targets

corroborates the finding that there is considerable diversity within the three groups of

companies analysed in this paper.

Note: as the sources used to provide benchmark criteria are considered up till 2021

only, there might be some discrepancy with current climate plans published by these

companies.
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Exxon Mobil

Headquartered in Texas, Exxon Mobil had a reported revenue of $256 billion in 2020

and disclosed scope 3 emissions of 730 million tonnes of carbon dioxide equivalent in

2019 (Client Earth Files). In January 2022, Exxon announced an ambition for net zero

GHG emissions by 2050, but limited this to its operated assets (Scope 1 and 2

emissions) in its 2022 “Advancing Climate Solutions Progress Report”, eager to add a

cautionary note explaining that these objectives are forward looking objectives and

results are not guaranteed. It expands upon this line of thought in a document titled

“Factors affecting future results”, which is found on the company's website, where it

presents an extensive list of economic, political and social factors that it claims are out

of the company's control but can affect the company's financial and operational results.

Exxon scores poorly on all of  the Climate Action 100+ Net Zero Company Benchmark

criteria.  Exxon claims it supports the Paris Agreement, but simultaneously argues that

the agreement does not require a decrease in production for targets to be met, claiming

that a decrease in production would be ineffective, as energy-related emissions are

demand driven and thus any emissions reduced by Exxon would be simply shifted to

another producer, responding to the continuous demand. The company actually claimed

that shifting production to another, less efficient company, could result in overall higher

emissions (Energy and Carbon Summary, 2021).

The company has shared plans about investing in low-carbon and lower emission

technologies, with a specific focus on CCS (Client Earth Files) and describes itself as a

“leader in carbon capture and storage, with current capacity totalling about 9 million

tons per year (Exxon Mobil, 2022). However, this figure actually makes up a woefully

small percentage, around 2%, of Exxons total annual emissions and its continued

investment in oil and gas render this contribution fairly negligible (Client Earth).

Furthermore, a rough comparison with the CDR projections calculated in my analysis

reveal that Exxon does not increase its CCS capacity, in 30 years time, it will have

stored 270 Mt CO2, which falls drastically short of the total CDR required in SSP1 by

2403,3 Mt and nowhere near the 8671,42Mt required in SSP5.

Exxon's Climate Policy relies heavily on negative emission technologies, especially

ones that are currently unproven on a larger scale, such as CCS (Client Earth). In the

2020 Discussion Paper “Big Oil Reality Check- Assessing Oil and Gas Companies

Climate Plans”, Exxon scores “grossly insufficient” in all ten criteria that need to be

https://corporate.exxonmobil.com/Climate-solutions/Advancing-climate-solutions-progress-report
https://corporate.exxonmobil.com/-/media/Global/Files/investor-relations/Factors-affecting-future-results.pdf
https://www.climateaction100.org/company/exxon-mobil-corporation/
https://corporate.exxonmobil.com/-/media/Global/Files/energy-and-carbon-summary/Energy-and-Carbon-Summary.pdf
https://www.clientearth.org/projects/the-greenwashing-files/exxonmobil/
https://www.clientearth.org/projects/the-greenwashing-files/exxonmobil/
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met to provide the possibility of being aligned with the 1.5°C temperature goal. These

criteria alone do not guarantee this alignment, but merely represent the essential

preconditions for achieving this. The criteria cover three broad categories: Ambition,

Integrity and Transition Planning which entail subcategories that ensure that targets for

oil and gas production are declined by 2030 and no new extraction projects are

approved, all emission scopes are covered, there is not a sole reliance on carbon

sequestration and offsetting, lobbying activities that hinder climate action are ceased,

explicit dates at which oil and gas extraction ceases are set and the transition of workers

into new sectors is supported (Tong and Trout, 2020).

The company has been identified in engaging in greenwashing and misinformation

campaigns including making selective claims regarding the trend of its annual

emissions over time and setting carbon intensity targets as opposed to committing to

absolute emission reduction (Client Earth).  Empirical research investigating Exxons

internal documents has shown that, although the company has been aware of the

negative impacts of climate change for decades, it continued to promote doubt about

climate science through its advertisements and editorials (Supran and Oreskes, 2017).

The company has also founded and been a member of powerful lobbying groups such

as the Global Climate Coalition, the American Petroleum Institute, American Fuel &

Petrochemical Manufacturers, the Australian Petroleum Production and Exploration

Association, the Canadian Association of Petroleum Producers and Fuels Europe

(Client Earth).

Royal Dutch Shell, The Netherlands

Headquartered in the Netherlands, Royal Dutch Shell is a multinational oil and gas

company with listed sales of $311.6bn in 2020 (Forbes) and disclosed emissions of

1,377 million tonnes of carbon dioxide equivalent. Emissions projected to be generated

between 2018 to 2030 (Shell annual report, 2020) are estimated to make up nearly

1.6% of the global 1.5°C carbon budget (Client Earth). Climate Action 100+ Net Zero

Company Benchmark finds that the company meets some of its criteria, but falls short

of committing to an ambition to reach net-zero and propose short, medium and

long-term targets that achieve this covering all scopes of emissions. Similarly to Exxon

Mobil, Shell has attempted to shift responsibility in the past, claiming that “It will only

https://www.clientearth.org/projects/the-greenwashing-files/exxonmobil/
https://www.clientearth.org/projects/the-greenwashing-files/exxonmobil/
https://www.forbes.com/companies/royal-dutch-shell/?sh=17f4efd526ed
https://www.clientearth.org/projects/the-greenwashing-files/shell/
https://www.climateaction100.org/company/royal-dutch-shell/
https://www.climateaction100.org/company/royal-dutch-shell/
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move with Society” and stating that its ability to change is limited by the rate of change

by society as a whole (Shell Our Climate Targets: FAQs)

In February 2021, Shell reformed its previous Climate Targets. Regarding the carbon

intensity of its operations and energy products, Shell intends to reduce this by 6-8% by

2023, 20% by 2030 and 45% by 2035, reaching 100% reductions -net zero- by 2050

(Shell Annual Report, 2020). When laying out its roadmap for reaching net-zero, the

company states that it “will seek to have access to an additional 25 million tonnes a

year of carbon capture and storage (CCS) capacity by 2035” (Shell, 2021).  Shell is

currently involved in three CCS projects: Quest in Canada (in operation), Northern

Lights in Norway (sanctioned) and Porthos in The Netherlands (planned), which results

in a total of around 4.5 million tonnes of capacity. However, an investigation by the

watchdog group “Global Witness” revealed that the plant in Canada actually emits more

than it captures, whilst the plant captured 5 million tons of carbon between 2015-2020,

it emitted an additional 7.5 million tonnes of GHG in the same period. Shell's CCS plan

only captures 48% of the emissions generated by the plant (Global Witness, 2022).

Shell's plans regarding nature-based-solutions for storing carbon are vague, claiming

that it will invest $100 million a year into various verified and high-quality projects.

Even if Shell managed to ramp up its CCS capacity to reach 25 million tonnes a year by

2035, it too, like Exxon Mobil, falls woefully short of the CDR requirements calculated

by the analysis in this paper, which calculates total CDR by 2050 for Shell at

2158,66Mt for SSP1 and 7788,7Mt in SSP5.

.

BP, UK

Headquartered in London, BP UK is a multinational, vertically integrated oil and gas

company which operates across the oil and gas industry, active in all areas including

exploration and production, refining, distribution and marketing, power generation, and

trading (Client Earth). BP scores better than Exxon on the “Big Oil Reality Check”,

scoring “partial alignment” with two of the benchmark criteria: “Decline in oil and gas

production by 2030” and “setting absolute targets covering all oil and gas extraction”. It

scores “insufficient” on the criteria: “End lobbying and ads that obstruct climate

solutions” , “stop exploration” and “setting long-term production phase-out-plan

aligned with 1.5 degrees” In 2020 BP set new ambitions to become net zero by 2050,

supported by five aims. However, BPs statement has been criticised by journalists

https://www.shell.com/energy-and-innovation/the-energy-future/what-is-shells-net-carbon-footprint-ambition/faq.html
https://www.globalwitness.org/en/
https://www.globalwitness.org/en/
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including Jonathan Watts from the Guardian, who claims that nothing in BPs plans

indicates that it will discard its previous plans of increasing oil and gas production over

the next decade by 20%. He criticises the statement for being vague regarding how

change will be achieved and contradictory because BP continues to reassure its

shareholders that their values will not change (Watts, 2021).

BP has a well-known history of significant oil spills, most notably the “Deep Water

Horizon” disaster, causing enormous damage to the economy and to the natural

ecosystem of the Gulf and the Gulf Coast of the United States (Muralidharan,

Dillistone, & Shin, 2011), categorised by the National Commission (2011) as the

world´s largest ever accidental release of oil into marine waters.

Research carried out by Greenpeace shed light on the fact that there was a discongruity

between BPs investments and their public relation statements, as there investments

show an overwhelming share (97%) in oil and gas, versus an insignificant 2.79% and

1.39% being spent on biofuel and solar initiatives respectively (Walker, 2010).

Research into BPs marketing campaign also suggests that the company has

continuously engaged in greenwashing activities. Through its branding, including its

name” Beyond Petroleum” and the logo of a yellow and green sunflower, the company

absolves itself of accountability and promotes the image of environmental stewardship

(Barrage, Chyn, & Hastings, 2014). An investigation into BPs attempt at image

restoration after the Gulf Coast Oil Spill suggests that this has been achieved through

visual decoupling (Muralidharan et al. 2011), a phenomenon where stated (textual)

corporate practises are contradicted by actual visual events, especially through the

design of websites. Furthermore, in 2018 a complaint was brought against BP by client

earth lawyers who claimed that BPs advertisement campaign “Keep Advancing” and

“Possibilities Everywhere” was misleading the public because, in reality, BP was

spending more than 96% on oil and gas as opposed to investing in low carbon energy

products. Although BP withdrew its campaign before the case could move forward, the

case was significant and set a precedent for holding companies accountable for

engaging in greenwashing in conjunction with consumer products, based on OECD

guidelines (OECD Watch, 2019).

In 2020, BP announced new ambitions regarding its CCS projects and aligned its

emissions targets to match those of other countries under the Paris Agreement. It also

joined the global CCS Institute and is involved in the Net Zero Teesside Project in the

UK, with the aim of decarbonising operations through the deployment of CCS (Rathi,
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2020). However, currently the only CCS project mentioned on BP´s website is the

Santos’ Moomba CCS project in South Australia, with whom BP has entered a

non-binding agreement, aiming to capture 1.7 million tonnes of CO2 per year, a

fraction of the 1892,6 Mt of CDR required by 2050 in SSP1 and 6828,75Mt required by

2100.

Saudi Aramco

As shown by this analysis, Saudi Aramco is the largest corporate emitter of CO2

globally, having contributed 4,81% of global CO2 between 1990-2018. In 2020, Forbes

reported Saudi Aramco´s sales at $329.8 billion and in 2022, the company falls only

behind Apple Inc. to win the title of the world's most valuable company. If Saudi

Aramco continues its production rates from 2020, its oil and gas reserves are forecast to

last until 2077, as its oil and gas reserves are much larger than those of Exxon,

Chevron, Shell, BP and Total combined (Client Earth). Although the CO2 embedded in

existing fossil fuel reserves would, if used, already push the world past 2°C warming

(Big Oil Reality Check, 2020), Aramco is looking to continue to grow its reserves

(Client Earth).

Saudi Aramco scores extremely poorly in both the Climate Action 100+ Net Zero

Company Benchmark ( not meeting any of the criteria) and the TPI, where it is shown

that Saudi Aramco has not even set GHG reduction targets, disclosed scope 3 emissions

or had its operational scope 1 and 2 GHG emission data verified, disclosed any

information regarding long-term quantitative targets for GHG reduction, disclosed an

internal price of carbon or incorporated climate change risks and opportunities into its

scenario planning. After joining the Oil and Gas Initiative in 2020, the company

pledged to reduce the carbon intensity of its emissions by 13% but notably did not

include its scope 3 emissions. Emission intensity targets are not decoupled from

economic growth, meaning that if the revenue of a company continues to grow, so will

its emissions (even if this might be at a slower pace).

Saudi Aramco has a CCS project at its plant in Hawiyah in Saudi Arabia. However,

CCS at this plant is actually used for Enhanced Oil Recovery (The challenges of this

will be explained in Chapter 6). The amount of CO2/year captured at the plant is

estimated at a mere half a million tonnes, a miniscule percentage of Aramco´s annual

emissions (Client Earth). Even when taking into account some other of Aramco´s

https://www.climateaction100.org/company/saudi-arabian-oil-company-aramco/
https://www.climateaction100.org/company/saudi-arabian-oil-company-aramco/
https://www.transitionpathwayinitiative.org/companies/saudi-aramco
https://www.clientearth.org/projects/the-greenwashing-files/aramco/
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alleged CDR projects such as planting Mangroves or producing blue ammonia, the

amount of CO2 Saudi Aramco´s reduces through these processes are minimal and

insignificant compared to the vast amount of cumulative CDR required by 2050

according to my calculations, 5851 Mt in SSP1 and 21112,9 Mt in SSP5. Furthermore,

Saudi Aramco´s reporting regarding the results of its CDR projects lack transparency

and thoroughness (Client Earth)

Gazprom

As far as its share of global cumulative CO2 emissions go, Gazprom falls only shortly

behind Saudi Aramco, having contributed a 4,02% share of global CO2 over the time

period 1990-2018. Due to the ongoing Russian invasion of Ukraine at the time of

writing, data regarding Gazprom's 2022 activities is not available, as both the TPI and

the Climate Action 100+ Initiative have paused active engagement with Russian

companies for the time being. However, the 2021 assessment shows that Gazprom

scored very poorly, not meeting or only partially meeting any of the benchmark criteria.

It has not set a net zero GHG target for 2050, nor does its target cover a relevant share

of scope 3 emissions. Whilst targets for reducing scope 1 and scope 2 emissions have

been set, no explicit pledges have been made that align its capital expenditure plans

with the objectives of the Paris Agreement, Furthermore, in 2021, the head of exports at

Gazprom, Elena Burmistrova, claimed that natural gas and global goals on climate

change were fully compatible and therefore should remain a key resource in energy

consumption, highlighting its crucial role for energy security, especially in the

European Union, which obtains about a third of its natural gas supplies from Gazprom

(Reuters, 2021). An analysis of Gazprom´s stance on climate change by the

InfluenceMap provides further evidence that Gazprom is overwhelmingly unsupportive

of ambitious climate action and continues to advocate for the long term use of fossil

fuels. Its messaging is generally negative and often conveys ambiguity and uncertainty

in regards to the findings from climate change science. Its engagement with

climate-regulations is contentious, with the company hailing emission intensity

reduction targets over actual emission reduction targets. The influenceMap assessment

recognises that due to Gazprom being headquartered in Russia, obtaining information

on climate policy engagement and communication channels is somewhat limited.

https://www.clientearth.org/projects/the-greenwashing-files/aramco/
https://lobbymap.org/company/Gazprom-aa49c86702c5ffe7cfe50b903292709b
https://lobbymap.org/company/Gazprom-aa49c86702c5ffe7cfe50b903292709b
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Heede and Kenner (2021) corroborate the finding that the top IOCs and SOEs in the

Carbon Major database are not presenting net zero ambitions that facilitate a rapid

decarbonisation in line with a 1.5 °C pathway, on the basis that enduring disruption as

part of the energy transition is an unattractive scenario for directors and executives,

who are dependent on the survival of their companies for their substantial personal net

worth. The findings from Oreskes and Supran (2017) have already been mentioned

earlier on in this paper, but it is relevant again to highlight what the authors say about

the communication and strategies employed not only by Exxon, but also other fossil

fuel companies. None of the companies presented in this brief overview actively deny

the existence of climate change, but they all choose sophisticated language that is

linked to greenwashing, technological optimism and phrasing fossil fuel as part of the

solution as opposed to the problem (Supran, 2021 in the Harvard Gazette).This is

supported in a study by Li et al., (2022), which conducted a comparative analysis on

Exxon Mobil, Chevron, BP and Shell regarding their dedication to the green energy

transition, by analysing the wording used in their annual reports, their business

strategies, expenditures and investments. The authors concluded that whilst strategies

focusing on clean energy and decarbonisation are prominent, these overwhelmingly

appear in the form of pledges instead of concrete actions. Crucially, financial analysis

of these companies reveals that investment in clean energy remains negligible. Thus,

given the lack of alignment between discourse and actions, the claim that companies

continue to engage in greenwashing is well grounded (Li et al., 2022).

At the time of writing, an investigation in the british newspaper “The Guardian”

revealed that the world´s largest oil and gas companies are planning numerous huge

projects, that have been coined “carbon bombs” in the media, which, if they

materialise, will crush any hope of reaching the long term 1.5 °C temperature goal

(Carrington and Taylor, 2022).  Whilst the term carbon bomb has been around for a

while, this recent research restricts the use of the word to projects that have the capacity

to produce a minimum of 1bn tonnes of CO2 emissions over their lifetime (Carrington

and Taylor, 2022).  The combination of the war in Ukraine pushing up oil and gas

prices and the failure of countries to recover on a “greener trajectory” after the Covid

Pandemic has increased the attraction for fossil fuel companies to invest in new

projects and exploit high prices. A number of the top Carbon Majors have been

identified as having huge short-term expansion plans, with a third of these plans relying
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on unconventional and risky sources, such as fracking and ultra-deep offshore drilling.

The analysis also shows that three chinese companies - PetroChina, China National

Offshore Oil Corporation and Sinopec, that have so far not been under much scrutiny,

occupy the top spots when ranked by average annual investment in oil and gas

exploration between 2019-2022 (Carrington and Taylor, 2022).

Kühne et al., (2022), highlights the irony of countries enabling companies to go ahead

with their carbon bomb projects only months after world leaders came together at the

Glasgow climate conference.

5.2 Feasibility of CDR targets - Defining Feasibility

Before one can discuss the feasibility of individual CDR strategies or the likelihood of

them being deployed at scale, it is important to discuss what is meant by feasibility in

this context. According to Rogelj et al. (2018b), assessing feasibility represents a

multidimensional approach, taking into account dimensions such as geophysics,

technology, economics, societal acceptance, institutions and politics (and more). This

interpretation of feasibility highlights how complex the process of assessing feasibility

of a novel mitigation option like CDR is.  Currently, the feasibility of future CDR

potential remains uncertain, especially in light of the large-scale deployment deemed

necessary (Grant et al., 2021). The scale of CDR deployment envisioned in the SSPs is

unprecedented (Fajardy et al., 2019; Carton et al., 2020). Whilst a CDR strategy may be

deemed as technologically ready, feasibility relies on assessing further factors such as

sequestration potential, deployment costs and time lines (Oschlies and Klepper, 2017).

This is highlighted by what Corry (2014) has deemed the “contraption fallacy”, which

refers to the belief that a technology can work on its own, when in reality, the potential

of carbon removal is determined by contextual dynamics and an array of complicating

factors (Carton, 2020). This holistic approach to judging feasibility should be kept in

mind when discussing some of the challenges of large scale CDR deployment.
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5.2.1 Feasibility of Large Scale CDR Deployment

The deployment of CDR on a large scale, that is, CDR of an order of gigatonnes

removed per year, as projected by most IAMs,  is confronted with major technological

and sociological challenges. On the technological side, knowledge about the

functionalities of the technologies themselves as well as knowledge regarding the

amount of capital needed to finance the required infrastructure is lacking. This is

combined with societal concerns over potential unintended consequences of these

technologies as well as the potential for them to exacerbate already present inequalities

in our global society. Questions regarding timing of deployment and best choice of

technologies are delaying action at a time when this cannot be afforded (Buck and

Aines, 2021).

Fuss et al., (2018), through analysing the output of a range of published IAMs that

deploy scenarios to achieve 1.5°C, present a range of CDR deployment from 1.3 to 29

GtCO2/yr, with most values lying between 5 and 15 GtCO2/yr by 2050 (CDR Primer,

2021). The author herself notes that these model outputs need to be interpreted

cautiously, to be interpreted as formal requirements as opposed to clear targets (Fuss et

al., 2018).

5.2.2 Feasibility of CDR - BECCS and A/R

Increasingly ambitious temperature targets combined with continued delay of

implementation of effective mitigation strategies are putting pressure on the

implementation of CDR to be accelerated and rolled out on a larger scale, requiring

suitable policy frameworks and governance schemes (Fuss et al., 2020). The main

challenges associated with CDR strategies that need to be considered are their

biophysical potential for carbon sequestration, their economic costs and their social,

economic and environmental impacts linked to their deployment (Fuss et al.,2018).

The biophysical potential for carbon sequestration is dependent on the global storage

potential, which, although theoretically extensive globally, could be restricted on a
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regional level, which would limit the utility of a CDR strategy such a BECCS in

particular regions. Additionally, long-term storage would have to be adequately

governed, presenting a further challenge. Negative side effects of BECCS include risks

to food security and health, loss of biodiversity, forest deforestation and degradation,

CO2 leakage and contamination of water and soil through excessive fertiliser use.

Wider biogeophysical impacts can include changes in Albedo and GHG emissions

(Fuss et al., 2018). For Afforestation and Reforestation, higher food prices due to lower

levels of  agricultural production, loss of biodiversity due to dominance of

monocultures and impacts of land use change such as change in albedo are forecasted.

Unlike BECCS, the storage potential is considered less permanent as forests are more

prone to saturation, disturbance. Adequate and continuous management of afforested

areas is essential (Fuss et al., 2018). For an extensive discussion on the cost, potential

and side effects of negative emissions see part two of the series on negative emissions

by Fuss et al., (2018).

The next section will briefly touch upon some of the challenges that arise when

intending to deploy CDR on a large scale.

5.2.3 Governance challenges- economic incentives

Mace et al., (2018) identify ten key governance challenges that arise when CDR is

implemented on a large scale: the speed of scale-up, associated issues regarding ethics

and responsibility, incentives for large scale deployment, adequate monitoring once

CDR has been initiated, safeguards for sustainable development, accurately measuring

and reporting CO2 removals, managing storage issues and potential leakage,

anticipating and monitoring biophysical effects of large scale CDR deployment, legal

infrastructure and responsibility an lastly, public acceptance and awareness.

An issue identified as critically under researched by Bednar et al., (2021) is the

financial viability of large scale CDR deployment. Financing a net-negative carbon

economy would require incentivising economic instruments that encourage emitters to

repay their carbon debt through “carbon removal obligations” (Bednar et al., 2021).

Bednar proposes that temporary atmospheric Co2 storage should be priced through

interest on carbon debt, to avoid the risk of carbon debtors defaulting and

encouraging more ambitious and near term decarbonisation of major emitters (Bednar
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et al., 2021). Hastings (2020) provides additional insight on the need for an adequate

economic infrastructure to support the large scale deployment of CDR. One such policy

measure would be to align the carbon tax and cost of CCS, to create a mechanism for

this industry to become economically viable.

5.2.4  Governance Challenges - Separating Reduction and Removal

A major challenge identified in the literature on the deployment of CDR is to ensure

that targets for emissions reduction and emissions removal are kept separate on the

basis that reduction and removal are fundamentally different processes that have unique

requirements, risk and social implications associated with them. They cannot be

substituted for one another nor used interchangeably (Lohmann, 2011). Overly

optimistic projections of future deployment of CDR could lead to mitigation

deterrence, justifying a business as usual approach by some who believe that the ability

to offset emissions entitles one to continue with emission producing activities (Carton,

2020). This phenomenon has been exacerbated by a co-evolution of technological

promises, modelling, policies and climate change targets, resulting in the potential of

these technological promises becoming substantially influenced by the choice of model

and choices made by the modeller, as well as the demands of climate policies. Despite

no large-scale deployment of CDR existing anywhere yet, it has become an essential

component of most climate models, resulting in a potentially destructive cycle of

continued promises (of new technology) and delayed action (McLaren and Markusson,

2020).

5.3 Are the Carbon Majors the right target group? - stranded

assets

As noted in the introduction, this analysis has focused on the possibilities for sharing

the CDR burden and assumed that the reduction of emissions will align with the

cost-optimal distribution outlined by the respective pathways. In other words, CDR

does not take place in isolation, but is accompanied with a reduction of emissions
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globally. This is relevant because it suggests that a proportion of fossil fuels will have

to be left in the ground. This could be the outcome of new policies such as carbon

pricing, cheaper availability of cleaner energy or other lifestyle changes in society. The

IEA predicts that global oil demand will start to see slower growth from 2025

(Sheppard, 2020). If companies comply with scientific recommendations to end

exploration, cease new extraction and start to invest in low-carbon-energy, they would

likely see a decrease in their size and revenue (Kenner and Heede, 2021). This will

result in some assets no longer earning an economic return prior to the end of their

economic life, as a consequence of the energy transition. These assets that essentially

turn out to be worth less than expected, have been named “stranded assets” (Carbon

Tracker).  Examples relevant for the Carbon Majors include fossil fuels left in the

ground, exploration assets, production facilities and distribution infrastructure (Carbon

Tracker). Thus, stranded assets pose a real threat to the Carbon Majors, as most of them

have invested negligible proportion of their capital expenditure into low carbon

technologies and are honing homogenous portfolios of primarily fossil fuels (van der

Ploeg and Rezai, 2019). A paper by Lu et al., (2022) found that even if the fossil fuel

companies diversified their portfolios and invested into negative technologies and

converted current assets to be less-carbon intensive, a large amount of expected

stranding would be guaranteed. Furthermore, the growing fossil fuel free divestment

campaign is exacerbating the threat to survival which the fossil fuel companies are

facing, by indirectly impacting companies through tarnishing a company's reputation

and image (Ansar et al., 2013). The chances of carbon majors surviving these pressures,

as well as the drastic restructuring required of these companies as part of the transition

to a net zero economy is uncertain (Bach, 2018). The relevance of this for this paper

rests with the premise made that these companies should shoulder the responsibility for

a larger proportion of the CDR burden. However, this raises the question of whether

this is still a viable claim to make if a large proportion of these companies might no

longer exist or be profitable in the decades to come. Banking on these entities stepping

in to remedy the climate crisis with arguably risky technology on a large scale could

end up being twice as hazardous as first imagined. It is clear that a Net Zero Emissions

scenario will not  leave any fossil fuel company unaffected, as a fall in demand and the

prohibition of new fossil fuel exploration beyond already approved projects will present

a threat to companies earnings (Bouckaert et al., 2021).

https://carbontracker.org/resources/terms-list/#stranded-assets
https://carbontracker.org/resources/terms-list/#stranded-assets
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5.3.1 Are the Carbon Majors the right target group? - perpetuating a fossil

fuel intensive world?

Whilst CDR is often hailed as a crucial technological option to increase the chance of

meeting global temperature targets, concerns have been voiced that it is interpreted by

some as a way of avoiding continuous emission reduction and subsequently

perpetuating a fossil fuel intensive world (Asayama, 2021). A 2019 report by the

Centre for International Environmental Law (CIEL) suggests that investment in CCS

could increase consumption of coal by 40% and by 923 million additional barrels of oil

in the US by 2040 (Muffett et al., 2019). CDR could deter efforts from investing in

urgent mitigation measures (McLaren et al., 2019). This is cited as a major reason for

why CDR entered the political debate in the first place (McLaren & Markusson, 2020),

as outlined in their paper: “The co-evolution of technological promises, modelling,

policies and climate change targets” (McLaren & Markusson, 2020). The argument

that CDR perpetuates a fossil fuel intensive world holds most persuasively for

technological CDR options, specifically CCS, which arguably allows the fossil fuel

industry to maintain their status quo (Gunderson et al., 2020, Asayama, 2021),

supported by the recognition that countries currently promoting the use of CCS are also

major producers of fossil fuels (Gaede and Meadowcroft, 2016). An example is

Norway, where political support for CCS and REDD+ has been linked to governmental

interest in continuing to engage in oil and gas extraction whilst allegedly meeting

international climate targets (Røttereng, 2018). Amongst fossil fuel producers, coal

companies have been particularly eager to use the promise of CDR technologies in an

attempt to clean up the reputation of the industry (Fitzgerald, 2012), also evidenced in

many of these companies own reports on climate change and sustainability (see section

6.1). For CDR, the concern is that land-based initiatives such as afforestation could be

seen as substitutes for the urgent efforts to cease the use and exploration of fossil fuels,

or even justify the continued use of these dirty energy sources (Carton et al., 2020,

Asayama, 2021). Furthermore, the sequestration potential of strategies such as

afforestation can sounds significant on a global scale, (e.g. Bastin et al., 2019), but

smaller scale studies demonstrate that indiscriminate afforestation risks planting trees

on land already used for other important purposes or turning valuable grassland biomes,
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also important players in carbon conservation, into new forests (Allison, 2019). This

arguably restricts the extent to which such CDR options can be deployed at scale.

Adding fuel to the fire though is the prospect of Enhanced Oil Recovery (EOR) being

a, for the fossil fuel companies, positive byproduct of an upscaling of the CCS industry.

EOR represents the process of utilising pressurised CO2 to extract more hydrocarbon

out of existing oil and gas reservoirs, thereby providing more oil for the industry whilst

leaving a lot of CO2 permanently stored underground (Roberts, 2019). Critics of this

approach raise the concern that this seems like a rather perverse way to facilitate large

scale carbon sequestration, by essentially subsidising increased production in the

industry in which one is trying to reduce emission from (Roberts, 2019). Furthermore,

the actual net-negative potential of EOR is debated, as dynamic life-cycle analysis

suggests that the net-negative potential of EOR projects are time dependent, changing

to becoming carbon positive when oil production declines (Núñez-López and Moskal,

2019). Furthermore, currently, most of the CO2 used in EOR does not come from

anthropogenic sources, but from underground sources, primarily because there is often

not enough CO2 close to oil fields. Using CO2 from natural sources clearly has no

environmental benefit (IEA, 2019). When CO2 from anthropogenic sources is utilised,

another complication arises from the methodology used to account for the “saved” CO2

emissions, as credit associated with underground storage can only be counted once:

either it reduces the emissions from the origins source or it reduces the emissions from

oil production at the site  (IEA, 2019).

However, on the flip side, the argument made earlier in this paper is also relevant here:

precisely because the technology and skills required for some forms of CCS  are so

similar to the ones currently employed by the fossil fuel companies for their production

processes (Hastings, 2020), they constitute suitable candidates for this role. If the fossil

fuel industry manages to scale up the CCS industry, it could be an opportunity for them

to begin to shed themselves of their negative reputation as “Big Bad Oil” (Hastings,

2020).

Nevertheless, the premise of relying on the fossil fuel industry to determine at what

pace carbon is sequestered underground seems morally questionable, as a large number

of these entities are multi-billion dollar, profit oriented companies, whose priority is

making revenue as opposed to saving the planet.
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5.3.2  Alternative culprits? -The Super rich

A 2020 Oxfam report found that the richest 10% of the global population produced

52% of the cumulative carbon emissions in the 25 years between 1990-2015. The

richest 1% were accountable for 15% of cumulative emissions, just over twice as much

as the poorest 50% (who were responsible for 7% of cumulative emissions) (Gore,

2020). In order to not exceed the 1.5 temperature targets, global average per capita

emissions have been estimated at 2.1 t/year by 2030. The findings from the Oxfam

report suggest that the richest 1% currently have a footprint that is 35 times higher than

the 2030 target (Gore, 2020). This inequality is further confirmed by a 2020 study by

Oswald et al., which finds that, because energy footprints correlate with expenditure,

they also are unequally distributed. Energy inequality is especially pervasive in the

transport sector, a consequence of intensive use of air travel, often private jets, of the

top 10% (Oswald, 2020). Chancel and Piketty (2015), linking consumption with

environmental impact, also find that the world's richest citizens are largely to be held

responsible. Their environmental impact is exacerbated through their excessive

consumption, influential position they occupy in society and the wider impact they

therefore have on society through influencing norms and behaviour (Wiedmann et al.,

2020). This was confirmed by Nielsen et al., (2021), who identified that, both indirectly

and directly, people with high socioeconomic status disproportionately affect GHG

emissions, through their consumption and high financial and social resources (Nielsen

et al., 2021).

Despite the super-rich playing a dominant role in the domains of politics, social media

and business, detailed data regarding their income, lifestyles, resources use and

consumption patterns are often lacking (Otto et al., 2019). However, this reflects an,

until now, relatively untouched opportunity regarding the reduction of CO2 emissions,

through changes in lifestyle in this population segment. Furthermore, the effects of this

could be cascading, as these individuals have been found to have an influential effect

on citizens in lower social classes (Otto et al., 2019). An example of the influence that

the super-rich can have on members of society was demonstrated in a paper by

Gössling (2019), who examined the effects of frequent air travel by celebrities on the

perception of their followers on social media. Gössling (2019) highlights how

celebrities define desirable consumption, and, through living a lifestyle built on

frequent air travel, incite their followers to aspire to similar lifestyles, thereby affecting
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social norms. Due to limitations regarding data availability, Gössling´s (2019) findings

most likely underrepresented the total amount that these celebrities engage in air travel,

suggesting that their actual impact is even more dramatic.

Current mitigation policies are of a tentative nature in regards to those sectors in which

the super-rich are most active: finance, retail and real estate. Environmental taxation

will thus only have negligible impacts on their consumption behaviour (Kenner, 2015).

More targeted climate policies such as regulation on construction of private property or

inheritance taxes would be more effective, but most likely also be met with significant

backlash from this segment of the population (Otto et al., 2019). Persuasive efforts are

needed to mobilise this powerful fragment of the population to invest their influence

and resources into environmental protection, and increase awareness of what will

happen if they do not (Otto et al., 2019).

Kenner and Heede (2021) have contributed an insightful paper to this discussion on the

personal responsibility of high income individuals, in which they assess the

responsibility of the executives and directors of the top four IOCs, by calculating their

proportional share of their respective company´s emission, primarily based on the

percentage share they have in the company. The study alludes to the dimension of

personal responsibility within the Carbon Majors, an interesting area for further

research (Kenner and Heede, 2021).

5.4 Alternatives to CDR? Societal Transformation Scenario

(STS)

Kuhnhenn et al., (2020) in their publication “Societal Transformation Scenario”

emphasise the importance of designing climate mitigation scenarios that incorporate

broader societal transformation, such as limiting production and consumption in the

Global North as opposed to depending on continued economic growth and relying on

technological change. This is particularly interesting in the light of this thesis and the

SSPs produced by the IPCC, which emphasise the need for CDR to meet end century

warming targets. Kuhnehenn et al., (2020) argue that it is possible to meet these targets

without relying on overshoot and risky CDR strategies to bring global temperature back
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down. In particular, for the global north, the STS focuses on reducing road-based

transport, a reduction of personal living space and reducing food waste and meat

consumption. Importantly, this is not envisaged for the global South, where an increase

in consumption is assumed, leading, eventually, to global convergence (Kuhnehenn et

al., 2020). Crucially, instead of relying on IAMs (the shortfalls of which will be

addressed in the limitation section) the authors employ a more transparent and

democratic tool, the “Global Calculator” (http://www.globalcalculator.org/ ), which

does not rely on decision making algorithms but requires the user to choose the inputs.

The author does, however, acknowledge that any global emissions model is a

simplification of our complex world and therefore is characterised by generalisation

and uncertainties (Kuhnehenn, 2018).

Beyond the work by Kuhnhenn et al., (2020), other studies have been carried out

examining alternative pathways to reaching the end of century 1.5 °C temperature

target. These include Grubler et al., (2018), who highlights the role of social innovation

and increased efficiency, transforming the global energy system and making a

low-carbon supply side transformation more feasible. Crucially, the study shows that, in

this low-demand-energy (LED) scenario, ambitious temperature targets can be met

without invoking risky CDR technologies (Grubler et al., 2018). The paper also

acknowledges research gaps regarding economic impacts of a LED scenario as well as

the impact of a potential rebound effect, the phenomenon where increase in efficiency

can result in an increase in consumption, though appropriate policies could dampen this

effect. The feasibility of such a LED scenario ultimately depends on institutional and

social change that do not promote a continued increase in demand. The challenge of

incorporating these socioeconomic changes into a modelling context is acknowledged

(Grubler et al., 2018).

Holz et al., (2018) attempt to model the quantity of emissions that will have to be

reduced to eliminate or strictly limit the implementation of CDR by using the models

C-ROADS and En-ROADS to generate a series of 1.5 °C mitigation scenarios that

constrain the scale and type of CDR available. The results show that scenarios where

no CDR is deployed emission reduction rates are very steep, reaching previously

unprecedented levels.

http://www.globalcalculator.org/
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Finally, Van Vuuren et al., (2018) also attempt to reduce the amount of negative

emissions needed to meet the 1.5 °C temperature target, though notably they are unable

to completely eliminate the use of NETs. The authors combine the SSP2 pathway

(middle of the road) with a variety of mitigation measures that alleviate the reliance on

negative emissions such as policies like Carbon Taxes, lifestyle changes and

demographic changes e.g. (smaller populations).

However, crucially, none of the three additional studies presented here question

the continuation of economic growth per se, as is done in the Kuhnhenn (2020)

paper.

Chapter 6: Limitations, Future Outlook and Conclusion

6.1 IAMs and Scenario Frameworks

On the basis of continued high GHG emissions, a rapidly diminishing carbon budget

and the discount rates utilised, the IPCC claims that conventional climate protection

measures, such as using renewable energy or reducing energy consumption by

increasing efficiency, are insufficient  and thus geoengineering is necessary and a

temporary overshoot may have to be tolerated in order to not exceed the 1.5 degree

long term warming limit  (IPCC; 2018; EEA, 2011 in Kuhnhenn, 2018). However, a

key limitation of the SSP scenario framework identified by Kuhnhenn (2018), is the

consistent feature of positive growth rates, relying on economic growth till 2100 and

use of economic growth as an indicator for quality of life. Kuhnhenn disputes the

common argument that decoupling will enable this economic growth to continue whilst

simultaneously reducing GHG emissions, stating that the IPCC itself has admitted that

this is very difficult to achieve and has only been witnessed in a few isolated cases

(Kuhnhenn, 2018). The SSPs, partially due to their (relatively short) time frame of a

century, are not able to fully account for the potential of societal change and progress
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on a large scale, which could render high risk mitigation strategies, such as CDR,

unnecessary (Kuhnhenn, 2018). Kuhnhenn (2018) attributes this shortsightedness to the

developmental process of the scenario framework, criticising scenario development in a

more general sense by stating that the scientists involved are heavily influenced by the

research environments of their respective disciplines, frequently characterised by the

assumption that negative growth rates are correlated with large negative social

consequences. IAMs exacerbate this mindset, as welfare functions employed in models

are frequently based on traditional economic theories, maximising economic growth, or

material well-being. Thus, models attempt to optimise, meeting emission-reduction

targets whilst simultaneously increasing economic activity (and subsequent associated

emissions!) to maximise welfare, in the traditional sense. This seems obviously

counterproductive, and thus models need to circumvent this contradiction by increasing

energy efficiency (thereby reducing relative GHG emissions), using other (cleaner)

energy forms or, deploying CDR to remove the CO2 linked to increased production

(Kuhnhenn et al., 2020). Due to their design, models will always prioritise

least-cost-options or solutions that benefit utility, therefore opting for strategies with the

lowest-cost per tonne of CO2 saved or associated economic gains (Kuhnhenn et al.,

2020). This is at the expense of arguably more important factors such as environmental

and social costs and acceptance (Kuhnhenn et al., 2020). This can be explained by the

model design, as supply side measures (such as technological change), are easier to

quantify than demand side measures, such as behaviour  and lifestyle changes (Larkin

et al., 2017). Kuhnhenn et al., (2020) argues that this should not be a reason to

disregard these messages, warning that a reliance on technological solutions is not

without risk (Beck, 2015 in Kuhnhenn et al., 2020) and cannot be viewed in isolation,

another key shortfall of the IAMs, which are generally unable to incorporate fully the

environmental and social costs (Shue, 2017) associated with a technological solution.

Finally, the discount rate used in IAMs is another reason for concern, further increasing

the reliance on technological solutions, which are deemed as becoming cheaper over

time (Kuhnhenn, 2018), at the expense of overshooting temperature targets in the

short-run and risking potentially detrimental climatic effects linked to phenomena such

as positive feedback and tipping points.

Carton (2020), adds to the debate by pointing out that IAMs should be acknowledged

as one possible approach to creating knowledge on climate change, which is political in

its nature. Continuing to rely on cost-optimisation models will most likely exacerbate
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inequality on a local and global scale (Carton, 2020). There should be an increased

emphasis on integrating approaches from the social sciences into climate change

scenario research in order to improve the understanding of the dynamics of climate

policy implementation, better taking into account actors and context (Hewitt et al.,

2020).

6.2 Uncertainties- PRIMAP data for global CO2 emissions

Both the data on global CO2 emissions and the Carbon Majors CO2 emissions are

prone to uncertainty. The PRIMAP global emissions database acknowledges the

difficulty of quantifying the aggregate uncertainty, as the combination of individual

datasets with different methodologies for calculating uncertainty complicates the

endeavour to produce consistent uncertainty estimates. Datasets vary in the way they

estimate emissions and define sectors, as well as in the assumptions they make for

missing data points (Gütschow et al., 2016).  The authors acknowledge that the creation

of the dataset involves decisions that represent further sources of uncertainty including

prioritisation of sources, downscaling and extrapolation, the latter being particularly

contentious as regional growth rates are used which assume that all countries within a

region share homogenous growth rates. However, the resulting uncertainties are

accepted in order to complete missing data points (Gütschow et al., 2016). Crucially

however, the dataset still manages to provide a more holistic reflection of the

historic global emissions of GHGs than could be achieved by using any dataset in

isolation (Gütschow et al., 2016). For a detailed discussion of the limitations of the

dataset and techniques employed to attempt to minimise uncertainties, please see the

description paper that accompanies the PRIMAP database.

6.3 FAO land use emission data



98

Compared to other sectors, the AFOLU sector is particularly prone to high uncertainty

regarding input data and estimation methodology, with uncertainty for emission

estimates from agriculture ranging from 10%-15% (IPCC, 2006 in) and those related to

forestry and other land use being even higher, though alternative modelling approaches

can somewhat improve this (see Friedlingsten et al., 2011). Overall uncertainty is the

product of uncertainty inherent to the activity data and in the emissions coefficients

used to arrive at emissions estimates (FAO Analytical Brief, 25).

6.4  Carbon Major dataset

Heede (2014a) himself acknowledges that the project, attributing emissions to carbon

producers themselves is unprecedented and involves far greater uncertainties than

attributing the consumption of fossil fuels to nations. A number of factors, including

poor reporting by the carbon producing entities themselves, missing data and potential

double counting, to name just a few, lead Heede (2014a), to assign an estimated

uncertainty of +/- 10%  for the cumulative sum of the carbon majors, though he

acknowledges that this is likely an underestimation in the case of some individual

entities, especially as production data becomes less complete the further back in time it

is traced. Data gaps are completed through interpolation. Heede identifies the greatest

source of uncertainty to emissions from state-owned oil and gas companies, as

self-reported emissions are often lacking here. Efforts have been made by Heede

(2014a) to avoid double counting by reviewing the available literature. A complete and

detailed discussion of all uncertainties of the data set are presented in Annex B

(Methodology) of the Carbon Major report (Heede, 2014b). However, in summary, one

can say that the main challenge with the projects is the inherent heterogeneity within

this group of entities regarding not only the quality and consistency of the reporting of

their own emissions, but also regarding variability in production processes and

subsequent differences in non-energy uses (Heede, 2014b),

6.5 Methodology limitations
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Besides the uncertainty inherent in the individual datasets, it should be noted that the

analysis conducted in this thesis also comes with limitations. However, as noted at the

beginning, the goal of this thesis is not to provide accurate quantitative amounts of

CDR for individual entities, but rather to draw awareness to the magnitude of these

amounts and the way these differ significantly between SSPs. Providing an accurate

quantitative amount of CDR is limited by the number of models used in this analysis

and subsequent small amount of input data, due to the number of models being limited

by the requirement of them being consistent with 1.5 pathways. Furthermore, by

combining multiple datasets with their own uncertainties, the cumulative uncertainty in

the final analysis is likely to be augmented.

6.6 Conclusion/ Future outlook

This thesis has highlighted the magnitude of the share of global cumulative CO2 over

the time period 1990-2018, that the Carbon Majors can be held accountable for, based

on Heede´s (2014a) research. Combined with the findings of greenwashing, denial and

miscommunication in the fossil fuel industry and the fact that by 1990, the science on

climate change was confirmed by the publication of the IPCC report, the case for

holding the Carbon Major´s responsible for their polluting activities is corroborated.

However, appointing responsibility does not automatically translate into action. As we

have seen in the discussion, some of the largest polluters amongst the Carbon Majors

have incredibly vague, non-committal and non-ambitious climate plans, nowhere near

sufficient to ensure global temperature rise does not exceed 1.5°C. The increase in

climate litigation cases, as described in section 2.3.3 Climate Change Litigation,

demonstrates that there is growing demand to hold fossil fuel companies accountable

for the environmental devastation they are causing. This suggests that stricter laws and

regulations are needed, treating the fossil fuel industry as one of the root causes of

climate change (van Asselt, 2021). This calls for a shift from demand-side focused

climate policy towards an emphasis on the supply side, which, up till now, has been

neglected in the literature (Lazarus and van Asselt, 2018). Stricter regulation regarding

production limits but also CDR quotas could create more clarity here, though, as ever,

the question of who would enforce and monitor these activities is hard to answer.
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If we are demanding the Carbon Majors and other corporations to take responsibility

and actively participate in the fight against climate change, then this inherent lack of

oversight regarding climate action in the sector is problematic. Accurate reporting of

reductions and removals in the sector is key, but so is a deeper understanding of the

governing role that corporations play in the CDR landscape (van Asselt, 2021). CDR

should not simply be attributed to companies based on a theoretical similarity with

processes and infrastructure requirements (e.g. in the case of BECCS), but other

avenues such as consumer preferences, corporate social responsibility, market

incentives and leadership opportunities should also be explored. Thus, instead of

pointing the finger and shaming companies, another approach could be to see them as

part of the solution and and their engagement with CDR as an opportunity, for them to

clean up their image and for society as a whole, by actively contributing to mitigating

the climate crisis. Adversity can be a catalyst for opportunity, which is something that

became visible to an extent during the covid19 pandemic, with companies like Amazon

and Zoom experiencing huge profits in their businesses (Shefrin, 2022 in Forbes).

Clearer and stronger communication on the benefits for companies investing and

engaging with CDR from a financially profitable perspective should be encouraged.

The pandemic showed us that when the world is faced with an acute global emergency,

expert minds can come together and find solutions at remarkable speed, as we saw with

the rapid development of not one but numerous vaccines against Covid19. Whilst we

should not pin all our hopes on solving the climate crisis with a myriad of technological

solutions, focusing only on the unlikelihood of these solutions succeeding could

actually increase the chance of this being the case - as investors and researchers will be

deterred and disheartened to engage with the topic. Public confidence, support and

knowledge about CDR needs to increase in order to mobilise funding and incentivise

research and engagement with it. The majority of businesses are profit oriented simply

by their nature and need for survival and therefore CDR needs to be presented as an

attractive investment in order for adoption to be encouraged. However, one should also

not be naive - one of the greatest dangers when assigning a large portion of

responsibility for CDR to the Carbon Majors is the risk that, exacerbated by an often

fuzzy distinction between reduction and removal targets, CDR will be seen (by some)

as an excuse to carry on with business as usual, that is, to keep polluting at current rates

or, in some cases, to utilise CDR in combination with even more damaging process
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such as enhanced oil recovery. Unfortunately, the track record in terms of deceit and

deception of many fossil fuel companies present in the Carbon Major database do not

make this an unlikely scenario to imagine and  recent revelations, touched upon in

section 5.1.1, of the carbon bombs belonging to numerous companies in the Carbon

Major database only exacerbate this.

Given that global emissions reached the highest level in history in 2021 (IEA, 2022),

dashing hopes of a greener path being taken as part of the recovery from the Covid19

pandemic, time to act is vanishing at an ever increased pace. This thesis has shone a

light on the track record of lies and deception inherent in the fossil fuel industry, the

magnitude of CO2 emissions they are responsible for and the overwhelming lack of

action taken so far to remedy any of the damage they have created . However, as these

companies are profit oriented businesses, supply will continue as long as demand

persists and, as they are entangled in the global economics system through a network of

shares and investments. Exemplified by the fact that even through paying into your

bank or pension fund, you can indirectly be supporting a fossil fuel company. The

increase in climate litigation cases globally is a hopeful indicator that people are

beginning to vocally disagree with the status quo. I hope that this thesis will encourage

others to do so too.
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