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AGENDA

LNG & LPG - Established alternatives, still gaining ground
Ammonia & Hydrogen — Promising, but the future?
Biofuels — A real option?

Methanol — The interest is increasing fast: why?

Q&A
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Regulatory frameworks and new standards will drive
the maritime decarbonization

5% of fuel will have to be carbon-neutral to achieve current IMO targets

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

o9 oot kit Stany
e Vol

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
environmental credentials
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International & regional regulations are tightening

Inclusion in EU Emissions Trading
EEDI, EEXI, Cll, SEEMP,... System (ETS)

Strategy review in 2023 and "
higher ambitions to be expected FLEIEI e
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IMO strategy on GHG reductions, decision point 2023
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Units: GHG emissions

2008
as base year
*
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Zero emissions
as soon as

- < . Ml possible within
Peak as soon Intensity: : Bl this century

as possible 40% reduction ]
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Revision in 2023:

- Totar. "% reduction
100% decarbonisation by Intensity: /v’

20507 Net-zero?

2008 2020 2030 2040 2050 within 2100

Total: Refers to the absolute amount of GHG emissions from international shipping.
Intensity: Carbon dioxide (CO,) emitted per tonne-mile.
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Emission pathway
in line with IMO'’s
GHG strategy

Business-as-usual
emissions?

Emission gap
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Inclusion of shipping in the EU ETS may be costly...

EU emissions allowances — ETS spot and futures prices (€/t)

* Entry into force: 2024
Todays CO, price compares to
~300 USD/tonne fuel

+ Transition period until 2026

i Implications:

 30-50% increase in effective
60 fuel costs

Commercial agreements
needed to share cost with

40
charterers

* More complex for
20 vessels on the spot
market

Focus on energy efficiency

- ane s o i Use of advanced biofuels?

Source: tradingeconomics.com
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FuelEU Maritime requirements to lifecycle emissions

FuelEU Maritime will set requirements for well-to-wake emissions
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The new fuel value chain

BIOMASS REFINERY FUEL FUEL PUMP SHIP
DISTRIBUTION

Ships with dual-fuel capabilities

Emissions verification towards
cargo owners & authorities

Certification of fuel production & distribution
Technology qualification, expert advice

DNV: Your partner across the value chain
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Newbuilding orders with alternative fuels

No of vessels:
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10

DNV ©

28 FEBRUARY 2023

By GT:

% of fuel in NB orders, by GT
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Source: DNV Alternative Fuels Insight - https:/afi.dnv.com/.

Note: 2023 figures are based on January 2023 orders only
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Three key trends

[

SHARE OF ALTERNATIVE
FUELS INCREASING FAST
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LARGE VESSELS DRIVING
THE CHANGE

MORE DIVERSE FUEL MIX
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Vessel types selecting LNG & Methanol

Have we seen the last oil fuelled container vessels?

Containers - GT RoRo & PCTC - GT
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
2018 2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
B LNG 1 Methanol m Conventional fuel B LNG m Conventional fuel

Source: DNV Alternative Fuels Insight - https:/afi.dnv.com/.

Note: 2023 figures are based on January 2023 orders only

« 20% of tankers ordered since 2020 with LNG as fuel, based on GT

* 11% of bulk carriers ordered since 2020 with LNG as fuel, based on GT
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Session 1 (9AM
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1 of 1. If your company orders a newbuilding in the next 1-2 years, which solution would be your most likely choice?

21.09% MConventional fuel (VLSFO/HSFO+scrubber) / biodiesel
21.36%| LNG or LPG

41.75% L Methanol

12.8% [AmMmMORia or hydrogen

3% [ onboard Carbon Capture

28 FEBRUARY 2023

239 Responses

242 Responses

473 Responses

145 Responses

34 Responses

Session 2 (4PM CET)

1 of 1. If your company orders a newbuilding in the next 1-2 years, which solution would be your most likely choice?

20.29%

2549%

37.7%

12.39%

4.13%

Conventional fuel (VLSFO/HSFO+scrubber) / biodiesel
LNG or LPG

Methanol

Ammonia or hydrogen

Onboard Carbon Capture

113 Responses
142 Responses
210 Responses
69 Responses

23 Responses
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AGENDA

Introduction - Regulatory update & market drivers

Ammonia & Hydrogen — Promising, but the future?
Biofuels — A real option?

Methanol — The interest is increasing fast: why?
Q&A
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LNG — continued strong interest

Crude oil tankers

49

40
44

Oil/Chemical tankers 44

Car/Passenger ferries

Container ships 43 181

Offshore supply ships

Tugs 22 16

RoPax 21 12

Bulk carriers 19 49
General cargo ships

Other activities

Cruise ships [Bl] 26
Ro-Ro cargo ships
Car carriers 119

Gas tankers [

Fishing vessels [Jijj
Other offshore vessels |
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Source: DNV Alternative Fuels Insight - https:/afi.dnv.com/, updated January 2023

Lower EEDI &
Cll

Higher CAPEX

Some loss of
cargo space

Methane
emissions to
be restricted

DNV



LPG — a fuel for LPG carriers only?

Growth of LPG fuelled fleet

St spalion:aoe ok Currently only used by LPG

140 carriers

120 Up to 15% reduction in EEDI
and ClI

100
* In practice =13% due to lack of

80 4-stroke engines

60 Lower CAPEX than LNG

40 Limited range of 2-stroke
engines commercially

20 q

- available
0 T

2020 2021 2025 2026

Source: DNV Alternative Fuels Insight - https:/afi.dnv.com/ , updated January 2023
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LNG & LPG - Established alternatives, still gaining ground

Biofuels — A real option?

Methanol — The interest is increasing fast: why?
Q&A
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Ammonia developments

Two-stroke ammonia engine development schedule

DNV

RULES FOR CLASSIFICATION

2019 2020 2021 2022 2023 2024

Part 6 Additional class notations
> 3 ) Chapter 2 Propulsion, power generation and
' auxiliary systems

Pre-study Project kick-off  Engine concept  Engine combustion Full scale engine 1t engine delivery
R&D and emission test to yard
+ NH3 combustibiity v 4TSOME-X testengine ~ * Engine basic concept ~ + 1% engine + Full scale engine + Ammonia engine in
investigation received as platform defined based on confirmation at testat RCC engine programme.
for the Ammonia R&D and simulations Research Centre evaluated for 1t
engine development Copenhagen (RCC) commercial design  + 1% ammonia fueled
- Ammonia fuel supply engine delivered to
¥ HAZID workshop on & Auxiliary systems - Specification of yard
engine concept specified and emission after-
established in RCC treatment done

v Combustion chamber
1% evaluation

AMMONIA BUNKERING OF PASSENGER VESSEL -
CONCEPT QUANTITATIVE RISK ASSESSMENT

Green Coastal Shipping Programme (Gront Skipfartsprogram)

External safety study -
bunkering of alternative
marine fuel for seagoing
vessels

Port of Amsterdam

MAN Energy Solutions Public Ammonia engine presentation 092021 4 l’

Ammonia engine

Development Milestones

Deployment

Combustion Injection Injection Combustion System
Fundamentals Layout Validation Validation

V. v
. /,

Q2 / Q4
2023 [20231

Piloting Hydraulic Simulation Rig Testing Single Cylinder Engine Full Engine System
Parameters Spray Simulation AbatementTechnology Demonstration
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Home Projects Media centre Contact us

GCMD awards ammonia bunkering safety study to
DNV-led consortium

2025-2030: Testing of ammonia technology & operations

DNV



Hydrogen

Hydrogen ships by ship type

eIn operation @On order

8

7

6
2

4
3

2

0

Car/Passenger Cruise ships Other activities RoPax Ro-Ro cargo ships Tugs
ferries

Growth of Hydrogen fleet

Size and cost of fuel tanks remain a challenge

Most applications are small vessels with possibility for frequent bunkering

Cost of fuel cells decreasing and larger sizes being tested

19 DNVO® 28 FEBRUARY 2023 —_—
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What are biofuels?

T
(Methane)

F-T diesel

Upgraded + more
* HVO: Hydrotreated Vegetable oil

+ SVO: Straight Vegetable Oil

* DME: Dimethyl Ether

+ FAME: Fatty Acid Methyl Ester

* F-T diesel: Fischer-Tropsch diesel
» LBG: Liquefied biogas

pyrolysis oil

1 DNV © 28 FEBRUARY 2023
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Status for shipping today

Many ship owners are testing biofuel onboard vessels

B Rotterdam Singapore

1.000.000

CHACoN- 2

©
o 900.000
Stolt Tankers launches biofuel trial in g 800.000
collaboration with GoodFuels c
. " S — =] 700.000
CMA CGM Partners with IKEA to Test Marine decarbonlse shipping e}
Biofuel On Board Containership - 600.000
""""" [SReT
> o 500.000
- c
©T < 400.000
v O
£ £ 300.000
o
Marine Biofuel Successfully % 200.000
Tested by Stena Bulk in Vessel
Operatiu¥|s : 100.000
s g 0
s = Total blended fuel Pure biofuel*

Meriaura aims for carbon-neutral voyages
with biofuel and battery ship

*assuming a weighted average blend consisting of 30% biofuel

UECC to Test Marine Biofuel on Ro-Ro Vessel

aigital processes

Approx. 0.1% of total ship energy
consumption (2022)

to begin marine biofuel testing

o envtronmental

Sources: Tradewinds, Reuters, gCaptain, the Maritime Executive
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Regulatory status of biofuels

GHG regulations

GHG regulations

EEXI/EEDI No effect

Clil Reduction of ClI if accepted by flag

EU MRV Recliuc.:non of the annually reported CO2
emissions
» Use of biofuels under ClI to be considered at MEPC 80
» IMO in the process of developing Lifecycle Assessment (LCA) guidelines for all
marine fuels, including biofuels. First version expected to be ready at MEPC 80

NOx regulations

MARPOL Annex VI Regulation 18.3 for biofuels

Fuels with biofuel

content <30% No NOx testing or assessment required

If engine can run on the fuel without
changes to NOx critical components or
settings, use is permitted

Fuels with biofuel
content >30%
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DNV Technical and Regulatory News

TECHNICAL AND REGLLATORY NEWS No. 05/2023 - TECHNICAL

USE OF BIOFUELS IN SHIPPING

www.dnv.com/tecreg

DNV



Technical compatibility of biofuels with onboard
systems — focus areas

Stability and Vessel range
storage properties

Emission and | Additional consumers Non-compatible Mixability
compliance (life-, MOB-, work boats) |components

]

o TIHI

Fuel oil supply system Fuel oil treatment system Fuel bunkering,

SRS (Booster and conditioning) (Settling & purificaton) storage & transfer

Combustion
Delivered | properties and Lubrication Corrosive- and Deposit and Temperature

power engine adjustments properties acidic properties clogging properties

24 DNV © 28 FEBRUARY 2023
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Prospects for biofuels in shipping

GHG
emissions

Vessel

l End of
lifetime

» Year

« Biofuels can serve as one of few short-to-medium term decarbonization pathways, especially for older vessels
» Uptake will be incentivized by GHG regulations such as Cll and EU ETS, as well as pressure for stakeholders such as

cargo-owners and banks
 Although there is a significant potential to increase uptake of biofuels in shipping, expanded use must be based on
biofuels made from sustainable feedstock

25 DNV® 28 FEBRUARY 2023 —_—
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Methanol — rapid growth

Methanol fuelled fleet by ship type

Oil/Chemical tankers 22 3
Other activities 2
RoPax

Tugs

Bulk carriers

Cruise Ships

Other offshore vessels

=]
e
o
N
o
w
o
Y
o

Relatively low
CAPEX

Easy to

o

2015 2016 2019 2021 2022 2023

31
20 ' i 25

2025

2026

2027

59
55
I I 25 25

2028

handle/operate

Availability of
green
methanol

Some loss of
cargo space

27 DNV © 28 FEBRUARY 2023

Source: DNV Alternative Fuels Insight - https:/afi.dnv.com/, updated January 2023
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Methanol — the chosen - —
fuel for many MR tankers . : WESTFAL-I.-.ARSEN |

21 MR tankers In operation

* Owners: MOL, Westfal-Larsen, Marinvest,
Waterfront Shipping, Proman Stena Bulk

- Class: DNV (16), NK (5)

5 MR tankers under order

» Owners: Proman Shipping / Stena Bulk / KSS Line /
Mitsui OSK Line

e Class: All to DNV

. Pk
"
S~ - . 4
3 - - 1 /
> figh s /
4
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Regulatory status for methanol

IGF CODE

MSC.1/Circ.1621

INTERIM GUIDELINES FOR THE SAFETY OF SHIPS
USING METHYL/ETHYL ALCOHOL AS FUEL

DNV

RULES FOR CLASSIFICATION

Ships

Edition July 202

Part 6 Additional class notations

Chapter 2 Propulsion, power generation and
auxiliary systems

DNV AS

Section 1 Electrical energy storage

Section 2 Periodically unattended
machinery space - EO and ECO

Section 3 Fuel cell installations - FC

Section 4 Fuel treatment and conditioning
systems - Fuel

Section 5 Gas fuelled ship installations -
Gas fuelled LNG

Section & Low flashpoint liquid fuelled
engines - LFL fuelled

Section 7 Redundant propulsion - RP

Section § Alternative fuels - Fuel ready

IMI® ==

The IMO interim guidelines, supplement to

the IGF Code, provides an international
standard.

29 DNV © 03 DECEMBER 2022

Section 9 Scrubber ready
Section 10 Shaft alignment - Shaft align

Section 11 Safe return to port, orderly
evacuation and abandonment

Section 12 Wind assisted propulsion
system - WAPS

Section 13 Gas fuelled ship installations -
Gas fuelled LPG

Section 14 Gas fuelled ammonia

Section 15 Operational reliability

DNV class rules LFL fuelled and Fuel
Ready(methanol) are available.

DNV



Regulatory status, cont'd

* IMO MSC. Circ. 1621 still the statutory instrument. DNV has
contacted flag administrations in order to obtain acceptance
for this as approval basis in lieu of a full alternative design
process.

* The IMO is in the process of including the guidelines as part
of the IGF code. Text is aimed to be concluded in 2025 and
entry into force in 2028.

 Further improvements of the rule text is ongoing.

* DNV will accept alternative PV-venting solutions in order to
mitigate challenges with gas zones.

* DNV has increased the focus on the toxicity of methanol
compared to existing guidelines.

30 DNV © 28 FEBRUARY 2023




Methanol spills or leaks

» Significantly less impact than conventional
hydrocarbon fuels.

* Dissolves readily in water.

» Only very high concentrations create lethal conditions
or any changing effect on the local marine life.

@

« A methanol spill results in limited damage to the
environment except for the release of carbon into
the marine ecosystem.

* Methanol in the ocean is common, produced naturally
by phytoplankton, and is readily consumed by
bacteria microbes, thus entering, and supporting the
food chain.

31 DNV © 03 DECEMBER 2022



Methanol and safety risks

Toxicity to humans:

» Methanol is toxic and poisonous to the
central nervous system

* may cause blindness, coma, and
death if ingested in large quantities

* to be handled carefully if spilled or
leaked in confined spaces or on deck

« Since its vapor is heavier than air, it
increases the risk of inhaling the vapor by
the onboard crew.

« At high vapor concentrations, methanol
can also cause asphyxiation.

32 DNV © 28 FEBRUARY 2023

Explosion risk:

» Fuel vapours in tanks and enclosed
spaces after a spill

« Air in ullage spaces

» Sparks, static discharge, lightning, tank
entry, etc.

DNV



Technical challenges with methanol. Case: methanol
as fuel for tankers - some issues...

Fuel gas supply system (FGSS)

= Inerted Service tank & fuel tanks

= Fuel preparation room

= N2 purging of fuel lines

= Full separation of cargo and fuel system

Tank system

 2-2.5 times the volume as MGO

* Integrated tanks aft of cargo area - or independent tanks on deck
+ Cofferdam might be required for the integrated tanks

» Epoxy / sink coating

* Venting - 0.2 Bar

4
Il Il LI I ]\ I LI 1L || Il I ]

POWERED BY METHANOL

e

Generators and boilers
* Under development by
several companies

33 DNV © 28 FEBRUARY 2023

Main engine EEDI
9 * Projects today comply with
" ME-LGIM Phase 3
* Under development by other - Focus should be on Cargo
companies as well. Capacity

General issues:

* Fuel capacity

+ Cofferdam dimensions

+ Gas zones

* Volume of existing engine technology

» Operational experience DNV

Source: JDP partners



Some wild cards — What if?

I
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Nuclear power

Technical Developments Other considerations

Extensive experience with nuclear propulsion in naval
vessels

= Not commercially feasible
» Safety and security risks

Molten Salt Reactors (MSR)
» Inherently safe technology
» Demonstrator expected by 2024 (100kW-1 MW)
» First marinized reactor by 2020-2030
» | easing scheme to make cost competitive

35 DNV® 28 FEBRUARY 2023
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Onboard Carbon Capture (CCS) — emerging new alternative?

Land-based infrastructure

Onboard technology - piloting

_ . Regulatory development - Delivery at port facilities
- Post-combustion CO, separation
On the IMO agenda for MEPC 80 - Transport for long-term storage
- Treatment system -
_ . . Possible under EU regulations - Utilization (e.g. for fuel
- Storage — typically liquefied production)

Can be an attractive for certain ship types and trade patterns
36 DNV © 28 FEBRUARY 2023 ———
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Relevant reports

WHEN TRUST MATTERS

DNV

Energy Transition Outlook 2023

TRANSPORT IN
TRANSITION

Adeep dive into fuels, electricity,
and infrastructure

Launch: May 2023

38 DNV © 28 FEBRUARY 2023

DNV

ALTERNATIVE FUELS
FOR CONTAINERSHIPS

Ir'f&c-, =S —_—
Shipping for a cleaner future!

. C"rfl"‘ % k:\l B e

https://www.dnv.com/maritime/publications/alternative

Huels-for-containerships-methanol-download.html

DNV



DNV tools and resources on decarbonization (selection)

Alternative Fuels
Insight

www.dnv.com/afi

On-demand
Webinars

www.dnv.com/webinars

DNV © 28 FEBRUARY 2023

Emissions Insights

Cll ratings and more
(included in DNV’s
DCS solution)

www.dnv.com/dcs

Technical &
Regulatory News

www.dnv.com/tecreg

Decarbonization
hub

DECARBONIZE SHIPPING

www.dnv.com/decarb

Publications
Alternative fuels, Ammonia
as fuel, etc.

www.dnv.com/mp

Topic pages
EU ETS, MRV, DCS, EEXI,
Cll, SEEMP Il, etc.

www.dnv.com/insights

Maritime Impact

Our expertise in stories

www.dnv.com/mi

DNV



Key takeaways

Regulatory drivers (Cll, EU ETS) incentivizing use of alternative fuels

e

More diversified fuel mix:
« Continued strong interest for LNG
« Rapid growth for methanol

» Biofuels: increasing demand — how about availability?

Ongoing developments for ammonia & hydrogen

Wild cards: onboard carbon capture, nuclear propulsion
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WHEN TRUST MATTERS

Thank you

www.dnv.com
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