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Abstract

Global climate changes are one of the greatest global threats affecting society. All sectors,
from the largest ventures to the single individual, must aid in addressing and affecting these
changes, resulting in a more sustainable and green future for the generations to come.
Aviation currently stands for approximately 2.5% of global total anthropogenic CO:-
emissions, which is rapidly climbing towards 24% by 2050, not even mentioning NOx, CO,
other non-CO2 effects etc. The industry thereby also faces immense challenges to reach

sustainability goals as set out by organizations, unions, and nations throughout the world.

These considerable developments call for radical progresses in technology, innovation and
development in all aspects of the industry. This thesis focuses on perhaps the most substantial
means of developing the industry — replacing the means of propulsion. This thesis identifies
the major component being transitioning to Sustainable Aviation Fuel (SAF) as a replacement

to conventional kerosene Jet-Al.

This study will analyze how SAF can reduce aviation’s overall emission footprint. This task
will be undertaken using the PESTEL-analysis tool as a framework for uncovering barriers
and challenges. Through an extensive literature review together with multiple expert
interviews from various experts in the field, several conflicts from actors in the field has been
identified and solutions presented under the different subparts of the PESTEL-analysis.
Finally, an overview on the interaction between the different subparts will be discussed.

This study identifies, among others, the lack of international legislation, vast production cost

and supply of feedstock as major barriers needing a solution.

It is evident that international cooperation and further political and economic incentives are
necessary to drive an industry as complex and governed as aviation towards fulfilling the

sustainability ambitions set out.
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1 Introduction

Commercial Air Transport has become an integral part of global connectivity and increasing
global revenue, with more than 86,5 billion passengers having flown since the world's
inaugural passenger flight in 1918. Furthermore, aviation contributes to approximately 88
million jobs worldwide (ATAG, 2020).

The future for commercial aviation sees prospects of an estimated annual growth rate to the
year 2050 of 3.1% annually — a figure representing more than 10 billion passengers by 2050,
which implies travelling more than 22 trillion Passenger Revenue Kilometers through the
global skies (Inner City Fund, 2021).

A direct consequence of the above-increased globalisation and global wealth is aviation's
contribution to direct emissions, primarily from fuel consumption. Aviation has, in total,
generated an estimated 2,5% of global CO2 emissions related to fuel combustion in 2018
alone. This figure has now been estimated to grow more than three-fold between 2000 and
2050 unless direct measures to counteract this increase in emissions are taken (Dahal et al.,
2021).

In recent years, significant efforts from the aviation industry have been implemented in order
to fulfil the targets as set out by the Paris Agreement limiting global warming to well below
1,5, but at least 1,5 degrees Celsius as compared to pre-industrialisation levels (Gdssling &
Humpe, 2023; Nations, 2015). Some of the more notable actions taken recently include the
design of new conceptual aircraft designs, improving aerodynamic efficiency and the current
propulsion systems and revolutionising existing fuel types. To sustain these actions and many
more, the Global Carbon Offsetting and Reducing Scheme for International Aviation
(CORSIA) has been established to framework the requirements for CO2 emissions from the

civil aviation sector (Dahal et al., 2021).

One of these actions has been the development and slow but gradual implementation of
Sustainable Aviation Fuel (SAF). SAF has several significant advantages compared to various
other solutions like hydrogen-powered aircraft, electrical fuel cells/batteries etc., one of which
is the potential possibility of directly implementing SAF in airliners of today, hence reducing
the time-consuming task of developing, testing and approving an entirely new technology
(Gossling & Humpe, 2023). Also, SAF emits net-zero emissions due to its sustainable
production (Inner City Fund, 2021, pp. 56, 57).
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Current challenges with SAF, however, include the minimal availability of raw materials,
combined with unreasonable high production costs, which ranges from 15-500% higher than
conventional jet fuel, resulting in less incentive from the airliners to implement and enhance
its usage, especially in such a minimum-cost driven industry as aviation (Gossling & Humpe,
2023).

The industry, however, has recognised these issues, and extreme measures are currently being
taken to overcome the challenges, thereby making SAF much more available than at present.
It is, therefore, the firm belief of the authors of this thesis that SAF will be a significant part —
if not the most outstanding contributor — in transitioning the aviation industry from a
conventional high-emission industry to a highly sustainable one, thereby aiding in underlining

the relevance and necessity of its existence in the future to come.

Several approaches to studying aviation sustainability (and all that is encompassed hereunder)
have been identified. The Chi-Squared statistical method was used by Amicarelli, Lagioia,
Patruno, Grosu, and Bux (2021) in their study on airlines' commitment to green practices,
where they analysed whether the commitment depends on their profile (low cost or not, flag
carriers or not, years of service, geographical origin) or not. In an attempt to produce a
decision-making tool for an airline to use when buying into SAF, Markatos and Pantelakis
(2022) applied the methodology of Life Cycle Analysis (LCA) and Life Cycle Costing
(LCC). While some have used the qualitative research design to collect data on a case study
regarding sustainability in Dubai Airport (Al Sarrah, Ajmal, & Mertzanis, 2021), others take
advantage of the SWOT-analysis method (Strengths, Weaknesses, Opportunities and Threats)

when conducting studies on sustainability across sectors.

In this thesis, the authors aim to analyse how using a PESTEL analysis can aid in
implementing SAF in the aviation industry. This thesis is based on a belief that once SAF has
been made more available to the industry, the greatest challenge for the individual airlines
will be the implementation process and how to make that process as smooth, convenient, and

effective as possible from production to actual burn.

This thesis aims at aiding airlines in that matter in the years to come, thereby contributing

with our minor part in aviation’s path towards a fully sustainable industry.
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1.1 Background and Justification of the Study

As illustrated above, the aviation industry, and transportation in general, is in dynamic
growth, with transportation accounting for about 8,23 Gigatons of CO2 in 2018, with more
than 95% originating from fossil fuels. Generally, aviation accounts for approximately 12%
of the total Transport Sector emissions but only constitutes approximately 2,8% of the world's

total anthropogenic CO2emissions (Kroyan, Wojcieszyk, Kaario, & Larmi, 2022).

With the aviation sector being a vital global organ in connecting people and cargo worldwide,
it is evident that a further recognition of the need for sustainable practices must be fostered to
mitigate environmental degradation. Through redesigns of engines and aerodynamic
properties in aeroplane design, the industry has seen an improvement in the energy efficiency
of 40% for engine efficiency and a 15% improvement in aerodynamic efficiency between
1959-2000 (J. Lee & Mo, 2011). While the above improvements in energy efficiency may
have positive economic benefits, the primary purpose is emission reduction, not cost. Possible
sustainable improvements include Electric Propulsion, Hydrogen Propulsion (requiring new
aeroplane designs) and Sustainable Aviation Fuels (SAF). While electric aviation and
hydrogen propulsion require a significant redesign of the airframe and new infrastructure
development, SAF demonstrates great potential in reducing the aviation sector's impact on the
environment without the need for rethinking aeroplane design and colossal infrastructure
development since the existing infrastructure for jet fuels fits well into the scope of SAF.
However, the major challenge for SAF lies in its production. Where conventional jet fuel uses
crude oil as a feedstock for the production of kerosene, SAF can be derived from a variety of
feedstocks such as woody biomass, vegetable oils and animal fats, agricultural residues and
also a combination of water and captured carbon — all depending on the pathway in use
(Bauen et al., 2020). However, the high cost of production and scarcity of raw materials limit
SAF's large-scale production. These factors require significant regulatory and political
incentives to make SAF comparable to jet fuels in terms of cost. This study, therefore, aims to
provide a comprehensive overview of SAF, including the benefits, challenges, and potential

for its adoption in the aviation industry, by analysing it against the PESTEL framework.

1.2 Problem Statement

The aviation industry plays a significant role in global carbon emissions, and finding

sustainable alternatives to traditional jet fuels is crucial for reducing its environmental impact.
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Sustainable Aviation Fuel (SAF) offers a promising solution by providing a lower-carbon
alternative to reduce aviation's emissions footprint significantly. However, the widespread
adoption of SAF faces inherent challenges related to political, economic, sociocultural,

technological, environmental, and legal (PESTEL) factors. Understanding and addressing

these factors is essential to drive the successful implementation of SAF in the industry.

While the aviation industry recognises the importance of transitioning to sustainable fuel
sources, organisations face diverse internal and external influences that impact their decisions
and actions regarding SAF adoption. Political factors, such as government policies and
regulations, can either facilitate or hinder the adoption of SAF. Economic considerations,
such as the availability, cost, and scalability of SAF, as well as market dynamics, play a
pivotal role in the feasibility and attractiveness of its implementation. Sociocultural factors,
including public perception, consumer demand for sustainable aviation, and stakeholder
expectations, shape organisations' attitudes and actions towards SAF adoption. Furthermore,
technological advancements, including research and development efforts, infrastructure
requirements, and technical feasibility, determine the viability of SAF as a viable alternative
to conventional jet fuels. Environmental factors encompass the ecological impact of SAF
production, its life cycle emissions, and the potential environmental benefits derived from its
adoption. Legal aspects, such as regulatory frameworks, certifications, and compliance

requirements, add complexity and influence organisations' ability to embrace SAF.

To provide valuable insights into the barriers, challenges and benefits associated with the
implementation of SAF, this study will comprehensively analyse each of the above factors
and their interplay. It is hoped that industry stakeholders, policymakers, and decision-makers
will be able to compose effective strategies to promote and act upon the implementation of

SAF and thereby foster greener aviation.

1.3 Objectives

The primary objective of this study is to make a scholarly contribution to the current body of
knowledge regarding SAF production and implementation in the aviation industry, with a
particular emphasis on identifying opportunities for reducing emissions associated with

aviation. Utilising PESTEL analysis, this study aims to evaluate the challenges and
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opportunities associated with SAF's production, distribution, usage, and environmental impact

within the aviation sector.

Notably, the study seeks to achieve the following sub-objectives by answering the following

questions:

1. To what extent is it possible to scale the production of sustainable aviation fuel (SAF)
to balance the price gap between conventional jet fuel and SAF, and how can this be
achieved?

2. Which SAF production technology is more feasible, Power to Liquids (PtL) or HEFA
production, and why?

3. What political and legal incentives are provided by regulatory bodies and political
entities to make SAF production and usage more attractive and enable operators to
operate at a low economic margin?

4. How does the environmental performance of SAF throughout its life cycle compare to

traditional jet fuels, and what factors contribute to any differences?

1.4 Scope of the Study

Exploring the implementation of Sustainable Aviation Fuel (SAF) is paramount for the
aviation industry to endure in a more sustainable future. It is, however, a very complex and
broad subject matter, and therefore, the main task underlying this study will include the

following:

e Present an in-depth analysis of various factors influencing the aviation industry in
implementing SAF.

e Conduct a comprehensive literature review to gather existing knowledge on the
implementation of SAF.

e Conduct a case study and interview key industry players on the feasibility and
challenges of SAF adoption.

¢ Investigate the challenges and opportunities influencing the adoption of SAF from a
PESTEL (Political et al.) perspective.

The overall objective of this thesis is to present an in-depth analysis of various factors

influencing the aviation industry in the implementation of SAF. In more detail, the research
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objectives are to investigate the challenges and opportunities influencing the adoption of SAF
from a PESTEL (Political, Economic, Sociocultural, Technological, Environmental and
Legal) perspective. Further, the thesis conducts a comprehensive literature review to gather

existing knowledge on the implementation of SAF.

1.5 Layout and Presentation of the Thesis
The following is an overview of the structure and organisation of the thesis, including the

main chapters and their content:

« Introduction to the aviation industry as of today. Justification is also )
presented containing a brief description of SAF.

 The problem statement, objectives and scope of the study is outlined in this
chapter. )

+ Chapter two consists of a literature review presenting works done on SAF )
with various perspectives illustrated.

 The framework of PESTEL is described as well as sustainability criteria

M being touched upon. )
» Method is presented in this chapter and outlines the qualitative research )
technique.
« Literature review and interview as a format is clarified including applicable
limitations. )
* Interview results are presented in chapter 4. A
« Discussion between literature review and interviews in relation to the
CERERE  PESTEL-analysis. )
~\
+ Conclusion, limitations and further studies is contained in this section.
J

Figure 1: Layout of thesis
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2 Literature review

2.1 Introduction to Sustainable Aviation Fuel

If the global society is to comply with the Paris Agreement and close the gap of 1.5 degrees
Celsius, a considerable amount of work lies ahead. The aviation industry has already come far
—since the early jet age in the 1950s, there has been an 85% improvement in technological
efficiency. Since the 1990s, there has been a 55% improvement in operational and
technological efficiency (ATAG, 2020). However, there is still a long way to go, and much
time, effort and money must be invested in research and development. As mentioned in the
introduction, part of this research and development currently being undertaken is the
possibilities of hydrogen-powered aircraft, electric aircraft and aircraft powered by fuel cells
(Farokhi, 2014).

Challenges with the beforementioned technologies are, among others, the fact that they need
entirely new designs with lengthy certification processes (not to mention new infrastructure).
These designs will probably be limited to short- and medium-haul sectors, which currently
stand for about 27% of the CO2 emissions, with the remaining 73% from medium- to long-
haul sectors (Blanshard, 2021; Farokhi, 2014). This, combined with the slow fleet renewal
cycles (commercial planes are typically in service for 25 years or more), is a solid argument
for the implementation of drop-in SAF (Wollf & Riefer, 2020). Due to SAF's quality as a
drop-in fuel, it is a viable and practical solution today, while electricity, hydrogen etc., have a
much longer timespan for operational use. For this reason, the following thesis will be
founded on Sustainable Aviation Fuel as the cornerstone of aviation sustainability if the

aviation industry is to fulfil its obligations under the Paris Agreement.

The following subchapters will deal with SAF in more detail, among others touching upon the
production of SAF, environmental benefits of SAF and barriers/challenges associated with the
implementation of SAF. It is worth noting that the authors will not go deeply into detail with

biochemical dimensions and properties as this would be well beyond the scope of this thesis.

2.2 Definition and characteristics/properties of SAF

In search of a "drop-in" alternative to conventional jet fuel derived from kerosene and crude
oil, scientists started to investigate biofuel or alternative fuel at the beginning of the jet age.
This was a concern about supply back then, whereas today's rationale is the environment

(Cabrera & de Sousa, 2022). Biofuels and alternative fuels are well-known designations for
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fuels that do not depend on kerosene and crude oil. While SAF also relies on biological or
non-biological feedstock, an extra layer is added compared to biofuel. This extra layer refers
to the sustainability aspect, where ICAO (under CORSIA) has identified 19 sustainability
criteria that need to be met when dealing with SAF.! (ICAOQ, 2022b). These criteria are
established to satisfy the sustainability requirements set up by political entities such as the
UN.

Not only the sustainability mentioned above requires a set of tones for the adoption of SAF.
So, and possibly to an even greater degree regarding safety and compatibility, does the
chemical composition of SAF. For SAF to become an integral part of aviation propulsion, it is
paramount to the aviation industry that SAF can fulfil the requirements and possibly add to
the value chain as conventional jet fuel is phased out. Holladay, Abdullah, and Heyne (2020)

argue that jet fuel has three main requirements: Performance, Operability, and Drop-in.

Performance, in this sense, refers to how the fuel adds value during a flight. Performance
properties that the fuel value depends on are specific energy, energy density, emissions, and
thermal stability. These can potentially add economic incentives to the end-user — the airlines
(Holladay et al., 2020).

The operability perspective ensures that, under testing certification, the fuel in question has a
composition that ensures usability under the most severe conditions, such as cold-soaked

altitude relight associated with low temperature and low pressure (Holladay et al., 2020).

Lastly, the drop-in refers to substituting conventional jet fuel with SAF without changing the
fuel and aircraft infrastructure. With a fully drop-in compatible SAF, one could exchange
conventional jet fuel in the storage tanks and fuel lines with SAF and refuel aeroplanes with
that same SAF without changing anything between the tank and wake (Holladay et al., 2020).
This is a highly desirable trade as the industry will not have to invest in new infrastructure

and aeroplane designs and engines.

Regarding the above, it is pretty clear that the industry is searching for a fuel that has
comparable properties to conventional jet fuel with a renewable feedstock. Without going into

detail about the chemical composition of carbon atoms, it is worth mentioning the amount of

1 See Appendix 1 for the 19 sustainability criteria under CORSIA.
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aromatic content as this is one of the limiting factors for the 50% blending limit, and the
literature seems to disagree a fair bit on this matter. Aromatics are a hydrocarbon type
naturally found in kerosene-derived jet fuel, and approval specifications demand an aromatic
content between 8 and 25%. It is argued that this minimum aromatic content in conventional
jet fuel is essential to safe operation, as the aromatics have a sealing effect on O-rings,
preventing fuel leaks. On the other hand, too high an aromatic content could lead to erosion
on turbine blades and, consequently, engine failure due to the amount of soot produced after
ineffective combustion (Doliente et al., 2020; Zhang, Butler, & Yang, 2020). With that said,
Holladay et al. (2020) argue that only O-rings and seals previously exposed to aromatics need
aromatics to ensure proper swelling. O-rings and seals that have not been exposed to
aromatics do not require its content, which is supported by the successful flight of a Boeing
777 with 100% HEFA SAF in one of its engines. From an environmental point of view,
reducing the aromatic content is highly sought after as it has been established that aromatic
content is the most significant contributor to soot production and particulate matter emissions,
which both have a detrimental effect on the environment via bad air quality, forming of
contrails and environmental pressure (Holladay et al., 2020). It follows naturally that aromatic
content is of utmost importance to consider, especially with respect to the drop-in requirement

discussed previously and non-CO2 emissions.

2.3 Feedstocks and production methods for SAF

As mentioned above, SAF must have the same technical properties as conventional jet fuel,
although there is an obvious requirement for SAF to have a lower carbon footprint over its
life cycle compared to that conventional jet fuel. There are different pathways to obtaining the

requirements set out for SAF, both with respect to feedstocks and production methods.

The literature typically divides feedstocks into 1%t, 2"d, 3", and 4™ generation feedstock. 1%
generation feedstock is made from food crops such as palm oil, rapeseed oil, soybean, sugar
cane etc. 2" generation feedstock is made from non-edible raw materials such as grass crops,
wood crops, agricultural residues and food/municipal waste (Doliente et al., 2020). Common
for both 1%t and 2" generation feedstock is the fact that the feedstock is not considered fully
sustainable in the sense that it has the potential to induce pressure on water, food and land
resources jeopardising food supply if energy crops become more profitable than food crops
(Dodd & Yengin, 2021; Doliente et al., 2020).
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3 and 4"-generation feedstocks are made from microalgae and non-biological feedstocks
(CO2, renewable electricity, and water), respectively, and thereby offer lower environmental
and social costs than the 15t and 2" generation. However, the technology is not ready to
support commercial use (as pr. 2021) (Dodd & Yengin, 2021). The microalgae option is of
high interest as it has no food value and no land use as such. Microalgae also has a high
annual growth rate as well as high carbon fixation capability. It is a feedstock readily
convertible with an HEFA-production pathway. Barriers to microalgae will be presented in a
later chapter. Non-biological feedstock (water, CO2, renewable electricity) has the potential to
be the most environmentally friendly option of all. It can be utilised via the Power-to-Liquid
pathway that uses renewable electricity to produce green hydrogen via the electrolysis of
water combined with captured CO2 (Doliente et al., 2020).

There are quite a few different production methods when it comes to SAF, among others
Alcohol-to-Jet (AtJ), Hydroprocessed Fermented Sugars (HFS), Fischer-Tropsch (FT),
Hydroprocessed Esters and Fatty Acids (HEFA) and Power-to-Liquid with FT (Bauen,
Bitossi, German, Harris, & Leow, 2020). Some of these, including HEFA, FT and PtL FT,
have already been certified for production and use under ASTM, each with a different
blending limit (Bauen et al., 2020; Chiaramonti, 2019). This section will focus on HEFA and
Power-to-Liquid with FT.

The HEFA pathway uses feedstocks such as animal fat, vegetable oils and 3 generation
micro-algal oil. Thereby being a relatively flexible production method as refineries can use
different types of feedstocks. In simple terms, the HEFA production method consists of four
steps; extraction and refinement, deoxygenation and hydrogenation, cracking and
isomerisation, and distillation (Doliente et al., 2020). It is a mature pathway with a
Technology Readiness Level of 8 (commercial) that is well-tested and certified under ASTM,
and it has already been utilised in commercial aviation with a blending limit of 50%. The
HEFA pathway has the highest energy conversion efficiency of all pathways, of 76% (Bauen
etal., 2020).

The Power-to-Liquid with FT pathway requires three feedstocks: water, (renewable)
electricity and CO2. Water is used to produce hydrogen via electrolysis. There are different
varieties of electrolysers (for example, Solid Oxide Electrolysers and alkaline), each
representing a different cost and effectivity. Renewable electricity from solar or wind power

may be used for electrolysis to ensure green hydrogen (Bauen et al., 2020). There are different
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technologies currently being scrutinised with respect to the capturing and utilisation of
carbon. Mainly there are two ways this can be done; either by Carbon Capture and
Sequestration via Direct Air Capture from the atmosphere or by point-source capturing of
carbon, which will have a higher concentration of carbon than Direct Air Capture from the
atmosphere (Inner City Fund, 2021). The captured carbon and green hydrogen can then be
processed and converted using FT. Power-to-Liquid FT is currently at the demonstration level
of the Technology Readiness Scale (TRL 5-6) and is not as mature as the HEFA pathway.
However, it has been certified under ASTM as long as the FT synthesis is based on iron or
cobalt catalysts with a blending limit of 50% (Bauen et al., 2020).

2.4 Environmental benefits of SAF

The adoption of SAF in aviation presents a vast array of benefits, both economically, socially,
and environmentally, and it offers increased potential for energy security (Inner City Fund,
2021). This section will focus on the environmental benefits, which are typically illustrated

via a Life Cycle Analysis of SAF compared to that of conventional jet fuel.

Life Cycle Analysis (LCA) is a holistic approach that seeks to explain and account for all
direct and indirect emissions from well-to-wake. In other words, an LCA analysis takes into
account all steps from extraction (fossil) or harvest (bio), transport, production, refining,
distribution, storage and combustion (Wei et al., 2019). One can then argue that an LCA
analysis gives a complete picture of the environmental influence caused by aviation,
depending on the type of fuel (Farokhi, 2020; Wei et al., 2019).

Life Cycle Analysis can be used to compare different kinds of SAF to conventional jet fuel,
and this has been done in several instances. Although there are different approaches when
conducting an LCA analysis (consequential and attributional approach), they are both used to
measure a fuel's environmental impact over its life cycle and then compared to that of
conventional jet fuel. The unit of measurement is grams of carbon equivalent emitted pr. unit
of energy. The baseline is defined by ICAO as 89 gCO2¢e/MJ (Inner City Fund, 2021).

Figure 2 presents an overview of the carbon reduction potential for selected feedstock

pathways for SAF production compared to fossil fuels.
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Baseline carbon reduction compared to fossil fuels for selected feedstock-pathways

Waste & Residue Lipids - HEFA ] 79%
Oil crops & trees - HEFA ] 53%

Cellulosic cover crops - AtJ | 51%

Agricultural residues - AtJ | 67%

Woody biomass - Gas/FT ] 91%
MSW - Gas/FT ] 56%

Waste gases - AtJ | 30%

Green Hydrogen - Gas/FT ] 90%

Figure 2: Carbon reduction potential for selected feedstock pathways for SAF production
compared to fossil fuels. (ICAO, 2022a; Inner City Fund, 2021, p. 57)

As can be seen from the figure above, the HEFA pathway using oil crops (fx. algae) can

potentially reduce carbon emissions by as much as 53%. This number does vary because of
different feedstocks being considered — not only algae. The Power-to-Liquid pathway using
green hydrogen can potentially decrease carbon emissions by as much as 90%. This has the
potential to be further increased with the use of Carbon Capture and Sequestration, which is

further supported below.

Another study conducted by Wollf and Riefer (2020, p. 18) is summarised in Figure 3.

HEFA Alcohol-to-jet Gasification/FT Power-to-liquid

Opportunity Safe, proven, and scalable Potential in the mid-term, however Proof of concept 2025+, primarily where

descri pti on technology = significant techno-economical uncertainty = cheap high-volume electricity is available

Technology Mature Commercial pilot In development

maturity

Feedstock Waste and residue lipids, Agricultural and forestry residues, CO, and green electricity
purposely grown oil energy plants* municipal solid waste", purposely Unlimited potential via direct air
Transportable and with existing grown cellulosic energy crops” capture
supply chains High availability of cheap Point source capture as bridging
Potential to cover 5%-10% of total feedstock, but fragmented technology
jet fuel demand collection

% LCA GHG

pecteton 73%-84%" 85%-94%" 99%

vs. fossil jet

Figure 3: Opportunities and challenges of various SAF production techniques. (Wollf &
Riefer, 2020, p. 18)

The 99% reduction in greenhouse gasses for Power-to-Liquid compared to conventional fossil

fuel is driven by Direct Air Capture and hydrogen produced only with green electricity (Wollf

& Riefer, 2020). The environmental benefits are pretty straightforward when looking at the
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Life Cycle Analysis of conventional jet fuel vs both HEFA SAF and Power-to-Liquid, which
is why this thesis mainly focuses on these two techniques in relation to the technological

pathway of the PESTEL analysis.

It is important to note a premise for these numbers. These SAFs are all considered drop-in
fuels, and, for simplicity, they are assumed to have an equal CO2 emissions factor as
conventional jet fuel as they are chemically composed like conventional jet fuel (Blakey, Rye,
& Wilson, 2011). With the premise at hand that SAF’s are assumed to emit equally as much
CO:z2 as conventional jet fuel, one can ask oneself where the CO2 savings come from. Blakey
et al. (2011) and Shahriar and Khanal (2022) argue that the emitted CO2 during combustion
will be absorbed by the biomass (or captured in the case of PtL SAF) and thereby creating a

net-zero solution reducing the LCA significantly.

Despite the reduction in CO2 obtained by introducing SAF, there may also be other
environmental benefits seen in a potential reduction in non-CO: effects. It is estimated that
non-CO:2 effects account for more than half of the climate effects and encompass, among
others, NOx, SOz2, soot, water vapour and particulate matter (D. Lee et al., 2020) and Avinor
(2020) even argues that Aviation Induced Cloudiness (AIC) alone accounts for more than
CO2. Grimme (2022) argue that the chemical composition of SAF can be manipulated to have
a small aromatic content and to be free of sulphur particles. This, in turn, can reduce AIC and
increase local air quality. Whether the aromatic content can be manipulated as of now will be
discussed in a later chapter, as the technology currently in place may not be ready for

aromatic-free jet fuel.

2.5 Other benefits of implementing SAF
Aside from the environmental benefits that SAF presents, there are other benefits associated

with SAF, such as increased air quality, renewability of energy sources and social factors.

Although there are ongoing discussions about how SAF can contribute to increased air quality
around airports when compared to conventional jet fuels, the literature does argue that some
SAFs will emit less NOx and SOx particles than conventional jet fuel which, in turn, will

increase air quality (Farokhi & Wiley, 2020). To support this, Copenhagen Airport has,
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together with DLR under the project ALIGHT?, conducted an experiment with a SAS A320
aircraft flying with 35% SAF 3-4 times a week over a period of 3 weeks to document the

benefits that SAF can provide in this relation to air quality around airports (Airport, 2021).

Another benefit of the introduction of SAF is the potential increase in supply stability through
the diversification of feedstock sources. This could lead to more stable prices since it is not
relying on unstable oil prices and geopolitical instabilities (Yilmaz, 2022). Supply stability
will be discussed later, as this point of view may have some adverse effects from a

sustainability perspective.

Inner City Fund (2021), in collaboration with Air Transport Action Group (ATAG), argues
that the industry will require 5.000-7.000 refineries to sustain the demand for SAF. With that
many refineries, they will have to be scattered around the world to be closer to the feedstocks,
which in turn will create jobs and increase the energy security and resilience of states all
around. In the European Nordic region alone, it is estimated that the production of jet fuel will
create between 7 and 11.2 annual full-time employees pr. Million-litre-litre fuel produced (for
the production pathways HEFA, FT and AtJ). This equates to between 14.000 and 22.500
additional full-time equivalents in the region, based on a blending level of 37.5% in 2050 of
the fuel demand expected in 2050 (Wormslev, 2016). Since the refineries will be scattered
around the globe, there is great potential in establishing production plants in rural areas of
developing countries. Bole-Rentel, Fischer, Tramberend, and van Velthuizen (2019) identify a
potential of 10 to 20 million jobs created in the farming sector of biofuel feedstock in the sub-
Saharan region alone. It goes without saying that this would have a significant impact on the

economic and social situation of this region.

2.6 Adoption and Use of SAF in the Aviation Industry

There are legal measures and commitments in place in the aviation industry to cut carbon
emissions, such as CORSIA (offsetting scheme ensuring net-zero growth), the Paris
Agreement and IATA, which has committed to cut emissions with 50% of the 2005 levels by
2050 (Wollf & Riefer, 2020), but how far has the industry come when talking about the actual
use of SAF?

2 ALIGHT is an EU project consisting of various airports, airlines and organisations working on designing and
showcasing a future sustainable airport (ALIGHT, 2023).
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As of today, both HEFA SAF and Power-to-Liquid FT SAF are certified for use with a
maximum of 50% blending (Denmark, 2022; Wollf & Riefer, 2020). Today’s engines need
certain aromatics, and these are not currently added to Power-to-Liquid FT SAF, at least not
at a large scale. However, it would be possible to increase use of Power-to-Liquid FT SAF up
to 100% if the industry could add these aromatics to the SAF or by introducing new engines
that do not require aromatics for its functioning (Denmark, 2022). SAF was certified in 2011,
and by 2020, more than 270.000 flights had taken off with SAF blended to the fuel (ATAG,
2020). This sounds like a large number, however as of today, this only accounts for about
0.05-0.1% of the total consumption and so the need for upscaling of production and

certification/legal measures is evident (Bauen et al., 2020; Dodd & Yengin, 2021).

The infrastructure of fuel systems at airports is typically such that the fuel is distributed from
storage tanks to the airport via underground fuel lines. The fuel supplier typically has the
responsibility for the storage tanks and for the blending of SAF into the storage tanks
containing conventional jet fuel. This means that the airport doesn't have a system for
conventional fuel and a separate system for SAF (Denmark, 2022). When airports then
mandate a certain level of blending, it means that all operating aircraft to those airports will
get the same amount of SAF. Oslo Gardermoen is an example of an airport that mandates
SAF blending. Currently, they blend 0.5% SAF into conventional jet fuel with consideration
to increasing the blending mandate to 30% by 2030 (Wollf & Riefer, 2020).

Further, more tangible examples of the adoption of SAF are included in the next section.

2.7 Case studies of airlines and airports using SAF

There are a lot of facets when looking at the implementation of SAF, some of which will be
covered in Chapter 4. The thesis will not go into detail when it comes to energy, airports and
their use of SAF, the technicalities of propulsion and such. It will, however, in this
subchapter, present where airports and airlines are at the time of writing in relation to the

implementation of SAF.

Since SAF was approved for use in commercial aviation in 2009, more than 450.000 flights
have been (partially) powered by SAF (IATA), and one of the main stakeholders in the
realisation of this number are the airports offering airlines to refuel their aeroplanes with SAF,
some even mandate SAF as a blend. Brisbane International Airport, Seattle-Tacoma

International Airport and Oslo Airport Gardermoen are all part of an array of airports offering
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the possibility of refuelling with SAF (Baxter, 2020). Oslo Airport Gardermoen was the first
international hub in the world to offer SAF to all airlines refuelling there when the airport
integrated the distribution of SAF into their standard fueling facilities in 2016 (Avinor, 2017).
From 2020 the Norwegian Government mandated that all flights operating in and out of
Norway were to refuel with a blend of 0.5% SAF and conventional Jet Fuel, and further set up
a goal that by 2030, that number was to be increased to 30%, equating around 6 million litres
of SAF pr. annum (Baxter, 2020).

Since November 2014, when SAS and Norwegian flew on a blend of conventional jet fuel

and SAF for the first time out of Oslo Airport Gardermoen (Baxter, 2020), a lot has happened.
During Fiscal Year 2021, SAS consumed 1,060 tonnes SAF which corresponds to
approximately 0.3% of total fuel consumption (SAS, 2022), whereas during Fiscal Year 2022,
SAS used 3,083 tonnes SAF, corresponding to approximately 0.96% of their total fuel
consumption (SAS, 2023b). According to the reports, these figures are primarily a result of
the Norwegian blending mandate and the Swedish and French reduction mandate. Similarly,
Norwegian consumed 1,597 tonnes of SAF during Fiscal Year 2022, corresponding to 0.4%
of total jet fuel, and 517 tonnes of SAF in 2021, corresponding to 0.3% of total jet fuel in
2021 (Norwegian, 2023). Again, these figures are a result of the Norwegian blending mandate
and the Swedish and French reduction mandate. An essential factor to consider is the fact that
the aviation sector struggled greatly during 2021 because of the COVID-19 pandemic, which
can have had an effect on the airlines’ abilities to attract consumers paying for SAF. Put into
perspective, the amount of jet fuel used globally accounts for approximately 0.05% of total jet

fuel consumption in 2019 (Eurocontrol, 2021).

As of today, the blending of SAF with conventional jet fuel is limited to 50%, but test flights
with 100% SAF (either with both engines running on SAF or one engine with SAF and one
engine with conventional jet fuel) have either been planned or executed. Of planned activity,
Virgin is planning to fly the first-ever commercial flight from London to New York using one
of their Boeing 787 Dreamliners. This is a joint venture between Virgin, Rolls Royce, Boeing
and other industry academics, and it is a work in progre