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SUMMARY

Executive summary: This document presents the IWSA wind propulsion white paper
compiled in the light of the recently adopted 2023 IMO strategy on
reduction of GHG emissions from ships and the work underway on
mid-term measures. The white paper delivers a detailed baseline
assessment of wind propulsion technology (WPT) systems and
outlines pathways underway for the dissemination and scaling of this
technology segment. The content builds on the summary document
MEPC 79/INF.21 (Comoros et al.) giving additional technology and
policy context and a detailed macro and micro economic analysis of
the benefits of following a wind-hybrid decarbonization pathway.
These are supplemented by an updated market analysis and case
studies covering numerous wind propulsion solutions. The report
also delivers results from an IWSA initiated survey of industry
stakeholder perspectives relating to wind propulsion uptake along
with a detailed summary of barriers and drivers in the industry which
help to inform the regulatory gap analysis and recommendations for
further action.

Strategic direction, 3
if applicable:

Output: 3.2
Action to be taken: Paragraph 27

Related documents: Resolutions MEPC.304(72), MEPC.377(80); MEPC.1/Circ.896,
MEPC.1/Circ.815; MEPC 62/INF.34; MEPC 74/5/130,
MEPC 74/INF.39; MEPC 75/INF.26; MEPC 76/6/2, MEPC 76/6/6,
MEPC 76/6/7, MEPC 76/6/8, MEPC 76/6/10, MEPC 76/7/31,
MEPC 76/INF.30; MEPC 77/6; MEPC 79/INF.21 and
MEPC 80/INF.33

Introduction

1 MEPC 72 adopted resolution MEPC.304(72) on the Initial IMO Strategy on reduction
of GHG emissions from ships and this was designated as the first milestone set out in the
Roadmap for developing a comprehensive IMO Strategy on reduction of GHG emissions from
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ships approved at MEPC 70. The roadmap identified that a revised Strategy was to be adopted
in MEPC 80 in 2023 and MEPC 80 (July 2023) adopted the 2023 IMO strategy on reduction of
GHG emissions from ships (2023 IMO GHG Strategy) through resolution MEPC.377(80).

2 Resolution MEPC.377(80) tightened the IMO decarbonization goals, with GHG
emissions from international shipping to peak as soon as possible and to reach net-zero by or
around, (i.e. close to), 2050, taking into account different national circumstances. The uptake
of zero- or near-zero GHG emission technologies, fuels and/or energy sources is to represent
at least 5%, striving for 10% of the energy used by 2030. Interim indicative checkpoints were
introduced for 2030, when all GHG emissions should be reduced by 20%, striving for 30% and
by 2040, reduced by 70%, striving for 80%.

Wind Propulsion Growth & Policy Framework
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Figure 1: Wind propulsion growth and policy framework (IWSA, 2023)

3 In light of this challenging set of decarbonization goals and the ongoing work to deliver
mid-term measures within a tight framework, the provision of this wind propulsion white paper,
contributes further detail and analysis to assist with the full inclusion of wind propulsion
technologies into the models and structures being prepared at the Organization.

4 Many previous assessments and decarbonization pathway reports have significantly
underestimated the potential for wind propulsion or excluded the technology segment entirely.
This situation has been improving recently, partly in response to the updated 2021 Guidance
on treatment of innovative energy efficiency technologies for calculation and verification of the
attained EEDI and EEXI (MEPC.1/Circ.896) and earlier wind propulsion submissions
culminating in document MEPC 79/INF.21 (Comoros et al.).

5 Most past assessments of wind propulsion technology (WPT) solutions have either
not taken into account the optimization factors that enhance wind propulsion solutions, such
as weather routing for wind, voyage, etc. or have solely focused on retrofit wind-assist without
adequate emphasis on new build design optimization for wind-assist or primary wind ships.
There has also been an underestimation of the number of ships that can utilize wind systems
(most of the fleet), the size and scale potential of WPT solutions, the improvement in materials
and support systems, automation and the innovative approaches in dealing with air draft and
operational constraints (movable, hinged, retractable, modular), etc.

6 The optimization of WPT solutions and their integration into a holistic approach to ship
design, full fleet deployment and operations has the potential to deliver substantially on the
targets enshrined in the 2023 IMO GHG Strategy. This contribution is highlighted in the report
Shipping GHG emissions 2030: Analysis of the maximum technical abatement potential that
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was released during MEPC 80 from CE Delft (June 2023)" which indicates that: "significant
reductions in GHG emissions of between 28-47% can be realized with a combination of
wind-assisted propulsion option with the largest efficiency improvement (which may vary per
ship); — 20 or 30% speed reduction relative to 2018 (for those ship types where such a speed
reduction results in a reduction of GHG emissions, after taking into account that the fleet will
need to increase to provide the same amount of transport work as in BAU); and — 5-10% of
the energy is derived from zero-GHG fuels. This amounts to approximately 175-350 Mt CO2e
on a well-to-wake (WtW) basis per annum, depending on the Business-As-Usual (BAU)
emissions in 2030. When introduced gradually from 2025, the measures could avoid
cumulative emissions of 500-1,000 Mt COZ2e. About half of the emission reductions result from
lower speeds and other operational measures, a quarter from wind-assisted propulsion and
other technical measures and another quarter from using zero and near-zero-GHG fuels,
however the report does not look deeper at the combined additional benefits that could be
delivered from wind-propulsion in combination with the reduction in speed for example.
Implementing these measures would only increase shipping costs by 6-14% on average,
relative to BAU which is well within the standard annual fluctuations in bunker costs."

7 The report presented in full in the annex to this document covers the following areas:
(1) key policy issues; (2) summary and application of wind propulsion systems; (3) assessment
of wind propulsion — approaches, challenges; (4) current installations and market potential; (5)
economic benefits, business models and finance and case studies; (6) barriers and drivers for
wind propulsion; and (7) regulatory gaps, recommendations and work underway.

Key policy issues

8 Adopting a holistic energy-focused approach as opposed to a narrow fuel-centric one
is key to the delivery of the IMO 2030, 2040 and 2050 levels of ambition and indicative
checkpoints on decarbonization as well as other non-GHG emission reduction targets.
This requires the development of a level playing field for all energy sources, including wind
propulsion, throughout the policy deliberations at the IMO (and elsewhere), including but not
exclusively: the comprehensive impact assessment of mid-term measures, the fuel life cycle
analysis, the GHG fuel standard and so forth. This holistic approach acknowledges the
inclusion of all climate impacting and non-climate related emissions and will facilitate
"Total Cost of Ownership' (TCO) assessments.

Summary of wind propulsion systems

9 The report covers the main wind propulsion technologies in the market and under
development along with a focus on the separation of 'wind-assist' and 'primary wind'
deployments, noting that at lower speeds a nominally 'wind-assist' system could be providing
most or all of the propulsive power to the ship under certain weather conditions.

Application of wind propulsion

10 Well-to-tank (WItT), the energy source used by WPT (the wind) is a zero-rated
emissions energy source. It could also constitute a reference for comparing emissions from all
energy sources in complement or in alternative of using HFO as a reference as is often the
case today. WIT benefits of this energy source include: (1) no embedded energy from existing
and new infrastructure; (2) no risk of pollution/accidental discharge or fugitive emissions risk;
(3) no fuel safety considerations — there are no risks of contamination, fire, explosion, exposure
etc. in WtT delivery of wind energy to the ship; (4) supply risk can be factored into supply chain
assessment; (5) low risk of restriction of supply/usage in vulnerable areas (Arctic, MPAs etc);
and (6) no risk from regulatory or criteria change as it is zero-rated for all emissions.

https://cedelft.eu/wp-content/uploads/sites/2/2023/06/CE_Delft_230208_Shipping_GHG_emissions_2030_
Def.pdf
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11 Tank-to-wake (TtW), the energy delivered remains the same. Even if some WPT
require some energy to operate, all will be net zero-emission in operation. Manual passive
systems require no additional power whereas automated passive systems require a small
amount to lower/raise and adjust the system to maximize thrust. (<1%). Active systems such
as rotor sails/suction wings require electric motors to generate additional thrust (<10%) but the
energy required can be provided by the system itself and will vary between WPT.

Assessment of wind propulsion — approaches, challenges

12 The need for a standardized approach to the assessment of WPT systems is very
important as the type and sizes of WPT continue to proliferate and robust calculations are
required for regulation going forward. This section discusses the means for validating WPT
performance and how WPT interact with the ship and one another.

13 Safety is a key consideration and the recent European Maritime Safety Agency
(EMSA) report on Potential of wind-assisted propulsion for shipping (November 2023) includes
a comprehensive gap analysis on safety regulations and recommendations for action.

14 As larger WPT systems are introduced and primary wind ships enter service, sea trial
standards, the need for review and updating of 2021 Guidance on treatment of innovative
energy efficiency technologies for calculation and verification of the attained EEDI and EEXI
(MEPC.1/Circ.896) along with further updating of current classification society guidelines for
WPT installations will be increasingly important too.

Current installations

15 The fleet of wind propulsion installed ships continues to grow. As of August 2023,
there were 30 large WPT equipped commercial ships in operation across a range of segments
and sizes, from VLCC/VLOC, other tanker and bulker sizes, ro-ro, ferry/cruise, general cargo
and fisheries along with eight ships that have received a notation of 'wind ready'. These ships
have a total of 63 rigs installed and account for over 1.8 million tonnes of shipping (DWT for
cargo, GT for ro-ro/passenger ship) along with 445,000 DWT 'wind-ready' and a further 16
ships (1.7 million DWT) awaiting installation and delivery by the end of Q1 2024.

16 There also 20+ smaller sail cargo and traditional rigged cruise ships in operation and
this is likely to rise 25 to 50% in the coming 2 to 3 years. There are also surviving pockets of
small traditional commercial craft, most notably operating in lesser developed regions such as
the dhow trades in the Indian Ocean, South-East Asia and the Pacific islands.

Market potential

17 An IWSA survey (June 2023) questioned over 80 policy makers and industry
stakeholders on the market potential of wind-assist and primary wind uptake in 2030 and 2050
alongside other fuel options. The results clearly indicate that 'wind-assist' was seen as a very
significant contributor to the energy mix in 2030, and both primary wind and wind-assist
combined would be on a par with other low and zero-emission fuel choices by 2050.
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Policy Makers: Top Energy Source for Ship Propulsion
2030-2050
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Figure 2: Policy makers: top five energy sources for ship propulsion 2030 to 2050
(25 respondents) (IWSA Survey 2023)

18 The EU market analysis (CE Delft 2016/7) forecast up to 10,700 installed systems
until 2030 on bulk carriers, tankers and container ships, equivalent to savings of up to 7.5 Mt
CO; in 2030 and around 20,000 jobs, however this study did not include general cargo, ro-ro,
ro-ro passenger ships, fishing ships or cruise segments. The current trend of roughly doubling
installations each year aligns with this forecast, however further acceleration in these additional
markets could significantly boost those numbers if conditions are right.

19 The UK Government Clean Maritime Plan (July 2019) gives a global market projection
for WPT systems growing from a conservative £300 million/year ($360 million) in the 2020s to
around £2 billion/year ($2.4 billion) by the 2050s worldwide. Added research indicated 37,000
to 40,000 ships with wind propulsion installations by 2050 or 40 to 45% of the global fleet.

20 Major ship owners, ship charterers and cargo owners are already involved in WPT
projects including: Berge Bulk, Cargill, CMA-CGM, Compagnie Maritime Nantaise, Hapag
Lloyd, "K"-lines, Louis Dreyfus Company, Louis Dreyfus Armateurs, Marubeni, Mitsubishi,
Mitsui O.S.K. Lines, Odfjell, Oldendorff, Ponant, Scandlines, Shell, Vale, WWL, etc. along with
shipbuilders Chantiers de [|'Atlantique, CSSC, DCIS, DSME, Hyundai Heavy Industries,
Oshima Shipyards, Samsung Heavy Industries, Sumitomo Heavy Industries, etc.

Economic benefits, business models and finance

21 Making the case financially is critical for both technology vendors and shipowners.
Wind propulsion is the only alternative propulsion system that will use a fuel that is cheaper
than existing energy sources and thus secure an ROI which will improve as carbon levies are
imposed and lower costs from economies of scale and 10% learning curve for WPTs are
factored in. Growing options for alternative WPT financing with modular installations and
leasing moves the segment away from heavy CAPEX to more of an OPEX approach.

22 The wind propulsion sector is showing signs of scaling activity with investment levels
increasing markedly and growing merger/partnership activity. The potential benefits from this
activity are highlighted by an example of the wind propulsion cluster forming in France, and on
the potential for LDCs and SIDS to introduce, operate and fabricate WPT in the future.

Case studies
23 To add context there are over 20 selected case studies of installations, technology

assessments and economic models included that have been chosen to create a
three-dimensional snapshot of ongoing projects and current commercial operations.
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Barriers and drivers for wind propulsion

24 The combination of IWSA survey results (Jun 2023) and findings from an expert
roundtable of 30+ leading industry stakeholders (September 2023) deliver a detailed analysis
of the barriers to WPT uptake and the drivers and enablers that are in place tackling these
iISsues.

BARRIERS TO UPTAKE OF WIND PROPULSION
Pressure to Change
Perception (new, 3% #
disruptive)
18%

Financial (costs, ROIs)
24%

Policy/Regulation
5%

Operational (port,
intermittency, size, crew)
23%

Figure 3: Barriers to the uptake of wind propulsion (IWSA Survey 2023)

25 With an increase in the number of demonstrator installations in operation and larger
shipping stakeholders becoming actively involved, the technical and policy areas are now
moving in the right direction, though much work still remains to be done. The market and
finance sector however need to move more robustly in order for WPT to scale quickly.

Regulatory gaps, recommendations and work underway

26 The report concludes with regulatory gaps and recommendations, and these are
presented as discussion points and not formal recommendations to the Organization at this
stage:

A1 level playing field assessment: the adoption of an integrated, holistic energy
approach, instead of a narrower 'fuel-centric' one;

2 full emissions calculation: assess and compare wind propulsion with other
fuel pathway options on a full life cycle assessment of emissions (not only
TtW GHG emissions);

.3 finance and subsidies: adoption of a "Total Cost of Ownership" (TCO)
approach is needed if business models, returns on investment and the full
impact of WPT's are to be appreciated; and

A4 safety and technical — the current regulatory model does not adequately
incorporate wind-assist technologies and primary wind ships.

Action requested of the Committee

27 The Committee is invited to note the information contained in this document.

*k%k
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Also, IMO implemented a defacto standard with their guideline for wind propulsion in EEDI & EEXI (MEPC.1/Circ.896).
The default performance metric for EEDI and EEXI is the grammes of CO2 equivalent (CO2e) GHG emission emitted
divided by the product of cargo mass and ship speed.

Although not a standard, in publications it is common to see savings expressed as percentages. By many this is deemed
a very easy to understand definition. As it is dimensionless, it allows easy comparison between ships. However, actual
comparison between numbers from different ships should be done with great care. The percentage definition suggests
it can be easily transferred between projects. However, in reality power saving is very sensitive to design aspects
and operation aspects. Generally, one cannot simply transfer or compare a percentage between projects. Defining
a percentage implies that the savings are also divided by a certain reference number. It then becomes important to
define what is the reference performance. For instance, whether auxiliary power is included in the overall power level
becomes important. It is noted that the definitions used throughout publications at the moment vary and, in some
cases, they are not even mentioned.

Note: When analysing these issues we should always consider base WPT performance and weather routing separately.
Different weather routing software can deliver varied results.

5-1-2 Wind Direction & Measurement

In order to understand the performance of ships with wind propulsion, it also important to know for which wind
conditions these were defined. A common definition is the “undisturbed” wind speed and relative angle at 10m from
the sea level. Undisturbed refers to wind that is not affected by the ship. Relative wind angle is defined relative to the
track of the ship. In sailing terms these parameters are generally called “True Wind Speed” (TWS) and “True Wind Angle”
(TWA). However, what is measured on board is the "Apparent Wind Speed” (AWS) and "Apparent Wind Angle” (AWA)
defined relative to the ship centreline. Being on the ship means that the influence of ships speed and also leeway (the
ship also sailing sideways) is embedded in the data. See these quantities illustrated in Graphic 5-2.

Graphic 5-2: Wind Definitions (source: MARIN)

The measurement on board is generally done at a position higher than 10m using anemometers. This higher position
leads to higher wind speed than closer to the sea. Correcting for these effects require an assumption on the wind speed
profile, knowing the disturbance that the ship causes on the measurement and the leeway. These characteristics require
specific measurement or calculation. Hence, in trials and monitoring with emphasis on accuracy, it may be preferred to
equip the vessel with LIDAR measurements. LIDAR allows us to measure the wind some distance from the ship directly
at 10m, eliminating all corrections except leeway. At the moment LiDAR is relatively expensive, so that it is only used
in selective test campaigns. However, if equipment and procedures could be standardised it would be interesting to
collect more data.

When having, the wind speed and angles for a particular case, the overall statistics may be condensed in a wind matrix,
such as in MEPC.1/Circ.896, describing the frequency of occurrence of specific combinations of True Wind Speed and
True Wind Angle. The standard wind matrix from MEPC.1/Circ.896 is shown in Graphic 5-3.
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Graphic 5-3: A Wind Matrix presented as a polar — from MEPC1. Circ.896 — wind speeds indicated with different colours in m/s — wind angle along

the radius — the (cumulative) probability of occurrence is shown in percentages.

Generally, monitoring or trials will have been done at different wind conditions, which makes a direct comparison unfair.
However, when predictions are calibrated to measured data, then these predictions can also be run for predefined wind
statistics. The results then allow a fair comparison (at least considering wind statistics; there may still be other matters
unequal between datasets, such as ship speed).

5-1-3 Third Party Verification

As described in this document, determining a power saving measure, in whatever form, for wind propulsion is not
straightforward, especially when the figure is to be compared between different projects, suppliers or ship designs. There
is potential scope for interpretation. It is therefore imperative the final verifications are not done by the stakeholders
in the projects, but by third parties with experience in this topic. In recent years, several reports have been published
with third party verified performance numbers. With standards not yet fully determined, comparing the numbers is not
straightforward. However, these reports do provide the best assessment of wind propulsion performance in the world
fleet to date.

5-2 Impacts on Performance

The impact of wind propulsion on the general ship performance varies widely. On the one hand, we see a large number
of installations, mainly retrofits that are modest in relation to the ship. Such systems may yield average annual savings
on fuel and emissions for propulsion of some 5% to 15%. The impact of these systems is generally only on some
modified procedures for cargo loading and unloading and possibly stowage in bad weather (if at all). The operation of
the ship is otherwise unchanged and may be considered “business as usual”. However, if WPT systems increase in size,
they can progressively affect the performance of the vessel. Then it becomes important to adjust the design as well as
operations. The following sub sections deal with ships with more substantial wind propulsion.

5-2-1 Ship Systems
With substantial wind propulsion, some systems may experience different issues:

e The ship will sail with heel. Up to a certain extent this may be acceptable, however, to counter larger heeling, an
anti-heeling system can be fitted.

«  The ship will sail with a leeway angle and needs to find a balance in yaw. Large leeway angles or large steering angles
can induce an increase in resistance. To remedy that the hull shape may need adjustment. Also, a change in the rudder
design and additional appendages can be considered such as additional skegs in the stern regions, enlarged bilge
keels or (retractable) dagger / centre boards / anti drift fins that extend below the baseline when deployed.

«  (Electric) power is required to run the wind propulsion system. “Active” systems such as Flettner rotors and Suction
wings/sails require a larger power input as that is their means to achieve higher thrust per square meter. However,
other systems need power for control. Note: There will be a variation of energy use between WPT types.

« The conventional propeller propulsion will run at a reduced load. Care must be taken that this is possible and
achievable at good efficiency, without inducing pressure side cavitation. With very good wind propulsion levels,
propellers may be stopped. In that case it is desired to have a Controllable Pitch Propeller that can be pitched out
to a “feathering” position, minimising drag. While in this condition it still needs to be ensured that the steering
capability is still sufficient with no propeller wash over the rudder(s).



5-2-2 Operational
If and how the operation needs to be changed to align with the WPT installation is highly dependent on the ship type
and operations undertaken by the ship. If cargo operations require cranes, then substantial WPT systems may need
special attention. However, various suppliers have developed systems to deal with this issue, such as:

+ Tilting and rotating units

 Sliding along tracks

» Retracting into a container

«  Stillin development: Retracting into the ship

When in operation many systems have been developed already with substantial automation requiring little to no
attention. The suppliers of some other systems have chosen a more hands on approach as they develop the technology
further with the aim to further integrate these WPT. These more hands-on systems will require appropriately trained
crew to handle them.

The EU funded WASP project 2019-2023 released a Best Practice Manual covering many of the operational aspects for
five WPT installations on various general cargo and a RoPax vessel. (WASP 2023)

5-2-3 Logistics
Currently, most assessments of performance, including those with substantial WPT systems and primary wind applications,
assume that the ship must always maintain its ETA so that a direct comparison with a motor vessel on the same route
can be undertaken. These wind-assist vessels are of course hybrid in design and thus conventional propeller propulsion
onboard makes sure that good speed can be maintained in bad wind conditions. Therefore, the predictability of transport
work is not affected, but that doesn't allow for the full optimisation of the wind propulsion element.

However, some of the more ambitious projects do implement a lower ship speed than common for their trade to help
maximise the amount of wind energy that can be deployed. This reduction in speed yields an energy saving by itself as
outlined in Section 1 and explored in detail in Mason 2021 and applied to fleet decarbonisation potential by 2030 in
CE Delft 2023. This speed reduction can also provide an additional benefit for wind propulsion, as the apparent wind
will be less dominated by the sailing speed (thus better apparent wind angles). Also, the possibly of deviating from the
shortest route to the best wind resource route is an important consideration, though obviously this will likely have a
subsequent impact on the transport time.

5-3 Performance Optimisation

5-3-1 Weather Routing
Weather routing is already used extensively by ship operators and the routing software is fairly sophisticated with inputs
from decades of historical data and real time feedback from voyages. Applying weather routing to wind propulsion
has also been developed over many years, with very detailed datasets used in offshore racing and now utilised in the
commercial field. Some ships are already using wind routing to maximise their fuel savings and as discussed in the
paper 'Weather Routing Benefit for Different Wind Propulsion Systems’, summarised in MEPC 80/INF.33 (full paper:
D-ICE & Ecole Polytechnique 2023), there are substantial benefits for WPTs however, each system type will benefit
from the application of weather routing for wind to differing degrees. As an example, this particular study took a post-
Panamax bulk carrier outfitted with different WPT on a simulated Santos-Qingdao route with a large set of voyages
(5 years of weekly departures). The study found average weather routing benefits with wing sails of 73.33%, 82.22%
with suction wings, and 104.89% with rotor sails. These programs are becoming increasingly sophisticated as real
operational data is being fed back into the models and the incorporation of machine learning will only accelerate this.

5-3-2 Speed

The default constraint on evaluating systems is that the ship should always arrive on time. However, if further zero-
emissions energy provision is incentivised either through regulation or by simple economics and enabled by charter
contractual adjustments, then a certain flexibility in arrival time would be beneficial. The combination of speed reduction
and WPT performance can be calculated and as noted in sections 1, 3 and 8, there is considerable reduction in fuel
use and emissions. However, this would obviously require some flexibility or buffer in cargo at the departure and
destination port. Higher speeds do however burn more fuel thus reductions at those speeds may subsequently yield
larger fuel savings.

5-3-3 Weather Forecasting & LIDAR

The use of satellite weather forecasting has dramatically improved the understanding of weather patterns and their
effects on vessels and routing in real-time. The integration of this into the operations of WPT and primary wind vessels
will increasingly improve performance and weather routing software. The deployment of LIDAR is also an area where
systems could be further optimised as the LiDAR system can be used to map out wind systems approaching the ship
giving lead time for the WPT to be adjusted to make the most of the incoming wind patterns. This technology is already
deployed on large wind turbines and will likely be first used from a research perspective (as it already is) before moving
to deployments on large vessels with substantial wind propulsion installations.




5-3-4 Energy Management System (EMS) & Vessel Systems Integration

Ships are a 'system of systems’ and by introducing WPT with fluctuating levels of energy and forces acting on the vessel,
there will likely be inefficiencies or disruption generated in other parts of the system, such as the engine performance,
rudder configurations etc. There is much scope for increased integration of these systems to improve the interaction
between all of these moving parts. One key area is how to maintain engine performance and efficiency and having
an effective EMS that can handle varied WPT input is an area that will deliver further optimisation benefits and engine
manufacturers are increasingly focused on delivering products that can adjust to these challenges. Both the CHEK and
Optiwise wind propulsion projects are considering many of these optimisation issues. (see Section 11-3)

5-3-5 Wind Energy Harvesting
As mentioned in other sections, there is an opportunity to enhance performance by the utilisation of energy harvesting
systems when the ship is primarily or fully underway using wind propulsion. Once the hull speed has been reached,
usually the excess wind energy needs to be spilled, however, this energy can be harvested if hydro generators were
deployed or propellors reversed on an electric drive vessel so as to act as generators. This excess energy can thus be
harvested and stored as electricity or converted into a zero-emissions fuel onboard for later use.

5-4 Design Criteria

5-4-1 Stability

Stability is a key consideration in the design of wind propulsion vessels and for retrofits. The classification guidelines all specify
that the installation of WPT on vessels must be compliant with IMO specifications, including aligning with the International
Code on Intact Stability (IS Code) and the Second Generation Intact Stability Criteria. Neither of these specifically include WPT,
however the European Maritime Safety Agency (EMSA) 2023 report; 'Potential of wind-assisted propulsion for shipping’ calls
for these to be updated as more data is now available from the wind powered demonstrator vessels in operation. While the
report covers mainly the negative implications on stability, it should be noted that WPT systems also deliver positive effects.
Pages 75-78 of the EMSA report deal with stability issues in detail and considerations include;

“It is observed that the additional lateral windage area can be rather large, especially for wings and sails, and this can be
detrimental to the intact stability of vessels with WAPS. WAPS that can be stowed should be differentiated from those
that cannot. If both conditions are calculated in terms of stability, the situation with deployed WAPS will most probably
dominate (which is worse in terms of stability). To overcome any stability issues, either the maximum windage area
needs to be reduced (offering less wind-assisted propulsion) or hydrodynamically sub-optimal hulls need to be used
to increase the vessel's stability.”

“Moreover, it is noticed that while intact stability assumes that the ship is upright, WAPS increases the probability that it
will operate with a heel angle, and this may impact the criteria for the righting lever. WAPS will also increase the vertical
centre of gravity of the vessel, so loading conditions may need to be adjusted accordingly to ensure the vessel can
maintain her vertical centre of gravity within the limits of the stability criteria.”

“Icing scenarios will also need to be considered because ice accretion on the WAPS may add weight and also affect
vessel's vertical centre of gravity.” (EMSA 2023)

5-4-2 WPT Interaction with Ship & Between Rigs

There is a growing body of knowledge and experience regarding the interaction of WPT and the flow of wind across
the ships hull and structures along with the interaction between multiple rigs. The understanding and reduction of the
disruption of wind flow and turbulence generated by these is one of the key elements in improving performance and
in the selection of the best WPT for any given ship. The key discussion points on multiple rig interaction are covered
extensively in the ‘Aerodynamics of Wind-Assisted Ships: Interaction effects on the aerodynamic performance of
multiple wind-propulsion systems (Bordogna 2020) and subsequent work undertaken by the author on a performance
prediction model that can incorporate these interactions. This growing body of information is being fed back into
digital twins to enhance the accuracy of the vessel design models. Tillig & Ringsberg also do an extensive analysis of
how WPT interact, in this case rotor sails, with the ship and between rigs in their paper; Design, operation and analysis
of wind-assisted cargo ships (Tillig & Ringsberg 2020). They also detail how that information feeds into their modelling
software. This theoretical work is also backed up by field data collected by the WASP project and published in the
technical report on digital twins for the five vessels tested during that project.

https://vb.northsearegion.eu/public/files/repository/20230613152704_WP3deliverablestechnicalreport.pdf.

Other digital twin development is now being commercialised and will increasingly be available for shipping companies
to access any given WPT.


https://vb.northsearegion.eu/public/files/repository/20230613152704_WP3deliverablestechnicalreport.pdf

5-4-3 WPT Siting and Foundation

The siting of WPT systems will require careful consideration bearing in mind deck and superstructure strength, cargo
operations, ship and crew safety, helipad access, air-draft, navigation lights and radar coverage, bridge visibility etc.
Most of the design considerations are covered in the classification society guidelines. The key issues and considerations
involved with this are cited below in Section 5-5 on safe operations. The reinforcement work that is required for WPT
foundations will vary between ship types, however, as a general rule the inclusion of that reinforcement during the build
cycle will require minimal design adjustments and cost, whereas a retrofit will take longer and incur higher costs due to
mitigating the changes to the design, access etc.

Overall, there are numerous design impact questions that will need to be answered during the design process for
newbuild vessels and retrofitting of existing vessels and a detailed overview of these issues is provided in the publication;
Wind Propulsion Principles: The complete guide to harvesting the ocean winds for commercial shipping (Fakiolas, M.
2022)

5-5 Safety

The European Maritime Safety Agency (EMSA) in November 2023 delivered a comprehensive safety overview of wind
propulsion technology applications. The regulation gap analysis on wind propulsion forms the basis for further work
to standardise and mitigate all the known hazards and safety concerns. The conclusion is that while there are areas of
concern, no major risk was identified that can't be resolved.

The issues described above may require further studies for better understanding of the risks as well as for defining the
necessary safeguards that will need to be implemented to prevent or mitigate the major hazards. Based on the Hazard
Identification (HAZID) studies, preventive and mitigative safeguards as well as recommendations for various ship types are

presented, which may help to inform prescriptive requirements and develop inherently safer designs and arrangements.
While some safeguards are regulatory requirements, many of these are considered additional safeguards due to the
inherent risks of WAPS. Overall, the studies did not identify any major risk that cannot be resolved. (EMSA 2023)

5-5-1 General Safety Considerations
A list of safety considerations (though not exhaustive nor in order of priority) is provided below.
«  Crew Safety
Fire Safety
+  Lightning Protection
Stability Considerations
«  Extreme Weather Procedures
« Navigation Safety (bridge visibility, radar blind sector, navigation lights.)
« Hazardous Areas of the vessel.
«  Manoeuvrability.
« Changes in Air Draft.
«  Mooring & Anchorage
«  Component Failures
« Noise & Vibrations
- Safe WPT Stowage during port operations

5-5-2 SOLAS Considerations
WPT installations must naturally comply with all Safety of Life At Sea (SOLAS) Conventions including Part C Alternative
design and arrangements contained in the Chapters II-1 Reg, 55, II-2 Reg. 17 and III, Reg. 38 and Chapter V.

As WAPS tend to have large areas that are exposed directly to the wind, they can affect a ship’s manoeuvrability and
stability. Also, some types of WAPS, such as rotor sails and sails, install tall structures on vessel decks which may substantially
increase air draft. Potentially, this could create additional obstacles to visibility from the bridge, radar and navigational

lighting. The IMO's Maritime Safety Committee has developed several regulations governing manoeuvrability, stability
and navigational safety, included in the International Convention for the Safety of Life at Sea (SOLAS), and related Codes
and Standards, which are discussed in detail in this section [p73]. (EMSA 2023)

The EMSA study covers WPT SOLAS regulation issues on p73-80.




5-6 Sea Trial Standards

Standard approaches to sea trialling for wind propulsion are being developed under the auspices of the International
Towing Tank Conference. One clear issue involved is the need for the wind to be blowing at a reasonable level to be
able to adequately test the WPT systems and how that fits into the current sea trail standard approaches. While this
issue is touched upon in MEPC.1/Circ.896, a far more detailed set of suggested approaches will be delivered by the ITTC
in mid-2024 based on the work outlined in these two papers;

Werner, S, etal, 2021, Speed Trial Verification For A Wind Assisted Ship, in the proceedings of RINA International
Conference on Wind Propulsion, 15-16 September 2021, London, UK

https://vb.northsearegion.eu/public/files/repository/20211208153521_Werner2021SPEEDTRIALVERIFICATION.pdf

Werner, S, etal, 2022, Speed trial methodology for wind assisted ships, p124-140 in the proceedings of HullPIC, May
2022, Ireland. http://data.hullpic.info/HullPIC2022_Tullamore.pdf

5-7 Classification Societies Guidelines

The installation and operational parameters for WPT are informed by classification society guidelines that are publicly
available. These guidelines are undergoing regular updates and revisions will be required as the increased number of
demonstrator and commercially installed systems are feeding back into the process. A further upgrade will also be
forthcoming as larger scale retrofit WPT systems are introduced into the market and large primary wind vessels enter
operation.

ABS Guidelines: Download

Bureau Veritas Guidelines: Download

ClassNK Guidelines: downloadable from www.classnk.com

DNV Guidelines: Download

Lloyds Register Guidelines: Flettner Rotors // Masts, Spars & Standing Rigging

China Ship Classification Society: Guidelines for Survey of Marine Wind-Rotor Assisted Propulsion System 2023
Download

5-8 EEDI/EEXI Calculations

The calculation of EEDI and EEXI for wind propulsion systems is guided by the 2021 IMO MEPC.1/Circ.896: Guidance
on treatment of innovative energy efficiency technologies for calculation and verification of the attained EEDI and EEXL
This guidance paper superseded the MEPC.1/Circ.815 and covers wind propulsion in the following section: Wind
assisted propulsion system (Category (B-2))

Appendix 1: Method of wind tunnel model test.

Appendix 2: Global wind probability matrix.

The MEPC.1/Circ.896 updated and improved upon the earlier guidance and adopted a metric to take the best 50% of
wind performance data to more closely align with actual operational performance. Elements of the guidance circular
are under review as there needs to be a more standardised approach to create a level playing field among all WPT
systems as some perform very well at certain wind angles whereas others perform better across a whole spectrum of
wind angles. There is also a need to enhance the guidelines to take into consideration far larger and more powerful
WPT systems that will be able to use wind as the primary propulsive energy source.



https://vb.northsearegion.eu/public/files/repository/20211208153521_Werner2021SPEEDTRIALVERIFICATION.pdf
http://data.hullpic.info/HullPIC2022_Tullamore.pdf
https://ww2.eagle.org/content/dam/eagle/rules-and-guides/current/other/315-requirements-for-wind-assisted-propulsion-system-installation/315-wind-asisted-propulsion-reqts-july22.pdf
https://erules.veristar.com/dy/data/bv/pdf/206-NR_2021-02.pdf
http://www.classnk.com
https://www.dnv.com/news/dnv-rules-for-ships-july-2022-edition-227477
https://www.lr.org/en/knowledge/lloyds-register-rules/guidance-notes/guidance-notes-for-flettner-rotor-approval/
https://www.lr.org/en/knowledge/lloyds-register-rules/guidance-notes/guidance-notes-for-masts-spars-and-standing-rigging/
https://www.ccs.org.cn/ccswzen/file/download?fileid=202301300953804120
https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/Air%20pollution/MEPC.1-Circ.896.pdf

5-9 Crew Training

For most WPT systems that are highly automated the training requirements are relatively light, with a general system
overview training session undertaken with all crew members. Some WPT systems in their earlier iterations or with more
traditional sail systems are more hands on and will require more specialised training. However, there is currently no
standardised training package across the industry, in place of that there is training given by each WPT supplier.

Work is underway to create a standard curriculum and simulation materials. The DIGIAMER — WP2 project has been
undertaken by the IWSA Europe Atlantic group, Association Windship, and this will deliver an online theoretical training
in wmd propulsion for seafarers.

Further work is underway to W|den this package and make that accessible as an industry backed curriculum.

With WPT systems that have further innovative aspects such as modular or movable ones then additional training
may be required. In addition to training for the crew, user manuals are distributed as a reference material for the crew,
however the main engagement that the crew have with the systems is through regular maintenance routines. As the
systems are increasingly automated and can be distance monitored, the requirements for training in the future should
be minimised, however emergency procedures in heavy weather and the capacity to cope with a system failure are
important elements that require crew competency.

5-10 Maintenance & Repair

There are regular procedures that will be focused both on observing/monitoring/checking systems along with hands
on maintenance activities.

Period Typical examples of activities
Daily Implicit check through operations by ship crew
Weekly Visual check for damage by ship crew

Monthly Greasing of moving parts by ship crew

Yearly Check-up by technology provider
Occasionally Visual checks after heavy weather

Graphic 5-4 Regular Maintenance considerations Source: EU WASP project Best Practice Manual (2023)

The process for repairing WPT systems are currently done on a bespoke basis as there are still relatively limited numbers of
rigs and vessels in operation, however the feedback and data received by WPT suppliers is feeding into the upgrading and
adjustment of systems to ensure that running repairs are more easily handled by crew members and the need for system
downtime is kept to a minimum. As more repair cycles are undertaken, so shipyards will also gain hands-on experience.

Potential repair issues include:
«  Small components

e Hydraulics issues

« Vibration issues

e Ice accumulation

Corrosion issues and material longevity are also key issues that require long-term monitoring, however these issues
should be covered by contracts and long-term service agreements between the shipowner and the technology vendors.


https://www.economie.gouv.fr/plan-de-relance/digi4mer-projet-moderniser-formations-industries-mer

6) Current Installations

6-1 Vessel Installations

6-2 Technology Segments

6-3 Vessel Segments & Size

6-4 Recent Market Trends

6-5 Under-Represented Segments
6-6 Small Vessel Segment

The world fleet consists of 55,000-100,000 large vessels (depending upon categorisation - >1,000gt or >100gt), with a
total of over 2 billion dwt (UNCTAD 2022) and a fleet of three million+ smaller commercial cargo, domestic shipping and
fishing vessels.

6-1 Vessel Installations

The WPT market has been gaining momentum again following the challenges of the COVID pandemic and subsequent
logistical and financial turmoil that followed between 2020-2022. In 2022, there were seven additional installations of
WPT, bringing the total of large commercial vessels to twenty-three along with three wind-ready vessels. In the first
eight months of 2023, this number increased to thirty ships installed and eight wind-ready as of 31 August 2023. [See
Graphic 6-1 & 6-2]

The near-term projection is to add a further 16 or more large vessels before the end of the first quarter of 2024 and this
will include the first small feeder container ship (143m, 1036 TEU capacity Singapore owned, MV Kalamazoo), four small
primary wind vessels and a number of newbuild ships underway for delivery later in 2024/25. [See Graphic 6-3]

The full list of current large vessel installations (as of 31 Aug 2023), wind-ready and traditional sail cruise vessels can be
found in Annex 1.
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6-2 Technology Segments

The breakdown of installations via technology type is as follows; with rotor sails taking the largest share with thirty-
two rotor sails installed on thirteen ships [8 x <20m, 20 x 20-29m & 8 x >30m]. Fifteen rigid/hard/wing sails have
been installed on seven ships ranging in size from 12-40m in height and fourteen suction wing/sail systems have
been installed on eight ships all in the 10-17m range, with 36m versions already developed for deployment. These are
followed by two different sized kite installations [S00m2 — 1000m2] [See Graphic 6-4]

Both the suction wing and rigid/hard wing sail systems have had a recent surge of installations and installation orders
for these systems are also growing for 2024/25.

Commercial WPT Installations on Ships over
400GT

= Rotors

® Rigidsails
Suction wings
Kites

m Softsails

Graphic 6-4: Commercial WPT Installations by Technology Type — 31 August 2023

Note: Many ships have multiple installations of systems, so as of Q3, 2023, this amounted to 63 rigs of different types installed.

At this relatively early stage of market growth, the numbers of ships installed with each technology doesn't indicate
market preference as much as both the timing of the introduction of the WPT systems into the market — rotor sails were
first introduced 2010-2014, suction wings and some forms of rigid sails were introduced 2018/19 and other rigid sails
and second-generation kites were first installed 2020/21. There are many theories around the diffusion of technology
which will help to explain the uptake of different WPT in different segments at different times, however it is clear that
those WPT and vessel segments that reach a good level of demonstrators (three to five ships) are then experiencing
the growth in interest in those segments, thus the bulker, general cargo and RoRo segments are exhibiting a good level
of interest and early diffusion of those technologies.

6-3 Vessel Segments & Size

As was clearly outlined in the installation overview graphics (Graphic 6-1 & 6-2), there is quite a diffusion across ship
types. The general cargo vessels tend to be quite small, however this also reflects the general breakdown of that
segment also. Whereas in both the bulker and tanker segments the WPT installations have included some of the largest
vessels within those segments (VLCC — tankers, VLOC and Capesize — bulkers) along with various mid-sized types. The
outlier in this Graphic is the inclusion of the ten small traditionally rigged (soft sail) cruise vessels.

Vessel Segment & Size (including Wind ready)
2023

mimall | Midsize Large

Graphic 6-5: WPT by Ship Segment and Size (31 August 2023)

In total, including the thirty vessels installed, eight wind-ready and the ten traditional rigged cruise vessels, this brings
the deadweight tonnage to well over two million tonnes (Note — RoRo and Passenger vessels are calculated using their
Gross tonnage (GT))



6-4 Recent Market Trends

The trend up to this point has been mainly for installing WPT on single vessels, either as retrofits (twenty-three ships
or 67%) or new builds (seven ships or 23%). These demonstrator vessels have enabled the technology providers and
the shipowners to gain invaluable experience, validate performance data and trial these systems in various weather
and operational situations. This has been rolled out in a relatively piecemeal fashion to date, though one coordinated
project was the EU Interreg WASP project that installed and validated five ships together. Nonetheless, the accumulated
experience and data is enabling the movement into the next significant stage, which is multiple installations and fleet
wide deployments.

Graphic 6-6 plots the classic technology/installation ‘S-curve’ with the path of wind propulsion developments overlayed
which shows that the market is on the cusp of the upswing and movement through early adopters to the critical system
integration period where wind propulsion becomes more integrated into the vessel design and operation at a micro-
level and viewed as a significant technology option at a fleet level.
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Graphic 6-6: Wind Propulsion Innovation Curve (IWSA)

This trend has already been noted in the order and delivery of six wind-ready vessels in 2023 by the Greece-based,
Capital Management and with a number of recent announcements of multiple ship build contracts for primary wind
ships and fleet wide orders and options for suction wings/sails and kites.

6-5 Under-Represented Segments

However, current market trends highlighted in the Graphics 6-1 through 6-5 don't tell the whole commercial wind
propulsion story. There is growing interest among cargo owners in having primary wind-propelled vessels that offer
very large reductions in fuel and emissions. There are currently five vessels under construction in this category and
a number of other vessels on order. The four vessels under construction for delivery in early 2024 include two 80m,
1,000+t capacity vessels that are being constructed in Romania and Vietnam for operation on Europe — US — Caribbean
— Africa routes. There are two smaller sail cargo vessels (52m, 350dwt and 48m, 290dwt) that will be operating in the
North Atlantic and South Pacific respectively, both likely to be in delivered in the first half of 2024 and operational soon
after. The fifth one is a 136m RoRo under construction in Turkey which will operate from France on a regular route to
the US and Canada and this will be delivered in 2025.

As mentioned previously, the container ship segment is a more challenging one especially with deck space restrictions
for retrofitting, however the first retrofitted feeder vessel will be in operation in early 2024, and we are also seeing a
number of newbuild designs and orders being finalised that will see these types of wind-assist vessels coming out of
yards between 2026-27.

The cruise sector is one where there is also growing interest and there have been design, AiP awards and contract
announcements for a range of relatively small, expedition type vessels that have either significant wind-assist capability
or are primary wind from companies such as Hurtigruten, Ponant and the Orient Express/Accor.



6-6 Small Vessel Segment

The small vessel segment is a more challenging one to assess comprehensively as there are many small vessels that
move small amounts of cargo and passengers both formally and informally around the world using wind either as their
primary energy source or as wind-assist. These also include artisanal fishing boats.

In Europe, there are at least ten traditionally soft sail rigged sail cargo vessels in operation ranging in size from 19-42m
and with cargo carrying capacity from under 10t to over 100t. These European based cargo vessels are mainly upgraded
early 20th century vessels carrying higher value cargos such as alcohol, organic foodstuffs, coffee etc. either on routes
around the European coastline or to and from the US and Caribbean countries. As these vessels are small, they operate
in the main below the more stringent SOLAS requirements and can also carry up to twelve passengers which helps
supplement the cargo carrying revenue. Many of the ships also provide training and volunteer crew opportunities.

Small Vessel & Traditional Sail Developments

Technology & Networks

N

Ship Designs

Builds & Retrofits

Graphic 6-7 Small Vessel & Traditional Sail Developments (IWSA)

This small vessel segment holds a lot of potential, particularly on specific routes where freight costs are high, or the
routes are poorly serviced. There is of course a need to expand the small vessel fleet and create a large enough network
so that this will be self-sustaining and cargo owners will be offered regular and reliable transport links and trans-
shipment options on those routes.

There is a wider network of traditional sail cargo vessels in operation in small island and least developed countries
(LDC) maritime regions around the world and the most extensive of these until recently has been the Dhow network
operating in the Indian ocean between India, Africa and the Arabian peninsula, the Pinisi and Makassar schooner vessels
of Indonesia along with a scattering of small vessels in operation in the South Pacific and Caribbean, however many of
these vessels now usually use only their motors or they are converted to leisure use and the commercial building, sailing
and maintenance skills are in decline.

One region, the South Pacific, has been extensively researched for the potential for wind propulsion in SIDS and the
vast majority of that work has been undertaken by the Micronesian Center for Sustainable Transport (MCST) https://
www.mcst-rmiusp.org (which also functions as the Pacific hub for the International Windship Association). The MCST
(in an earlier configuration as the Pacific Centre for Environment and Sustainable Development) along with UNCTAD
released a detailed toolkit; Sustainable Sea Transport Solutions for SIDS: Pacific Island Countries Case Studies (UNCTAD
2016) which highlights the key advantages of using wind propulsion on routes in the region that are under-serviced,
under-used or neglected due to long distances, high fuel costs and low cargo/passenger demand. The center has a
wide- ranglng archive of materlal covering most |sIands in the reglon

This small vessel network does, however, also offer an opportunity for developed regions to deliver a sustainable,
locally engaged means of low carbon transport if the development of the fleet and port/logistics services is supported.
The publication, Sail Freight Revival: Methods Of Calculating Fleet, Labor, And Cargo Needs For Supplying Cities By
Sail takes a detailed look at this sector and the ability of small sailing networks to help supply a city such as New York
(Woods 2021).

The small vessel market will be heavily impacted by the rising cost of fuel as carbon pricing is introduced as it always
has been due to other economic drivers, however this could be compounded over the next few years with the need to
swap out fossil fuels and replace those with alternative fuels and the engines/motors and infrastructure required. This
could lead to substantial growth in wind-assist and primary wind vessels if the level of investment can be aligned with
those needs, especially in SIDs and LDC maritime transport markets.
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7) Market Potential

7-1 Survey of Industry and Policy Makers - Position of WPT in Energy Mix in 2030 & 2050
7-2 Comparison with Recent Industry Survey

7-3 Wind Propulsion Market Size and Diffusion Rates

7-4 Market Projections and Investment Patterns

7-5 Pipeline & Trends

The world fleet consists of 55,000+ ships over 1,000gt and 100,000 ships over 100gt, including large fishing vessels. The
market potential for WPT has been assessed by two, third party studies (one EU-commissioned assessment in 2016/17,
the other assessment was conducted as part of the UK Clean Maritime Plan 2019). However, these assessments are often
overlooked or sidelined when it comes to the development of decarbonisation pathways in shipping.

An updated comprehensive assessment of WPT market potential would be a timely undertaking in the light of the 2023
IMO GHG Strategy and EU Fit for 55 maritime package along with numerous national and industry led initiatives.

7-1 Survey of Industry and Policy Makers - Position of WPT in Energy Mix in 2030 & 2050

The International Windship Association IWSA) conducted a survey of industry and policy maker's attitudes to
decarbonisation and WPT and wind energy use in particular. These survey results help bring some counterbalance to
the decarbonisation discussion that is currently framed in a fuel-centric’ manner.

The survey covers the views of twenty-five policy makers and fifty-nine industry stakeholders (excluding IWSA members)
worldwide. However, the European and Internationally operating (including EU) respondents of the policy making
stakeholder group surveyed have also been sectioned off to give some additional context for this region.

While the sample of opinions is modest and we should take these survey results as being indicative rather than
comprehensive/definitive, the results do align with both observable trends in the marketplace and also anecdotal
reporting from IWSA members. Ideally the survey will be followed by a well-funded, comprehensive annual tracking
opinions survey in the future.

The most relevant question for this Section is where the respondents were asked to rate their awareness of wind
propulsion vessels. 68% of international shipping sector policy maker respondents expressed an awareness, whereas
European respondents expressed a 92% awareness. The wider maritime industry expressed an awareness level of 88%,
among shipowners and charterers the awareness level was 74%.

Naturally, the fact that a sizeable minority of policy makers and shipowners globally were still unaware that ships were
operating with wind propulsion is concerning. Perhaps this indicates that much of the WPT development has been
restricted to Europe until recently.

This number is likely to decline quickly as further demonstrator vessels enter into operation and the numbers of vessels
using WPT grow in less developed segments such as container, RoPax and fisheries etc.

Keeping the aforementioned levels of awareness of WPT installed vessels amongst stakeholder groups surveyed in
mind, the survey then asked them: “What are the top five energy sources you believe ships will use for propulsion in
2030 and 2050?"
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Policy Makers: Tep Energy Source for Ship Propulsion 2030-2050

Graphic 7-1a: Policy Makers (25 respondents) — Top Energy Source for Ship Propulsion 2030-2050

European / International

Graphic 7-1b: Policy Makers (10 European based respondents) — Top Energy Source for Ship Propulsion 2030-2050
Note: This includes those operating in Europe and Internationally.

Maritime Stakeholders: Tap Energy Source for Ship Prapulsisn 2030-2050

Graphic 7-2a: Maritime Stakeholders (59 respondents) - Top Energy Source for Ship Propulsion 2030-2050

Shipowmners [ Operators

Graphic 7-2b: Shipowners/Operators (19 respondents) - Top Energy Source for Ship Propulsion 2030-2050
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