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The UK’s aviation sector currently accounts for about 8% of the country’s total greenhouse
gas emissions. In order to meet the country’s ambitious Net-Zero goals, significant change
in the industry will be necessary over the coming decade. While a variety of technologies
have been proposed with this goal in mind, due to the slow-moving nature of the industry,
the most feasible of these is the increased use of sustainable aviation fuel (SAF) that
requires little to no change to existing aircraft systems, procedures, as well as ground
facilities. This fact is further supported by the passing of the UK’s 2030 SAF mandate. SAF
is a biofuel produced from 100% renewable waste or residue materials, called feedstock.
Therefore, due to the many options available as potential sources for SAF, it is important to
look at the feasibility, both economic and environmental, of these various sources and their
various blends. This paper analyses a number of these potential SAF sources by exploring
the current state of the SAF industry as well as the current availability of feedstock. Next, a
detailed analysis into the environmental and economic aspects of each fuel blend is done.
These findings are fed into a novel weighting algorithm that is designed to assess a number
of factors, including various technical characteristics and feasibility studies, as well as
produce a detailed outlook of the future potential of each fuel blend. This work would
support the industry in making decisions related to their SAF fuel blend options.
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INTRODUCTION

The UK government’s Sustainable Aviation Fuel (SAF) mandate is set to be implemented in 2025, it
will determine that at least 10% of the jet fuel used in the UK be made from sustainable feedstocks by
2030. The SAF program has three main goals: to create a secure and growing UK SAF demand, build
up a domestic SAF industry, and work with industry and investors to build a long-term supply [1]. In
comparison to the EU’s SAF targets for 2030 the UK’s 10% goal is more ambitious than the EU’s 2%
by 2025 and 70% by 2050 goals, however the EU’s involvement of multiple countries would naturally
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mean that the targets need to be lower to be obtainable across
multiple countries and governments [2].

SAF is a biofuel which is produced from up to 100% renewable
waste and residue raw materials, a variety of different feedstocks
can be used including: used cooking oil, recycled carbon fuels
(RCF), agricultural and forestry residues, waste fat and grease,
corn grain and oil seeds. All SAF is made from low carbon
feedstocks and is required to lessen lifecycle emissions by at least
70% compared to fossil jet fuels whilst not displacing or
competing with food crops. These biofuels can be easily
blended with fossil jet fuel and used in existing aircraft,
engines and infrastructure with the added benefit of improving
aircraft performance as SAF contains fewer aromatic compounds
and burns cleaner in jet engines [3]. Further studies into the
affects of SAF on aircraft performance show increased thrust and
range in aircraft using SAF over normal fossil jet fuels alongside
just the environmental benefits [4].

The aim of this project is to investigate the different feedstocks
used for SAF from both environmental and economic
perspectives to determine which would be most effective at
making the UK 10% 2030 SAF mandate feasible. This will
involve a literature review covering the current state of the
SAF industry and available feedstocks, an environmental
analysis looking at the difference in energy density, emissions
and conversion methods, an economic analysis into the levelized
cost of energy (LCOE) for different fuel blends and the costs
associated with building a long-term supply. A mathematical
algorithm will then be designed to find which feedstock meets the
given criteria the best, followed by an in-depth evaluation to
analyze the data further. The algorithm will involve identifying
key factors during the analysis which will be ranked in order of
importance, the feedstocks will then be given a weighting for each
factor with the lowest being the best. The final result will be found
by putting the results for each factor together, the feedstock with
the lowest overall result will be the most feasible according to
this algorithm.

LITERATURE REVIEW

Legislation and Schemes
The International Civil Aviation Organization (ICAO) adopted
a new scheme in 2016 known as the Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA) which
aims to stabilize the net CO2 emissions of international air
traffic at levels from 2020 and will be a major long-term driver
for international SAF demand [5]. Just by using SAF over
standard fossil fuels a reduction of CO2 emissions of up to
80% is possible based on lifecycle emissions. This is possible
despite SAF still producing emissions as the carbon they use is
already a part of the carbon cycle and is not being directly taken
from the ground and burned. For SAF the production process
effectively reabsorbs the emissions produced during flight [6].
Investments and interest in SAF technology is growing steadily.
The first biofuel test flight took place in 2008 and since then over
689,500 commercial flights have been completed using SAF
worldwide since 2011 [7].

A variety of grants and incentives are likely to be implemented
in order to decrease the minimum selling price, lowering risk for
investors and encouraging further investment despite SAF costs
being likely to remain above that of conventional jet fuel in the
coming years [8]. For example, the UK Emission Trading Scheme
(ETS) which aims to lower the cost difference between SAF and
conventional jet fuel, allowing aircraft operators to claim a
reduction in UK ETS obligations on ETS routes
when reported [9].

From an environmental perspective, the UK mandate will
require that SAF have overall lifecycle emission savings of at least
50%–70% when fully replacing fossil derived kerosene [10]. This
lines up with the CORSIA scheme which requires all fuels to
generate lower carbon emissions on a lifecycle basis than
conventional fossil jet fuel and should not be made from
biomass obtained from high carbon stock [11]. Other
legislative bodies such as the Renewable Transport Fuel
Obligation (RTFO) and the UK government state that
alternative fuel blends must be able to be have a total
renewable content of at least 25% by volume in the final blend
and meet the necessary British standards (BS EN 228 or BS EN
590) [12]. Alongside this, SAF is currently limited internationally
to being used as a drop-in fuel where it makes up no more than
50% per liter of fuel used in the aircraft [5].

UK SAF Goals
The UK’s SAF mandate “Jet Zero” is set to be implemented in
2025, it will require at least 10% of jet fuel used in the UK to be
made from sustainable feedstocks by 2030. The three major goals
for the future of SAF in the UK are: to create a secure and growing
demand, build up a domestic industry and work with investors to
build a stable long-term supply [1]. This is supported further by
the UK’s 2050 Net Zero goals as the transportation industry as a
whole takes up over a quarter of UK emissions making it the
largest emitting sector. When included, 10% of these emissions
came from international aviation alone as of 2021 [13].

Current UK SAF Usage and Industry
SAF is currently produced and used within the UK, however, the
production capacity is currently limited due to high costs and
limited access to feedstock and infrastructure [8]. Since six
conversion processes were certified for safe production of SAF
in December 2018, over 150,000 commercial flights have been
completed with the resulting fuels, despite this only 26 million
liters of SAF were supplied in the UK in 2022 [14]. If the UK goals
of creating a secure and growing demand and industry within the
UK succeed, there is potential for it to support at least 5,200 jobs
by 2035 within the UK and a further 13,600 through global
exports [15]. The first transatlantic flight by a large passenger
plane using a 100% SAF mix took place on the 28th November
2023 flying from London to New York demonstrating an
increasing interest and attention for SAF around the world [16].

Feedstocks and Sources
There is a wide variety of feedstocks that can be used in the
production of SAF, some main examples of these are: used
cooking oil, recycled carbon fuels (RCF), agricultural and
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forestry residues, waste fat and grease, corn grain and oil seeds.
However, under the UK mandate, SAF must only be produced
from wastes and residues or low carbon electricity, crop-based
biofuels will not be permitted to ensure that the production of
SAF does not put pressure on food crop production or farmland
use [1]. In regards to the UK, fuels derived from waste are most
likely to be the primary source of SAF for the time being though
this will vary internationally [5]. The best conversion process
from a technical perspective, would most likely be producing SAF
fromwaste oils, however, this feedstock has constrained resources
and is already largely used in road sectors [17]. The main fuels
being discussed at the moment for SAF production in the UK are
hydroprocessed esters and fatty acids (HEFA), recycled carbon
fuels (RCF), power to liquid fuels (PtL) and municipal solid waste
(MSW) derived fuels.

Hydroprocessed Esters and Fatty Acids (HEFA)
The most common feedstock used in SAF production currently is
HEFA. This is down to its low costs and high greenhouse gas
(GHG) savings (87.7% relative to fossil fuels) [1]. They are
produced from the hydrogenation of waste and vegetable oils
and can be blended with petroleum-based kerosene up to 50% per
volume [17]. However, it is likely that a HEFA cap will be
introduced in order to reduce the risk of the UK becoming
overly reliant on, and relieve pressure from, a single feedstock
whilst encouraging the continued development of other sources
and technologies [18].

Recycled Carbon Fuels (RCF)
RCFs are another example of a waste derived fuel. They are
produced from household and industrial waste gases, using
gasification and pyrolysis technology to turn them into fuel.
Materials used to make RCFs usually are not renewable due to
being made from fossil-derived waste or non-renewable
sources, however, they redirect waste from incineration or
landfill which has a positive end result. Non-recyclable wastes
are ideal, however even without using these specific
feedstocks RCFs still result in higher GHG savings than the
alternative waste energy plants. On top of this the Advanced
Fuels Fund (AFF) has made an investment of £165 million for
these facilities and have confirmed funding for four UK plants
which will use RCF source waste material to
produce SAF [19].

Municipal Solid Waste (MSW)
The use of MSW as a feedstock can be challenging due to the
variation in its composition and properties caused by the
locations of which MSW is collected and sorted. The sorting
and collecting of MSW is typically carried out partially by local
councils themselves which can help in ensuring unsuitable
materials such as glass and metals are removed before going
through the conversion process [20]. After screening and
separating recyclable materials, using MSW as a source of
energy and feedstock adds value and reduces impacts and
costs for handling and treatment, diverting MSW into SAF
production also prevents the landfill GHG emissions that
would otherwise occur [21].

Power to Liquid (PtL)
A type of SAF which does not rely on the use of waste derived
feedstocks are PtL fuels. These are synthetically produced liquid
hydrocarbons coming from renewable energy sources, water or
carbon dioxide. They are very versatile and can be used to
produce hydrogen and SAF as well as encouraging the use of
carbon capture but they require a lot of energy and are inherently
one of the most expensive production methods meaning the
production of these fuels are currently limited [22].

ANALYSIS

Fossil Jet Fuel vs. SAF
Emissions from aviation are growing faster than any other
mode of transport, with the non-CO2 effects such as nitrous
oxide (NOx) emissions contributing twice as much to global
warming as CO2 itself [23]. The aviation industry as whole is
responsible for about 4% of human-induced global warming,
which demonstrates the importance of finding more
sustainable ways of flying. In contrast with conventional jet
fuel, SAF production processes and combustion typically result
in very lowlevel sulfur and aromatic content [particulate
matter (PM) emissions]. PM emissions are reduced by
50%–97% even when using fuel blended with SAF over
conventional jet fuel alone, with the highest reductions
occurring at low engine power, when the aircraft is being
taxied. This means there would also be significant
improvement to local air quality around airports [24].

Land Use
Biofuels produced from energy crops would require farmland or
other facilities for growing and harvesting, this is known as direct
land use change (DLUC) as the land is being directly repurposed.
In accordance with the UK SAF mandate, biofuels which take
land away from food production would not be supported, so this
is unlikely to have a significant impact on the UK SAF industry as
a whole. However, indirect or induced land use change (ILUC)
which can occur when an increased demand for the biofuels
causes more land to be needed for infrastructure, negatively
impacts natural areas causing deforestation and CO2 to be
released from the trees and soil. The effects of ILUC and
DLUC are commonly included in life cycle assessments, except
where the emissions from ILUCwould offset carbon savings from
using more sustainable fuels, in these cases further analysis
takes place [25].

Long Term Sustainability
A life cycle assessment (LCA) covers all parts of the lifecycle of
aviation fuels through feedstock recovery, transportation, fuel
production and combustion, giving a comprehensive look at
the potential environmental benefits the use of SAF could have
[26]. The LCA or CO2 equivalent emissions are shown in more
detail in CO2 Emissions section where the estimated CO2

equivalent emissions for varying flight lengths and fuel
blends were calculated, these results can be found in
Figures 7–9.
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It is also important that there is a good enough supply of the
feedstock readily available to support a growing fuel demand and
a domestic UK SAF industry. Out of the four feedstocks discussed
in this report, PtL is the only one which is not derived from waste
relying instead on access to renewable energy sources. Waste
derived feedstocks have got both a large quantity of resources as
well as the added benefit of reducing the amount of solid waste
ending up in landfills and waste gases released into the
atmosphere [17]. In Figure 1 the estimated amount of
feedstock likely to be available for SAF use in the next few
years is shown.

Conversion Processes
Themost common conversionmethods for the four main types of
SAF feedstock discussed throughout this report are described
below and shown comprehensively in Table 1. The viability of
these also depends on the location and transport required to
move the feedstock to the conversion facility, for example, waste
derived fuels have an abundance of resources available but these
tend to be spread over a wide geographical area [20].

Thermal conversion processes such as gasification, pyrolysis
and liquefaction tend to be the most common. In gasification the
combustible parts of solid waste feedstocks are completely
converted into a mixture of advanced biofuels and RCF, the
resulting syngas can be used for high efficiency fuels and
chemicals as substitutes for the fossil fuel alternative. In the
case of pyrolysis and liquefaction, biofuels can be produced by
liquefying fossil waste material which has been previously
rejected from recycling plants or would otherwise be sent to
landfill [28]. Advanced gasification is a popular conversion

method due to its adaptability and the fact it does not require
any further pollution or emissions treatment due to its non-
combustible process, this makes it both the cleanest and most
economically viable waste to energy technology currently
available [32]. Out of these three thermal conversion methods,
gasification also has the highest efficiency at 70%–80% [33].

Fischer-Tropsch (F-T) technology involves a chemical
reaction process converting syngas (a mixture of hydrogen and
carbon monoxide) into liquid hydrocarbons which can be used as
synthetic biofuel alternatives for kerosene or gasoline [34]. In the
case of PtL fuels, carbon capture and electrolysis are used to
obtain the required hydrogen and carbon dioxide from renewable
energy sources before fuel synthesis occurs [35]. F-T pathways
tend to offer the best GHG reductions when compared to
conventional jet fuels showing potential for over 84% less
GHG emissions [36]. In comparison to thermal conversion
processes F-T has a thermal efficiency of around 50% making
it more similar to liquefaction and pyrolysis than
gasification [37].

For HEFA fuels, a different process known as hydrogenation
which uses hydrodeoxygenation (the removal of oxygen in the
presence of hydrogen) and cracking to refine the vegetable oils,
waste oils or fats into jet fuel standard biofuels. Bio jet fuels like
HEFA which are produced using this method tend to have a more
beneficial thermal stability and high paraffin content [31].
Hydrogenation has the highest efficiency out of the conversion
processes discussed in this report at around 86% which is likely
another reason as to why there is so much competition around
HEFA fuels [38].

In comparison AVGAS is made from crude oil which is then
desalinated, refined, alkylated and distilled, a colored dye is then
added for identification purposes before the fuel is delivered to
the airport [39, 40].

Energy Density
Energy density is an important factor when comparing and
analyzing fuel types as those with a lower energy density
would need to be used in a greater quantity in order to
provide the same amount of energy, this can impact both the
environmental and economic aspects relating to the type of fuel
being used. In Figure 2 the calorific values for conventional fossil
jet fuel and the four main SAF biofuels are compared. The jet fuel
used in this analysis is aviation gasoline (AVGAS).

Combustion
The plane model used for short haul (SH) and medium haul
(MH) flights was the Boeing 737 and the larger Boeing 747 was

FIGURE 1 | Availability of SAF feedstock inmetric tons. Data: RCF, MSW
and HEFA [17] PtL [27].

TABLE 1 | Production methods possible for each feedstock.

SAF feedstock Gasification Pyrolysis Liquefaction F-T Hydrogenation

RCF ✓ ✓ ✓
MSW ✓ ✓
PtL ✓
HEFA ✓

Data: RCF [28], MSW [29], PtL [30], HEFA [31].
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used for long haul (LH) flights, these were chosen as they are
some of the most common plane models for these flight
distances [27]. The aircraft data, seating capacity and fuel

efficiency per seat can be found in Supplementary Table S2.
To make the analysis more accurate example destinations were
taken for SH, MH and LH with the departure airport as
London Heathrow, the relative times and distances for these
can be found in the Supplementary Material and were chosen
based on the time and distance of the flight (SH < 3 h, MH
3–6 h, LH 6–12 h) [45]. The data for Equations 1–3 can be
found in the Supplementary Material for this report this data
includes the Boeing 737 seating capacity [27], fuel efficiency
per seat SH and MH [46] and Boeing 747 seating capacity [27]
and fuel efficiency per seat LH [47]. Figures 3–5 can also be
found in the Supplementary Material and show the results
from calculating the fuel required for each fuel blend using
Equations 4–6 [48].

Equation 1 – Fuel consumption in liters, where ηs is the fuel
efficiency per seat, d is the distance and SC is the seating capacity

Fl � ηs × d( ) × SC (1)
Equation 2 – Fuel consumption in tons, where ρF is the

relative fuel density (0.825 g/mL [49])

Ft � Fl × ρF (2)
Equation 3 – Energy used during flight, where ρE is the fuel

energy density (MJ/ton)

E � ρE × Ft (3)
Equation 4 – Fuel required for flight in tons for 100% fuel

blends, where ER is the required energy in MJ

FR � ER

ρE
(4)

Equation 5 – Fuel required for flight in tons for 50% fuel
blends, where FRSAF is the amount of SAF fuel required and FRAV

is the amount of AVGAS required

FR50 � 0.5 FRSAF( ) + 0.5 FRAV( ) (5)
Equation 6 – Fuel required for flight in tons for 25%

fuel blends

FIGURE 3 | Total emissions for short haul flights using different fuel
blends in million gCO2e/MJ.

FIGURE 4 | Total emissions for medium haul flights using different fuel
blends in million gCO2e/MJ.

FIGURE 5 | Total emissions for long haul flights using different fuel
blends in million gCO2e/MJ.

FIGURE 2 | Energy density of AVGAS and feedstocks. Data: AVGAS
[30], RCF [41], MSW [42], PtL [43], HEFA [44].
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FR25 � 0.25 FRSAF( ) + 0.75 FRAV( ) (6)

Emissions
CO2 Emissions
In the last 200 years alone, the CO2 content has risen a further
50% from human causes which has led to the more prominent
global warming effects that can already be seen today such as
more frequent extreme weather and rising sea levels [50]. The
values for the AVGAS, HEFA [51], RCF [12], MSW [52] and PtL
[43] emissions per gCO2e individually can be found in the
Supplementary Material this data used to calculate the total
CO2 emissions for the different flight lengths using Equations
7–9 with the results shown in Figures 7–9.

Equation 7 – Total emissions in gCO2e for 100% blends,
where ED is the energy demand (MJ) and eF is the fuel emissions

e � ED × eF (7)
Equation 8 – Total emissions in gCO2e for 50% blends, where

eSAF is the emissions for SAF and eAV is the emissions for AVGAS

e50 � 0.5 ED × eSAF( ) + 0.5 ED × eAV( ) (8)
Equation 9 – Total emissions in gCO2e for 25% blends

e25 � 0.25 ED × eSAF( ) + 0.75 ED × eAV( ) (9)

Non-CO2 Emissions
Planes using conventional jet fuels emit other greenhouse gases
aside from carbon dioxide, such as, nitrous oxides (NOx), sulfur
oxides (SOx) and particulate matter (PM) which also contribute
to global warming [53].

The effects of NOx gases [nitric oxide (NO) and nitrogen
dioxide (NO2)] can be detrimental to both human/animal health
and the environment. Exposure to NO2 can cause an increased
risk of respiratory issues and vulnerability to allergens, as well as
worsening symptoms for those who have existing health
conditions. Excess nitrogen either as a gas or in precipitation
can cause changes in soil chemistry and impact local biodiversity
in more sensitive habitats [54]. Another aspect they can affect is
the levels of ozone (O3) and methane (CH4) in the atmosphere
which can impact the radiative balance of the Earth by altering the
amount of the sun’s energy reaching and leaving the earth’s
surface. However, aviation contributes to only about 2% of global
NOx emissions with most NOx emissions coming from road
traffic emissions. In this case higher efficiency engines can also
help to reduce the amount of NOx emitted by aircraft during
combustion [55].

Similarly, SOx emissions can affect the health of both humans/
animals and the environment with potential to impact respiratory
systems and worsen existing health conditions. The presence of
high concentrations of sulfur dioxide (SO2) in the air can form
other SOx compounds which cause significant PM pollution.
With this considered, the environmental impact of these gases
includes a decrease in visibility from hazes caused by particulates,
damage and reduced growth in plants and trees, and acid rain
which can be very harmful to certain ecosystems [56]. The level of

SOx emissions produced during flight is directly dependent on
how high the sulfur content of the fuel is, this is true for the
majority of the different types of emissions produced by aircraft
which ultimately result from the incomplete combustion of
the fuel [57].

Some of the worst warming effects come from contrails caused
by water vapor which make up approximately 30% of the exhaust
[53]. Contrails themselves are not generally harmful and last only
a short period of time, however, when conditions are cold enough
and the resulting water droplets freeze causing contrail-induced
cirrus clouds which reflect infrared rays resulting in at least twice
the warming effect of CO2 alone [58, 59].

Economic Outlook
The aviation industry consumed roughly 500,000 tons of SAF in
2023 which doubled that of the previous year, this figure is
predicted to triple again in 2024 to 1.5 million tons of SAF
priced at $2,500 per ton, nearly three times more than the cost of
conventional aviation fuel [60]. However, as the technology
continues to develop and improve these prices are expected to
fall to around $760$900 per ton by 2050 which would put it well
within the price range for conventional jet fuel though it is likely
to remain just above the average cost of fossil derived fuels.

From a worldwide perspective the SAF industry is likely to
require at least 5,000 new refineries by 2050 to keep up with the
expected increase in aviation fuel demand (both conventional and
SAF), this could require nearly $1,500 billion total capital
expenditure. This is still less than the historical capital
expenditure used for oil and gas facilities, costs going forward
are predicted to drop when the infrastructure is in place, the
industry would also provide and sustain over 13 million jobs
worldwide and improve local energy security for many countries
due to the widespread nature of the feedstock and energy
production [61].

Levelized Cost of Energy (LCOE)
The levelized cost of energy considers the cost in terms of the
energy produced over the lifetime of the biofuel [62]. It also allows
the viability of a project to be assessed on an even level, in this case

FIGURE 6 | Levelized cost of energy for short haul flights by different
fuel blends.
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a lower LCOE value is more advantageous. As SAF is currently
being mostly used as a drop-in fuel within the UK different blends
and flight lengths will be looked at, this is also helpful in seeing
how the costs could change for the aviation industry itself. The
costs per liter of each fuel is shown in the Supplementary
Material, this data is used to calculate the total fuel costs
using Equations 11–13 with the results shown in the
Supplementary Material based on the fuel requirement
calculations done using Equation 10 [62–65]. This
information was then used to complete the LCOE calculations
using Equation 14.

The total fuel required was calculated based on the projected
energy demand found using the information in Combustion
section with Equation 3, for short haul flights the value was
274963.5MJ, this value was used alongside the cost in the
Supplementary Material to calculate the LCOE shown
in Figure 6.

The same method used to determine the energy and therefore
the fuel needed for short haul flights was also used for medium
haul, this time with a value of 774561MJ being used for the
corresponding LCOE calculations and data. Due to the same
aircraft being used for the SH and MH calculations, the trends

and results for the LCOE as shown in Figures 6, 7 are
very similar.

For the long haul flights an energy value of 5510971.5MJ was
used, the overall LCOE results can be seen in Figure 8.

Equation 10 – Fuel required during flight in liters

FRl � FR

ρF
(10)

Equation 11 – Total fuel cost in £ for 100% blends, where CF is
the fuel cost in £/l

C � CF × FRl (11)
Equation 12 – Total fuel cost in £ for 50% blends, where CSAF

is the cost of the SAF fuel and CAV is the cost of the AVGAS

C50 � 0.5 CSAF × FRSAF( ) + 0.5 CAV × FRAV( ) (12)
Equation 13 – Total fuel cost in £ for 25% blends

C25 � 0.25 CSAF × FRSAF( ) + 0.75 CAV × FRAV( ) (13)
Equation 14 – Levelized cost of energy, where EP is the

energy produced

LCOE � CF

EP
(14)

Fuel Blending and Existing Facilities
Due to the strict standards associated with the aircraft fuel, SAF
would most likely need to be blended and certified before
reaching the airport through pipelines, if this involves SAF
produced at biofuel facilities the fuels can be blended on site
using existing infrastructure [66]. Should the fuel be delivered to
the airport pre-blended no new infrastructure would be required
at the airport itself but, depending on the type of SAF being used
and the availability of its conversion facilities, new infrastructure
may be required for procuring, transporting and mixing
the fuels [67].

In terms of the facilities required to produce SAF the costs are
estimated by ICAO to be around $48billion a year over the next
30 years, in comparison to the capital costs associated with oil and
gas production in the last decade ($420billion a year) this is
drastically lower but will still make up a significant proportion of
the incremental costs associated with achieving net zero [68]. For
meeting the 2030 goals many new conversion technologies and
facilities need to be properly commercialized and funded in order
to meet the projected demand, for this to work further external
support is likely to be needed. The high capital costs, uncertainty
and complexity related to this means this support is unlikely to be
found before more information and policy support is
in place [69].

It is currently estimated that a further 14 SAF production
facilities will be developed by 2035 within the UK, these new
facilities are projected to support over 3,500 jobs and add
£2.7billion gross value (GVA) to the UK economy [70]. With
the help of the Advanced Fuel Fund (AFF) supporting 15 new
SAF company projects, it is estimated that should they all be

FIGURE 7 | Levelized cost of energy for medium haul flights by different
fuel blends.

FIGURE 8 | Levelized cost of energy for long haul flights by different
fuel blends.
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completed and operational on schedule, approximately 702.4 kt/
year of different aviation biofuels could be produced annually
by 2030 [70].

Carbon Offsetting and Subsidies
One part of the push towards more sustainable flying is the use of
Carbon Offsetting schemes which are already in place. These
schemes entail selecting the “carbon offset” option when booking
flights, this gives financial support to projects or companies
dedicated to preventing further, or removing existing CO2

from the atmosphere [71].
Due to the high costs associated with using newer fuels a

variety of different incentives are being introduced to encourage
an increase in support and use of SAF. An example of this is the
scheme currently in place at Heathrow Airport where the
company pays half the difference between conventional
aviation fuel and SAF for airlines using blended fuels; this has
already shown success with an increased use of SAF in the airport.
With an additional £71 million set aside for this initiative in 2024,
the use of SAF is predicted to increase from 1.5% in 2023 to 2.5%
in 2024 [72].

From a broader perspective, the UK government is planning to
introduce an industry funded revenue certainty system in order to
support the production of SAF within the UK, including the
£165 million from the AFF already in place to lower the risk of,
and encourage further investment in, the development of a local
SAF industry [73]. Objectively, the AFF is aimed at supporting
the UK advanced fuels sector and the advancement of related
technologies which will assist in reducing aviation emissions in
the near future, the timeline given for this funding project ranges
from July 2022 to the end of March 2025, which would be a
positive sign leading up to the implementation of the UK SAF
mandate that year [74].

The UK Emissions trading scheme (ETS) came into effect in
January 2021 in order to take the place of the EU ETS when the
UK left the European Union. These schemes work on a cap and
trade basis where the government limits the amount of emissions
allowed and creates permits for each unit of emissions allowed.
Companies involved can either reduce emissions or trade with
other companies if they believe the number of permits they have
are not enough, some permits can be given freely by the
government or sold at auction [75]. This new version of the
scheme is very similar to the original but considers the relevant
CORSIA guidelines to allow the samemethods to be used for both
and simplify the system for those affected by it.

METHODOLOGY AND DESIGN

Having analyzed the different feedstocks and blends of SAF from
numerous perspectives, a mathematical algorithm will be
designed to quantify the results and provide an answer to the
original question (which feedstock would be the most feasible).
To do this several factors will be identified from the prior research
which will cover both the technical and feasibility aspects of the
SAF industry and be ranked in order of importance from one to
five with one being the most important. The feedstocks will then

be weighed against the best feedstock result for each factor
forming an equation. Where the fuel blends, not just the
feedstock are involved, an average result will be used.

Technical Factors
Emissions
This area will look at both the reduction in emissions from the
feedstock in comparison to conventional aviation fuel and the
CO2 emissions of the feedstock itself compared with other SAF
blends (using the gCO2e calculations). This covers the LCA
values for the fuels as well. Due to the environmental benefits
being the main goal of the UK SAF mandate and reason behind
the increased use and production of SAF it was ranked the highest
out of the five selected factors [76, 77].

Ranking- 1

Calorific Value
The energy density of the fuels used is important as in order for
any type of fuel to be a viable option it needs to be able to supply
the required energy in both an economically and environmentally
sustainable manner. Unfortunately, these things very rarely line
up with the more environmentally advantageous option being
more expensive or vice versa. In this context a fuel which is both
economically and environmentally effective but has a low energy
density would not be the best choice for aviation use. This factor
was given the lowest ranking as it has a lesser impact when used as
a drop in or blended fuel, and as the feedstocks used for SAF have
to meet the standards all the feedstocks are viable even if those
with a higher energy density or calorific value may be more
efficient [78].

Ranking- 5

LCOE
Another important factor to consider is the LCOE as it gives a
clear overview of the economic impacts for the different fuels. By
using this method in particular the costs of the fuels can be
assessed based on the energy they produce making for a fairer
comparison overall. With incentives and carbon offsetting
schemes some of the initial price increases that airports and
airlines are likely to see when switching to SAF blended fuel can
be lessened, and this will continue as the industry grows and gains
a more solid footing [79]. This factor was ranked second as the
cost of SAF will have a large impact on how willing companies are
to invest and switch to using blended fuels. In order for SAF to
work as a long-term solution and industry it cannot be reliant on
grants and incentives forever and therefore the fuels and
feedstocks need to be economically sustainable throughout
their use [80].

Ranking- 2

Feasibility Factors
Production Capabilities
For the SAF industry to grow the necessary production facilities
need to be available to support it andmeet the increasing demand.
This will require an influx of new facilities alongside the use of
existing or repurposed facilities, due to the varying conversion
and production methods used for different SAF types, it is likely
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that some fuels will be easier to produce in larger quantities
sooner where there are more existing facilities rather than those
that require newer infrastructure. This factor was ranked fourth,
though it was on similar standing with the availability of
resources due to both needing to be able to meet the growing
demands, conversion and production facilities are currently
available and plans are already in place for new and
repurposed plants to be completed in the coming years [81].

Ranking- 4

Availability of Resources
In order for a feedstock to be used in the increased production of SAF
the availability of the feedstock itself is a major factor in its
sustainability and feasibility. Fuels derived from waste will
generally have an abundance of resources available but may also
have more competition from other sectors looking to use more
sustainable fuels in transport, whereas fuels relying on newer less
developed technology like PtL may struggle more initially to build a
steady supply of available fuel [82]. For ranking, this factor was in the
middle, as it is important that it is possible for the feedstock to meet
the growing demand and keep up with it long term, if this is not the
case then it would be unsuitable and unsustainable for this application.

Ranking- 3

Finalized Equation
The most viable feedstock will be the one with the lowest result
from this algorithm. The first stage involves determining the
feedstocks weighting for each factor, this is done by using the best
result in the data sets (the lowest for emissions and LCOE and the
highest for availability, production and calorific value) to
calculate how many times bigger/smaller each other feedstock
was and dividing this by the factors rank to give a weighted result.
For the emissions and LCOE where the feedstocks were looked at
in terms of fuel blends the weighted results were then averaged
before being put through the final equation to get the feasibility
results for each feedstock. The weightings will be done based on
the calculations completed and data collected in Analysis section,
Figures 1, 3, 6 and Table 1 and Figure 2 for emissions, LCOE,
production capabilities, resources availability and calorific value
respectively.

Equation 15 –Weighted algorithm results, where SAFB is the
best feedstock value for each factor, SAF is the given feedstock
and r is the rank of the given factor

WR �
SAFB
SAF( )
r

(15)

Equation 16 – Averaged weighted results for algorithm

AR � WR100 +WR50 +WR25

3
(16)

Equation 17 – Feedstock feasibility, where ARe is the average
emissions result, ARLCOE is the average LCOE result, WRA is the
weighted availability result, WRPR is the weighted production
result and WRCV is the weighted calorific value result

f � ∑ ARe + ARLCOE +WRA +WRPR +WRCV( ) (17)

IMPLEMENTATION OF METHODOLOGY

The following figures show the results of the feasibility algorithm
explained in Methodology and Design section, Equations 15, 16
were used for the emissions and LCOE results in Figures 9, 10
and Equation 15 was used for the availability, production and
calorific value results shown in Figures 11–13. The overall

FIGURE 9 | Averaged result for emissions factor for each feedstock.

FIGURE 10 | Averaged result for LCOE factor for each feedstock.

FIGURE 11 | Averaged result for availability of resources factor for
each feedstock.
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feasibility results are shown in Figure 14 with the best feedstock
(the lowest result) highlighted in bold, these results were
calculated using Equation 17.

For the emissions MSW had the best results with PtL and
HEFA having around double the amount in comparison. This is
largely due to the effectiveness of redirecting waste to use as fuel
and the positive impact this has on the LCA data.

Contrary to the previous figure, in terms of cost PtL has the
best result and MSW the worst, this difference is largely because
of the higher complexity in gathering and processing resources
for MSW production.

In terms of availability PtL andHEFA score significantly worse
mainly due to competition from other industries for either the
renewable energy or waste oils used to produce the fuels, as RCF
and MSW are both waste derived fuels, there is a higher
abundance of feedstock available.

RCF and MSW came out better in terms of production due to
the wider variety of production methods available for them
making them more versatile in the types of facilities they
would need to be produced.

The energy density of PtL and HEFA are generally better and
closer to that of standard AVGAS than the waste derived
feedstocks due to them being more uniform in their content.

The final results show MSW as the most feasible feedstock for
the UK SAF industry, these results are discussed in detail in the
following Implementation of Methodology section.

PROJECT EVALUATION

Discussion of Results
From the mathematical algorithm used in Methodology and
Design section, the most feasible feedstock for meeting the
UK’s 2030 SAF mandate is MSW as it is widely available and
has the lowest combustion emissions and LCA value out of the
four feedstocks considered in this report. The use of MSW
sourced fuels has the additional benefit of lessening the
quantity of waste ending up in landfills, effecting and lowering
the environmental impact of the waste disposal industry as well as
the aviation industry alone. The effects of this can be seen even
before it reaches landfills or conversion facilities as the diversion
of selected non-recyclable MSW into energy production reduces
the pressure and costs on the waste disposal industry due to
lowering the amount of waste going through the handling and
treatment processes.

UsingMSWdoes however pose a series of challenges: it has the
highest LCOE and a low energy density, meaning it costs more to
produce the same amount of energy than it does in comparison to
AVGAS or other SAF blends, making it less appealing to potential
investors. Other concerns would be the inconsistency of the waste
being used for feedstock, the types of materials in the waste used
will not be the same for every batch of fuel and the conversion
methods used to produce this fuel tend to be more expensive.
These risks can be reduced with the use of proper quality control
which would be required for any aviation grade fuel, and concerns
over the viability of F-T conversion methods due to its cost is
generally balanced by the high level of reduced GHG emissions
it provides.

A similar trend of benefits and challenges can be observed with
the other feedstocks as well. For example, HEFA has the highest
energy density and ranks second for both LCOE and production
capabilities but faces a lot of competition from other industries
leaving a relatively small amount available for use in the aviation
industry and will likely be subject to limitations from the

FIGURE 12 | Weighted result for production capabilities factor for
each feedstock.

FIGURE 13 |Weighted result for calorific value factor for each feedstock.

FIGURE 14 | Final overall weighted results for each feedstock.
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proposed HEFA cap to prevent the UK SAF industry becoming
overly reliant on a singular feedstock. In the case of RCF, it has
similar benefits to MSW in terms of repurposing waste and the
biggest variation in conversion methods making its production
much more flexible, but has a lower energy density and higher
emissions in comparison. PtL fuels stand out being the only
feedstock out of the four which is not waste derived, although
being produced from renewable energy sources makes it a newer
and more innovative option, the technology itself is likely to need
more development to lower the costs of fuel production. As PtL
fuels are not waste derived, the emissions and LCA values are
higher but its LCOE is better due to a higher energy density and
the benefit of not having to rely on a specific feedstock source for
production.

Sensitivity Analysis
The lowest ranked factor in the algorithm was the calorific
value or energy density of the fuels, largely because each of the
feedstocks are capable of being used in aviation and using SAF
as drop-in fuels minimizes the impact it has overall. However,
with RCF and MSW having such significantly lower calorific
values they may still be less suitable for longer haul flights.
This is due to the extra fuel that would be required for the
flights to still meet the energy demand of the aircraft and the
likelihood that this would not be fully mitigated by blending
the fuels.

Put into the context of this project, if the calorific was to be
given a higher ranking within the algorithm itself the final results
would likely favor PtL and HEFA over RCF and MSW as these
feedstocks have energy densities only fractionally different from
AVGAS and therefore lower risks and any additional fuel
requirements would be minimal. With this taken into account,
despite restrictions on availability and production capabilities for
these feedstocks, they may be more suited to longer haul flights
than RCF and MSW derived SAF. Should a variety of different
feedstocks be used in the building of the UK’s SAF industry,
prioritizing limited PtL or HEFA fuels for use in longer haul
flights and RCF and MSW fuels for shorter haul flights would
be beneficial.

Benefits and Risks
The main benefit of using SAF over other decarbonization
methods is that these biofuels can be used in existing aircraft,
infrastructure and blended with conventional jet fuel. This means
that progress can be made without relying on new aircraft designs
and construction which would be necessary for electric or
hydrogen-based prototypes. However, the sources of SAF
come with their own benefits with the use and repurposing of
used oils, non-recyclable waste and other residues which would
otherwise end up in landfills or going through expensive
treatment processes. Using SAF under the UK mandate
ensures that the lifecycle emissions of the fuels must be
reduced by at least 70% in comparison to fossil jet fuel whilst
avoiding the use of energy crops as a feedstock to limit the impact
on food production and land use.

In regards to long term feasibility, producing SAF from
waste derived fuels tends to be more reliable due to the

quantity of waste both available and being produced at any
given time. With improvements to pretreatment and sorting
techniques surrounding waste collection and distribution, the
viability of feedstocks like MSW would increase and the costs
associated with them would likely decrease alongside them.
Over time there is also the possibility that restrictions in place
for HEFA and PtL use in the aviation industry change or
decrease as more feedstock becomes available and production
methods improve.

Despite this there are still risks associated with the use of SAF
including the cost of the fuels, new facilities and the pressure to
keep up with the growing demand going forwards. Though there
have already been massive investments into the industry
alongside incentives to encourage more investors to get
involved but this alone would not be sustainable long term.
To meet the demand as it continues to increase both for
conventional jet fuel and SAF itself multiple reliable feedstock
sources and production facilities will need to be in place, though
there are multiple new facilities planned and under construction
alongside several existing facilities being repurposed, whether
they will be operational in time to meet the 10% SAF by 2030 goal
remains to be seen.

Blends and Flight Lengths
Other aspects assessed within this report were how different
blends of fuel and lengths of flight may affect the viability and
support of SAF as an option for decarbonizing the aviation
industry. By using SAF as a drop-in fuel, more time is given to
both investors and producers to have a clearer understanding
of the impact that using cleaner fuels can have whilst
diminishing the immediate need for a high and potentially
unreachable demand, the costs associated with SAF are also
likely to decrease overtime making a gradual introduction of
alternative fuels more beneficial. Though evidence suggests
that biofuels like SAF are likely to improve the life of aircraft
engines rather than cause any increase in corrosion or damage,
it will also give more time for proper assessments to be made
for the overall safety and secondary benefits that may be seen.
However, to reach 10% SAF by 2030 in the UK, more may need
to be done to ensure the mandate goals are met as well as the
overall Net Zero aims.

Looking at different lengths of flights was an important
aspect due to the difference in demands and results from both
the aircraft and fuel when considering a domestic 1-hour flight
in comparison to an international 12-hour flight. For example,
a 12-hour flight with 600 passengers would have a better fuel
efficiency per seat compared to a 3-hour flight with
200 passengers even though the flight is longer, in
accordance with this, the emissions per passenger mile can
therefore be less for a jumbo jet aircraft carrying 600 people
than a car transporting only one person. Short local flights
done by private jets with only a few passengers can be an
exception to this where many of these journeys could have
been completed using a more suitable mode of transport for
the number of passengers. For these reasons and to give a more
in-depth analysis considering different aircraft models
multiple different flight lengths were looked into.
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Another factor that works alongside SAF and other
sustainability measures is the improved efficiency of modern
aircraft. As the overall performance and efficiency of aircraft
continue to improve over time the amount of fuel burned during
flights is reduced and used more effectively. This not only assists
in meeting the overall 2050 Net Zero goals but benefits the whole
aviation industry and further encourages the growing
uptake of SAF.

CONCLUSION AND FUTURE WORK

Having completed extensive research on UK SAF feedstocks and
conducting environmental and economic analysis to form a
mathematical algorithm, the feedstock likely to make the UK’s
SAF goals most feasible was municipal solid waste (MSW) which
repurposes everyday household waste into fuel. This is due to it
being a widely available resource and having the most significant
reduction in CO2 emissions when compared to the other
feedstock analyzed within this report. It is however, unlikely
that one feedstock alone will be able to produce enough of the
biofuel to meet the 10% SAF by 2030 goals meaning that a
mixture of the feedstocks are still likely to be needed alongside
MSW derived fuels in order to keep up with the growing aviation
fuel demand.

Should this project be continued or undertaken again in
the future it could be improved by using more visual elements
and variables. For example, having a wider variety of factors
taken into account alongside the fuel blends and flight
lengths. A more in depth look at the economic analysis
could include factoring in the capital and operational
expenditure for the LCOE and more information on
quantities of non-CO2 emissions would add to the
environmental analysis. More in depth modelling and
simulations could also add more value, especially if
multiple different flight paths were considered instead of
just one for each short, medium and long haul.
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