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The aviation sector will grow to 8 billion passengers by 2040, leading
to over 3 billion tonne of CO, emissions

Global Air Passengers
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https://www.iata.org/en/iata-repository/publications/economic-reports/global-outlook-for-air-transport----june-2023/
https://www.iea.org/energy-system/transport/aviation

The IATA approved Fly Net Zero by 2050 to combat emissions

The International Air Transport

Aanh
“" Association (IATA) is a trade
association of 317 airlines from 120
%“"E countries.
At the 77th IATA Annual General
’A ' A Meeting, the IATA approved
Fly Net Zero by 2050 to achieve

net-zero carbon emissions from
Its operations by 2050.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidentia



Each airline must deploy innovative aviation technology to achieve
net-zero operations by 2050

ADELTA L%" ader
- Emirates KLM
© Lufthansa BRITISH AIRWAYS = UNITED 3

T i
5"}?&.‘_’.825 » @ AIR CANADA aIR MAURITIUS

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidentia



British Airways is the flag carrier of the U.K. and has one of the largest
global networks

BRITISH AIRWAYS -
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British Airways is the flag carrier of the U.K.

BRITISH AIRWAYS =
and has one of the largest global networks

London Heathrow 253 aircraft 206 destinations

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential Source: British Airways 6
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https://www.britishairways.com/en-gb/information/flight-information/our-route-network

British Airways flies to over 70 countries

©® Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential Source: British Airways 7


https://www.britishairways.com/travel/where-we-fly/public/en_nl/map

British Airways emits nearly 20 million tonne of CO,e every year

British Airways Scope 1 Emissions
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https://www.iata.org/en/iata-repository/publications/economic-reports/global-outlook-for-air-transport----june-2023/
https://www.iea.org/energy-system/transport/aviation

How can British Airways reach
net-zero emissions?


https://www.iata.org/en/iata-repository/publications/economic-reports/global-outlook-for-air-transport----june-2023/
https://www.iea.org/energy-system/transport/aviation

Electric

Aviation
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Electric aviation

The electric aviation industry can be segmented
Into three target applications that each have a
distinctly different use-case:

« Air taxi and flying car target intra-urban
transit applications with the goal of reducing
commuting times and ground transport
congestion.

- Small regional aircraft are nine- to 20-
passenger aircraft and small cargo planes.
These planes are used for applications
including island hopping, fjord hopping, and
accessing rural locations.

« Commercial aircraft target long-distance
international travel with seating of more than
100 passengers.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential
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commuting times and ground transport
congestion.
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Air taxis & flying cars

Propulsion
Electric motor powered by batteries

Range
200 km

 Developers pursue vertical take off
& landing configurations that
require no landing strips.

« Aircraft designed for short distances
have rotor-based architectures.

Aircraft for longer distances have
hybrid architectures; they use rotors
for takeoff and landing but switch
to fixed-wing operations in
horizontal flight.




Electric aviation Small regional aircraft

The electric aviation industry can be segmented Propulsion
Into three target applications that each have a Electric motor powered by batteries

distinctly different use-case:
Range
400 km

Developers favor fixed-wing
architectures due to increased
efficiencies at cruising altitude and

« Small regional aircraft are nine- to 20- -IEnC . |
availability of landing strips.

passenger aircraft and small cargo planes.
These planes are used for applications Electric power trains also enable
includi.ng island hopping, fjord hopping, and more aerodynamic aircraft designs
accessing rural locations. due to an absence of hot exhaust.

Some companies are developing
hybrid electric aircraft to reach the
market quickly with higher range
capabilities.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential




Electric aviation Commercial aircraft

The electric aviation industry can be segmented Propulsion

Into three target applications that each have a Electric motor in hybrid configuration

distinctly different use-case:
Range
~700 km

» All developers focus on fixed-wing

configurations.

Power train choices vary between
hybrid electric and all-electric
designs, although hybrid is the

most likely.
o . « Very limited commercial activity;
« Commercial aircraft target long-distance battery size and weight are the
international travel with seating of more than major technical hurdles.

100 passengers.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential




COMMERCIAL ELECTRIC AIRCRAFT - CASE STUDY ﬁ

Wright Electric is testing an all-
electric aircraft with a 2-MW motor.

It aims to launch its flagship 186-
seater Wright 1 aircraft with an 800-
mile range by 2030.

ux Research, Inc. All rights reserved. | Lux Proprietary and Confidentia
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https://www.aviationtoday.com/2020/01/30/wright-electric-begins-1-5-mw-engine-development-program-186-seat-commercial-airliner/

The Li-ion
battery isn’t
suitable for fully

electric
commercial
aviation

Energy density (MJ/kg)
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How far can British Airways fly with an all-electric plane?

©® Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential
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British Airways can use all-electric planes for intracontinental flights
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Hydrogen aviation

The hydrogen aviation industry can be split into
two propulsion technologies that each have a
distinctly different use-case:

* Fuel cell companies are developing
unmanned aerial vehicles and small to
mediume-size airliners. The largest fuel cell-
electric aircraft flown to date is a 40-seat
regional airliner.

« Combustion developers mostly target
commercial applications flying passengers on
medium- to long-haul routes. Active
companies are currently at the conceptual and
testing stages.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential
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https://hydrogen.aero/

Hydrogen aviation

The hydrogen aviation industry can be split into
two propulsion technologies that each have a
distinctly different use-case:

* Fuel cell companies are developing
unmanned aerial vehicles and small to
mediume-size airliners. The largest fuel cell-
electric aircraft flown to date is a 40-seat
regional airliner.
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Fuel cell

Propulsion
Electric motor with fuel cells

Range
500 km

Proton exchange membrane fuel
cells are preferred as they operate
at low temperatures and in
dynamic mode.

Often used in hybrid configuration
with batteries or combustion
engines

Fuel cells will face challenges
operating at high altitudes, due to
low temperature, pressure, and
oxygen concentrations.



https://hydrogen.aero/

FUEL CELL - CASE STUDY

ZeroAvia develops fuel cell-electric
propulsion systems. It flew a six-
seater aircraft in January 2023.

It aims to launch 19-seater planes
flying 300 miles by 2025 and 200-
seater planes flying 2,000 miles by
2030.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential



https://zeroavia.com/

Hydrogen combustion

Hydrogen aviation

Propulsion
The hydrogen aviation industry can be split into Turbofan engine
two propulsion technologies that each have a
distinctly different use-case: Range
3,700 km
Planes will use liquid hydrogen.
Modifications to the combustor are
required, including a new cryogenic
fuel delivery system.
) Combustion devglopers mgstly target A major challenge is flame stability.
commermal applications flying passengers on Flame flashback where the flame
medium- to long-haul routes. Active oropagates back to the tank, can

companies are currently at the conceptual and

) lead to explosions.
testing stages.

Limited commercial activity;
commercial deployment is decades
away.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential



https://hydrogen.aero/

HYDROGEN COMBUSTION - CASE STUDY

Airbus launched ZEROe in 2021 and
unveiled three concepts for aircraft
powered by hydrogen combustion.

The designs include blended-wing
body and turbofan planes, including
a 200-seater plane for a 2,000-mile

flying range.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential



https://www.airbus.com/en/newsroom/stories/2023-06-at-airbus-hydrogen-power-gathers-pace
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How far can British Airways fly with hydrogen-fueled planes?
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British Airways can use hydrogen planes for intercontinental flights

Dubai Inter
UAE

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential

27



© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidenti 28



SAF

SAF is drop-in aviation fuel made from low-
carbon feedstock. SAF can be blended into fossil
jet fuel or used directly.

SAF can be segmented by feedstock:

« Biobased SAF is made from bioresources like
biomass or sugars. The feedstock can be
thermochemically or biologically converted to
fuel.

« Synthetic SAF is made from CO, and
hydrogen gas. The gases are thermochemically
converted to fuel.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential
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https://hydrogen.aero/

Over 500,000 tonne of SAF were produced in 2023, but projected

increase to 1.5 Mtonne in 2024 is unlikely

Global SAF Production
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Source: IATA
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https://www.iata.org/en/pressroom/2023-releases/2023-12-06-02/

Corporations dominate HEFA, while startup activity is concentrated

within FT and ATJ
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HYDROTREATED FATTY
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Only 3 SAF technologies are relevant for commercial aviation
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HEFA

Technology overview

* The catalytic hydrotreatment of oil-based
feedstock in the presence of hydrogen
removes oxygen, followed by hydrocracking
iInto renewable diesel, naphtha, and SAF.

* |t uses vegetable oil or waste fat, oil, and
grease feedstock; waste feedstock requires
pretreatment to remove impurities.

 The typical jet fuel fraction in a HEFA facility is
15%; it can be adjusted to up to 80% for
maximum jet output.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential

ASTM status
Approved (2011)

Feedstock
Vegetable and waste oils

Commercial outlook

« HEFA is at commmercial scale, with
mulltiple facilities producing it.

Due to the commercial maturity of
HEFA, there is little room for
technology innovation.

 The key focus area is feedstock
supply chain management and
pretreatment, as feedstock is the
largest expense for a HEFA facility.



https://hydrogen.aero/

HEFA - CASE STUDY

Neste develops NEXBTL for the
hydrotreatment of bio-oil to
renewable fuels.

It Is at scale, with two biorefineries in
Netherlands and Singapore with a
combined capacity of 3 million
tonne/y of renewable fuels.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential

Image source: Neste
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https://zeroavia.com/

Fischer-Tropsch

Technology overview

Synthetic gas (syngas — hydrogen and carbon
monoxide) is catalytically converted into
synthetic crude, which is then refined into
diesel, jet fuel, naphtha, and waxes.

The syngas can be produced from gasification
of biomass or municipal solid waste (MSW) or
from hydrogen and CO, through the reverse
water-gas shift (RWGS) reaction.

The typical jet fuel fraction in an FT facility is
10%—-15%; early estimates indicate it can be
tuned up to 50%—60%.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential

ASTM status
Approved (2009)

Feedstock
Syngas

Commercial outlook

« FT for SAF is currently at the
Introduction scale, with the first

demo facility using MSW feedstock
launched in 2021.

« The main challenges is the high
capital expenditure of the
gasification and FT units,
downsizing the FT units to match
the scale of feedstock supply, and
Integration of distinct units.



https://hydrogen.aero/

FT - CASE STUDY

Fulcrum Bioenergy launched the =
first demo facility for SAF from MSW. ===
The facility has a capacity of 10 T
million gallons per year. i

The company uses Johnson
Matthey's FT technology.

Fulcrum

BIOENERGY

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential


https://www.fulcrum-bioenergy.com/

Alcohol-to-Jet

Technology overview

 ATIJ is a three-step catalytic conversion of
alcohol to jet fuel. The alcohol is first
dehydrated into its alkene, which is then
oligomerized into long-chain hydrocarbons
before hydrogenation into jet fuel.

* |t can use methanol, ethanol, or isobutanol,
although only ethanol and isobutanol are
ASTM approved.

« Oligomerization is the heart of the ATJ process
and core differentiator.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential

ASTM status
Approved (2016)

Feedstock
Ethanol, isobutanol

Commercial outlook

« ATJ is not yet commercial but has
exhibited high momentum in

recent years. The first demo facility
converting ethanol to SAF was
launched in 2024.

« ATJ uses inexpensive, recyclable,
and stable catalysts that exhibit
high selectivity toward paraffinic
compounds — essential for
competitiveness.



https://hydrogen.aero/

ATJ - CASE STUDY

Lanzalet launched the first demo
facility for SAF from ethanol in
January 2024. The facility’'s capacity is

10 million gallons per year.

The company uses first-generation
ethanol.

Lanzajet™

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential Image source: LanzaJet



http://www.lanzajet.com/

How far can British Airways fly with SAF-fueled planes?

Dubai Inter
UAE

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential
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British Airways can cover its entire network with SAF-fueled planes

Santiago Airport, Chile

©® Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential
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Feedstock
availability is
the greatest

barrier to
scaling up the
SAF industry

EU Feedstock Available* in 2030
Industrial flue gas -

Cover crops .

wsv [

Forestry residue I

Waste oill I

O 20 40 60 80 100
Feedstock (Mtonne)

*Feedstock availability for all uses, including non-SAF applications.



https://theicct.org/sites/default/files/publications/Sustainable-aviation-fuel-feedstock-eu-mar2021.pdf

Feedstock type
is the greatest
determinant of

the carbon
intensity of SAF

ATJ

HEFA

FT

Carbon Intensity of SAF

Ethanol (sugarcane)
Ethanol (corn)
Isobutanol (sugarcane)
Isobutanol (corn)

Used cooking oil
Rapeseed ol

Soybean oil

MSW

Agricultural residue

O 20 40 o0 80 100 120
Carbon intensity (g CO,e/MJ)
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Cost parity with
fossil jet fuel
isn’t attainable

without heavy
subsidies

Minimum Selling Price (USD/L SAF)

$- $0.50 $1.00 $150 $2.00

HEFA - Vegetable oil
HEFA — Waste oil

FT — Forest residues
FT — MSW

FT - CO2/H2

ATJ — Ethanol

ATJ - Isobutanol

IIH”

Price of fossil jet fuel
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There is no perfect technology for SAF

“

Feedstock: Feedstock: Feedstock:

Vegetable oil, waste oil MSW, biomass, CO,/H, Ethanol, isobutanol

-+ Commercial -+ Sustainable -+ Abundant feedstock
<+ Low cost -+ Abundant feedstock -+ Low cost

<+ Robust developers -+ Robust developers

== Unsustainable == Complex integration == Unsustainable

- | ack of feedstock - EXpensive == |_ack of developers

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential YA



METHANOL-TO-JET

Hydrogen

Methanol synthesis
+ Low cost Methanol-to-jet

<+ Robust developers

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential



<+ Robust developers

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential

Minimum Selling Price
(USD/L SAF)

$- $1.00

HEFA — Veg. oll
HEFA — Waste oll

FT — Forest residues
FT — MSW
FT — CO2/H2

ATJ — Ethanol
ATJ - Isobutanol

ATJ — Methanol

$2.00
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British Airways will use various technologies for net-zero operations

London Heathrow Airport

John F. Kennedy
International Airport,
New York =

Santiago Airport, Chile

©® Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential 48



British Airways has five
daily flights from London
Heathrow to Frankfurt, for
which it uses an Airbus
A321neo (240 passengers).

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential

LONDON-FRANKFURT

Airbus A321neo
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© Lux

British Airways has five
daily flights from London
Heathrow to Frankfurt, for
which it uses an Airbus
A321neo (240 passengers).

Replacing one Airbus
A321neo will require two
all-electric Wright Electric
BAel46s for the same
passenger capacity.

Research, Inc. All rights reserved. | Lux Proprietary and Confidential

LONDON-FRANKFURT

Airbus A321neo

A A

Wright Electric BAel46
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LONDON-FRANKFURT

British Airways has 8 daily
flights from London
Heathrow to JFK, New York,

for which it uses a Boeing Airbus A321 Neo Wright Electric BAe146
777 (370 passengers).

LONDON - NEW YORK

Boeing 777

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential



LONDON-FRANKFURT

British Airways has 8 daily
flights from London
Heathrow to JFK, New York,

for which it uses a Boeing Airbus A32Ineo Wright Electric BAe146
777 (370 passengers).

Replacing one Boeing 777 LONDON-NEW YORK

will require two all-

hydrogen Airbus ZEROe

Turbofans for the same I |
Boeing 777 Airbus ZEROe Turbofan

passenger capacity.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential 52




© Lux

London Heathrow has a
legal cap of 480,000 flights a
year and operated at about
475,000 flights pre-COVID.

Airlines switching to an all-
electric and all-hydrogen
fleet will lead to over-
capacity at airports.

Research, Inc. All rights reserved. | Lux Proprietary and Confidential

Sources: Wired and Heathrow Airport Limited
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https://www.wired.co.uk/article/heathrow-third-runway-plans-expansion
https://www.airport-technology.com/projects/london-heathrow-airport-terminal-2-redevelopment/?cf-view

Key Takeaways

'l ‘ SAF will remain the best option to decarbonize aviation

While recent advances in electric and hydrogen aviation are pushing the limits of alternative
propulsion technologies, inherent limitations like energy density will limit the range that an
electric or hydrogen airplane can fly.

2 ‘ Airport capacity will be a limiting factor to electric and hydrogen aviation

Even if the levelized cost of flying all-electric or all-hydrogen aircrafts is cheaper than SAF,
there isn't enough space in airports to accommodate the larger number of such craft
needed

3 ‘ Methanol-to-jet is the most promising opportunity in SAF

Methanol-to-jet offers the industry an option to produce SAF from CO, and hydrogen (which
are not inherently limited) through a technology that is less complex than FT.

© Lux Research, Inc. All rights reserved. | Lux Proprietary and Confidential 54



Thank you

A link of the webinar recording will be emailed within 24-48 hours.

UPCOMING WEBINARS

FEBRUARY 15 FEBRUARY 29

How to Translate Consumer Balancing Consumer Perspectives
Perspectives into a Consumer Health and Environmental Responsibility in
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