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World’s first large scale
hydrogen engine power
plant

We have launched world’s first large scale
hydrogen engine power plant to the market to
address the need to decarbonise the energy
sector.
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Introducing two hydrogen engines

Wartsila 31SG-H, hydrogen-ready engine Wartsila 31H, pure hydrogen engine

Natural gas + Hydrogen ready Hydrogen + Natural gas

0-25 vol-% hydrogen in natural gas 0-100 vol-% natural gas in hydrogen

Conversion option to run on 100% hydrogen

= Engines are expected to be available for orders in 2025, and available for delivery from 2026.
=  Switching fuel from natural gas to pure hydrogen will impact the engine performance such as output and
efficiency, the exact impact will be communicated in conjunction with the sales release
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Wartsila 31 installations

Over More than Producing
250 1 million 1000+ MW
engines sold running hours
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The pure hydrogen power plant concept is 3rd party certified by TUV-SUD WARTSILA

Hz-READINESS

For plant owners and financiers, certification improves investment security CONCEPT CERTIFICATE

The Cerfification Body of
TUV 500 Indusirie Service GmbH
Ensrgy and Systams

ceriifies, that the hydrogan readingss concept for the bkiding phase of newly ballt and
refrofitted power plants using the 315G engine of the company

&
WARTSILA
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Hilllaturinkga 2
00180 Helsinkl, Fintang

TUV SUD has established a guideline for H2-readiness of power plants and provides
independent certification to original equipment manufacturers (OEMs) and plant builders
(EPCs).
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complies with the requirements
as defined In the TOW S0D guideline:

. . . . . . ’
The certification covers the entire power plant, including: 2 Cubncsion Cusmes e eatens o
':;_; The hydrogen readingss concept mests the I'E{';IJ;I'EI'HEH1STN1HE-¢EI‘HT|B31.|M af
iy hydrogen readiness for 100 vol.-% Nydrogen.
" Fuelgas supply  Auxiliaries * Explosion protection - |
= Gas engine (natural gas = Building = Fire protection £ M'ﬂmx&
and H2) = HVAC = Hazard and risk analysis 5 ¢ .-—. R
* Exhaust gas system = Instrumentation & = Conformity = ) fll".l%%iﬂ'l“.im T
= Combined heat and Control = Permits £
power = Plant Performance N e S —
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The main changes on the hydrogen power plant compared to natural gas WARTSILA

Are limited to the engine itself, fuel system as well changes to the safety
monitoring/detection.
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Systems affected when introducing pure hydrogen

Fuel gas supply - Engine Exhaust gas Safety Balance of plant
system \ top @r,t/r/ abatement systems and.fuel
- distribution
« Materials (avoidH, | ° Fuel-injeeti’M - Catalysts according | « Explosion risks - ~H, gasgrid
embrittlement, « Cylinder-heads to local  Outdoors connection or
explosion risk) « Piston tops requflrements. B ntllaton »_H; onsite”
+ Pressurisation g & | PLINOX « Double wall production with
b VOC (only for engine_hall e
= natural gas) artsila scope)

* H, sensoring
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Green hydrogen is a
carbon-neutral balancing fuel
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Sustainable fuels for
existing plants
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Business risk driven by uncertainties related to politics, technology and infrastructure
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Fuel flexibility key
with uncertainties

Hydrogen| Ammonia| Methanol | Ethanol

Fuel f/exﬁll/l’ough multi-fuel capability as well as
conversions
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Bio- or Synthetic
methane

Contains about 99%
methane and can readily
be used in liquid form with
equipment made for LNG.

Methanol /
Ethanol

Released products: WIL32
(Marine)

Released conversion
packges
WO9IL32 (Marine)
ZA40 (Marine)

A power plant 20V design
for the W32 engine is
under development

Ammonia

Released products:
WOL25DF (Marine)

Same technology can be
industrialized for other DF
engines and is being
currently explored.
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Hydrogen

Our gas engines are
already able to blend LNG
with up to 25% hydrogen.

An engine concept for
100% H2 is now under
development and is
expected to be ready by
2026.
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Hydrogen - Blending in pipelines
and onsite production

PRO’s CON'’s
*+  No CO2 emissions * Low energy density by volume
* Relatively low production cost  Difficult to transport by truck or marine
vessels
« Storage expensive

Likely applications

1. Lower blends of hydrogen in natural gas pipelines

2. On-site production and storage of hydrogen for peaking and seasonal
balancing purposes

3. Integration with industrial facilities with hydrogen availability
4. Europe, USA, Australia, India
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Ammonia - The best way to
transport hydrogen

PRO’s CON'’s

* No CO2 emissions « Toxicity

* More cost efficient than H2 « Supervision of production
considering transportation « Challenging in residential areas

* Engine performance

Likely applications

1.

2.
3.

Remotely located power plants with w/o pipeline access and a need for long
multi-modal fuel transports

Local air permits focused on stack CO2eq emissions
USA, Japan, Germany, Australia
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Methanol/Ethanol -
The “easy” fuel

PRO’s CON'’s

* More cost efficient than H2 « CO2 emissions
considering transportation * Production includes CCU

* Engine performance « Supervision of production

* Methanol and ethanol can be

used w/ the same technology

Likely applications

1. Power plants in the vicinity of population, with w/o pipeline access and
a need for long multi-modal fuel transports

2. Local air permits focused on overall CO2eq emissions
3. Values the possibility of ethanol as an alternative fuel
4. USA, Europe, Brazil, India,
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Cost of transportation and storage is one of the key factors WARTSILA

On-site production

e/MWh
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Ammonia

Methane
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Methanol

Off-site production with monthly on-site storage
cycles and 200km transportation need

e/MWh
300

250
200
150
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50 Transportation

W Storage

B Production
Hydrogen Ammonia Methane Methanol

Ref: The feasibility of Power-to-X fuels for power generation, Wartsila, 2023
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https://www.wartsila.com/docs/default-source/energy-docs/technology-products/white-papers/power-to-x.pdf?sfvrsn=92300843_3
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Wartsila n fuels to the markets WARTSILA
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DEMONSTRATORS

Mitigate the political risk

Create concrete evidence for stakeholders and
authorities of the capability of your plant to
operate on sustainable fuels
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Demonstrators are not ready solutions and instead short-term ests o{
various concepts, and the feasibility must be evaluated case-by-case
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decarbonisation, <=/ S
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Together with WEC Energy Group we have successfully completed < " . i | L_s
hydrogen blend tests on an unmedified Wartsila engine. / g pske T \EE,
The resuits were'outstanding: engine efficiency improved L :
when runningon the 25 vol% hydrogensdblend, while also ¥ »
reducing greenhouse gasemissions.This was afvgrid's ap - E s % ’
first, testifying that Wartsila's technologycan support R = =
the decarbonisation of the energy industry. : A ;- S
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