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|[EA scenarios

Electricity 37 EJ
Hydrogen
Ammonia
Symhet'c o » 32 EJ (764 Mtoe) renewable fuels
Biomethane
Liquid biofuels » —=32% energy demand
Natural gas » —93% GHG emissions
2021 )
Oil 7 EJ

IEA Stated Policies Scenario

Electricity

Hydrogen » 12 EJ (299 Mtoe) renewable fuels
Ammonia
> 147 EJ Synthetic oil » +30% energy d.en.mnd
Biomethane » +13% GHG emissions
Liquid biofuels =]
Natural gas

1EJ >> ca. 24 Mtoe .
Qil

© DBFZ 2023
Note: Synthetic oil produced through Fischer-Tropsch conversion or methanol synthesis. It includes oil products from CTL and GTL, and low-emissions liquid
hydrogen-based fuels. Liquid fuels derived from biomass or waste feedstock, e.g. ethanol, biodiesel and biojet fuels.
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Need of ~10 times more renewables p&Fz C_ it
Capacities of renewable fuels worldwide

»¥v
'a Bioethanol (as fuel) 95 PJ/a " {
4 5| Biodiesel (FAME) 246 PJ/a ,;J‘-‘:j

HEFA/HVO 156 Pl/a
Biomethane / biogas 166 PJ/a p

Asia | production?
Bioethanol (as fuel) 241PlJ/a
Biodiesel (FAME) 695 PJ/a
HEFA/HVO 51PJ/a

| Biomethane / biogas 12 PJ/a
Ty

¥

|

Bioethanol (as fuel) 1,340PJ/a

Biodiesel (FAME) 219 PJ/a
HEFA/HVO 342P)/a | Bioethanol (as fuel) 2,453 PJ/a (1,668 PJ/a)
Biomethane / biogas 6P)/a Biodiesel (FAME) 1,908 PJ/a (1,322 PJ/a)
HEFA/HVO 704 PJ/a (3,907 PJ/a)
SAF without HEFA-SPK 3PJ/a (357 PJ/a)
Biomethane / biogas 190 PJ/a (N/A)
Bioethanol (as fuel) 772 Py/a Synthetic fuels (BTX/PTX) 4 PJ/a (94 PJ/a)
Biodiesel (FAME) 311PJ/a Total ~ 5,250 PJ/a (~ 7,350 PJ/a)
HEFA/HVO <1P)/a Demand in 2050¢ 32,500 - 86,000 PJ/a
Biomethane / biogas 7PJ/a | —

© DBFZ 2025 based on [Schroder, Gorsch 2025f’1~ithout claim of completeness

a production in 2023 and biomethane capacity in 2024; ® unused/under construction/planned capacity in 2024;  planed capacity; ¢ demand according to IEA World Energy
Outlook 2021, DNV Pathway to Net Zero Emissions scenario 2023
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— In 2024, SAF production volumes
reached 1 million tonnes

— SAF accounted for 0.3% of
- global jet fuel production

— HEFA most important process
(share > 95%, remaining
ATJ and CP-HEFA)

— Average price in 2023:
Biofuel: 2,768 EUR/tonne
Synthetic fuel: 7,500 EUR/tonne
Reference: 816 EUR/tonne

— Average production cost in 2023:
Biofuel: 1,770 EUR/tonne

Capacity (ML/year) Facility Status
00 - @ . 3.375,0 @ 5-In service - producing SAF

Google

© DBFZ 2025
Reference: ICAO tracker of SAF facilities, IATA Press release no. 60/2024, EASA 2024 report State of the EU SAF market in 2023
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SAF today b

Mandates 2
e
UK: Jet Zero Strategy ggrzvsa% cor
Canada: Voluntary target ~ 2025: 2% - DL
2030: 10% 2030: 10%
2040: 22%
~; EU-27: ReFuelEU
2025: 2%
. 2030: 6%
U.S.: Production Zgagg.e 1% 2035: 20% ¥
130 2050: 70% -4 Japan: target

2030: SAF production of
11 billion liters

* 2030: 10% quota for
Japanese airlines

«

Indonesia:
2025: 5%

Bel s |

Brazil: ProBioQAV

2027: -1% CO,

2037: -10% CO,

This reduction should be achieved by increasing © DBEZ 2025

the mixture of SAF with fossil aviation kerosene.
© DBFZ 2025
Reference: ICAO Environmental Policies on Aviation Fuels
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Top SAF users

Share of fuel

IAG International Airlines Group _54_ 192 1.9%
Air France + KL | 103 1.3%
Delta  pou— 41 0.2%
United | 0 0.3%
Lufthansa Group -_13 21 2024 0.2%
SAS Scandinavian Airlines .-6 " 2023 1.1%
Airbus g 7 18.0%
Virgin Atlantic [l 10 0.9%
American Airlines o 0.1%
0 50 100 150 200

SAF consumption [kt]

© DBFZ 2025 based on A. Robinson, IAG, 04/2025
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SAF demand as strong driver

SAF Renewable synthetic fuels (non-SAF)

1329

B HEFASPK* —
[0 Alcohol to Jet B Vethanol
B Fischer Tropsch SPK Fischer Tropsch fuels
Methanol to Jet n— [ Ammonia

. Unknown . Methanol to gasoline (MTG)
* incl co-refinering world: Biofuels

World: in kt/a iofu

inkt/a B in operation (57 facilties) B EFfuels

. und construction
(105 facilities) 77 in operation

Project planned

Expansion
© DBFZ 2024

under construction
Project planned
© DBFZ 2024

1223

© DBFZ 2025
Reference: [Schroder, Gorsch 2025]
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Required capacities esp. for advanced technologies still pending

EU | Comparison of production capacities and fuel demand in Mtoe

50 production capacity 2050: 48.6 Mtoe
Production capacity 2030: 27.4 Mtoe 7 7 Reference: [Naumann, K.; Cyffka,
| K.-F.; Costa de Paiva, G.; Niel3, S.;
Neuling, U.; Zitscher, T. (2025):
Ressourcen und ihre Mobilisierung.
20 — — — |n: SChrOder,J,GOrSCh,K (HI‘Sg)
| Erneuerbare Energien im Verkehr.
DOI: 10.48480/w11j-9w27], based
on European Commission:

10 “Development of outlook for the
necessary means to build industrial
capacity for drop-in advanced
biofuels”,

o RB — resource base, KS — fuel types

RB | ks RB ks | rs KS RB RB | ks RB KS RB ‘ RB ‘
Stauts quo Expert estimate MIN MED MAX MIN MED MAX
2023 2030 | 2050 2030 2050
Production capacity Fuel demand
Waste biomass Ethanol (incl ATJ) - Methanol (Gasification) HTL
|| Advanced biomass  [I] HEFA/HVO (incl Pyrolyse) [l RENFUEL [ FTfuels (Gasification)
[ conventional biomass [l FAME Bl Biomethane Difference between capacity and demand

© DBFZ 2024



Mobilisation of resources as key D@ oy o s
Increasing demand in all sectors by 2030

Biomass containing oil Biomass containing (Ligno)cellulosic Mixed resources, Already high utilisation
nd f ran rch iom intermedi r . .
and fat sugar and sta biomass termediate products rates, e.g.:
(%)
QOilseeds CaEEls, Cyanobacteria, algae 0 Heat
Biogenic sugar beet
main products Intermediate crops and . Electricity
PRSI aa severely degraded land
: Transport
Raw methanol,
Biogenic | Chemical
by-products - . - o

Other non- glycerine _
food Construction

cellulosic
EIGHE] icipa : '\ Industry
|/ (e.g. steal /cement)

Biogenic waste
(and residual

materials) Agriculture
(e.g. peat replacement)
Carbon: captured CO,
PTX resources i i .
y el o Wind. sun. Frellsh/ Re;ycled, Tror': fosilllzgtéiges IReclchedt,l fror': Geolcﬁgfllyﬁs Ia Atmospheric, Renewable -I- d
or e-fuels iomass saline ower é ants unti incineration o result of natura from the air . Ressources and SOIId

hydropower water

[Industrial plants until 2041 Renewables release

References: Demand icons based on expert assessment. [Naumann, K. et al. (2024):
https://www.dbfz.de/fileadmin/user_upload/Referenzen/Statements/Hintergrundpapier_Bio2x_Okt 2024.pdf |



https://www.dbfz.de/fileadmin/user_upload/Referenzen/Statements/Hintergrundpapier_Bio2x_Okt_2024.pdf

&

ADVANCED MOTOR FUELS

D B F z ; Technology Collaboration Programme on

“tep-¥ Advanced Motor Fuels

SAF as one strong driver for capacity increase
2024 accounted for 0.3% of global jet fuel production

by 2030: significant gap between expected fuel production
capacities and fuel demand including a shift to advanced biomass

Technology Collaboration Programme
by I2Q
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Dr.-Ing. Franziska Miuller-Langer
Head of Department Biorefineries

franziska.mueller-langer@dbfz.de

Renewable energies in transport
Monitoring report

Dipl.-Ing. Jorg Schroder
Department Biorefineries
joerg.schroeder@dbfz.de

Interesting publication



Outlook: SAF-Monitor
Interactive data base based on the “CENA SAF-Outlook 2024-2030”

SAF Prajects Total Production Volume of SAF in %
2030 (1) E

Globally announced production capacities for sustainable aviation fuels 1 97 34 M 10.

SAF Production (t/y) SAF Production (t) by Technology in 2030

@ Aviation biofuels @Synthetic aviation fuels ®unspecified HEFA

30 Mio. 5,9 Mio.
20 Mio.
27,6 Mio. fio.
10 Mio
. New tech
9 Mie. 8,0 Mio.
0 Mio.
2024 2028 2030
‘fear 24 Mio.
SUSLISHED v SAF Projects by Current Degree of Implementation Tep 10 Countries by Project Count SAF Projects by Type of Plant
Count Projects Projects on Synthetic Aviation Fuel
ountry Projec rojects on Synthetic Aviation Fuels 155 CLEAR FILTER
__I.JM DL Usa 43 14 150
. Germany 28 24
idea
CENA . . UK 16 9 100
HESSEN ®in operation Netherlands 12 6
®in planning France 9 7 BN 29
SUBEORTED 5v n FILTER
on hold Canada g 3 2
, I
4R | et sty ®under cons... Sweden 8 4 o 0 o
- | wad Tungpon Japan 7 1 04_\3\ R . o
Spain 7 3 6‘:.“\0 *
" Denmark i} 6

CENA

HESSEN

https://www.cena-hessen.de/en/projects/saf-monitor/


https://www.cena-hessen.de/en/projects/saf-monitor/
https://www.cena-hessen.de/en/projects/saf-monitor/
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