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A global assurance and risk management company
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Maritime Forecast to 2050
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Regulations are being implemented, and more are on
the way

GHG regulatory timeline towards 2030

Adopted
regulations

In the
pipeline,
or possible
regulations

Processes

2024 NN 2025 IS 2026 . 2027 I 2028-‘

IMO GHG pricing

IMO GHG fuel
intensity*

EU ETS review. -
Cll and EEXI review Feasibility of includ- Fuelil:vl;/lawrltlme e Grgl(iiiitr:ategy
ing ships <5000 GT

*taking into account well-to-wake Key: Carbon Intensity Indicator (Cll); Energy Efficiency Design Index (EEDI); Energy Efficiency
Existing Ship Index (EEXI); Emission Trading System (ETS); Ship Energy Efficiency Management Plan (SEEMP)

EU ETS from 2024

FuelEU Maritime from 2025

= GHG fuel intensity requirement
(9CO,eq)/MJ)

= Pooling of compliance

IMO basket of measures

= Technical element:
mandate on reduced GHG
fuel intensity

= Economic element:
GHG pricing mechanism




Fuel technology transition progressing — half the ordered
tonnage on LNG, LPG or methanol in dual-fuel engines

GROSS TONNAGE

Ships in operation ‘ <0.01% Ammonia Ships on order <0.01% Hydrogen
<0.01% Hydrogen ' 0.69% Ammonia
92.6% 0.09% Methanol 50.5% 1.39% Battery/Hybrid
conventional 0.32% Battery/Hybrid conventional 1.92% LPG
fuel 0.37% LPG fuel 9.68% Methanol
World fleet 6.65% LNG Order book 35.81% LNG

7.4% Total 49.5% Total

Growth of the number of ships capable of using selected alternative fuels, excluding LNG carriers, as of May 2024
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IMO’s 2030 goal of 20% emission reduction is unlikely

to be met without significant energy savings

Estimated supply of carbon-neutral fuels to all sectors

Units: Million tonnes of oil equivalent (Mtoe)
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Estimated supply of
carbon-neutral fuels
to all sectors

Estimated
demand from
shipping

in 2030
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Range of estimated demand in 2030 for
carbon-neutral fuel and fossil fuel with

S CCS (DNV, 2024a)
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Energy efficiency measures could generate fuel

savings of 16% by 2030

Converting fuel energy to ship speed - typical energy losses for large ships and the opportunities for energy savings
(Inspired by (Glosten, 2016))

Energy losses

Energy saving opportunities

Prime mover efficiency

» Engine wear ~50%

» Waste heat A

WIND POWER

® Machinery ‘
efficiency
improvements

* Waste-heat
recovery

¢ Engine de-rating

Propeller efficiency

e Transmission ~15%

and propeller A

losses
e Propeller fouling

e Propulsion improving .
devices before or
after propeller

e Propeller retrofitting

e Propeller polishing/
coating

Hull efficiency

* Wind ~35%

* Waves ‘

e Friction
e Hull fouling
e Trim & draft

[/

TN
-y
» Speed reduction ‘
e Hull coating

e Hull-form
optimization

o Air lubrication

e Hull cleaning
technologies




Green shore power can reduce emissions from

shipping by 7%

Losses

(2.24 kWh)

Total electricity input
(4.46 kWh)

Engine losses

Electrofuels (1.22 kWh)

(2.22 kWh) Usable energy

(1.00 kWh)

North
America

1,642 EU
1395

Norway

129

Electricity for production of electrofuels
(example: e-ammonia)

Electricity
losses™
. m . (0.09 kWh)

Usable energy
(1.00 kWh)

Total electricity input
(1.09 kWh)

Units:
gCO,eq per kWh

Coal
- North
968 Ll America

582 EU

401 324 Norway

Electricity from
diesel generator set

Direct use of electricity



Onboard carbon capture could be the most
cost-effective way of decarbonization

" |nfrastructure needs to be built

Estimated global CO; storage capacity (excluding enhanced oil recovery)

Units: Million tonnes CO, per year u Shlp teChn()IOgy must be
further developed

100
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5 Estimated global CO, " Must be evaluated against the
storage capacity
60 costs of carbon-neutral fuels
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Four scenarios to prepare for the future

Bio and
fossil fuels
with CCS
scenario —
fuel use in
shipping by
energy

Units: Million tonnes of oil equivalent (Mtoe)
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bio-methanol
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M fossil methanol
LPG

M LNG

M LSFO MGO

W HFO scrubber

Units: Million tonnes of oil equivalent (Mtoe)
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Four scenarios to prepare for the future

i Units: Million tonnes of oil equivalent (Mtoe) Hydrogen scenario - fuel use in shipping by energy
Ammonia o _ Hydrogen
Units: Million tonnes of oil equivalent (Mtoe)
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Decarbonizing shipping could double the cost of
container-transport

= Decarbonizing shipping will
Units: Percent come at a significant cost
120

= This will be compensated by
100 increased freight rates

R = _..and eventually moved
60 through the value chain to
consumers as an increase in

0 the price of goods

20




Key findings

Half the
ordered
tonnage can
use LNG, LPG
or methanol in
dual-fuel
engines

< @=

Shore power
could reduce
the emissions
from shipping
by up to 7%

Energy
efficiency
measures
could save

16% by 2030,
equivalent to
55,000 smallest
ships carbon-

neutral

CO, storage
facilities should
be planned in
conjunction with
major ports

...........

Decarbonizing
shipping
could double
the cost of
transporting
goods by
containers



Biofuels in Shipping
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Price and availability are main challenges

o
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®E24 VLSFO blend , Singapore

VL

Jul 2024 | ? Jul 2025

Source: afi.dnv.com




Price and availability are main challenges
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Marine biofuel market will be driven by some key factors

GHG REGULATIONS

VOLUNTARY MARKET IN SHIPPING

Reduction of Scope 3
GHG emissions Cll requirements
(cargo owners)

Competition with
other sectors

Offering of EU ETS (from 2024)
green transportation and FuelEU Maritime Scarcity of feedstock
services (2025)

Sustainability
and GHG saving
criteria

Green shipping Domestic biofuel
corridors requirements

IMO mid-term GHG
measures (from 2027)

Demand drivers

Supply
constraints

Other initiatives Logistical challenges
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Technical and operational considerations to observe

Delivered

power

Additional
{life

oats)

npatible
componeants

Lubrication

propearties

Stability and

Mixability

Fuel-gil treatment system

{setting and purification)

Corrosive and

acidic properties

storage properties

Fuel bunkering,
storage and transfer

Temperature
properti

(Baseline: MGO) FAME

Energy content
Cetane number Comparable
Density Comparable
Viscosity Slightly hig
Material compatibility Incompatible with ain materi
Flash point Higher

Lubricity

Cold flow properties***

Storage stability

aries with quality indic:

Slightly lower
Slightly lower
Comparable
Comparable

P,




Key findings

X

Cost of Wordwide Operational
biofuels is distribution is constraints
currently 30- a challenge — must be
40% higher local hubs may considered
be a solution
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