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We produce Ph.D’s. To be able to do that, we apply external funding and carry out external reserach
projects. The projects also provide reserach questions and real-world data.

“In the maritime transport research group, we focus on the collaboration among the research group
members. All the scientific work is done by combining expertise of the more senior members of the
group with the younger members and their research problems. This way we guarantee the smooth

research process and required quality.

We have bi-weekly research meetings, where each research group member shows their progress,
and general issues, like ethics, are discussed.

The basis of the research group work is tight collaboration with business world focusing on
contemporary problems in tightly structured projects together with our international partners.”
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ONGOING PROJECTS 7 interreg

Central Baltic Programme

Sustainable Flow- Sustainable flow of goods and reduction of CO2 emissions

from transport
» The project will reduce CO2 emissions from intermodal/multimodal freight flows and
developed a digital tool for CO2 reduction measures.

REISFER - Reducing CO2 emissions in island ferry traffic

« The island ferry traffic forms a unique transport area in the Central Baltic region, as ferry
connections between mainland and islands are an important part of the intermodal
transport chain linking islands to urban centers.

BALTIC-FIT - Twinning to enable Baltic Sea vessels to meet Fit-for-55

regulations
 The project will build a network of excellence between organizations from Baltic Sea
Region to enable Baltic Sea maritime transport meet ‘Fit for 55 regulations in
decarbonisation. The BALTIC-FIT will achieve this goal by implementing a three-year
Innovation strategy comprising five objectives, which are focused on strengthening the
TalTech’s position in the field of maritime decarbonization.

AIRSHIP- Autonomous Flying Ships for inter-island and inland waterway
transport

« The main objective is to lay the foundations for a new class of fully electric
unmanned aircraft system UWV combining speed, flexibility and energy efficiency.

Starting: CARGORES - Sustainable Handling of Cargo Residues

BCB Co-funded by
o the European Union
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WE HAVE A MISSION!

“In the next 20 years the maritime
industry must rebuild its cargo fleet.
If this is done with the radical
technologies now available, it will
lead to the biggest change in ship
design since steam replaced sail in
the 19th century.”

Dr Martin Stopford |
President Clarkson

Research

Coronavirus, Climate Change & Smart Shipping

THREE MARITIME SCENARIOS
2020 — 2050

TAL
TECH
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Levels of ambition directing the 2023 IMO GHG Strategy are as follows:

.1 carbon intensity of the ship to decline through further improvement of the energy efficiency for new
ships

1o review with the aim of strengthening the energy efficiency design requirements for ships
.2 carbon intensity of international shipping to decline

to reduce COZ emissions per transport work, as an average across international shipping, by at least
40% by 2030,compared to 2008;

.3 uptake of zero or near-zero GHG emission technologies, fuels and/or energy sources to increase

uptake of zero or near-zero GHG emission technologies, fuels and/or energy sources to represent at least
5% striving for 10% of the energy used by international shipping by 2030; and

A GHG emissions from international shipping to reach net zero

1o peak GHG emissions from international shipping as soon as possible and to reach net-zero GHG
emissions by or around, i.e. close to, 2050, taking into account different national circumstances, whilst
pursuing efforts towards phasing them out as called for in the Vision consistent with the long-term
temperature goal set out in Article 2 of the Paris Agreement.
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Press release 14 July 2021 Brussels

European Green Deal: Commission proposes

transformation of EU economy and society to meet climate
ambitions

Page contents Today, the European Commission adopted a package of proposals to

Top make the EU's climate, energy, land use, transport and taxation
Print friendly pdf policies fit for reducing net greenhouse gas emissions by at least
Related media 55% by 2030, compared to 1990 levels. Achieving these emission

Press contact reductions in the next decade is crucial to Europe becoming the world's

first climate-neutral continent by 2050 and making the European Green
Deal a reality. With today's proposals, the Commission is presenting the
legislative tools to deliver on the targets agreed in the European
Climate Law and fundamentally transform our economy and society for
a fair, green and prosperous future.



EU: FIT FOR 55

TRADING Calendar News Market:

EU Carbon Permits
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SHIPPING EMISSIONS

Inventory of GHG Emissions from International Shipping 2012-2018 Global CO, Emissions By Sector
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THE FUTURE?
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FIGURE 5-2

Simulated results for future demand of carbon-neutral fuels in shipping

Units: Million tonnes of oil equivalent (Mtoe)
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Source: DVN: Energy Transition Outlook 2023



Develop your future readiness — as a muscle

Increasing carbon risk

ST]Z (charter, finance and regulatory risks) Sﬁ
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ESL Green Shipping concept brings GHG
efficiency in variety of ways — illustrative example

CO2 Emissions

100%
Fuel efficiency

80 ;y;yyi;//i}//
T

60—

Reference level
40+
20
0

Modern propulsion line, hullform design and holistic energy
approach (e.g, heat recovery, battery tech) yielding fuel
efficiency

Benefits highest on longer voyages (lower share of port times)

« Cargo hold design allowing higher cubic intake,
tweendecks allowing higher stowage

__—+ Further room for improvement in deck loading
« Highest benefits for products where cubic bottleneck

(((((((((((((((((((((((((((
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« Engine technology allowing use
of “to be developed” Green fuels

+ Intent to use e-methanol (best
near term future green fuel
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CO2 EMISSION REDIUGMI:@IENHAL —T

HULL DESIGN
I POWER & PROPULSION SYSTEM
I ALTERNATIVE FUELS
I ALTERNATIVE ENERGY SOURCES
I OPERATION
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Source: Bouman, E. A, Lindstad, E., Rialland, A. . and
Strgmman, A. H. (2017). State-of-the-art technologies,
measures, and potential for reducing GHG emissions
from shipping — A review. Transportation Research Part
D: Transport and Environment. 52. pp. 408-421.



Exhibit 7 - Frontrunners lead the industry in the adoption of efficiency
levers, Conservatives yet to adopt established levers

O
{:..? Operational efficiency levers
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r& é?% - )
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Slow ; ’ ’ I
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A wide variety of design, operational and economic solutions

Achieving the goals of the Initial IMO GHG
Strategy will require a mix of technical,
operational and innovative solutions
applicable to ships. Some of them, along
with indication on their approximate GHG

reduction potential, are highlighted below. 5-50%
Fleet
management,
logistics and
incentives
5-15%
Power and
propulsion
systems
80-100%
35% 90% Hydrogen and
90-90% Bio-LNG/LPG Bijofuel 3rd other synthetic
Full electric generation fuels

2-50%
-10°
“1] 10% Concept,
e speed and
optimization capability

2-20%
Hull and
1-10% superstructure
Energy
management

up to 79%
Extensive speed
optimization

@IMO



Fuel Consumption by Containership Size and
Speed
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Fuel Consumption by Containership Size and Speed

The Geography of Transport Systems
Jean-Paul Rodrigue (2020)



SHIP ENERGY EFFICIENCY

lable 3
Inergy efficiency trends on differen types of cargo ships.
Type of casgo Efficiency improvements of Share of ships built in
ship aew ships relative to the 2013-2017 alieady complying
baseline EEDI value of 2013. with the post-2025 EED]
target.
Containerships 58% more efficient 719% of built containerships
General cargo 57% more efficient 69% of built geaeral cargo
ships ships
Gas cartiers 42% more efficient 13% of built gas carriess
Oil Tankers 35% more efficient 26% of built oil tankers
Bulk Carriers 27% more efficient 196 of built Bulk Casriers
L LU L

Deaign messures that assesed theis wnpact using the EEDL

Type of Description of the asethonl Ty of ship exansiand Lapact Bowce
wodification
employed
Modificabon of hall  Restorung hiocical adinvensional Tankers and bolk caniers  The KEDI vadwes ace reduced berween 10 30d 158 in  (Fnimessen and Linen
Parametes design pasasaetess like block of all slaec. the feets exasnbned 2012)
coefficient
Resluetion of main ship i " tankers with The EEDE vaboes Saninish between 2 5% and 0. 7% per  (Lircen sl Nantensen
like lengrh and beam inlluence of bulk carnien meter mberaand 012)
Propubiion rywem lnnovative propulsion methods like NG carrven The EEDI dimininher wp 10 0.3 belows the reference (1] Geneidy, 2010)
optinsization thve Osganie Rankine Cycle caoe i the bert rystems.
Electiid peopalibon vystenss. Passenges vessels Both stivctues exbuined comply with phiase 3, but (Assanas aind Sedkliek, 2021)
the COGES tyttem has grenter margin of etror.
Specific ING carrier propul ING corrvers exchutiredy Of the tystem examined, only the dssel electiic (Artal sad Boackeall, 2015)
camplies with phusse 3, but with & hedvy methane slip
Hybead progetnioa Hybtid tyrtesst oo genenl casgo Sennll and Fast gwaeral Two of the investigatnd cases camply even with the Inble 4
syitenss caltless CALEO Calliers strletest phase of the EXDI Dpegationnl nigasures.
Fleets of Mybwid systeis Ro Ro and Pasieages Poth types of systenss examened have EEDE values
hips. below the reference of the thip. Tvpe of modification  Description of the method  Type of ship examined Inapact Source
Altesisative fuel Vatled scay of aliesastive Very laige crude casstder.  The cousbleed effects of Sicdugl emphayed
spurce fechnolegies e shaft penevatocs. T‘;\"“"""""""um of o %0 934, moumi Elow steaming Reduction of travel spead.  Bulk carriers, tankers, and For a speed reduction of 5%, bulk-carviers and tankers have  [Hochkisch and
Propulios fos Liquid hydragen Liquid hydvages tasken The aptinsad systesm analysnd was a steass taibine with . mm_w el m“:F 'u!_. 15% and :W_l:‘m“hpﬁ of 16-15% Bertram, 20140}
tanhers exclusively. » hdrogen bodder and complies even with phase 3 of Auxciliary sysem Containerabip The of the ¥ system reduces the CO. (Dere and Deni,
the EEOL. compliance 1o show emistions by 945 v'vear and fuel consumption by T96.2 tens  2019)
e, T WEAr.
Route optimization  Optimal speed under Inlasd Cruise ship but is specifically  Boah fuel © ptica and emissions can be reduced by {Wang, 2018)
varying sea condirions. noged to work on different ships. abour 26% in ideal cases, saving arcund 2961 kg oip.
Trim op Optimal trim Bulk carriers Thie hizghest reduction in resistance was almiost 14%, {Mowstafa et al.,
configuration. depending on the draft and the speed. 2015)
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Source: Julio Barreiro, gonia Zaragoza, Vicente Diaz-Casas, 2022, Review of ship energy efficiency, Ocean
Engineering, 257, https://doi.org/10.1016/j.0oceaneng.2022.111594.




AUTOMOORING SYSTEM IN HELSINKI AND TALLINN

Tallinn’s Old City Harbour to introduce
automated mooring system

Port of Tallinn has signed contracts with maritime engineering companies
Trelleborg and Cavotec for the instalment of automated mooring systems at quays
5, 12 and 13 of the Old City Harbour, which is used by passenger vessels serving
the Tallinn-Helsinki route.

According to Peeter Nogu, head of the infrastructure development division of Port of
Tallinn, technological development has greatly contributed to the maritime sector,
including the mooring processes of ships. “The new automated mooring equipment
installed in the Old City Harbour will fasten our mooring operations while also requiring
less man-hours and contributing to environmental sustainability. The new systems are
primarily used by the ships sailing on our busiest route between Tallinn and Helsinki,

where every extra minute saved either at sea or in port is highly valued.”

The shipping industry uses either automated vacuum mooring or automated magnetic

mooring systems. According to Peeter Nogu, Port of Tallinn opted for a vacuum-pad

based system, while the magnetic mooring systems are still at an early stage of
TAL development and usage. For this reason, the full impact of the electromagnetic waves on
TECH either a ship's electronics or the surrounding environment isn't yet fully known.




VIRTUAL ARRIVAL

Speed reduction discussion Berth not free

initiated between parties until 10.00 / 14th Benefits of Virtual arrival

Vessel's ETA: 18.00/12th

reduced energy consumption
reduced emissions

less congestion in the port and
Speed reduction instruction to the vessel

Vessel's new ETA:10.00/14th anchorage area

Virtual arrival NOR 18.00/12th more reliable scheduling and line-up of

Full Speed ._":‘-— — _: Reduced Speed Vessels In port

more efficient resource planning for port
operators

savings are shared between owners and
charterer

Simulation at full speed

Average reduction of
CO,-emissions

Virtual arrival 18.00/12th
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Hansalink to take environmental measures

Hansalink to take environmental measures

Grimaldi as a corporate group is determined to continue the fight against climate change. In this battle the environmental performance of the vessels is gaining more

and more importance.

One of the effective measures shipping companies can do in order to contribute to actual climate crisis is to slow down the speed. Already a small adjustment helps

us and our customers to decrease the CO2 emissions.

That in mind and trying keep our service level as unaffected as possible the schedule of the HansaLink Service will be altered as follows.



o u kW

Improve the energy efficiency in newbuildings.

Pilot various technical solutions to increase energy efficiency,
e.g. rotor sails; smart IT- solutions to manage data for
maintenance, bunker optimization and safety; air lubrication
systems; use of batteries in ports and fairways; information for
port arrivals, etc.

Reduce speed and improve port operations.
Be prepared for the new low or zero carbon fuels.
Shippers: evaluate alternative transport modes and operations.

Regulators: introduce rules and support mechanisms and carbon
taxes to help shipping industry to move towards carbon-
neutrality

U. 2021 ”Six steps to reach carbon-free shipping” in K. Liuhto (ed.) Baltic Rim Economies,
Foundation, 5/2021. https://sites.utu.fi/bre/six-steps-to-reach-carbon-free-shipping/
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Table 1:

Emissions reported in MRYV for different shipping segments

Emissions per transport

Emissions Emission per distance work
Mtonnes CO» kg CO/NM g CO, / tonne-NM
Bulk 18.1 290 8.48
Container 444 570 20.13
General cargo 6.13 185 28.02
Oil Tanker 18.1 435
Ro-ro 6.06 338

Source: Mellin ef al. 2020

18.8.2025




EMSA\THETIS-MRY = =

Pubbcation of information in accordance with Article 21 of Regulation (EU) 2015757 on the mondtonng, reporting and venfication of CO, emissions from mantime transport. Information s accassible through the search ool or can be exporied n a
spreadsheet for further analyses. Since 30 June 2020, all the verfied mformation submitted by compames to the European Commission for the reporting year 2019 1s accessible

It should be noted that 2021 is the first year for which THETIS-MRYV data reflect the impact of the United Kingdom's withdrawal from the EU (see nolice 1o stakeholders)

ALURORA BOTNIA

Technical efficiency

? % Total CO5» emissions CO; emiss. per distance 3
IMO Name Ship Type Reporting 2 emi CO; emiss. per transp. work
i Period [m tonnes] [kg CO; / n mile]
Type (gCO,/t-nm)
Actions - 9878319 AURORA BOTNIA Ro-pax shig Not Ap 2022 16003.65 266.21 281. 7 s COz / pax - n miles
267.68 g CO2 / m tonnes 0]
Technical efficiency 0 o
, e i Total i [ emiss. per distance
IMO Name Ship Type Rrpc_rtlng otal 002 emissions 3 ) CO,; emiss. per transp. work
) Period [m tonnes] [kg CO2 / n mile]
Type {gCOy/t-nm)
Actions - 9827877 VIKING GLORY Ro-pax ship EIV 1.5 2022 48797.78 460.36 . _"r_-fﬂ : cO
J5.048 g L3 ]
Technical efficiency oS —
! i Total CO, emissions 2 émiss. per distance ;
IMO Name Ship Type Rep{).mng s : ! ) CO; emiss. per transp. work
: Period [m tonnes] [kg CO, / n mile]
Type (gCO,/t-nm)
9892690 MYSTAR Ro-pax ship EIN 2.3 2022 3633.88 797.74 SICLEE QCOR £ BC « 1E W
137.82g COz2 / m tonnes - nm




In a first-of-a-kind climate finance report, 15 Signatories of the Poseidon Principles disclose the climate alignment score of their ship finance portfolios. The Poseidon Principles
Annual Disclosure Report 2020 shows that 3 banks’ ship finance portfolios are aligned with UN decarbonization targets while 12 banks’ portfolios are not. The climate assessment
offers banks new insight into their lending decisions and provides opportunity to work with their shipping clients to meet society’s goals.

International ship finance confirms its leadership role in global climate finance. Announced in June 2019, the Poseidon Principles became the first sector-specific climate alignment
agreement for financial institutions. Today. Signatories deliver on their commitment and publish the Poseidon Principles Annual Disclosure Report 2020 - the first sector-specific
climate alignment report of its kind The Poseidon Principles establish a global framework to quantitatively assess and disclose whether financial institutions’ lending portfolios are in
line with climate goals set by UN maritime agency. the International Maritime Organization (IMO). The IMO’s initial GHG strategy prescribes that international shipping must reduce its
total annual greenhouse gas emissions by at least 50% of 2008 levels by 2050. whilst pursuing efforts towards phasing them out as soon as possible in this century.

“This report marks a significant milestone for global ship finance and for climate finance reporting as a whole. | commend my fellow Signatories for their pioneering efforts to be
transparent and accountable for their role in promoting responsible environmental behavior. | encourage other serious banks and export credit agencies to join us in supporting global
seaborne trade in a sustainable manner,” says Michael Parker, Chairman, Global Shipping, Logistics and Offshore, Citi, and Chair of the Poseidon Principles Association.

Climate assessment will inform future decision-making

The Poseidon Principles Annual Disclosure Report 2020 includes climate alignment reporting from 15 financial institutions, most of which became Signatories in 2019, including ABN
Amro. Amsterdam Trade Bank. BNP Paribas. Bpifrance Assurance Export, CIC. Citi, Credit Agricole Corporate and Investment Bank. Danish Ship Finance. Danske Bank. DNB,
Eksportkreditt Norge. ING. Nordea, Sparbanken Vest. and Societe Generale. Financial institutions that joined the Poseidon Principles in 2020 are not required to report before 2021. The
assessment by each Signatory includes emissions data collected from clients and the portfolio information from 2019. compared to a decarbonization trajectory for the same year. It
shows that 3 financial institutions’ ship finance portfolios are aligned with the IMQ’s initial GHG strategy while 12 banks” portfolios are not. More importantly. the report includes
commentary from financial institutions on key takeaways from their climate assessment. and reflections on how it will inform their business activities and decision-making in the
future.
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Figure 6. Marine Sankey diagrams
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Sankey diagrams illustrating the renewable electricity input needed to provide 1 MJ of thrust for the following powertrain options: (A) battery electric,
(B) liquid hydrogen fuel cell, (C) internal combustion engine running on e-methanol including direct air capture (DAC) of CO,, and (D) internal

combustion engine running on e-ammonia.

Joule 8, 2190-2207, August 21, 2024 2197



Volumetric energy density of alternative fuels

Units: Gigajoules per cubic metre (GJ/m?)

cH, 700 ear) | 75
H, I : 5
ammonia | 127
Methano! | '; ¢
LPG I ::
MGO [ — — S— i ——— i R
0 5 10 15 20 25 30 35 40
GJ/m?
b _ompressed hydrogen (CH,); liquefied hydrogen (LH,); liquefied natural gas (LNG); liquefied petroleum gas (LPG); marine gas oil (MGO
TECH Source: DNV
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Partnership aims to develop
hydrogen ferry for Oslo-Copenhagen
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This week, Lloyd's Register's Decarbonization Hub, A.P. Moller-Maersk, MAN
Energy Solutions, Mitsubishi Heavy Industries, NYK Line, Total and the Maersk
Mc-Kinney Meller Center for Zero Carbon Shipping are joining forces in a new

DFDS and its partners have applied for EU support for development of a
ferry powered by electricity from a hydrogen fuel cell which only emits

e water.

project with the purpose of guiding safe use of ammonia as a fuel for shipping.
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The 2,500 TEU vessel, which has been designed jointly by VPLP Design,
Alwena Shipping, SDARI and AYRO, received an Approval in Principle (AiP)

World’s First Zero-Emission Wind |—
and Hydrogen Power Cargo Ship

| nntona | emvonmar | e § persns

from the classification society Bureau Veritas.

PM BY THE MARITIME EXECUTIVE

A Norweqlan partnership is moving forward with the development of what they are
calling the world's first zero-emission cargo ship. After a six-month competition,
with more than 31 ship owners bidding on the project, the contract for the

P /a By Alice Chambers  Ulstein has created a new zero-emission concept vessel, called Ulstein construction has been awarded. The team expected to complete the design this

28 April 2022 i i i
pril 21 Thor, which will feature a Thorium Molten Salt Reactor (MSR) to generate year so that the vessel can enter service by 2024.

clean electricity that can be used to power cruise ships.




ANALYSIS OF 2 FERRIES WITH DIFFERENT ENERGY SYSTEM
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Article
Decarbonizing City Water Traffic: Case of Comparing Electric
and Diesel Powered Ferries

Riina Otsason " and Ulla Tapaninen *

! PhD. student junior researcher, Estonian Maritime Academy, Tallinn Urnuversity of Technology, Kopli 101,
11712 Tallinm, Estonda; E-mal riina otsason®taltech ee

! Tenured Associate Professor, Estonian Maritime Academy, Tallinn University of Technology, Kopli 101,
11712 Talluw, Estonda; E-mail: ulla tapanunen®taltech ee

* Comespondence: rina otsasen@taltech ee

Abstract: The maritime sector s alming to achleve carbon neutrality by 2050. Shipping companies
are therefore investigating efficient and optimal ways to minimize their greenhouse gas emissions,
One of the measures s using vessels that operate on altemative non-carbon fuels. This study com-
pares greenhouse gas (GHG) emissions of a diesel fuelled catamaran and its fully electric sister ves-
sel that operate on the same line. The study shows that the GHG emissions of the electric vessel are
= i only 25% of its diesel-powered sister vessel, However, this figure is highly dependent on the source
Figure 1. Ferry line route map of electricity in the operating country. In this case, energy costs of the fully electric vessel were 31 %
cheaper than costs of diesel energy. The payback time without possible subsidy for replacing diesel
ferry with electric one for the case would be 17 years and 6 months. We also show that even in
winter, when there is very low solar energy production, the additional energy from solar panels is
sufficient to cover several options of applications or consumers. This study brings more insight to
academic literature on decreasing maritime CO2 emissions of city water traffic. As managerial im-
plications, it can be used when shipping companies evaluate options to reduce their emissions. The
results of the study show that using fully electric vessels have major benefits concerning the carbon
emissions but also financial advantages.

TAL Keywords: carbon neutrality, GHG emission reduction, full electric ferry, diesel ferry
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DFDS to Invest EUR 1 billion 1n battery electric ships for the Channel

DFDS to Invest EUR 1 billion in battery electric ships for the
Channel

In the future, maritime traffic in the Channel will be electric. DFDS is announcing an
T‘ expected EUR 1 billion investment in six battery electric ships that will be deployed on the
T' Dunkirk-Dover and Calais-Dover routes to carry passengers and freight between the UK and

the European Union.
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TS: Viking Line harkitsee
sahkolaivaa Helsinki-Tallinna -
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Viking Line tutkii sahkolla kulkevan laivan mahdollisuuksia
Helsingin ja Tallinnan valisessa liikenteessa.
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VARUSTAMOYHTIO Viking Line harkitsee sdhkolla toimivan laivan hankkimista
Helsingin ja Tallinnan valiseen lilkenteeseen, kertoo Turun Sanomat. Syyna on
merenkulun paastékaupan ehtojen kiristyminen vuoden paasta.




CONTENTS

Introduction

Background of maritime decarbonisation

Operational actions of shipping companies for the decarbonisation
Actions of shippers for decarbonisation

Future fuel

TECH VME0470 MEREMAJANDUSE ALUSED



@ivl

Swedish Environmental Our offer ~ About IV

Research Institute

Government bans scrubber discharge in
Swedish waters

The Swedish government has decided to ban discharge from scrubbers — systems that
shower exhaust gases on ships. The ban will apply to all ships in Swedish waters.

“This is very welcome news, and an important step to protect the marine

.. environment and marine ecosystems along Sweden's coasts. Scrubber water from
ships is a significant and completely unnecessary source of environmentally
hazardous substances in the marine environment, and something that all
countries should address urgently”, says Maria Granberg, marine ecotoxicologist
at IVL Swedish Environmental Research Institute.

For many years, IVL has been studying the effects of discharge from scrubber
systems to both air and water. The research shows that ships' scrubber water is

TECH Maria Granberg already toxic at very low concentrations. a1




LNG AS A MARINE FUEL

TAL
TECH

Table 2: Well-to-hull emissions for LNG and a selection of conventional marine fuels, in grams
(g)/megajoule (MJ)

HFO VLSFO MGO LNG
CH, 0.1 0.1 0.1 0.3
N,O 0.0 0.0 0.0 0.0
co, 10.7 12.9 13.5 n.o
CO, e (100-year) 14.3 16.8 17.4 21.5
CO e (20-year) 19.2 22.0 22.7 35.6

Source: GREET (2018)
Note: GWP values from IPCC ARS (IPCC, 2013)

2 This analysis does not assume that all LNG would be sourced from the United States; rather, we use the
upstream emission factor associated with LNG produced in the United States as our base case because it falls
in the middle of the range of upstream emission factors described in Appendix A.

3 Liquefaction is a process that cools natural gas to liquid form. Emissions from this process are described in
Appendix A.

7 ICCT WORKING PAPER 2020-02 | THE CLIMATE IMPLICATIONS OF USING LNG AS A MARINE FUEL




CRUISE SHIPPING AND LNG

Figure 10 Carbon dioxide emissions by main vessel types, tons, January 2012-March 2023

1000 000 000

Service and
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Source: UNCTAD based on data provided by Marine Benchmark, June 2023.
TAL Notes: Carbon dioxide emissions from vessels' main and auxiliary engines calculated bunker fuel from AlS.

TECH

) Source: Review of Maritime Transport, 2023
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l Most polluting ship types 2022 (MtCO,)

Containership

Bulk carrier pERc;

Oil tanker pUN¢§

Ferry pkB

LNG carrier pLoi¢
Chemical tanker
Cruise

Ro-ro ship &

: Note: MRV 2022 v73. MRV data excludes CH4, N20 and emissions from ships below 5000GT. Emissions 2018-2020 adjusted
b for EU2T.
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CRUISE UPDATE & FORECAST

Cruise continues to be one of the fastest-growing
sectors of tourism

Ocean-going cruise passengers (@amounts in millions)
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Source: CLIA Passenger Data, 20719 - 2021 and CLIA Cruise Forecast/Tourism Economics (December 2022)
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CRUISE LEADERSHIP IN RESPONSIBLE TOURISM

Cruise lines are investing in fuel flexibility, including
LNG, a fuel in fransition

» LNG is currently the cleanest fuel available at scale while cruise lines are exploring the use of
sustainable marine fuels, including advanced biofuels and other renewable energy solutfions, such
as syntheftic fuels, methanol, hydrogen, fuel cells and batteries.

» Ships designed with LNG engines and fuel supply systems will be able to switch to more sustainable,
alternative fuels such as bio or synthetic LNG in the future, with little or no modifications.

» The LNG engine technology and infrastructure of foday offers a clear pathway to more sustainable
cruising in the future.

of ships launching between of ships scheduled to debut

‘I 5% 2023 and 2028 will have battery 60% between 2023 and 2028 wiill
storage and/or fuel cells for rely on LNG fuel for their
hybrid power generation primary propulsion

12 THE STATE OF THE CRUISE INDUSTRY 2023
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