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Competition overview and submission advice
Why this Is important to our industry
Comfort Break (15 min)

Deep dive into the topics: SAF, Carbon Capture and Storage,
Next Gen Engine technology

Charlie Beere- Sustainability Delivery Manager at BA
Event close




Submission Guidelines

u Aged 16+ In education, apprenticeship or recent graduate
u  Teams of up to six people
u  Proposals must be no more than 1,000 words

u  Submit your entry via email including your full name/s and
school/collage/university or organisation name to
scholarships@airleague.co.ukno later than 17:00 BST on Friday the 25th of April
2025

Structure

1. Team Namert please ensure you do not add any personal details on the
proposal

2. Project Title
3. Project Summary (no more than one paragraph)
4. The proposal

S

THE AIR LEAGUE




1. Introduction 3. Implementation Plan

Context about your idea/solution How the proposal will be delivered

Risk management or mitigation

What issue, opportunity, or need does this proposal address?

What are you aiming to achieve? Any resources or support needed

. - : Timeline and milestones (Not included in word count)
Define specific, measurable outcomes where possible

_ 4. Impact and Evaluation
2. Proposed Solution

, . _ What will success look like?
A detailed description of your proposal or project:

How will outcomes be measured?
Innovation or unique aspects

Activities to be undertaken to make it possible
5. Sustainability / Long -Term Vision

Stakeholders or partners you would like to involve
How will the project continue after the initial phase?

Geographic reach
Future funding, partnerships, or scalability?

6. Conclusion y

Recap the idea and the opportunity for positive change THE AlR LEAGUE




Tips and Hints

. Describe how you feel your proposal could change the aviation industry and delive
NZE 2050

. Discuss the overall CO2 reduction and environmental benefit of your proposal

. Briefly discuss the level of investment and external support you feel you may
require in implementing your proposal

. Proofread your proposal before submission
. Make sure your research sources are valid and reliable

. Make sure you reference any direct quotes or research material correctly Iin
footnotes and bibliography.https://www.mybib.com/tools/harvard -referencing
generator

5 Y|

. Write in plain and simple EnglisirT Y UK q et 1JWe WHRDN
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https://www.mybib.com/tools/harvard-referencing-generator
https://www.mybib.com/tools/harvard-referencing-generator

Topics

S ; t " b I A How production of current SAFs can be accelerated on a much larger scale
u S a,l n a, e AThe development of these fuels and their production in the UK and globally.

AHow SAF adoption could become more attractive to airlines

/ VI a.tl O n F u e I Areas to consider further; production, handling, storage, future SAF concepts

C b C t AHow CCS technology can support emissions reduction across the aviation industry.
ar O n a_p u re AHow CCS can work alongside current aviation operations and technology to reduce emissions

AHow scalable this technology is both in the UK and globally

a.n d StO rag e Areas to consider further; production, integration, potential impact if scalable

2

. A Explore new engine technologies that support electric, hybrid or alternative fuels like hydrogen.
N ext_ G e n E n I n e AHow scalable it can be in commercial or military applications
g AHow engine technology can be adapted or newly designed to use these low/no carbon fuels

I e C h n O I O Areas to consider further; fuel production and safe storage, infrastructure for refueling/defueling, and any
other supporting infrastructure needed to make this new technology viable and safe for mass production and
implementation.




Why this Is important to the industry
Jonathon Counsell - Group Sustainability Officer, |AG
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Climate Change ¥ where are we ?




Greenhouse gases and carbon dioxide (©O

Carbon dioxide (CO,)

The most significant GHG from human
activity - One tonne jet fuel emits 3.15
tonnes of CO..

Duration
CO, remains in atmosphere for 1000s of

years

Volume
Pre-industrial 270ppm
Global concentration 413 ppm (1.1 degrees

C Increase)
Global emissions ~ 35 nTCO2 - |
2-3 ppm increase each year. An average person in the UK emits about

1.5 degrees C rise Is 42850 ppm 8 tonnes of CQ per year.



HALF A DEGREE OF WARMING
MAKES A BIG DIFFERENCE:

EXPLAINING IPCC’'S 1.5°C SPECIAL REPORT

1.5°C 2°C 2°C IMPACTS 1.5°C 2°C 2°C IMPACTS
Yy 5
EXTREME HEAT _—
Global population ECOSYSTEMS .I 8 6 X
Amount of Earth's land -
ﬁ’;ﬂ?ﬁ?‘.ﬁ;ﬁfi’;‘j 145 37% 2.6x area where ecosystems 7% ] 3% WORSE
every five years WORSE will shift to a new biome
iﬁg}'ﬁF_FHEE AT LEAST 1 EVERY AT LEAST 1 EVERY 10x PERMAFROST 38':}*’“
Number of ice-free 100 YEARS 10 YEARS WORSE Amount of Arctic 4.8 6.6 20 %0
summers permafrost that WORSE

will thaw MILLION KM? MILLION KM?

SEA LEVEL RISE EI EI N Yy

SRR prm MO 9%

rise Dy 2100 MORE CROP YIELDS 2.3x

METERS METERS Reduction in maize 3% 7% -
harvests in tropics WORSE
SPECIES LOSS: -
VERTEBRATES
Vertebrates that lose at 41:}-" 8{}-' 2}{
! o o UP TO
least half of their range WORSE
CORAL REEFS 10- 2902,
Further decline in 90% WORSE
SPECIES LOSS: » \ coral reefs
PLANTS Zx
Plants that lose at
least half of their range 8% 1 6% WORSE
- FISHERIES 1.5 3 2X
SPECIES LOSS: \ f[:sﬂrfg:‘igs'“ marine MILLION MILLION WORSE
INSECTS 3x TONNES TONNES
Insects that lose at 6% 18%
least half of their range WORSE

INTERNATIONAL
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Aviation & Climate Change




Climate change In the spotlight

N E WS Climate Pledge Collective 'y’ @Climatepledgeco +Jan 8 v Flightnook @flightnook -18 Dec 2018 7
Home UK wWorld Business Politics Tech Science Health Family & Educatid My parents took me on many trips in the 80s. I loved flying but as our climate Will #Flightguilt catch on in 2019? The Swedes have been pioneers many times
Politics Parliaments  Brexit UK European Elections 2019  European Elections 2019 fails, I'm starting to resent it. Imagine what your kids will think of you in 30 years if before and maybe they have done it again. #Flygskam #Flygfritt2019

you're still taking them on planes in 2019! @flyingless #flightfree2019 #ClimateChange #Flightnook #RenewableEnergy #FossilFree
UK Parliament declares climate change #Flygfritt2019 ipetitions.com/petition/nofly...
emergency f ,
® 1 tay 2015 f © w & < shar Your jgurney, ourfutyre

WILL #FLIGHTGUILT
CATCH ON IN 2019

Will #Flightguilt catch on in 2019?

#FlightF ree201 9 Swedes taking a step beyond being responsible travellers by rallying behind

a new cause called #Flygskam. The Swedish hashtag means “flight sham...

‘Ryanair is the new coal’: airline enters
EU’s top 10 emitters list

Irish firm joins nine coal plants on list, with carbon emissions up
nearly 50% in last five years

“%RYAN s
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2%

AAviation ¢.2% of global human CQ
emissions.

A 65% International- 35% Domestic.

A80% CO flights > 1,500kmT limited
alternatives

AIAG capacity c. 7% Domestic, 26%
European and 67% International.

Land-use Other

change / transport
forestry 16%
24%

Other fuel- Industry

consumption 16%
10%

Electricity
32%

Sources CQO emissions

IAG Network by region

8.7% 6.7%
12.8%
26.1%
\16.1%

B Domestic

B Europe

B North America

I Latin America and Caribbean

B Africa, Middle East and South Asia

B Asia Pacific




Global aviation CO2 emissions & forecast

“Business-as-usual” CO, emissions (passenger and freight)
Mt CO, per yvear, before offsats)
/ 2 w5

A 2R¢qRYUKkt Wt oct IR YHCe O

emissions will rise . Bl S _
1,600 A Total freight
A Depending on 1,400 -
decarbonisation path 200 -
will range 3%24% by 000 .
2050 1.7 Gt + 0.09 Gt
800 - B 18 Gt
. . . 600
A Aviation will come under
increasing scrutiny. o
200
A BA now 5% of total UK 0 ' ' . . . . —

. 2015 2020 2025 2030 2035 2040 2045 2050
emisSsIions

-igure 4.8) — Based on baseline figures.
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Committee on Climate Change reppReb 26" 2025

Agriculture and aviation would dominate UK emissions by 2040
Emissions of top six sectors, MtCO2e

Surface transport

Building heat

Agriculture
'ﬁ_—
Electricity Industry —
2025 2030 2035 2040 2045 2050
Source: CCC cal'hOI'l B Il Ef

thththththththththth

UK greenhouse gas emissions by sector, MtCO2e, showing the six largest emitters as of 2023 and changes to 2050 under
the CCC’s balanced pathway. Source: Climate Change Committee.

IAG INTERNATIONAL
AIRLINES
GROUP 1 5
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Latest IAG roadmap scenario

A Gross emissions 70% lower than in 2019, emissions intensity 80% lower, dependent on policy support.
A Compliance and voluntary offsets are 10% of cumulative emissions reductions

50 - mmm New aircraft and operations
Sustainable Aviation Fuels (SAF)
45 - Market-based measures and offsets
Carbon removals
40 - Gross emissions
—Net emissions
35 - —Demand growth
o 31
@) 30 -
|_
=
25
20 -
15 -
10 -
5 -
0 T T T T T T
2015 2020

|AG targets
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SAF Is hereand-now the onlylonghauldecarbonisaionsolution

2020 2025 2030 2035 2040 2045 2050
Commuter Electricor  Electricor  Electricor  Electricor  Electricor  Electric or
» 9-19 seats SAF Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen
» < 60 minute flights fuel cell fuel cell fuel cell fuel cell fuel cell fuel cell
» <1% of industry COz and/or SAF  and/or SAF and/or SAF and/or SAF and/or SAF  and/or SAF
Regional Electricor  Electricor  Electricor  Electricor  Electricor
» 20-100 seats SAF SAF Hydrogen Hydrogen Hydrogen Hydrogen Hydrogen
» 30-90 minute flights fuel cell fuel cell fuel cell fuel cell fuel cell
» ~3% of industry COz and/or SAF  and/or SAF  and/or SAF  and/or SAF  and/or SAF
Short haul SAF
» 100-130 seats SAF SAF SAFE potentially Hydrogen Hydrogen Hydrogen
» 45-120 minute flights some and/or SAF  and/or SAF  and/or SAF
» ~24% of industry COz Hydrogen
» 100-250 seats potentially  potentially  potentially
» 60-100 minute flights = i oy e some some some
» ~4.3% of industry COz Hydrogen Hydrogen Hydrogen
Long haul
» 290+ seals SAF SAF SAF SAF SAF SAF SAF

» 120 minute + flights
» ~30% of industry COz

https://aviationbenefits.org/media/167417/w2050 v2021 27sept_full.pdf
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Primary objective for the ICAO General Assembly:
agree a Longlerm Aspirational Goal (LTAG)
A Over the last three years ICAO have undertaken a detailed study to assess decarbonisation options for aviation

A This LTAG report was published in March 2022 and concludes that the primary decarbonisation opportunity is SAF
A This is the key to influencing member states that an LTAG is achievable

.
Eﬂ o ICAD Legend: :
Adrcraft Technology
S &, s
3 3 =
REPORT OM THE FEASIBILITY = S s 2
OF & LOMG-TERM ASPIRATIONAL GOAL (LTAGI 2 o 2 s
FOR INTERMATIONAL CIVIL AVIATION S . 2 S g‘
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4 495 mico,
*
203 mtco,
2000 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2020 2025 2030 2035 2080 204% 2050 2055 2060 206% 2070 2020 2025 2030 2035 2040 2045 2060 2055 2060 2065 2070
“"-"-""“""“"EE“"*“*““":;;‘1“_’3'“"5““"““““’"" 1 Caution required with the interpretation of absolute CO, emissions levels after 2050 due to modelling assumptions e.g., frozen aircraft technology after 2050. Under these assumptions, CO,
I e I: £ . ' . . » . - . ] .

emissions are higher than in an alternative scenario (and modelling approach) where aircraft technology would continue to improve after 2050,

Figure 1. CO: emissions from international aviation associated with LTAG Integrated Scenarios

Low/Med/High ambition: 950Mt/495MT/200MT residual emissions




Aviation decarbonization roadmapsg reaching Net Zero Emissions by 2050

100% ~

90% -

80% -

70% +

60% -

50% +

40% -

30% +

20% -

10% -

0% -

m Residuals mTech Operations m SAF Biofuels = SAF PtL m Hydrogen/Battery-electric

2%
6%

33%

16%

31%
22%

46%
31%
7%
3%

7%

40%

9%

9%

210 27%

7% 8%

6%

ATAG S1 ATAG S2 ATAG S3 IATA RM
1Y

28%

17% 13%

21%

18% 20%

12%

3% 3%

ICAO S2 ICAO S3 ICCT breakthrough MPP OPE

19%

16%

24%

4%

MPP PRU

SAF Feedstock Readiness

Food sources hiomass

16
Waste oils and fats

Non-food source hiomass

ZG Woody waste etc

Synthetics

3G/PL €02, Green hydrogen



Comfort Break - 15 Min
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Sustainable Aviation Fuel

Aaron Robinson - Vice President of Sustainable Aviation
Fuel, 1AG
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SAF Is produced from leearbon, renewable
resources

Conventional jet fuel Sustainable aviation fuel from biomass
A Conventional jet fuel comes
from fossil fuels from within CO2 .
the earth T ER\DIE ¢ o
A New GHG emissions are (S ~
released / — womass s & RSy
A SAF is produced from ' S " 1
renewable resources that co: . | - /
avoid or remove GHG T—@ N X (ﬁﬁl PN o
emISSIOnS TRANSFDRT 'g_\ "T@fg N IHUEEI;ELHI] . m B I%Q' —r ORAGE AND
A Other (older) names: -
A Biofuel Sromaer \T Sustainable aviation fuel using powetto-liquid
A Biojet Mgy _
A Alternative jet fuel » * e r_@‘_ Cor =

A Renewable jet fuel

A dqul UcqR21 mmu.a({f%hjw 2qc RO ) BN e

EXTRACTION TRANSPORT RENEWABLE
ENERGY




SAF has lower lifecycle emissions vs.
conventional fuel

AEmissions occur at each step of a Conventional jet fuel

100%

n2 Wikt WIRNWHE! O

ABYy reusing carbon, we can lower the
UIJ(]]LIJIJUR’r’rRYU’r e #I Yt We W  JH! B

Production Combusﬂon Total

Lifecycle emissions of conventional jet fuel

m 4

Sustainable aviation fuel

~10% ~10%

Well-to-tank Tankto-wake
Fuel production / ~20% Fuel use, i.e., combustion / ~80%
\ }
! Production Avoided Combustion Net
Well-to-wake /
Lifecycle emissions / 3.84 kg CGe per kg fuel / 89 g Cce per MJ removed

Figures are for illustrative purposes only and reflect potential current technology

23



SAF will comprise 41% of our emissions
reductions to netkero

AWith ~95% of our greenhouse Tonnes CQe (m)
(GHG) emissions coming from o
aircraft, decarbonising our fleet Is 10 -
a considerable challenge 35 -
. . 30 -
AWe have committed $3.5bn in .
future SAF purchases and 20 -
Investments, as of yearend 2024 15 -
10 -
AOffsets are not part of our 2050 5 17%
|S(1)::']agtgrg¥/|ke)\?vceadu§§ ;h|%¥]§;$£0 O2015 2020 2025 2030 2035 2040 2045 2050
B Demand growth Removals
Cr6d|b|e SOIUUOH 0 New aircr?aft/operations CORSIA/ETS/offsets

Sustainable aviation fuellll Net emissions
Gross emissions

24



SAF Is the primary decarbonisation lever
avallable through 2050

A Electric: batteries are too

h
eAa\;yc qalll RIJt W YUK q LU! |an|@%5 1J %030 2035 2040 2045 2050

enough energly density

an eclletctrlc %lg |tr_1er W(I)uld

need to be Imes larger

0 hold the battery 2 SAF
Short-

A Hydrogen: possible, but

manP/ engineering haul Electric

challenges —30%

A F_ulr_ldamgntal redﬁsi n of ( 0)
can not be stored M the Hydrogen
wings

A Requires new Long N\=

Infrastructure to produce
renewable hydrogen, and haul

to supply it to airports _ _
(=70%) Electric unavailable

Technology availabllity

Hydrogen unavailable

25



Government mandates are advancing SAF us
globally

Mandated SAF for

passenger airlines- 2
tonnes, k

2025 2026 2027 2028 2029 2030

L Assumed 90% reduction SAF; UK mandate adjusts if GHG reduction is better/worse than 70%
2 Assumptions: ICAO PostCOVID19 Forecast, Mid Baseline demand growth; 2%/year fuel efficiency improvement
3 Brazil, Canada (British Columbia only), India, Malaysia, Norway, Singapore, South Korea, Turkey, UAE 26



f JWsct WgéIWs Yl a1 kit LW
2024y vs. 0.3% by industky

AEstimated 20%25% of global SAF tonnes, k % of fuel

u S e INTERNATIONAL
R . . f IAG: - 1621.9%
Average lifecycle GHG reductionof o
92% |
- ) 7/ 28 3.5%
=b"-=
A96% was beyond existing
mandates IAG SAF ADELTA 0.2%
tonnes, k LUFTHANSA GROUP 0.2%
1,000
- ’ UNITED & 0.1%
m%w N American and
P20 Scandinavian Airfines 611 United normally 1.1%
. publish figures in
, 10 53 162 AIRBUS 11 late spring 18.0%
- ok 0.9%
2021 2022 2023 2024 2030 virginaflanfic 10 202z
0.1% 0.2% 0.7% 1.9% 10.0% AmericanAirlines %, [ © Bl2024 0.1%
L1ATA estimate 57

2 Annual reports and competitive data sharing; some figures are preliminary
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Feedstock, production, and delivery are
globally optimised

B Feedstock
A Production
@ Delivery

28



Weare able tqo beyond mandates thanks to
customer support

BOLLORE\ SCHENKER _ BBy
—\l — KUEHNE+NAGEL @ =. Microsoft
ICF
®royaL &
AIRFORCE TRAVEL PLACES

TTTTTTTTTTTTTTTTTTTTT

29



We fill many roles in the SAF ecosystem

s Short-term buyer o= Industry influencer

n Eight suppliers today across 13 airports n First to set net zero 2050 target
n First to set 10% SAF by 2030 target

= LONgterm buyer

gy -
n Four suppliers (Aemetis,Gevg Lanzaldet, Twelve)

n Additional development agreements LanzaTech n First ATJ SAF deliveries globally (LanzaJet)
Velocys) n Largest offtake for PTL SAF by annual volume
(Twelve)

s |nvestor / Innovator

Scope 3 partner to corporate customers

n Ownership stakes in LanzaJet, Nova Pangaea,
Wastefront n Largest agreements globally




Where do we go next?

Als competition getting in the way?

ADo we have the right incentive
structures In place?

AAre traditional business case
structures sufficient?

Als culture holding us back?

AWhat costs more, acting or not
acting?

AHow best to excite customers?

INTERNATIONAL
AIRLINES
GROUP

Sels



How I1s SAF made?

AMust be a
hydrocarbon just
like jet fuel, e.q.,

C8Hl8

ANeed to take carbon : [
and hydrogen from B,oc,,'m’- | mermochemicar
a renewable source, seemie | “:::.:::".,
and combine them Liide conversion mi_,m l_
together ' 1 P

: : & hydrotreatment fraanonauan & fractionation

Aldeally made from
wastesy lower (or EX = -i -%

even zero) cost

32



SAF must meet numerous reqguirements

Technical (established by ASTM) Sustainable

(established by regulators / NGOSs)

nkElash point nlLifecycle emissions

nEnergy content nDoes not compete with food
nFreezing point production

nDensity nLand use change

nEnvironmental requirements nSocial impacts

MCOmming”ng [ infrastructure nOther criteria established by
nEngine performance / maintenance regulators and informed by NGOs
nEtc.

33



SAF Is certified by one of two certification

schemes

A Two certification schemes exist for SAF:

A International Sustainability & Carbon
Certification (ISCC)

A Roundtable on Sustainable Biomaterials
(RSB)

A Both have similar standards to measure
lifecycle emissions and certify fuels as
sustainable

AIAG requires that SAF producers achieve
sustainabllity certification from one of
these organisations

A The exact certification varies based on
producer and delivery location

.ISCC

International Sustainability
tt Carbon Certification

RSB

Roundtable on
Sustainable Biomaterials

www.rsb.org

34



SAF emissions reductions are measured by
lifecycle models

A SAF lifecycle emissions are made up CORSIA default lifecycle emissions values
of: g COe per megajoule
A Core Life Cycle Assessment (LCA): all

' f f K th h fuel
emissions from eedstock through fue
99

A Indirect Land Use Change (ILUC): 04
emissions due to land use changes from
displacing vegetation to grow crops 65

A SAF lifecycle emissions can use an
ICAO-published default value, or be
analysed to determine an actual value

AThe r,esulting value. is,compared to

39

(54)

) ~ - nuc, . . Ao . ’r z
HY U2 UUqRYUCc G Wne lydk gdfe ! AYOWRUqUOt Ra! )
89 for CORSIA or 94 for EU RED/UK |
RTFO Conventiona F-T HEFA HEFA HEFA HEFA ATJ ATJ
| jet fuel Global Global Global UsS Malaysia, Brazil UsS
Municipal Used Tallow Soybea Indonesi SugarcaneMiscanthus
solid cooking n oil a
waste oil Palm oil

35
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Carbon Capture and Storage
Michael Evans - Group Sustainability Insights
Manager, I1AG
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What are carbon removals?

CARBON DIOXIDE REMOVAL OPTIONS

DIRECT AIR CAPTURE BIOENERGY WITH CARBON AFFORESTATION BIOCHAR ENMANCED
(DAC) CAPTURE & STORAGE REFORESTATION SOIL CARBON WEATHERING
(BECCS)

co, co, co, co,

INTERNATIONAL
AIRLINES
GROUP
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How do airlines use carbon removals in their
strategies?

1tonne CO2 removed
= 1 credit

| . N
a (M = ‘ HHH
: Ak i |I||I||I|
Voluntarily to show progress ' Towards obligations set by
towards reducing carbon emissions government
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Carbon removals have a S|gn|flcant role to play In
helping IAG and other airlines achieve net zero
emissions by 2050

IAG Roadmap to NetZero
MT CO2

Operating our

aircraft more
efficiently

- e» ea» o
- -

Using Sustainable
~Q Aviation Fuels (SAF)

-
-
-
-
-
- o
-
-

Carbon markets
(allowances)

Using carbon
removals

40



How many carbon removal credits will there be?

UK carbon removals The UK could
need more than

30 350

300 | 200 million

25
250 I |
20 removals in 2050!
o 9 8 =
> 2 200 O =
o5 O il
a8 = e e
CDC15 «K O Mel emissions
E 9 ()] ':_:' : Bzl
E = 150 L:) -.r' | =L
SE o =
0w
10 -
100 El Positive
o emilzsions
g Hard-te-awold amissions
= (1.5-3.1 GICO,ec
5 L1
50 . H
Carbon dioxide remova COR required 1o offsel
. nard-to-avold emissions
- | T |
0 0 1980 2000 2020 2040 2060 2080 2100
Direct Air Capture Enhanced Weathering Biochar Soil Carbon  Bioenergy with Afforestation S ahd < o vol < Uo i
(DAC) Carbon Capture and
. . Storage (BECCS) _
Volume in 2030 (LH) = Volume in 2050 (RH) =—=—Cost in 2030 (LH) Cost in 2050 (RH)

Source: UK Government: Greenhouse gas removal methods and their potential UK deployment (2021)
Chart data is illustrative using figures from the government publication.
UK Government: Energy and emissions projections 2023 to 2050

41




British Airways

Aln 2024,British Airways announced a
carbon removals partnership to
become the largest carbon removals
purchaser in the UK and the largest
airline purchaser of carbon removals
globally

AAYanNDo6d! WwyUWlwaé RI 1

emissions reductions by 2050 will
come from carbon removals

ABA has purchased 33,000 tonnes of
carbon removal credits through its
CURS portfolio, from a range of the
different technology pathways

Ll

— T g, Q=
‘‘‘‘‘‘‘‘
—— 1 i ||\‘»‘.t‘ i
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Commercial Aircraft & Engine Evolution

Jonathon Counsell - Group Sustainability
Officer, IAG
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Decarbonising requires significant
breakthroughs in four areas

In Sector

Out of Sector

Aircraft Design Propulsion Fuels

Removals

45
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Commercial aircraft have become far more efficient
since widespread Iintroduction of jet engines In ~196(

Average Fuel Burn for New Commercial Jet Aircraft (Indexed, 1970 = 100)

NNNNNNNNNNNNN entation title
IAG::= 46
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Conventional jet engine efficiency Is Improved via twc
avenues

Thermal How effectively the engine To improve thermal efficiency
. converts the energy stored in  manufacturers seek to increase combustion
Efficiency . .
fuel iInto mechanical energy temperatures and pressures

How effectively the engine
))) Propulsive converts the mechanical

Efficiency energy into useful thrust
energy

To improve propulsive efficiency
manufacturers seek to propel the largest
volume of air at the lowest exhaust velocity

IAG NNNNNNNNNNNNN
AIRLINES
GGGGG 47
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Thermal efficiency; represented by engine pressure

. Improvements driven by:
Overall Pressure Ratio )

55 Improved Compressor design

A More stages + better aerodynamics in axial compressors allow for
50 o 0 greater pressure increases without stalling

o A A 3D aerodynamic shaping of blades improves airflow efficiency and
45 stability
40 ‘ Advanced materials & cooling
o A Nickel-based alloys, ceramicbased and thermal barrier coatings,

35 A330 which can withstand higher temperatures.
” o7 Tighter sealing & tolerances

A Tighter clearances between rotating + stationery parts
25 A Brush and abradable seals help maintain high efficiency as parts

wear

20

Enhanced manufacturing techniques
15 o7 A Additive manufacturing (3D printing) enables complex geometries

and internal cooling channels that were previously impossible
10 A Computer aided design and computational fluid dynamics optimise
1961 1972 1995 1996 2011 2015

every component

Chart shows improvements in Overall Pressure Ratio from a base 707 aircraft powered by P&W JT3D through subsequent genesation
of aircraft powered by Rolls Royce engines. Dates are for entry into service of the engine type 48
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Propulsive efficiency; measured by the bypass ratio

Bypass Ratio Improvements driven by:
2 Larger fan diameters
A The larger the front fan the more air can be moved around the engine
. ) ) core
787 A350 A Advances in aerodynamics material and weight reduction have allowed
larger and lighter fans

Stronger and lighter materials

A Carbon fibre composites reduce fan weight without compromising
strength and stiffness

777 A Titanium aluminides and ceramic matrix composites in hot sections

330 enable compact, efficient cores

767 Engine Core Shrinking
A As engine cores become smaller and more powerful this frees up space
and weight allowance for larger fans

707 Noise Reduction Technologies
A To dampen noise from larger fanenginesuse a combination of
1961 1972 1995 1996 2011 2015 chevron nozzles, acoustic liners and fan blade shaping and spacing

Chart shows improvements in Bypass Ratio from a base 707 aircraft powered by P&W JT3D through subsequent

generations of aircraft powered by Rolls Royce engines. Dates are for entry into service of the engine type 49
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What next for conventional engine design; the Rolls
RoyceUltraFan

Lean Burn Combustion

Improved pre-mixing of fuel & air prior to ignition results in more
complete combustion; maximises energy release and lowers
emissions

Advance3 Core
Compressor system delivers overall pressure ratio of 70 :

ey 1, 4 times higher than 707 engines could achieve
axie BER)I TN

» e — Power Gearbox
__ | Delivers efficient power for highthrust, high-bypass ratio

engine ratios. Produces enough to power 500 family cars

Low Speed Composite Fan System

Composite casing and carbon/titanium blades, which have d40 inch
diameter T almost the size of a 737 fuselage and 2.5 times larger than the
707 engines

IAG INTERNATIONAL
AIRLINE s
GROUP 50
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Where could thé&lltraFantake us?

Overall Pressure Ratio Bypass Ratio
80 16
UltraFan UItraFarl,o
70 ° 14 /
’I
U4
4
,I
60 12 7
U4
U4
’I
’I
50 ° ° 10 ° ¢
787 A350 787 A350
40 ° 8
° 777
° A330
30 767 6 °
777
L
20 4 . A330
° 767
707
10 2
[ J
707
0 0
1961 1972 1995 1996 2011 2015 ~2035 1961 1972 1995 1996 2011 2015 ~2035

Beyond theUltraFanit is likely that different designs will be required to drive further improvement; a key reason
for this Is that larger fan diameters cannot be achieved

Charts show improvements in from a base 707 aircraft powered by P&W JT3D through subsequent generations of
aircraft powered by Rolls Royce engines. Dates are for entry into service of the engine type 51
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Beyond conventional engine design; GE CFMrRise
single stage open rotor engine

Carbonfiber composite blades manufactured via @3weaving
process enable a larger fan diameter to improve propulsive efficiency
ﬂ . . . .
An advanced compact core that will increase thermal efficiency
» ( ) and significantly decrease fuel consumption

M

Hybrid electric systems
Advanced metal alloys and ceramic matrix composites will also
Improve thermal efficiency

IAG NNNNNNNNNNNNN
AIRLINES
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Beyond jet fuel altogether; hydrogen powered aircrafs

IAG has invested irZeroAviag a startup working on hydrogerelectric
powertrains

ZAB00 D 2
The future of propulSion . . fropu’l5| N for reg'?tf‘a[
for 10-20 seat-aircraft turboplséaps such as ATQand Das‘n 8
families
A 600Kw continuous hydrogenelectric A A cutting-edge 25MW modular hydrogenrelectric powertrain designed to
powertrain for fixedwing platforms revolutionize regional air travel.
A Fuelled by gaseous hydrogen tanks & capable | A Retrofitted for 40-80 seat turboprops, this innovative system is powered by
of carrying passengers up to 300 NM liguid hydrogen tanks, offering a sustainable and efficient solution for
aviation.

IAG INTERNATIONAL
AIRLINES
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Zero Avia deployment timeline

\
2020

10-20 seats
300 NM range
ZA600

40-80 seats
700 NM range
ZA2000

2030

100 seats
1000 NM range
ZA2000RJ

|
2033

100-200 seats
1500 NM range
ZA10000

2040

200+ seats
5000 NM range
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AirbusZEROeaydrogen powered aircraft

ANext Gent Large Scale

A Hydrogen fuel cells convert energy stored in
hydrogen and oxygen molecules into electricity
through an electrochemical reaction.

A They are highly efficient, and unlike batteries
can operate continuously,as long asa
constant supply of hydrogen is ensured.

A They do not create any CO2 or NOx emissions:
the only byproducts of the reaction are heat
and water.

A They can also be connected to other fuel cells
to create a fuel cell stack, enabling scalable
power generation.

Presentation title
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@ Aircraft Design

Radical aircraft designs are needed for a step change

In efficiency

But these are currently embryonic, heavily focused on single aisle and have negligible budgets

Capacity Range Fuel Efficiency
== %, <200 2,000nm 20%
= Bler_]ded AIRBUS vs current NB
WING | e
Body 250 Unspecified 50%
v unspecified
TransoniC sozemnwe
3,500nm 30%

Truss ~+ <210

~70% of IAG emissions are from Long Haul, which these aircraft will not address
IAG Average Sector Length: LH 3,800nm | SH 585nm

VS current NB

Source: Boeing, NASA, Jet Zero, Airbus
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40 million customers a year




OUR VISION

A CUIltUTre of sustainability
t hat 0s VviI siI bl e t

customers



SUSTAINABILITY STRATEGY

BA BETTER WORLD

Planet Responsible business

Creating an informed, diverse and
Inclusive workplace that contributes
to a sense of wellbeing and
belonging, enabling people to thrive.

Urgent action towards net zero Robust business governance and
emissions, ensuring respectful use commercial products that reflect our

of resources and highest standards purpose & values & meaningful
of environmental protection. Investment in communities we serve




OUR DIRECTION OF TRAVEL

Q

Pre 2021

Leadership on
community investment
and net zero ambition
and influencing global

Industry position

Q

LA,

2021-22

BA Better World strategy,
building awareness and
engagement and
Improving performance

2023-26

Building a culture of
sustainability - embedding
sustainability in decisions,
products, performance and

Investments.

2027-30 & Beyond

Low carbon transition in
action, increasing
ambition & applying new
business models to
sustain BAin a low
carbon economy



SUSTAINABILITY
NEW TO

Carbon footprint UK emissions Committing Committing
reporting trading scheme to Net Zero to SAFE

We were the first We were the first IAG was the first IAG was the
airline to report our airline to voluntarily airline group to first European
carbon footprint participate in the UK make a Net airline group to
more than two emissions trading Zero commit to 10%

decades ago scheme commitment SAF by 2030



EMBEDDING
SUSTAINABILITY

Our new aircraft are up to 35%

More than 90% of our ground more efficient than the ones they
vehicles at Heathrow are either replace

Zero emissions electrical
equipment or using HVO fuel

First airline certified to recycle on
flights into New York
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We have more than 4,600 Flying
Start Champions

Our SAF Is delivered direct to our
Our customers can make more

Informed decisions through
COZ2llaborate

aircraft at Heathrow via existing
pipeline infrastructure



BA ROADMAP TO NET ZERO CO,

Current BA published GCf@admap to net zero by 2050, or sooner.



