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References, Methanol

Large range of engine types contracted for different vessel types

Engine type @@ # of sets [? Ship types

X92DF-M-1.0 41 UL Container vessels
X82DF-M-1.0 22 (2 ethanol enabled) Intermediate CV, VLOC, VLCC
X72DF-M-1.0 4 (4 ethanol enabled) VLOC
X62DF-M-1.0 11 Aframax tankers
X62DF-M-S1.0 6 Container vessels
X52DF-M-S1.0 5 2000 CEU PCTC, Tankers
PRESS RELEASE
Total 89 sets
WInGD to supply methanol-fuelled engines
for six green container vessels
o)
888 s are s o G500
el Owners include: « Maersk e
¢ COSCO Shipping Lines * ONE B o=
¢ COSCO Shipping Bulk * Seaspan
- COSCO Shipping Energy - Evergreen MAERSK (Jseaspan
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10X92DF-M-1.0

Test Results

Consumption

* Bestin class fuel
consumption and methanol
2% lower than Diesel

* Pilot energy share <5%
@100% load is been
achieved

© 2026 WinGD Ltd.
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Emissions:
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for multiple fuel use

* CO, ca. 7.5% lower than in s s
Diesel mode

* CH,0OH (formaldehyde) well
below 25ppm

* HCN below well below
15ppm
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10X92DF-M

Methanol Sea Trial
Milestone

Successful Sea Trial Completed on 10 June 2025

Conducted by COSCO Yangzhou SY, CMD and WinGD

The engine passed all inspection items in one round

The sea trials successfully demonstrated the
integration of the engine and the fuel supply system
ensuring robust safety levels

5 © 2026 WinGD Ltd.



X92DF-M-1.0 - Piston Running

Good performance experienced in service

Example 1 after 1’111 h:

| Unit #3

MeOH running hours: 23h
1 o Engine load: 40 - 50%

S content: 0.5 %

Feed rate: 1.15 g/kWh

* Clean ring pack
e Contact surface well distributed

gl
Top piston ring in good condition Liner with honing marks visible
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Experience from field follow-up
Summary 10X92DF-M-1.0

0 3 engines already in operation - Two engines retrofitted before delivery Article from Offshore-Energy.biz
9 Methanol performance in service is similar as the shop test |
e Methanol can be used for steady operation as long as needed
e A 12-hours of endurance run was done with no issue at all

9 Not much of long-term methanol operation in service (2 hours per week)
only due to the cost consideration from the ship operator

Some smaller issues have been noted without affecting the sailing

schedule, e.g.:
* Methanol leakage of few ppm in the double wall pipe without risk for the crew
* Leakage on main fuel diesel injector and a new material will be tested

0 Piston running behaviour is good and regularly checked and monitored
* Possibility to reduce the cylinder oil lubrication feed rate

In operation since June 25

e Operation of the vessels is closely followed-up to support the (length: 361 m. width: 56 m)

crew onboard

© 2026 WinGD Ltd.




PRESS RELEASE

-DF Methanol/Ethanol Engines
XSZDF'M'S]O IMO Tier 1l & Tier Il (SCR)

n
a2 Swiss marine power company WinGD will offer the first ethanol-fuelied two-stroke marine engine
Stroke / bare n next year, with deliveries for newbuild and retrofit applications starting in 2027. The
RATED POWEF (CIPAL DIMENSIONS AND MASS follows a decade of into ethanol fuel—including fullscale engine
- - IR LAl R Al tests in 2018—and the successful launch of a methanolfuelled engine that uses the same
Output in kW at . combustion concept and is subject to the same safety regulations as the new ethanol engine.
ol LengthA LengthA”  Drymass
YL 1z200pm 80 rpm mm mm  tonnes The new engine will be adapted from the X-DF-M methanol-fuelied engjne, which has received
f

R1 R2 R3 R& dback from first users and ciass societies approving the design. The dieselcycle
Iy offered by WinGD—will feature an

Cylinder bore S20mm WinGD to introduce first ethanol-fuelled
Piston stroke 2045 mm 1 : :

Spood 30120 rpm marine two-stroke engine in 2026

Mean effective pressure at R1 22 0bar

available across the full range of bore sizes curre

s 9550 6850 6400 4550 5465 6565 200 adapted control system and fuel injector nozzie arrangement to account for the higher energy
L] 11460 8220 7480 5460 6345 7415 226 density of ethanol and the consequently lower fuel volumes required.

7 13370 9590 8960 6370 7208 257

8 15280 10960 10240 7280 3065 287 WInGD has been studying ethanol fuel, which has a similar combustion and emissions profile to

methanol, since 2014 beginning with a project financed by Swiss Federal Office of Energy.
B c D D (iSCR) WinGD ater led work to develop a flexible injector for alcohol fuels as part of the EU-funded
€l . 3 1 be produced renewably from biomass and is
evelopment & Market Entry Roadma e
9340 9340 8800 1675 WinGD VP R&D Sebastian Hensel said: “This announcement is further evidence of the strength of
our research programme. Our early ethanol explorations were crucial to the successful
IN METHANOL/ETHANOL MOD development of our X-DF-M methanol engine, and now bath are enabling the rapid

BRAKE SPECIFIC FUEL CONSU!

: commercialisation of the first ethanol-fuelied two-stroke engine. As global emission regulations

Rating point Ll R2 R3 R& are set 10 be passed, we're pleased 10 be able 10 offer a further lower carbon alternative to ship
BSEC (energy) kI/KWh 4897 /7038 A645/4782 4940 /7081 &B55/ 6995 owners and operators”
BSGC (QR<J glkWh 3792/2488 3166/2398 3314/2503 3271/2673 WinGD discussions with several ship owners, ethanol fuel supgliers and class societi

Clgas) ! : ; A o wiklh sl a0 i, ool fie el o laaw seckstiae
BSPC (pilot fuel) g/kWh a1/87 81/83 8.1/87 EAIEY eboutthe irst commercial applications o it ethanol engine—and wil confir at a later date

. S nether the engine will be opimised for ethenol or optimised for methenolwith secondery

BRAKE SPECIFIC FUEL CONSUMPTION IN DIESEL MODE ethanol capabifity. WinGD also recently became a founding member of the Global Ethanol
Rating point Rl R2 R3 RA ‘Association in an effort to connect key enablers in the ethanol value chain.
BSFC (diesel Tierll) _ g/kWh 1548 1588 1458 1638 Hensel concluded: “With our ong experience of and deep commitment to developing ethanol as

& marine fue, ship owners can be conficent that we will deliver an engine design with similar
robust performance, efficiency and reliability as WinGD's existing dual-fuel engine portfolio.”

Fordefinitions see page 66,

Further details will be made available in WInGD's Low-Speed Engines Booklet in early 2026.

exhausi side “ ==
- - . ENDS

Ethanol solution derived from the X-DF-M methanol engine

000000

Minimal technical adaptation required

First order secured in May 2026 (Vale)

First installations from 2027

11 © 2026 WinGD Ltd. X'DFWM




Ethanol as fuel

Summary

WinGD confirms similar
combustion, performance,

A
and emissions for ullﬂﬂ

both fuels

Comparable characteristics

— same design & safety
considerations

IMO MSC.1/Circ.1621 Fuel storage & supply
applies to both methanol [\/j system (FSS) requirements
and ethanol are valid for both

Ethanol’s higher LHV — lower flow rate

* FSS adjustment Q"
i . . . Fig. 1- Ethanol tests at ERIC (Switzerland): RTX-6 engine, Test rig, and Spray
* Injection system must account for different fuel quantities Combustion Chamber with lab scale prototypes

12 © 2026 WinGD Ltd.  Ethanol as fuel
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General Properties

Compatibility of Ethanol for
the Methanol Injection System

Generally, methanol and ethanol are both
alcohol-based fuels and are therefore
similar in their properties

Due to the difference in LHV, the injected
volume/mass of ethanol is approx. 25%
smaller than methanol

! !

The injection system is The minimum injection
designed to cover the amount may lead to
necessary amount of slightly higher minimum
methanol at full load, power in ethanol mode

thus fully covers
ethanol operation

Properties

Flash point

Density

Lower Heating Value (LHV)

Relative volume per
energy content

Boiling point

Explosive limitin air

Solubility: Methanol in
water/water in methanol

°C

kg/m3

MJ/kg

°C

%(vol)

%

Ethanol Methanol

9-11 10-12
789 790
(at 20 °C) (at 20 °C)
26.8 19.9
1.8 2.5
78.5 64.7
3-19 6-36
100/100 100/100

Marine gas
(o]

60

890
(at 15 °C)

42.7

150 - 380

NA

© 2026 WinGD Ltd.




Ethanol as fuel

Spray CombUStion & = Diesel e methanol e cthanol

n L] E
Test Engine Results vs diesel S
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Performance

Test results

= z -i= Ethanol . - Ethanol - Ethanol _"r‘
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CONFIDENTIAL
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Engine Operation Modes

No additional operating mode for ethanol foreseen.
The engine can operate on methanol or ethanol or any blend of the two alcohols in alcohol mode

®

SLOW HALF FULL SEA SPEED

Diesel Mode OVERLOAD
Alcohol Mode

Transfer mode

DEAD SLOW

0] 10 20 30 40 50 60 70 80 90 100 110

Power [%]
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Ethanol Technology development

Latest X-DF-M engine as basis - Scope of changes compared to methanol

Engine modifications

= The methanol fuel injection system is used for ethanol with only minor adaptations, additional sensors, gas
leakage detection sensors, engine control software and tuning parameters.

Methanol - ethanol fuel supply system
= The same fuel supply system and fuel tanks can be used for both methanol and ethanol.

= The differences between the two alcohols must be considered in the design of the fuel supply system, mainly
the difference in Lower Heating Value (LHV), resulting in different fuel consumption and flows, and the
difference in explosive limit in air for gas leakage detection.

17 © 2026 WinGD Ethanol as fuel WlN GD




Ethanol Technology development
Available options for the X-DF-M engines

The following options are available for the tuning and certification of the engine:

1. Methanol only - optimised for methanol resulting in 2% lower energy consumption compared to diesel
mode. Performance data available in GTD

2. Ethanol only - optimised for ethanol with similar energy consumption like diesel mode. Performance data
available on request.

3. Ethanol or methanol - including any blends of the two alcohols - optimised for ethanol and certified for both
alcohols and any blend ratio of the two alcohols. There is an expected methanol fuel energy consumption
penalty of 1 - 2%, compared to the methanol optimised option 1, i.e. same energy consumption on
methanol, ethanol and diesel fuels. Performance data available on request

» Testing of ethanol and methanol blends during the FAT and relevant costs must be agreed separately with
the customer and the classification society.

» NOXx EIAPP certification to be done with diesel and ethanol for option 2 & 3

» The diesel mode remains unchanged - The methanol/ethanol mode will be tuned to a NOx level below
diesel.

18 © 2026 WinGD Ethanol as fuel WlN GD




X-DEY

Methanol Technology Rollout

2024 2025 2026 2027
Projects Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

10X92DF-M-1.0

I - sighed or committed
[ =indiscussion

6X82DF-M-1.0

7X82DF-M-1.0

7X92DF-M-1.0

6X62DF-M-1.0

X62DF-M-S1.0

5X52DF-M-S1.0

7X52DF-M-S1.0

X72DF-M-1.0

Note: The arrows represent delivery of first engine of a type to the shipyard

20 © 2026 WinGD Ltd. WIN GD




Commercial outlook:
Green Methanol (e- and bio-)

Production forecasts
Pricing projections
Regulatory outlook

August 2026

Andrea Lazzaro, Business Development



Green methanol expected development

Production ramp-up from current level (near zero) supported by bio-methanol

Global Green Methanol Production Forecast (2026 - 2040)

As more planned projects are expected to be

financed and come online in the 2030s, ] e BNmG oo 2.0 MMT
production of e-methanol will eventually 30
surpass bio-methanol.
25 -
Both forms of green methanol will face 210 MMT
supply limits of biomass. However, the yield

of e-methanol per tonne of biomassis 1.1

tons, against 0.4 tonnes for biomethanol. On

the basis of a finite global biomass feedstock,

20
15 A 12.5
10.0 MMT
10 A
economies of scale demanding high process

efficiency will favour e-methanol growth. 51 - 100

55

Total Global Capacity (Million Metric Tons)

1.2 MMT

This scenario is dependent on the adoption 2026 2030 2035 2040

of aggressive IMO 2030/2040 net-zero
mandates.

22  ©2026WinGD GBA September 2026 WIN GO



https://energy-solutions.co/articles/sub/imo-2030-2050-maritime-decarbonization.html
https://energy-solutions.co/articles/sub/imo-2030-2050-maritime-decarbonization.html
https://energy-solutions.co/articles/sub/imo-2030-2050-maritime-decarbonization.html
https://energy-solutions.co/articles/sub/imo-2030-2050-maritime-decarbonization.html
https://energy-solutions.co/articles/sub/imo-2030-2050-maritime-decarbonization.html

Green methanol availability for the marine sector

Strong competition from aviation, automotive and chemical industries expected

ector / Indust 2026 Share (%) [2030 Share (%) |2040 Share (%) [Key Drivers & Competitive Pressures

Marine Transportation EPXeCH 45.0% 45.0% This sector dominates the 2030 window but
faces intense competition by 2040.

Green methanol for formaldehyde, acetic acid,
80.0% 35.0% 25.0% and olefins. They will lose market share as
fuel sectors outbid them.
Alcohol-to-Jet (ATJ) refining pathways will
0.0% 5.0% 15.0% aggressively target green methanol post-2035
to meet binding global aviation mandates.
Used as a direct drop-in gasoline component
5.0% 10.0% 10.0% (M15/M85 blends) or converted to MTBE,
primarily in China and northern Europe.
Used for specialized low-emission industrial
3.0% 5.0% 5.0% boilers, local backup power grids, and
localized thermal plant blending.

Power Generation &
Industrial

23 ©2026WinGD GBA September 2026 WIN GO
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Green Methanol pricing projections

Bio-methanol will always be cheaper, but long-term supply growth is limited.

Switching from "factory-gate"
production costs to "delivered-to-ship"
port prices shifts the price curve up,
well above the base commodity prices.

Bio-methanol holds a sustainable cost
advantage because it utilizes mature
technology and localized organic waste.

E-methanol carries a massive near-term
premium due to the high capital costs of
early-stage electrolyzers and energetic
penalties associated with sourcing
biogenic carbon.

Scaling and standardization will lower
e-methanol costs by 2040, but it will
remain more expensive than bio-
methanol due to the energy cost.

© 2026 WinGD

Delivered Port Price (USD / Metric Ton)

2500 A1

2000 +

1500 +

1000 +

500 A

Delivered Marine Methanol Bunkering Price Projections (2026 - 2040)

Bio-Methanol Bunker (Midpoint)
Bio-Methanol Range
== E-Methanol Bunker (Midpoint)
E-Methanol Range
$2100

$780

$720 $680

2026 2030 2035 2040

GBA September 2026 WlN GD



Commercial Outlook
Ethanol as marine fuel

Production forecasts
Regulatory outlook

August 2026

Andrea Lazzaro, Business Development



Ethanol compliance with FuelEU and IMO, 2026-2030

Contradictory regulations ahead of IMO decisions on NZF

Feedstock Type Current Volume |Projected 2030 [FuelEU Maritime Status |IMO Compliance Status

Not Credited / Capped: Conditionally Approved: The IMO officially certified
Excluded from credit Brazilian second-crop corn ethanol with a default
calculations due to EU value of 20.8 gC02eq/MJ, making it highly effective
food-vs-fuel restrictions. for lowering a ship's Cll rating.

Pending Certification: Broadly permitted under IMO's
interim biofuel rules (if certified sustainable via
ICAO/CORSIA frameworks). Brazil is actively pushing
for an explicit standalone IMO default value.

Corn Ethanol 55.0 MMT 61.5 MMT

Highly Restricted: Subject
30.0 MMT 34.5 MMT to stringent Indirect Land
Use Change (ILUC) limits.

Fully Compliant: Cellulosic

and waste-derived Fully Approved: Waste-residue cellulosic pathways
2nd Generation (2G) [OESRV1EE 4.0 MMT ethanol face no crop caps receive the highest structural emissions savings
and maximize compliance under the IMO LCA Guidelines.

credits.

26 ©2026WinGD GBA September 2026 WIN GO



https://brazilenergyinsight.com/2026/06/15/imo-definition-of-brazil-corn-ethanol-carbon-footprint-a-landmark-step-producers-say/
https://brazilenergyinsight.com/2026/06/15/imo-definition-of-brazil-corn-ethanol-carbon-footprint-a-landmark-step-producers-say/
https://brazilenergyinsight.com/2026/06/15/imo-definition-of-brazil-corn-ethanol-carbon-footprint-a-landmark-step-producers-say/
https://brazilenergyinsight.com/2026/06/15/imo-definition-of-brazil-corn-ethanol-carbon-footprint-a-landmark-step-producers-say/
https://ibia.net/mepc-80-clarifies-use-of-biofuels-to-improve-cii/
https://ibia.net/mepc-80-clarifies-use-of-biofuels-to-improve-cii/
https://rynda.io/news/6d7cc64d-b0fa-4fad-9b85-841d0e8a4ca0

Global ethanol availability forecasts

15t generation ethanol, if produced sustainably, could be the major feedstock

Global Ethanol Availability & Regulatory Status by Feedstock

0] | Rl i Longer term projections towards 2040 show growth of 2nd
N generation ethanol, bringing the total production worldwide
2 to 118MMT. Further untapped growth regions include Africa
o 40 and Asia (including China).
g
g 301 Global Ethanol Production Growth Outlook (2026 - 2040)
g 10 1st Gen (Crop-Based Cap)
= 201 I 2nd Gen (Advanced Cellulosic)
10 118.0 MMT
101 % 108.0 MMT -
0° Corn Ethanol Sugarcane Ethanol 2nd Genera tion (2G) E 85.8 MMT
(IMO Approved*) (IMO Interim) (IMO Fully Approved) % 80 |
s
The total global ethanol market across all % ol
feedstocks is approximately 85.8 Million S
Metric Tons (MMT) in 2026 and is projected § ]
to expand to 100.0 MMT by 2030. L
2026 2030 2035 2040

27  ©2026 WinGD GBA September 2026 WIN GO




Regulatory impact and competitive challenges

* Current demand by the marine sector is at its
Global Ethanol Consumption Share by Industry (with Marine)
very early stage.

1% 65.7% 2026 Share (%)

B 2030 Share (%)

* If global shipping secures regulatory mandates 601
(overcoming EU resistance and harmonizing
with IMO directives) to include widely available
crop-based ethanol, the maritime sector could
unlock over 20 MMT of annual ethanol
demand beyond 2030.

50 1

40 A

30 1

20 A

Percentage of Global Market (%)

* The main competitive challenges come from LT -
aviation Ethanol-to-Jet (ETJ) refining mandates 10 ' L
legally locked in for 2030, and from the . I . - mﬁ 00% e
chemical industry (to make low-GHG plastics T e cosmet®® poar™® 0dB st

by replacing the use of ethane for ethylene
production) beyond 2035.

28  ©2026WinGD GBA September 2026 WIN GO
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Ethanol pricing forecasts

Price uncertainty will increase over time, due to external competitive factors

1. Sustainable Aviation Fuel (SAF) competition

By the 2030s, Ethanol-to-Jet (ETJ) technology is projected to
mature commercially. Ethanol will become a premium
feedstock for jet fuel, driving prices up dramatically.

2. Chemical Industry competition

The chemical industry is under pressure to replace petroleum-
based ethylene with bio-based alternatives.

Ethanol is the primary candidate for bio-ethylene. Chemical
industries will bid up ethanol price to meet environmental
mandates.

3. Agricultural and Resource Constraints

Climate Volatility: More frequent extreme weather events
threaten crop yields, drastically raising feedstock costs.

Land-Use Competition: Stricter global regulations will cap
supply even as alternative demand spikes.

© 2026 WinGD

900 +

Price (USD / Metric Ton)

500 ~1

400 A

Business intelligence

Long-Term Ethanol Price Projections (USD/MT)

800 ~1

700 1

600

=@ Reference Case Baseline
Uncertainty Range (Low/High. Bound)

$669.6

$652.9
> $636.2
- == o $619.4
—0
2026 2030 2035 2040

Year

WIN GD




Thank you

Propelling shipping
towards a
greener future

Follow us on:
Linkedln YouTube WeChat

O
--..:::|
ER EF



https://www.linkedin.com/authwall?trk=ripf&trkInfo=AQGdq00s-B3KZgAAAXA_FH_o_sMpdwYEzA1MkOmEtI4cqS7DqKRA4WA0QlMt0lyrWPIMEH7VtXzo01Gg7n23zyhe0aoPwu0NZoq9vSSbUq5fV1-GEMuTvcbaVi0wHU0DDvoQNhE=&originalReferer=https://www.wingd.com/en/about-wingd/wingd-company-overview/&sessionRedirect=https://www.linkedin.com/company/winterthur-gas-%26-diesel-ltd-/
https://www.youtube.com/channel/UCDT5TwWddPMamlVECLAM0KA
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