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An independent assurance and risk management
company

~12,000 § 100,000 § 100+ 5% R&D

advisory, certification, Management system

classification and advisory verification, inspection and supply chain and
monitoring product

Software, platforms and solutions




The wo r |ledding ship and
offshore classification society

Global reach 20% 10,563 Quality
Survey stations in 65+ mar ket share of g¢hipse+r momleoffshaes Among the top-ranking
countries and expertise in all classed ships and mobile units in DNV Class societies in Port State

ship and offshore segments offshore units (gross tonnage) (286,6 mill GT, Feb 2022) Control performance
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IMO decarbonization ambitions significantly strengthened

Units: GHG emissions

Bl Emission pathway
in line with IMO's
revised GHG strategy

Bl Emission pathway

2008 as in line with IMO's
base year Peak as soon

as possible 2018 GHG strategy

Total: =) Bus.m'ess-as-usual
20% reduction emissions

Intensity: Emission gap

40% reduction

Fuel: Net-zero

5% energy share Total: GHG emissions
70% reduction by 2050

@
2020 2030 2040 2050

Total: Well-to-wake GHG emissions; Intensity: CO, emitted per transport work; Fuel: Uptake of zero or near-zero GHG technologies, fuels and/or energy sources




All decarbonization solutions must be explored

LOGISTICS AND

DIGITALIZATION HYBROBYRNANIES

Speed Hull coating

reduction Hullform

Vessel optimization
utilization

Vessel size .
Cleaning

Alternative
routes

>20% 5%-15%
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Air lubrication

MACHINERY

Machinery
efficiency
improvements

Waste-heat
recovery

Engine de-rating

Battery
hybridization

5%-20%

ENERGY

LNG, LPG
Biofuels
Electrification
Methanol

Ammonia

Wind power

0%-100%

OO O

AFTER-TREATMENT

Carbon
capture and
storage

0%-90%
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2,200 carbon-neutral fuel projects identified, most without
final Investment decision

& | afi.dnv.com




Shipping requires an estimated 30-40% of global
carbon-neutral fuels in 2030

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

Estimated demand from
shipping for carbon-neutral fuels
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Comparisormetweendifferent transport modes
Somefigureson Maritime Transport

AAccording to the International Chamber of Shipping,
there are currently morethan 50,000 merchant ships
operating in the oceans

ASize of world fleet, in terms of Gross Tons (GT) is
aprox 1505 mGT.

AAnNd their carrying capacity is 2200 millions DWT

truck: 10x " AShips transport more than 80% of world trade volume
and about 70% of trade value

AThe main challenge shipping is facing is the Energy
Transition, Reduction of GHG emissions, and the
associated energy efficiency improvement

AShipping is by far the most efficient transport mode,
and the less contaminating one

cargo ship: 1x

freight train: 1.6x

Greenhouse Gas Emissions per one-ton mile

L@

Graphic provided by Edgar Blanco, MIT Center for Transportation & Logistics

http://newsoffice.mit.edu/2010/corporate-greenhouse-gas-1108 DNV



ssions from fuel product.




Regulations are needed to ensure emissions are not
moved from ship to shore

Units: MtCO,e/year No production standard or fuel standard With production standard or fuel standard
1200

1000

800

Fuel prodtjction '
600

400

2050 2020



Onboard carbon capture and storage can reduce the demand

for carbon-neutral fuels
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AAvoids
competition
for sustainable
biomass and
renewable electricity

Acase stu dy
for 15,000 TEU
container vessel

"?‘f"'-_féf;-f:,'h AcCapturing 70%

of CO,

IR 4,000 m3 tanks
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Case study of 15,000 TEU container vessel shows that onboard carbon
capture can compete with other proposed decarbonization solutions

A high and a low
Units: Million US dollars (MUSD) cost scenario
65
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= Fuel oil

55 b -ING A 30% fuel penalty
= IVlethano A

50 = Ammonia A80 USD/ton C02

* & CCS high
v CCS low

A 15% fuel penalty

35
A 40 USD/ton CO,
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Nuclear powered ships are a proven technology used in
navies and ice-breakers

AAvoids competition for sustainable
biomass and renewable electricity

AToday, about 160 vessels , mostly naval,
sail with about 200 reactors

ABarriers exist for merchant vessels i
pilots planned for early thirties

Acase study for 15,000 TEU
container vessel

[BINAVAG)
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Nuclear power

Extensive experiencewith nuclear
propulsionin naval vessels

Not commercially feasible
Safety and security risks

Molten Salt Reactors (MSR)

Inherently safe technology

A Demonstrator expected by 2024 (100kW-1
MW)

A First marinized reactor by 2028-2030
A Leasing scheme to make cost competitive
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Whatis a molten salt reactor?

18

MSRs are a class of reactors in which a molten salt

performs a significant function in core

Liquid salt both possible in both or any of
» Coolant
* Fuel

Two types of neutron energies
* Thermal (moderated)
* Fast

Salts can be fluoride based or chlorine based

Different fuel cycles are possible
+ U/Pu
* Th/U

Different operational modes: Burning fuel, breeding ,

burning transuranic waste
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Gas extraction

Gas injection

Reprocessing
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Main benefits for molten salt reactor

» Low pressure leads to improved safety (compared to
light-water pressurized reactors)

 Higher temperature leads to improved efficiency

 Less radioactive waste possible

* When molten salt is used as fuel, it may be self-
regulating: reactivity decreases with higher temperature
(thus avoiding run-aways) and increases with lowered
temperature (e.qg. if energy is used for power generation)

« Safety may be improved by removing the fuel into the
specially designed emergency drain tanks
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Maritime Forecast to 2050 1 key findings

oy [efels

S

Strengthened Shipping will Half the ordered Global fuel Onboard carbon
IMO ambitions require an tonnage canuse production captureand

and first estimated LNG, LPG or standards are nuclear are

international 30-40% of global methanol in needed to meet technically and

CO, price in EU, Cross-sector dual-fuel engines | MOO szera et economically

set the carbon-neutral close to 2050 feasible options
decarbonization fuel supply in goal

pathway 2030
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THANKS !

TURN UNCERTAINTY INTO CONFIDENCE
Jose.Allona@DNV.com

https://www.dnv.com/energy -transition -outlook/index.html
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