Transition to zero emission solutions for shipping in Norway
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Norway - a laboratory for the introduction of alternative fuels
with investments in infrastructure in parallel
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The Alternative Fuel Barrier Dashboard -
indicative status of key barriers for selected alternative fuels in 2020
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HVO - hydrotreated vegetable oil;
LNG - liquefied natural gas;
LPG - liquefied petroleum gas;

Hydrogen - carbon-neutral liquefied
hydrogen consumed in fuel cells;

Ammonia - carbon-neutral ammonia
burned in internal combustion engines;

Electricity in batteries - full-electric
with batteries;

Methanol - carbon-neutral methanol
burned in internal combustion engines.
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Source: DNV GL’s Maritime Forecast to 2050
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A new generation of carbon-neutral ships - what are the safety challenges?

Most non-conventional fuels have properties
posing different safety challenges from those of
conventional fuel oils.

Additional safety barriers required to maintain
the safety level when compared with
conventional fuels.

Development of regulations and technical rules
for safe design and use onboard ships is
required.
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Development of safety rules and regulations in Norway
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The continued development of IMO regulations for new fuels is key to enable
uptake of alternative fuels in global deep-sea shipping
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Alternative fuel uptake in the world fleet is increasing, but limited uptake of zero/carbon
neutral fuels towards 2030

Alternative fuel uptake (percentage of ships)

Ships in operation Ships on order Ammonia  0.02% 2030 IMO compliance scenario
Hydrogen 0.06%
Methanol 0.47% 63% /
o Biofuels 11%
92.61 90.28%
% - Methanol 0.01% LPG 0.67% Zero-carbon fuels < 1%
—— LNG 0.16% S LNG 4.52% Alternative fossil fuels 24%
World fleet Order book World fleet i -
Battery  0.22% 2020 Battery  3.99% 2030 \ Grid electricity 2%
Sum 0.39% Sum 9.74% Sum ~37%

= Less than 1% of the existing fleet is running on alternative fuels
= 10% of current newbuilds are ordered with alternative fuel systems
= Pathway modelling indicates need for more than 30% alternative fuels in 2030

- Uptake and fuel mix depends on the scenario; 1 of the 12 IMO compliance scenarios is shown in
the figure
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Fuel flexibility, alternative fuel-ready or wait and see?

& Fossil-based without CCS
All alternative fuels have , , Bio-based
= bio-LNG e-LNG Electro-based
barriers and challenges. [ Fossil-based with CCS

Resolving theses barriers P D

. . L > ammonia
will take a long time. LNG :

' )

Fuel ﬂeX|b|||ty and (TN DFINGICE /i > hydrogen
alternative fuel-ready : —/
solutions can: o s N
= Ease the transition, MGo (methanol

and
= minimize the risk of

investing in stranded g (RS e-MGO

assets.

FOSSIL FUELS CARBON-NEUTRAL FUELS

1w m P Retrofit
sl Drop-in

7 DNV GL ©

DNV:-GL




New fuels and technologies maturing in short-sea shipping for later use in
deep-sea shipping
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