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Source: IATA Sustainability and Economics

Balancing growth in connectivity with a comprehensive AT

b global air transport response to the climate emergency. A ey STom S
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IFAR’'S CORE VALUES

1

Information exchange
and networking among the
principals
at IFAR Summits

© Prof.Dr. J.Szodruch 2026

3

Human resources
development
(empowering early career
employees)

INTERNATIONAL FORUM
rFor AVIATION RESEARCH

4

External partnership
Partners such as:
ICAS (2016)
ICAO (2020)




- . . (’ Y IF/IR | Mmoretsonen
The Lucasiewicz Research institute of Aviation ILOT AN

hosted the IFAR Summit in 2026 on their 100th anniversary
With 19 global IFAR member institutes in attendance

Bl

The future of aviation rests on our
ability to meet sustainability
objectives while leveraging
international cooperation
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Atmospheric effects of emissions from aviation

= P T T

Source DLR
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Effective Radiative Forcing

CO,

[ Ozone (fast)

non-CO,-emissions account for ~65% of the
anthropogenic ' RF of aviation
(AT ='A * r-*RF)

surface

Largest remaining uncertainty: aerosol-
iInduced cloudiness (potentially cooling)!
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RF [mW m~]
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The Gulfstream
2026 High-Altitude Test Campaign:

Recent Contrail Research

Gulfstream G800 with Rolls-Royce Pearl 700 Engine
Up to 50.000 feet max Altitude

* Fuel: hydroprocessed HEFA SAF, entirely
free of sulfur and aromatics.

- Soot Reduction: significantly fewer soot
particles.

« Contrail Mitigation: 56% reduction in
contrail ice crystals
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2019 Global Contrail Occurance

 Climate Benefits: 26% reduction in the net
warming impact

© PROF.DR. J.5ZODRUCH 2021 FAA;NASA, DLR, Rolls-Royce, and Missouri University of Science and Technology.
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Upstream Infrastructure The Energy Options

Sustalnable AV|at|on Fuel (SAF)

Same characteristics like kerosene
Made from biomass (BtL) or

Made from synthetic H2 + CO2 (PtL)
Carbon neutral (if using CO2 capturing)
Reduced emissions such as soot & NOXx
Very energy demanding production

Ve | ol P
= Battery
v K Very energy efficient power train (>90%)
~30x more heavy than kerosene
Raw materials environmentally critical

= _ St ‘ Fuel CeII (FC)

LIqUId Hydrogen (L H2) s © Better energy efficiency than turbine
Liquified at -253°C / 2-3 bar = © Only water vapor emissions |
4x volume and 3x lighter than kerosene | + High mass & high energy demand for cooling
Zero CO2 emissions ' 7

Non-CO2 emissions reduced (zero with FC) Hybrid Electric (HEP)
Increased water vapor emissions - Flexible distribution of energy

Energy demanding production ® 4 - Range extender, booster, mild hybrid
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Comparison of climate impact from H2 propulsion and synfuel”

Synfuel

Hydrogen
turbine

Hydrogen
fuel cell

© Prof.Dr. J.Szodruch 2026

Change of in-flight emissions and emission related effects!

Direct CO, NO, Water vapor?

-100%
(Net) 3

-50-80%

-100%

. Assuming decarbonized production and transportation of fuels in 2050

.10 times lower climate impact than from CO, emissions

. Net CO, neutral if produced with CO, captured from the air

. Measured in CO, equivalent compared to full climate impact of kerosene-powered aviation

Contrails, cirrus

-10-40%

-30-50%

-60-80%

*Hydrogen Powered Aviation, McKinsey 2020
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Airport: The Multl Modal Energy Hub
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Global CTO‘s Statement (Le Bourget)

The Strategy A T
« fuel efficiency and CO2 ? { 3 N AT
« sustainable, alternate aviation fuels. : ot/ )

» radically new aircraft and propulsion technology | e

R (L $ = <Ay \ = ) @ﬂﬂffﬂﬂ
_.The Targets - - mCr e\l (&= A5 4 |

_« 7775 percent reductlon in CO2, i‘ = V) & };\ > 4\ DASSAULT
90 percent dropin NOX and : o . /5 W 7

65 percent decrease in noise y 2050 4
global agreements through ICAQO as part of the certlflcat|on process

—
Aviation’s Third Era__.= =

* New hltecthdvanced engine thermodynamic efficiencies, electric.and mover)

- hybrid-electric propulsmn dlgltlzatlon artificial intelligence, materials and .
manufacturing, 0\ T _ & SAFRAN

2 United

* ‘novel designs with aircraft drag management and dISti ltutlng propulsmn and
' ‘ Technologies

new matenals
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2025 Fleet
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Fleet Renewal

43,625

(45,500%)

Regional Jet B Single-aisle

Widebody B Freighter

* Airbus GMF, >100 Seats

2045 Ieet
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IFAR - Early Career Network Initiativ

-~

SARC - Sweden b
1) Systems TSAGI - Russia
l?LR Aero , Engine, JAXA - Japan
Desigaeng structures e Power Elec,
ONERA - France collaboration BLI,Aero,Prop
Optimization, i : CAE - China ’ =
NRC - Canda LY « g : SE,Thermo, :
a 1)Materials, Structures NLR - Netherland SPeNystinnel INCAS - Romania Structures. KARI - Korea "
- 2)Gas Turbines ATM , Emissions Stability , Aeroo Structure,Aero,prop ”
- — , ATM
—— CeiiA - Portugal CIRA -Italy METU - Turkey
Structures ATM Aero,Design,Stability
Aeroacoustics NAL India
fntoll d Structures,
Systems, Aero
.‘/ . - -
' Organization 16 — Country 16
/ Disciplinary expertise 12
k] - - ‘
Total Number of participants '/(
{ YIF/IRX
o
- - ~ - - -
Collaborative Environment Friendly Aircraft Design Challenge
An IFAR Early Career Network Initiative
Education Information Exchange Cooperation Networking Communication

- Yy A 2222929292222 ry 44 SFSE2NNS 4444 u 4

© Prof.Dr. J.Szodruch 2026




.

.

Wisw/

SRS, S |

—_—

IFAR ~'Early Career Network Initiative

)
.-

B

3

P
.

.
|~
g

.
v -
. -
.
=, N
o 3
w9 3
N
.
.
Al

4

Collaboratively create Make use of
distributed design environment distributed design environment
2019-20 and design a reference aircraft. And 2020+ for designing green aircraft meeting
Further Green Hybrid Electric Aircraft flightpath 2050 goals.
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The Path to Net-Zero

B Technology B Operations and infrastructure {including | Sustainable Market-based
efficiency improvements fram load factor) aviation fuel Freasure

Headed for net zero

CO2 emissions (millions of tonnes)
2,000

Aircraft Technology

Operation & ATM

i e L

¥ I'-.I=+ e

4 Maket Based Measures

2015 2020 2025 2030 2035 2040 2045 2050 Ermissions reduction
contributions in 2050

Source: ATAG Waypoint 2050 repart: Scenario 3
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The Central Challegges

%+ Renewable Energy Avallabtlity e i

H iqm

Transitioning global aviation to e-fuels(and hydrogen)mﬂl require thousandé of

terawatt-hours (TWh) of green electrlcnty by 2050—a‘nmitlpteﬂf-today s total
global productlon from wind and solar power 5 L M Vo Ao

.

—
- . - > - .
NCE AND - - N

< Capltal Costs & Scalmg_ DUV, s B T G
Building SAF refineries (and H, infrastructure)-at alrportsrequrré““globq‘
investments in the trlple-dlglt billions peryear. ..~ | ¢! - :
- Fleet Renewal Rates: Yl > . -

Airlines must replace their existing fleets with more efficientmodels at a faster

pace, whichiis currently limited by economics andgote'?tally by supply chaln
bottlenecks among engme and alrcraft manufacturers T

\
J;‘ lf‘, |, S — f\\
—~—
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Regulation, Investments and Carbon Removal

<+ Blending Mandates*: =" mmm e lidye =
Legal regulations require fuel suppllers toblend sugtauﬁable avuatlon fuel
(SAF) inincreasing increments.(e.g., 2% SAF startm‘g’ iﬁ ‘2625"'6% by 2030,

and 70% by 2050, includinga fixed e-fuel share) g 2 o

R COZ Prlcmg & Certificates: ' o
The EU Emissions Trading System (EU ETS) and CGRS,IA** steaehly Qm o
mcrease the cost of fossul Jet fuel, closing the price gap wuth SAF. 'dgf; —

$ Y

X Dlrect Air Carbon Capture arid Storage (DACCS)

Might be available on an industrial'scale’ by 2040;'so unavoidable resudﬁ%l
lemissions,could be compensated through per@e%ologlcal storag‘e '

'\ %
-1 i-',__'yl"yl:"k':r, N “ | . NUING rDI "L:.:l‘.'-"--“"’\. K.

' & MECHANISMS Setnt? ol \

© Prof.Dr. J.Szodruch 2026 *ReFuelEU Aviation **2nd Phase 2027 mandatory




B“dget & ECOIIOmy Estimated Magmtude of Capltal Requlrements -
% Investment Requlrements GCAPE AP R

o ~Approximately {lien r§lininvestments by 205Q‘(ATAG and McKinsey).
o Over 80%of this capltal wnll not flow into aircraft manufacturing.itself, butinto building,
the upstresa C ture (renewable energy plants, refmehe&etc) _ 2.
e Competltlon with energy demands of other sect'é)rs (steef chemlcal mdustrles Jpower grld
decarbonlzatloqL - .«.\\ (o FASY ' YONV i & 3
| AMANG. CEMTER .
“Operating Costs (OPEX) and Economlc Vaabllltyi‘ | ;
o Fossiljet fuel: approx. 600 —800 USD per metric ton. Pas o e, ‘:t‘;

o

o HEFA-SAP'(from waste oils): abprox 1,800 - 2,500 USD per metric ton, :
,o" PtL / E-Fuels(Synthetic jet fuel) approx. 3,000 - 4,500 USD per metnc ton.
o<“TOC for a complete transition to PtL would | ol | oy . cOstsse

«TicketPrice Increase Estimation . %
< Europe 100€ + 40€ and Inte[natlonal 700€+ | N, N

[ 4 2 [ &V 4 rea » > 4 W

O RIS LA e A0S * e-fuels.com, IATA, and ReFuelEU Aviation
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| appreciate your attention and interest

SYSTEM OF AIR TR
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