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Shipping must decarbonize, but the pace of

the transition IS unclear

World fleet CO2 emissions (million tonnes)

1000

800

600

400

200

0

2050

==|MO ambitions ===Decarbonize by 2050

DNV



Maritime Forecast to 2050 — key findings

The fuel transition
in shipping is
accelerating, and
key fuel
technologies
needed will be
available in 3-8
years

The fuel transition
at sea hinges on
developments on
land, fuel
availability
becomes a key
challenge

The transition will
require large
onboard
investments, but
even greater
onshore
investments

The future fuel mix
is highly
dependent on fuel
price and policy
ambitions

Shipowners

need transition plans
reflecting the
uncertain future, and
fuel-flexible solutions
providing robustness
and reducing
carbon-risks




Maritime Forecast report explores the future fuel mix
and implications for decisions made today
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Emerging frameworks and standards enable regulators,
cargo owners and investors to drive decarbonization

By 2030, 5% of fuel will have to be carbon-neutral

09 frameworks any sty
r,\)??o %,

IMO’s ambitions will be reviewed and could be
% strengthened to decarbonize shipping by 2050

Regulations

and policies Lifecycle GHG emissions standards are being
developed to ensure fuel sustainability

- Major cargo owners expect low- and zero-emission
shipping services to be in place this decade

Access to capital depends increasingly on b 2aty s
environmental credentials :




The fuel transition In shipping has started and Is
accelerating

Number of ships on order In % of gross tonnage
0.02% Battery/Hybrid

Hydrogen
B Methanol Bz —1.45% Methanol
78.9% LPG 66.8% 1.52% LPG
conventional Battery/Hybrid conventional
fuel fuel ~30.21% LNG
Order book LNG Order book
B Total 33.2% Total
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Key fuel technologies will be available in 3-8 years
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Validation (TRL 4) l®) Onboard technology available (TRL 9)
Low safety regulatory maturity ¥ High safety regulatory maturity

Methanol 2-stroke engine @

4-stroke engine
Boiler
Fuel cell

Regulations for onboard use

Ammonia 2-stroke engine
4-stroke engine

Boiler

Fuel cell

Regulations for onboard use

Hydrogen  4-stroke engine
Fuel cell

Regulations for onboard use

CCs CCS technology
Regulations for onboard use
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Shipping needs to switch to carbon-neutral energy
supply chains

Sustainable biomass for biofuels

Renewable electricity for electrofuels

Sustainable carbon for carbon-based
electrofuels

Large scale CCS
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DNV’'s GHG Pathway Model enables understanding of
the complex landscape

Baseline Seaborne Regulations Ship Technology Risk willing- Fuel Fuel and
fleet trade characteristics maturity, ness and availability CO, prices
and operational  costs and investment

Fleet Abatement Year-by-year
Development Uptake feedback
Module Module Fleet capacity,

new and technology

builds and
ne;\(d:rauF;pisn;n existing learning, regional
ships fuel availability

VT

Future fleet CO, emissions Fuel mix

OUTPUT 2022-2050




Energy efficiency Is important, but carbon-neutral
fuels are needed to decarbonize the world fleet

IMO ambitions scenario 7 Decarbonization by 2050 scenario 19
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Fossil fuel use In shipping will decrease or be
eliminated

Fuel oil (LSFO/MGO/HFO) LNG (fossil)
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Il IMO Ambition [l Decarbonization by 2050

Hydrogen, compressed and liquified, is included in the model. Liquid organic hydrogen carrier, onboard CCS and nuclear are not included in the model.
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Carbon-neutral LNG and MGO will largely replace
fossil versions

MGO (carbon neutral) LNG (carbon neutral)
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Hydrogen, compressed and liquified, is included in the model. Liquid organic hydrogen carrier, onboard CCS and nuclear are not included in the model.
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Ammonia and methanol need to have significantly
lower cost than carbon-neutral MGO to compete

Ammonia (carbon neutral) Methanol (carbon neutral)
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Il IMO Ambition [l Decarbonization by 2050

Hydrogen, compressed and liquified, is included in the model. Liquid organic hydrogen carrier, onboard CCS and nuclear are not included in the model.
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The transition entails large onboard investments, but
even greater onshore investments

IMO ambition Decarbomzatlon by 2050
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. Total CAPEX onshore 2050 Total CAPEX on vessels 2022-2050 (trillion USD / 10"2 USD)
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Alternative Fuels Insights (AFl)

* Open platform for evaluating the uptake

of AF technologies

« Complete overview on developments of

alternative fuels and technologies

« Covering both investments on ships and

In bunkering infrastructure


https://afi.dnvgl.com/map
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https://afi.dnvgl.com/map

« Afully digital and collaborative tool for

fuel suppliers and ship owners

« Allows to plan, execute and
communicate about LNG bunkering

operations

» Improved operational efficiency and

industry collaboration



_ Maritime Forecast to 2050 — implications

The development of It's required to have The transition entails Fuel flexibility and
sustainable fuel-supply clear criteria for and large annual onboard Fuel Ready

chains must be increased production of investments of solutions, combined
accelerated to achieve sustainable biomass, 8-28bn USD, with improved energy
the transition, renewable electricity, but even greater efficiency, provide
5% carbon-neutral sustainable carbon and § onshore investments of business robustness
fuels are needed by carbon storage 30-90bn USD. . and reduce carbon risk /
2030 |




Relevant reports

DNV

Energy Transition Outlook 2023

TRANSPORT IN
TRANSITION

A deep dive into fuels, electricity,
and infrastructure

Launch: May 2023

hitps//www.dnv.com/maritime/publications/alternative
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ALTERNATIVE FUELS
FOR CONTAINERSHIPS
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Shipping for a cleaner future!
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DNV tools and resources on decarbonization (selection)

Alternative Fuels Emissions Insights Decarbonization Topic pages
Insight CIlI ratings and more hub EU ETS, MRV, DCS, EEXI,
(included in DNV's ClI, SEEMP IIl, etc.
DCS solution)

www.dnv.com/afi www.dnv.com/dcs www.dnv.com/decarb www.dnv.com/insights

On-demand Technical & Publications Maritime Impact

Webinars Regulatory News A"Gmatiavsfx"z t’;m’m"ia Our expertise in stories

www.dnv.com/webinars www.dnv.com/tecreg www.dnv.com/mp www.dnv.com/mi
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WHEN TRUST MATTERS
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