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TEC4Fuels - Sustainable energy carriers for green transportation, power, and products

Example: Integrated Methanol-based-P2X-Concept providing multiple products for local and remote applications

Tec4Fuels - Expertise
» SOFC/rSOFC (Electrolysis/FC)

« Water/Gas Purification DME + H,0 -
» Reforming/Synthesis ; z 7 ' Products
» System Integration Tecycle gas i '
\. .\ y g == . gasoline Hydrogen
/ l G Methanol
Methanol ‘_ f
Electricity PLIE ‘ ' ' 7 LPG
‘®- Reactor : ' ' i Gasoline (MtG)
iy I 1Y -
=11\ -
- - - = hydrocarbon

2 .
gl reactor ?'f-:?,‘,-ﬂ
T 7y liquids i

Tec4Fuels - Expertise
» Carbon Capture

. DAC - Methods m

Example: Exxon-Mobile MtG-Process

Tec4Fuels - Expertise
Fuel Quality » Applications (FC/ICE)
Component Testing » Standardization

Comprehensive Concept to provide products for Heating, Cooking, Fuels for Transport,
Renewable Energy-Carrier for remote-applications (i.e. energy/H,-imports for Europe)
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Global Oil consumption in 2019 in Transport 2668 Mtoe/a
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Huge defossilization
challenge
Every solution is
required and should be
exploited to its
maximum
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Defossilization Challenge for 2030 and beyond

mitions of tonnes of COx sauivatent per yer -~ SoUrce: FVV-Fuel Study IV 10/2021
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Ha fuel cells ®

Accumulated bandwidth of future fuel/ @
powertrain propulsion pathways
H: engines &

gas emissions dominated synthetic FT fuels &

by ions of g fleet op synthetic methane ®
by fossil derived fuel synthetic methanol @

Example: Impact legacy fleet - On-road vehicles oimethytester @

Substituting fossile energy carriers with non-fossile replacements will require more than one technical
solution in order to decarbonize transport for new and existing ships (life-time ~20-30 years) and vehicles

(lifetime in EU ~13 years)

Tecé)

FUELS

Defossilization of existing vehicle fleet is required as quickly as possible in order to meet 2030's 1.5°GHG-

Budget

Synthetic low carbon fuels in particular for legacy fleet in transport are crucial

3 |
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Global CO, Emissions (Combustion) 2023 broken down by sector

CO,-Emission from Fuel Combustion by Sector

Share of GHG emissions vs. share of total energy supply by product, World, 2023

0% 10% 20% 30% 40% 50% 60% 7J0% 80% 90% 100%

Total energy supply

GHG emissions from fuel

combustion
Shipping ~3%
@ Coal, peat and oil shale @ Oil © MNaturalgas © Biofuelsand waste @ MNuclear
M Electricity/Heat M Road
Source: https://www.iea.org/data-and-statistics/data-tools/greenhouse-gas-emissions-from-energy-data-explorer [ | Shipping W Aviation
M Rail and Pipelines M Industry
B Residential B Commercial/Public Services

« CO, emissions due to fuel combustion about 34,69 Gt.,,
* Transport contributes up to 24 % = Shipping 3 %
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Central Role of Shipping in Europe‘s Defossilization I:-I-Eé:lg
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Shipping will transport renewable energy carriers to Europe from places where it is
available (full load hours) and cheap (i.e. South America, Africa, Australia ...)
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Cost Component Typical Share of Total OPEX “

Includes HFO, MGO, LNG, methanol, DME.
CO, costs or carbon penalties (EU ETS, IMO
Fuel / Energy Costs 30—-60% future carbon pricing) are included here. Costs
vary by fuel type, bunker price, voyage

distance.

Cost structure for marine applications (OPEX)

Crew Costs 10—-20% Salaries, insurance, training, benefits. Varies by
° flag state and vessel type.

Engine, hull, safet i t iodi
Maintenance / Repairs 5-15% LI UL Sy eqummen , periodic
drydocking.
Insurance & P& o_5% Hull & machinery ?ns.urance; Protection &
Indemnity insurance.
Docking, pilotage, pilotage fees, canal tolls
Port Charges / Canal Fees 2-5% ng, prioctage, priotag ’
(e.g., Suez, Panama).
Stores & Consumables 1-3% Lubricants, provisior;,ﬂcieaning, water, spare

* Fuel cost dominate for large vessels, especially if using alternative fuels (methanol, LNG, DME), since these
can be 2 — 4 X more expensive than conventional HFO or MGO.

« The trade-off between fuel cost and CO, reduction cost is one of the major financial for powertrain selection

04.11.2025 6 | www.tecd4fuels.com



Fuels in Marine Applications
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Carbon

HFO / MGO Current
LNG Transition
Emerging
Emerging
Biofuels (i.e. FAME, Transition
HVO)
Hydrogen Future
Ammonia Future
Batteries Niche

X if fossile

Lower

if green

if green

Cheap, available

Cleaner, proven tech

Liquid, retrofittable

Liquid, retrofittable

Drop-in compatible

Zero CO,

Carbon-free

Zero emissions

High emissions E@FHHDEm

Methane slip
Lower energy density

Lower energy density

Feedstock limits
Storage Capable
(FAME)

Storage issues, H; slip

Toxicity,
handling,conditionally
permitted (safety)

Short range only

04.11.2025
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* The International Maritime Organization (IMO) - a UN agency - sets the worldwide rules
for fuel standards, air pollution, and greenhouse gas (GHG) emissions.
« MARPOL Annex VI — “Prevention of Air Pollution from Ships”

International Regulations in Shipping — Emissions/Safety

 International Convention for the Prevention of Pollution from Ships (MARPOL),
Annex VI: “Prevention of Air Pollution from Ships”
 Sulfur content: Global sulfur cap of 0.50% m/m (since Jan 1, 2020). In Emission Control Areas (ECAs): max 0.10%.

« Permitted fuel (Reg. 18 “Fuel Oil Quality”): Only fuels that meet sulfur and safety standards may be used. Heavy Fuel Oil
(HFO) is still allowed if compliant or with scrubbers.

« Alternative fuels (Reg. 4, 18 ) LNG, DME, LPG, methanol, biofuels, hydrogen, and ammonia are allowed if they meet
safety and emissions requirements

* In Europe: FuelEU Maritime Regulation and the Alternative Fuels Infrastructure
Regulation (AFIR)

« Container ships and large passenger ships to use on-shore power supply (or alternative zero-emission technology) when
at berth in major EU ports starting from 2030. Completely eliminates exhaust gas emissions while the ship is docked

04.11.2025 8 | www.tecd4fuels.com



Regulations in Shipping — GHG Emissions
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* The International Maritime Organization (IMO)

IMO GHG Strategy (adopted in 2018) — GHG WtW reduction in the future (20-30% in 2030, 0% in 2050 based on 2008)
Target: 5% - 10% to be from zero to near-zero GHG emission fuels in 2030
Technical Measures (Tracked)

« Energy Efficiency Existing Ship Index (EEXI), Carbon Intensity Indicator (Cll), Design and operation efficiency
requirements

* TtW is currently still in place
Carbon pricing will come = 2028 Anticipated =» Push for renewable fuels

* FuelEU Maritime Regulation (2023/1805)

Active since January 2025 — GHG WtW reduction (2 % in 2025, 6% in 2030, 31% in 2040, 0% in 2050 based on 2020)
Fuels CO,-reduction is based GHG-emissions factors taken from RED

Emission-Trading System (ETS) allowed =» buy CO, credits generated by overcompensation

Fuel penalties will have to be paid in case the ship owner does not meet the CO,-reduction requirement =» cost-factor

04.11.2025 9 | www.tecd4fuels.com



Bringing sustainable fuels to the market requires what?

Fuel-Availability

Availability of new fuel

Cooperation

« Bring new fuel into European/global
Regulations (RED, IMO)

i

FUEL
STANDARD

Standards
Infrastructure

L anun

AR MIcO

 Initiating supporting activities for
standardization or be compatible with existing
standards

Develop infrastructure in various forms
From Central hubs up to Filling-station network

10 | www.tec4fue|s.cgr?1
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Standards - What does Standardization mean?

« Standardization refers to the formulation, publication and application of rules, guidelines or
characteristics by a recognized organization and its standardization bodies

« Standardization is primarily used when the same or similar objects are used in many different
contexts in different places by different groups of people. By establishing and introducing
specifications for recurring use, national and international standardization is created within the
group of interested parties. This will

« improve the suitability of products, processes and services for their intended purpose
« promote the exchange of goods and services and
« facilitate technical and communicative cooperation.

Standardization is the attempt to standardize products, goods, services and processes

04.11.2025 11 | www.tecd4fuels.com
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DIN SPEC PAS:

DIN TS:

DIN:
EN:

1ISO

Industry specification without genuine standard status. Process via
workshops outside the technical committees, subject to a fee,
business plan must be available

Pre-standard (formerly DIN V / DIN SPEC), Standardization process
within the technical committees, generally preliminary stage to
DIN standard

Regular standard

European Standard, is valid in all CEN-Member-states
EN must be adopted as National Standard by all CEN-Members

International Standard (worldwide)
ISO can be adopted as National Standard (not binding)

04.11.2025
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ISO 8217 2017
FUEL STANDARD

for marine distillate fuels

| 150 8217 2017 Fuel Standard

REQUIREMENTS FOR MARINE DISTILLATE FUELS

Standards for Shipping — ISO 8217:2017

ISO 8217 2017
FUEL STANDARD

REQUIREMENTS FOR MARINE RESIDUAL FUELS

for marine residual fuels

| ISO 8217 2017 Fuel Standard

Tecé)

FUELS

Characteristic Unit Limit | Category 'ST'F' | Test methodis] and Categary 150-F- .
DMX | DMA | DFA | DMZ | DFZ | DME | DFB harac Limi 'ost mathod
Thax | 5500 | 6000 [ Lo Eharasiaristic tni P T WK TR T HE i K t
Kinermatic viscosity at 40°C rmim’s® Wi 1;100 2‘0{}6 :!IEIDE\ z E;Eﬂ 1303104 W a0 B 8% | te0 | iee | Se0 | ooe | w0 | seg | fod
= s s . Kinarnatic viscosay at %0 "C s Max | 1000 | 35,00 | 000 | iS00 | tElS | ETT] | G005 | BT ECE) | EI0,0 | 00 150 Fia
Density at 16 °C kegril Max - 80,0 200.0 00,0 150 2676 or 150 12186: TR
: - : see ol Dreraity at 15 °C kg [ETY w000 | 9800 | #E0 | @A 1,0 1o [
Cetane index - Mir 45 40 40 36 150 4264 Eral B Max a5 ) 50 ) a7 B0 u.éﬁ
150 8754 or 130 14536, BB o
v 3
Sultur mass % Il 1.o0 140 1.0a 1.0 ASTH Dd294; ses 5.3 Sfur® rass % Max Statutory reguirerments 150 14508 o AST
Flash poirt °C Min | 430 @00 €0,0 a0,0 150 2719; see 6.4 [ v B
- Flash point < Kin &0 =] &0.0 Bl &0 Bl IBO2F0 swe B
Hydragen sullide ik Max | 2,00 2,00 2.00 2,00 IPG70, see B.6 Fiydrogan waice i = — s
Aid number mpKOHG | Max | 05 0,5 05 0E ASTM DEES; see 6.6 perr— maKobg | Max | 25 | 25 | 28 | 25 e 5 P r——
" 5 . s
Todal sedimeant by hot fltration mass % Plax - - - (LR [H 150 10307-1; see 6.8 Total sedimant - ged razs % Fdax a0 wie | oo ) a0 ) 150 180070, 24u 62
idati .
Oxidation stabiity girr Pax 25 75 26 2B — I;;;;?DSIP - Caron rasies - Miea moathed — Max 150 | 1000 | 00 | 50 ) 20 [—
Fatty acid rmgthyl ester IFAME) * wilurme % Pax - - 24 - 240 - 7.4 o B '::I.:I | R | winiar '\’: Max [ [ ] an ) &
- Pour point juppery 150 38
R - & ] = a0 30 30
Carban re':ndue_ !niu:rn rr\el}'md ar the 10 —— M 0,30 030 030 _ S0 10870 | summar ™ Max
% vohkirme distillation residue Watar [r— Max o5 | 053 | 050 | 08 50 055 150 3733
Carban residue - Micro miethoed mass % Pl - - - 3,30 15010370
Ash mass % Max | 040 | oem | R | oom 160 0150 150 £245
wiribar C Pl =18 rapart rapor -
P . - e, Bl
Claud paint p— = . T - - - 1500 3016 s2e 6.1 Vanadium maka Max 5 159 150 155 a5y 450 5;351;55:_ PP
TR ST, IF 470, e
i i wiritar “C Pax - repart rapert - Sodam maikg Max L b e L b . | '
Celd filter plugging e " IP 308 or IP B12; see 8.11 S E—
point T C Tlax - - - - Aluminiim plus sileon maikg Max - 40 40 50 ] £ 0 1047 san BAE
wirtar C Pax o -8 -E a Usad lubnicaiing ai (ULDx -
Pawr gairi [uppen ' - " o o a 150 3016; 3= 6.11 Caedarn ’sn:'d"'c' B 1PE0Y e 1P 4T,
e - - CEfemandae @ o Cittiuen > 30w phsighenus = 15 (PR e
Appearance Clear and Bright ¢ . see 612 = E
Wiatar wolurmne % Plax - - - 030 1503733 . . . . ..
mut | o |00 | oo0 | oow | omo soas Marine Residuals (different viscosities)
Lubiricity, corrected wear scar diameter - ~
WSO at 60 °C * wm Pax 620 EZD E20 E20 20 1215361

Marine Destillates (i.e. DMA =MGOQO), F=FAME content

« The scope of the standard is expanded to explicitly include fuels from synthetic, renewable, or recycled sources. The 2024
version states the fuel may be hydrocarbons from petroleum, or synthetic/renewable hydrocarbons, or blends thereof. =
more flexible blending

13 | www.tec4fuels.com



Methanol — Standardization for Ships & On-/Offroad |:-I-Eé:l_(?_=|

On- and Off-road Applications (Non-Marine-Applications)
at NA 062-06-32-09 AK
Convenor: Werner Willems, Tec4Fuels

Marine-Applications at ISO/TC 28/SC 4
Convenor: Monique Vermeire, Chevron

* 26 Experts across the entire

=7, DRAFT .
I‘<Sb9 International Value Chaln from Germany + 3
Standard
DIN-TS 51697 Draft guests fro_m S_IS o
(Standardization organization
o ) sweden) meet to develop a DIN
Spezifikation von Methanol als Kraftstoff flir On/Offroad- o .
ISO/DIS 6583 Anwendungen TS SpeCIflcatlon
?cp'u:::[il;i:ia;(i?o:pgflir::ttil;?gol as a fuel ‘:;Zi::f:;m Sm‘amﬁcatfun ufmsllhanulas afuel for On- and Offroad applications ® The ai m iS to defi ne a D I N
Spécification du méthanol comme carburant pour les Zﬂ”.".é’;?{ls on SRAREAIRN N RERAREA GSIR 2Nt pourLes
s —— e s e 202 standard once measurement

methods have been developed
and validated

* |SO 6583 released in 2024,
DIN/TS 51697 will be release
early 2026

Reference number
1S0/DIS 6583:2024(en) ©1502024

14 | www.tecdfuels.com



Example: Methanol — Specification On-/Off-Road
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Characteristics _units _[umit| ___MA_____ | ___MB____| _Testmethod(s)andreferences

General requirements

Appearance

Methanol content by mass on dry basis
Impurities content by mass on dry basis °©
Ethanol content by mass on dry basis
Water content by mass

Acetone content by mass
Density at 15° C

Chloride content al Cl®

Sulfatgehalt

Formiatgehalt

Sulfur content

Acidity as acetic acid

Lubricity (bei 25° C)

Particle count

Lower Heating Value

Colour

Elemente mittels ICP (Cu, Zn, Al, Fe, Na, K,Ca, Mg,P)

%
%
mg/kg
%
mg/kg
kg/m3
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

MJ/kg

mg/kg

min.

max.

max.

max.

max.

min.

max.

max.

max.

max

max.

max.

min

max.

max

Clauses 5to 7

Homogenous, clear and free of suspended matter

99,85 99,85
0,15 0,15
50 50
0,500 0,500
30 30
795,0 795,0
797,0 797,0
0,5 0,5
Tbd Tbd
Tbd Tbd
5 0,5
30 30
tbd -
tbd tbd

tbd -
5 5
tbd tbd

IMPCA 003 /DIN EN 15769
b
IMPCA 001/DIN EN 15721 (mod.)
IMPCA 001-14/ DIN EN 15721 (mod.)°
ASTM E1064/DIN EN 15489 (mod.)

IMPCA 001-14/ DIN EN 15721 (mod.) f
DIN ISO 12185 ; see 6.2

DIN EN 15492 (mod. )’
DIN EN 15492 (mod. )’
DIN EN 15492 (mod. )’
DIN EN ISO 20846/ DIN EN 15486 ; see 6.3

DIN EN 15491

DIN EN ISO 12156-1 (mod.)f
ASTM D7619/ISO 4406

Berechnung nach Annex B
DIN EN ISO 6271
DIN EN 15837 (mod.)f

15 | www.tec4fue|s.cgr§1



Snapshot of alternative fuel related activities in 2025 TEE@

News related to Methanol Applications

Press Release

Retrofit Project Prepares
Kamsarmax Bulk @arrier for
Methanol ;

i,

Led by Tsuneishi Shipbuilding Co., Ltd. and the Maersk Mc-Kinney
Mgller Center for Zero Carbon Shipping, the retrofit project
establishes a model that could pave the way for medium size bulk
carriers to decarbonize, shedding light onto the various factors that
must be considered when retrofitting.

FUELS

Methanol Tops March Orders for Alternative Fueled
Vessels

120
Fuel This month  Orders YTD
0w NG 7 52
B LPG 4 4
80 B Methanol 12 12
B Ammonia 2 3
60 [ Hydrogen 0 0
40
, m il
mar.24 apr.24 mai.24 jun.24 jul.24 aug.24 sep.24 okt.24 nov.24 des.24 jan.25 feb.256 mar.25
RS Growth of the number of ships capable of using selected alternative fuels, excluding LNG carriers
DNV
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IGF Code + Fully permitted,

Mectle Moo e el sabaletfeers
exists

Methanol vs. Ammonia — What is the better option?

* Europe is pushing for
Hydrogen economy

» Green Hydrogen needs
to be imported in order
to satisfy the required
demands

* Methanol, Ammonia
and DME have higher
hydrogen content than
liquified Hydrogen itself
(40-50% more)

Yes

Allowed with flag-
state approval until
full code adoption

IGF Code (alt. design)
Conditionally Yes ., psc.1/Circ.1647

_ Must t emissi
MARPOL Annex VI 0! MEEt EMISSIons
& quality limits
FuelEU Maritime + Recognized as low-

RED lIlI carbon/e-fuels

04.11.2025 17 | www.tecdfuels.com



DME - Future Fuel for Marine Applications

DME as hydrogen vector
The DME / CO, cycle

= At reforming location: Efficient capture of
concentrated CO, and back-shipping to

DME synthesis at 4
harbour sites —ﬁ) -

r\ene«able

g.
s
¥
synthesis location gt / I\g;‘elf i
E electrolysiz e
o
& 5
. - r o
Same ship for DME and CO, transport M nrommace i
G0 =hipping H. l}recycle sheriag
= DAC only required for loss compensation — separtion s
@éﬁﬂ*% FE L alases
4 Hydrogen Feeding to PME shipping §
= At energy exporting country: e :ET" g
nes o
DME synthesis from CO, and “fresh” H, 2
o f.—_,
= generates H,0 as byproduct . 5
Ir lace of o
- 50 % reduced water demand watsabundsoce 3
DME reforming at &
harbour sites
18
EFraunhater IS5 Schihle, P.; Stéber, R.; Gierse, M.; Schaadt, A.; Szolak, R.; Thill, 5.; Alders, M.; Hebling, C.; Wasserscheid, P.; Salem, O. % Fraunhofer

{2023) Dimethyl ether/CO, - a hitherto underestimated H, storage cycle; submitted to Energy & Environmental Science.

Source: Rober Szolak-Fraunhofer ISE — DBI Fachforum March 26t" in Speyer

Tecé)

FUELS

04.11.2025
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DME - Future Fuel for Marine Applications I:_I-Eé:lg

DME as hydrogen vector

Cost Estimation €7.000
€6.000
Simplified techno economic analysis: = NH;
@ €5.000
= Cost of delivery of 1 ton of H, at the point of ol
utilization as a function of H, production cost .% €4.000 / DME
= Delivery cost of H, by shipping with tanker %
over 20,000 km distance S €3.000 /
Py
= CO, DAC cost at 720 €/t 2
B €2.000
= N, costat 200 €/t =
€1.000
- DME allows cheaper H, delivery than NH;
€

2000€ 2500€ 3000€ 3500€ 4000€ 4500€ 5000€¢
H, Production cost [€/t;]

19

Fraunhafer ISE schuhle, P; Stober, R.; Semmel, M.; Schaadt, A.; Szolak, R.; Thill, 5.; Alders, M.; Hebling, C; Wasserscheid, P.; Salem, O. ﬁ; FraunhOfer
ISE

(2023) Dimethyl ether/CO, - a hitherto underestimated H, storage cycle; submitted to Energy & Environmental Science.

Source: Rober Szolak-Fraunhofer ISE — DBI Fachforum March 26t" in Speyer
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In marine applications, renewable fuels are key to reducing greenhouse gases, as they
provide high energy density while reducing CO, emissions at the same time

International regulations (e.g. FuelEU Maritime, the IMO GHG Strategy..) have been/are
being/will be developed to guarantee global CO, reduction favorized on a well-to-wake
basis, taking into account both fuel production and utilization.

To guarantee sufficient fuel quality, it is important to have fuel standards in place to
ensure comparability, accountability, safety and technical compatibility.

To reduce CO, emissions in the shipping industry, alternative fuels such as renewable
drop-in components compatible with fossil fuels, and renewable fuels such as ammonia
and methanol, are gaining more traction as they will have a greater impact on the total
cost of marine transport worldwide.

Marine transport will play a central role in the shipment of renewable energy carriers to
places where it is not available. Here DME as hydrogen carrier is a promising solution

04.11.2025 20 | www.tecd4fuels.com
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Thank you for your attention!

TEC4FUELS GmbH
Kaiserstrasse 100

52134 Herzogenrath

Tel: +49 2407 55830-0
Werner.Willems@tec4fuels.com
www.tec4fuels.com

04.11.2025 21 | www.tec4fuels.com
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