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Scrub down beyond compliance

CO,

Less than VLSFO

“From well-to-wake the continued use of heavy fuel oll
with a scrubber is the most environmentally beneficial
means of meeting GHG emissions targets”

Chief Scientist Dr. Elizabeth Lindstad, 2019



40% CO, reduction by 2030

70% CO, reduction by 2050

Shipping enter EU climate quota system (ETS)

EU ban on CO, emissions at berth
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With new regulation come distinct new opportunities!

Now is the time to OPTMIZE ...

0,

... tomorrow is the time to REVOLUTIONIZE!
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Scrub new fuels! L§—|
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Scrub and store CO2 ~
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Fleet coverage
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Interconnect with other tech @

Cost reduction
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... at last ELIMINATE the scrubber!

Keep scrubbers relevant for regulators and ship owners alike!

In line with YMT’s Ambition and Purpose

Our Ambition
A healthy planet for future generations

Our Purpose

We provide technology to enable a greener
maritime industry




Focused scrubber supplier

No diversification to
compensate for market swings

Difficult capacity adaptation

Focused scrubber
supplier

Broad technology
provider to enable a
greener maritime industry

Continued challenges
Smaller market

Balancing on one leg

Internal innovation pipeline
M&A/Partnerships

Yara Marine X



YARA

Purpose:

We provide technologies to enable a greener
maritime industry.

Ambition:

A healthy planet for future generations
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Scrubbers: Safer,
smarter greener

Scrubbers bridging the gap to zero em|33|ons’?

Dr. Fabian Kock
06 April 2021



Bunker prices

Bunker prices Rotterdam
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Scrubbers fitted / under retrofit W, @

GISIS: 3120

Scrubbers fitted / under retrofit
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Open loop: Local restrictions

Alternative Fuels Insight
DNV:-GL Kock, Fabian ~
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Current challenges
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What parts of the scrubber system are most prone to failure and
need to be replaced most frequently?

Sensor failure/ Corrosion Issues with ‘Faulty alarms™ PAH analyser not Flooding/ leaks
reliability/ overboard pipes Jcontrol systems (Dymamic matching water
compatibilty  /spool pieces [ responss, samples [ *1MO
with the marine corroded diffusor 'spikes", etc.) req for analyser)

Emyironment
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Intelligent backup via “virtual” sensors

How about if we let machines

Y ol B S do the job of learning how
} Il '. 'r-i:'::: 41 leel Scrubbers react?
Washwater NeuraJaILL’Work “Iearns”

Sea water pressure behaviour of scrubber
flow

Turbidity Sulphur
content
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Scrubbers in the framework of GHG reduction

Indicative timeline for developing and implementing possible global policy measures - the list of
measures is not exhaustive.

Newbuilds EEDI tightening

All ships

Enhanced SEEMP Fuel carbon limit

Short-term Long-term

EEDI: Energy Efficiency Design Index
EEXI: Energy Efficiency Design Index for Existing Ships
SEEMP: Ship Energy Efficiency Management Plan

©DNV GL 2020

DNV © 06 APRIL 2021

Scrubbers and usage of HFO
does not give benefits for EEXI.

Carbon-Capture-Storage (CCS)
with Scrubbers?

Life-Cycle-Analysis (LCA) needs
to be implemented by IMO.

DNV



WHEN TRUST MATTERS

The broader view on emissions

Fabian.kock@dnv.com
+49 1724044585

www.dnv.com

DNV



.._M Scrubbers and conventional fuels versus
| " E-fuels and Synthetic E-fuels"

SINTEF

Dr. Elizabeth Lindstad - Chief Scientist
SINTEF Ocean AS




It's the source of raw material (Well-to-tank) which
decides the carbon footprint of Bio and E-fuels

Well-to-Wake Emissions in Gram CO2eq. per kWh - GWP100

BioLNG (Organic waste) (DF low-pressure 2 stroke) 75

BioLNG (Organic waste) (DF high-pressure 2 stroke)

BioMethanol has to check =225
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Methanol (renewable electrolysis + DAC)
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0 200 400 600 800 1000
EWTT TTW CO2 TTW CH4 % of MGO



.

E-fuels and Synthetic E- fuels roughly doubles and triples
energy consumption compared to conventional fuels

Total energy input WTW / Delivered propulsion energy (MJ/MJ)

Green E-Diesel (carbon capture from air) S e
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E-fuels require large amount of Renewable Electricity — will these
guantities become available? and if they do, are we better off by

replacing coal in the electricity generation?

1990 - Production 8 790 M.toe

Nuclear

Renewable Hydro|| Energy
11% 2% 6 %

S SMART
~~ MARITIME

Datasource: |IEA.org

2018 - Production 14 207 M.toe

Nuclear
Energy
5%

Natural Gas Hydro
3%

Solar & Wind
2%

Bio & Renewable
9%




Why use renewable electricity to produce E-fuels for shipping, when sf.

global GHG emissions can be reduced 5 — 10 more times per kWh by

instead replacing coal fired power plants

Global electricity production M.toe

Replacing Coal in

Replacing Coal in

production production

sigeng o < e || | E=
production AS IS Shipping
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) M.toe
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B Green Il Green E-fuels Low estimate

B Green E-fuels high estimate
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GHG reduction in million ton
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Abatement cost with scrubber versus VLSFO and Diesel as
a function of crude oil price (source: Lindstad et al 2017)

Abatement cost per ton of fuel {USD/ton)
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Scrubbers versus conventional sfi m
compliant fuels

* Scrubber is most cost efficient for large consumers and at high
fuel prices for nearly all vessels

e With a low price differential between VLSFO and HFO, VLSFO is
a competitive options for low and medium sized consumers

* Diesel is only an alternative for the smallest consumers of HFO
today

S SMART
~ MARITIME



ﬁt GENERAT'ION
UBBING — WHAT
ENHANCEMENTS ARE

SET TO COME

SCRUBBERS BRIDGING THE GAP TO ZERO EMISSIONS
APRIL 6™ 2021

ASLAK SUOPANKI, WARTSILA
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WARTSILA
FROM IDEAS TO REALITY...

]

© Wartsila PUBLIC April 6th 2021 Next generation scrubbing - What enhancements are set to come? / A. Suopanki



CREATING LEADING TECHNOLOGIES...
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C

WARTSILA
ADDRESSING BOTH TODAY’S AND TOMORROW'’S EMISSION CHALLENGES...

© Wartsila PUBLIC April 6th 2021 Next generation scrubbing - What enhancements are set to come? / A. Suopanki



AND ENABLING THE ZERO-EMISSIONS TRANSITION
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