ROadmap fOI’ Proposed action plan to

= - decarbonize the French maritime
decarbo‘n.lsatlon Of sector_and ensure fFrance’s
the maritime sector sovereignty of supply

Direction générale

des affaires maritimes, ( ‘ )
de la péche et de
I'aquaculture

EVOLEN

Cluster
Maritime Francais

MARITIME
Y ANI

9.
/ G C ENERGY AND
Armateurs / de France I AN ENVI ENTAL

TRANSITION 205




CONTENTS
1. PRESENTATION OF THE ROADMAP FOR DECARBONISATION OF THE MARITIME

SECTOR 10
1.1, THE ROADMAPS OF ARTICLE 3071 OF THE CLIMATE AND RESILIENCE ACT..cucouiiirinieneeneeinneneeeenes 10
1.2. THE ROADMAP FOR DECARBONISATION OF THE MARITIME SECTOR ..ecveuteveuenvemenenreesvenensesensesenenne 10

1.2.1.  Governance and WOrking apPPrOaCHh .........cocecueveeirviesienenietestesie ettt et sae st see e 11
1.2.2.  Projects and documents on which Roadmap 307 is based..........ccceeceverveevienenennennens 12
1.2.3. The challenges to be met in order to establish a "national” roadmap....................... 12

2. THE MARITIME SECTOR: A KEY ECONOMIC ROLE AND MAJOR CHALLENGES IN THE

CONTEXT OF THE ENERGY TRANSITION 13
21 A KEY ROLE IN THE NATIONAL ECONOMY ...cceutiuiruiniententerestensentetesessessententesessessentesessessensentesessensen 13
2.2, THE KEY SECTORS TO BE DECARBONISED IN THE FRENCH MARITIME SECTOR...cceverurvemerremereerenenes 13
2.3.  POTENTIAL OF THE PLAYERS IN THE VALUE CHAIN .ceertiuetrretrtentneeneeereesrentsseseeeseessenessenensesesenes 15
2.4, CATEGORISATION OF THE NATIONAL FLEET weeeiutiuterinieritirerenneeiterensesstenenessesstensesessesssesessessens 16
2.5 CHALLENGES FOR THE MARITIME SECTOR'S ENERGY TRANSITION ....ccuerutrienmenreritirereneenrenennennees 17

2.5.1. Issues of sovereignty and independence in the maritime SECtOr .........ccccecvvevveveevenne. 17
2.5.2. Capacity challenges and opportunities for economic development..................... 18
2.5.3. The challenges of competition and public policies to support countries............ 20

3. PRESENTATION OF THE CLIMATE OBJECTIVES SET FOR THE SECTOR 21
3.0 GLOBAL TARGETS AND INITIATIVES .euteutruenteteuteuestenteteutssessestentesessessestestesessensentesessessensentesessensen 21
3.2, TARGETS AND MEASURES AT EUROPEAN (EU) LEVEL..uvieouvieereeeieeeeieecetee e eeteeeeereeetveeesveeeveeennas 21
3.3 INNATIONAL Lttt ettt b bbb b et b s b e b esse st saesaesaens 22
3.4,  CATEGORIES FOR WHICH THERE ARE NO TARGETS ....eoutrutireruinntirenrenrennteressessesnnenessessessnesnessenns 22

4. MARITIME SECTOR EMISSIONS AND ENERGY REQUIREMENTS 23
4.1 INVENTORY OF EMISSIONS FROM THE FRENCH MARITIME SECTOR ....eoutrutiuerenmernenennenneenesnensenns 23
4.2.  ENERGY REQUIREMENTS CALCULATION SCOPE, CHOSEN BENCHMARK SCENARIO SCOPE............. 23

5. PRESENTATION OF DECARBONISATION LEVERS 27
5.0 SPECIFIC LEVERS AND TECHNOLOGIES TO GROUP BY TYPE, RANGE AND SIZE OF VESSEL .............. 27
5.2. OVERVIEW OF THE MAIN DECARBONISATION LEVERS ....coueuetruetruereneereenrenenseseesseessenensesenesseneene 29
5.3.  KEY ROLE OF NAVAL ARCHITECTURE AND INTEGRATING SOLUTIONS AT SHIPYARDS .....ccevevencnn 32

5.3.1.  Defining USES & PEIrfOrMAaNCES.......coevuevuevirireiietreeeeiesteteteeseeste ettt see e 33
5.3.2. Optimal design according to USE Profile .........uuevevevrvreneneennenesieseeeneseeseeeenens 33

6. TYPES OF DECARBONISATION DEPENDING ON THE NATURE OF THE FLEET .............. 34

B.1. CONTAINER SHIPS ..cuiiiiiiiintiniitiietet ettt ettt et ae s et s se st ae s et e st e s s aeae s e s esesens 34
6.1.1.  Container ships characteristics and special features...........cccoevvvrverevrsnrenenencenenne. 34
6.1.2. Suitability of the various decarbonisation IEVErS ...........ocevevererreeseeneneeseesieneneeeenes 35

1



B.1.3.  REVIBWN ettt ettt ettt ettt sttt st n e 36

6.1.4.  DeCarboniSAtioN SCENATIO. .......cccueeruirertesieeeiestestete ettt st st et sbeste st et se st st e e et enes 36
BiZ. GAS TANKERS eeeutiuiiterteteteut st e te st et eu e tesbe st et e st e be st et et eb e b et eate st ebesse e eat e st ebe b et enteseebententeneesesenten 37
6.2.1. Characteristics and special features of LNG tankers and LPG carriers...........c.......... 38
6.2.2. Suitability of the various decarbonisation IEVErS............cccevervievienencersieseneneeeenss 38
6.2.3. REVIBW .ttt ettt sttt a et et 39
6.2.4. SCONAIIOS .ttt sttt sttt et b et ettt b et et e e st s b et et et eaes 40
B.3.  LARGE SERVICE VESSELS ..uteutruirtenteteuteientententeuessessetentesessessententesessetententssessensentenessessensentenessessens Y
6.3.1. Characteristics and special features of large service vessels.........c.cocuuvvvnenennnenncn. 41
6.3.2. Suitability of the various decarbonisation IEVErS............cccevervievienencerniesieneneeeenss 42
6.3.3. REVIBW .ttt ettt sttt a et et 43
6.4 LARGE FERRIES (GFE IN FRENCH) ..cuvvtieveeeteeenireeeteeeereeesseeenseeensveeesseeessseessesensssessssesssssessesensasensns 44
6.4.1. Characteristics and special features of 1arge ferries ........cuerernerenerecresreenenens 44
6.4.2. Suitability of the various decarbonisation IEVErs...........cccueereereireeecereneneeeees 45
6.4.3. REVIBWI ...ttt ettt sttt sttt sttt et sttt ne s 46
6.4.4. SCONAIIOS ..ttt ettt ettt ettt ettt a ettt b e e et aes 46

7. THE RANGE OF SOLUTIONS AND INDUSTRIAL CAPACITY FOR DECARBONISATION 47

70 EUROPEAN INDUSTRIAL CAPACITY FOR A EUROPEAN MARITIME POLICY ...cuerueueneemetnvecneenennenensenes 47
72 OVERVIEW OF INDUSTRIAL SOLUTIONS....cccviruirmtiterenreriterenrenstereressesstesnessessesssessessesseessessessesnes 48
7.3.  FRENCH SOLUTIONS IN LINE WITH THE RESULTS OF FLEET CATEGORIES STUDIED ...c.coveuevemenruencnn 49

8. TRANSITION OF ENERGY CARRIERS: BIOFUELS AND E-FUELS 50
B.1. BIOFUELS FOR THE MARITIME SECTOR ...cviiiiiuiiniieiestiniinessetetsessessesesssnessesessensssessessessenssnessens 50
8.1.1.  Types of biofuels suitable for the Maritime SECON ........ccccueveverrcereneneseereseeseeeaes 50
8.1.2. Biofuels production POLENTIal...........coccueeiririnieiiiirirecetee ettt 51
8.1.3.  Use of biofuels in maritime tranSport today ..........ccceecveereeneeerenenereeenesesereeseneeeens 53
8.1.4. Projects that illustrate the dynamic nature of the biofuels industry in France........ 54
8.1.5. Outlook for the roll-out of marine biofuels in FranCe...........cccevverevevrnneneneeneenennes 55

B.2. SYNTHETIC FUELS AND THE MARITIME SECTOR ....cecutrutruterenrerierrerensesstennessessesseenessessessnessessessens 56
8.2.1. Types of synthetic fuels suitable for the maritime SECLOr .........ccocvveveverververeneenenennen 56
8.2.2. Potential for synthetic fuels ProduUCtion ...........cccveevrerrenineeesenesereteeeeseeeneene 57
8.2.3. Use of synthetic fuels in the Maritime SECON ........ccccovrveeverenerseeieneneeteseeeeeeaees 58
8.2.4. Key projects in France for Synthetic fUelS.......c..coovevevrinenenenniencnierenenereseeeenens 59
8.2.5. Obstacles to the introduction of synthetic fuels in the maritime sector ............. 60

9. DECARBONISATION STRATEGIES FOR THE DOMESTIC MARITIME SECTOR.................. 62
8.1 ENERGY TRANSITION MODEL AND ASSOCIATED DATA..c..tirtiruteriienrtenrtenntentesstessnesseesssessnessnessnens 62
8.2, PREVIOUSLY STUDIED SCENARIOS......ciuiiuiiiiiniiiinteietenteiesiesetsessesesentssessessessessssessessensenesuessens 62



3.3.  REVISED BENCHMARK SCENARIO (S3 REVISED) - NATIONAL MARITIME SECTOR .....ccuruevererererennns 63

DA, CONCLUSIONS cevetteutteteteteteteuetese st etet et eaetese e es et et eae s eseateseatesese s eseatesenteseseatesantesensseneatesensens 69
10. DECARBONISATION SCENARIOS FOR EACH FLEET CATEGORY 70
701, CHOSEN METHODOLOGY c..vuteeuinteientrtetetenetesetesentesesestesentesentesentsesentesentesensssesansesentesensesensesenen 70
D02, SUMMARY OF RESULTS euueuteueuteueuieteuetesetesentesesestesentesentesesestesentesentesenssessseseteseneasensasensnsesensesenens 71
O3, CONCLUSION ..ttt ettt ene et sae st s b e se st e ss b e sae s st e b enessesatesnesnesnesnsessesnesneen 74
O, OUTLOOK ittt ettt sat st sae st st b s st e besa st e b e b e s e s st e menesnesnbesnesnensen 75

PROPOSED ACTION PLAN TO DECARBONISE THE MARITIME SECTOR ........cccceeueeueennenne 77

111, STRAND 1: ENERGY EFFICIENCY (OPTIMAL DESIGN, TECHNOLOGIES AND OPERATIONAL
EXCELLENCE) 1eevteeetreeetveeereeereeesseeesseeesseessesessesessesessssessssesssesessssessssessssesssessssssssssessssensssesssesessesensssensseens 77

11.2.  STRAND 2: ENERGIES AND INFRASTRUCTURE (PRODUCTION, STORAGE, TRANSPORT AND
DISTRIBUTION OF ENERGY SOURCES AND LOW-CARBON ENERGY CARRIERS, ETC.).ccueeeueerreerreenreenreenreenseenne 80

11.3.  STRAND 3: SOBRIETY (SOBRIETY IN USE AND DESIGN, DECARBONISING THE PRODUCTION PHASE
AND CIRCULAR ECONOMY) ...vutiuetetetesetesesesesesesesesesesesesesesesessssssssssssssssssesesesesesesesesesasesesssssssasasasssnses 82

11.4. STRAND 4: REGULATION (COMPLETE, ENHANCE AND STABILISE THE REGULATORY FRAMEWORK

FOR GREENHOUSE GAS EMISSIONS FROM SHIPS) ....cveuiuemeerrentnremeeeretssenesseseseesenessentsseseneeseessenesseneseseneene 83
11.5. STRAND 5: OPERATIONAL IMPLEMENTATION AND MONITORING ......cocceriirireneeneennees 84
APPENDIX 1- LIST OF ACRONYMS AND ABBREVIATIONS 87
APPENDIX 2 THE SHORT AND MEDIUM TERM IMO MEASURES 20
APPENDIX 3: THE EUROPEAN "FIT FOR 55" PACKAGE 92
APPENDIX 4: DETAILED PRESENTATION OF DECARBONISATION LEVERS 94
1. ENERGY EFFICIENCY TO REDUCE ENERGY REQUIREMENTS AND EMISSIONS ...ceveurveerrenereemeneerenervenenne 94
Lever 1.7: redUuCing SHID Qrag. ..ottt ettt ettt se e 94
Lever 1.2: improvement Of propulSive €ffiCIENCY ........ccccvvrereverrrerenereeeneneseereeeeeseeseeeeaens 95
Lever 1.3: improving the energy efficiency of ship eqQUIPMENt..........cccccvvrinerrrnreneneneesennens 95
Lever 1.4: Operational @XCEIIENCE. ...ttt 96

2. ENERGY AND INFRASTRUCTURE ...ccerveutruemteemenerrentnsereseesenessentssesesesentssentesesensesenessentsesensssenessentosenens 97
Lever 2.1: The use of less carbon-intensive and transitory fossil fuels (LNG) .......c.ccccccoueuen... 97
LEVEE 2.2: BIOFUEIS ...ttt ettt ettt ettt s a e 98
Lever 2.3: EIECtrOfUlS (€-UEIS) ..ottt ettt sttt 99
Lever 2.4: 0n-board CO2 CAPLUIE......coccuevrererieteeeieeestestet ettt ettt ae sttt 101
Lever 2.5: Hybridisation and electrification of ships and doOCks ..........cccceveveeenrvenencceecnne. 101
Lever 2.6: NUCIEAr PropuUISION .........coccuicueeeriririeteteteeseestee ettt se et ae e 103
Lever 2.7: Propulsion by wind and other renewable energies............ccccoevvevevenncencncceecne. 104

3.  SOBRIETY IN OPERATIONAL TERMS AND DESIGN TO REDUCE EMISSIONS IN THE OPERATIONAL PHASE
AND FOR THE ENTIRE VALUE CHAIN ...covvvvvvtereeerereeeerreeeereeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss... 105

Lever 3.7: Operational sobriety - speed redUCTION.........cccocererevrrrinerereeeereeeeee e 105

3



Lever 3.2: Ecodesign, manufacturing process and end of life to reduce the construction

and dismantling carbon fOOTPIINT .........couevueiririieieeeere ettt ettt 106
APPENDIX 5 - BENCHMARK DECARBONISATION SCENARIO - MEET 2050..........ccceceeeueene. 107
APPENDIX 6 - DECARBONISATION SCENARIOS BY FLEET CATEGORY 108

MODELLING 1.1: CONTAINER SHIPS, “REALISTIC TRANSITION” SCENARIO .....ceveuerrueteeeieeeeeeseeeseeeeenens 108
MODELLING 1.2: CONTAINER SHIPS, “TECHNOLOGY" SCENARIO ......cetruetruenieeeeteeeteeeteeeenseseeesesesenens 109
MODELLING 1.3: CONTAINER SHIPS, “SOBRIETY” SCENARIO ...cvtuteeeueteueteeenieeeetesetesenteeeessesetesesesenens 110
MODELLING 2.1: GAS TANKERS, “REALISTIC TRANSITION" SCENARIO ...uvvrirrreeeeeeiirrrrreeeeeeeeenrrreeeeeeesnnnns M
MODELLING 2.2: GAS TANKERS, “TECHNOLOGY"” SCENARIO ....uvtveiiieeeeeiirrreeeeeeeeeenrrereeeeeeessssssseseeseesnnnns 12
MODELLING 2.3: GAS TANKERS, “SOBRIETY” SCENARIO ..ccceeeeiurrrrreeeeeeeiirrreeeeeeeeesssrseseeeeeesssssssssesseesnnnns 13
MODELLING 3.1: LARGE FERRIES, “REALISTIC TRANSITION" SCENARIO ...cceouiuiereueireeieeeieeeeneeseeeseneeeenens 14
MODELLING 3.2: LARGE FERRIES, “TECHNOLOGY" SCENARIO ....cuerueuerruenierenieeeeseseteseeesesnsesesesesesenens 115
MODELLING 3.3: LARGE FERRIES, “SOBRIETY” SCENARIO ...ceuetrueuieteretesetesentesenesesetesesesensnsesesesassesenens 116
APPENDIX 7 - SUMMARY OF THE WORKING GROUPS PER FLEET CATEGORY ......ccceecveenncnns 17
1. “CONTAINER SHIPS"” WORKING GROUP ....cueuirueuiteueteeeteteneetesentesentesetesenesesetesensesessssesessesensesenens 17
2. "GAS TANKERS” WORKING GROUP ......cotiririritiitetenrenitinteresseestenesessesstessesessesstessessessesssessessessens 128
3. “LARGE SERVICE VESSELS"” WORKING GROUP .....couetrteuiteretrientntenentesentesentesesensesetesetesentssesensesensne 141
4. "LARGE FERRIES” WORKING GROUP........cotrririniiintirenrenntiteressesstennesesseestesnessessesssensessessesssessessesses 152



Opening remarks from the co-chairs

Since our roadmap was initially published in April 2023, the Directorate General for
Maritime Affairs, Fisheries and Aquaculture (DGAMPA) and the French Maritime
Cluster (CMF) have continued to mobilise and unite all stakeholders of the value chain,
to accelerate the energy transition of the maritime sector. This updated version marks
yet another turning point in this approach.

Thanks to this close collaboration between all players in the industry, we have been
able to look deeper into the specific needs of each fleet category, thereby
considerably improving the quality of data available and targeting technological,
energy-related and operational solutions that are as close as possible to the specific
characteristics of the fleets in question. With this fine-tuned knowledge, we will be
able to put forward the combination of levers to roll out in order to meet the
decarbonisation trajectories imposed by IMO regulations, and identify the pitfalls of
this exercise and the long road ahead before we reach the much talked-about goal of
net zero by 2050.

Of the work carried out, we applaud the commitment of the shipowners and the
shipbuilding and design industry, who have all been highly proactive and innovative in
the search for solutions. The French shipowners' association coordinated all the work
done by the working groups for each fleet category, while the new tool developed by
GICAN visualises French expertise in terms of decarbonisation. Energy providers drew
up a situational analysis of sustainable fuels adapted to the maritime sector. Finally,
Meet2050 decarbonisation institute’s renowned expertise made it possible to test and
illustrate the different strategies per fleet category, translating them into CO2
emission reduction trajectories, and therefore fine-tuning the associated energy
requirements for the revised SNBC.

This roadmap was revised collectively by a group of maritime experts to draw up a
coherent, structured document to illustrate the technical, technological, industrial,
financial, administrative and legal issues the sector is facing.

In setting clear goals and with a modified action plan, this revision sets out long-term
decarbonisation goals that are based on a concerted strategy that must continue to
be challenged and adapted to any future regulatory, technological, financial and
geopolitical evolutions.

A major challenge lies in acquiring French energy sovereignty when it comes to marine
fuels. Domestic production of biofuels or synthetic fuels is considered a strategic
solution to reduce our energy dependency, maintain the competitiveness of our ports,
ensure the operation of a strategic fleet and accelerate the transition. At the same
time, we will be proactive in terms of energy diplomacy to guarantee a
complementary supply of sustainable fuels.

In conducting this work, our goal has always been to ensure the competitiveness of
our maritime industries, design offices and research centres that all play a key role in



decarbonising the maritime sector, by guiding shipowners towards the most effective
and competitive decarbonisation solutions.

This roadmap, led by the French government and the industry, remains an ongoing
document that will continue to be updated periodically to meet the needs of maritime
players as closely as possible, adapt to technological progress and to any changes in
regulations. It provides a solid baseline and compass that will guide us towards a
maritime future that is more sustainable and more environmentally friendly.

Nathalie Mercier-Perrin Eric Banel

President of the French Maritime Cluster General Director for Maritime Affairs,
Fisheries and Aquaculture



Executive summary

The decarbonisation roadmap for the maritime sector, drawn up under Article 301 of the
Climate and Resilience Act, is the French stakeholders in this sector’s vision for meeting the
decarbonisation targets set at international, European and national level. The result of a
collective effort led by the DGAMPA and the CMF, and involving all the stakeholders in the
value chain - shipowners, energy providers, ports, shipyards, equipment manufacturers,
architects and design offices - it feeds into the work of the French Strategy for Energy and
Climate (SNBC and MEP) which will help make decisions on the energy choices for our country.

This roadmap is all the more important as the maritime sector fulfils essential roles in the
national economy, which it would no longer be able to carry out without a successful energy
transition. With 4,080,000 people directly employed and a highly export-oriented industry, the
maritime sector makes a major contribution to:

— France and Europe's sovereignty of supply and transport (some 85% of European
imports and exports by volume enter or leave via the sea);

— Food independence through fishing and aquaculture;

— Reducing national energy dependency by developing the use of marine energies.

— Strategic independence to preserve the ability to act at sea, and to ensure the safety
and security of transport, operations and infrastructure at sea.

As the most efficient means of transport in terms of energy consumption and greenhouse gas
emissions per tonne transported per kilometre (a factor of 20 compared to road transport and
100 compared to air transport), maritime transport also presents an opportunity to reduce the
energy requirements and emissions for domestic transport, with greater use of maritime
transport and increased use of river and rail transport.

However, despite this efficiency, the quantities of goods transported by sea are so large that
its overall impact is significant. It contributes approximately 3% of global greenhouse gas
emissions and, without decarbonisation, this figure could represent 90 to 130% of 2008
emissions by 2050. The maritime sector should account for a similar share of France's
emissions, even if it is difficult to quantify these figures at the domestic level, given the
international nature of maritime transport. The emissions data reported annually by France to
the UNFCCC comply with international regulations but seem to be underestimated because
they are calculated on only a part of the energy that is bunkered in French ports, the rest being
attributed to international emissions. Moreover, bunkering in French ports is low in comparison
with major European ports, which also creates a risk of increased reliance on foreign bunkering
for less abundant low-carbon energy.

Ambitious decarbonisation targets have been set Internationally and for Europe, in line with
the Paris Climate Agreement. The International Maritime Organisation (IMO) therefore
declared its commitment in July 2023 to reaching net zero GHG emissions by 2050, with
intermediate goals of at least a 20% reduction in emissions by 2030 versus 2008, aiming to
reach 30%, and at least 70%, aiming to reach 80% by 2040 versus 2008. To reach these goals, a
series of medium-term measures are currently being negotiated within the IMO and are
expected to be adopted in 2025, to come into force in 2027. At the European level, the texts
from the European "Fit for 55" package aim to reduce the continent’s emissions by 55% in
absolute terms by 2030 versus 1990 levels, and reach climate neutrality (net zero) by 2050.
Several of these texts apply to the maritime sector, either directly or indirectly. The first of
these is the FuelEU Maritime regulation which sets out a progressive reduction in the carbon
intensity of the energy used on board ships, and the revised ETS directive which includes the
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maritime sector in the European Emissions Trading Scheme (direct action), as well as the AFIR
regulation on port infrastructure and the revised RED 3 Renewable Energy Directive (indirect
action). Although the regulatory objectives currently target only the largest ships, the roadmap
takes into account all fleet categories, including smaller ones such as fishing and pleasure craft,
in a global vision, from the ship's construction to its end of life, and including its operation.

To meet the targets set by the regulations, the maritime sector can take action on three
categories of levers: energy efficiency (technological, operational), energy switching (use of less
carbon-intensive energies, in particular biofuels, e-fuels but also wind propulsion,
electrification and even nuclear propulsion), and sobriety (mainly the reduction in ship speed,
but also sobriety in the design phase with eco-design and eco-construction techniques). The
roadmap describes in detail the main levers belonging to these categories, which are at varying
levels of development. Each is applied with different levels of effectiveness depending on the
fleet category under consideration (small to very large vessels, new or existing ships). They also
present technological, operational, energy-related, regulatory and financial obstacles and
barriers that limit the effective implementation of these levers. The work done within the
sector also involves developing and characterising the current range of French industry
solutions which comprise 380 decarbonisation solutions led by French industry, from more
than 250 players.

Unlike other sectors, such as the automotive industry which relies on massive electrification,
none of the levers currently stands out for the maritime sector. Only an optimal combination
of levers, by fleet category or by vessel according to its use profile, will enable the sector to
successfully decarbonise.

To define its decarbonisation strategy, the sector will use the modelling tool developed by the
MEET2050 Institute. In the first version of the roadmap, it allowed some ten decarbonisation
strategies to be compared and a benchmark to be selected. This is the revised version. It is
based on the implementation of ambitious technological and operational efficiency measures,
the use of moderate speed reduction, the use of less carbon-intensive fuels and the ambitious
widespread deployment of wind propulsion. It highlights three major factors:

— The estimated significant need for biofuels (around 5 TWh by 2035) and e-fuels (20
TWh by 2050), despite the considerable efforts to reduce energy consumption. With
the electrification and hybridisation of some ships, the electrification of docks to
minimise emissions during stopovers and the production of low-carbon fuels, the
upstream electricity needs are estimated at 3.5 TWh by 2030 and 45 TWh by 2050, i.e.
the equivalent of 25 wind farms such as the one in Saint-Nazaire;

— The need to meet significant energy efficiency gains to limit the use of decarbonised
energies, which are costly to produce and whose stocks will be limited;

— The considerable cost of the transition for the sector’s stakeholders, estimated at
between 75 and 110 billion euros over the period 2023 - 2050, values which are
consistent with the conclusions of international studies.

Decarbonisation represents a real challenge for the maritime ecosystem on which a significant
part of the French economy depends. France must rise to the challenge, otherwise the sector
will be exposed to major operational, industrial and financial risks, resulting in a loss of
competitiveness, business and employment that will be detrimental to the economy as a whole
and to national sovereignty.

To this end, France has key players throughout the value chain, capable of innovating and
committing to decarbonisation: first-rate shipowners, leading shipyards and equipment
manufacturers in high value-added technologies, design offices and service companies with a

8



high level of expertise, world-class energy companies, ports located on all the coasts of
mainland France and overseas, and academic and scientific players who are highly regarded in
France and internationally. Several initiatives and projects are already contributing to the
sector's decarbonisation, but we need to do more and change scale.

To achieve this, the industry proposes the implementation of an ambitious, balanced and
economically viable action plan. Because beyond the environmental challenges, the energy
transition also represents a real opportunity for economic development and the creation of
domestic industrial jobs. This action plan is broken down into five main strands and 33 actions:
Improving the energy efficiency of ships, energy and infrastructure, sobriety, enhancing the
regulatory framework and the operational implementation of the roadmap.

Finally, this transition will only be possible through collaborative work between the sector's
players and the State, focused on both the medium and long term. The State's support, in
particular its financial support and guidance from public policies, are necessary for the
implementation of this action plan.



1.  Presentation of the roadmap for decarbonisation of the
maritime sector

1.1. The roadmaps of Article 301 of the Climate and Resilience Act

Article 301 of Act No. 2021-1104 of 22 August 2021 on combating climate change and
strengthening resilience to its effects, known as the "Climate and Resilience Act", state that for
each sector that emits large amounts of greenhouse gases, a roadmap must be drawn up by
representatives of the relevant economic sectors, the Government and representatives of the
local authorities for the sectors where they have jurisdiction.

These roadmaps coordinate the actions implemented by each of the parties to achieve the
greenhouse gas emission reduction targets set by the national low carbon strategy. The
preparation of each of the roadmaps provided for by the law follows an iterative approach in
order to involve the relevant economic sectors in ecological planning:

— During 2022, each sector drew up a decarbonisation roadmap proposal listing their
preferred decarbonisation levers, the obstacles present, the actions proposed to
implement and the proposals for changes in public policies that submitted to the public
authorities to support this transition;

— These decarbonisation roadmap proposals from the various sectors were submitted to
the Government at the beginning of 2023. They will provide useful insight for the
decisions and directions that will be taken in the context of ecological planning
(distribution of emission reduction targets between sectors, financing plans,
intersectoral trade-offs to distribute scarce resources, changes in use and the role of
sobriety);

— Once the ecological planning guidelines have been decided, the roadmaps will be
reworked by each sector jointly with the State and representatives of local authorities
to integrate the targets set by the national low-carbon strategy and, more generally,
ecological planning. They will then be submitted to Parliament and will form the joint
action plan between the public authorities and the economic sectors to ensure that the
climate objectives are met.

1.2. The roadmap for decarbonisation of the maritime sector

According to the International Maritime Organisation (IMO), maritime transport accounts for
almost 3% of global greenhouse gas emissions. Given its highly international nature, it is difficult
to give a precise figure to the domestic contribution of maritime transport to greenhouse gas
emissions. Depending on what country's ports the ships are based in, the flag the ships fly and
the time spent in territorial waters, the figures vary greatly.

Although an energy-efficient means of transport in relation to the volumes transported,
maritime transport is nonetheless almost exclusively dependent on fossil fuels. It must now
make an unprecedented energy transition in order to meet the commitments set at
international and European levels, but also to contribute to the national decarbonisation
effort. The sustainability of the national maritime industry and France's sovereignty of supply
are also at stake.

This document responds to Article 301 of Act No. 2021-1104 of 22 August 2021 and constitutes
the revised roadmap for the stakeholders in the maritime sector to decarbonise their
operations, particularly in relation to the statutory objectives to which they are subject.
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As for other sectors with high greenhouse gas emissions and affected by Article 301, the
approach adopted for the roadmap integrates the whole value chain. Effectively, this means
taking into account the environmental impact in terms of greenhouse gases from the
construction of the vessel to its dismantling, via its operation, the associated port
infrastructures and the various forms of energy required to operate the vessel (the so-called
"life cycle" approach).

A proposed roadmap for decarbonisation of the maritime sector was therefore finalised in
January 2023 to then be presented to the Minister of Transport and the Secretary of State for
the Sea in April 2023.

This is a revised version of that document, enriched with analyses and consultations that were
not included in the original version. The roadmap for decarbonisation of the maritime sector
will be revised on a regular basis to ensure the strategy is adapted to any technological and
regulatory progress, fine-tuned to take into account access to new data or to address
economic evolutions.

1.2.1. Governance and working approach

The tight schedule within which the initial roadmap was drawn up led the co-chairs of the
roadmap, the Directorate General for Maritime Affairs, Fisheries and Aquaculture (DGAMPA)
and the French Maritime Cluster (CMF), to work using a group of recognised experts from
industry and public authorities, meeting at regular intervals. In addition to the DGAMPA and
the CMF, this steering committee included representatives from the following bodies:

— The teams of the MEET 2050 Institute for Maritime Decarbonisation;

— Association of shipbuilding and naval industries (GICAN), rapporteur on "shipbuilding
and end-of-life";

— EVOLEN, rapporteur on "energy and infrastructure";

— MAURIC, rapporteur on "ship design”; The French shipowners' association (ADF),
rapporteur on the "ship operation" section.

— General Commission for Sustainable Development (CGDD), General Secretariat for
Ecological Planning (SGPE) and General Directorate for Energy and Climate (DGEC), as
the project team for the decarbonisation roadmaps of Article 301 of the Climate and
Resilience Act;

— Directorate General for Enterprise (DGE);

— Directorate-General for Infrastructure, Transport and Mobilities (DGITM)

The work on the initial version was organised into four stages:

— Using the expertise of the rapporteurs and their networks of experts, the first stage
consisted of identifying the various possible decarbonisation strategies for the
maritime sector and the associated levers;

— A second stage enabled the initial elements to be shared with all the players in the
ecosystem, through four extended meetings, each of which was attended by between
forty and eighty stakeholders, demonstrating the great interest in the sector for the
process. Additional thematic meetings were also organised on specific topics, for
example with port representatives.

— In parallel with these meetings, modelling work was carried out to quantify strategies
based on the strategies and levers identified. This work was based on a model
developed by members of the MEET2050 Institute and included data provided by
industry, experts and research centres.
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— Thelast step consisted of drafting an action plan to meet the statutory decarbonisation
objectives and to finalise the proposed strategy for the sector. The action plan is based
both on the implementation of actual projects mobilising public authorities and private
players, and on a facilitative framework for collaboration between the stakeholders in
the value chain.

The revised version, which focuses above-all on adapting the initial analysis to fleet
category, is based on:

- Working groups for each fleet category led by the French shipowners' association,
involving representatives of shipowners from each maritime company concerned by
the fleet category, and where appropriate, the GICAN and Meet2050 Institute for
modelling.

- A project team comprising the players previously mentioned, co-led by the DGAMPA
and the CMF.

1.2.2.Projects and documents on which Roadmap 301 is based

Reducing ship emissions is not a new issue. There has been significant work and studies, both
internationally and nationally. These include:

— Numerous reports and analyses available in the literature, published by research
centres, research centres dedicated to decarbonisation, classification societies,
consultancy firms. In particular, the fourth study on greenhouse gas emissions
published by the International Maritime Organisation (IMO) in July 2020" s a reference.

— The Green Ship et Smart Ship technology roadmaps of the Strategic Committee for the
Maritime Sector (CSF), which were drafted by the Brittany-Atlantic and Mediterranean
Maritime Clusters and which present a list of technological and operational levers and
solutions.

— The work carried out as part of the Coalition for the Maritime Eco-Energy Transition
(T2EM) initiative, led by the CMF since 2019 with the support of some fifty value chain
stakeholders, which led to the development of benchmark deliverables that served as
an important working framework for the roadmap: Summary report, information
platform, Zero Emission Ships and Ports programme, modelling tool for
decarbonisation strategies, project for the creation of an institute for maritime eco-
energy transition to foster collaboration between the stakeholders in the value chain.

1.2.3.The challenges to be met in order to establish a "national" roadmap

Several unique features of the maritime sector, making the roadmap exercise complex, must
be highlighted:

— A very heterogeneous fleet made up of ships of all sizes operating nationally and
internationally, with diverse activities and operating constraints, and with purchase
values ranging from a few hundred thousand euros to more than a billion euros for the
most technologically advanced ships;

— Ships are not uniformly constructed on a production line. Each ship must be both a
prototype, a working model of new technology as well as a working tool with unlimited

" Fourth Greenhouse Gas Study 2020, www.imo.org
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availability to shipowners, making the integration of breakthrough technologies
complex;

— Theneed, in a sector that is very competitive internationally, to have solutions that are
harmonised on a European or even international scale and that do not result in
competitive distortions that could penalise national interests;

— A diversity of levers (energy, technological, operational) whose deployment requires
the synchronisation of the entire value chain (decision of a shipowner, ability to
develop the ship and its sub-systems, energy production units and distribution
infrastructures, adaptation of regulations, etc.);

— A large number of the available levers are at quite an learly stage of development,
making it impossible at this stage to be confident about the solutions to be
implemented or their real effectiveness;

— A large number of stakeholders in the value chain (shipowners, charterers, shipyards,
equipment manufacturers, architecture and naval engineering offices, ports, river
transport, energy companies, financial and insurance services, regulations, etc.),
represented by some twenty professional federations;

— Stakeholders in the value chain who are international leaders but who do not
necessarily have customer/supplier relationships at national level, thus not favouring
direct collaboration such as between a main industrial client and its network of
subcontractors.

2. The maritime sector: a key economic role and major
challenges in the context of the energy transition

2.1. A key role in the national economy

With production value of over 119 billion euros for approximately 486,000 people employed in
2023, the maritime sector is a major player for the national economy.
Maritime transport of goods contributes to the dynamic nature of French exports for example.
In 2022, the export of goods continued to grow, particularly thanks to the significant increase
in exported goods transported via boat. More than 341 million tonnes of goods passed through
French ports that year, confirming France’s position as a maritime power. The sector’s strength
is reflected in the performance of French ports, whose turnover went up in 2022 versus 2021,
exceeding even the 2019, pre-pandemic levels. The sector's development potential is strong in
a country with a first-class coastline and the second largest maritime area in the world.

2.2. The key sectors to be decarbonised in the French maritime sector

Eco-design is very advanced within the French shipbuilding industry, along with the
development of low-carbon technologies (including wind propulsion) and the integration of
high environmental performance ships. The French shipbuilding industry surpassed the 15
billion euro milestone for turnover in 2023. Over the past decade, business for shipbuilders
increased by 5% on average per year, mainly thanks to export, thereby demonstrating the
stability of the sector despite fluctuating external factors. The number of people employed in
the sector rose by 8%, exceeding 56,400 people. Over the past decade, more than 15,000 jobs
have been created, and the industry is planning on creating 15,000 more by 2030. More than
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90% of the civil sector is driven by export. The growth of the civil sector is mainly attributed to
the substantial orders for cruise ships made by the Chantiers de I'Atlantique shipyard. For
smaller civil ships, the various players use their infrastructures to build ships for the military
market, for government action at sea, or for civil vessels such as offshore maintenance and
service vessels, dredgers, tugboats, special vessels, monitoring and rescue vessels, cable-laying
vessels, hydrographic and oceanographic research vessels. The value chain is comprised of a
number of industrial players, systems engineers, equipment suppliers, component and sub-

assembly manufacturers.
Ingénierio et : :
conception Exploitation
Activites Activites Activitd Activités ‘ Activités
Gtudes de faisabibte fabrication pléces . fabrication des sous- | . montage des pannesux| . opérations des navires | . rétro-ingénierie
design et ingénierie éiémentaites ensembles (moteurs, | | instaliation des systéymes! maintien en condition
systéme SUUCTres et motewrs | Gciques aTrements.) . amement opérationnedle
conception produit fabrication composants; . découpe et mise en mises au paint et démantélement
détaliée systéme | forme des thles werification des

préasserrtlage des s | performances

Acteurs Acteurs Acteurs Acteurs Acteurs

constructeurs sous taitants . constructeurs , constructeurs mannes constructeurs
cabinets dingéniene fabricants composants | . équspementiers sous-traitants armateurs . chantiers navals

bureaux d'études  motoristes assemblages ou compagnies de spécialesés
fonctions compidtes transport |

Source: Solutions & co from the Pays de la Loire region

The shipbuilding industry value chain

The maritime transport and services sector

The French merchant fleet is distinguished by its diversity, strength and renowned excellence
(on matters related to the environment, social, and security). It is made up of ships with a wide
range of designs and uses: oil tankers (crude oil, refined products), bulk carriers, chemical
tankers, gas tankers (LNG, LPG, etc.), container ships, cargo ships, ro-ro (vehicle) and ro-ro
passenger ships, liners, passenger launches, cable-laying vessels, hydrographic and
oceanographic vessels, offshore maintenance and service vessels, dredgers, tugboats, special
vessels, monitoring and rescue vessels.

u Pétroliers

u Transporteurs de gaz liquéfiés

# Porte-Contaneurs

* Navires & passagers (croisiére, ropax, etc.)
Autres navires de charge (cargos, roulters,
vraquiers, etc.)

= Cablier

u Autres navires spéclalisés (ocdanographle,

sabliers, etc.)
» Navires offshore et EMR (SOV, supply, CTV, etc.)

Services maritimes
sawnuew spodsuel)

» Autres navires de services portualres et citiers
(dragues, baliseurs, etc.)
Remorqueurs

* Statiztiques DGAMPA-MFC(2024)

Graph source: French shipowners' association based on Merchant Fleet Division (MFC) data
French fleet under the French flag (2024)

Such diversity is due to very engaged domestic shipowners who are true world leaders in their
respective segments (CMA-CGM for container transport, Bourbon in offshore) or groups with
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multiple activities (LDA Group for submarine cable laying, transport of Airbus aircraft sections
or maintenance of wind farms). They are also highly specialised shipowners (SOGESTRAN - MN,
Jifmar) or deeply rooted in their regions (Brittany Ferries, La Méridionale, DFDS and Corsica
Linea for passenger transport) or even innovative in the cruise segment (Ponant for luxury
cruises). It should also be noted that new shipowners such as Néoline, Zephyr & Borée, TOWT,
Grain de Sail, Sailcoop specialising in carbon-free transport using wind propulsion and other
initiatives currently being created (VELA, HISSEO, etc.) are emerging in France. The strength of
the French merchant fleet is particularly evident in certain segments such as marine renewable
energy services (with a dozen companies operating) and for the transport of gas which is
experiencing significant growth and the number of French vessels could even double between
2024 (32 LNG ships) and 2050 (60 units) (Gazocéan, Geogas, Knutsen LNG France and Orion
LNG France).

The fisheries and aquaculture sector

The French fishing and aquaculture sector represents production value of around twelve billion
euros, employing 64,000 people?, and is ranked third in Europe. Mainland France, with its 5,500
km of coastline, boasts sixty or so fishing ports and 4,417 fishing vessels. French overseas
territories play a key role in the sector, with 3,438 fishing vessels3.
However, the fishing fleet is ageing with an average age of 31 years, much higher than that of
French-flagged merchant vessels. The renewal of this fleet and the transition to low-carbon
energy, which is more expensive than fossil fuel, is a real challenge.

The yachting and pleasure boating sector

The number of regular recreational boaters has now reached four million and the registration
of recreational boats is increasing by about 12,000 units per year. There are more than one
million registered boats in France in 2020, of which almost 78% are motor boats. On the coast,
there are almost 473 port facilities designed to accommodate pleasure craft. The economic
stakes in this sector are high: France is the leading manufacturer of pleasure boats in Europe
and the second largest in the world. Water sporting activities are carried out all over France
and its overseas territories.

The port sector

French ports employ some 213,000 people directly and create more than 17 billion euros of
added value. There are 66 commercial ports in France through which approximately 350
million tonnes of goods and 30 million passengers pass annually?. As land-sea interfaces, ports
are key players in the smooth operation of ships, providing a place for bunkering, loading and
unloading cargo, transfer to other transport modes, crew relief and routine repairs.

2.3. Potential of the players in the value chain

Faced with the technical and economic challenges presented by the ecological and energy
transition, in a highly competitive sector, France has leading companies in the main
components of the value chain, who are able to respond to the majority of decarbonisation
solutions:

22023 French Maritime Cluster figures.
3 Panorama de la péche frangaise”, 2024, CNPMEM

4 https://www.statistiques.developpement-durable.gouv.fr/edition-numerique/chiffres-cles-transports-2024/18-
transport-maritime-de-voyageurs
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First class shipowners committed and willing to green their fleets, and covering all

segments of maritime transport and services, as well as fishing and recreational
activities. The renewal of 90% of the existing French-flagged merchant fleet over the
next 10 years is estimated at between 14 and 18 billion euros, depending on the
technology used (1.5-2 billion/year).
World-class energy companies and industrialists involved in the production and
distribution of marine fuels, and able to produce and distribute the decarbonised or
low-carbon fuels of tomorrow, and to develop production, transport and storage
infrastructures.

Leading shipyards in the most high-tech segments: cruise ships and naval vessels, with
a strong capacity for innovation and the ability to tackle complex issues, as well as
medium-sized shipyards that position themselves for intermediate and small ships with
low or zero emissions.

Equipment manufacturers who are leaders in key technologies and have the capacity
to develop them or to form new industrial enterprises, with some companies already
positioned in the maritime sector and others capable of providing innovative solutions
Ports along the main European maritime routes (mainland France) or on international
routes and logistics hubs (overseas), capable of becoming energy hubs, developing
coastal shipping routes suited to the advances in shipping and promoting a shift to
inland waterway transport.

Companies providing leading maritime-related services, including engineering firms,
design offices, a classification society, banks and insurance companies.

Academic and scientific partners who are recognised in the maritime and energy
sectors, in France and internationally and are in a position to provide expertise,
resources and training to support the transition and the technologies of tomorrow.

2.4, Categorisation of the national fleet

So as to best articulate the decarbonisation levers, the roadmap’s actions gradually take into
account the specific operating characteristics of the various types of vessel, as much as
possible. The following categories have been determined, it being understood that the same
fleet category may include various types of vessels:

Large ferries (ferries and vessels for passenger transport);

Small passenger vessels;

Container ships;

LNG ships;

Tankers (chemicals or liquid petroleum products);

Large service vessels (Special offshore vessels, dredgers, ocean-going tugboats,
oceanographic research vessels, cable-laying vessels, etc.);

Cruise ships;

Cargo and ro-ro ships;

Small service vessels (port tugboats, pilot crafts, offshore services);
Fishing and shellfish vessels.

This roadmap sets out the work that has been carried out and finalised for the ferries, gas
tankers, container ships and large service vessels fleet categories, and decarbonisation
trajectory modelling will also be presented alongside this work.
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Due to the very specific levers to roll out, the work on decarbonising the recreational and
sailing fleet is done as part of the sailing and recreational boating roadmap.

Work on the fishing fleet is underway.

2.5. Challenges for the maritime sector's energy transition

2.5.1. Issues of sovereignty and independence in the maritime sector

National and European sovereignty is a priority, especially in the context of post pandemic
geopolitical instability and tensions over energy needs. Although often poorly understood, the
maritime sector is at the heart of this issue:

1.

Essential role in France's and Europe's sovereignty of supply

With almost 85% in volume of imports to Europe arriving by sea, the sovereignty of supply
is highly dependent on domestic shipping companies' ability to ensure the transport of
goods and people. This is particularly true for strategic supplies of energy, food, raw
materials and manufactured goods to France and its overseas territories.

This sovereignty requires ships that are able to operate in compliance with the regulations,
with access to low-carbon energy under viable economic conditions and without being
forced to significantly reduce their speed, which would significantly reduce trade.

Quantity of extra-EV trade In goods, by mode of transport, 2002 and 2021

(% of etal. based on tonoe)

Other modes
Rail

M Road
Air

M Sea

2002 2021 2002 2021
Exports Imports

Distribution of European import and export volumes by mode of transport °

2. Major dependence on foreign bunkering

Reliance on bunkering in foreign ports currently accounts for more than 80% of
international transport. This means that four out of five ships carrying goods or people fill
their bunkers in a foreign country. This heavy reliance holds potential risks for the French
economy. Some countries may not be able to meet the needs of shipowners for
decarbonised energy and reserve this energy for uses other than international shipping.
Furthermore, if French ports are not able to supply sustainable fuels in the future, they will
have to rely on fossil fuels, which will be highly taxed and therefore expensive in the near
future, and on significant speed reductions, with the risk of losing competitiveness
compared with countries that have secure supplies.

S International trade in goods by mode of transport, 2022, Eurostat (link).
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Sovereignty thus requires, on the one hand, a relocation of bunkering and
loadingf/unloading operations to French ports, and on the other hand, the capacity of
French ports to supply decarbonised energy.

. Contribution to the decarbonisation of the national energy mix

The maritime sector makes a significant contribution to the energy transition in France,
primarily with the development of offshore wind power (with the goal of supplying 45 GW
to the national mix in 2050) and the goals for the development of hydro-power (5 GW by
2050). Offshore wind power accounts for more than 320 players in the maritime sector,
including a dozen shipowners (and 180 available vessels).

. Reducing domestic energy requirements through modal shift

On a per-tonne basis, sea and river transport are the most energy-efficient means of
transport by far, along with rail (a factor of 20 for road transport and 100 for air transport).
These means of transport are therefore to be encouraged in the interests of energy
efficiency. Combining them with rail and then with trucks for the last few kilometres is also
a way of optimising energy requirements.

Comparison of the energy
requirements of different modes of
transport per tonne transported, from
two international studies (shades of
blue)

. Food independence through understanding and exploitation of marine resources

The capacity of maritime operators to develop aquaculture production and to exploit the
oceans in a responsible manner through a decarbonised fishing fleet under economically
feasible conditions plays an important role in sovereignty.

. Technological and digital capacities

French leadership in the expertise and production capacity of technologies and
equipment for the construction and retrofitting of high-performance ships, the
production of low-carbon energy for the maritime sector, and the laying, maintenance and
monitoring of the submarine cables that are essential for the exchange of data flows is an
issue of national sovereignty.

2.5.2. Capacity challenges and opportunities for economic development

There are major capacity challenges associated with the decarbonisation of the maritime
sector by 2030 and 2050 targets, in terms of producing decarbonisation technologies,
shipbuilding and retrofitting of vessels, the availability of alternative fuels and the
development of port infrastructure. However, maritime operators are convinced that the
energy transition represents a tremendous economic and industrial development opportunity
for France.

The table below shows examples of products and services that could be developed by French
operators in relation to the maritime transition.
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Production of low-carbon technology: the industrialisation and scale-up of low-carbon
technology requires the adaptation and creation of factories capable of meeting needs
in the years to come

Fuel Cells & Marine High Power Batteries

]EI[ Fuel cells (MEC, SOFC, ...) and medium and high power marine batteries.

Electric motors or motors for use with new fuels

'— Low to high power electric motors, internal combustion engines for use

with alternative marine fuels.

Storage [ bunkering
Decarbonised energy storage tanks (liquefied hydrogen, liquefied

LH, Tank . . .
methane, methanol, ammonia), bunkering systems on board ships, on-
board gas systems, etc.

Wind Propulsion
‘ Wind propulsion systems: sails, wings, kites, rotors, etc. and control
- systems.
& Energy and operational efficiency

if s Sensors, data analysis and decision support tools (routing, energy
‘jl_f,,;,.- — management, etc.)

Fleet renewal and adaptation: To reach the decarbonisation targets, a major share of
the global fleet must be renewed or adapted. The French shipowners' association
estimates that 90% of the French-flagged merchant fleet will need to be replaced or
retrofitted over the coming ten years, with investment estimated at between 14 and 18
billion euros.

Shipyard capacity: The annual shipyard production capacity is limited. With 40,000 or
so merchant vessels to replace or retrofit by 2030, the time needed to renew this fleet
is estimated at 32 years, unless shipyard production capacity is significantly increased.

Zero emission ships

I
- Design and manufacture of eco-efficient ships. Energy use reduction

11
jL systems, CO2 capture and storage systems, heat/cold recovery,

performance optimisation, etc.

Production and distribution of alternative fuels: A huge increase in production and
distribution infrastructure is needed if we are to transition to low-carbon fuels such as
biofuels, hydrogen and synthetic fuels. The investment this requires is estimated at
between 75 and 110 billion euros for French shipowners over the period 2023-2050, not-
to-mention operational costs.

e

Energy production
B Decarbonised energy production units for the maritime sector

Energy hub port

[
& Port infrastructures, distribution of decarbonised energy and diversified
port activity.
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2.5.3. The challenges of competition and public policies to support countries

Decarbonisation technologies have become key in ensuring competitiveness for maritime
companies with regards the energy transition, with the following objectives in mind:

Reduced energy costs by decreasing energy consumption and operational costs
Access to favourable funding to address environmental, social and governance (ESG)
criteria,

Anticipating regulations to limit CO, emissions (carbon taxes or emissions quotas) and
increased resilience in the face of regulatory constraints

Meeting the expectations of certain clients and consumers

An improvement in innovation and efficiency to reduce their carbon footprint

A preference for supply chain players committed to decarbonisation

Positioning in new vessels, services and green transport markets

Major powers in the global shipbuilding and maritime industry are addressing this with
industrial support policies. As an example:

The "Made in China 2025"” strategy: This initiative was launched in 2015 with the goal
of modernising the Chinese manufacturing industry, including shipbuilding, by putting
the focus on innovation, quality and sustainability. The strategy encourages the
development of green technology and the production of low-emission vessels. To
follow on from this initiative, China developed an ambitious strategy to decarbonise its
shipbuilding industry, set out in the “Green Development Action Plan for the
Shipbuilding Industry (2024-2030)%” published on 26 December 2023 which included
support measures for:

1.  Developing a system of green shipbuilding products: equipment, design and
integration for vessels

2.  Transforming the manufacturing system through digitalisation and
standardisation

3.  Transforming the supply chain system for decarbonisation, particularly through
data management across the industry

4.  Strengthening regional coordination and international cooperation for
decarbonisation

The Korean shipbuilding strategy "K-Shipbuilding Strategy for Next-Generation Market
Dominance"’” published at the end of 2023 aims for domination of the next-generation
shipbuilding market. A budget of 710 billion wons (around €500 million) has been
allocated up until 2028, and 3,000 technical experts will be trained to ensure Korea'’s
global competitiveness in this sector. It is based on three policy directions:

1.  Cutting-edge technology: Development and rapid commercialisation of
crewless vessels and carbon-neutral fuel technologies (LNG, ammonia,
hydrogen).

2. Advanced manufacturing system: Investment in smart shipyards and robotics
to optimise productivity, while adapting the visa requirements to address
foreign labour needs.

3. Legal and financial initiatives: Financial support and increased cooperation with
SMEs and large businesses, and the roll-out of initiatives to promote export and
industrial innovation.

8 https://www.gov.cn/zhengce/zhengceku/202312/content_6923175.htm
7 http://english.motie.go.kr/eng/article/[EATCLdfa319ada/1534/view
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3. Presentation of the climate objectives set for the sector

3.1. Global targets and initiatives

The international and globalised nature of maritime transport led the United Nations
Framework Convention on Climate Change to entrust the International Maritime Organisation
(IMO) with the task of accounting for and regulating the sector's greenhouse gas (GHG)
emissions.

The IMO began to take action on GHG emissions from ships in earnest in the 2010s, with the
introduction in 2015 of the Energy Efficiency Design Index (EEDI), which requires new ships of
400 UMS or more to comply with a certain minimum energy efficiency value based on their
design, becoming more stringent in five-year increments. This was followed in 2018 by a
requirement for the 30,000 ships of 5,000 UMS or more in the world fleet to report their fuel
consumption data annually. However, these market based measures are limited in scope and
the adoption of the Paris Agreement in 2015 has prompted the IMO to accelerate its efforts in
this area.

In July 2023, the IMO adopted a revised strategy on the reduction of greenhouse gas emissions
from ships. This revised strategy is more ambitious than the initial one from 2018, and it
requires countries to reach net zero GHG emissions by 2050, with intermediate goals of at least
a 20% reduction in emissions by 2030 versus 2008, aiming to reach 30%, and at least 70%,
aiming to reach 80% by 2040 versus 2008.

To reach these goals, the strategy envisages the adoption of short-term (effective from 2023),
medium-term (after 2023) and long-term (after 2030) measures.

The short-term measures (EEXI, Cll), adopted in 2021 and which came into force in 2023,
include targets for each ship of 5,000 (UMS) or more to reduce its actual carbon intensity
relative to a benchmark calculated from the carbon intensity of its category in 2019: -5% by
2023, -7% by 2024, -9% by 2025 and -11% by 2026. Targets for the period 2027-2030 will have
to be enacted by 2026 at the latest, but alignment with the current target of -40 by 2030 in
relation to 2008 would require a level close to -3% per year between 2027 and 2030.

In addition, a series of medium-term measures is currently being negotiated within the IMO
and is expected to be adopted in 2025, to come into force in 2027. The EU promotes a series
of measures including a technical or regulatory measure to reduce the carbon intensity of the
energy used on board vessels, known as the GFS (GHG Fuel Standard) with a Flexibility
Compliance Mechanism (FCM) and an economic measure for universal GHG contribution.
These two measures (technical and economic) are complementary and provide a real drive for
the sector to invest in solutions to lower the carbon intensity of their activities.

These measures are presented in more detail in Appendix 2.

3.2. Targets and measures at European (EU) level
The European "Climate Law", enacted on 9 July 2021, enshrines in European law the European
Union's 2050 carbon neutrality target and a new, more ambitious intermediate target of

reducing net greenhouse gas emissions to -55% by 2030 compared to 1990 (from -40%
previously).
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The legislative package for meeting these targets ("Fit For 55" package), includes two key
legislative proposals for the maritime transport sector:

- The revised ETS Directive of January 2024 provided for the inclusion of maritime
transport in the existing European Emission Trading Scheme (ETS) which already covers
emissions from industrial facilities, power generation and aviation, with a cap on quotas
for the sectors involved resulting in a 62% reduction in emissions by 2030 compared to
2005;

- The new FuelEU Maritime Regulation will impose, from 2025, carbon intensity targets
for energy used on board ships, taking into account the whole life cycle of fuels. The
reduction targets, taking into account the whole life cycle of fuels (from "well to wake"),
are -2% by 2025, -6% by 2030, -14.5% by 2035, -31% by 2040, -62% by 2045 and -80% by
2050. The regulation also allows for shore-side connection obligations from 2030 for
passenger and container ships at European ports mentioned in article 9 of the AFIR
regulation.

These schemes and their expected impacts are described in Appendix 3.

3.3. National

The National Low Carbon Strategy (SNBC) is France's roadmap for its climate change
mitigation policy. It stipulates GHG emission reductions in all GHG-emitting sectors (transport,
building, industry, etc.) and consequently provides strategic sectoral guidelines for
implementing the transition to a sustainable low-carbon economy in France. The current SNBC
(SNBC-2) aims to achieve carbon neutrality by 2050 and reduce France's carbon footprint.

In particular, it plans to make maritime and river transport entirely carbon-free for domestic
emissions by 2050 and 50% carbon-free for international bunkers. These targets will be
reviewed when the SNBC is revised in 2023-2024, in line with the increased European climate
target, which commits us to increasing our efforts to decarbonise our economy and society at
a large scale. The future SNBC will also set short/medium term targets (in the form of carbon
budgets) for international maritime transport, as required by the Energy and Climate Law.

3.4, Categories for which there are no targets

There are blind spots in the legal requirements for international, European and national climate
targets. Among the sectors that are not currently covered by mandatory reduction targets
include:

- Commercial ships of less than 5,000 UMS for domestic navigation,

- Commercial vessels of less than 400 UMS,

- Pleasure craft,

- Fishing vessels.

These categories represent a significant part of the French maritime sector in terms of the
number of vessels concerned. Although they face specific constraints and challenges, they
must be included in the efforts to achieve national climate objectives.
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4. Maritime sector emissions and energy requirements

4.1. Inventory of emissions from the French maritime sector

Energy consumption and its associated emissions must be accurately measured to get a clear
picture of the sector's needs.

In France, the centre for interdisciplinary studies on atmospheric pollution (CITEPA) carries out
an annual inventory of national emissions in accordance with France's commitments under
international conventions and European reporting obligations. Emissions from maritime and
inland waterway transport, published in the CITEPA SECTEN report, represent 0.6% of
emissions for the domestic account?, and less than 2% if emissions from international transport
are included®, which is lower than the percentages of maritime emissions at European or world
level, estimated at 3 and 4%.

There are several reasons for these differences:

— The calculation method is based on the volume of marine fuels bunkered by French-
flagged ships in French ports, which, as mentioned above, are low in proportion to
other maritime countries.

— Following the international accounting method, only a proportion of bunkers are
included in the calculation, namely those of small ships and fishing vessels on the one
hand, and only a proportion (6%) attributed to heavy fuel oil emissions. Liquefied
natural gas, which is more recently used as a fuel, is also excluded.

Moreover, while not included in CITEPA's calculations, emissions related to the construction
and recycling or dismantling of a ship may be significant. Moreover, while not included in
CITEPA's calculations, emissions related to the construction and recycling or dismantling of
the ship may be significant™).

Build-Di tle Footprint / Total
Type of ship vild-Disman <'e .oo print [ Tota
Emissions
Cargo ship 310 5%
Liner 10 to 20%
Mega-yachts and pleasure craft 15 to 20%

The relative share of this footprint is expected to increase as the operational energy efficiency
of vessels improves. For example, a ship powered mainly by wind will have a much higher
relative share of its carbon footprint at construction than a standard ship due to its low fuel
consumption in operation.

4.2. Energy requirements calculation scope, chosen benchmark scenario scope

To account for the actual emissions of the French maritime sector and not to underestimate
the energy requirements for its decarbonisation, several methods of calculation were studied,

8 Inland waterway freight transport, domestic maritime transport, other shipping, i.e. mainly inland waterway vessels,
fishing vessels and pleasure craft.

% International river transport, international maritime transport, i.e. mainly container ships, bulk carriers, oil tankers
entering French ports

0 Data provided by GICAN and Fountaine Pajot members and international studies (Jian Hua et al (2019), Pham Ky
Quang et al (2020), Favi et al (2017).
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other than the calculation method set out in §4.1. The graph below illustrates how the baseline
energy differs depending on the scope:

Selon part du PIB de ia France dans le monde

Selon pa

50 5 100 125

-ﬁnergic de référence (TWh)
The following is illustrated in this graph, from top to bottom:
— P1: Extended scope, based on decarbonised energy requirements in proportion to
French GDP compared to global GDP (3.1%), representing around 100 TWh and 30 Mt
CO, (around 6% of domestic emissions);

— P2: Extended scope, based on decarbonised energy needs in proportion to French GDP
compared to European GDP (17.0%), which would lead to around 75 TWh of fossil fuel
energy representing 25 Mt CO,.

— P3: Scope considering that national maritime emissions account for the same
percentage as the EU emission (3.7%), representing 51.9 TWh and 17.0 Mt COy;

— P4: Intermediate scope covering the decarbonisation of all fuels bunkered in French
ports (small share at European level), i.e. around 27.7 TWh of fossil fuel energy (based
on CITEPA bunkering data without weighting factor and addition of LNG), i.e. around
9.1 Mt CO:..

— P5: Scope of CITEPA inventory report of national emissions, which would be extremely
limited considering the reasons mentioned in the previous paragraph, accounting for
around 8.4 TWh of fossil fuel energy, representing 2.8 Mt CO; annually!%;

In the 2023 roadmap exercise, P4 was the chosen approach in developing the benchmark
scenario. This choice is not entirely based on the CITEPA French benchmark emissions
calculation scope (P5) but was considered to be a balanced approach, justified by:

— The need to take into account the IMO resolution calling on each State to act locally to
facilitate meeting the international targets's;

— The economic and industrial development objectives of French stakeholders,
regardless of the nationality of the intermediate or final client.

Since then, discussions on this topic have been more thorough, analysing other scopes to
quantify energy requirements (and the associated emissions), especially in the case of the work
done for the fleet categories within the French fleet (see §7) which covers all French-flagged
vessels, regardless of their bunkering location.

1 The values presented are different to those set out in the 2023 roadmap because the CITEPA 2023 data is considered
(2022 in the previous calculation) and the MEET2050 modelling tool calculation parameters have been fine-tuned.

12 SCETEN 2023 Report from CITEPA.

13 Resolution MEPC.327(75) of 20 November 2020 encouraging its Member States to develop "national action plans"
to reduce GHG emissions from ships.
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The table below compares several methods to illustrate the impacts on emissions.

Method Flag Bunkering | Shipowner | Sailing zone | Depending P4
on import/ | benchmark
export needs| method

Principl | Consideratio Sales of Consideratio | Consideratio Based on Bunkering in

e n of fuel, n of n of the French
emissions excluding emissions emissions maritime ports, also

from French- LNG, for from vessels, | from vessels transport including
flagged maritime, whose owner | sailing in the | requirement LNG
vessels inland is registered economic s for the bunkering
waterway in the zone of the | economy of
transport, country in country in the country
fishing and question question in question
recreational
boating
with
weighting
factor
Comment Chosen CITEPA Method put Method - Method
method for method forward by addressed in chosen for
the work per | chosen for | the OECD for | the analysis the
fleet emissions the maritime reports roadmap to
category in inventory sector ordered by quantify the
the revised reports in (currently a the United energy
2024 line with forecast). Kingdom requirement
roadmap. UNFCCC [2024] or s for the
declarations Singapore maritime
, according [2022] on the sector
to the IPCC impact of
directives the maritime
[2006]. sector.

Emissions Working Domestic According to No data In allocating | 27.7 TWh of
group for emissions: | OECD, a total | available at a fossil fuel
container 2.7 Mt; of 27.4 Mt in | national level | proportion energy

ships 2.6 Mt; + France in (CITEPAs of emissions 9.1 Mt CO,
) 2022 (29 Mt | conducting a to France
Working Internationa | geclared by | study on the that is in
group fcfr I'emissions | cMA CGM in topic). line with its
large ferries 3.5 Mt - 2023, impact in
1.8 My Total: 6.2 correspondin the
Working Mt. gtothe economy:
group for gas | ponresentin maritime at European
tankers 1.3 g 0.7% of scope of the level: 25.0
Mt - French company). Mt
Total of emissions at global
these three across all level: 33.3
segments: sectors. Mt.
5.7 Mt
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Developing an indicator that is representative of the actual share of each country in this global
account is a challenge for maritime decarbonisation. For example the current method of
calculation (the so-called “bunkering” method, 2nd column) estimates France’s national
maritime emissions as 0.7% of the total emissions for the country, considered “green” in terms
of emissions, with an economy that is however highly dependent on the maritime sector. This
tells us that the impact of emissions from the national maritime sector is likely to be
significantly underestimated in relation to its actual impact. This method also means that the
energy required for the country to achieve economic sovereignty is underestimated.

If we take a look at two major maritime nations (the United Kingdom and Singapore!® which
is the world'’s largest bunkering port) that recently published an analysis of the methods used
to calculate emissions, showing that the current method introduces a considerable bias in the
estimation of a country’s emissions. These nations have called for the current approach to be
updated, for a more accurate representation of these emissions allocated to each country.
Summary:

e Theintermediate P4 method was chosen for the estimation of energy requirements for
the decarbonisation of the maritime sector.

e To study the decarbonisation trajectories per fleet category, the “flag” method was
chosen, based on the consumption data for French-flagged vessels operated by
national companies.

¥ House of Commons /[ Environmental Audit Committee - Net zero and UK shipping (2024) -
https://committees.parliament.uk/publications/45178/documents/223685/default/.

I International Council on Clean Transportation — Exporting emissions: Marine fuel sales at the port of Singapore (2022)
- https://theicct.org/publication/marine-singapore-fuel-emissions-jul22/.
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5. Presentation of decarbonisation levers

5.1. Specific levers and technologies to group by type, range and size of vessel

Decarbonisation of vessels is quite distinct and has been recognised as one of the most
complex to achieve, given the many combinations of power and range requirements. The
power of a container ship is actually 1,000 times higher than a car and the energy requirements
for a trip are 1 million times higher.

The graph below gives estimates for power (main engine and auxiliaries) and energy consumed
for a trip, on a logarithmic scale, in comparison with other forms of transport.

Generally speaking, the technologies developed in other fields, such as the automotive sector,
are not directly transferable and need to be adapted for marine use (batteries, fuel cell stacks)
or require specific developments (wind).

This also applies to energy carriers. Diesel and heavy fuel oil mainly used by the maritime sector
today will need to be replaced by molecules used in other methods of transport such as
methane and hydrogen, but others are more specific such as methanol and ammonia.

There is not and will never be one single solution to decarbonising the maritime sector. A
combination of different solutions will always be required, and will vary significantly depending
on the type of vessel and its use. Some solutions are at the concept stage, others at the
prototype stage and some have been in use for several years. It is estimated that the energy
performance of ships today is 10-20% better than it was 20 years ago.

Each solution has its advantages, but also disadvantages of different kinds which have limited
their deployment so far:

e Technological, due to the complexity of the solutions still to be developed or made
reliable;
e Regulatory, for safety reasons (batteries, ammonia, new materials etc.);

e Financial, because decarbonised solutions are usually more expensive in terms of
investment (CAPEX) and sometimes in terms of operation (OPEX);

e Energy, as resources are limited with regard to the significant needs for the production
of alternative fuels;
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The diagram below illustrates the main
decarbonisation.

levers to be used, by type of vessel, to achieve
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The main levers for decarbonising the maritime sector (source MEET2050)

The three concept ships discussed below make use of these different levers.

Dimensionnement, performance et tenue dans le temps
des systémes de propulsion vélique
Interactions aérodynamiques
Encastrement mécanique, cinématique,
controle et mise en sécurité
Piles  combustibles et batteries forte puissance
Cuves de stockage marinisées

(sloshing, capacités)

Matériaux composites
/ Electrification

Collecte et analyse de données,

aide 4 la décision temps réel et
centre de contdle a terre

Routage optimal, IA pour Iaide &
la décision et la sécurité, navires
autonomes,

A Optimisation aérodynamique
Propulseurs innovants et energy saving devices :
ique, matériaux ites, cinémati
complexes ...

Optimisation hydrodynamique,
interaction houle / caréne / propulseur

urface, réduction du
Optimisation agencement des
conteneurs pour limiter les temps

d'escale et mouvements de grues

tion d'air, antifouling respectueux
de Tenvi

Recyclage

Container ship moving towards zero emissions (Credits: Zephyr and Borée)

Neoline sailing cargo ship (Credits: Mauric /
Neoline)

Hydrogen-powered fishing vessel (Credits
Mauric)
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5.2. Overview of the main decarbonisation levers

In this updated version of the roadmap, 13 main levers have been studied, described in detail
in Appendix 4 and summarised here. The descriptions include the advantages and the current
obstacles to their implementation. lllustrations of actual projects accompany this description.

Group of levers no. 1: The vessel’s energy efficiency in technical or operational terms
Improvement in the design of vessels, at the design phase for new or retrofitted vessels, to
optimise the energy requirements depending on the programme (range, use)

Potential gains

inti Advantages Disadvantages ]
Lever & Description g g and maturity
JD Studies con.IS|c:ered ) 5t 20%
- All vessels unnecessarily fong an reduction in
. costly.
New or retrofit energy

1.1 Drag reduction
Optimise the shape of the
vessel to minimise its wave

and frictional resistance, for
new or retrofitted vessels
(bow, canopy, appendages,
injection of air under the hull)

Mature, proven
solution

Quick ROI (1 to
3 years for
retrofitting)

Lack of data on operational
characteristics, required as
a baseline for studies

A balance needs to be
struck between maximum
efficiency and excessive
new design specifications

consumption
and associated
emissions

Maturity:

»
4

1.2 improvement of
propulsive efficiency
Optimise the vessel’s entire
propulsive chain (efficiency,
innovative thrusters,

All vessels
New or retrofit
Quick ROI (1 to
3 years for
retrofitting)
Breakthrough
innovations in
development

Studies considered
unnecessarily long and
costly.

High cost of efficient
thrusters (5 to 25% of the
ship’s cost)

Need to scale up

3to10%
reduction in
consumption

Maturity:

integrated propulsive chain, (inspired by
energy saving device) biomimicry)
1-3. Improving the energy Energy modelling and vessel
efficiency of shi All vessels oF " _
. y P Easy to monitoring  systems  still
equipment implement under development Maturity:

Optimise the energy
consumed on board to avoid
unnecessary consumption
(heat or cold recovery,
efficiency of deck
equipment, fishing
equipment and other gear)

Reduced cost,
energy savings
guaranteed

Results are varied depending
on the type of vessel

000

'
4

ET =

1.4. Operational
excellence
Optimise the energy
consumption of the ships in

Potential for
considerable
benefits from
solutions that
are sometimes
very easy to
implement

Availability of bandwidth
for ship/shore satellite
communications

Lack of quality,
standardised, shared data
Weak technical skills among
some ship operators

Maturity:

000
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their interaction with their

environment (eco-piloting,
optimised routing, optimised

stopovers and turnaround
time in ports, etc.)

Development o
of increasingly
powerful IT
tools

Sharing of investments and
benefits between
shipowners and charterers

Group of levers no. 2: Energy and infrastructure
Ships are currently powered by heavy fuel oil and diesel, and so the energy source must be changed. 21%
of current vessel orders are compatible with alternative fuels. For France, the energy bunkered in ports
represents 30 TWh/year, and the availability of such a volume in alternative fuels is a major issue.

Lever & Description

Advantages

Disadvantages

Potential gains
and maturity

2.1. Less carbon-
intensive and transient

fossil fuel (LNG)
Transitional energy towards
biofuels and e-fuels, thanks

to the compatibility with
bio-LNG and e-LNG

Mature technology
and supply chains
Compatible with air
pollution
regulations for ECA
areas

Pre-existing
international
regulations
Compatible with
bio-LNG and e-LNG
engines

High energy density

e Fossil fuel energy, risk of
fugitive methane
emissions

e Use limited to large
vessels (>100m)

e Requires crew training to
handle cryogenic fuel on
board

Reduction of
CO2 emissions
up to 17%

depending on
the type of
engine and the
origin of the LNG
(+6% to -17% in
the draft FuelEU
regulation)

Maturity:

engines.

2.2. Biofuels
Alternative fuels made
from biomass: liquid
biofuels, biomethane and

Fuels already
available in some
ports

Can be used
without major
retrofitting,
blended with
traditional fuel

e Limited stocks and
competition for use
from other sectors

e Emissions reductions
vary between biofuels

e R&D required to develop
advanced biofuels

Maturity:

000

bio-LNG High energy density
QD e Massive needs for low-
carbon electricity due to
2.3. E-fuels

Fuels manufactured using
electricity, obtained from
electrolysis of water (for
H2) and then
transformed. They can be
low-carbon as long as they
are derived from low-
carbon electricity. They
include e-hydrogen, e-
methane (and e-LNG), e-
methanol and e-NH3. As it
stands, none of them has
been singled out as the
preferred option.

Great potential for
the reduction of
GHG emissions
Diversity of e-fuels,
suitable for
different uses
Reduction of SOx,
NOx and fine
particulate
emissions

low energy yields, and in
competition with other
uses

e Prices highly dependent
on the price of
electricity, much higher
than the fossil fuel
equivalents.

e Low energy density

e Industrial economy and
infrastructure to be built

e NH3and H2 are
dangerous/toxic

Maturity:

00O
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2.4. CO2 capture and

utilisation (CCUS)

On-board capture of engine

output CO2 and its
subsequent use or
sequestration

In addition to
carbon-based
alternative fuels,
can be stored at
very low
temperatures
Potential new
market for French
ports

Costly, can only be
considered for large
vessels

Energy intensive on
board

Regulatory uncertainties
regarding CO2
Numerous modifications
required on vessels,
space requirements

Maturity:

00O

LB
(&X)
U

2.5. Nuclear propulsion

Convert to nuclear
propulsion using

pressurised water reactors

or by installing SMRs

Zero emissions

French expertise in
pressurised water
technology
Excellent
density/power ratio

Only suitable for large
ships with a power of at
least 20,000 to 40,000
kw

SMRs have not been
proven reliable at sea

Difficult to ensure a safe
environment given the

current operational
profile for merchant
ships

High construction,
operating and

dismantling costs

Acceptance

Maturity:

00O

4

2.6. Electrification of
ships and docks

Electrification of modes

of propulsion for ships
with low energy

requirements per trip,
electrification of

auxiliaries, hybridisation
of the thruster, electrical
operation when docked

Reduction in GHG
emissions on board
Mature battery
technology
Retrofitting possible
for certain vessels
Potential for
hybridisation of
combustion engines

Efficiency in terms of the
reduction in GHG
emissions depends on
the source of electric
power

Electrification
infrastructure costly for
ports

Not suitable for short
distances or small vessels

Maturity:

000

I

2.7. Wind propulsion
Installation of wind
propulsion systems to
assist the main engine
systems

Wind is a
renewable, free and
abundant source of
energy

For new or
retrofitted vessels
Numerous French
pioneers in wind
propulsion systems
Does not require
any transformation
on land
Compatible with all
modes of
propulsion

Efficient for low ship
speeds

Suitability varies
depending on maritime
links

Sturdiness and
sustainability of
equipment has not yet
been proven

Requires modification of
the hull and appendages
to effectively move
upwind

Impacts on cargo deck,
stability and visibility

Maturity:

00O
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Group of levers no. 3: Sobriety

These are intentional measures taken with a sustainable approach to energy use in mind, to
reduce the ship’s emissions across the entire value chain, beyond the imposed regulations. In
optimising the design, the use of the vessel, the way it is built and the materials used

Lever & Description

Advantages

Disadvantages

Potential gains

S

3.1. Speed reduction
Speed reduction

e Technically
straightforward to
implement

o Efficient solution if
the speed reduction
is sensible (up to
30%)

e Can be combined
with wind
propulsion

o Offsetting risk with the
commissioning of new
vessels

¢ Risk of modal shift to
more carbon-intensive
solutions to increase
speed

e Complex in operational
terms for certain
categories (particularly
ferries)

Maturity:

e ;

et

3.2. Sobriety in design
and use

Encourage the design of
more economical vessels in
terms of functionalities and

the use of raw materials,

particularly by using eco-
design methods throughout
the entire life cycle of the
vessel

e Constraints linked
tothe end of a
ship’s life already
integrated by
French shipyards

e First life cycle
assessments already
carried out

e Regulatory
obligation regarding
the end-of-life of
ships can help
boost self-
sufficiency by
means of the
circular economy

e National eco-
organisation APER
approved to
manage the
dismantling and
recycling of
recreational and
sports boats

o Industrial capacity
in France and know-
how of French
players (4 ship
recycling facilities in
France)

e Upstream and
downstream
environmental
performance criteria for
ships either not or barely
taken into account by
regulations, and
therefore by the market.

e Noshared LCA
methodology

e Restrictive regulatory
requirements for
materials approval,
hampering innovation

¢ Availability of low-
carbon raw materials at
competitive prices in
Europe: the carbon
adjustment mechanism
at EU borders makes
access to raw materials
more expensive for
European
manufacturers, creating
a distortion of
competition on
imported finished
products (ships and
equipment).

Maturity:

000

5.3. Key role of naval architecture and integrating solutions at shipyards

The naval architect is a crucial link in decarbonising the maritime sector, acting across the
different levers to ensure their integration and coordination, from the design to the
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implementation phase. This profession binds and coordinates the effective development of
decarbonised ships.

There are two stages to this mission: first of all, a precise definition of the ship’s uses and
expected performance, then, depending on the use profile, the application of a combination
of optimal decarbonisation levers to guarantee the best possible environmental performance
for the ship, with coherent overall architecture adapted to the seafarer and compliant with
safety and performance requirements.

5.3.1.Defining Uses & Performances

The programming phase for a ship is when the intended use is considered for the entire life
cycle of the vessel, as well as associated performances, to satisfy the need that has been
expressed. This can be done with help of the skills of a naval architect, whose experience and
expertise can help define and optimise a ship’s uses and the associated performances and
profitability, to reduce the ship’s impact on the environment. The goal is to define the uses
and performance by exploring the appropriate balance between speed and proportions, range
and space requirements for fuel and modes of propulsion.

This phase is crucial as it defines the architecture of the ship over its entire life cycle which is
often expected to be 20 to 30 years, sometimes more.

5.3.2. Optimal design according to use profile

The project manager is in charge of designing a ship that is tailored to the operations
programme, as well as their role as integrator of innovative, low-carbon solutions. They adopt
an overall approach and make sure coherent and coordinated innovative solutions are put
forward, drawing on optimisation tools to find the best balance, and therefore defining the
overall architecture, optimising the ship’s use according to its operational profile, and reducing
its impact on the environment.

These innovative solutions can involve the hull profile and dimensions, technologies, systems,
on-board equipment, fittings, etc. The success of a low-carbon ship lies as much in the thought
and implementation of the overall design of the ship as in the integrated solutions, to balance
the ship’s proposals, its loads and uses and the equipment on board.
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6. Types of decarbonisation depending on the nature of the fleet

Based on the analyses carried out for the roadmap for decarbonisation of the maritime sector,
working groups were set up to fine-tune the various levers identified, as closely as possible to
the operational and technical characteristics of each fleet. Only four of them will be presented
in this revised version. The next categories will be published in the subsequent revision of this
document.

These working groups were coordinated by the French shipowners' association and led by a
representative of the shipowners of each fleet. Here is a summary of the working groups for
container ships, gas tankers, large service vessels and large ferries. A detailed account of the
work done is presented in Appendix 7.

6.1. Container ships

The container ships fleet category includes around 650 ships managed by two French maritime
companies: CMA CGM and Marfret. Of these ships, around 90 of them bunkered some of their
fuel in France in 2022, representing a total of 411 kt fuel oil equivalent (176 kt in Fos, 39 kt in
Marseille, 53 kt in Montoir, 46 kt in Le Havre, 5 kt in Dunkirk, and 92 kt in Pointe-a-Pitre).

6.1.1. Container ships characteristics and special features

There are several distinctive characteristics of the container ships sector that have a direct
influence on the decarbonisation strategies of shipowners. Given the industry’s highly
international nature, with maritime links involving numerous countries, applying
decarbonisation measures across the board is highly complex. The fleet is optimised on a
worldwide scale, ensuring effective management of resources but complicating the
implementation of local solutions. Shipowners enjoy great flexibility in their choice of
bunkering ports, influencing the adoption of alternative fuels according to their geographical
availability. Setting up regular routes can nevertheless allow for long-term strategies in terms
of energy supply.

LNG-powered container ship from CMA CGM

The vessels serving France are renewed frequently, offering regular opportunities to integrate
greener technology. The size of the vessels varies considerably, from 500 to 23,000 TEU,
meaning that decarbonisation solutions tailored to different scales are required. The average
age of the fleet differs between companies: 13 for CMA CGM and 17 for Marfret. This average
age influences modernisation and replacement strategies.
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6.1.2.Suitability of the various decarbonisation levers

Energy and infrastructure

Less carbon-
intensive fuels &
carbon capture

The energy transition is at the core of the long-term decarbonisation strategy
for this fleet category. LNG and methanol are being adopted for new builds,
and the majority of new orders are equipped with dual-fuel LNG or methanol
engines (18 billion USD invested by CMA CGM for a fleet of more than 130 ships
with dual-fuel LNG or methanol engines). Biofuels are to be incorporated
gradually, with objectives of up to 10% for heavy fuels, 20% for methane and
25% for methanol by 2030, subject to availability and competitive prices. E-fuels
are expected to be used from 2030, and e-methanol and e-methane will be
given priority.

A
Renewable
energy sources,
electrification,
other sources of

Wind propulsion offers a potential gain of 5-6% (retrofit) to 12% (new build) on
a small proportion of the fleet over the next 15 years (5%). Marfret has already
conducted trials with this type of technology. The CMA CGM group is involved
in the NEOLINE project to develop a sail cargo ship that will be used for
transatlantic crossings. Shore-side power is under development, to comply with
European regulatory requirements for container ships over 5,000 GT, under the
FuelEU Maritime regulation (compulsory from 2030). The first studies on
hybridisation were inconclusive in terms of a reduction in GHG emissions for
this type of ship. Taking fuel cells on board for electrical consumption is

energy currently being considered for new builds.
Energy efficiency
N Operating measures offer significant short- and medium-term gains for the

- =

Operational
efficiency

container ship category. Operational excellence could generate a 5% gain for
40 to 50% of the fleet, including measures such as the optimisation of routes
and effective management of energy on board. CMA CGM has invested more
than 20 million dollars in the Smartship programme to improve energy
efficiency on board. The hull and propellers are regularly cleaned, providing
potential gains of 2 to 3% in fuel consumption.

Optimal design &
technologies

This lever is crucial for the decarbonisation strategy. Hydrodynamic
optimisation (shape of the bow, hull coating) and optimisation of propulsive
efficiency are already in place, with considerable investment from CMA CGM in
particular (200 million USD over 10 years). The CMA CGM group has for example
trialled and validated several solutions, including the windshield, which
demonstrated the ability to reduce a ship’s CO2 emissions, or the alternator
equipment attached to the main propulsion engine of 10 new container ships,
to produce the energy needed to power the electrical equipment on board.

Sobriety

fq\l mn

Sobriety in
operation &
design

Reducing speed is a major strategy, with a reduction of 15% in mind for 80% of
the fleet, offering substantial fuel savings to be made.
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6.1.3.Review

The emissions reduction targets for the container ships fleet category are ambitious and align
with international targets, even though the regulations are not currently restrictive on an
international scale. The transition towards less carbon-intensive and renewable energy sources
is a gradual one, and the use of biofuels and e-fuels is expected to increase, subject to
availability and competitive prices. For the moment, the workload is at a standstill and the lack
of international regulatory ambition is distorting competition and penalising some of the
sector’s pioneers. Energy efficiency and operational excellence remain essential, with ongoing
investment in these areas.

Several areas require closer attention to facilitate an energy-efficient transition of this fleet
category:

e The development of renewable and low-carbon fuels in France and worldwide is crucial,
especially for biodiesel, bio/e-methane, bio/e-methanol and e-ammonia, and there
needs to be either a beneficial tax arrangement for these low-carbon fuels or a low-
carbon bonus.

e |In order to validate the effectiveness of these fuels on a widespread basis, prototypes
for new technology need to be rolled out, illustrating wind propulsion and on-board
CO2 capture for example.

¢ Subsidies shall be made available for shore-side power and the renewable origin of this
power guaranteed.

e Standardisation of the various European and international regulations, particularly in
terms of how they take into account new fuels (emission factors, certification) and wind
power.

¢ Financing of the research and the developments required for the transition must be
ensured, in particular through the redistribution of taxes collected in the maritime
sector.

6.1.4.Decarbonisation scenario

For the “container ship” category, the scenario is based on moderate growth (+1.5% per year),
and the use of an energy mix that gradually incorporates biofuels and e-fuels, as well as the
introduction of technological innovations and a possible adaptation of ships’ sailing speed. The
combination of these levers will allow us to stay on track to meet the decarbonisation targets
for 2030, and gradually decrease absolute emissions and the overall carbon intensity of vessels.
However, the availability of sufficient quantities of biofuels and e-fuels, as well as their cost,
remain major obstacles to decarbonisation, and a solution to overcome these obstacles has
still not been found.
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The change of energy source appears to be a major decarbonisation lever for this category,
helping to offset the increasing emissions due to fleet expansion. This lever will be boosted in
equal measure by the introduction of innovative technology and operational measures.
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5.2. Gas tankers

The French fleet of gas tankers consists mainly of 32 LNG tankers, representing 3% of the global
fleet, an LNG bunker vessel and 4 LPG vessels. This is a relatively young fleet, with an average
age of less than 4 years for LPG vessels and 3 years for LNG tankers. Forecasts predict
significant growth over the next decades, with an estimated 45 LNG tankers in 2030 and 60 in
2050 (approximately 100% growth over 25 years). This development highlights the growing

importance of these types of vessels in a context where LNG is widely considered as a bridge
fuel.

Gas tanker operated by Knutsen LNG France

Gas tanker operated by Orion LNG
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6.2.1.Characteristics and special features of LNG tankers and LPG carriers

LNG tankers make up a homogeneous fleet with an average transport capacity of around
175,000 m3. They are equipped with low speed 2-stroke engines that can run on natural gas,
MDO or VLSFO. They are intended solely for the transport of liquefied natural gas. An
important feature of these vessels is the use of boil-off gas - which is the natural evaporation
of cargo - as fuel, allowing SOx, NOx and fine particles emissions to be eliminated and to reduce
CO2 emissions by 15 to 20%. Nevertheless, this fuel source can cause methane slip and fugitive
emissions.

LPG tankers are distinguished by a transport capacity that varies between 35,000 and 90,000
m3. They are equipped with propulsion systems with low speed 2-stroke engines. These vessels
are of the refrigerated type and some of them are able to use their cargo (LPG) as fuel, which
also eliminates SOx, NOx and fine particles emissions and reduces CO2 emissions by 15 to 20%.

Gas tanker operated by GEOGAS

6.2.2. Suitability of the various decarbonisation levers

Energy and infrastructure

For the LNG and LPG tankers category, fuel cells (PEM and SOFC) are estimated
to potentially reduce emissions by 20%. However, they face major challenges,
such as the volume lost on board for hydrogen storage, the absence of stable
maritime regulations and the cost.
Biofuels meanwhile offer a reduction potential that is limited to 5% for gas-
powered vessels, mainly by replacing pilot fuel. The roll-out of biofuels is
hampered by limited availability and high cost.
Ammonia presents a high reduction potential of up to 80%, but its technological
readiness remained low in 2024, and there are considerable challenges in terms

Less carbon- of safety and toxicity.
intensive fuels & | Methanol, while not green, offers a reduction potential of 10%. It has the benefit
carbon capture of storage at room temperature and has already proven effective for transport,
but its high cost and toxicity remain obstacles to overcome.
CO2 capture offers a very high reduction potential of up to 90%, but this
technology is still not mature enough. It faces major challenges in terms of on-
board storage, offloading logistics and high costs associated with captured
Cco2.

38



l s Wind propulsion is a promising option for LNG and LPG tankers with an
‘. estimated reduction potential of 25%. It presents the advantage of using a
Renewable renewable energy source and improves the EEDI of these vessels, many of which
will be built in the coming years. However, the efficiency of this energy source
is largely dependent on weather conditions and the associated routing, and
there are challenges in terms of maintenance and operation (suited to certain
routes, limited use offshore, etc.).

energy sources,
electrification,
other sources of
energy

Energy efficiency

e
—"_T—‘.‘v

Optimised routing, trim optimisation and other techniques (reduced speed,
j._ optimising ballasting, etc.) have a combined potential to reduce emissions by
up to 15%. The advantage of these measures is that they can be rolled out at
Operational short notice and at a relatively low cost for new or existing vessels.

efficiency

Optimising the shape of the hull can lead to a reduction in emissions for LNG
and LPG tankers of up to 15%, but this measure is mainly applicable to new

. o vessels. Air lubrication offers a reduction potential of 8% but requires
jl considerable electrical consumption. Attached alternators are promising with
S an estimated reduction of 15%, eliminating emissions and methane slip from
Optimal design & | using generators at sea. Finally, reducing methane slip offers a potential

technologies reduction of 10%, making it particularly important for LNG tankers (possible
extra 3% for two-stroke engines and 10% for four-stroke engines), and it will be
included in the Emissions Trading Scheme (ETS) in 2026.

Sobriety
8 i
Sobriety in The sector is considering a reduction in speed.
operation &
design
6.2.3. Review

Operational measures and certain design measures that are relatively easy to implement can
provide short-term gains for the LNG and LPG tanker category. However, alternative fuels and
advanced technology such as CO2 capture and wind propulsion systems offer greater
potential over the long term, but require significant developments in technology and
regulations. Therefore, a multi-faceted approach is required in decarbonising the gas tanker
sector, combining progressive short-term improvements and breakthrough innovations over
the long term.

Besides developing the range of French solutions and training operators on the various levers

deemed to be relevant, the gas tanker working group insisted on the necessity to facilitate
exceptional depreciation for the implementation of technologies, and established the
following development guidelines:

e Fuel Cell PEM: develop technologies, hydrogen storage and bunkering solutions;
e Wind propulsion: introduce on-board prototypes for gas tankers, combine with an
effective routing solution;
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e Carbon Capture: introduce on-board prototypes for gas tankers, develop on-board
storage solutions and infrastructures for CO2 offloading;

e Alternative fuels: continue technical developments for engines, ensure the availability
of fuels at competitive prices, develop the supply chain and bunkering, amend
regulations to facilitate the use of these fuels in complete safety, work on reducing
methane slip.

6.2.4. Scenarios

For the “gas tanker” category, the scenarios are based on strong growth in the number of
vessels in service (+10% annually over the next five years), followed by moderate growth (+1.5%
annually): on a short-term basis, this trend leads to an increase in emissions (the expanding
fleet causes an increase of 45% by 2030, 65% by 2040 and 90% by 2050). However, the
evolution of demand for alternative fuels will mean that this category of vessels can transport
and consume energy that is, as a result, less carbon-intensive (bio-gas, e-fuels).
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The change of energy source will be a major decarbonisation lever for this category, allowing
for a decrease in emissions of 10% by 2030, 65% by 2040 and 120% by 2050. This lever will be
boosted in equal measure by the introduction of innovative technology and operational
measures (contributing to a 25% reduction by 2030, 45% by 2040 and 60% by 2050. The
trajectory of this scenario aims to reach a reduction in emissions of 60% by 2040 and 10% by
2050 of the IMO targets (post 2023 curve), the expected reduction being 40% by 2040 and 90%
by 2050.

2030 2040 2050
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5.3. Large service vessels

The large service vessels category includes a wide variety of specialised vessels: 4 rescue and
assistance tugboats, an anchor handling tug supply vessel, an anti-pollution vessel, 5
oceanographic research vessels of varying size, a research and supply vessel (the Marion
Dufresne), 16 cable-laying vessels and a survey vessel. The offshore wind farm sector is
represented here by 3 service vessels (SOV), and the diverse range of vessels in this category is
rounded off with a trailing suction hopper dredger.

Sophie Germain cable layer from Orange Le Pourquoi Pas ? by GENAVIR for IFREMER
Marine

6.3.1.Characteristics and special features of large service vessels

These vessels are distinguished by their highly specialised functions. They are designed to carry
out complex underwater work, for scientific or specific technical surveys, and for the majority
of them, to maintain high-precision dynamic positioning. Their propulsion system differs
significantly from that of standard transport vessels. Some of the vessels have diesel-electric
propulsion systems, which illustrate how technology has evolved in the sector.

The highly specialised nature of these vessels puts them in a distinct category in terms of
energy regulations. The EEDI, EEXI and Cll indexes which are often used to assess the energy
efficiency of merchant vessels, cannot be applied to this fleet. These vessels are currently not
concerned by EU and IMO regulations for the maritime sector. However, work is underway to
include them in the EU’s Emissions Trading Scheme (EU ETS), which would mark a turning point
in the management of their impact on the environment.

The large service vessels fleets have varied consumption profiles, which reflect the diversity of
their missions and operation zones. In 2022, consumptions varied between 7,001 m3 for Les
Abeilles and 78,700 m3 for LDA - ASN, 5,850 m3 for Genavir - Ifremer and 18,155 m3 of MDO
for Orange Marine. For dredging operations, the Grand Port Maritime Nantes-St Nazaire
consumes a combination of 1,200 m3 of MGO and 380 m3 of LNG. The geographic distribution
of these consumptions varies considerably: Les Abeilles and Orange Marine operate along the
Channel/Atlantic and Mediterranean coastlines, while Genavir - Ifremer and LDA - ASN operate
worldwide. GPM Nantes-St Nazaire operates between Nantes/St Nazaire and Rouen/Le Havre.

The French large service vessels fleet comprises ships of varying age and characteristics. The
rescue tugboats have an average age of 17 years, while the oceanographic research vessels have
an average age of 26 years. The cable-laying vessels are younger, with an average age of 10.6
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years, and the trailing suction hopper dredger is 22 years old. This great difference in age
reflects the different renewal and investment cycles for each sub-sector.

This diversity highlights the complex range of decarbonisation challenges this sector faces and
the necessity to take an approach that is tailored to each type of vessel.

6.3.2. Suitability of the various decarbonisation levers

Energy and infrastructure

Less carbon-
intensive fuels &
carbon capture

The spectrum of options in terms of energy source for these vessels is vast and
constantly evolving. LNG, while promising, presents challenges linked to the
volume of storage required to ensure range that is comparable to traditional
fuels. Biofuels are undergoing extensive testing in this fleet category, focused
particularly on B30 and B100. There is growing interest in e-fuels such as
methanol and ammonia but they also present difficulties in terms of supply and
risks.

A
Renewable
energy sources,
electrification,
other sources of

Electrification and hybridisation are gaining ground. Shore-side connections
can help make savings of up to 35% of the diesel consumption considering the
fairly long periods that some of the vessels in this fleet remain docked,
particularly for rescue vessels and cable-laying vessels, while batteries,
especially for the SOV, reach capacities of several MWh. Wind propulsion using
kite systems offer a significant reduction potential. Finally, some promising
studies have been carried out on hydrogen, with demonstrated feasibility for 2-
day range on an SOV, and it could be considered as an on-board solution for
shore-side connections. Each of these options presents its own challenges in

energy terms of storage, supply and compliance with regulations, meaning that a
nuanced approach is required, tailored to each type of vessel.
Energy efficiency
e
e S Operational levers are crucial in reducing the energy consumption of large
-‘._ service vessels. Operational excellence, which includes optimising the
speed/consumption ratio, porosity, weather routing, and optimising dynamic
Operational positioning systems, is a key goal of this approach.
efficiency
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Optimal design &
technologies

Improving the energy efficiency of these vessels is reliant on several key levers.
It is crucial to improve propulsion efficiency and this involves the adoption of
innovative propulsion technology (particularly variable-pitch propellers) and
hybridisation of propulsion systems. Several measures must be rolled out to
optimise on-board energy consumption, such as the use of LED lighting,
installing batteries for peak shaving, to absorb the fluctuations during dynamic
positioning operations, and replacing hydraulic systems (hoisting facilities for
example, which are sometimes quite imposing on these vessels) with alternative
electrical systems. It should be noted that the applicability and effectiveness of
these levers varies considerably depending on the type of vessel, as each
category comes with its own challenges and specific opportunities. Regularly
cleaning the hull and propellers, with 5 years to 2.5 years between hull fairing
for some vessels, also helps ensure energy efficiency. Combining these different
measures can lead to a significant reduction in consumption.
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Sobriety

DI

Sobriety in
operation &
design

Energy sobriety, particularly by reducing speed for transit or patrol operations,
offers significant gains.

6.3.3. Review

This category’'s shipowners develop varied strategies to address the decarbonisation
challenges. For tugboats for example, Les Abeilles have chosen to focus on shore-side
connection for their entire fleet, and are involved in an innovative partnership for the use of
kites, with trials on sails that vary in size between 50 m2 and 400 m2. Genavir - Ifremer are
adopting a long-term approach with the new MSRV vessel, designed with the possibility of
jumboization halfway through its life cycle in 2045, and the Atalante is expected to be replaced
for 2030-2032. Orange Marine has turned to hybridisation with a new diesel/electric vessel and
the improvement of the René Descartes cable-laying vessel with a land power connection. GPM
Nantes St Nazaire is planning for a new construction by 2032, while LDA - ASN is looking into
ambitious retrofitting scenarios for its cable-laying vessels and SOV, including the use of
biofuels, shore-side connection, an increase in battery capacity and the integration of
hydrogen fuel cells. These diverse strategies reflect the complex nature of the large service
vessels category and the necessity to adapt the solutions to the specific operational and
regulatory issues to face for each type of vessel.

Tugboat from the company LES ABEILLES Pilot craft being refuelled with HVO

To transition to a greener fleet, several development areas need to be addressed as a priority:

e |tis crucial to develop the electrical infrastructure for shore-side connection, and the
ports of Calais and Brest are priorities here.

e Adapting technical regulations to new technologies is essential if they are to be rolled
out on a widespread basis.

e The distribution of new fuels is a major challenge in terms of logistics and requires
precise mapping of the distribution of LNG, methanol, ethanol, bio-diesel and H2, over
the short and medium term.

e Finally, financing solutions must be sought out to support these technological
transitions and allow shipowners to invest in these new solutions. With the industry
calling for ETS revenues to be redistributed for the decarbonisation of the maritime
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sector, shore-side electricity projects and electrification of vessels in certain ports
could therefore be financed.

The success of these projects requires close collaboration between shipowners, port
authorities, regulators and technology suppliers, underlining the importance of a concerted,
multi-sector approach to decarbonising this specialised fleet.

B.4. Large ferries (GFE in French)

The French fleet of large ferries comprises 31 vessels operated by four shipowners in France.
The fleet is divided between two major maritime coastlines: Channel/Atlantic and
Mediterranean

A Galeotta LNG vessel from Corsica Linea The Brittany Ferries Saint-Malo LNG/electric
launched in 2023 ferry

6.4.1.Characteristics and special features of large ferries

Large ferries have an average length of around 180 m, and are very powerful, with between
25,000 and 31,500 kW for the main engines. With a gross tonnage of 31,935 on average, they
boast a significant transport capacity, both for vehicles and passengers. The average age of the
fleet varies considerably depending on the shipowner, ranging between 14 and 25 years, for an
average of 18.5 years, which is evidence of the long lifespan of this type of vessel, and therefore
the necessity for gradual modernisation.

These vessels boast a relatively high speed compared to other fleet categories, which creates
specific challenges in terms of energy efficiency. In terms of design, they are short and with
high superstructures, making them less energy efficient. The fact that they are operated on
fixed routes according to a specific timetable between two or more ports, and in maritime
areas with multiple uses, also limits the possibilities to optimise routing.

The renewal of the fleet is made complicated due to the high cost of these vessels, estimated
at several hundred million euros per unit, and the difficulty for large-scale production.
Passenger transport also involves more stringent safety regulations than for other types of
vessels, which can be a hindrance for some decarbonisation solutions. The restricted space on-
board and the high superstructures limit options for retrofit and the installation of new
technologies.
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6.4.2. Suitability of the various decarbonisation levers

Energy and infrastructure

Less carbon-
intensive fuels &
carbon capture

LNG is currently either used or being considered by 3 of the 4 shipowners in the
large ferries fleet category, with 3 of the vessels that use this fuel already in
operation and another 3 being built. However, the issue of methane slip, which
can reduce any environmental benefits, is still to be overcome. Biofuels show
promise, and it is possible to incorporate biodiesel in current engines
immediately. There is growing interest in biomethane, which could reduce CO2
emissions as compared to fossil LNG. While e-fuels have been recognised as
necessary in the long-term, they are still hampered by insufficient technological
readiness and challenges relating to cost, compared to conventional fuels.

i ' 0527
Renewable energy
sources,
electrification,
other sources of
energy

Electrification shows great potential when it comes to manoeuvres and
stopovers, with battery systems that can reach a capacity of 10 MWh. However,
for long trips, the weight of the batteries and the battery life remain major
obstacles to overcome. Other limiting factors have also been identified for this
type of technology, including the ability of ports to supply sufficient power,
connection standards, frequency issues, as well as economic concerns and a
number of technical challenges (connection points, connection automation).
Wind propulsion may be promising for other types of vessels, but it appears
difficult to implement for ferries due to their sailing speed.

Energy efficiency

e
V

uw
Operational
efficiency

Optimising operations is crucial in reducing emissions from large ferries.
Optimising turnaround times is particularly important and every minute saved
can help make significant fuel savings. Weather routing, although applicable on
a case-by-case basis according to the area of operation, can deliver variable
gains in fuel consumption, saving more fuel for longer crossings. Shipowners are
investing in decision support tools that are still being studied, which could
improve operational efficiency. Performance monitoring is already widespread
and is being constantly adapted, with systems gradually capable of tracking
consumption and emissions in real time. Staff training is currently being
developed and the goal is to increase awareness of eco-piloting practices
among crews.

| —— ==
=

A A

Optimal design &
technologies

A certain number of technical improvements offer promising prospects for the
large ferries category. Coating hulls with innovative paints can help to gain up
to 10% in efficiency. Modifying the bow may be a more complex task, but it can
help gain a few percentage points. Optimising the shape of the vessel is mainly
feasible only for new ships, and can produce gains of between 5 and 20%
according to hydrodynamic studies. Optimising the propulsive efficiency,
particularly by replacing the propeller blades, can lead to impressive gains of
between 8 and 18%, as long as the operational requirements of the vessel are
modified at the same time. Finally, optimising energy usage on board, by
installing Organic Rankine Cycle (ORC) systems, waste heat boilers and
switching to LED lighting, can reduce a vessel’s overall energy consumption.

Sobriety

a1 ® )™

Sobriety in
operation & design

The sector is currently considering a reduction in speed.
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6.4.3. Review

Decarbonising large ferries presents challenges that are complex but can be overcome.
Shipowners are actively exploring various solutions, with a focus on operational optimisation,
energy efficiency and the gradual adoption of alternative fuels. Partial electrification and the
use of LNG have been singled out as short-term solutions. In the medium term, an increasing
use of biofuels could help reduce emissions even further. E-fuels are considered for the long
term. Collaboration between shipowners, ports and the development of adapted
infrastructure will be crucial, and will require investments estimated at several billion euros
over the next decades, to reach the ambitious decarbonisation targets for the sector.

6.4.4. Scenarios

For the “large ferries” category, the scenario is based on moderate growth in the number of
vessels in service (+1.5% per year), and the use of an energy mix that gradually includes biofuels
and e-fuels, the electrification of certain uses, as well as the introduction of technological
innovations and a possible adaptation of ships’ sailing speed. The combination of these levers
will allow us to stay on track to meet the decarbonisation targets for 2030, and gradually
decrease absolute emissions and the overall carbon intensity of vessels. Considering the service
life of vessels which is longer than those in the container ships and gas tankers categories, the
vessels using fossil fuel energy sources will remain in the fleet for longer, which explains why
the levels of carbon intensity and emissions are slightly higher than in other categories.
However, this longer service life offsets the carbon emissions linked to the construction of new
vessels.
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The change of energy source is considered a significant decarbonisation lever for this category,
as it will help reduce emissions by 5% by 2030, 57% by 2040 and 91% by 2050, offsetting the
increasing emissions due to fleet expansion (+13% by 2030, +20% by 2040 and +22% by 2050).
This lever will be boosted in equal measure by the introduction of innovative technology and
operational measures (helping to reduce emissions by 9% by 2030, 17% by 2040 and 20% by
2050), therefore guiding emissions to 10% below their current level.
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7. The range of solutions and industrial capacity for

decarbonisation

7.1. European industrial capacity for a European maritime policy'

THE EUROPEAN MARITIME
TECHNOLOGY INDUSTRY
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European shipyards stand out for their expertise in building
complex and technologically advanced vessels, both civil and
military. Thanks to an industrial capacity of around 300
shipyards specialising in the construction, repair, maintenance
and conversion of various types of vessels, European shipyards
are renowned for their ability to build vessels with high added
value such as cruise ships, ferries, specialised ships and military
vessels.

Ship repair covers all types of vessels, and can provide
retrofitting for the entire fleet, even those built in Asia.
Retrofitting includes, for example, the installation of auxiliary
wind propulsion, bow and propulsion replacement, engine
replacement, installation of battery or smoke treatment
systems, or jumboization techniques to add decarbonisation
modules.

European equipment manufacturers are global leaders in the
shipbuilding industry. There are around 28,000 companies of
varying size, from large firms to small and medium-sized
enterprises (SMEs). These companies provide a diverse range of
materials, systems, equipment and services, particularly related
to engineering and guidance.

In terms of capacity, these equipment manufacturers generate
annual production of around 70 billion euros and employ more
than 320,000 people directly. They are responsible for around
50% of the global market in their field, which illustrates just how
competitive they are and the extent of their technological
expertise.

Despite these strengths, European shipyards and equipment
manufacturers have challenges to face, such as the increasing
competition from Asian shipyards and the necessity to adopt
sustainable and digital technologies. To help boost their leading
position, SEA Europe is calling for a European strategy to build
10,000 sustainable, digital vessels by 2035, highlighting the
importance of innovation and cooperation within the European
maritime industry.

'6 Source SEA Europe
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7.2. Overview of industrial solutions

Drawing on available open sources’, the French Maritime Industry Group (GICAN) has
developed an detailed overview of the French solutions devoted to the decarbonisation of the
maritime sector that are in line with the levers set out in the roadmap for decarbonisation of
the maritime sector. This overview features the technologies and solutions developed by
French companies to reduce greenhouse gas emissions in the shipbuilding industry. By the end
of 2024, more than 380 proposals for solutions had been put forward by over 250 sources.

These proposed solutions mainly concern less carbon-intensive energy sources stored on-
board (53%), design technologies (17%), operational excellence (13%), the use of renewable
energy sources on-board (12%, mainly wind propulsion).

Offres par levier
(en % d’offres)

= Design Optimal & Technologie
= Eco-Construction

u Excellence opérationelle

» Energies moins carbonées

= Capture, stockage et
traitement GES

Energies renouvelables a bord

Source : GICAN 2024

The energy sources mentioned in the various solutions put forward by French companies are
mainly linked to electrification, e-fuels and wind propulsion. The technologies suggested to
increase energy efficiency linked to the design of the vessels are concerned with drag (44%),
managing on-board energy (32%) and propulsion (24%). The information technology cited
allows for the development of operational excellence solutions, mainly by optimising
operations and maintenance (50%), decision support for seafarers and fleet managers (39%)
and the port/ship interface.

Energies renouvelables Design Optimal & ' Excellence
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Interface Formation
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7 Media, websites, innovative projects from competitiveness and work clusters
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le panorama des solutions
industrielles frangaises pour la
décarbonation du maritime

This diverse range of French solutions is supported by an industrialisation of solutions and the
roll-out of the first factories for wind propulsion equipment manufacturers (Saint Nazaire,
Lanester, Caen) and more generally devoted to green technologies (batteries, fuel cells, etc.).
It is now necessary to work alongside shipowners, for the required additional visibility in terms
of needs and potential markets, for the first orders to come in, to follow up R&D projects.

7.3. French solutions in line with the results of fleet categories studied

The work done by the working groups for each fleet category for the updated version of this
road map summarises the vision and requirements of French shipowners for their specific
fleets. The French shipbuilding industry is looking to seize this opportunity to ensure there is a
good match between supply and demand

The summary of requirements for large ferries calls for 100% electric ferry prototypes, wind
propulsion solutions adapted to the structural constraints of ferries and their operations, and
shore-side connection solutions for small ports and island ports. The French range of solutions
to meet these needs is particularly abundant with a great number of players working on the
topic.

The summary for gas tankers highlights specific solutions for shipbuilding in this category,
including the use of fuel cells, wind propulsion, carbon capture and calls for prototypes to be
built with these technologies. This vision only accentuates the need to bring the French
industry closer to these shipowners as the French proposals are becoming increasingly aligned
with these topics.

For large service vessels, the priorities identified in the scenarios for fleet development linked
with shipbuilding technologies include electrical infrastructure and shore-side connections,
hybrid propulsion, compatibility with new fuels, the use of kites for auxiliary propulsion and
weather routing.
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8. Transition of energy carriers: biofuels and e-fuels

The transition to less carbon-intensive and even decarbonised fuels is one of the cornerstones
in the decarbonisation of the maritime sector. While LNG, already a mature solution, is
considered to be a transitional fossil fuel, the use of biofuels in the maritime sector is likely to
increase rapidly, before they are then replaced with e-fuels, which are not yet mature enough,
and not available in sufficient quantity.

These alternative marine fuels require a transformation of the value chain, but can also
represent a real opportunity for the French energy sector.

£.1. Biofuels for the maritime sector

Biofuels, whether liquid or gaseous, provide a solution to initiate the process of decarbonising
maritime transport. They are easy to use and can generally be incorporated without requiring
any major modifications to existing infrastructure and engine systems, and they are already
available for widespread use. Biofuels allow greenhouse gas emissions to be reduced, in variable
proportions depending on the type of biofuel, and also, subject to certain conditions, to
support the local economy through agricultural production and the transformation of waste.

8.1.1. Types of biofuels suitable for the maritime sector

Two major categories of biofuels can be used in the maritime sector: liquid biofuels and
gaseous biofuels. They are generally added to fossil fuels.

Liquid biofuels

FAME (fatty acid methyl esters), more commonly known as biodiesel, can be produced using
several inputs. The so-called 1st generation FAME are obtained from vegetable oils such as
rapeseed, sunflower or soy, and then transformed by transesterification. The “advanced” FAME
biofuels are obtained through the recovery of raw materials intended for destruction, such as
animal fats or waste oils. According to the life cycle assessment approach, the potential of
GHG emissions reduction can vary between 50 to 60%" for the 1st generation biofuels and
over 80% for “advanced” FAME.

HVO (Hydrotreated Vegetable Oil) can be produced using vegetable, residual or waste oils, but
by using a different process, that of hydrogenation. This process involves adding hydrogen
compounds to oils using high pressure, which eliminates oxygen and produces a very high-
quality fuel similar to fossil diesel or kerosene, but with less of an impact on the environment.
Unlike FAME, HVO contains little or no oxygen, therefore improving its stability and
performance in engine systems. As for the reduction in greenhouse gas emissions, HVO can
reach up to an 80% reduction in CO, emissions compared to fossil fuels, depending on the
origin of the raw materials and the efficiency of the production process.

'8 Life cycle assessment of first generation biofuels used in France, ADEME (2010)
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Other types of so-called 2nd generation biofuels, are currently under development (in the
industrial R&D phase). Produced from non-food raw materials, such as crop residues (straw,
husks, wood) or organic waste, using processes such as “Biomass to liquid” (BtL), they do not
compete directly with food crops and could eventually be an interesting solution for the
decarbonisation of maritime transport.

Gaseous biofuels

Biomethane is another alternative to decarbonise maritime transport. In chemical terms,
biomethane is the equivalent of liquefied natural gas (LNG). It is interchangeable with LNG,
and can be used in existing infrastructures without requiring modifications to the tanks or
engines of ships already running on LNG. It is currently the only biofuel capable of
decarbonising the growing fleet of LNG-powered vessels. Today, biomethane is mainly
produced by anaerobic digestion. This is a biological process whereby organic matter
(agricultural waste, food waste, manure, sludge from water treatment plants) is broken down
in the absence of oxygen, producing a methane-rich biogas. Once treated, this biogas can be
injected into the natural gas system as biomethane.

In terms of carbon intensity, recent studies by GRDF'® show that the biomethane injected in
France represents an average carbon footprint of 23.4 g CO,eq/kWh according to a Life Cycle
Assessment (LCA), compared to 227 g CO,eq/kWh for natural gas from fossil sources. This
carbon intensity varies depending on the inputs and processes used. When combined with
carbon capture technology, anaerobic digestion can even allow for negative carbon emissions.
Anaerobic digestion also generates another product called digestate which can be used as a
fertiliser, adding organic matter and nutrients to soils.

New technologies such as pyro-gasification and hydrothermal gasification also provide
alternative ways to diversify biomethane sources. Pyro-gasification is a process whereby dry
matter such as forestry residue is recovered, while hydrothermal gasification is a way to
transform specific waste such as refuse-derived fuel (RDF), into biogas.

8.1.2.Biofuels production potential

Worldwide and in Europe

Any means of producing biofuels relies on biomass resources, which are by definition limited.
Numerous studies have attempted to estimate the production potential of biofuels on a global
scale, often with divergent results. According to the Net Zero by 2050 report from the
International Energy Agency (IEA), the production of liquid biofuels could be multiplied by
four, while biogas could be multiplied by six between 2020 and 2050. These forecasts depend
on the development of sustainable biomass supply chains.

These estimations are nevertheless considered to be optimistic and do not take certain
obstacles into consideration, such as those relating to European regulations such as the RED
directive (Renewable Energy Directive). The latter restricts the use of biomass to only the
biofuels capable of considerably reducing greenhouse gas emissions compared to fossil fuels
(see chapter 4). In its 2023 white paper entitled “Biofuels in Shipping”, DNV estimates the
global biomass potential between 400 and 600 Mtoe by 2030 and between 500 and 1,300 Mtoe

'® Brief summary of the GHG emissions study on the development of injected biomethane
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by 2050 (all sectors combined). These figures take into account regulatory constraints, the
availability of resources (agricultural and waste), the efficiency of different production
technologies, as well as economic viability by excluding fractions that are profitable in other
markets.

Sustainable and economical biofuel potential by feedstock category in 2030 and 2050.
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Biofuels in Shipping, DNV (2023)

It should be noted that biomass allocation depends on the categories and sectors, with
variable conversion rates (ratio between the volume of inputs used and the fuel produced)
depending on the type of inputs (dry or wet) and the addition of hydrogen in the production
process. As described in Chapter 1, the various biomass categories are more or less suited to
different production processes.

On a European scale, the European Commission estimates? that the biomass available for the
production of biofuels could reach between 150 and 200 Mtoe by 2030 and between 160 and
350 Mtoe by 2050.

In France

In France, biofuel production was given a boost by the Multiannual Energy Plan (MEP), reaching
around 3.5 million tonnes of liquid biofuels in 2023, mainly for the road sector and to a lesser
extent, the air sector.
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biomass prioritisation of use: challenges and guidelines, SGPE (July 2024)

20 European Commissions Impact Assessment for the 2030 Climate Target Plan (EC, 2020)
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The 3rd edition of the MEP is currently being drawn up, and these targets might be revised
upwards as a result. In 2022, biodiesel incorporated in France - mainly FAME for road transport
- represented 7.7% of diesel volumes, or around 30 TWh. The materials used are still mainly
from crops such as rapeseed and imported.

For biomethane, France has set ambitious targets, with current production exceeding 12
TWh/year, compared to a target of 44 TWh by 2030. There are currently 674 facilities injecting
biomethane into the natural gas systems using inputs comprised of 80% inputs of agricultural
origin and 20% from non-hazardous waste storage facilities (ISDND). The gas industry is
expecting greater production potential with 57 TWh of biomethane by 2030, and 275 TWh by
2050.

2 Trajectoire de production realisable
Potentiel
2030 2040 2050
Methanisation 190 TWh 49 TWh 100 TWh 135 TWh
Pyrogazéification 180 TWh 6 TWh 30 TWh 90 TWh
Gazeification Hydrothermale 100 TWh 2 TWh 25 TWh 50 TWh
|Total >> 430 TWh 57 TWh 155 TWh 275 TWh

France Gaz “A vision of the gas industry by 2050” (2022)

8.1.3.Use of biofuels in maritime transport today

The use of biofuels has always been limited to road transport and, to a lesser extent, air
transport, due to incentive-based regulations. Recently however, their use in the maritime
sector has started to accelerate. As an example, in 2023, fuels combined with biodiesel
represented more than 7% of total bunkering at Rotterdam port?' and around 1% at Singapore
port??, for a total of approximately 0.4 Mtoe pure bio-based diesel, up from around 0.3 Mtoe
in 2022.

In France, ports do not currently offer bunkering solutions for marine fuels containing liquid
biofuels, because there isn't enough demand. Nevertheless, a number of one-off operations
have been carried out, such as the LDA-operated vessel Ciudad de Cadiz, which underwent
several HVO bunkering operations by truck in the port of Nantes-Saint Nazaire.

In the short term, however, the incorporation of FAME (for the most part) and HVO appears
to be an appropriate solution for shipowners to decarbonise their fleets and comply with
regulatory requirements. These so-called “drop-in” liquid biofuels are an excellent fuel base for
marine engines, and present few technical and operational constraints. Tests carried out by
several shipowners have confirmed that marine engines are well adapted to these fuels, with
results that are often satisfactory in terms of greenhouse gas reductions, as well as reductions
in pollutant emissions (sulphur oxides and nitrogen oxides).

2 https://www.portofrotterdam.com/sites/default/files/2024-04/bunkersales-2021-2024.pdf
Zhttps://www.mpa.gov.sg/docs/mpalibraries/mpa-documents-files/stratpol/port-statistics/bunker-
sales3e276db0565c4f94bdd764da59396395.xIs?sfvrsn=c7b22b1_0
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However, the volumes of these fuels will remain limited, even though they might be reallocated
in Europe with the announced end of sales of new combustion-powered cars, to other sectors,
including the marine sector. The main reasons for this are the limited availability of vegetable
oils and deliberately restrictive regulations on 1st-generation biofuels. However, there may be
a move towards 2nd-generation diesels, bioalcohols (methanol and ethanol) or residual fuels.
In addition to broadening the resources used, these processes would make it possible to meet
the decarbonisation targets imposed by regulations for 2040 or 2050.

As far as biomethane is concerned, its use in the maritime sector is linked to the rapid
development of the global fleet of LNG-powered vessels. It should be noted that LNG is now
by far the leading alternative to traditional liquid fuels.

In the majority of cases, biomethane intended for the maritime sector will be derived from
biomethane injected into the gas system, made available in the form of bioLNG at European
LNG terminals, thanks to the appropriate certification schemes (regulation implementing the
RED directive). It can be distributed by bunker vessels, or by tank lorries for ferries.

There are a number of regulatory uncertainties surrounding the use of the biogas guarantee of
origin certification system, and particularly in recording these fuels for decarbonisation
obligations, without physical bunkering of the molecules. Only French projects not subsidised
by the State would be eligible. Bear in mind that the regulator's objective is to ensure physical
bunkering of the molecules.

The use of bioLNG by shipowners is only just beginning, but there are companies that are
actively committed to integrating this lever. CMA CGM has just signed an agreement with SUEZ
to produce up to 100,000 tonnes of biomethane per year by 203023,

8.1.4.Projects that illustrate the dynamic nature of the biofuels industry in France

Biofuels production projects in France could be beneficial to maritime transport. Initiatives
such as Salamandre and other advanced biofuels production facilities could eventually offer
adapted solutions for marine fuels. With the needs of the maritime sector evolving towards
more sustainable fuels, these facilities could be gradually either transformed or expanded in
response to the specific demand in the maritime sector for biofuels.

Salamandre project

The Salamandre project was launched in 2021 with the aim of producing biomethane by pyro-
gasification in the region of Le Havre, solely for maritime use. This initiative, led by ENGIE and
CMA CGM, involves the installation of a synthetic renewable gas production facility powered
by wood waste and refuse-derived fuel (RDF). Salamandre is the result of 10 years of R&D on
pyro-gasification and methanation and the facility will have the capacity to supply 11,000
tonnes of biomethane per year by 2027, or 177 GWh/year. CMA CGM will acquire bioLNG,
which emits 80% less than its fossil equivalent.

2 lemacgm-group.com/fr/actualites-media/le-groupe-cma-cgm-et-suez-signent-un-protocole-daccord
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Converting refineries, such as La Méde (TotalEnergies)

La Méde refinery near Marseille is one of the biggest biofuel production facilities in France, and
is run by TotalEnergies. This former fossil oil refinery was converted into a biorefinery in 2019,
and boasts a production capacity of 300,000 tonnes of HVO biodiesel per year. La Méde uses
a diverse range of feedstocks, including vegetable oils (such as rapeseed or sunflower oils),
waste oils and animal fats. The refinery’s annual production is mainly used by the road sector,
but it is likely to turn to the maritime sector in the future due to the gradual electrification of
road vehicles and the close proximity to the port of Fos-sur-Mer.

La Méde is not the only facility concerned by these changes, the Grandpuits platform is also
being transformed to supply biofuels, here mainly devoted to aviation.

BioTfuel facility in Dunkirk

BioTfuel is a pioneering project in Dunkirk, specialised in the production of advanced 2nd-
generation biofuels derived from lignocellulosic feedstocks (agricultural and forestry waste and
residues). This pilot project is led by a number of partners, including IFPEN, Axens, CEA,
TotalEnergies, and ThyssenKrupp Uhde, and has demonstrated the success of Btl (biomass to
liquids) technology on a pre-industrial scale. Even though this technology is still in the
industrialisation phase, the BioTfuel project offers great potential for supplying biofuel with a
low carbon footprint to the aviation and maritime sectors. Incidentally, this process has been
leveraged for an industrial project, entitled BioTJet, from Elyse Energy, which aims to build and
operate an e-biofuel commercial plant for the aviation sector in France.

8.1.5.0utlook for the roll-out of marine biofuels in France

To develop biofuels for the maritime sector, the competing uses must be taken into
consideration. Demand for biomass is growing in a number of sectors, especially aviation,
industry, residential and also for electricity production. For the maritime sector, the existing
infrastructure and engine systems allow for direct and efficient integration of liquid and
gaseous biofuels, therefore providing a potential for an immediate reduction in greenhouse
gas emissions. However, a strategy aiming to guide the volumes of biofuels towards this sector
will be needed if the maritime sector is to benefit from this opportunity. This could involve
directing resources towards the industries that are the most difficult to decarbonise, and
specific regulations. SGPE’s work on the prioritisation of biomass uses is linked to this, in that
a list of priority sectors were identified as having access to biomass resources.

Giving priority to maritime transport in terms of accessing biofuels should also involve
encouraging stakeholders to create and develop production capacity that is adapted to the
specific characteristics of this sector.

Ports, shipowners and energy providers all have a key role to play in developing biofuels
production models based on local supply chains. These initiatives can only be rolled out if the
French government and local authorities are proactive in creating suitable economic and
regulatory conditions for the roll-out of such projects in France.

The transition to advanced biofuels in the maritime sector can also boost local economies and
the competitiveness of certain French ports. Faced with competition from other European
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hubs, if ports can provide bunkering for sustainable biofuels, they will attract shipowners
looking to reduce their carbon footprint, while anticipating increasingly demanding
international environmental requirements. Boosting these production capacities will help to
be less vulnerable to the fluctuations of the fossil fuels market and ensure greater energy
resilience.

8.2. Synthetic fuels and the maritime sector

Synthetic fuels, or e-fuels, are fuels derived from chemical processes using decarbonised
hydrogen and captured CO2, or nitrogen for ammonia, that can be introduced over the
medium and long term. These fuels come in liquid or gaseous form and along with biofuels
derived from biomass, they provide a suitable alternative to reduce the dependency of
maritime transport on fossil fuels, and therefore pave the way for the decarbonisation of the
sector by 2050.

E-fuels are not as mature as biofuels, but they are one of the solutions needed to be able to
reach the decarbonisation goals for the maritime sector.

8.2.1.Types of synthetic fuels suitable for the maritime sector®*

At atmospheric pressure, hydrogen is gaseous and has a high energy density per mass, but a
low energy density per volume. To be stored in reasonable-sized tanks, it must be compressed
at very high pressure (between 300 and 700 bar) or liquefied at -252°C. Both of these methods
require a high energy consumption and pose technical challenges for on-board equipment.

Its transformation into e-fuels, by reaction with CO, or nitrogen, is an indirect method of
providing vessels with electricity. Whether gaseous or liquid under ambient conditions, e-fuels
are generally easier to transport, store and use than pure hydrogen. This is an interesting
solution for air and maritime transport, as pure hydrogen is difficult to use for long distances.

There are several types of e-fuels that can be used in the maritime sector, and each one
presents specific characteristics suited to the different needs of vessels. The main e-fuels being
considered for the maritime sector are e-methanol, e-ammonia and e-methane.
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Main types of synthetic e-fuels (IFPEN)

According to the well-to-wake life cycle assessment methodology, the potential for synthetic
fuels to reduce greenhouse gas emissions depends, among other things, on how carbon-
intensive the inputs used are, primarily electricity.

24 https://www.evolen.org/wp-content/uploads/2023/03/15-03-2023-EVOLEN-Note-de-synthese-sur-les-e-fuels.pdf
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Liquid synthetic fuels

E-methanol, the production of which has already been industrialised in small proportions,
particularly for the chemicals industry, is a promising fuel for the maritime sector. This fuel is
already known among manufacturers, relatively dense in energy and is in liquid form at room
temperature. E-methanol can be rolled-out quickly as it can easily be added to the petrol used
for existing vehicle engine systems and used in “duel fuel” engines in the maritime sector.
However, methanol presents a certain level of toxicity and so precautions must be taken when
using it as fuel.

Paraffinic e-fuels: These fuels are produced according to the Fischer-Tropsch process and can
be used with properties similar to their fossil equivalents.

Gaseous synthetic fuels

In liquid form at around -163°C, e-methane has the major advantage in that it can be
incorporated into LNG (Liquefied Natural Gas) and can therefore be used at existing facilities
and in compliance with existing regulations.

E-ammonia is being looked into more closely for maritime transport as it is an economical
synthetic fuel that is simple to produce, using the Haber-Bosch process. It is also the only zero-
carbon e-fuel. However, its high level of toxicity and the threat it poses to the environment
remains an obstacle to its widespread use as a fuel, particularly in confined spaces such as
ships. E-ammonia also aims to lower the carbon intensity of the production of chemicals such
as nitrogen fertilisers. It is also a possible solution for transporting hydrogen long distances
(ammonia cracking).

8.2.2. Potential for synthetic fuels production

As it stands, synthetic fuels production is almost non-existent across the globe. The availability
of renewable, low-carbon hydrogen is extremely limited for the moment, even though it is
crucial for the production of e-fuels.

Production technologies for these fuels may have been mastered by manufacturers, but the
cost of e-fuels is still a hindrance to their large-scale development as it is estimated 8 times
higher than the fossil equivalents. Changes in the regulatory framework, aiming for carbon
neutrality by 2050, should nevertheless facilitate their gradual introduction.

Worldwide

The International Energy Agency (IEA) estimates?® that due to decarbonisation requirements,
global production of synthetic fuels for transport could reach 56 Mt of e-fuels (excluding
ammonia) and 44 Mt of ammonia by 2050, with a significant share devoted to sectors that are
difficult to decarbonise, such as maritime transport. These figures are estimations based on
scenarios involving large-scale development of renewable electricity.

A study carried out by the company MGH on behalf of CMF offers an estimation of the global
potential for synthetic fuel production, taking into consideration geographical aspects. The
study reveals that, in the most competitive geographic areas, i.e. those with favourable wind

% https://www.iea.org/reports/net-zero-by-2050
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and sun conditions, the potential for e-fuels production is high (estimation of the minimum
potential for the most competitive areas), exceeding even the needs of the maritime and air
transport sectors. The analysis demonstrated the leading role of Africa, the relative importance
of Australia and, to a lesser extent, America. Europe however, where a significant share of the
demand is located, does not have the optimal weather conditions for widespread roll-out of
renewable energy sources, and consequently, widespread production of e-fuels. This
distribution could redesign fuel trade on a global scale, by introducing a new model for trade
between producing and importing countries. Certain ports could therefore become
specialised and position themselves as strategic supply hubs.

In France

The Multiannual Energy Plan (MEP) currently being revised, does not set targets for the
production of synthetic fuels, but instead aims to support the development of hydrogen
produced by water electrolysis. In the

planning documents currently out for o

consultation (SNBC and MEP), the e

target set is 6.5 GW in electrolyser ks

capacity by 2030 and 8 GW. :

France is also bound by European goals, 20
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2030.

As for electricity requirements, RTE
anticipates the needs for?® electricity to
be around 10 kT/year by 2030 and 100
kT/year by 2035.

Supply of hydrogen to meet sustainable fuel needs for
maritime transport (RTE, July 2024)

8.2.3. Use of synthetic fuels in the maritime sector

Even if synthetic fuels are not yet available, they are being closely examined by shipowners,
shipyards and equipment manufacturers, as well as ports.

LNG is already used in the maritime sector, particularly for certain fleet categories (LNG
tankers, container ships, ferries, cruise ships), and already boasts marine infrastructure and
equipment - engines, storage, etc. - suited to this fuel, but there is still progress to be made,
especially to limit methane slip. If there were to be a switch to synthetic LNG, this would not
require any specific adaptation compared with conventional LNG.

There is a lot of interest in e-methanol from the world’s shipowners and they are investing in
“"methanol-ready” vessels. These vessels are usually designed to be able to run on methanol as
soon as this fuel becomes available at a competitive price, but they are also able to run on
conventional fuel. There are also plans to retrofit existing vessels to adapt them to methanol,
and the first duel-fuel methanol vessels are now in operation. In terms of bunker infrastructure,
the majority of ports do not have suitable facilities, although a few pioneers are initiating

% https://assets.rte-france.com/prod/public/2024-07/2024-07-12-chap11-hydrogene.pdf
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projects. The development of infrastructures will depend mainly on how demand evolves and
on the clarification of international rules on the safety and bunkering of this fuel.

There is growing interest in ammonia in its liquid form at-33°C in the maritime sector, but there
are technical challenges to overcome. The main one is concerned with designing vessels,
equipment and bunker facilities that can be used with ammonia in complete safety. This
extremely toxic and corrosive fuel calls for strict handling protocol. Aftertreatment of the NOx
(pollutant) and N20O (powerful greenhouse gas) emissions generated by its combustion is also
a major challenge, and R&D on the topic is currently underway. Added to this is the lower
energy density of ammonia, which requires bunkers 3 to 4 times larger than for fuel oil, both
of which provide the same range. Despite the lack of maturity, orders for new ammonia-
powered vessels have begun to take off, and a first Japanese vessel has been converted to an
ammonia-fuelled vessel (Sakigake tugboat).
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Growth in the number of vessels capable of using selected alternative fuels, excluding LNG carriers (DNV,
May 2024)

8.2.4. Key projects in France for synthetic fuels

In France, demand for e-fuels for the maritime sector is likely to remain low between now and
2030, as shipowners opt for more mature, less costly technologies. However, due to regulatory
requirements, demand could rise to over 9 TWh (774 kToe) by 2040 The structuring of a French
e-fuels production sector from 2030 should help to anticipate this change in demand.

France boasts a vast network of proactive players involved in the development of synthetic
fuels. The French E-fuels Bureau, which represents all these players, publishes an annual
observatory which provides a comprehensive overview of current projects. The 2024 edition?
of this observatory, published in July, featured 26 projects (covering all stages in progress)
across 17 departments in mainland France, devoted to the production of various molecules,
including e-methane, e-methanol, e-kerosene and by-products.

More than a quarter of the projects are either near the river Seine or close to Fos-sur-Mer.
These locations near major industrial areas offer project leaders the advantage of being close
to CO, deposits that can easily be captured, and also to the end consumers of e-fuels. These
locations offer the possibility of transporting e-fuels towards Le Havre and Fos-sur-Mer.

27 https://www.bureau-efuels.com/wp-content/uploads/2024/10/Observatoire-francais-des-e-fuels_edition-
2024_Fr.pdf
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Map of projects announced either within the scope of the study or related to it, according to public data
provided by project leaders or reported in the media (Sia Partners, June 2024)

If all the projects for e-fuel production in France go ahead as planned, they will be able to cover
the needs in France between 2030 and 2035. It should be noted that no plans to produce e-
ammonia for the maritime sector have been reported to date. This can be explained due to
the lack of readiness in ammonia technologies for the maritime sector.

The French e-fuels observatory also states that these projects would require 24 TWh of low-
carbon electricity, i.e. 3.4% of the production capacities planned by the SNBC (corresponding
to around 3 GW, the equivalent in power of 2 EPR-type nuclear reactors), as well as 2.6 million
tonnes of biogenic or fossil CO, to be captured and recovered, i.e. 2.2% of the current volume
produced by the most carbon-intensive industrial sites (sites with emissions in excess of 30
ktCO,/year).

If national e-fuels production sectors are not developed, France will have to import e-fuels or
ships will have to use bunkering facilities outside France to meet their regulatory obligations
and the needs of the maritime sector.

8.2.5. Obstacles to the introduction of synthetic fuels in the maritime sector

Over the medium term, the development of synthetic fuels in France presents an opportunity
to ensure the decarbonisation of the maritime sector while boosting France’s energy
sovereignty. However, there are several major challenges to overcome for a large-scale roll-out
of projects, and these challenges require strategic choices and huge investments to be made.

The production of synthetic fuels relies on the widespread availability of competitive, low-
carbon electricity, required to produce hydrogen by water electrolysis. France is in a
favourable position thanks to its nuclear and hydroelectric power plants, which already
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produce low-carbon electricity, but it will have to significantly increase its renewable electricity
production capacity to meet the various needs. Indeed, the electrification of uses in several
sectors of the French economy could make it even more difficult for projects to access low-
carbon electricity at competitive prices. The French government will have a key role to play in
the first phase of developing the sector, to ensure that a portion of low-carbon electricity
production can be allocated to projects at competitive rates. Investment in electrical
infrastructure and network management will also need to take into account the requirements
for e-fuel production.

With the exception of future projects for ammonia production that could arrive on French soil,
projects for carbon-intensive e-fuels will require a stable supply of CO,. These needs can be
met through the capture of biogenic, fossil and potentially, over the long term, atmospheric
CO,. As European legislation currently stands, industrial fossil CO, recovered for the
production of RFNBO-type e-fuels will be considered as avoided emissions, up until 2040. After
2040, there may be issues in biogenic CO, supply and this must therefore be anticipated from
the design stage of the first projects, in view of their projected lifespan (>20 / 25 years).

Developing the sector will also require considerable funds. Financing is now needed to carry
out technical and engineering assessments for projects, and in the coming years, for the
construction and development of industrial sites. To date, 8.1 billion euros of investments have
been announced between now and 2030 for 15 of the 26 projects mapped out, representing a
total production capacity of 552 kToe, or around 76% of the capacity of the projects in figure
3 (maritime and air sectors combined). These investments will greatly benefit the regions in
which they are located, boosting the local economy.

To ensure the economic viability of this new sector, commitment from end buyers, particularly
shipowners, will be crucial. These commitments will guarantee outlets for synthetic fuel
production, thus reinforcing the economic stability of the projects. Shipowners have a central
role to play in providing their support for e-fuel consumption over the long term, which will
encourage investors to get involved and secure financing for the necessary infrastructure.
Long-term partnerships between e-fuel producers and end consumers will also be key in
boosting the development of the sector in France.

Finally, depending on the type of fuel, developing synthetic fuels also involves adaptations of
varying extent to French port infrastructure. The ports are major refuelling and transit sites for
maritime transport, and they could also be developed to be able to receive, store and
distribute these new fuels. This would require investment to transform the existing facilities or
build new ones such as production, storage and supply units for vessels.

Finally, it should be mentioned that the e-fuels supply from countries that boast favourable
production conditions such as certain regions of Africa or Australia, with potentially more
competitive prices, could also be exploited for French and European projects, to be able to
meet the high demand for low-carbon fuels in the maritime sector. Considerable quantities are
required to decarbonise maritime transport and domestic production alone will probably not
suffice to meet all these needs.
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9. Decarbonisation strategies for the domestic maritime sector

The decarbonisation of the maritime sector can only be achieved through a combination of
different levers. By comparing different decarbonisation scenarios that take into account
different ways of combining the levers, it is possible to assess the quantitative aspects of the
solutions to be considered and to prioritise the actions to be taken.

3.1. Energy transition model and associated data

Modelling software has been developed by the maritime industry as part of the MEET2050%
project. This tool provides an overview of a given fleet (defined by a number of vessels, age
distribution, overall consumption). In describing the evolutions of this fleet (newly built or
retrofitted vessels, new technologies and energy sources available, operational optimisations,
etc.) and taking into consideration the gains achieved through these changes in terms of
reduced consumption and emissions, the model enables:

e The development of decarbonisation trajectories for this fleet (absolute emissions,
carbon intensity of bunkered energy, of operated vessels);
e An estimation of the energy requirements for the fleet (or a combination of fleets).

The model can be adapted to take into account specific data from international, national or
multi-national fleets, on the basis of “average” descriptions. More specifically, the modelling
provided by the tool is based on:

e The quantification and description of a group of vessels in operation;

e The evolution of a group of vessels in operation;

e The evolution of on-board consumption for the fleet in question;

e The evolution of emissions associated with consumption;

Assessment of primary energy source needs and transition costs.

MEET2050 teams and value chain actors have worked together to define the data and
parameters used in the model: emission factors, technical data associated with new energy
sources (volume, yields, etc.). It is important to note that the data used show some scattering
associated with the sources used, especially due to the uncertainty of future forecasts
(medium- and long-term energy costs, cost per tonne of CO2) or the lack of a shared frame of
reference (emission factors for certain biofuels, for example).

3.2. Previously studied scenarios

Some ten scenarios were developed in the 2023 roadmap around a core scenario (scenario S3)
in which the decarbonisation objectives were met by a balanced implementation of all the
levers: technological and operational efficiency available to date and expected by 2050, wind
propulsion, a 15% reduction in speed with the addition of ships to maintain the volumes
transported, gradual deployment of biofuels before integrating e-fuels from 2030. This core
scenario also assumes a 3% growth in energy needs. This 3% corresponds to a 1.5% increase in
the volumes transported, in line with international projections, and 1.5% linked to an increase
in bunkering in French ports with a view to reducing dependence on foreign bunkering.

28 | F. Sigrist, E.Jacquin, “A comprehensive energy transition model to assess the decarbonisation trajectories of the
maritime sector”, annual conference of the Association Technique Aéronautique et Maritime, Paris, 8 October 2023.
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3.3. Revised benchmark scenario (S3 revised) - national maritime sector

The scope for the benchmark scenario remains unchanged. However, following discussions
between representatives of maritime sector stakeholders and the French government, a
modified scenario was agreed upon, with the following characteristics:

Numerous hypotheses have been made and reviewed concerning the reduction of
energy requirements through an optimistic combination of different technical and
operational levers: design gains, contribution of wind power, CO2 capture, retrofit
plans, etc. A gradual, linear reduction in sailing speed of around 15% by 2050 was
also applied. These two elements maintained the energy consumed by the fleet at
a stable level, and the twofold increase in needs linked to growth was offset in equal
measure by these two types of measures;

The gradual deployment of biofuels before the integration of e-fuels from 2030;
Initially considered at 3% in the S3 scenario of the 2023 roadmap, the increase in
maritime emissions has been reduced to 1.5% up until 2035 to take into account
fleet growth and the repatriation of domestic bunkering, then considered as zero
after 2035. This factor was reviewed against a background of obstacles to the
distribution of French biomass and electricity between the various industrial
sectors to be decarbonised.

This “revised” benchmark scenario set out in Appendix 5 therefore details the following
modelling hypotheses:

Initial energy consumed: 27.7 TWh;

Total growth: 1.5% over 15 years, including equal shares of fleet growth and growth
related to repatriation of bunkering to France, then 0% after 15 years;

Average lifespan of vessels: 25 years;

Introduction date of e-fuels: 2028;

E-fuel deployment time period: 15 years.

We also assume that:

100% of new vessels will offer gains of 10% in consumption reduction (gradual
decrease to 50% over 15 years);

50% of new vessels will be equipped with wind propulsion systems over the next 10
years, reducing their consumption by 20%;

20% of new vessels will be equipped with a CO2 capture system, allowing for a 20%
reduction in emissions;

80% of the fleet will reduce fuel consumption by 7.5% through operational
efficiency measures (routing, eco-piloting, etc.);

Two retrofitting plans will be introduced for the fleet: 50% of the fleet will reduce
fuel consumption by 7.5% thanks to hydrodynamic improvements to the hull, bow,
etc. and 25% of the fleet will reduce consumption by a further 10% thanks to wind
propulsion; 10% of the fleet will reduce emissions by 15% thanks to on-board CO2
capture.

80% of the fleet will reduce speed immediately to gradually (and in linear fashion)
reach a 15% reduction by 2035.

The fleet of fuel or diesel-powered vessels will undergo retrofitting over the next 15
years, to gradually replace these fossil fuels with synthetic fuels (mainly e-
methanol).

The following table and graph summarise the main points of this benchmark scenario.
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Gains in energy consumption Gain Percentage of | Deployment Average
the fleet time period 2023-2050

Efficiency gains upon renewal 10% 100% - 6.4%

Gains from wind assistance for 20% 50% 7 7.6%

new vessels

Operational gains 7.5% 80% 5 5.4%

Speed reduction 15% 80% 15 8.7%

Part de la flotte concernée

@ Baisse de vilesse

(5}

Capture de carbone navires neufs

Gain unitaire de la mesure

According to these assumptions, the quantity of energy consumed by the fleet will decrease
from 27.7 TWh in 2022 to 26.6 TWh in 2050 (a 4% reduction) - as shown in the following table.

board)

2023 2030 2040 2050 | 2023-2050

Energy consumed by the fleet 27.7 26.2 26.4 26.6 774
(TWh)

Energy consumption trends Benchmar -5% -5% -4% -

k

Fossil fuel 26.9 22.0 7.1 0.0 393
Bio-sourced energy (blend only) 0.9 31 6.2 7.2 136
Energy from e-fuels 0.0 3.2 30.6 43.7 571
Electrical energy (shore/on- 0.0 0.1 0.6 1.2 13

The evolution of consumption is dependent on various levers, as shown in the graph below:
the 4% decrease in consumption observed in 2050 is broken down into +57% for fleet evolution
(increase in quantities transported, bunkered energy and construction of additional vessels to
maintain transport capacity following the reduction in speed), offset by various levers: -32%
for technological efficiency (including wind propulsion); -26% for speed reduction; -3% for the

change of energy source.
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2030 2040 2050

The table below shows the evolution of CO2eq emissions in the benchmark scenario: in this
scenario, emissions fall from 9.0 million tonnes in 2023 to 0.4 million tonnes in 2050,
representing a drop of almost 95%.

2023 2030 2040 2050 2023-2050
CO2eqg emissions WTW (Mt) 9.0 7.6 3.1 0.4 143
Emissions trend Benchmar -16% -66 % -95% -
k

Evolution of the fleet 0% 21% 50% 57% 35%
Change of energy source 0% -15% -26% -45% -21%
Efficiency 0% -12% -26% -23% -18%
Speed reduction 0% -10% -64% -84 % -41%

As shown in the graph below, this reduction is broken down into an increase of 57% linked to
the evolution of the fleet, offset by a decrease cause by the various decarbonisation levers: -
45% for technological efficiency (including wind propulsion), -23% for speed reduction and -
84% for the change of energy source.

2030 2040 2050
The decarbonisation trajectories for this benchmark scenario are illustrated in the following
three graphs:

Absolute emissions of the fleet (benchmark 2022, base: t CO2eq WTW), compared to the
current IMO goal (-50% - dashes on the graph);
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Emissions absolues en WTW (2022 : 100%)

The carbon intensity of the energy consumed by the fleet (benchmark 2022, base: gCO2eq
WTW/M]J), compared to the levels established by FuelEU;
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The following table presents the input energy requirements?® in the benchmark scenario: they
are 27.8 TWh in 2022, increasing to 52.2 TWh in 2050 (including 43.7 TWh to produce e-fuels).

2023 2030 2040 2050 | 2023-2050

Energy consumed by the fleet 27.7 26.2 26.4 26.6 774
(TWh)

Input energy (TWh) 27.8 28.3 44.6 52.2 1162
Fossil fuel 26.9 22.0 7.1 0.0 393
Bio-sourced energy® 0.9 31 6.2 7.2 136
Energy to produce e-fuels® 0.0 3.2 30.6 43.7 571
Electrical energy (shore/on-board) 0.0 0.1 0.6 1.2 13

The graphs below summarise, for this “revised” benchmark scenario, the energy requirements
of the fleet (top) and the primary energy requirements to produce this energy (bottom).
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(a) Energy consumed by the fleet (b) Primary energy requirements

The model also allows for a cost estimate based on the extra cost of decarbonised vessels,
retrofit plans, energy costs (bio and e-fuels) and estimates, albeit with a high degree of
uncertainty, the extra cost linked to the ETS depending on expected market trends and various
regulatory measures. It does not include the cost of distribution or port infrastructure.

The result of this scenario, compared to a Business As Usual scenario, is presented below, with
a breakdown by origin and considering whether or not the addition of new vessels is planned
to compensate for the speed reductions.

Extra cost in relation to the Business As Usual scenario (billion
euros)

2 This is the energy required to manufacture synthetic fuels or bio-fuels. It is considered that a factor
of 1.5 to 2 in input energy is required to produce one unit of e-fuel, compared to the same unit of fossil fuel energy.

30 The energy consumed on-board includes the biofuels blend, with 30% for bio-fuel and bio-
diesel and 100% for bio-methane and bio-methanol, and an extra 10% that corresponds to the
energy required to produce biofuels.

31 Depending on the e-fuel production efficiency assumptions made in the model and the chosen mix.
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With

additional ships  to

compensate for speed reductions

Without additional ships
to compensate for speed
reductions

and Infrastructure

2023-2030 2023-2050 2023-2050
Total additional cost of this 2 45 28
scenario
Shipbuilding 0.89 13.75 7.82
Retrofit plan 0.94 2.81 2.55
Energy source change 0.08 48.63 38.71
Carbon tax -0.20 -20.00 -21.00
Ports Not quantified Not quantified

R&D and Demonstration
Programme

Costed separately

Costed separately

This scenario indicates that shipowners will face very high additional costs in the coming years,
with increased costs for ships (and possibly require more ships to compensate for lower
speeds) and energy. The carbon tax (ETS mechanism) is presented as a negative in the
additional cost compared with the Business As Usual scenario, but will represent an additional
cost for shipowners, of the order of one billion euros per year from around 2030, depending
on the quotas and the value of CO2, which is still difficult to predict.
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Extra cost in relation to the “Business As
Usual” scenario

These estimates, which still need to be refined by further research, are comparable to the
projections made in the context of international studies, which estimate the cost of the
transition at 3,000 billion globally, i.e. 92 billion euros based on the proportion of French GDP.
The model estimates an additional cost, excluding carbon tax, of between 77 and 110 billion

Euros.
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3.4, Conclusions

To meet the decarbonisation targets and reduce dependence on foreign bunkering, the
proposed scenario (“revised” S3) highlights the following estimates:

Annual biofuel requirement estimated at 4.7 TWh by 2030 and 5.2 TWh between
2040 and 2050;

Annual e-fuels requirement estimated at 2.5 TWh by 2040 and 19.7 TWh by 2050;
Total need for decarbonised upstream electricity to produce decarbonised fuels
and allow direct shore-side and ships electrification of 6.4 TWh by 2030, 37.4 TWh
by 2040 and 53.1 TWh by 2050, i.e. the equivalent of 0.3, 2.9 and 4.2 nuclear
reactors or 2.2, 21.3 and 30.9 wind farms like the one in Saint-Nazaire respectively
over these three years;

The annual additional costs for the sector are around one billion euros from 2025,
1.5 billion by 2030, 3.8 billion euros by around 2040 and 4.7 billion euros by 2050.
The total additional cost for 2023 to 2050 is estimated at between 30 and 45 billion
euros.

It should be noted that these requirements are based on a highly optimistic application of
technical levers on vessels:

The implementation of technological and operational efficiency measures to
reduce energy needs by 30% over the period 2023-2050, which is very optimistic,
will only be achieved by the implementation of a coordinated and financed
national maritime decarbonisation programme,

The extremely fast development of wind propulsion has a significant impact on the
reduction of emissions. According to these highly optimistic deployment
hypotheses, wind propulsion could save between 25 and 30% of energy by 2050,
which is the equivalent of two nuclear reactors or about fifteen wind farms like the
one in Saint-Nazaire.

It should also be noted that the reduction in ship speed hypotheses are limited to values
acceptable to ship operators (10 to 20%) so as not to impact too much on the national
economy through a reduction in import/export volumes, but also to limit the increase in the
number of ships in order to maintain the volumes transported.
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10.

Decarbonisation scenarios for each fleet category

10.1. Chosen methodology

Each fleet category strategy has been modelled according to the following principles:

The following data was provided by the working groups representing each category:

o The considered fleet (number of ships, initial age distribution, energy
consumed);

o The likely evolutions for this fleet - according to growth forecasts;

o Future vessel performances, depending on their potential to integrate
innovative technology

This data collected provides the most realistic view possible of the
emissions/consumption gains that the innovations allow for, as well as the expected
availabilities and degree of adoption expected.

The scope considered corresponds to the “flag” method set out in §4.2.

The chosen methodology involves complying with the most stringent regulatory
constraints on short-term measures, and to aim for “net-zero” by 2050. The proposed
scenarios are therefore subject to compliance with three regulatory indexes, in the
following order of priority:

o The reduction of the carbon-intensity of the bunkered energy, in accordance
with the Fuel-EU regulatory targets;

o The reduction of the carbon-intensity of the fleet in question, in accordance
with IMO targets;

o The reduction of absolute emissions of the fleet in question, in accordance with
IMO targets.

With this, an “average and realistic” energy mix is defined (in terms of integrating biofuels and
synthetic fuels), to respect as closely as possible the Fuel-EU regulations by 2040, then for 2040-
2050, working towards the IMO targets. This baseline energy mix can be marginally adapted to
the specific features of each fleet category.

Of the three categories - container ships, large ferries and gas tankers - the modelling is set out
for three scenarios defined as follows.

. Roll-out and performance of
Evolution of the fleet . .
innovations

Historic growth in line with Normal development of innovations

Scenario 1 the forecasts for each and their roll-out, realistic
“Realistic category (market studies, technological and operational gains

transition” trends, etc.).

Historic growth in line with Increased gains and speed of

_ the forecasts for each deployment of efficiency solutions:
Scenario 2 category (market studies, gains doubled, early roll-out and
“Technology” trends, etc.). higher percentage of fleet
concerned.
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Decrease in maritime traffic
(modal shift to road and air
transport or overall reduction | Normal development of innovations

Scenario 3 in transport demand). and their roll-out, realistic
“Sobriety” Speed reduction (and technological and operational gains
reduction in the quantity of
transport).

but on smaller percentages of fleets.

These scenarios, set out in Appendix 6, are modelled for each of the fleet categories. It should
be noted that:
- The Fuel-EU regulations are encouraging an energy mix with an increasingly higher

concentration of biofuels from 2030, and of synthetic fuels from 2040. Additional
hypotheses have been drawn up for specific categories:

o For gas tankers, using the energy transported for propulsion;

o Forlarge ferries, more widespread use of electric batteries (both for new vessels
and retrofits, more expansive in this fleet category than others).

o For container ships, it was decided to go beyond the Fuel-EU targets, with more
and safer bunkering of e-fuels (subject to available supply), in accordance with
the conversions planned for this category.

- There are specific rates of adoption and performance (gains in emissions and
consumption) for each fleet category to consider for the roll-out of technological
innovations that accompany these changes of energy source.

10.2. Summary of results

A detailed account of the results is provided in Appendix 6.

Regarding regulatory indexes, the modelling outcomes highlight similar trends for the three
categories studied.

- The emissions from each fleet, recorded separately, are all moving towards net zero
by 2050 (with an asymptote at 10% due to the operating inertia of the least eco-
efficient vessels and the non-zero WTT emissions associated with synthetic fuel
production), as shown in the graph below.
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On the graph, the emissions are compared to the first year of modelling (2024, 100%
baseline). IMO regulations, particularly the milestones for 2030 and 2040, define a
reduction target compared to the year 2008. The trajectories presented therefore take
into account the reductions already seen between 2008 and 2024, of between 10% and
15%.

More significant bunkering of synthetic fuels from 2040 will accompany a trend towards
the IMO targets (from 2023). Before 2040, the downwards trend in emissions is in line
with the IMO targets prior to MEPC 80 in July 2023 (except for gas tankers, due to the
significant growth expected for this category between 2025 and 2030). The pace of
reaching net zero by 2050 is more sustained for the “Sobriety” scenario, then for the
“Technology” scenario, which achieves greater decarbonisation performance.

The same trends are observed for cumulative fleet emissions, as shown in the graph
below for the “Realistic transition’ scenario. It is important to note that the simulated
trajectories do not take into account the effects of the ETS and the way in which this
mechanism may influence vessel operating choices or the integration of innovations
allowing shipowners to reach key targets (such as the 2030 and 2040 IMO regulatory
milestones).

Emissions (%)

Annee

The combined efforts in developing and rolling out innovations (“Technology” scenario
trends) and, possibly, in terms of sobriety (“Sobriety” scenario trends) will no doubt
help to reach the regulatory targets.

By developing scenarios, the carbon intensity of energy sources respects the Fuel-EU
regulations, which are less ambitious than the emissions reduction targets set by the
IMO, as illustrated by the example of the container ships category, for which large-scale
conversions are planned for vessels that can bunker more synthetic fuels.

In the three scenarios, the carbon intensity of all fleets is in line with the trends
imposed by IMO regulations. There are some notable differences between the three
categories (the carbon intensity of the large ferries fleet is slightly below target, while
that of the gas tankers and container ships fleets is closer to target). This can be
explained by differences in the initial age distribution of the fleets, which operate for
different lengths of time, and are more or less “rapidly” integrating innovations that
help become more energy efficient (it should be noted, however, that in the case of
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large ferries, the longer operational life of the vessels compared with the others offsets
the carbon emissions linked to shipbuilding).

The energy consumed by the fleets evolves over time, for the three categories
considered, towards an overall reduction by 2050 versus the 2024 level. The energy
consumed is obviously less for the “Sobriety” scenario, followed by the “Technology”
scenario, versus the “Realistic transition” scenario. However, differences were recorded
between categories

o For container ships, the energy consumed by the fleet remains relatively
constant, with a “Realistic transition’ scenario of 4.8 TWh by 2030 to 4.6 TWh
by 2050 (and 4.5 TWh by 2040). This can be explained by the efficiency
measures (energy, innovation, speed reduction) which can limit an upward
trend in requirements due to the growth of the fleet;

o For gas tankers, the energy consumed by the fleet begins with an increase due
to the significant growth expected for this category in 2030. For the “Realistic
transition” scenario, the energy increases from 5.5 TWh by 2025 to 6.6 TWh in
2030, then remains stable between 2030 and 2040, to go down to 6.2 TWh by
2050;

o For large ferries, the energy consumed by the fleet remains relatively stable up
until 2050, around 4.2 TWh in the “Realistic transition” scenario. As the vessels
in this category are in operation for a longer period of time, the fleet does not
experience a improvement in efficiency (as is the case for container ships), and
the reduction in energy consumed is less significant.

S emar )

Scenerie ) Scomame 2

[nergie cammmmae (TWN)

The “national energy requirement” (i.e. the decarbonised energy needed to produce
alternatives to fossil fuels in France) increases for all three categories between 2030
and 2050 (this increase is lower in the “Sobriety” scenario, followed by the
“Technology” scenario, compared to the “Realistic transition” scenario). The increase is
relatively moderate between 2030 and 2040 and it becomes more significant between
2040 and 2050, due to the widespread use of synthetic fuels. More specifically, the
trends observed in the “Realistic transition” scenario are as follows:

o For container ships, the requirements increase from 4.8 TWh in 2030, to 5.2
TWh in 2040 to reach 7.4 TWh by 2050;
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o For gas tankers, the requirements increase from 6.2 TWh in 2030, to 9.2 TWh in
2040 to reach 11.9 TWh by 2050;

o Forlarge ferries, the requirements increase from 4.2 TWh in 2030, to 5.0 TWh in
2040 to reach 6.1 TWh by 2050.

In total, the cumulative energy requirements for the three categories is:

o In the “Realistic transition” scenario: 15.9 TWh by 2030, 19.1 TWh by 2040 and
25.1 TWh by 2050;

o Inthe “Technological” scenario: 15.2 TWh by 2030, 17.4 TWh by 2040 and 22.0
TWh by 2050;

o Inthe “Sobriety” scenario: 14.6 TWh by 2030, 15.2 TWh by 2040 and 20.1 TWh
by 2050.

The evolution of cumulative “national energy” requirements for the three categories studied
(we have provided the average for the three chosen scenarios) for 2030, 2040 and 2050 is
provided below.

Besoin en énerge natianale (TWh)

For theoretical comparison, production is as follows:

o A nuclear unit is around 10 TWh (using the last PWR plant built in France as an
example);

o Awindfarmis between1and 2 TWh (using the Saint-Nazaire site as an example).

Therefore, as an example, e-fuels production for the three fleet categories for 2050 would
require two nuclear units.

10.3. Conclusion

Hypotheses and modelling outcomes for decarbonisation trajectories for three fleet
categories (container ships, gas tankers and large ferries) were presented for three different
scenarios (reflecting different transition rates and energy resource requirements).
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The approach adopted for the study involved:

o

o

Collecting the data required for the modelling from the working groups for each
category. This data concerned the fleet itself (number of vessels, age,
consumption) and the technical and operational gains expected for each
category (reductions in emissions and consumption);

Deciding on an energy mix in line with the Fuel-EU regulations;

Assessment the evolution of other indexes (overall emissions and overall carbon
intensity);

Identifying the energy requirement.

The main conclusions of the study were focused on the following points.

Evolution of emissions

o

The carbon intensity of the fleets considered from an overall standpoint is in
line with the trends imposed by IMO regulations;

The emissions from each fleet, recorded separately, are all moving towards the
IMO target of net zero by 2050, but individually they are not in line with the
reduction targets for 2030 and 2040. The simulated trajectories do not take into
account the effects of the ETS and the way in which the mechanism may
influence vessel operating choices or the integration of innovations, and as
such, the trends may be considered “pessimistic”. In taking these effects into
account, trajectories in line with the 2030 and 2040 milestones are likely to be
observed.

Evolution of energy consumption

10.4.

o

For the three categories considered, the energy consumed by the fleet is
evolving towards an overall reduction by 2050 versus the 2024 level, and
depending on the scenarios it is showing a level of 14-15 TWh for 2030, 12-15
TWh for 2040 and 11-13 TWh for 2050.

The national energy requirement (i.e. The decarbonised energy required to
produce alternatives to fossil fuels in France) is showing an upward trend for the
three categories between 2030 and 2050. In total, the cumulative energy
requirement for the three categories, depending on the scenario, is between 14-
15 TWh for 2030, 15-19 TWh for 2040 and 20-25 TWh for 2050.

Outlook

The chosen scope here is French-flagged vessels, and the decarbonisation goal for these vessels
highlights the significant national energy requirements. French-flagged vessels do not cover all
the transport services required by the country’s economy, and so to consider the
decarbonisation goal for the whole economy, a wider scope must be considered, and so the
energy requirements are much more significant.

To add to the present study and draw up a consolidated estimate of the energy required for
the national maritime sector, it appears necessary to:

o

Come up with transition scenarios for other fleet categories, built on the same
hypotheses, to ascertain the total energy requirement for French-flagged
vessels;
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Ensure the reliability of the data on the evolution of the requirement in
maritime transport, alongside the various analyses carried out by government
departments and by academic and economic experts, for a realistic
representation of the country’s energy supply requirements.

Engage in a comprehensive study on the definition of a national maritime
scope, to provide a more accurate representation of the impact of a country’s
maritime sector - this study, to be carried out initially at national level, could be
based on assessments carried out by maritime nations (United Kingdom,
Singapore) and then continued in an international context, via an international
working group;

Produce updated trajectories that take into account the effects of the ETS,
based on feedback from shipowners and data to be integrated into current
modelling;

Work on prioritising maritime energy with regard to energy availability, in the
event that demand is not met, in order to quantify the impact of allocation
choices and suggest making decisions by fleet category.
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1.

Proposed action plan to decarbonise the maritime sector

This chapter sets out a revised action plan compared to the 2023 version of the roadmap that
has been simplified and takes into account changes in governance, in sector strategies and a
handful of decisions and guidelines issued by the French government.

It is still developed with the following four objectives in mind:

1.
2.

To meet the regulatory targets defined by the IMO, EU and nationally;

To minimise the energy consumption of the maritime sector in order to contribute to
national efforts to reduce energy consumption and to encourage the use of maritime
and river transport in order to reduce transport’s overall energy requirements;

Ensure the economic development of national maritime stakeholders and use the
opportunity of technological and energy changes to relocate industries and jobs to
France;

Enhance France's sovereignty of supply in a context of major changes to come for
transport and logistics stakeholders (regulations, taxation, speed reduction,
investments).

This action plan is underpinned by the expertise of French stakeholders who have the skills and
resources to implement it, subject to support from the State, with the collective ambition of
making France a leading nation in the area of maritime decarbonisation.

The revised action plan is now broken down into five strands.

Strand 1: ENERGY EFFICIENCY (optimal design, technologies and operational
excellence)

Strand 2: ENERGIES AND INFRASTRUCTURE (Production, storage, transport and
distribution of energy sources and low-carbon energy carriers, etc.)

Strand 3: SOBRIETY (Sobriety in use and design, decarbonising the production phase
and circular economy)

Strand 4: Complete, enhance and stabilise the regulatory framework for greenhouse
gas emissions from ships

Strand 5: Operational IMPLEMENTATION and MONITORING

11.1. Strand 1: ENERGY EFFICIENCY (optimal design, technologies and operational

excellence)

Optimal design & technologies

The goal of this component is to deploy technological solutions on-board new or existing
vessels that are adapted to the operational characteristics of the vessel, and based in particular
on the work done by the working groups for each fleet category.

Action 1.1 Enable rapid and accurate evaluation of decarbonisation solutions identified

for each fleet category on technological platforms, and bench tests on land
or at sea, and promote the development of standards for key technologies
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Set up technological and test platforms (test benches and software) to
support the development of technological building blocks identified
particularly by the fleet category working groups, and associated standards32

Cost: €150 million for 3 to 5 platforms

Leaders: MEET2050, national research centres, industry

Action 1.2 Set up developmental projects to promote the growth of industrial sectors in
the main technological and operational decarbonisation levers by aiming to
pool the fleet categories.

Encourage the establishment of domestic equipment manufacturers and
service providers for the main decarbonisation levers for which France has
companies in a position to take a significant market share, by supporting the
development of solutions, their industrialisation (factories) and support for
their commercial deployment (first orders, initial additional costs, etc.)
Examples of industrial technologies: wind propulsion systems3 (sails, kites,
rotors, etc.), electric hybridisation (marine batteries and high-power fuel cells,
hybrid architectures)®, storage tanks for new fuels, management of liquid
hydrogen on board ships, innovative propulsion systems, heat/cold recovery
systems, decision support software (energy management, routing).

Cost: €150 to 300 million per development project, 5 projects, i.e. €1 billion
over 5 years

Leaders: CSF, GICAN, Wind Ship, the State (DGAMPA, DGE)

Action 1.3 Encourage the creation of prototype vessels moving towards zero emissions,
based on feedback from decarbonisation working groups for each fleet
category

Set up a dozen or so full-scale concept ships per fleet category, capable of
operating in real conditions, using the technological building blocks
developed. These vessels will adopt a global eco-design approach (complete
life cycle assessment, design and technology optimisation for its use, etc.).
Local economic impacts, in particular in the manufacturing of innovative
materials, will also be considered.

Cost: €2 billion over 5 years, of which €600 million associated with innovations

Leaders: DGAMPA, DGE in partnership with CORIMER, shipowners, shipyards,
design offices, equipment manufacturers, ports, the State

Operational excellence:

This strand seeks to improve the operational efficiency of ships by implementing real-time
performance monitoring tools, evaluating potential improvements linked to the interfaces

32 The necessary platforms are associated with electric ship hybridisation, wind propulsion, hydro and aerodynamic
performance, performance data, testing facilities, etc.

33 An early development project is being set up by the MEET2050 project teams, the Wind Ship association and the
IRT Jules Vernes, for a budget of around €200 million over 5 years.

34 The Helena project led by the CEA is currently being set up, with a budget of around €150 million over 5 years
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between port terminals and ships, studying the relevance of reducing the speed of certain ships
and developing large-scale modal transfer.

Action 1.4 Basic and continuing training of seafaring staff

Set up basic and continuing training courses to help seafaring staff improve
their skills by training them in the use of decarbonisation technologies and
eco-piloting.

Cost: not quantified at this stage

Leaders: DGAMPA, CINav, maritime engineering schools, ENSM, maritime
college

Action 1.5 Improve the instrumentation for vessels and the collection and analysis of
performance-related data

Support ship owners with the installation of performance and consumption
monitoring tools for their vessels, including the installation of measurement
systems, analysis tools and decision-making aids, as a follow-up to the
AMMARREE programme for fishing vessels.

Cost: €30M over 5 years (€30K per ship, for a fleet of 1,000 of the highest
emitting ships in the various fleet categories) + €10M for the development and
deployment of analysis tools.

Leaders: Shipowners, software companies, equipment manufacturers,
shipyards

Action 1.6 Study the potential for optimising ship [/ port interfaces

Assess the possible solutions and gains linked to the optimisation of interfaces
between ships and ports [ terminals at national level (optimisation of loading
[ unloading, shore-side connection, "just-in-time" arrival solutions, etc.) in line
with the “improvement of port passage performance” of the 2021 National
Port Strategy (SNP) and identify the initiatives and solutions implemented or
being deployed internationally (e.g. international association for ICT4.0
standardisation)

Cost: €300k over 2 years

Leaders: State (DGITM, DGAMPA) MEET2050, ports, terminal managers,
shipowners

Encourage modal shift to reduce the overall energy footprint of transport and
Action 1.7 logistics

Encourage modal shift to reduce the overall energy footprint of transport and
logistics through the energy efficiency of maritime and river transport in
relation to other transport modes, in line with other national strategies (SNP,
SNDFF, SNF)

Cost: not quantified

Leaders: State (DGITM), ADEME, local authorities, shippers, logisticians, ports,
multimodal platform operators, high-volume land transport operators, rail
and waterway infrastructure managers
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11.2. Strand 2: ENERGIES AND INFRASTRUCTURE (Production, storage, transport and
distribution of energy sources and low-carbon energy carriers, etc.)

The availability of low-carbon energy will be one of the cornerstones of the energy transition
in maritime transport, which is currently completely dependent on fossil fuels. As mentioned
earlier, decarbonised fuels will be significantly more expensive and have greater usage
constraints than their fossil fuel equivalents.

The energy transition is a real opportunity to relocate energy production to our territory, to
improve the attractiveness of our ports through a unique supply of low-carbon and renewable
energy, to secure our bunkering facilities, and to make energy providers, manufacturers and
French ports the true champions of tomorrow's energy carriers and energy. The goal is to
develop new economic and industrial activities, guaranteeing the country's maritime
sovereignty, creating value and jobs in the region, enabling French ports to contribute to the
decarbonisation of the sector and reducing the sector's energy dependence.

This aspiration, which is shared by maritime stakeholders, requires heavy investment in
production, storage, transport, distribution and refuelling infrastructure. It requires real
planning in terms of the availability of low-carbon fuels (in time and on a given region) with
regard to the needs of the maritime sector, to ensure the rapid implementation of the first
demonstration vessels before being able to fully deploy the solutions, through major
investments by the energy companies, in which the State must also participate, and which will
require commitments from shipowners.

Ports are multimodal, energy and industrial nodes located at the interface between land and
sea and host shipping-related operations. They often accommodate an industrial and logistical
network. Securing port land, supporting the decarbonisation of port ecosystems and
investments in port infrastructure and the equipment required for the decarbonisation of the
national economy must be factored into the discussions, in addition to the topics relating to
the supply of decarbonised energy to ships.

Action 2.1 Decide on the energy source for the maritime sector and the roll-out of a
sustainable maritime fuel production sector in France

Aim for a certain level of maritime energy sovereignty

Leaders: The State

Action 2.2 Start a planning process and then implement the deployment of the energy
distribution infrastructure required for maritime needs

Implement a national planning process, broken down by maritime division,
for the requirements and availability of decarbonised marine fuels (produced
in France or imported). Ensure the deployment of the associated energy
infrastructure -construction of jetties in the major maritime ports-,
development of storage and bunkering infrastructure (supply ships, truck to
ship solutions, etc.) in the ports, including the smaller ports

Cost: to be estimated, for example €200M for the construction of a multi-
purpose jetty (multi-energy)

Leaders: The State, local authorities, ports
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Action 2.3

Produce liquid and gaseous biofuels in accordance with development project
§2.1 of the Strategic Committee for the Sector (CSF) of maritime industries,
work in the aviation field and the decisions from action 2.1

Support the deployment of industrial projects for sustainable liquid and
gaseous biofuels, in sufficient quantities to meet the statutory targets.

Cost: as an indication, a liquid biofuel plant can cost up to €1.5 billion for a
production of 200,000 tons per year

Leaders: Energy companies, the State, shipowners and ports

Action 2.4

Develop and test liquid biofuels for the maritime sector - in accordance with
development project §2.1 of the Strategic Committee for the Sector (CSF) of
maritime industries

Support a research and development programme for the testing and
deployment of new generation liquid biofuels for maritime use (e.g.
requirements for use with marine 2-stroke engines) and develop French
production facilities.

Cost: €15 million for the R&D [ prototypes component, €40 million for the
demonstration vessel component, €10 million for carrying out on-board tests,
without factoring in the deployment through the setting up of production
units included in actions 3.1 and 3.2.

Leaders: CSF, Energy providers, Shipowners

Action 2.5

Develop the marine e-fuels production sector - in accordance with
development project §2.1 of the Strategic Committee for the Sector (CSF) of
maritime industries, work in the aviation field and the decisions from action
2.1.

Support commercial projects for the construction of the first sustainable
marine e-fuel production units. In addition to land-based facilities, this also
involves the development of a hydrogen production industry based on
marine renewable energies, particularly offshore wind power, to accelerate
the production of e-fuels in the medium term and the decarbonisation of port
industries.

Cost: as an indication, an e-methanol or e-methane plant can cost up to €2
billion for a production of 1TTWh/year.

Leaders: CSF, Energy providers, Shipowners

Action 2.6

Improve infrastructure for importing new energies

Build a French import and export sector for e-fuels and their inputs
(specifically import-export hubs). Include this consideration in the French
legislation in preparation (LPEC, PPE, SNBC, etc.).

Regulatory implications: Modify the RePowerEU plan to allow the import of e-
fuels

Leaders: The State (DGEC), industry, ports

Action 2.7

Develop the CO2 sector for maritime use and in partnership with ports, and
develop CCS technologies in accordance with the development project of
the Strategic Committee for the Sector (CSF) of maritime industries
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Develop, like northern European countries, a French CO2 economy and
industry, from capture on ships or in port industries to the transfer of CO2 to
the quayside, then its use to produce e-fuels.

Regulatory implications: Allow the capture of fatal and non-compressible
CO2 for the production of e-fuels beyond 2041

Leaders: Energy providers, Ports

Action 2.8

Enable the electrification of quays and electric charging of ships

Accelerate the deployment of port infrastructure for connecting ships to
shore power and sustainable fuels. The power requirements involve major
electrical modifications.

Cost: €5 million per connection point. Study of the potential for multi-mode
charging (electricity + fluid) in ports: €200k. to be defined for sustainable fuels

Leaders: Ports, Local authorities, the State (DGITM, DGAMPA), Industry
(GICAN)

11.3. Strand 3: SOBRIETY (Sobriety in use and design, decarbonising the production phase
and circular economy)

French shipyards and ship equipment manufacturers contribute first and foremost to
decarbonisation by innovating to reduce emissions during the operations phase and by
working on the ships of tomorrow. The production and end-of-life phase of ships should also
be considered, as should the ability to anchor shipbuilding operations in the region in the long
term. For all the regulatory areas, care should be taken to ensure that this does not impose a
constraint on French shipyards alone.

Action 3.1

Eco-design

Generalise the use of eco-design methods for any new vessels and develop
common methodology and set of guidelines for the life cycle assessment
(LCA) of vessels - in accordance with the development project §1.3 of the
Strategic Committee for the Sector (CSF) of maritime industries

Define an LCA methodology and integrate the main inventory data (energy,
materials, etc.) specific to the naval, river and nautical sectors (engine
emission profiles, composite materials, welding processes, etc.).

Cost: €1 million over 5 years

Leaders: CSF, GICAN, IFAN, ADEME, DGAMPA

Action 3.2

Materials and processes for the green shipbuilding industry - in accordance
with the development project §1.3 of the Strategic Committee for the Sector
(CSF) of maritime industries

Support innovation and experimentation with new materials and industrial
processes by French stakeholders to reduce the carbon footprint and
improve circularity at the end of a vessel's life, with a view to recycling 100%
of a dismantled vessel.

Leaders: CSF, GICAN, IFAN, ADEME
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Action 3.3 Access to low-carbon inputs by ensuring competitiveness

Ensure access to low-carbon raw materials by guaranteeing the
competitiveness of French industry and fair international competition
conditions. As a first step, impact studies on the CBAM (Carbon Border
Adjustment Mechanism) would appear to be necessary to document the
impacts on competitiveness and the risks of relocation.

Leaders: The State

Regulatory implications: Ensure the consistency of European legislation (e.g.
carbon adjustment mechanism at borders) to guarantee the competitiveness
of the French naval industry and combat distortions in the internal market
while decarbonising the production of raw materials.

Action 3.4 Develop dismantling operations in the region

Consolidate the boat and ship dismantling sector to guarantee its growth and
improve the recycling rate. Increase the share of the TAEMP allocated to the
APER eco-organisation to 5%, increase the use of French dismantling capacity

Cost: not quantified at this stage

Leaders: The State, shipbuilding dismantling yards

11.4. Strand 4: REGULATION (Complete, enhance and stabilise the regulatory framework
for greenhouse gas emissions from ships)

To ensure that all the ships involved contribute to meeting the decarbonisation targets and
that French ports are competitive in the decarbonisation value chain in comparison with their
European competitors, it is necessary, in conjunction with the market based measures
mentioned above, to continue to build, consolidate and stabilise the long-term regulatory
framework relating to GHG emissions from ships at sea and at berth, at global, European and
national levels.

Action 4.1 Take a leadership role in international regulatory bodies

Continue to play a leading role within the European and IMO bodies for the
implementation and consolidation of the most ambitious regulatory
framework possible while ensuring fair international competition.

Leaders: The State (DGAMPA, DGEC)

Action 4.2 Optimise the implementation of the international and European regulatory
framework at a national level

Study the potential and feasibility of the broadest possible application of
international regulatory instruments such as the IMO's energy efficiency
measures or the dockside connection obligations that will be provided for by
the European regulations at the national level, while ensuring fair
international competition.

83



Leader: The State (DGAMPA, DGEC) in consultation with the stakeholders
concerned (professional federations, ports, etc.)

Action 4.3

Explore national regulatory measures for fleet categories not covered by
international regulation

Investigate, if necessary using special funding, the potential and feasibility of
national regulations (normative and/or incentive type) for the GHG emissions
of fleet segments not covered by international and European regulations.

Leader: The State (DGAMPA, DGEC) in consultation with the stakeholders
concerned.

Action 4.4

Ensure consistency between regulation, decarbonisation ambitions and
decarbonised energy production requirements

Contribute to the establishment of a clear and incentive-based regulatory
framework for the rapid deployment of low-carbon and renewable energy
carriers. Take into account in public policy documents, in particular the
Energy-Climate Programming Law (LPEC), the Multiannual Energy Plan (PPE),
the National Low Carbon Strategy (SNBC), the potential for e-fuel production
to develop this industry of the future.

Leaders: The State (DGAMPA, DGEC, SGPE) - AdF and MEET2050

Action 4.5

Study the implementation of a mandatory reporting system for bunked fuels
in ports

This mechanism would improve the traceability of the fuels (type and
quantities) bunkered in ports, to identify the quantities bunkered in France
using a direct method.

Leaders: The State (DGEC, DGAMPA, DGITM)

11.5.Strand 5: Operational IMPLEMENTATION and MONITORING

This strand relates to the operational implementation and monitoring of the roadmap. It aims
to encourage full collaboration between the stakeholders in the sector through a common
knowledge base based on reliable data and decision-making tools to guide coordinated public
policies and industrial strategies. Operational implementation requires transforming the
decarbonisation targets outlined in the scenarios into practical projects to meet them
(research, development, demonstration vessels, deployment).

Action 5.1

Development of reliable information and data on the maritime transition for
the benefit of public and private stakeholders in the sector

Undertake technical and economic evaluations and independent analyses to
ensure the reliability of information and data related to the maritime
transition: gains, yields, costs, availability, emissions, etc.

Engage in a comprehensive study with CITEPA on the definition of a national
maritime scope.

Continue implementation of the roadmap by fleet category.
Cost: at least €3.5 million over 5 years
Leaders: DGAMPA, CMF, ADF, GICAN, CITEPA, DGITM, DGEC, MEET2050
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Action 5.2

Use of public procurement to support innovations and initial orders for
decarbonisation solutions - development project §1.1 of the Strategic
Committee for the Sector (CSF)

With the aim of initiating and supporting:

— Systematically include the eco-design approach following the most
advanced standards for the design of ships for the State or local
authorities.

— Include the integration of decarbonisation equipment in public calls
for tender for the purchase of ships, with a minimum amount of 20%
of the value of the ship.

Cost: €200 million over 5 years (20% extra cost on over €200 million of
investments per year)

Leaders: SGMer

Action 5.3

Development of decision support tools to support public policies and
industrial strategies

Develop the necessary decision support tools to guide public policies and
industrial investment strategies (e.g. CAP2050).

Cost: €2 million over 5 years
Leaders: MEET2050, national research centres, CITEPA, DGAMPA, DGITM

Action 5.4

Training and increasing the awareness among decision-makers in the
maritime world of the challenges of transition

Set up a training and awareness-raising campaign for private and public
decision-makers in the maritime sector regarding energy transition issues
throughout the region: boards of directors of professional federations and
competitiveness clusters, company directors, department managers, etc.

Cost: €300k over 2 years
Leaders: The State

Action 5.5

Encourage academic players and research centres to carry out and distribute
research on the decarbonisation of the maritime sector

Combine all the academic and research centres that can provide expertise
into a joint programme to remove the barriers and obstacles identified by
industrial stakeholders, launch developments on breakthrough technologies
and meet the needs of industry to accelerate the development of their
products and services.

Cost: €50 to 100 million over 5 years (programme to be drafted and accurately
costed)

Leaders: MEET2050, national laboratories and research centres

Action 5.6

Support plan for retrofitting and renovation of operational ships

Implement a plan to support shipowners in retrofitting or renovating their
vessels in priority fleet categories with regard to national emissions, while
ensuring that the French market is fully engaged. Specifically, a study of the
capacity of shipyards and equipment manufacturers to respond to this
renovation plan should be carried out in advance. Support for the
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modernisation of industrial equipment could then be considered as a sub-
action. This plan might include specific action such as support for the
electrification of vessels as part of the shore-side connection plan, and draw
on existing French and European schemes, as well as the ETS credits allocated
to the decarbonisation of the maritime sector.

Cost: preliminary study necessary for costing per fleet category

Leaders: The State, MEET2050, shipowners, consultancy firms, shipyards

Action 5.7 Tailor maritime financing methods to the challenges of decarbonisation

Carry out a detailed audit of the financing requirements of stakeholders in
the context of the energy transition (type, amount) and of public (at national
and European level) and private resources that can currently be made
available at the various levels of development (from research to support for
first orders). This audit will suggest potential areas for improvement and
optimisation (clarity, speed and access to finance, leverage), following on
from the report on Blue Finance®*and may make recommendations on finding
the best possible match between the sums that can be raised, whatever their
origin, and the support needs of stakeholders to invest in decarbonisation.

Develop a comprehensive financing strategy for decarbonisation, based on
French and European public financing levers and private financing.

Cost: €75 to €200k depending on the level of detail required

Leaders: The State

Action 5.8 Seek a balance between the revenues generated by the new regulations and
the support to stakeholders for investing in decarbonisation

Seek to optimise the use of revenues generated by the new European
regulations (FuelEU penalties, ETS revenues, etc.) so that they support the
development of decarbonisation solutions.

Leader: The State

Action 5.9 Establish and boost the role of the Meet2050 institute in decarbonising the
maritime sector.

Growth of the institute created early 2024 and which provides support for
the State (SGAMPA, local authorities), the French shipowners' association and
certain industry players and energy providers.

Leaders: The State, Shipowners, Energy providers, Ports, etc.

3 https://www.mer.gouv.fr/finance-bleue-decouvrez-le-rapport
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Appendix 1 - List of acronyms and abbreviations

Acronym or
abbreviation

Meaning

SFAES Support for fishermen to achieve energy savings
ADEME Agency for Ecological Transition
AFIR Alternative Fuels Infrastructure Regulation
LCA Life cycle assessment
ADF French shipowners' association
APER French Association for Eco-responsible Yachting
BAU Business As Usual
CAPEX Capital expenditure
CCUsS Carbon capture use and storage
(o]} Carbon Intensity Index
CITEPA Technical Reference Center for Air Pollution and Climate Change
CEE Energy Saving Certificate
CMF French Maritime Cluster
CO2e CO2 equivalent
CSF Strategic Committee for the Sector (of Maritime Industries or New
Energy Systems)
CITEPA Centre for interdisciplinary studies on atmospheric pollution
UNCTAD United Nations Conference on Trade and Development
CORIMER :Knejjsagszs and Innovation Steering Committee for the Maritime
CORIMER :Kr]eCTE:{rcizs and Innovation Steering Committee for the Maritime
CGEDD General Council for the Environment and Sustainable Development
UNFCCC United Nations Framework Convention on Climate Change
UNFCCC United Nations Framework Convention on Climate Change
DCS Data Collection System
CO2 Carbon Dioxide
DGAMPA Directorate general for Maritime affairs, Fisheries and Aquaculture
DGE Directorate General for Enterprise
DGITM Directorate-General for Infrastructure, Transport and the Sea
ECA Emission Control Area
ECA Emission Control Area
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Acronym or
abbreviation

Meaning

ETS Emissions trading scheme
MRE Marine Renewable Energy
EEDI Energy Efficiency Design Index
EEXI Energy Efficiency eXisting ship Index
ESD Energy saving device
ETS European Trade System
GHG Greenhouse Gas
LPG Liquefied Petroleum Gas
LPG Liquefied Petroleum Gas
CNG Compressed Natural Gas
CNG Compressed Natural Gas
LNG Liquefied Natural Gas
LNG Liquefied Natural Gas
gC02e/M] Grams of CO2 equivalent per megajoule
gCoO2/t.km Grams of CO2 per tonne per kilometre
IPCC Intergovernmental Panel on Climate Change
GICAN French Maritime Industry Group
LOM Mobility Orientation Law
LTECV Law for Energy Transition and Green Growth
MEET2050 Maritime Energy and Environmental Transition towards 2050
MWh Megawatt hour
MRV Monitoring — Reporting - Verifying
MRV Monitoring, reporting and verification
OPEX Operational expenditure
IMO International Maritime Organisation
IMO International Maritime Organisation
NOXx Nitrogen oxides
SOx Sulphur oxides
SME Small and medium-sized enterprises
FC Fuel Cell
FC Fuel cell (MEC: membrane exchange cell, SOFC: solid oxide fuel cell)
MEP Multiannual Energy Plans
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Acronym or
abbreviation

Meaning

RED Renewable Energy Directive
ROI Return on investment
SGPI General Secretariat for Investment
SECTEN Economic sectors and energies
SEEMP Ship Energy Efficiency Management Plan
SFEC French Strategy for Energy and Climate
SNBC National Low-Carbon Strategy
SNBC National Low-Carbon Strategy
SAILS Sustainable Actions for Innovative and Low-impact Shipping
SEQE Emissions Trading Scheme
TtW Tank-to-Wake
TAEMP Annual Tax on Marine Recreational Equipment
TWh Terra Watt Hour
T2EM Maritime Eco-Energy Transition
VSE Very Small Enterprise
EU European Union
Wtw Well-to-Wake

89




Appendix 2 The Short and Medium Term IMO Measures

Short-term measures
The short-term measures adopted by the IMO in June 2021 have two components:

- The Energy Efficiency Existing ship Index (EEXI), a technical component, is a nominal
energy efficiency index based on the same model as the Energy Efficiency Design Index
(EEDI) but applied to all existing ships of 400 tonnes or more (UMS) and no longer just
to new ships. The reduction factors required on 31 December 2023 in relation to the
benchmark value (reflecting the average nominal energy efficiency for each category
of ship for the 2000-2009 period) are in different steps ranging from O to 50%,
depending on the type of ship and its size. To achieve this, ships will have to adopt
solutions from a wide range of technical options: limitation of engine power,
optimisation of the engine, heat recovery, optimisation of propellers, installation of
wind propulsion assistance systems, etc.

- The Carbon Intensity Indicator (CIl), an operational component, is an indicator of
carbon emissions (efficiency-related emissions) applicable to ships of 5,000 tonnes or
more (UMS). It is calculated by dividing the greenhouse gas emissions by the transport
capacity of the ship and the distance travelled in a year, thus taking into account the
actual emissions of individual ships and not just their theoretical energy efficiency
(unlike the EEDI and EEXI). Its aim is to ensure that the world fleet achieves a 40%
reduction in carbon intensity by 2030 relative to 2008. To achieve this, each ship is
required to meet targets for reducing its carbon intensity relative to a benchmark that
is calculated based on the carbon intensity for its category in 2019: -5% by 2023, -7%
by 2024, -9% by 2025 and -11% by 2026. Targets for 2027-2030 will need to be
established by 2026 at the latest, but to achieve a target of -20% by 2030, it will be
necessary to maintain a trend of around -3% per annum between 2027 and 2030.

Ships will be required to plan measures to meet the target within the Ship Energy Efficiency
Management Plan (SEEMP). Depending on how well the "achieved CII" compares to the
"required CII" (corresponding to the target), the ship will be given a score ranging from A
(low carbon intensity) to E (high carbon intensity), with C being approximately the required
intensity.

While at present, the scheme does not include sanctions or withdrawal of certificates for
poorly performing ships, it does require that ships with a D rating for three consecutive
years or E for a single year implement a corrective action plan to be approved by their flag
State, and it calls on industry stakeholders (States, ports, financial institutions, etc.) to put
in place incentives for ships with A and B ratings. Finally, the implementation of the SEEMP
may be subject to checks and audits by the flag State.

Potential impacts of the IMO short-term regulatory measures on the national fleet

Energy efficiency and carbon intensity measures will have a differentiated impact on the

various fleet segments, vessel operations and age. The impact of the EEXI is estimated to be

relatively limited, especially for a relatively young fleet such as the French fleet. In its study of

the impact of short-term market based measures, a DNV study estimates that the EEXI alone

could reduce the carbon intensity of the world fleet by 6% to 10% in 2030 compared to 2019,

but would not prevent an increase in emissions in absolute terms (+3%) due to the projected
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increase in demand for maritime transport. Bureau Veritas estimates that 30% of ships built
from 2015 onwards will have to implement technical measures to comply.

The impact of the Cll is expected to be more significant: by requiring ships to reduce their real
carbon intensity by at least 2% per year, it requires them to implement planned and ongoing
technical solutions (the same as to comply with the EEXI) or operational solutions (speed
reduction, routing optimisation, application of "just-in-time", etc.). While this measure is not
currently accompanied by harsh sanctions, it should lead to a positive change in practices. For
the first time, in a sector that until now has not paid much attention to energy sobriety, it
systematically addresses the climate impact of ships in the technical and operational
management of fleets. France has chosen to apply the EEXI and Cll rules to all its ships over
5,000 UMS, including those used for domestic navigation.

Medium and long-term measures

Currently under discussion at the IMO, these market based measures may include a
combination of technical (e.g. a carbon intensity standard for energy used by ships) and
economic elements. France and the European Union member States have called for a
combination of measures with a regulatory measure for the gradual reduction of the carbon-
intensity of the energy used on-board ships, and an economic taxation measure for fossil fuels.
These measures aim to compensate in whole or in part for the price differential between fossil
fuels and low or zero emission fuels.

In conjunction with short-term measures, these actions should trigger the energy transition
over the next 20 to 30 years. France is promoting the consideration of the carbon footprint of
fuels over their whole life cycle, including the primary energy source and production methods
(the so-called "life cycle assessment" approach), in order to encourage alternative fuels that
are truly greener. These measures are expected to be adopted in 2025, to come into force in
2027.

It should be noted that the regulations adopted by the IMO generally observe the principle of
technological neutrality, i.e. they leave the choice of technical or operational solutions to the
economic players to meet the targets set.

Potential impacts of the IMO medium-term regulatory measures on the global fleet

The DNV study of the impact of medium-term measures on the fleet puts forward several cost
intensity measurement for fleets following the introduction of medium-term measures. Cost
intensity for fleets is a comprehensive measurement of the total cost of owning, operating,
maintaining and managing the fleet in operation. According to the business-as-usual scenario,
this is expected to increase from 16 to 47% by 2030, from 56 to 80% by 2040 and from 71 to
85% by 2050.

There are however a number of uncertainties as to the future cost of fuels. If we take the
forecast price range of fuels, fuel cost intensity will increase relative to the business-as-usual
scenario by 2030, from 12% to 60%. There is even more uncertainty surrounding fuel prices
between 2040 and 2050. The range of increase in fuel cost intensity is between 47% and 109%
for 2040 and between 46% and 129% for 2050. The total cost per tonne of greenhouse gases
reduced, within the forecast range of fuel prices, ranges from 210 to 488 USD/tCO,eq.
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Appendix 3: The European "Fit for 55" package

Maritime ETS

The extension of the European Emissions Trading System (ETS) to maritime transport. Since
the 1 January 2024, 100% of emissions in ports and intra-European journeys and 50% of
emissions from journeys between an EU port and a port in a third country must be offset
against the corresponding quotas. As it is not subject to delocalisation risks, maritime transport
does not benefit from free quotas, but from a progressive implementation (only part of the
quotas will have to be offset in 2024 and 2025). The cap on quotas available to the whole
market will decrease annually at a rate of about 4.2%.

Initially, it will only apply to ships over 5,000 (UMS) carrying cargo or passengers. Offshore
service vessels above 5000 (USM) will be included in the MRV (the EU mandatory reporting
system for ship emissions data, in use since 2018) from 2025 and then in the ETS from 2027.
From 2025 onwards, offshore service vessels between 400 and 5000 UMS and general cargo
ships will be included in the MRV. The inclusion of other categories of ships between 400 and
5000 (USM) in the MRV will be reviewed in 2024. Whether ships between 400 and 5000 (USM)
should be included in the ETS will be reviewed before 31 December 2026. Fishing, recreational,
public service and military ships are excluded.

As well as CO2 (already included in the MRV), methane and nitrous oxide emissions are
included in the MRV from 2024 and in the ETS from 2026. However, the emissions
corresponding to services to the overseas territories (for all ships) and to the additional energy
required by "ice class" ships (5% rebate) will be exempt from the offset quotas. The measure
includes a review clause for the entire scheme to reflect the potential adoption of a market-
based measure by the IMO by 2028.

The maritime sector becomes an official beneficiary of the European Innovation Fund.
Furthermore, the European Commission will have to give "special attention" to projects
contributing to the decarbonisation of maritime transport in its calls for projects and include
themes dedicated to the latter. It has also pledged the revenues from the sale of 20 million
quotas by 2030 to this. Project proposals for the European Innovation Fund must have a "clear
European added value".

Find out more on the official webpage for the Ministry of Marine Affairs
(https://www.mer.gouv.fr/marche-carbone-europeen-ets-transport-maritime).

FuelEU Maritime

Complementing the ETS, which helps to reduce the price gap between fossil fuels and low-
carbon fuels, the FuelEU Maritime regulation aims to promote the use of sustainable marine
fuels by ships, through the adoption of mandatory carbon intensity targets between 2025 to
2050.

The reduction targets, taking into account the whole life cycle of fuels (from "well to wake"),
are -2% by 2025, -6% by 2030, -14.5 by 2035, -31% by 2040, -62% by 2045 and -80% by 2050.
The regulation also allows for shore-side connection requirements from 2030 for passenger
and container ships at the European ports mentioned in article 9 of the AFIR regulation (see
the paragraph below).
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AFIR

The draft regulation on the deployment of alternative fuel infrastructure (AFIR) should
include, in addition to FuelEU Maritime, a requirement for the provision of onshore power for
passenger and container ships in the European transport network’s major ports, as requiring
Member States to implement a development plan for alternative marine fuel infrastructure in
their ports.

RED Il Directive

The revised Renewable Energy Directive (RED 3) encourages the use of advanced biofuels and
sets greenhouse gas reduction targets for the whole of the transport sector. In particular,
article 25-1-3 of the Directive provides an “incentive” mandate for marine fuels, stipulating that
Member States should strive to achieve 1.2% synthetic fuels in the energy mix for consumption
by 2030.

Potential impacts of the Fit For 55 regulations on the national fleet

The technical and economic implications of the FF55 package on the national fleet will be
many and varied depending on the selected segment and the operation. It is difficult to model
these impacts, but several elements can be highlighted.

Regarding the impact of the maritime ETS, the average price of the quota for the year 2023
was €85, which was fairly stable compared to the price of €81 on average for the year 2022.
This carbon price will be both a financial burden for shipping companies, which until now have
benefited from no fuel tax, and an opportunity for those who start to decarbonise their ships
in advance of the phase. An adjustment period will be possible due to the phase-in which
provides for a gradual integration with the market (40% of verified emissions by 2024, 70% by
2025 and 100% from 2026).

Meanwhile, meeting the carbon intensity reduction targets of the FuelEU Maritime Regulation
should encourage a gradual phase-out of fossil fuels. However, the expected price ranges for
alternative fuels by 2030 are all higher than for heavy fuel oil (around €15/GJ), with the
exception of LNG. They range from €25 to €65/GJ for green ammonia, €15 to €35/G] for
biodiesel, and €25 to €50/GJ for bio-LNG.
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Appendix 4: Detailed presentation of decarbonisation levers

1. Energy efficiency to reduce energy requirements and emissions

There are several solutions to optimise the energy efficiency of ships at the design stage. With
the exception of pleasure craft,ships are not usually built on a production line, so separate
studies must be carried out on each ship to improve its design and overall energy efficiency.
These improvements allow an average gain of 5 to 15% in efficiency, especially by customising
the design to the vessel's operational requirements.

Lever 1.1: reducing ship drag

Drag reduction involves optimising the shape of
the vessel to minimise its wave and frictional
resistance.

It involves complex calculations using specialised
software and sometimes tests in a flume tank.
These studies may address the general shape of
the vessel or of specific parts (bulb, canopy,
appendages), following different operational
requirements, whether for new construction or
retrofit. Some innovative techniques such as the
injection of air under the hull or the use of certain
surface coatings also help to minimise friction.

Optim/sé

& &

Initiad

Gains de l'ordre de 10% sur la consommation

Credits: HydrOcean [ CMA-CGM

construction;

e Significant gains of 5 to 20% on energy
consumption and emissions

e Fully developed and proven solution with
extensive positive feedback

e Immediate ROl in new constructions and
quick ROI (1 to 3 years on large ships) for
retrofits

BENEFITS OBSTACLES
e Limited time allocated to the ship design
phase
tudi till iti I t it
e Applicable to all vessels and fleet © S Udl.eS.S'I seen as an additional cost despite
. . the significant ROI
categories, for retrofit and new

IMO measures not applicable to smaller ships

Requirement for a technical shutdown when
retrofitting

Difficulty in obtaining reliable and accurate
information on the actual operational
characteristics of vessels, which is required for
optimisation studies

Changes to the use of certain vessels which
make it difficult to optimise them in too
specific a manner, especially in terms of
maintaining versatility (for resale of the vessel)
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Lever 1.2: improvement of propulsive efficiency

Improving the propulsive efficiency of a vessel consists of optimising its entire propulsive chain
(from the engine control to the propeller). The solutions can include:

Optimising the efficiency of the propellers: improved shapes, power matching
/ cavitation /[ radiant noise, use of composite and deformable materials;

The integration of innovative thrusters that may be inspired by biomimicry;

Optimisation of hull / auxiliary structure [ thruster integration: streamlined
thrusters, wake [ suction, tunnels and optimised aft arcs;

Development of Energy Saving Device (ESD) systems to improve propulsion
efficiency.

BENEFITS OBSTACLES

yields

e Optimisation for new construction and
retrofit to accommodate a vessels new
operational conditions

e Immediate ROI for new construction and despite ROI
quick (1to 3 years for large ships) for retrofits

e Reliability of design and evaluation software
e Gains of 3 to 10%.

e Breakthrough innovations in development,
especially using biomimicry, with better

e Limited time allocated to propulsion
performance optimisation in the design
phase

e Studies still seen as an additional cost

e Requires a thorough technical study based
on the operational requirements of the
vessel;

e High cost of the most efficient thrusters
(between 5 and 25% of the ship's cost
dependant on type)

e Need to scale up and increase power for
innovative biomimicry thrusters

Lever 1.3: improving the energy efficiency of ship equipment

This involves optimising all the energy consumed on board for a given vessel and operating
characteristics to avoid unnecessary or redundant consumption. Solutions may include

Heat or cold recovery for use on board;

Optimisation of the main engine use compared to that of the auxiliaries as well
as the operating conditions;

Optimal engine power and sea margin;

Improving the efficiency of deck equipment, fishing equipment and other gear;
Optimisation of on-board energy consumption: light bulbs, air conditioning,
heating.
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Example of a ship control centre and routing software (Credit Marine Traffic)

BENEFITS

OBSTACLES

e Can be installed on all ships

e Easy to implement with the help of studies
at the design stage or through retrofitting

e Low cost and energy savings guaranteed

Requires energy modelling and vessel
monitoring systems still under development
or not yet fully tested

Optimisation is highly dependent on the
operational characteristics of the vessel,
which will vary over its lifetime

Lever 1.4: Operational excellence

Operational excellence measures include all the steps taken to optimise the energy
consumption of currently operational ships and in their interaction with their environment:
decision-making and eco-driving tools, routing that takes into account weather conditions
(wind, swell, current), optimising interactions with land to reduce transit speeds (just-in-time
arrival, reduction of stopover times, etc.), performance monitoring to identify excess energy

consumption, and training for crews

These measures, which contribute to the energy efficiency of a ship in its operational phase,

are under-deployed.

BENEFITS

OBSTACLES

e Significant gains brought by a better
understanding of the ship's operation

e Some solutions are easy to implement,
without significant modifications to the
ship

e Increasingly powerful software (routing,
for example)

Bandwidth for satellite

communications

ship/shore

Data standards and quality

Data ownership disputed between equipment
manufacturers, shipyards and shipowners

Weak technical skills

operators

among some ship
Sharing of investments and benefits between
shipowners and charterers
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2. Energy and infrastructure

The progressive introduction of energy sources with a reduced carbon footprint, over the
entire life cycle, is an essential solution for decarbonising the sector. At present, almost all ships
run on fossil fuels, but gradually shipowners are opting for alternative fuel compatible ships
(21% of new ship orders according to the DNV).

Ships on order - 3 Hydrogen
" mmsm —— 35 Methanol
78.9% 57 LPG
conventional i
ol | | 417 Battery/Hybrid
Order book — 534 LNG
1046 Total

Orders for ships using alternative fuels
(DNV, 2022)

Under the umbrella of alternative fuels, there are a variety of solutions that can be grouped
into broad categories: liquefied natural gas (LNG), biofuels, e-fuels and batteries. In addition,
CO2 capture and storage (CCS) and diesel propulsion systems can complement ships' systems
and reduce their carbon footprint.

At the national level, the energy bunkered in French ports is about 30TWh of fossil fuel energy.
The conversion of this 30TWh into other forms of decarbonised energy would require the
availability of the equivalent energy in biofuels today, or the equivalent of 60 to 120TWh of
electricity to produce e-fuels, taking into account the energy yields associated with each phase
of transformation, which are of the order of 12 to 25%. The availability of energy for
decarbonisation is therefore a major issue.

Lever 2.1: The use of less carbon-intensive and transitory fossil fuels (LNG)

Liquefied natural gas is a gaseous mixture of hydrocarbons of fossil origin composed mainly of
methane. Transported in liquefied form (cryogenic temperature of -161°) in LNG ships, it has
been used on these ships as a fuel since the 1960s-1970s, which makes it an established
technology. LNG also makes it possible to meet the constraints of air pollution regulations,
particularly in emission control areas (ECA areas as defined by the IMO), and is gradually being
introduced in new construction of cargo and passenger ships, which cannot be decarbonised
solely by electricity and hydrogen.

LNG's greenhouse gas emission reduction is limited given its fossil origin and the fugitive
methane emissions (whose global warming power is 28 times greater than CO2 at 100 years)
caused by its use, so LNG can only be seen as a transitional energy towards bio-LNG and e-
methane, which have the advantage over other forms of energy of a gradual and controllable
transition.

For smaller vessels, such as fishing vessels, compressed natural gas (CNG and its derivatives in
bio- and e-fuels) may be suitable.

Additionally, the pyrolysis of natural gas on board ships, a process that directly transforms the
gas into hydrogen and solid carbon, is currently being developed for maritime use.
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BENEFITS OBSTACLES

e Improved air quality: reduction of SOx, NOx
and fine particulate emissions

e Established supply  chain,  growing

infrastructure in main refuelling ports e  Fossil fuel
e Pre-existing international regulations for | o Fugitive methane can lead to an increase of
LNG use on board ships up to 6% in GHG emissions (compared to
e Reduction of CO2 emissions up to 17% heavy fuel oil according to FuelEU).

depending on the type of engine and the | ¢  yse limited to large vessels (>100m)
origin of the LNG (+6% to -17% in the draft

. Requi training to handl i
FuelEU regulation) o equires crew training to handle cryogenic

fuel on board
e High energy content in comparison to other

alternative fuels

e Potential for gradual transition to bio-GNL
and e-GNL without changing vessel and
infrastructure design

Lever 2.2: Biofuels

Liquid biofuels represent a very varied range of alternative fuels produced from biomass from
food resources (vegetable oils, sugar plants, cereals, etc.) for so-called first generation fuels,
and from lignocellulosic resources (wood, leaves, straw, etc.) for second generation fuels. Some
biofuels have already been used for a long time for road transport, but their use in the maritime
sector remains in its infancy.

Another type of biofuel, biomethane, is a 100% renewable gas produced from waste from the
agri-food industry, collective catering, agricultural and household waste, or even sludge from
wastewater treatment plants. This purified biogas has the same properties as natural gas, and
therefore the same uses. It can then be liquefied to make bio-LNG and replace fossil LNG.

Relatively easy to use and available now, biofuels have varying greenhouse gas emission
reduction potentials related to their origin and level of use. The availability of stocks, given
future needs, is a major issue. Biofuels are generally more expensive than fossil fuels.

BENEFITS OBSTACLES

e Limited stocks and competition for use from
e Fuels already available in some ports other sectors (including aviation)
e A "drop-in" solution, biofuels can be
blended directly into the ship's bunkers,
mixed with fossil fuels, without major
retrofitting (sometimes requiring engine

modifications)

e Emissions reductions vary between biofuels

e Research needed to enable scaling up, and to
develop third generation biofuels (from
seaweed)

e NOx emissions from these biofuels to be

e Similar energy density to fossil fuels
managed
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Lever 2.3: Electrofuels (e-fuels)

E-fuels are a class of fuels produced using electricity. They can be a greenhouse gas-neutral
solution provided that the production processes, including the electricity used, are greenhouse
gas-neutral. Together with biofuels, these are the two major solutions for meeting the energy
needs of the maritime sector in the future.

The production of e-fuels requires huge amounts of energy in proportion to the low yields.
Their production involves a hydrogen production stage, which can be produced by electrolysis
of water (to ensure its decarbonised nature), and this hydrogen can then be transformed into
other molecules by various chemical processes.

Several e-fuels are being considered to meet the needs of the maritime sector, although it is
not possible to determine at present whether one of them will dominate over others. The
following are the main ones:

e e-hydrogen, produced by electrolysis of water, which can then be used in a fuel
cell or even, in some cases, in a combustion engine. Because of its low energy
density per unit volume, hydrogen must be compressed at very high pressures
(300 to 700 bars) or even liquefied at about -252°C. Its use will remain limited
to certain types of ships that can refuel frequently. The limited lifespan of fuel
cells and their cost are also a constraint.

(NN NENE NN

Energy Observer 2 - a multi-purpose electric charging vessel powered by liquid hydrogen (credits: Kader
Boucher [ Epron Design )

e E-methane, produced via the Fischer-Tropsch process, can also be liquefied to
produce e-LNG. The latter could directly replace the fossil LNG used in ships
built for this energy.

Jupiter 1000 project, industrial Power-to-Gas demonstrator (Credit Jupiter 1000)

e E-methanol, the production of which has already been industrialised,
particularly for the chemical industry. This fuel is liquid at room temperature,
which makes it easier to handle and bunker, and it could be used in retrofits of
existing ships. Tankers operating and transporting methanol are already in
operation, and the first ships - excluding tankers - using methanol as a fuel will
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be in operation by 2025-2026. Some container ship owners are counting on this
technology.

e E-ammonia, also produced in large quantities for industrial purposes (fertiliser
industry, explosives) using the Haber-Bosch process. Less established than the
two previous e-fuels for maritime use, ammonia has the major advantage of not
having a carbon chain and therefore not emitting any CO2 when burned.
However, major R&D efforts are needed to ensure its safe use, as ammonia is
highly toxic.

The price of e-fuels, the production of which is almost nil to date except for heavy transport,
would depend greatly on the price of electricity. It can be estimated that, in the long term and
without the carbon tax mechanism, e-fuels will be three to four times more expensive than
their fossil equivalents. The necessary investments in infrastructure and the additional costs of
ships with a different design from conventional ships must be added to this price.

E-fuels have different physical properties. In particular, their energy density per unit volume
varies considerably, with direct implications for the size of the vessel's cargo hold and
therefore its payload.

The valumetric energy density of a range of fuel options

KEY
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. Jorocarbon fuels
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Enetgy density (KWh)

Energy density of marine fuels, excluding storage tanks3®

Another issue is that e-fuels containing carbon, in particular e-methane and e-methanol, must
have a source of carbon, CO2 or CO, for their production. Several technologies are being
considered to provide CO2, bearing in mind that the European RED Il regulation could restrict
the use of certain sources. Biogenic CO2, for example from the production of biomethane, is
particularly good in terms of carbon balance, especially when coupled with an anaerobic
digestion unit, which doubles the production of gas for the same quantity of biomass input.

36 https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf
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BENEFITS OBSTACLES

Significant need for renewable or low-carbon
electricity due to low efficiency

Industrial economy to be built, with major
investments in production and distribution

o . infrastructures (especially ports)
Significant greenhouse gas reduction
potential Source of CO2 to produce carbon-based e-fuels
Some e-fuels have hazardous

notably e-ammonia and hydrogen

Improvement of air quality: reduction properties,

of SOx, NOx (except for ammonia for
which there are risks of residual NOx
emissions) and fine particulates

Lower energy density than fossil fuels

Ship design to be modified
Diversity of e-fuels to meet different

- ) Lowering of the carbon signature is not
uses and operating constraints

recognised due to the fact that the IMO has not
yet done the life cycle assessment of marine
fuels (work in progress)

Training of crews to use these new fuels

Limited land in port areas

Lever 2.4: on-board CO2 capture

On-board capture of CO2 emitted on a ship, and its subsequent sequestration, would reduce
the carbon content of emissions from ships using carbon-based fuel. The technology is already
relatively well established on land and deployed in some industrial sites. It still requires R&D
efforts and the development of demonstration units in marine conditions.

Its deployment can be considered for the largest ships, but remains costly.

BENEFITS

OBSTACLES

Technology that
alternative fuels

can complement

Relevant for ships with a cold source on
board, such as LNG ships, to liquefy and

Numerous modifications required to retrofit
existing vessels

Space requirements for on-board CO2
capture and storage systems

store CO2 Energy intensive process on board

Potential new market for French ports

Regulatory uncertainties regarding CO2

Lever 2.5: Hybridisation and electrification of ships and docks

As in other forms of transport, the electrification of propulsion modes is gradually being
implemented on ships. The smallest of them, such as aquaculture or pleasure vessels, can
choose to use battery-powered electric propulsion. It is also an attractive option for small
passenger or service vessels, in rivers or sheltered waters, which benefit from dockside
recharging capacity and do not have high range requirements. On larger vessels, these
applications are limited to a few specific uses, such as the electrification of auxiliaries, which
can still represent up to 20% of the vessel's energy consumption, or for ferries making short
crossings that can be recharged frequently at the quayside.
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Another option, electric hybridisation of propulsion, decouples the generation of energy on
board and electrical propulsion control by relying on on-board electricity storage, with
advantages in terms of system sizing, efficiency and technological upgradability. It is aimed at
a wider market, ranging from maintenance vessels at sea to passenger ships, some fishing
vessels and, more generally, any vessel, for example when approaching a port area.

Shore-side electrification is a necessary condition for the development of electric propulsion,
both for the reduction of emissions at quayside and for the recharging of batteries. Some
infrastructure already exists in European and French ports for ships to connect to the quay
during their stopovers. However, in view of the European requirements of the AFIR regulation®”
and with the future development of the electrification of ships, the roll-out of hook-up
infrastructure should accelerate.

BENEFITS OBSTACLES

¢ No direct emissions from the ship
e Reduced noise pollution

e Well established battery technology with
good energy efficiency

* Relevant for low power vessels (pleasure | o Efficiency depends on the energy mix used to

craft, fishing) but also for higher power produce the electrical energy used on board

vessels as long as they have short trips . .
& y P e large footprint. Not an option for long

combustion engine, for example . .
g P e  Fire risk from batteries

e Reduction of GHG and other pollutants,

. . e Cost of electrification infrastructure for ports
especially in ports

for hook up and charging
¢ Decoupling of on-board energy generation,

storage and propulsion: adaptation to load
variations and optimised operation for each
of the components

e Power generation retrofit capability

L - - . -
| T -

Electric oyster barge "Frangois Cadoret" Vessel "Commandant Charcot" equipped with
4520 kW of batteries

37 Alternative Fuels Infrastructure Regulation, see Appendix 3
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Lever 2.6: Nuclear propulsion

The maritime transport sector is on the cusp of a revolutionary switch to clean energy, and
nuclear power could be one of the alternatives to traditional fossil fuels.

Today, the propulsion of nuclear ships is covered by Chapter VIl of the SOLAS Convention, a
text supplemented by resolution A.491.12 of the Code of Safety for Nuclear Merchant Ships.
Since this resolution was ratified by France in 1981, the body of regulations dealing essentially
with pressurised water technology has not evolved. Even today, no other technology has
demonstrated that it can withstand all the stresses and strains of the maritime environment
(platform movements, vibrations and all types of collision, impact, etc.) while remaining
capable of operating in complete safety.

Although a few nuclear-powered vessels have been built across the globe since the 1960s, they
have all been state-owned and have not really been used for any international commercial trips
(icebreakers, experimental ships or research vessels). Privately-owned merchant ships that
could be resold, operated by multinational crews and finally dismantled, would pave the way
to a new approach for this sector.

While nuclear power has the potential to provide a reliable, high-density source of energy that
could significantly reduce the carbon footprint of maritime transport and Offshore Floating
Nuclear Plant (OFNP) operations, there are still considerable obstacles to the adoption of
nuclear power in the maritime transport sector. Indeed, if the business model is to be adopted
over the long-term, a number of considerations must be taken into account, including the
challenges associated with nuclear safety, crew qualification, radioactive waste management,
and the costs of building, maintaining and dismantling such vessels.

Although the rapid development of Small Modular Reactor (SMR) technologies and their
possible use in commercial maritime transport may open up new possibilities, there are still a
great number of regulatory hurdles to overcome. From this point of view, a revision of IMO
texts seems essential, although this subject is not currently on the Organisation's agenda.

Computer-generated image of the SMR principle studied by the Nuward Consortium. © Nuward Consortium (Source
CEA)

While no technological solution to decarbonisation should be ruled out, the implementation
of nuclear propulsion systems on merchant ships would require major efforts from public and
industrial players, which would have to be sustained over the long term. Such a development
would also need to draw on the extensive experience of the military shipbuilding industry,
which has been using nuclear reactors for the propulsion of military vessels for several decades.
Before any investment decision is made in this field, it would therefore seem necessary to
carefully assess the advantages and disadvantages, in terms of the objective to be achieved.
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BENEFITS OBSTACLES

e Only suitable for large ships with a power of at least
20,000 to 40,000 kW

e Zero emissions e SMRs have not been proven reliable at sea

e French expertise in pressurised water | e Difficult to ensure a safe environment given the
technology current operational approach for merchant ships

e Excellent ratio between density (thanks | e Construction, operation & maintenance and
to SMRs) and power output dismantling costs

e There seems to be low acceptability for nuclear
power

Lever 2.7: Propulsion by wind and other renewable energies

Wind is a renewable energy, free and abundant at sea, especially in certain geographical areas.
Its direct use on board ships using dedicated propulsion systems (sails, rigid wings, rotors, kites,
etc.) makes it possible to significantly reduce the use of other energy sources. Wind energy can
be used to assist the principal propulsion system on new ships or retrofit existing ships, or on
specific lines as principal propulsion.

Example of wind propulsion systems under development

(credits Ayro and Airseas)

Wind propulsion is the focus of numerous proposals and patents for innovation at the national
level, but the commercialisation of equipment and its installation for large-scale deployment
on commercial ships has yet to be accelerated.

Other renewable energies can in some cases be exploited on board ships, especially
photovoltaic and hydro-power.
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BENEFITS

OBSTACLES

e The energy is free at its point of use on
board

e No processing, transport, or storage on
land

e No bunkering, storage on board

e Safe routing to optimise use and
hybridisation with another propulsion

Efficient for low ship speeds

Suitable for some shipping lines and less so for
others (low wind)

Performance and reliability of the new generation
propulsion equipment which will have to
demonstrate sustainability and efficiency with
their on board use

mode ) o
e Requires modification of the hull and appendages

e Widely available, including in countries to effectively move upwind

and islands with less access to fuels .
e Impacts on cargo deck, stability and also on

e An energy source that does not visibility from the bridge

compete with other industries and is
compatible with other modes of
propulsion

e For strong energy efficiency gains, the whole
design must be considered to incorporate wind

) ) o propulsion with hybridised propulsion means
e Innovative French industry in this field

3. Sobriety in operational terms and design to reduce emissions in the operational phase
and for the entire value chain

Lever 3.1: Operational sobriety - speed reduction

Sobriety in operational terms for maritime transport is a complementary measure for reducing
GHG emissions in certain fleet categories. Actioning this lever, which is technologically
straightforward, is still not without its difficulties.

The main market based measure identified is to reduce the ship's speed, as fuel consumption
is a cubic function of its speed. This practice is, actually, already widespread and has been
highlighted to the IMO by France. It is also included in the SAILS charter signed by several
French shipping companies. However, too great a reduction in the speed of commercial vessels
would mean a reduction in total transport volumes and, potentially, an increased need for new
vessels to handle maritime trade.

The drop in transported volumes and therefore in international trade is so far quite low. In its
annual report published on 29 November 2022, the United Nations Conference on Trade and
Development (UNCTAD) projected an annual increase in world maritime trade of 2.1% per year
over the next five years, despite rising energy costs.

BENEFITS OBSTACLES
e Impact on the economic performance of
e Technically straightforward to operators,
implement e Little room for manoeuvre for certain fleet

e Efficient solution if the speed reduction categories (e.g. ferry schedules)

is well thought out (up to 30% depending | o
on the type of fleet)

Potentially offset by the introduction of
additional vessels, significantly reducing the

e Lower speeds make wind propulsion expected gains

more attractive e Risk of modal shift to less energy efficient but

faster modes of transport
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Lever 3.2: Ecodesign, manufacturing process and end of life to reduce the construction
and dismantling carbon footprint

The first step in understanding this lever, which is often overlooked in international regulations
and poorly documented, is to agree on a carbon accounting framework for conducting life
cycle assessments (LCAs) and to promote its use. The consolidation of the main inventory data
(energy, materials, etc.) specific to the naval, river and nautical sectors (engine emission
profiles, composite materials, welding processes, etc.) is necessary to initiate an eco-design
approach.

Ecodesign then implies finding incentives for shipbuilders and shipowners to work towards
vessels with the smallest possible carbon footprint over its entire life cycle. This approach
highlights the impact of material inputs, in particular steel, aluminium and composites, which
can account for up to 90% of the production carbon footprint. The transition of upstream
industries must be achieved while ensuring the competitiveness of European downstream
industries.

French shipyards are attempting to integrate the constraints linked to the end of a ship's life
into the design stage. The recreational marine sector has already initiated developments to use
more environmentally friendly and recyclable materials (e.g. use of flax fibre instead of carbon
fibre, and recyclable resin).

BENEFITS OBSTACLES

e Some technical solutions are well

established e Lack of a shared LCA methodology and lack
e First life cycle analyses carried out by key of data to establish a benchmark
players e Life cycle environmental performance
e Regulatory constraints regarding the end-of- criteria not taken into account by the
life of ships market and regulations
e National eco-organisation APER approved | e European border carbon adjustment
by the Ministry of Ecological Transition to mechanism that makes access to raw
manage the dismantling and recycling of materials more expensive for European
recreational and sports boats at the end of manufacturers, but does not include
their life. finished products

e Four EU-approved ship recycling facilities | e Restrictive regulatory requirements for
located in France materials approval that does not facilitate

e Industrial capacity in France and know-how Innovation.

of French players
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Appendix 5 - Benchmark decarbonisation scenario - Meet 2050
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Appendix 6 — Decarbonisation scenarios by fleet category

For each of the fleet categories, “Container ships”, “Gas tankers” and “Large ferries”, 3
decarbonisation scenarios were modelled, according to three scenarios: S1 - “Realistic
transition”, S2 - “Technology”, and S3 - “Sobriety”.

Modelling 1.1: Container ships, “Realistic transition” scenario
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Modelling 1.2: Container ships, “Technology” scenario
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Modelling 1.3: Container ships, “Sobriety” scenario
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Modelling 2.1: Gas tankers, “Realistic transition” scenario
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Modelling 2.2: Gas tankers, “Technology” scenario
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Modelling 2.3: Gas tankers, “Sobriety” scenario
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Modelling 3.1: Large ferries, “Realistic transition” scenario
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Modelling 3.2: Large ferries, “Technology” scenario
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Modelling 3.3: Large ferries, “Sobriety” scenario
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Appendix 7 - Summary of the working groups per fleet category

1. “Container ships” working group

FEUILLE DE ROUTE

GT [Porte-conteneurs]
Propos liminaires

France

+ Activité internationale {les lignes maritimes
A A e

Particularivés du
sagment
de flotte

Qualificution de la
performance
énergétique

Avtres (b prédciaer -

champ libre)

dautres pays) =)

Certalng ports étrangers sont des sfteenatives

;w ports frangais pour des flux depuis / vees la
rance

Les armateurs optimisent le déplojement de
Jewr flotte av niveau mondial

La performance énergétique est depuis
longtemps une préoccupation du segment fqui
est trés ible 2u codt du carburant)

Los branchements & gual sont une prioeits
rdglementaire

Cargo/navires » 5000 GT uniguement
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D

ECARBONATION

GT [Porte-conteneurs]

4

2

N A

GOUVEANEHINT Y,
~ Armatmars do Fraves
—~ ! NEETN

Pas captif d'un Beu de soutage: les volumes
soutés an France peuvent varier wn fonction
des opportunités dans dautres ports

Les navires desservant |a France peuvent
changer d'une annde sur l'autee

Fiscalité favorable aux fuels décarbonés
nécassaire

La plupart des amélorations
hydrodynamiques ont déja été effectuces
Lexenllonce opérationnel est diih
développée

Lo vitesse a céfd 6té riduite significativement
depuls une quinzaine danndes



Consommation
par fagade 2022

(" # pot)

Caractéristiques de la flotte

/-

—

cracon

MARFRET

~650 navires de 500 3 23,000 TEUs
(dont «170 sur des services touchant ln France)

«90 nuvices ont seuté une partie de leur carburant en France en
2022

3 ans

0% (pas d'offre) mais collaboration avec Chantiers ST Nazaire sur
prototype d'assistance vélique

France : 408 kt aquiv FO (3 kt HSFO, 242 ke VLSFO, 15 kt MDO, 148
Kkt LNG)

Fos : 176 kt, Marseile : 37kt
Menteir ; 53 kt

Lo Hawra : 45 kt, Dunkerque : § kt
Pointe-Pitre : 92 kt

Levier Efficacité énergétique

Réduction de la trainée

Revitement des

carhnes

Modification du bulbe

(5% sur 50% de |a flatts)
(+ 200M USD de capex consacrés en 10 ans)

Modification de

;
i
8

Optimisation des
formes

l'derave

. Envisagesble .

Nécassaire

118

Incius dans un gain global ritrofita hydrodynamiquas

Inciun dans un gain global au renouveliamant (5%)

5 navires PC, 1 an livesisen 2025, Da 500 4 2500 TEUs

3 navires ont soutd une partie de leur carburant en France
«n 2022

17 s

0% (pas Foffre)

France : 32kt de carburant (2,5kt VLSFO, 0,7kt MGO)

Marsaille :2 A5kt
Lo Hawrs : 7kt
Dunkerqus : 0,05k

Difh optimisds par peinture antifouling

Incion dans un gain global au rencuveliamant (5%)

Non spplicable



Levier Efficacité énergétique =
Optimisation du rendement propulsif

Inclus dans un gain globsl rétrefits hydrodynamigues (5% sur 50%

de In flotte) Ajout appandice (hilice, safran)

RETROFIT

Inclus dans un gain global au rensuvallement (5%) Inchus dans un gain global au ranouvellamant {5%)

CONSTRUCTION
NEUVE

. Nécassaire . Envisagesble . Non applicable

B 7 M

Levier Efficacité énergétique =
Optimisation de la consommation d‘énergie a bord

Invcius dans be gain d'excellence operationnetie
(8% sur 8% do la flotte)

Investssoment ~ 20MS Programme Smanstip)

Impidémantation des procidures de gastian de Minergie
Tout muf motaur [ propuislan (nlec, chaudiens)

RETROFIT

Optimisation des générataurs
ImpMimentation de varisteurs da frdquence
Procédures da gestion de Vénergie

Inciun dans e gain d'sxcellence cperationnelie
(5% sur 507% de la Notte)

z
Q
gé
=
=
o
(¢}

. Nécassaire . Envissgesble ‘ Non applicable
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Levier Exploitation
Excellence opérationnelle et sobriét

B o M

NEETI0N)
’,
RETROFIT &
EXCELLENCE Gain de 5% Galn de 5%
OPERATIONNELLE wur S0% da In ot aur 40% ds |a flotte
: Balmee da 155% o ln vitams Balurn do ln vitane
SOBRIETE & REDUCTION sur BOX da Is flotte JustAnTime
DECA MHIESEE (déploiamant en 15 ang) Wuather Routing
Optimisation des cansommation i bord
(déplofement an 15 any)
. Nécassaire

@ vvisgeme @

Non spplicable

Levier Exploitation

g, e I
Nettoyage de coque et des hélices
Si applicable seulement

NETTOYAGE DE COQUE

Nénsiad an cale phche
dans Is lIméits des sxigencas réglemantdes & ce jour

Incius dans le gain d'axcellance opdrationnalie
(53 nur 50% de Ia flotes)

NETTOYAGE DES
HELICES

Néolisd & intarvalle régulier
Gain2 X

. Nécassaire @ frvissgeadle .

Non applicable
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Sawr 7, M

Levier Energies et Infrastructures E s
Energies fossiles moins carbonées et transitoires GNL et/ou
methanol

GNL: non retanu apris dtude technice-dcenamique

Methanol : pllots en cours sur2 navires. Navires suppiémentaires a
Fétude.

|
-~
o
-~
|
-

La miajorité de nos nouveles commandes sont DF ENG eu mathanel Moterisntion wtfou groupes dlectrogines « dusl fusl méthanel

CONSTRUCTION
NEUVE

. Nécassaire . Envisagesble . Non spplicable

T Ay

Levier Energies et Infrastructures = e
Biocarburants liquides - gazeux

Incorposation progremiva de Biodianel sur 2024-2030 (weules
solutions dispenibles, de FAME su EMAQ), sous rdserve de
disponioiitd at de compétitivitd du prix des moldculas

RETROFIT

Incotpocation pragranssive de Sodiaml, blomithans ot blomiéthanol
wur 2024 -2030 {saules solutions disponitiad, potantisllament
Jusgus W% de bio sur la FO, 20% sur la méthane ot 25% sur e
mthanol en 2030, sous cdmnrva de dspanibilite. st de compititivitd
du prix dus molécules

Incorporation prograssive de biodiasel sur 2024 <2030 {soules
solutions diaponibles, de FAME ou EMAG), sous rém

dispanibiitd st de compétitivitéd du prix das mold

CONSTRUCTION
NEUVE

. Nécassaire @ frvissgeadle . Non spplicable
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B 7 M

Levier Energies et Infrastructures =
E-carburants: Méthanol, Ammoniac, Hydrogéne...

CMA CGM

|
-~
o
=~
{m
-

Incorporation pragrassive d'e-fusie & pactr de 2030, an commangant
por e-méthane| et e-méthane

CONSTRAUCTION
NEUVE

. Nécassaire . Envisagesble . Non spplicable

Saresr T e N

Levier Energies et Infrastructures = et
Electrification - Hybridation du navire

Elsctrification dan navices & qual [ On Shore Powar Supply, OF5)

Hybridation 1 les pramiares dtwdes ne sont pas conchantes sur ko

galn GHE Hybridation © las premiiéres études ne sont pas concluantes sur le

gain GHEG

RETROFIT

Blectrification  anvisagé avec des plles & combustibles Boctrification  anvisags avec des plas & combustibles

"’fb"gﬂg"“ : lvs pramdires dnuden ne sont pas conchuantes sur b Hybridation 1 les promiéres dtudes ne sont pas conchantes sur bo
gain il GHE

Gy
=g
=
]
L5}

'. Micnsisire W) Ervisagessie . Mon spplicable
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Levier Energies et Infrastructures =
Propulsion par le vent

Gain de 6%
sur 3% de |a flotte & Y0 ans Gain theorique § %
(technologis nan sboutis sur les navires & manutention verticale)

|
e
o
a
s
-

3 Gain théorique projotté max, 10%
Gain ¢4 12% N
» Y |
5% du In fotta & 15 ans Concaption géndrale du navirs su stade de | rechesche

CONSTRUCTION
NEUVE

. Nécassaire . Envisagesble . Non applicable
=n
Levier Energies et Infrastructures = e A
Nucléaire

Naon envisags Nan anvisags

Pan anvisagé avant2035-2040

RETROFIT

F 3
Q
Gy
2
=
]
Q

@  ricensre @ wvisgene @ Non spplicable
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=n
GOUVEANENINT /7
Alvr-l-r\ f t Fraves

Scénarios d’évolution de |la flotte 3
CMA CGM

Teajactoire d'émissions 12030 Trajectolre d'éminsions : 2040 Trajectoire d'émissions : 2050

Scénarie 1: objectif -30% vs 2008 Scénario 11 objectif -BO% vs 2008 Scénario 1: otectif net zeco
if -20% va 2008 Scinario 2 : objectif -70% vx 2008 Scénario 2 : objectif net zero

Décrire un ou plusieurs scénanos d'évolution de & flotte avec les différentes binais de choix technologi i is et
dnergdtiques possibles - Identifier les besoins associés on: energle, technologies, infrastructures, M(hmcnurkn ﬂmmmom-
Ce scénario doit étre assorti d'objectifs de trajectoire d'émissions 3 des dates clés (2030, 2040, 2050).

.

Les rechnoiogias dafficience dnagétique son tde plus 4n plus dépioydes fusgu’d davenie systémanguamant im pldm en téas

Les mesures opérationnelias de réduction de fa consarnmation g nimpactent pas foffre commerciale sontimpidmentess au
maxlmum ; ceffes gu cnt un impactecmmercial (haissede wWresse, design ou rdsea) e sent moddrémeant

Tous les nowveaux navires sont dual fuel pour réduire la dependance 3 un seul type d'énergia, an = repartissant sur fes tachnologies
méthane, méthmal dans un pramien temps 8LAMMANIae dans un second tam s, an visant én 2050 un mix dqulbrd entre ces
alfféren tes dnergies 4t das senons pour ks navires moone én opération b propulsion conven tionnele (5 rubbers, capture de carbons
a bord, piles 3 combustible sur une partie de ia flotte)

Lo dnergies émattnices de GES sont progresshem ant nvn piac éas par feurs equivatents bas-o arbona (bodiesel, binfe-méthane, boe-
methanol, eammoniac) an fen avec I'tvolution des reglementations, faugmentation dunom brede changeurs acceptant un cout plus
dienvd pour décarbonar laur supply chaln, 8t (8 pofitiqoes volon fanszes de cartans transporteuns

-

Ly - ¥ - :I:H:HTIHIHWI m-‘_::?:rm L
Scénarios d’évolution de la flotte £ / N

Marfret

Tragactaire dbniniana : 2030 Trajactalre déeniniorn : 2040 [ R T Sl R

Scédnario 1 1-50% vs 2008 (DM avant

Scidnario '_I| I e

HE T Sednario 2 1 MET ZERD

Décrire un ou plusieurs scénanos dévolution de la flotte avec fes différentes combinaisons de choix technologigues, opéationnels et
dnnrgitiques posilbles - dentifler fes basaing ameciis an; drergle, technelogles, Infrait ruetures, shglmentation, finanesmant...

Ce scénario doit étre assorti dobjectifs de trajectoire d'missions 3 des dates clés (2030, 2040, 2050},

Marfret saligne sur les scenarios recommandé par les Hautes Awtorités et ses partenaires.

Les estimations de diminution d¥mission ©OF - Tank to Wake - sont mesurdes depuls 2023 Nous ne pourrons projeter des chiffres
ralsonnables par rapport suxrdfdeences des standards (O0P 28: pae rapport & 1000, OM| par rapport & 2008, Fusl EU par repport &
2020 qu'a Ia suite de calculs conséquents gui sont &n cours de rdalisaBon ai mament de ce groupe de wavail,

Scénario 1: Just in Time, Réduction de la vitesse , Weather routing - 2 nawires déployés +1 en cowrs pour lMexcellence opérationnelle.
Moteur dusl fusl, Hydrodymamisme, Afrodynamesme:

Scénaric 2 : Disponibilité et colts abordables des ressources énergétiques
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Trajectoire de décarbonation G e N

Emissions sbuolues sn WTW (% par rapport & 2024)

N cav @ Roddoction des Gmissions par levier
o Businoes m usus o

——Otjectsl OM| 2090 {depasn JOI3)|
T I ctoom sohraro

“oo- Otgncy OMI 2000 (wvart 2023 » . . l ”i l =m S Tsmesan da b Notie
N I I I H | "
2000 w050

Evolution des émissions
CO,, WTW (%)
100% : référence 20204

Centribution des différents leviers de décard ion h ldvolution des
émissions (%)

2004 3006 20I 01D 00T JOM 036 IIE JOM0 IGAZ 44 I JOE 0N

Emergle conseninia par b fans (TR

Besoin en énergie primaire (TWh)

(TWh)

e
‘;nnum.'rwmun-nmmmxgo
—_———

Energie consommdée
par la flotte

ECatirarn taabe S0 crtum uimcemTwes
D ) [ BTt LT g dcronmmte  ——3owyio Sten

2

Technologies de décarbonation sl

;

: Production de

» Biocarburants (biofuel,

- Biomethane, Forme de la coque

F biomethanol) {chantier naval non UE)

o

g (FR,UE et non UE)

£

5

E Vikique:

o ratonk Fstiner Carben Capture Drone de nettoysge de Production d'e-fuels P & bustible
2 Turbines éofiannes - Aiization & Starmee Do

g (sn,m:—mua (UE st non UE) (FR, UE st non UE) (FR, UE et non UE) (FR, UE et non UE)
=

g

=
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== W
GOUVEANEHINT A\
- AnTRtmars / o Fraves -

Thématiques particulieres a travailler = - s

(infrastructure, réglementation, formation, financement...)

Carburants Offre de carburants bas-carbone en France, notamment biodiesel, bio/e-méthane, bio/e-méthanol, e-
bas-carbone ammonlac avec fiscalité / prix favorables

Carben
Capture
Utilization &
Storsge

Logistigue terrestre du CO2 (déchargement du navire, transport terrestre, enfouissement)

Normes et méthodologie d *évaluation de gain énergétigue & homogénéiser pour I'énergle éolienne
Réglomentatie IVGULTUE)

n

Diffusion d’un référentiel des économies de carburantsthéoriques pour chaque RFNBO

OPS: I'électricité au port sera-t-Il subventionnée?, quelles garanties sur son origine renouvelable sera
QLT disponible?
Redistribution des taxes collectées pour la recherche et les aménagements
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Démonstrateur

Démenstrateur

Démenstrateur

Démonstrateus
a

Démonstratewe
1

Démonstrateurs a déployer

=n

GOUVEANEHINT / N
— AT tmars ‘.‘aulrnzr L
= !

NEET

Navire 3 propulsion vélique SurcoUt systéme vélique | 15-25 M$

CCUS : navire avec capture de CO2 3 bord et gestion de la logistique du Capture d boed : 25 M3 CAPEX + 20 M$ OPEX cumuiés
CO2 & terre Logistique CO2 4 terre : 10:30 M3 OPEX cumuiés
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2. "Gas tankers” working group

FEUILLE DE ROUTE DECARBONATION

GT NAVIRES TRANSPORTEURS DE GAZ

GT Navires transporteurs de gaz I Y L
Membres du GT =, R (a8

e e

— - — - ————__ " —
L T L D PP

et G ey T
Poren b

e

et
Covrme |

frmma
— i
P

P 301
e w41

Drvene e
oo e
5 vy
o b —

(v -
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GT Navires transporteurs de gaz
Membres du GT - Présentation du segment

Source statistiques Flolte dn Commarce su 01012624

[it

Avvvwrenes [0 rmee

| Flotte pétroliere et gaziire |
0101/2024 01/07/2023 0110172023
Categarie Nre  JB Noe  JB iy Nore J8 TPL
25 1651653 308357 27 1687937 3172732 27 1556724 290004
L S o Squifis 25 _23S57ST 19120200 17 1558050 1243571 15 1335556 1083 708
TOTAL Fiotte péirmiire of gazére 50 4028450 5005583 44 3245967 4422 303 42 2892280 4003712

GT Navires transporteurs de gaz

NETIn

B i P
, - : A rvwriane s [k F i e
Membres du GT - Présentation du segment = s
ORION GLOBAL KNUTSEN FRANCE
Dea SRO R NOHaAl FERROLKNUTSEN KNUTEEN
Deon g OB CORCONVATERS  KNUTSEN
Oxon Jossica FMORGAN  IPMOROAN bt B iemas
e Miat eI \CNACYLLKASEMCZ  KNUTSEN
O 56 FNORGAN  [PMORGAN oo sy
Oy St SNCFBAN P MORGAN prvphaicsipeimy | oy
oo 5 FNORGAN  IFMORAN s Eab et
RAVENNAKNUTSEN KNUTSEN
FLS/GAZOCEAN sty
Elsa At Frante ING Sheping  Gazocsan
Elsa Lans France LNG Shigging  Gazocsan FRAN
Hie N1 france LNG Shigping  Garocean VSHIPS CE
HHENYE 12 Franca LNG Shigping  Gazocean
HINTK 13 Frince LNG Shigping Gazocain Smnwy Mk by
HHENYK 14 France LNO Shigging  Gazocoan
HHI Etgon 1 Franes ING Shgping  Gazocian
HHI Eson 2 France LNG Shigping  Gazocean
NG Advarure Franes ING Shigping - Ganesan
NG Endurance France LNG Shigping  Gaeocesn
N0 Endesivuer France ANG Shigping  Dazousin GEOGAS
U0 Enterpriss #ronce LNQ Shigping - Oszocaon IS A AT » ne " ™)
Lo s e Y 7 o
mavels A AT T E bl baw . -
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GT Navires transporteurs de gaz
Propos liminaires METHANIERS

Ktat de o flotse francaise

Particulasitis
segmme
du flotte

Qualification de s
performance énergetioue

32 méthanies - 3% de 1 latte mandiale

1 navre souteur GNL (LBV)

Flotle homogéne : capacité de transpon de
175,000 m3 et systéme de propulsion "Moteur
lent "2 temps™ (Gaz Nslurel MDOVLSFO)

Fonction unique : ransport de gaz NATUREL
quahié

Boil-off ; ulisaton de |a cargason comme carburant

EEDL EEX| a1 O appiicables

GT Navires transporteurs de gaz
Propos liminaires navires transports de GPL

[tat de o flotae francaise

Particularités
sege
du flotte

Qualtication de s

performance énergetigue

A riavires GPL - 3% e & flatle en nuiméraing ot
5% &0 copacté. {255k m3)
Age moyen « 4 ans

Capacité do transport e 35k a 90k m3

Systéme de propulsion : Molaur ket 2t

6 cytnadnis, unw Beuls figne d'amne. halcs & 4 pales

€8 4 pas fixe,

+ Hyundai Man BAW - 6GE0 ME-C10.5 HL (dual
fuel LPG)

*  Hyurdai Man B&W - BGSOME-CO 6-LGIP-
HPSCR (dual Il LPG)

* Hyundsi Man BaW - 6S50ME-B8.2

2

Typas da navire . réfrigard,
Fonction unique : transport de gaz hqualies
U 69 FERAAEPL ) comme carburant,

B
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:Z:uumwv ~mf:“.“ ~j.

— NERY

Projections ;
2030 - 45 navires
2050 - 60 nenvires

Enjoux do & réducton des émissons de
méthane mmbnié (methane sip) et émissions
fugavas

08 nt ke 2 Ia cangason
usls6e comme carburant

Oplimisation ¢ 0olk-off

Reduction ga 18 consommaton.

Compares ks padarmances dnecgétiques
Possiviilé de laire des projections en fanction
des objectfe réglementares

!;:Ill‘ll’"dl ~--w¢n—-- ~o

— NERY

Projections -

2030 - S navees de 40k 2 80k - 1IxMGC. 2xLGC &
2xVLGC

2080 - pas te projections

Décarbonation lrob

nikde & la cargai

Enjeux de la réduction das émissions de méihany
Imbrusé {meshane slip] &1 émissions fugves

Comparer les performances énamgétiques
Possbilng de fare des projections en foncton des
objectis réglemantaires



Caractéristiques de la flotte

Consommation par

facode 2022

Levier Efficacité énergétique
Evaluation des leviers

Au cours de 8 ateliers, le GT a étudie les leviers energetiques suivants:

Les leviers suivant n'ont pas été étudias:

< Branchement électrique @ qual: n'est pas ¢ 25 Navires
lransporls de gaz liguehe a court terme ou maoyen termo

« Batteries: traité par les autres GT

« Blo methane/e-methane: || faudrait gue ces preduits sceent lran
bord des navires, qul ulilisent evaparation naturelle de leur cargass
comme carourant. Ce s @ nNes! pas a co jour co

comme sullisammen! sianificatif

2 Dour
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925007, 174 000 m3, 2T Dusal Fued
Pussance propulsive © 22 S00MW “Dual-fuel” two-stroke 54000 T - 90 000m3 - Long. hors tout 173-180m
engine 26000 T - 35 000m3 Long. hors tout 173-180m
L NA
1 ans dans
0% o%
252 700 Mn / navire / an Totalité flotte : 302 200 MWH
DOonl: B7R LNG Dont 25% GPL
13% LSFO & MGO 75% Foed
N/A NA

:-;:uu—vnv A"mm"//.f".-- ~

/ NERY

Dot 25% Fued
9% va

100% Méadilerranis

s 1

OOWIANIMINT //' )

= Armrensrs /v Frwses .
f

- el
LEVIERS
Fuel Call PEM
Fuml enll SORCH
Carburmts Altermatils Bo carburants
Ammonsa
“Méthancl
Pvgmla Véligue!
Capture CO2
Aoutage

Mesures Op

Trim optimisation
Trim baltast optimisation
Drgital twins
Voyope Opimisston

PAduchon de Viesse

Haintnance : ans fouling
Predicive maintesance
Engine Optmezation

Mesures Dosign

Optimisation des formes

Lubrificason par ais

Freemnmeonts

AllRINasurs sludés

feshquedaction
systéme de propulsion
DFDE+PAC

Riuction du ménane slip




Levier Efficacité énergétique

-

il A

Evaluation des leviers i
Une évaluation a été realisée en fonction des critéres ci-dessous auquel est associe un
baréme (1a4)
[aartmte] Techn| Ritglementaie Optrationnel Enviroanement Financier
1 bz Pash (e iy IMO o dassificatl et TOpAratios Oo maviie [oas de Hduchion Ses delsiens Wi wt OPEX sdirsin
[re<s
2 |Convmetes fones poer (il &n cours o fomes Wéduction des dmisissions < 10% Capex elevis mals OPEX ralsonables
I abon
gt hégamantation |gudeines) mas pemnt
3 |Conmntos 101 posr Nmines [ < HAPEX 01 OPEX ra1s0nnatites
encore evoluer
Lm Hors & bord
" |"l B o « Par des Jusqud 5O% [Capex et OPEX faiies
Fos oy Oe contralmes

Levier Efficacité énergétique

Evaluation des leviers
Le résultat de cette évaluation est résumé par la matrice sulvante:

Tetm ogtmization
Trim batdlast optimisazan

Maintenancs - e uling
Pragicive maintenance
Engned

Mesurs Desgn

Qoymisation des fonmes
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Levier Efficacité énergétique S o7 MM
Evaluation des leviers = wrr

Deux categories emergent:

+  Las leviers mesures opérationnelies el mesures de design qul pauven! élre implémentés
plus facilement, mais pour lequel jes gains sur les amissions restent a prior limités;

+ Les laviers Propulsion Vélique, Capture de CO2 et carburants alternatifs, gui nacessitent
soit de gagner en maturild technologique, d'éfre dispanibles sur le marché, un environnement
réglementaire plus stabilisé, el une implémenatiion & bord qui enfraine moins de contraintes
techniques ou opérationnelles, Leur CAPEX et/ou les OPEX doit &tre aussi optimisés. En
revanche ces leviers sont plus efficaces en terme de reduction des émissions.

Levier Efficacité énergétique Bhoass 7
Carburants Alternatifs PAC = pa.
— e

Fowrw m swcommn : 1 S0y mers 1mew, » o=
ot b s it e 0 e b

e

Ay —
e f—
Vo
Totmmn e B4 950 o wa rewes oimivmunme
B AN - G T e
T 5 -
A § DR RO G
ey — = - [0 Vo v —
T v et B e S0 AT fumamie b (@
A —— R e al
B e e i ¥
Y- Ban Prr———
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Levier Efficacité énergétique

- -
MEETI0M0
Carburants Alternatifs Bio Carburants
lmﬂ"
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Levier Efficacité énergétique

OOWNIAMIMINT
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Levier Efficacité énergétique
Carburants Alternatifs Méthanol

Pogremsime P S 50 6 MY 8 B | b e
"y -
AT amb e
e O
Cwvn wt wnenady Pt ke -n---:-::u
I I L
188 200
frewewas
Yok e
Fwancm
Levier Efficacité énergétique Siiiiin M
i a i E o= NEETIIW
Propulsion Vélique
Tecmasage m‘-’n—u—wo—m” e pmmen K
- Poveemitn. shvem s 8 vame 100 BB o
Pegwmimes =
e Bt 1 s r b saast e e -
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Levier Efficacité énergétique

Capture CO2
% Seochage  oed ta 000
Mprurey
e [T
D vwenr
et O (W0 wexuw

Levier Efficacité énergétique
Mesures Opérationnelles

PMcsor dew drwreoms sewe & 00
bttt v arate & o ot
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Levier Efficacité énergétique
Mesures Opérationnelles

T ARG I B ORI P L L W
. 300

T —
Mg
S

[Grstcrwn | IS o 0 aveon v
W0 e o 46 vt
(o =rere———rran
v

[ rwiree cesmem o e tE e

Levier Efficacité énergétique
Mesures Opérationnelles
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Levier Efficacité énergétique
Mesures de Design

- toiepme — - - —
—
Mo R e ] e
]
Levier Efficacité énergétique - 7 M
Mesures de design - .
— terrmes Cvwes e v Curmantans
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Levier Efficacité énergétique LN 7 . M
Mesures de design = -
- : : [ESSVAEP RN
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LA
WONIRNEMINT
- .

7
Thématiques particuliéres a travailler = o

(infrastructure, réglementation, formation, financement...)

Pownuivre bes dével posr confs 1 fotsabdité de Futil des fuel Cell & boed des navires gariecs.
poer les sol de stockape hydrogéne et de d'un point de vwe techmogue ot réglementaine,
Fuel Cell PEM Assurer Is des & et des portusires 3 Natilisation de 'hydrogene.
Fachzer le due & I'impi de cette ogle 3 boed,

|a tlvére frang; hy

Rer

Dviployer des Gémeestratourns k bord des gasinrs pour confiemrs b Tuisailith vt |I' efficachd do Visantance viligue.

Propulsion Assuror b f des dgquipsges & 'utilisetion de ce lagh
Associur woe solution de routage effccace b la sobation wilique,
Wb Toctiter ln i dun & I'implé du cwtte logie & boed,
Souterr la s re frangane.

Dipioger des démonstraeurs 3 bord des gaziers pour confirmer la faisabilivé de la 1echnologie.

Divulopper ey sobations de fage & bord wt lus e pout ls dicharg dw 002,
Carbore Capluew Assurar fa formution des dquipages b Vutibaation de ces technologies
Faclitter ln v b Fimgh ian de catte technol #bord,

ey Ses moteurs pour s adapter aux carburants alternatifs
Assurer la diaponibilité des carburants & un coet compétinif,
Carburants pper & chalne dapprovi et de soutape des carhuramts,
alternatifs Amender la réglementation pour fachiter I'atilisation des carburant 3 bord des navires en toute sécorisé,
Assyrer a f des etdes portuaires § Fatilisation des carburants alternatits.

Démonstrateurs a déployer

Odmonstratesr? Propulsion wilique

L
WO RN
- Arvrenes [ (% Frmeew .
/

Thématiques particuliéres a travailler E.

(infrastructure, réglementation, formation, financement...)

Reduction du

Mithane Sl Poursuivre les developpements techniques des moteurs pour diminues le methane lip.
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3. “Large service vessels” working group

~ FEUILLE DE ROUTE
DECARBONATION

GT GRANDS NAVIRES DE SERVICE

/ GT grands navires de service
Propos liminaires

+ Travaux sous-marins

Particutsrités des navires . T Do reiavte Mode de propulsion tres différent das navires

de service + Posith ‘0 Ique de transpont
+ EEDI, EEXi et Cll inapplicables
+ Exclusion des navires de service des + Impossibilité de P 185 p
Cuakfication de ia réglementations UE" ot OMI ennrgotiques
performance énergétigue + Analyse energatique ardue au sein du GT
* Fravad sur l'inclusion dos navires de service
dans 'VE ETS

ral
O e LT
{
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Caractéristiques des flottes

7 GT grands navires de service

e g _ O'nﬂuc s

Ganavir - Hramar GPM Nantes-St Nazalre LOA - ASN
4 remorqueurs de 4 navires & cabliers (2 Drague aspiratrice en 10 cabliers
sauvetage ot d'assistance  océanographiques {571,  instaliation, 3 marche 3asov
Typo de navire 1 navire lutte poliution 2803, 3559 ot 7854 UMS)  maintenance, 1 1 cargo'océano (M.D.)

1 remorqueur de polyvalente), 1 navire
manutention d'ancre de survey
Boulogne sur Mer, Alant. Nord'équatorial,  Worldwide, mals bases  50% Nantes St Nazaire S0V: au). Europe nord

Répantition sur |s Cherbourg, Brest, Toulon  Caraibes, Pacifique, marine de Brestetde da  50% Rowen / Le Havre {hors France)

facade AHTS : marché du spot Nouvelle Calédonie + depdt Cabliers: workdwide
8¢, nliam et med Catane {Sicle) {usine Calals)
17ans 26 ans 10,6 ans 22 ans 20 ans
0% 100% sauf futur NHS 0% sur les navires RIF 0% %
(Espogne) et Michel 14% sur Vens de la
Rocard (UE) flotte
7001 m3 5845900 L 18155 m3 de MDO MGO : 1200m3 66 963 mt
GNL : 380 m3
Fagade manche'atiant : 30% Brest, 30% Toulon, Brest:2250m3MDO  50950% 10 % Calals, 30 %
4089 m3 40% worldwide Seyna : 2000 m3 MDO Europe, 60 %
Fagada médi : 2092 m3 Worldwide (hors Marion
Dutresne: 5000t 4 La

Réunion)

Réduction de la trainée

e | e | - -
Période importante & Peintures antifouling incompatibles avee
qual, difficile d'aller dans caréne ; passage do | les faibles vitesses d'opération (cabliar
AreMement des oette direction Sans d'intor- 4nds, SOV E nds)
carenes Eudes on cours sur la corenage & 2.50ns
provention du {ooling par Nettoyage do fa

caréne & flot

7 Levier Efficacité énergétique

A axpertiser. Atlonbon
poroe au butiage dos
dquipemants
REOUNLIQUER SOUN

Bultage possible pour ransil cAbBers « M.
Dutresnes

Ramplocsmen corénoge hélices princ
Bemplacement hlicesAuysras par profils «
techn. améliores par simulation num

Essalz en bassin do
maquelies svec
Heration pendant le

Chague navire & uno
coque Unigue adapios &
Tuxplodution

Revitemant de la corene ! ldem
Optimisation maximase de la résistance du
navire (ravall des formas navire/largous)

Optimisation en bassin
de caréne

Optimisation des
formes

Altinement des lormes
d'hilices
Posaibifilé ajoul de volels

design tu navire

Atlinemant des formes ot rendemant
' halicssMuyires
Bullege sous cogue | Idem

sur les propulssurs
transverses ¢"éraves
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RETROAT

STRUCTION NEUVE

c

Levier Efficacité énergétique
Optimisation du rendement propulsif

Propulseurs Mnovants
T NA

Dancile pour
remorguetirs do
sauvetage car besaln

e beaucoup de
Inaction, posaible sur
led mutres nuvires

Ganavir - Ilreeners ange manne

Propulsion élactrigue
- DA glectriques sur
tous les navwres

PM Nan

Nazaire

Remplocament dos
propulsaurs a pales
variables par des
propulssurs a pales
Hxas vessas
uirlables (cas
opplicable o
Dencartan)

Possibilise de reduction de ia

puissanoe résclive sur les navires

congus dans jes années 2000
Propulseurs (remplacement dos convestissours),
mnovonts

Ramplacemant des propulseurs

principaus sur les (Sesel

electriques des annses 1980,

Hybeidation de la
propulsion pour avolr
une redondance
GEBatteries & la
place de OE'GE
Hybridation de
propulsion poor fakre
du Peak Shaving

Propulsours innovants & melllear
rendomant (propulsion dlasel
#lectrique) commn les propulsaurs
frochaidaux

Levier Efficacité énergétique
Optimisation de la consommation d’énergie a bord

Do que
Poasibie
[ELLLE S I
hciairage en
LED

Optimisstion
des
squipements
| pare de
batterie poor
ubsorber les
penks de
tension

= lremer

Branchaement b qual

4N CoUMm, made poris
pau dquipds pour les
pissances

Remplacement de
I'hydraulique par de
I'sloctngque (trewils de
travail)

Optimisation
consommation
climatisation/ ventilatio
n'aclatrage

Batteries de puissance
: poak shoaving ot
back-up operationnal
(ovite lo domsarrage
aystomatique d'un DA
supplomaniairg)

Orange

marine

Installer une
connexion au
courant quol
AUr fous nos
navires

Avodr 1
otagemant
partinant des
PuisSEancas
Sisponibias
par GE
sulvant

I'utiis stion
u Navire
Aol une
connexkon au
couwrant guai
imiveraplle
500012

ASN

Retrofit des batteries de climatisation par des solution HVAC plus efficocss (s
f chaleur)

Optimisation par installation d'équipemonts moine anergivores st moins puissants oo
pormattant d'ajustes la charge au juste bosoin

Réutifisation chaleur falale : ex. : ORC, TEG (Thermal Electric Generator) & effet Paltier
Seebeck

Eclairage : intégralement LED

Gros molmirs slectriques : utilisation de varia-teurs de fréguence

Mize on ploce de VPMS (vesssl performance monitoring system) pour un sulvi inctuel 8
haute fréguence de Is génoration et consommation o' énergie.

Logiciet ESG 'nboa de I'eﬂcvln\ dejan bord des navires on gestion LDA
Remplacement de Phydrauligue par de Vélectrigue (treulls de travall)

Optimigsation consommation climatisation ( ventllation / eclairage.

Amdliaration de I'isolation (chowx des matdriaux ot application)

Aeunlisation chaleur tatade | idem

Eclasrage : Idam

Gros motours ésactriques | Idem

Mise on place 06 VPMS | |dem

Systéme de slockage d'dnergle (ESS — energy stoesge system ; batteries de pulssancs.
volardu d'inertse, supercondensalsirs) : peak shaving ot back-up apértionne! (&vie e
démarrage systématique d'un DG supplementaire). Devenu un standard de Vindustrie sur
quissiment 1ous les navires de service & positionnemeant dynamique.

pompes
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Levier Exploitation
Excellence opérationnelle et sobriété

RETROFIT &
CONSTRUCTION NEUVE

SOBRIETE & REDUCTION

DE LA VITESSE

Les Abeille

optimisation
Vitesne'conso
proplision hytride,
roctage meléo

Réduction de In wWiesss
sur ransit ou
patrouille

Levier Exploitation
Nettoyage de coque et des hélices

RETROFIT &
CONSTRUCTION NEUVE

NETTOYAGE DES
HECILES

Genavir - liremes

Routing mé&téo : sur
les transits longs
Idenitics.

Travadl sur in SEENP
ot ia notion do
vilesse oplimate.

LDA - ASN

Evaluntivn du niveau de salissure des cogues
trés réguliers. Possibilite de développement de

NOUVOaUX SeTVICeS.

Netioyage tres régulier de la cogue par
plangeurs oL robol sous-marin © préferable
avec peinture antifouling adaptes (matrice
dure) Problematigue de la gestion des

dechets.

Polissage das hélices & Bot trés
ragulierement
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Orange matine

Avair les
performances
nécessalres pour
travalller dans ioutes
les canditions
acceptabies pour
reduire len
downtimes molecs

Faire accepter sux
clients ; transit & P
constanie el noa d V
constande

Maointenic bollard pull
GOT pr éviler de
surconsommmer méme
si demande chent
evolue vers 8P 80T pr
amelioration
portprmancs
ensoulllage cab

LDA - ASN

Routago moteo | sur
lo% transits longs
Idanifias. Routage

W autant phas officace
Qu'W prend en comple
los vors ol les
COUraMS (pou Op
socistes proposant
sujourd'hul fes deux)

Utllisation de solubion
d'nide & la decision
paur un ajustemeon
optimal de 'nasiotio
ot trant d'enu

w i b



CONSTRUCTION NEUVE

Levier Energies et Infrastructures
Energies fossiles moins carbonées et transitoires GNL

GNC non envisageable

Ganavir - feams

GNL! Difficuties sur ke volume nécessalre pour uve
autonombe similalre. Point & regalder pour des

nouvealus navires sulvernl (aCades concaréas

Moteur dual fuel: Piste intéressante pour les sanes

prolegees, mais non existants sur e marché pour

fes potres puissances

Retronit tres (1rop) Couteux

Dithcultes sur lo volume
nocessalre pour ung
Autonomée similuie, Point &
regardor pour les nouveaux
navires sulvant acades
concemaes. PIuldt piste an
moleur dusl Tuel {Dissel
GNL).

/ Levier Energies et Infrastructures
Biocarburants

Drange marine

CONSTRUCT!

ON NEUVE

Genavir - Itramsar

Dionot suporiour a4 87
Essals on cours sur
oncrassainant des Mires &
riguiation, Probléme de
diutribution sl de codl

Diesel supérisur & B30 -
Elude &n cours sur
encrassement dey fillres &
régulstion. Probleme de
diztribution, de colt

IMeressas mais pour
I"'instamt diMicile 4
epprivisionnne

Tosts realiaes sur carlaing molers

wvec au B100. Niveaux

d'OnCrASSOMent Comecis mass
problématiques 4 long terme

Tast rdsdisds sur 'l do Bréhat aves

ou B30, RAS.

Sélectionner des mateurs polrvand
consommer plusieurs types de
blocarburants i 100 % (B100)

145

S, B



CONSTRUCTION NEUVE

RETROFIT

CONSTRUCTION NEUVE

Levier Energies et Infrastructures
E-carburants: Méthanol & ammoniac

Adaptation au E-
Mathanol anvisags

Propulsion par E+
Methanol ou
Ammoniac selon
degre de maturio
lechnologique et
dispandbilite
carburant

Genavir « Ifremer

Mothanol'8io-Mathanol
Problame de distribution ot de
coUt. Point dclair assez bas &
12°C. Manqus de
réglementation, Molns compiese
& Imégrer que le GNL pour des
petits volumes

Intecdt moteur dual fued

Intoressd mals pour
Finstant difficile 4
approvisionner

Ammaondac: Gaz tres dongoreux
el rés toxigue avec un fris fort
impact carbone en cas o fulte,
L'encombremaent des soutes a
carburant ast une contrainte
majoure complo-teny do &
faible densité anergetique de
l'ammoniac

Intared moteur dusl fued

Levier Energies et Infrastructures
Electrification - hybridation

Hranchement:

2t L courant
nl de
[engamide de s
fatts

dao g

qu
Py
Jilotie ol

Genavir - Ilremaer

Branchoment qual
Mt

oy e Drull rayonndg ef
ia mancouvatyise

3 pour
=R O n ey
que

on bus OT Nisule lenson

(s comieng) pour Belier
{atimantation des gros

N

) ol répandentic
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E.mathancl: Retrodil trea (rop) coutoux, volre
techniguemaent impossible,

Mathanol ( Blo-Methanol : Frobleme da
disponibiing, de distribution (A développer avec
los sutoras portunires) ot de codl Point éclalr
ussez bas b 12°C. oins comploxe & inldgrer que e
GNL pour des pelits volumes, poasible pour les
SOV mals probublemeant trop encombrant pour les
cibllers

Gaz tres dongeroux ot irés loxigue avec un fres
fort impact sur 'offet do serre on cas de fulte.
Aendement des moteurs médiocre ;| possibilite
lcdntaine d'utiliser des PAC a haute température.
La reglemantation n'est pas encore mature, donc
duificile de so lancer dans da tels poojots a ce
stage

MeiSeur encombeamant quo I'H2

LDA -ASN

Branchement a qual

Prajal an cotrs pour
lais nans lo

i tormi

0! 0o CApOL O miak
Hybridation:
"

10N g g

% U propasion, teuis



RETROAT

CONSTRUCTION NEUVE

RETROFIT

w
3
e
2
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=
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Levier Energies et Infrastructures

Propulsion par le vent

Participation au
gavoloppemaent de
la propulsion pas
nlle de Kite avec In
societs Beyond The
Sea

Propuision par Kite

Genavir « thremaer

Etludes an cours, ditficulte poar
trouver ke bon compromis
systeme'operabllite du navire
{lloux tres vanés, pou de transits
longs, fardoge Indult complique
¢l espace de travell & conserver)
DiMicultes A avoir de fa part das
fournissaurs de valeurs flables

de galn, Appolr Jors des transits
Do co Talt, los gains sont minimes

sur nos navires. Noanmoing, GT
d0 nviee ocSano-valigue an
cours pour affiner les
conclusions sur o8 paint

Peu de pasaibilite en retrofit, navires tren
compacis sans booucoup de ploce pour
Instadier les pledestauxis necesnnires.
Assistance velique per kite : & avaluor sur
cabliors pendant les ransits, si un systeme ost
valide (lous sont gn cours de developpement).

Eludes en cours, difticule pour trouver le bon
compromis systome/operabliiite du navire (Beux
lres varies, peu de transits fongs, fardage
Indult compligué ot espace da travall &

CONRArVar)

Utlle umiquamant en transil. De ce falt, les

gains sont réduits
Asssatance viligue par Kite ; idem

Levier Energies et Infrastructures
Hydrogeéne

Via e-méthanol

Ganayir - lremer

Possibilite de PACK plle »
combusiibies A H2 pour
production courant qusl dans
loa poris non dquipes,

Hydrogens : parlicipstion au
projet REDI Bretagne
Détficultes du stockage & bord
in¢luant |'sspect sécuritaire fort
sur oe gaz, le volume plus
impartant (mini x4 hars pile) et
dona une austonomie plus aible.
Probléme d'approvissonnement
{pas de poasibilive de creer I
chaine d'apgrovisionnemont) ot
cout,

Peul-atro possible sur des
navires de facade. mission
couria #f soutage a un port fixe
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Possibillo de Dranchoment A quat sur
des PAC M2 pour proguction couram
gl done los ports non dquipas de
cosrant qusl,

Retrofit HY © paut St stvisspd sur Is
pont pour wn SOV (comme source
limitée d'anergie)

Possibiie de branchement a gual sur
des PAC M2 : idem
Ditticultes du stockage a bord incluant

I'aspoct stcurttaire fort sur ce gaz, In
volume plus imporant {mind x4 hors
plla) ot cong una astonomie plus
faible. Problame d'approvisionnamam
(pas do posalbilile do croor Ia chaine
d"approvisionnement) et codl
Feut-blre possible sur des navires de
logade, miasion courne el soutage &
un port fixe, type SOV sur champ
bolien suropden

£iude complate
roallsse pour un client
de navire SOV
damontrant la
faisahdite do \a
solution H2 pour une
autonomea de 2 jours
I'iyydrogéne dlant
progull vt soule
direciomant su ssin
du champ dolien
offshore. Solution
non developpée
ancore du Tt do
I'ibsonce
d'natallstion
d'hydrolyssurs dans
les chomps offshore
existanis. Une autre
solution avec soutage
a quo! ost aussia
I'etude,




Levier Energies et Infrastructures
Nucléaire

Retrafll impossibin

RETROFAT

A moyenilong torme (10:15 ans), oo peut
esporer que Fun des devaloppamants on
ocours (typiguement réacteur & sel fondu
maolten sall) sera approuve. Coia pourrail
constiluarpit une trés bonne solution pour
fas cabliers de pose of I successeur tu
Marion Dutresne, Naanmolns restors le
sujet da I'accaplatifng soclale de cotte
sofubion, st surtoud I'sdaptation nécessaing
du corpus reglemantasre mondiai en e
matidre (conventions portant sur ke (rans
ol leb sacalns de navires § propulsion
nucliésin)

CONSTRUCTION NEUYVE

ROASG), Doy N . NG . mataon

2s pas encare branches |

jo sa coosormiation annuete de gasol
0N O isponixitg o courant de gual O l i NoWE pOUVANE CONVaNT & tregquence ) lension |
Dumi dera en ) Lap e

neciar o naves ou 2 o srvviran 300 ke

RS
urant de gunl an 33 oA, 91 N8 PU

NADOCHHr S NAaYIES P o0 =Y qust st astin

Partenadial do ddvaloppement en cours avec In socidd Be " 0 Bi% 4 bord Ju

pontpenps ol durond U'étd Pramsary HUACETING BVHEC Lirw . G FOo o0 oo b 1nike (3 Talle S Nidvanis

POUE Hiriver & 400 m3
CONCENE b parie . 8 lég nrmntes
1rATes '
weliament ou = » f ° £ je is Maring
tune

CoONCLOOa Mmess, L 4 Incomp Iy

Programm POt ON e 2 b L ¥ pout durer 1 oumeas comme | mois

148



Scenarios d’évolution de la flotte
Les Abeilles

e aux echeanoes contractuw e
devramn| suivantes
o cleve foqume p

gperalane

Warre N
Prapul
cépancar darit des ordr
de banans b = U t RS
IT& prinGRAauX 4t groupe natiann xmbustitios
1 do QN

Scenarios d’évolution de la flotte
Génauvir - lfremer

3iné PO Lo Vo 'anery

M erirde on olte .
hnologie el malurs & o
o Michal Rocoard @ arivé ot a0 202 2 . alars 4t dlisnnes. Une
s sur
meni de | Atalanie L S AMOICee DOUr y mciure une prop o momn irpactante
paliie avec Fachwle

of minimisaton des prak
AT W bt

3 lype 0o dornees 3ol
308 UDBOES Ave alureation das coplour
Vi (SOUT (3 48 SCHINGH wxir -

AJUSI DT
yid @t Ao - GT de Nvlre
ot ol £ I
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/ Scenarios d’évolution de la flotte
Orange marine

.b—.ﬁvmr

Scenarios d’évolution de la flotte
GPM Nantes St Nazaire

-
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Scenarios d’évolution de la flotte
LDA - ASN

i VO

Scanario 1 1 retrofil complet chblior coréen

aANCalx Ur CourEnt g tere

change

ratafalion o chaleur lalyles - 2

spout d'un ki

ura'al
prrent

YOrolySowr s mstEin L5000 O

Scenario 3 : construction neuve cablior : prendre plus ou Moins 10Ut co qui ast lisN,

Avvwntrn i Frave

Thématiques particuliéres a travailler

Lea Abeifio Besain de dispanibie de courant de quat principalement sur Boulogne sur mer et Brest

infrastructures elecirigues: branchement

Genawvir Reglemuntation & adapter sux tochnologle: SOLAS, div 215

Hremer Digtrib nouveaux carburants, cario distrib GNL, Méthanaol, Ethanol, Slogascil, H2 {a court of moyen
lerme)

Infrestruciures Mectrkues
g8 marine Distribulion elticace des bid ¢ e-Carburants
Solutlons de Tinancemant

Infrastryciuras dleciriques | branthamant A qual & raller an pricalée
Roglemontation & adaptor aux dittérantos techinologies : SOLAS, division 215, BY efc inchuant ta vie &
LDA - ASN hord. shcur wxphoitation, Ins contraimss d'imégration
Distribution des nouvesux carburants st carlographie des distributions GNL, M Ihanol, Blogasoil
{B10, B30, 5100...), H2 & court ot moyen tnrmes w_{;,,“,
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4. “Large ferries” working group

GT Grands Ferries
Propos liminaires

Pacticularités du
gt
du fotte

Qualfication de la
performance émerpetgue

Lignes et hecaines flavs entre 2 poets cu plus

Transport dn valuma, pletde que de maus

Norairos b forte valeur apoutde, durbe do vie des
mavvires Marvtn
Navires DO wne Figne

spéufigue

Tramgort de passagen, rghes de sbouritis plus
contralgnastes

Nivviwn parfois designis pour desservie des ports de
potite talle, dfficles o accky

Powr wn ferry en Bpne régulitee 30 schéma
plratontel otk dote sut Factvitd
“n eicale, ou un un frainaf
opteationrelin
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FEUILLE DE ROUTE

DECARBONATION

GT Grands ferries

:o:vmmml ~m‘//,"f"—- N‘

- / NERY

* Vitewe relat) #wryidw wn  wstrn secteun
+  Espece conraint b bord
* Mautes sepe retrufit afhciie

* Colt devd des navire
* Difficultés § produire des mavires en serie

* Calculs stabilnd &cat intact/aprds avarie Inctent 3 constriive des
sarvhes plus laeges, b Fitverse des régles & efflicacitd dserpétique
(tron

¢ acceptabilité ammeniac etfMicile

*  Nawires courts, melm sfficaces dnergitiquemens

L A 2 % 28 2 2

Cbatacies potentieh :

* Comtroles owx fr (FES /i b

* Sertace quai LD rédune
* Redsriction lecale do vitesse

Déiviaticn de I routs optimale {zarc doben, scoms poct non direct)



Caractéristiques de la flotte

Brfttan;' Ferries

LA
WORRNEMINT

7 La Meridionale

hw-un.Q'/ah"--

T e T
consicanes D) ﬂ DFDS

M

NEY

Lengana | L 0 Lorgwwsr 108N Aonguess . 1 m Lbngenas 37 m
Puiasarcs ; 34 A10 (MF] « 5380 058) Pemannce - 12 430 PWP) « 60 |G} Pudnaasce : 18 240 JMI¥) + 4700 168 Aaasance : 26 200 INPY « 3900 JGX)|
52100 UMS 12 2000w 2320 we 30200 UNS
Répartition 100 % MEDT ~ CORSE
y "“M’ : 100% Tagade MANCHE/ATL Ligois | Macseile - Coesa/ 100 % MANCHE £5T 100 % MEDT ~ CORSE
vt Agieria / Tunisie
15 ans 2&ans e 25 a0
voricgal| o o o
HFO: 75206t HFO: 768781 HEQ :47 725t HFO 422111
MGD : 42358 ¢ MGO 189781 MGO (578t MGO: 4370t
GNL:307171 GNL:26561 GNL - GNL -
JTioN par
fagade 2022 100% facadn MANCHE /ATL 100 % tagade MEDT (MRS) 100% tagade MANCHE IST 100% fagade MEDT (MRS}

Levier Efficacité énergétique
Réduction de la trainée

Peot pdnerer des gains d'efMcacied altane jusqu's 10%. En partiouler, ladoption de peintures au silicose est particullbrement
agaprie pour ks navires 3 passagers ayant des vitesses f esgioitation élevoes

A noter que fes contraintes el au procesius contractued de constrection newse um savire fant gue colul-¢ n'est pas
nbtetsairemment Bvrd aver un vyitdeme paintuen adaprd & Voaploitation $u nav Un pastage on cale sbehe ust alurs 3
reLo=emander

Rewttement des cardnes

Le rebulbing, ou changement de bufve, pout Strw couplé & un reblading, W est toutefois plus difficole & mettre en couvre {duree
d'arrét technique augmentee|, Les gains sont de Fordre de quelpees %. Un frein 3 I'adoption reste be hasoin d'interopecshilivé des
naires s sein d'yne flotte, avec des vitesses d'explotation différmmmes, Le desipn dw mrvwe dait rester sufficamement souple paar
lal permattre d'opérer une Hgne plas rapide

Des galns superieun peuvent ftre observés pour cortams naviees au design specitique, speToche 3u cas par cay

ot apporter des gains significatife (5/100M). Lus travsuy de
A darrdt Yechnigun

Un allongeement des fatmes du nwvines (ducktsd] peut rdduira ln tran

Modification ca modifications pouvent toctefois dtre lourd & muttis un couves of spacter les dar

Ows dispoeitifs type EAD (Enevgry Saving Device) syant pour but une sswiinrstion de Fecuulement on amant o8 /ou en avel de
Fhathicr ont deh teatis, avec un sucoks mitige, les peing dtant diffichement mesurahles

Lutilinstion de saframs profitds 2 donné des résultats probismts, méme o les g intrmegues yont difficlemenss mesurables, o
soavent roupies wvet & autres mesures

Une stude hydrogtyramique sumerique (CF3) pest mener & des propositions simples ow complexes de modificrtions de devgn,
svec ghes paing sflant de 5 & 20 Ces #tudes dosvent nécaysavement prendre en campte le profil opérrboensd emvisage pour e
nwire [vitesse de cnisitre), s ont deoc un impart majeur sur ia performance énergetsgee du navire

Optimisation des farmes

CONSTRUCTY
ON NEUVE

Nbcessaire Non applicable .
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Levier Efficacité énergétique
Optimisation du rendement propulsif

Armates Armaaeur 3

Lo rebisding eyt une gratages répandue, trés afficace des Jor que e naview est operd & une yitesse difdrente de 13 vilmse de dusign. Couplt & une raduction de
vitemse, les gaives mesurss vont da 8% # LN selon bes navires

Un fre & 'sdoption reste fe bescdn &intoropérabulite des ravires aw sein d'wne Botte de ferriey, avec des vib 'esplonation diffarenbes su sein de la mém
Lo design du navee dait restes sulfisemmment souple poer lul permettre d'apérer une ligne plus ropide

De(s) progutsewr(s) Wétrawe sont systématiguement installés sur les grands ferries powr leur permettre de manaeevres sans asustance de remarqueurs, La protection
des tunnels de propulsion par des seflecteuns oot Un ase de trovall pour plusiewrs armatewrs, Les rdaultats restent difficliiement mesurables {de Tordre de 1-1%)

CONSTRLICTION NEUVE

. Nocessaire Ems.ll Non spgiicable '

B T M

Levier Efficacité énergétique
Optimisation de la consommation d’énergie a bord

Armateyr 1

Les ORC permettant de produire de 'dlectioie & partar de chaleur, ne sont pay répandus dams (e sectour. En rotrofit, le meogue de place cirsctémtique de ce type de
navire est un frein

aptmmsation de |‘usagy ses motsurs do propulsion par rapport k celui des ausilluims et un sujet dtyde lurgement régandu dams [0 secinur, L tavirns ot on offvt &
minime 2, wairn A ME ot sannywirt § G0 Lus sltemateurs stiulis st Largemunt ripandus of contribuent A Toptimnstion de |a comommation @anengle b bord. Carrube
de Batturies parmmettant de fonctionner s b poots de fonctionmements optimaus us feedis oo point sacane plus keportant

Usage
MP/EE

Le wgdet de l'eclairage eyt plus important sur c2 Sype de nevire QUo pour d'sires secheurs (Epaces postagers. garage). Le passage 3w LED eyt doja tres repandu

Lot forvies dispecant de systbmmt du ventdution pooe L garagud, ui peuvent Btre eptimlein A Faide de varisteurs de vitssan. Lo rdgulation de le tumpd reture des locaux
ot dggaarnn it wn sepet plun (mportant pout es Ten s gus pour duties sectuury

Les chauderes de récugdrmtinn yont gearalemant mstalides dbs le neuynge, ot sant quasiment |a pocme sur oe type de navirn

. Nécessaire . [rvisageable Ko spplicatie .
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Levier Exploitation

Excellence opérationnelle et sobriété

ALETROFIT & CONSTRUCTION

NEUVE

Ouatils 'aide § s décizion
Vuttihyatioo de routage metso dtudid, ma
1e fait 20 cos par cay, selon les AysIRmatiquemant sapan
1ones d'opdrations. Ple et Difficults d'wytimation des
priviidpete sur les mavires -~ gmn
effectuant des Usvarsdes

EXCELLENCE OPERATIONNELLE 7T

Maonitering peeformance :
repandy, en adaptatien

‘mpoctance Se l'optimisation
constunie

s tomps 'oscale {voir en
o)

el A

Des formations smeraes
mettent en place
progressivement

Les ferries, on fgne regelinre A
horaire K sont meins
wudets & la problématique du

» Juat i time » gee d'autres

secteurs. Des peoblémutiques

satsonnigres peuvent
ceponcant surveni
(disponibling plotey

Un bestin de formabiam
Bernas, pour tuute (e ke
L ndenadaing, commengant
o b formations
aradémiguet jusgu st
fnrmation continues

Lon Tardius, dont Vessbontntion ust dimentannse par dea horsirms Tlany, soot tris vemulllas & co point, Co Sevies paut St mis en ooy

AL St par cax, mals ne s a0 aucun cas Mre Impose

SOSRIETE & NEDUCTION DE
LA VITESSE
. Nocessaire . Erwisagoable . Non sppicable

Levier Exploitation

Nettoyage de coque et des hélices

Si opplicable seulement

HETRONT & CONSTRUCTION

s les armatouns

NEUVE

B 7 M

NEFTIN

Loy navires 3 passagers sous pavillon framgais passens phun riguilaremsent oo cale sdche o1 laur cogue-#01 donc namoyds
NETTOYAGE DE COQUE plus roguildremment, A noter que fes pointures au silicons doansat des résultals padiols serprents, Jvec wa besoin faibis

de matioyage

Lo metinyage 3 Not et oflocted bu Cas par Cas o pormoet cdes gains du vitesse, ot donc de comsommatian, immaodises,

Volr O-desaus

. Nécessaire . Envisagoable . Non spglicable
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Energies fossiles moins carbonées et transitoires GNL et/ou GNC
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E-carburants: Méthanol, Ammoniac, Hydrogéne...
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Levier Energies et Infrastructures
Electrification — Hybridation du navire
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ninke, avoc o

157



e M

Levier Energies et Infrastructures
Propulsion par le vent

L strarurn ki it Ro-Pak, dvie ddd superstruciunis sar Gne partie Importante de L longeess du nanire, resd SIcle Mnet allatien de talt systbenes, en particuline
s réarofi

Taluiy intdrde 54 A la vitesss Sexplonation des navires. Lo rospect dus horgires slent orecll aved une chentible passagens, b wilique nest dtoudib par los srmateurs o
Par gquw pour I'sssistance b s propuivon

Sur bes lignos courtas (<ah), | stance whligus oe susciie pas @intirdt car fe tamps de mise wn ceuyre diminue be retout sur investissmmmst 22s0c. Loy travendss
couring empdchant sgaiument s possibilites & aller charcher ey sunes vernténs plus propices. Liey traverstey courtes sont d'astros part symomymes de tralic mantime
tramwenrse phus intevse, suney ‘sttention de 'bguipage eyt déditdn en particulior & fe veille anticadision

Sur fes lignes languees (>4h), Passistance wHigue #32 ou & ¢4 3 I'dtude chex | majorits des armateurs, Towtefoly, les winsses dupdration de cette cotégorie de navires
sont un frem & Padoption de tels ryvtemes, les gaine emisapés étant de Pordre de queigues pourcents

Sur des lipres operdes plut ientoment, efle peut toutefon otre une option INMeressairte

CONSTRUCTION NEUVE

. Nécessain . Envisagoabie ‘ Nan applicable

Thématiques particuliéres a travailler = a— o
(infrastructure, réglementation, formation, financement...)

Prokldmatique de fré s At o fré fhas Nottis do ferrhes reprdiantdes Stant aussl bun dgupds en 50 H2 qu'an 80 Hi| sdcessitent des
L Tirs Partos dver piticues o las colits. Las i ‘ diars das C g Tréguance dorent e portos par les

mulmxhnmmn:wu
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- Concernant lu coursnt qual, lus dapenitify de visent en migjaring les é po et dgal Inclure o retrofit dus
mavins, coltewsx ver co segmant (>3 ME par navien)
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Démonstrateurs a déployer L '\

NERY

Démonstrateur 1 Ferry 100% électrique xtimation dv cout

Solution wélue odaptée aux confravites structoveles des ferries ef 6 fewrs apérotions

Dimenstrates2
st mperdi {retrofit / construction newse)

Solutions decarbondes poor ks infrastructaves de dranchement & qun des penits ports
etfou ports Josufoies

Démonstratew:3

Démonstratewrd

Ddmenstratews
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