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[1] European Aviation Environmental Report 2019, https://www.easa.europa.eu/eaer/system/files/usr_uploaded/219473_EASA_EAER_2019_WEB_LOW-RES.pdf

DECHEMA FORUM Science and Industry in Dialogue
15 — 17 September 2026
DECHEMA-Haus e Frankfurt am Main @ Germany 1



Dietrich et. al (DLR e.V.) 16.10.2026
Techno Economic (TEA) and Environmental Impact
Assessment (LCA) of Sustainable Aviation Fuels in Europe

Dietrich, et. al * Techno Economic and i Impact of i Aviation Fuels in Europe + 17. September 2026 « DECHEMA. Frankfurt

Problem: EU aviation CO, emissions gsz:::;mma:c;’;%%nm.."

15 - 17 September 2026
DECHEMA-Haus, Frankfurt am Main

Solution: SAF DLR

= 350
8 300 Mtc,/a by 20407
c
2 300 => 95 Mt/a Kerosene by 2040? 301
-
g __E_ 255 262
7 = 198 Mtq,/a by 20307 24
£ 0 => 63 Mt/a Kerosene by 2030? 198
NN
8 a 150
-
&5
=
R
i i 88 Jogger
=
o
g 50
©
=
K] 0
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
=== |MPACT, 2005 - 2017 [Z] IMPACT, high traffic forecast For eachr:rafﬁc fﬂfitaﬂ. the upper bound of the
range reflects the ‘frozen’ technology scenario
IMPACT, 2013 - 2017 & base forecast, ] IMPACT, base traffic forecast andgthe lower hound reflectsthe 'agzanced' 2
with effect of EU ETS IMPACT, low traffic forecast technology scenario.
----- EEA/UNFCCC
g [1] European Aviation Environmental Report 2019, https://www.easa.europa.. a 219473_EASA_EAER_2019_WEB_LOW-RES.pdf
Dietrich, et. al » Techno Economic and i Impact of i Aviation Fuels in Europe + 17. September 2026 « DECHEMA. Frankfurt

15 - 17 September 2026

Problem: EU aviation CO, emissions g&zxﬁygzgaﬁazﬁ.ﬁ%ﬂm.J'

- - - - DECHEMA-Haus, Frankfurt am Main
Solution: SAF - ReFuelEU Aviation (a little) DLR
= 350
g 300 Mt.o,/a by 204072
i=
,3 300 => 95 Mt/a Kerosene by 2040? 301
2
'-g E 0 262
ag 198 Mto,/a by 2030? 24
% 20 => 63 Mt/a Kerosene by 2030? 198
NN
8 a 150 >
..515 T
o o . q
EE W et o ReFuelEU Aviation “ideal” CO, savings
= T Lt
£ Year: 2025 ‘30| ’35| ’39 (2040)
& Amount: 1.1 | 3.4 | 12.1| 13.8 (22.2) Mt/a SAF
=
k] 0 :
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
= IMPACT, 2005 - 2017 [ IMPACT, high traffic forecast For each traffic forecast, the upper bound of the
. flects the ‘f " technol io,
IMI?]AC;, 201? El}?f_l;s & base forecast, [ IMPACT, base traffic forecast ;?%gﬁlgeloi';;r boeung’::fqectesc “?g ggz;:sen;’no
with:etlect.o IMPACT, low traffic forecast technology scenario.
""" EEA/UNFCCC Assumed GHG emission savings using ,net zero* SAF
4 =3 Assumed GHG emission savings using ,net zero“ RFNBO SAF

[1] European Aviation Environmental Report 2019, https://www.easa.europa. 219473_EASA_EAER_2019_WEB_LOW-RES.pdf

DECHEMA FORUM Science and Industry in Dialogue
15 — 17 September 2026
DECHEMA-Haus e Frankfurt am Main @ Germany 2



Dietrich et. al (DLR e.V.)
Techno Economic (TEA) and Environmental Impact
Assessment (LCA) of Sustainable Aviation Fuels in Europe

Dietrich, et. al * Techno Economic and

Impact of

Civil aviation CO, emissions [']

16.10.2026

Aviation Fuels in Europe + 17. September 2026 « DECHEMA. Frankfurt

DECHEMA FORUM 2026:
Science and Industry in Dialogue
15 - 17 September 202

5
DECHEMA-Haus, Frankfi Mai
CO, abatement per segments DLR
Megligible confribution
o2 [l s0%
25% [l 1015%
Range In km up to Share of total
PAX 500 1.000 2,000 3,000 4,500 7.000 8,500 10,000 =10.000 CO;emissions Global fleet
Commulel <1% %
Reglonal
20-80 3% 13%
Short-range
Medium-range
Long-range
Total 4% 13% 25% 14% 1% 12% 7% % 7%
[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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[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress, Dresden, Germany
[2] Schroder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft

15 [3] Evon, Rahnuma B. und Weyand, Julia und Juschus, Daniel und Schroder, Matthias und Gentner, Christoph und Dietrich, Ralph-Uwe und Ansar, Syed Asif (2026) Life Cycle Assessment of Hydrogen-powered Fuel Cell System
for Regional Aviation - D and Preliminary Results. Journal of Hydrogen Energy, doi: 10.1016/j.jhydene.2025.152527
Dietrich, et. al + Techno Economic and Envi Impact of Sustainable Aviation Fuels in Europe + 17. September 2026 - DECHEMA. Frankfurt

Science and Industry in Dialogue
15 - 17 September 2026

Aircraft revolution LCAI! .-"
H2 fuel-cell power train impact

DLR

Airplane [1] Propulsion system [2,3]

Jﬁsl«-u. ;»7',
r {

[

|

0C bus

Fuel cell system [3]

Hypothetlcal DLR aircraft design study: D70-Electric
Regional jet design (70 PAX)

FL290, Ma = 0.55, L/D =21

r]Prop = 0'9! NBatt = 0.9

Maircraft = 30t
Power train:10 FCS* & 312 kw &

- Air for reaction
> A for codling
—H,

Liquid caolant "
— Liquid water Tank

Euess
\u Diffuser Nozzle Fuel Management me/

[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress, Dresden, Germany
[2] Schréder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft
16 [3] Evon, Rahiouma B. und Weyend, Jufis und Juschus, Daniel und Sctroder, Matthiss und Geniner, Cheistoph und Dietich, Relph-Uwe und Ansar, Syed Asi (2026) Life Cycle Assessment of Hydrogen-powared Ful Gl System
for Regional Aviation - and Preliminary Results. Journal of Hydrogen Energy, doi: 10.1016/j.jhydene.2025.152527
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[2] Schroder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft
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Journal of Hydrogen Energy, doi: 10.1016/j.jhydene.2025.152527
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[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress, Dresden, Germany
[2] Schréder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft
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[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress, Dresden, Germany
[2] Schroder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft

19 [3] Evon, Rahnuma B. und Weyand, Julia und Juschus, Daniel und Schroder, Matthias und Gentner, Christoph und Dietrich, Ralph-Uwe und Ansar, Syed Asif (2026) Life Cycle Assessment of Hydrogen-powered Fuel Cell System
for Regional Aviation - D and Preliminary Results. ional Journal of Hydrogen Energy, doi: 10.1016/j.ijnydene.2025.152527
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[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress, Dresden, Germany
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[2] Schréder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft

20 18] Evon, Rainuma B. und Weyand, Julia und Juschus, Dariel und Schveder, Matthias und Gentner, Chrstoph und Dietich, Ralph-Une und Ansar, Syed ASi (2026) Lite Cycle Assessment of Hycrogen-powered Fuel Cal System
for Regional Aviation - and Preliminary Results. ional Journal of Hydrogen Energy, doi: 10.1016/j.ijhydene.2025.152527
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[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress, Dresden, Germany
[2] Schroder et al. (2024): Optimal design of proton exchange membrane fuel cell systems for regional aircraft

21 [3] Evon, Rahnuma B. und Weyand, Julia und Juschus, Daniel und Schroder, Matthias und Gentner, Christoph und Dietrich, Ralph-Uwe und Ansar, Syed Asif (2026) Life Cycle Assessment of Hydrogen-powered Fuel Cell System
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[2] Schréder et al. (2024). Optimal design of proton exchange membrane fuel cell systems for regional aircraft M Hydrogen production (Electricity)
22 [3] Evon, Rahnuma B. und Weyand, Jul\a und Juschus, Daniel und Schréder, Matthias und Gentner, Christoph und Dietrich, Ralph-Uwe und Ansar, Syed Asif (2026) Life Cycle Assessment of Hydrogen-powered Fuel Cell System
for Regional Aviation - and Preliminary Resuls. fonal Journal of Hydrogen Energy, doi: 10.1016/;jhydene. 2025152527
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[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress (conference), Dresden, Germany construction) .
[2] Schréder et al. (2024). Optimal design of proton exchange membrane fuel cell systems for regional aircraft M Hydrogen production (Electricity)
24 (8] Evon, Rehnuma B. und Weyand, Juia und Juschus, Danel und Scrcer, Maliias und Genter, Cstoph und Distich, RalphUwe und Ansa, Syed ASi (2026) Lie Cycle Assessmen of Hydroger-poered Fuel Ce
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[1] G. Atanasov (2022): Comparison of Sustainable Regional Aircraft Concepts, presented at Deutscher Luft- und Raumfahrtkongress (conference), Dresden, Germany

[2] G. Atanasov (2022): Optimal design of proton exchange membrane fuel cell systems for regional aircraft
27 [3] Evon, Rahnuma B. und Weyand, Julia und Juschus, Daniel und Schroder, Matthias und Gentner, Christoph und Dietrich, Ralph-Uwe und Ansar, Syed Asif (2026) Life Cycle Assessment of Hydrogen-powered Fuel Cell System
for Regional Aviation - D and y Results. Journal of Hydrogen Energy, doi: 10.1016/j.jhydene.2025.152527
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* Example: woody biomass elemental mass composition: Cs;1Hg10355X59
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Dietrich, et. al » Techno Economic and i Impact of Aviation Fuels in Europe + 17. September 2026 « DECHEMA. Frankfurt
FT based SAF concepts e |
Science and Industry in Dialogue
i B, T
-Haus, Frankfurt am Main
Technical assessment of BtL / PBtL PFD DLR
) = FlexCHX project has received funding from the European
Key assumptions: Union's Horizon 2020 research and innovation Programme
_ der Grant A No 763919
e flows [1] NagL = 77.8 Yopny /4. || under Grant Agreement No
(¢} H,/CO = 2.05
FT-Recycle = 95 %
Carbon flow Energy flow
Ash 2.4 % Blamass Process L ppohey
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= - ot - EE
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i I
o [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
electricity. Front. Energy Res., Nov. 2021 | Volume 9 | Article 723774
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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
35 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.
37 Springer Nature. doi: 10.1007/s13399-022-03671-y. 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.
38 Springer Nature. doi: 10.1007/s13399-022-03671-y. 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.
39 Springer Nature. doi: 10.1007/s13399-022-03671-y. 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.
Springer Nature. doi: 10.1007/s13399-022-03671-y. 723774
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Life Cycle Assessment Example Results 55‘;:.@““;:{:2&%i?.?%.wgug.'
. . . 15 - 17 September 2026
Global warming potential in T2 @K Cases DLR
FlexCHX project has received funding from the European
- Union’s Horizon 2020 research and innovation Programme
under Grant Agreement No 763919
— — 100 .
R e = = e = = == m= == == == == == == = Transportation: truck (size: >32t/ 16-32t)
S Fossil fuel reference [1] : .
c B g0 - 100 km biomass (90.9 gop.,/(t*km) )
%5 - 200 km FT-products (166.8 geop.eq/(t'km) )
Q— []
ol 60 = Biomass: Harvesting woody residues
c
'E % (bark, saw dust, wood chips) (13.8 gcoy.eq/kg 2)
s 40 . N ,
2 = = Electricity: Finnish onshore wind energy
© ‘?," 20 (17.2 gcon ea/KWh 21)
O o
o 8 —
o3l | | —
BtL PBtL
wind energy wind energy
m Transport m Biomass supply Electrolyzer electricity
B Process electricity Other

[1] European Union (2018) “Directive 2018/2001 of the European Parliamentand of the Council of 11 December 2018 on the promotion of the use of energy from renewable sources (recast)”, Official Journal of the European Union
[2] Wernet, G et al. (2016) — The ecoinvent database version 3 (part I): overview and methodology. The International Journal of Life Cycle Assessment, 21(9): 1218-1230.
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Global warming potential in T3 Cases DLR

FlexCHX project has received funding from the European
Union’s Horizon 2020 research and innovation Programme
under Grant Agreement No 763919
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©
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o
[ ]
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[gCOZ-eq./MJLHV FT-product]

Global warming potential

40 | RED 1165 % limit " L L .
el {1 = == == == == = Electricity: Finnish onshore wind energy
20 (17.2 geop.eq/KWh 121)
0 | Conclusion
BtL PBtL = REDII target accomplished @ Finnish
wind energy wind energy FLEXCHX base case assumptions
® Transport m Biomass supply ® Electrolyzer electricity (no benefit for underCUt)
® Process electricity Other

[1] European Union (2018) “Directive 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion of the use of energy from renewable sources (recast)”, Official Journal of the European Union
[2] Wernet, G et al. (2016) — The ecoinvent database version 3 (part I): overview and methodology. The International Journal of Life Cycle Assessment, 21(9): 1218-1230.
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Global warming potential in 12 @eu Cases DLR

FlexCHX project has received funding from the European
Union’s Horizon 2020 research and innovation Programme

under Grant Agreement No 763919

— 100 .
® o = = = = e = mm mm = == == == == == = Transportation: truck (size: >32t/ 16-32t)
b= _g Fossil fuel reference [1] -100 km biomass (90'9 gCOZ-eq./(t*km)m)
8o 8 - 200 km FT-products (166.8 geoy./(t"km) 2)
9s . . .
o 60 = Biomass: Harvesting woody residues
_g’ v (bark, saw dust, wood chips) (13.8 goop.eq/kg 2)
E I 40 . = Electricity: Finnish onshore wind energy
&2 RED 11 65 % limit [" (72 Jown )
; g e e ] 9Jcoz-eq
T_g E 20 = Electricity: Finnish grid mix (86 goop.cq/kWh [31)|
S 8
oo | == = Conclusion
Bt _ BtL _ PBtL _PBIL = REDII target accomplished @ Finnish
wind energy grid energy wind energy grid energy FLEXCHX base case assumptions
m Transport H Biomass supply m Electrolyzer electricity  (m REDII target still slightly accomplished
® Process electricity Other for PBtL @ 2020 Finnish grid mix electricity

[1] European Union (2018) “Directive 2018/2001 of the European Parliamentand of the Council of 11 December 2018 on the promotion of the use of energy from renewable sources (recast)”, Official Journal of the European Union
[2] Wernet, G et al. (2016) — The ecoinvent database version 3 (part I): overview and methodology. The International Journal of Life Cycle Assessment, 21(9): 1218-1230.
[3] Online https://www.eea.europa.eu/dat: d-map: iz/co2-emission-intensity-6 [/ d 14.9.21]
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[1] Sharma J., et al. (2026).“The Status of HEFA Kerosene in Europe: Technoeconomicand Enviror t"(Under iSsic
[2] F.A.S.U.S. Department of Agriculture. Rapeseed: Global production data, U.S. Department of Agriculture, Foreign Agricultural Service.https://www.fas.usda.gov/data/production/2226000
[3] R. Krautgartner et al., "Oilseeds and Products Annual," in "Global Agricultural Information Network," U.S. Department of Agriculture, Foreign Agricultural Service, Vienna, Austria,
[4] C. Malins, "The fat of the land: The impact of biofuel demand on the European market for rendered animal fats," Cerulogy, United Kingdom, Report 2023/05 2023.
[5] European Fat Pi and iation. (2024, June). EU-27 rendering statistics — 2023 results EFPRA Congress 2024, Amsterdam.
[6] ICCT working paper EU Waste-Oil Feedstock Availability (updated 13 Feb 2025) (ICCT)
50}l [7]1A. Stratas, "UCO Imports: Unfair Competition with EU UCO Industry?," Transport & Environment, Brussels, Belgium, Report 2024/06/11 2024
[8] Zanetti, F., et al. (2024). The opportunities and potential of camelinain marginal land in Europe. *Industrial Crops & Products*, 198, 115834.
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55 [1] ReFuelEU Aviation. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R24058&qid=1740131530166. From 1 January 2035, a minimum share of 20 % of SAF, of which a minimum share of 5 % of synthetic aviation fuels;
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= B) Aircraft evolution using RE-supported SAF is technically feasible,
economically challenging, regulation driven, ready to go
= Massive rollout of European renewable energy (RE) production is mandatory
= New PBtL-SAF industry needs to be established — competing with fossil kerosene supply
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= B) Aircraft evolution using RE-supported SAF is technically feasible,
economically challenging, regulation driven, ready to go
= Massive rollout of European renewable energy (RE) production is mandatory
New PBtL-SAF industry needs to be established — competing with fossil kerosene supply
= The European roadmap is neither sufficient nor sustainable
= Net Zero aviation by 2050 not realistic — actual GWP must be taken into account
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= B) Aircraft evolution using RE-supported SAF is technically feasible,
economically challenging, regulation driven, ready to go
= Massive rollout of European renewable energy (RE) production is mandatory
= New PBiL-SAF industry needs to be established — competing with fossil kerosene supply
= The European roadmap is neither sufficient nor sustainable
= Net Zero aviation by 2050 not realistic — actual GWP must be taken into account

= A) Revolutionary aircrafts using Hydrogen aviation can possibly complement
SAF deployment, uncertain regarding development and GWP abatement
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= B) Aircraft evolution using RE-supported SAF is technically feasible,
economically challenging, regulation driven, ready to go
= Massive rollout of European renewable energy (RE) production is mandatory
= New PBiL-SAF industry needs to be established — competing with fossil kerosene supply
= The European roadmap is neither sufficient nor sustainable
= Net Zero aviation by 2050 not realistic — actual GWP must be taken into account

= A) Revolutionary aircrafts using Hydrogen aviation can possibly complement
SAF deployment, uncertain regarding development and GWP abatement

» DLR provides standardized assessment for any airplane design,
fuel supply technology, feedstock, location, regulation, ... !

TRY = (OPTIMIRA)
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