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IATA Net Zero Roadmaps []
Emission reduction measures
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A Aviation emissions in 2019: 1.04 Gt..,, expected demand increase to =2 Gtq, by 2050.

Revolutionary aircraft might be operated with hydrogen or
batteries, could avoid an extra 35-125 Mt¢, by 2050.

Continuous improvement of Air Traffic Management

‘With SAF

With carbon
removals
including MBM

New aircraft technology to reduce in-flight energy by 7-10% by 2050.

With hydrogen

With operations

With efficiency
improvements

Sustainable aviation fuels (SAF)
are the key pillar for aviation
decarbonization.

GWP reduction potential t.b.d.

Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA)

o 500 1000

Reductions in aviation CO, emissions in 2050, Mt

[1] IATA's Net Zero https:/iwww.iata. pr
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IATA Net Zero Roadmaps [l FUELSF%EI_B@
Topics addressed today —

Baseline

New aircraft technology to reduce in-flight energy by 7-10% by 2050.

Revolutionary aircraft might be operated with hydrogen or
batteries, could avoid an extra 35-125 Mt., by 2050.

Continuous improvement of Air Traffic Management

b) SAF for Europe:
How much?
How green?

How expensive?

With SAF

With carbon
removals
including MBM

How much, how expensive?

18.02.2025

Berlin « 215t January 2025
22nd (¢ on Mobili
20 & 21 January 2025 | CityCube, Messe Berlin
“Into the future - driven by climate protection!

Aviation emissions in 2019: 1.04 Gt.,, expected demand increase to =2 Gt, by 2050.

With efficiency
improvemen

a) Aircraft Revolution?
Hydrogen or Methane?
Liquid/gaseous?

When?

Sustainable aviation fuels (SAF)
are the key pillar for aviation
decarbonization.

GWP reduction potential t.b.d.

Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA)

500 1000

Reductions in aviation CO, emissions in 2050, Mt

[1] IATA’s Net Zero roadmaps, https://www.iata.
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Civil aviation CO, emissions [l ™“Rilse Jp
CO, abatement per segments -

Range In km up to

PAX 500 1.000 2,000 3.000 4,500 7.000 8,500 10,000

Commuter
<19

Reglonal
20-80

Short-range
B1-165

13%

Medium-range
166-250

12%

Long-range
=250

Total 4% 25% 14% 1M1% 9% 1%

[1] FCH-JU (2020) Hydrogen-powered aviation: a fact-based study of hydrogen technology, economics, and climate impact by 2050. DOI: 10.
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Civil aviation CO, emissions [']
CO, abatement per segments

Range in km up to
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FUTUB
Megligible contribution

W 0%
| RIRES

0-2%

2-5%

Share of total

PAX 500 1,000 2,000 3,000 4,500 7,000 8,500 10,000 =10.000 CO;emissions Global fleat
Commuter 1% 4%
<19
Reglonal 0,
?ne_gm 27 % 3% 13%
Short-range
i . . e o
Medium-range
73 %
Long-range
Total 4% 13% 25% 14% M% 12% 7% % 1%
y& [1] FCH-JU (2020) Hydrogen-powered aviation: a fact-based study of hydrogen technology, economics, and climate impact by 2050. DOI: 10.2843/471510
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Aircraft Revolution Roadmap
Based on CO, emissions of 2018 []

Range In km up to

PAX 500 1.000 2,000 3.000 4,500 7.000

C Ut q q q

ao " Revolutionary aircrafts with hydrogen
and A) fuel cells B) hydrogen turbines

Regional What range? What size? When?

0 =2 GWP reduction?

Short- a .

S High uncertainty!

o . . .

166-250

Long-range

>250

Total 4% 13% 25% 14% 11% 12%
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FUTUEE))
Megligible contribution

B s
W o5

0-2%

2-5%

Share of total

8,500 10,000 >10.000 CO;emissions Global fleet

<1% 4%
3% 13%
24% 53%
43% 18%
0% 12%

9% 1% %

[1] FCH-JU (2020) Hydrogen-powered aviation: a fact-based study of hydrogen technology, economics, and climate impact by 2050. DOI: 10.2843/471510
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Aircraft Revolution Roadmap

FUELSOFTHD\
Based on CO, emissions of 2018 []

FUTuy

Range In kmup to

PAX 500 1,000 2,000 3,000 4,500 7.000 8,500 10,000

Commuter
<19

Regional
20-80

Short-range
B1-165

Medium-range
166-260

Long-range
>250

Total 4% 13% 25% 14% 1% 12% 7% 7%
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Hegligible contribution
oz [l s0%

| RIRES

B 25

Share of total

>10.000 CO;emissions Global fleet

<1% 4%
3% 13%
24% 53%
43% 18%
0% 12%

%

[1] FCH-JU (2020) Hydrogen-powered aviation: a fact-based study of hydrogen technology, economics, and climate impact by 2050. DOI: 10.2843/471510
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Techno-Economic and
Life Cycle Assessment @ DLR
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Technical
evaluation

Economic
assessment

Ecological
evaluation
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Rigorous process simulation

Q Efficiencies (X-to-Liquid, Overall)
O Carbon conversion

Q Specific feedstock demand

O Exergy analysis

80
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Life Cycle Assessment @ DLR
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Economic Technical
assessment evaluation

kg

Het production costs in €,

Ecological
evaluation

Chemical engineering cost estimation
O Year-specific CAPEX, OPEX, NPC
O Sensitivity analysis %0,
O Identification of most economic 'Q’ooo
feasible process design %3
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Techno-Economic and FUTUREJ, R
Life Cycle Assessment @ DLR )

_‘ecmo‘economic aSSeSSmenI(T
<y

Economic Technical
assessment evaluation

Ecological

evaluation Adapted ISO 14040/14044 LCA

Q GWP
O Other impact categories
QO Identification of impact drivers

Dietrich et. al  Assessment of Technologies
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and Life Cycle Assessment

Rigorous process simulation

Q Efficiencies (X-to-Liquid, Overall)
Q Carbon conversion

O Specific feedstock demand

O Exergy analysis

Economic Technical
assessment evaluation

] 1
! |
L _ Dampf

renner g
Nutzwsrme Hydr
Abgas| "

Ecological
Chemical engineering cost estimation evaluation
O Year-specific CAPEX, OPEX, NPC
O Sensitivity analysis
O Identification of most economic
feasible process design

Adapted 1SO 14040/14044 LCA
a GWP

O Other impact categories

QO Identification of impact drivers
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LCA of H2-FC regional jet (70 PAX)

Hypothetical DLR aircraft design study

« Power train:10 FCS* 4 312 kW

Simplified well-to-wheel LCA:

+ German wind power + AEL hydrogen production

+ w/o hydrogen leakages / aircraft / inflight emissions

« [1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress (conference), Dresden, Germany
Fuel Cell System (FCS) includes stacks, hydrogen tank, (2] schrader et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft

compressors, humidifier, heat exchangers, pumps

15
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A 22nd i C Mobili
assessment s

LCA of H2-FC regional jet (70 PAX)

Simplified environmental impact comparison per 1 PAX*km
H,-FCS vs. e-SAF BB 4lvs. fossil kerosene aircraft

100
o o Q
25 40 g
T 0 [}
EQ e
2 % 1 [ Fossil
Qv — kerosene
o 0
@ O c
£e 01 8
= =)
Hypothetical DLR aircraft design study 0.01 " H,-FCS ®e-SAF E
« Power train:10 FCS* & 312 kW 12 : . ) )
. e climate change material ozone depletion
Simplified well-to-wheel LCA: (CC) resources: (OD)
* German wind power + AEL hydrogen production metals/minerals
» w/o hydrogen leakages / aircraft / inflight emissions (MRD)

» CC: FCS lower than SAF < lower power consumption during fuel production

» MRD: FCS and SAF hlgher than fossil (longer supply chain) — more minerals and metals used
> OD: FCS highest impact = tetrafluoroethylene for gaskets

. i [1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrikongress (conference), Dresden, Germany
Fuel Cell System (FCS) includes stacks, hydrogen tank, (2] schroder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft
i 3] Rojas-Michaga et al. (2023): Sustainable aviation fuel (SAF) production through power-to-liquid (PtL): A combined tech and life cycle
compressors, humidifier, heat exchangers, pumps 4] Bardow et al. (2021): Life-cycle assessment of an industrial direct air capture process based on temperature—vacuum swing adsorption

Dietrich et. al ® Assessment of Technologies
and Fuels for Future Sustainable Aviation 8
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Aircraft revolution option 2 " rie J. ,;é:iditf;:f';%i?%;E;iﬁ;%;iiiii:"mb"i-
LNG and its potential in aviation [ '

= Despite clear benefits compared to hydrogen aviation,
LLNG studies from the 1970’s and 1980’s have not been continued
= Volumetric energy density of LNG / LH2: 35% / 75% less compared to kerosene
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Aircraft revolution option 2 s %ngiifiﬁyfﬁi%in‘EJiﬁ“mb};MSiiiiiﬂnMObi“-
LNG and its potential in aviation ] -

= Despite clear benefits compared to hydrogen aviation,
LLNG studies from the 1970’s and 1980’s have not been continued
= Volumetric energy density of LNG / LH2: 35% / 75% less compared to kerosene

@ 2012(1): LNG/CNG fuel line at commercial Jet-A airplane (A318, A300, A380) [l

LNG fuel tank
Ii = Gaseous, natural
@High pressure pumps . gas fuel line
\ w— Liquid, natural
. \
Fuel U\&‘:Eers \ 0 0y gas fuel line
5 = LNG fuel tank

crossfeed

Ll [1]J. Gibbs, D. Seigel, and A. Donaldson, A natural gas supplementary fuel system to improve air quality and energy security, in 50th AIAA Aerospace Sciences Meeting
including the New Horizons Forum and Aerospace Exposition. 2012, American Institute of Aeronautics and Astronautics

Dietrich et. al ® Assessment of Technologies
and Fuels for Future Sustainable Aviation 9
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i i FUELS OF THE » 220d International orference on  Mobi
Aireraft revolution summary AR o e

Comparison of LH2/LNG/e-SAF

= Simplified e-fuel assessment
(far from complete)
I T R T

. 80 years of turbine
propusionsystem -- mprovement

Fuel is global
commodity

Vol. energy density
(fuel, excl. system)

Wet wing fuel storage

In-flight emissions

Preferred / safe . medium . Worst / risky ‘

[1] taken from: M. Raab (2025) A techno-economic “Well-to-wake” evaluation of the aviation fuels LH2, LCH4 and Jet A-1. PhD Univ. Stuttgart
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Aircraft revolution summary FUELS&’F“T’@ ST
Comparison of LH2/LNG/e-SAF -

In-flight emissions

Fuel versatility

= Simplified e-fuel assessment » Specific Cost of flying with e-fuels []
(far from Complete) me-LH2 me-LCH4 me-SAF mfossil Jet A-1
8
1 S S
propulsion system Bﬂlv"!.:rsof turbine %
= 6
Fuel is global -
:ummgudity Yes g _8§
‘("":';';::f‘;::t“::‘l’ 2% 100% g é 4
. Q \8
Wet wing fuel storage _ é uug
(S}
2
‘” 1 i niie

2
0

Preferred / safe medium

Worst / risky Regional jet Small aircraft ~ Large aircraft

(100 PAX) (180 PAX) (425 PAX)

Pl [1] taken from: M. Raab (2025) A techno-economic “Well-to-wake” evaluation of the aviation fuels LH2, LCH4 and Jet A-1. PhD Univ. Stuttgart

Dietrich et. al ® Assessment of Technologies
and Fuels for Future Sustainable Aviation 10
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Aircraft revolution summary FUTUREJL, o
Comparison of LH2/LNG/e-SAF

= Simplified e-fuel assessment » Specific Cost of flying with e-fuels []
(far from Complete) me-LH2 me-LCH4 me-SAF mfossil Jet A-1
8 _
N T - T I
. 80 years of turbine
propulsion system improvement

()]

Fuel is global
commodity

Vol. energy density 100 %
(fuel, excl. system)
HEAC ST __

rilent emsios -

relative eFuel costs lowest

Fuel versatility

Yes Yes

+432 % l T
+206 %

+338 %
+209 % |

Regional jet Small aircraft  Large aircraft
(100 PAX) (180 PAX) (425 PAX)

pXB [1] taken from: M. Raab (2025) A techno-economic “Well-to-wake” evaluation of the aviation fuels LH2, LCH4 and Jet A-1. PhD Univ. Stuttgart

€2020/P@X400.4m
N

N

Specific cost of air travel /

Preferred / safe

medium Worst / risky

Dietrich et. al < Assessment of Technologies and Fuels for Future Sustainable Aviation « Dietrich, et. al « Berlin « 215! January 2025
Aircraft revolution summary
Comparison of LH2/LNG/e-SAF

FUELS OF THE » 22nd ional Mobili
FUTURE 20 & 21 January 2025 | Cn.yCube Messe Berlin
‘) "Into the future - driven by climate protection!”
=

= Simplified e-fuel assessment = Specific Cost of flying from FRA
(far from complete) » High CAPEX for low distance
| * Smaller cost difference at long range
propulsion system “I::r“fw'b:m Large aircraft - 425 PAX - 80 % LF
) i O« CAPEX E4 OPEX ASAF 2 @LCH:—> ¢LlH;—> -
oy Y o e .

ol. energy densi el 7= b 500
‘lllulel mfvszste;'\l‘ _ 100% EH é§§?7 00 &
‘et wing fuel storage -5 /‘i\/i A @ &

- %§\§/7 7 . 3
In-flight emissions g . _ﬁ:§ é% o : - -
il VYR e el "
relative eFuel costs 5 3| 1 |§§§ é%% gi% 100
Fuel versatility 0 il i .’iAEr | ‘ég‘&‘ 4 = ‘ZESAER\ 0

Preferred / safe medium

Worst / risky

Destination from FRA

pyd (1] taken from: M. Raab (2025) A techno-economic “Well-to-wake” evaluation of the aviation fuels LH2, LCH4 and Jet A-1. PhD Univ. Stuttgart
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FT'based B i omass -to _Li q u i d an d FUELSF?E’IJ@, ;g",: 21 Janua.ry zo;s “C‘WCub:I:‘Messe Ber“nMabili

Power&Biomass-to-Liquid SAF [1]

Challenges for sustainable aviation fuel provision in Europe:
» ReFuel EU@: SAF blending rate increase from 2 % (2025) to 70 % (2050)
= Unreliability regarding energy imports < local production required

[1] Habermeyer et. al (2023) Sustainable aviation fuel from forestry residue and hydrogen. A techno-economic and environmental analysis for an immediate deployment of the PBtL process in Europe.
24 Sustainable Energy and Fuels, 7, p. 4229-4246. doi: 10.1039/d3se00358b.
[2] https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52021PC0561 [Accessed: 31.8.2022]

Dietrich et. al ® Assessment of Technologies
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FT-based Biomass-to-Liquid and ™"kt J) 55:5(1252:%;%?:5;i;ﬁﬁ}b;zizr;:"w"-
Power&Biomass-to-Liquid SAF [1] —

Challenges for sustainable aviation fuel provision in Europe:
= ReFuel EU?; SAF blending rate increase from 2 % (2025) to 70 % (2050)
= Unreliability regarding energy imports < local production required

BtL
Biomass FT Syncrude
co,

[1] Habermeyer et. al (2023) Sustainable aviation fuel from forestry residue and hydrogen. A techno-economic and environmental analysis for an immediate deployment of the PBtL process in Europe.
25 Sustainable Energy and Fuels, 7, p. 4229-4246. doi: 10.1039/d3se00358b.
[2] https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52021PC056 1 [Accessed: 31.8.2022]
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FT-based Biomass-to-Liquid and™“rmeejy  ilimosnionimin -
Power&Biomass-to-Liquid SAF [1] '

Challenges for sustainable aviation fuel provision in Europe:
» ReFuel EU@: SAF blending rate increase from 2 % (2025) to 70 % (2050)

= Unreliability regarding energy imports < local production required
BtL vs. PBtL:

Biomass FT Syncrude
Cco,
Advantages PBtL Disadvantages PBtL
+ High conversion of limited biomass feedstock — Additional cost for electrical power

— Additional GHG impact due to electricity production

[1] Habermeyer et. al (2023) Sustainable aviation fuel from forestry residue and hydrogen. A techno-economic and environmental analysis for an immediate deployment of the PBtL process in Europe.
26 Sustainable Energy and Fuels, 7, p. 4229-4246. doi: 10.1039/d3se00358b.
[2] https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52021PC0561 [Accessed: 31.8.2022]

Dietrich et. al ® Assessment of Technologies
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BtL versus PBtL FT-based SAF e A
Technical Assessment '

- FlexCHX project has received funding from the European
) Union's Horizon 2020 research and innovation Programme
L4 Ll 4 || under Grant Agreement No 763919

Key assumptions:
NaeL = 77-8 %opy =
H,/CO =2.05

FT-Recycle = 95 %

Carbon flow Energy flow

Carbon / energy flows [

ng
19JUIM

Tad
Jswwng

50/50

[1] Habermeyer, et. al (2021). Techno-economic analysis of a flexible process concept for the production of transport fuels and heat from biomass and renewable
28 electricity. Front. Energy Res., Nov. 2021 | Volume 9 | Article 723774

Dietrich et. al ® Assessment of Technologies
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BtL versus PBtL FT-based SAF FUTUREJQD  DEsimn oo
Technical Assessment '

. —— FlexCHX project has received funding from the European
Key assumptions: § Union's Horizon 2020 research and innovation Programme
|57 N Ll 4 | under Grant Agreement No 763919

a oA . 1 NaeL = 77.8 Yopny
Technical efficiencies ['! HICO = 2.05
FT-Recycle = 95 %

Carbon efficiency nc [%] Fuel n¢ | Process efficiency ng [%]

nc=354 Ng=57.6 | Ng=77.4
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[1] Habermeyer, et. al (2021). Techno-economic analysis of a flexible process concept for the production of transport fuels and heat from biomass and renewable
29 electricity. Front. Energy Res., Nov. 2021 | Volume 9 | Article 723774
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[1] Habermeyer, et. al (2023) Power Biomass to Liquid — an option for Europe’s sustainable and independent aviation fuel production. Biomass Conversion and Biorefinery.
31 Springer Nature. doi: 10.1007/s13399-022-03671-y. 723774
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32 [1] Habermeyer, F.; Weyand, J.; Maier, S.; Kurkela, E.; Dietrich, R.-U. (2023) Power Biomass to Liquid — an option for Europe’s sustainable and independent aviation fuel production. Biomass Conversion and Biorefinery.

doi: 10.1007/s13399-022-03671-y.
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33 [1] Habermeyer, F.; Weyand, J.; Maier, S.; Kurkela, E.; Dietrich, R.-U. (2023) Power Biomass to Liquid — an option for Europe's sustainable and independent aviation fuel production. Biomass Conversion and Biorefinery.

doi: 10.1007/s13399-022-03671-y.
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[1] Habermeyer, et. al (2023) Power Biomass to Liquid — an option for Europe’s sustainable and independent aviation fuel production. Biomass Conversion and Biorefinery.
34 Springer Nature. doi: 10.1007/s13399-022-03671-y. 723774
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[1] Habermeyer et. al (2023) Sustainable aviation fuel from forestry residue and hydrogen. A techno-economic and environmental analysis for an immediate deployment of the PBtL process in Europe.
Sustainable Energy and Fuels, 7, p. 4229-4246. doi: 10.1039/d3se00358b.
[2] European Union (2018) “Directive 2018/2001 of the European Parliament ...on the promotion of the use of energy from renewable sources (recast)”, Official Journal of the European Union
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[1] Habermeyer et. al (2023) Sustainable aviation fuel from forestry residue and hydrogen. A techno-economic and environmental analysis for an immediate deployment of the PBtL process in Europe.
Sustainable Energy and Fuels, 7, p. 4229-4246. doi: 10.1039/d3se00358b.
[2] European Union (2018) “Directive 2018/2001 of the European Parliament ...on the promotion of the use of energy from renewable sources (recast)”, Official Journal of the European Union
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“Into the future - driven by climate protection!”
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4. || under Grant Agreement No 763919
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[1] European Union (2018) “Directive 2018/2001 of the European Parliament ... on the promotion of the use of energy from renewable sources (recast)’, Official Journal of the European Union
[2] https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-9/#tab-googlechartid_googlechartid_googlechartid_chart_1111
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[1] European Union (2018) “Directive 2018/2001 of the European Parliament ... on the promotion of the use of energy from renewable sources (recast)”, Official Journal of the European Union
[2] https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-9/#tab-googlechartid_googlechartid_googlechartid_chart_1111
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Union's Horizon 2020 research and innovation Programme
4. || under Grant Agreement No 763919
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[1] European Union (2018) “Directive 2018/2001 of the European Parliament ... on the promotion of the use of energy from renewable sources (recast)’, Official Journal of the European Union
[2] https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-9/#tab-googlechartid_googlechartid_googlechartid_chart_1111
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[1] European Union (2018) “Directive 2018/2001 of the European Parliament ... on the promotion of the use of energy from renewable sources (recast)”, Official Journal of the European Union

[2] https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-9/#tab-googlechartid_googlechartid_googlechartid_chart 1111

[3] Fh ISE (2025) Offentliche Stromerzeugung 2024: Deutscher Strommix so sauber wie nie. https://www.ise.fraunhofer.de/de/presse-und-medien/presseinformationen/2025/oeffentliche-stromerzeugung-2024-
deutscher-strommix-so-sauber-wie-nie.html
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[1] European Union (2018) “Directive 2018/2001 of the European Parliament ... on the promotion of the use of energy from renewable sources (recast)’, Official Journal of the European Union
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[1] Habermeyer et. Al (2023) Sustainable aviation fuel from forestry residue and hydrogen. A techno-economic and environmental analysis for an immediate deployment of the PBIL process in Europe. Sustainable Energy and Fuels, doi: 10.1039/d3se00358b.
[2] dataset codes MINBIOFSR1 and MINBIOFSR1a), excluding secondary residues from: Ruiz, P., et al. (2019). ENSPRESO-an open, EU-28 wide, transparent and coherent database of wind, solar and biomass energy potentials
Energy Strategy Reviews, 26, 100379.
[3] Eurostat. (2021). Labour cost levels by NACE Rev. 2 activity (Online) https://ec.europa.eu/eurosta/databrowser/product/page/LC_LCI_LEVSDEFAULTVIEW [Accessed 19.01.2022]
[4] Eurostat. (2021). Electricity prices for non-household consumers - bi-annual data (Online) http: eurostat.ec.europa iTsubmitViewT ion.do [Accessed 19.01.2022]
[5] European Energy Agency, Greenhouse gas emission intensity of electricity generation by country 2022 [cited 2022 31.1];

Available from: https://www.eea.europa.eu/data-and y tid id_chart_1111.
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+ Abundant cheap woody biomass and — High carbon footprint of power production
low carbon electricity in Scandinavia in most European countries
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5 + High full load hours of wind power required — No Net Zero SAF anywhere

Dietrich et. al  Assessment of Technologies
and Fuels for Future Sustainable Aviation 24



Fuels of the Future Conference 2025

18.02.2025

Dietrich et. al + Assessment of Technologies and Fuels for Future Sustainable Aviation « Dietrich, et. al « Berlin « 21t January 2025

FUELS OF THE »

PBtL potential for Europe FUTURE ) J.

Aggregated SAF potential

Grid
On-shore wind (H2)
On-shore wind (VG)

PV (H2)
PV (VG)
BtL* I
0 5 10 15 20 25

30 35

20 & 21 January 2025 | CityCube, Messe Berlin

: - : MOI’“i-

*Into the future - driven by climate protection!

m<1.5€/kg
m<2€/kg

<3 €lkg

No price restriction

Key assumptions:
400 MW, gasifier
33 % forest residue
Full CO, recycling

40 45

SAF (RED II) production potential [Mt/a]

ion, entire potential under RED II limit

19.9 % biomass

Dietrich et. al < Assessment of Technologies and Fuels for Future Sustainable Aviation « Dietrich, et. al « Berlin « 215! January 2025

FUELS OF THE »

PBtL potential for Europe FUTURE ).,

Aggregated SAF potential

Grid I
On-shore wind (H2)
On-shore wind (VG) I
PV (H2)
PV (VG)
BtL* I
0 5 10 15 20 25

22nd i C on Mobili
20 & 21 January 2025 | CityCube, Messe Berlin
“Into the future - driven by climate protection!”

m<1.5€/kg
m<2€/kg

< 3€/kg

No price restriction

Key assumptions:
400 MW, gasifier
33 % forest residue
Full CO, recycling

30 35 40 45

SAF (RED IlI) production potential [Mt/a]

THL]

19.9 % biomass ion, entire potential under RED I limit

Dietrich et. al ® Assessment of Technologies
and Fuels for Future Sustainable Aviation



Fuels of the Future Conference 2025 18.02.2025

Dietrich et. al « Assessment of Technologies and Fuels for Future Sustainable Aviation « Dietrich, et. al « Berlin « 215! January 2025

FUELS OF THE 22nd i C on Mobilif

PBtL analysis for Europe FUTUREJL, o
Aggregated SAF potential '

ReFuel SAF Airbus’ predicted

target 2035 [1] aviation fuel g

[2]
Grid |— i demand 2040
[ | é m< 1.5 €/kg
1

On-shore wind (H2) m< 2 €/kg

On-shore wind (VG) I <3 €/kg

No price restriction
PV (H2)

Key assumptions:

PV (VG) 400 MW, gasifier
H 33 % forest residue
BtL* I i Full CO, recycling

o
[3,]

10 15 20 25 30 35 40 45
SAF (RED Il) production potential [Mt/a]

e IR pgE NS g ®

[1] ... ensuring a level playing field for sustainable air transport [Online] https://eur-lex.europa.eu/legal- L/2uri=CELEX:52021PC0561. SAF should account for at least 5% of aviation fuels by 2030 and 63% by 2050,
51 [2] Airbus Global Market forecast 2021 — 2040 [Online] hitps://www.airbu 1-11-airbus- demand-for-39000-new-passenger-freight ft 0212022)
19.9 % biomass entire potential under RED Il limit
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» Large-scale decarbonization of aviation using RE-supported SAF
is technically feasible, economically challenging, ready to go
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in Europe

» Large-scale decarbonization of aviation using RE-supported SAF
is technically feasible, economically challenging, ready to go
= Massive rollout of European renewable energy production is mandatory
= New PBiL SAF industry to be established — competing with fossil kerosene supply
= Net Zero aviation by 2050 not realistic
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» Large-scale decarbonization of aviation using RE-supported SAF

is technically feasible, economically challenging, ready to go

= Massive rollout of European renewable energy production is mandatory

= New PBiL SAF industry to be established — competing with fossil kerosene supply

= Net Zero aviation by 2050 not realistic
= Hydrogen aviation can complement SAF deployment,

uncertainty regarding development speed and GWP abatement remains
= LNG much easier to handle than hydrogen, but doesn’t look sexy
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Large-scale decarbonization of aviation using RE-supported SAF

is technically feasible, economically challenging, ready to go

= Massive rollout of European renewable energy production is mandatory

= New PBiL SAF industry to be established — competing with fossil kerosene supply

= Net Zero aviation by 2050 not realistic

Hydrogen aviation can complement SAF deployment,

uncertainty regarding development speed and GWP abatement remains

LNG much easier to handle than hydrogen, but doesn’t look sexy

DLR provides standardized assessment for any aviation technology,
feedstock, location, regulation, ... !
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THANK YOU FOR YOUR KIND ATTENTION!.
QUESTIONS?

Techno-Economic and Ecological Assessment of

Aviation Technologies and Fuels

Ralph-Uwe Dietrich (ralph-uwe.Dietrich@dlr.de),

Rahnuma Bhuiyan Evon, Felix Habermeyer,
Simon Maier, Moritz Raab, Julia Weyand
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