INTERNATIONAL E

N
@ MARITIME
S ORGANIZATION

LL<<‘_\
tt(("'

MARINE ENVIRONMENT PROTECTION MEPC 83/INF.33
COMMITTEE 31 January 2025
83rd session ENGLISH ONLY
Agenda item 7 Pre-session public release:

REDUCTION OF GHG EMISSIONS FROM SHIPS
Proposed assessment methodology tiers to measure wind propulsion in the GFI

Submitted by IWSA

SUMMARY

Executive summary: This document contains in the annex the "proposed assessment
methodology tiers to measure wind propulsion in the attained GFI"
as referred to in document MEPC 83/7/33 (IWSA).

Strategic direction, if 3
applicable:

Output: 3.2

Action to be taken: Paragraph 2

Related document: MEPC 83/7/33

Introduction

1 This document contains in the annex the "Proposed assessment methodology tiers to
measure wind propulsion in the attained GFI" as referred to in document MEPC 83/7/33
(IWSA).

Action requested of the Committee

2 The Committee is invited to note the information provided in the annex to this
document in conjunction with document MEPC 83/7/33.
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ANNEX

PROPOSED ASSESSMENT METHODOLOGY TIERS TO MEASURE WIND PROPULSION
IN THE ATTAINED GFI

Tier 1: Analytic formula

Principle

The following procedure addresses the calculation of the wind propulsion energy brought to
the ship over the declaration period for the purpose of the calculation of the GFl, taking into
account ship operating speed and actual operating routes.

This procedure is based on the use of:

1 a simple and public formula, common for all wind propulsion system(s)
(WPSs) and all ships, relying on a limited number of parameters; and

2 weather statistics derived for predefined geographic zones, publicly available
and also common to all ships and all WPSs. Further work is required in order
to subdivide geographical zones and define their typical size.

This procedure is based on the use of a single public formula that can assess properly the
averaged power saving of any WPS, over a fairly significant voyage segment', based on a
limited set of coefficients, typically about 15 coefficients to describe a wind propulsion system
and the ship it is fitted on, that stand for:

1 the WPS arrangement fitted on a specific ship;
2 the average speed of the ship over a route segment; and
3 wind statistics over a route segment.

Further work is required in order to take into account weather routeing into the formula of this
method. As weather routeing can significantly improve the wind propulsion system.

Process
Describe step-by-step process

1 the average ship speed is calculated for the voyage, considering the great
circle route length and voyage duration from declaration;

2 the voyage is split into segments of length L; according to meteorological
zones (for which weather statistics have been derived). The averaged ship
speed over the segment V; is the averaged ship speed during the voyage;

3 the average power saving per segment Pi is calculated using the public
analytic formula; and

Any voyage can be split in a limited number of segments, typically less than 10.
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4 the energy from WPS to be considered for each segment is derived
according to equation (3) and summed over all sailed segments i during the
period:

f
Exwps = iZiAi ki Pgi - T;

with:
L.
T, ==
Vi
L; Length of the segment
V; Average ship speed over the segment
T; Time to sail the segment
Ai Rate of use of the WPS during the voyage, in the range [0,1]
Pg; Power brake saving from the use of the WPS calculated by the formula using wind
statistic for the segment.
ki Coefficient to consider weather routeing optimization if any or should be taken as

unity.  To be defined later on.

Ng Engine efficiency according to the GFI formula
fr Reliability factor

Required input

Data collection

The following information, for each voyage over the period, is required in order to calculate the
energy of the WPS:

1 port and time of departure;
2 port and time of arrival; and
3 rate of use of the WPS (from the hour meter of the WPS).

Wind statistics

For each geographical zone, the formula is adjusted as to fit the average thrust obtained with
the wind probability matrix encountered by the ship on the zone. Prior to the fit, the wind
probability matrix will be reconstructed from hind-cast weather data provided by recognized
meteorological offices?. The wind probability matrix, the fitting method and the fitted formula
for each geographical zone will be publicly available and common to all ships.

Performance of WPS

The coefficients to be used in the formula consider the technical details of the WPS, such as
number of systems, type, size, integration with the ship and other relevant aspects.

2 Such as ERA5 from ECMWEF for example (see www.ecmwf.int).
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It is expected that the fuel consumption of the ship will be measured, for example, based on
bunker delivery notes or from flow meter recording. Hence, the electrical power required to
operate the WPS, especially in case of active systems (such as Flettner rotors or Suction
wings), is provided by onboard gensets, for which fuel consumption is already accounted for
in the GFI formula and must not be considered here.

In case the fuel consumption of the ship would be calculated, the formula would provide a
calculation of the energy consumption of the WPS.

The parameters to be used in the formula are defined once, and are valid until:
1 any major change is made to the WPS or the ship; and
2 the owner requests a re-evaluation of these parameters.

Required equipment

For each route segment, fraction of time during which the WPS delivers power (WPS ON).

Verification principle

The formula is publicly available and fit into a spreadsheet. Wind statistics are also publicly
available and common for any ship. Hence, it will be easy for anybody to check the calculation
as far as the input data is available.

Accuracy and limitations

This tier is the first level of wind propulsion energy production.

References

"P2310-11-A - Wind Propulsion Power Formula — Documentation.pdf', OPERVENT Project,
CRAIN, 2024 - https://www.craintechnologies.com/simwaps/files/P2310-11-A-

Wind_Propulsion_Power_Formula-Documentation.pdf

3.2 Tier 2: Ship specific modelling and sea trial

Principle

The Pg yps is derived by combining a power saving matrix with the actual wind logged during
the compliance period. The power saving matrix is derived by calculations for each specific
ship and should be verified with a short sea trial.

Process

Step 1 Prediction. Before operation, the WPS power saving matrix PS;;« is determined using
recognized performance prediction methods such as ITTC 7.5-02-03-01.9, Level Il or more.
The power saving matrix consists of PS;;« , the net power saving due to a WPS, compared to
the same ship without the WPS, at the apparent wind speed i, apparent wind angle j and ship
speed K.

Step 2 Verification. The power saving matrix is verified and correlated (spot-check) based on
a short sea trial, for example as described in ITTC 7.5-04-01-02.
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Step 3 Logging in operation. The experienced wind is derived from the ship’s logged
positions and hindcast metocean data from recognized meteorological offices?.
For each data point when the WPS was on:

1 COG and SOG are derived from positions;

2 TWS and TWD are derived from metocean data;

3 AWA and AWS are derived from COG, SOG, TWS, TWD (neglecting current);
and

4 The corresponding power saving, PS, is derived by linear interpolation in the

power saving matrix.

Required input

Predicted WPS force coefficients from CFD or wind tunnel
General ship data

Required equipment

The following data is logged onboard:
1 Ship's position
2 Date and Time
Log of time during which the WPS delivers power (WPS ON)

Verification principle

The power saving matrix is verified (spot-check) using a short sea ftrial, for example as
described in ITTC Recommended Procedure 7.5-04-01-02. The basic principle of this
procedure is the following:

1 The power saving at a limited number of wind conditions (5 to10) are
measured using short consecutive runs with the WPS device on and off.

2 If the found power savings do not match the predicted power saving matrix,
then the prediction modelling must be adjusted.

Scope of verification

Verification procedure should include review of the performance prediction calculations, the
sea trial result and the following power matrix adjustment, the data collection and the data
processing.

Accuracy and limitations

The accuracy of this Tier increase thanks to the ship specific sea trial, which spot-checks the
power saving.

3 ERAS5 from ECMWEF for example.
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Limitations: Since the performance is only verified once, the process will not detect if the WPS
performance change over time.

References

ITTC 7.5-02-03-01.9 Predicting the Power Saving of Wind Powered Ships
https://ittc.info/media/11806/75-02-03-019.pdf

ITTC 7.5-04-01-02 Sea trials for assessing the power saving from wind assisted propulsion.
https://ittc.info/media/11974/75-04-01-02.pdf

3.2 Tier 3 — Direct thrust measurement

Principle

The thrust provided by the wind propulsion unit is measured directly. Any increases or
decreases in performance compared to a Tier 2 (i.e. sea trial validated) static model will be
accounted for. The method does need a translation from the measured thrust (and side force)
to the actually saved energy consumption, which still requires calculations and prior tests.

As a replacement of the presently described process, the actually measured thrust could also
be used as a scaling factor on an existing Performance Prediction Programme.

Process
To measure the thrust itself, two main methods are available:

1 Strain gauge or optical measurement of strains in the base of a device
Using a Finite Element Model, a relation can be derived between the
measured strains and the pitching moment in the foundation. Using an
aerodynamic centre of effort height obtained from calculations, thrust can be

calculated: T = % Pitching does affect the measurement through the inertia

above the device. If the average trim is not negligible it should be corrected
for. The same can be done for side force, in which case specifically roll needs
to be accounted for in an inertia correction; and

2 Pressure measurement on the surface of devices
Pressure taps can be positioned around the outer surface of the device.
Supported by fine resolution data from CFD or wind tunnel tests for the same
wind conditions as experienced in operation, a complete pressure field can
be constructed. By integrating the pressure field over the entire device, a
resulting thrust (and side force) can be derived.

The procedure as described below was composed using some assumptions. It is noted that a
standardized method, based on upcoming literature, will be adapted and will be more detailed
to describe the exact process from how to do the thrust measurement itself up till the
corrections.

Prior to sailing, the following aerodynamic and hydrodynamic parameters must be determined,
either by model tests or CFD. For a ship with substantial wind propulsion, it is expected that
these parameters are already determined as part of design verification using a PPP
(Performance Prediction Programme) and they can be reused.
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1 Overall hydrodynamic added resistance due to WPS side force as function
of ship speed, true wind angle and speed. This requires a Performance
Prediction Program (PPP) according the ITTC prediction guideline Level 3.
Wind Propulsion is assumed to be set for maximum driving force (while
implementing constraints that would be also implemented on board).
Alternatively, if side force is also measured on the wind propulsion units, then
this could be used to determine added resistance due to WPS side force.

2 (Propeller) propulsion efficiency as function of propeller torque, propeller
rotation rate (and propeller pitch if using a CPP)

During operation, the following processing is performed for each time step of measured data:

nwprpS
Pyps = Vs - zk—o Ty

PE,WPS = Pyps — Vs ' Ri(Vs, TWA, TWS)
APg wps
Np(@prop,Mprorl, PDprop])

P B,WPS —

Pg wps can be used in the general formula (3). The inputs are described below.

Required input

Vs is ship speed taken from GNSS

Ty, is the thrust measured at each wind propulsion unit, directed forward along the centreline

R; is the pre-processed induced drag on hull and appendages, resolved for the actual ship
speed and wind

TWA is the True Wind Angle at 10m height from sea level

TWS is the True Wind Speed at 10m height from sea level

np is the overall (propeller) propulsive efficiency (pre-processed look up table)
nprop 1S the propeller rotation rate

Qprop is the propeller shaft torque

PDprop is the propeller pitch setting (only used with Controllable Pitch Propellers)

Required equipment

1 Thrust measurement on all wind propulsion units

2 Data acquisition system to get common ship measurement signals, which
should include:

A ship speed;

2 propeller shaft rotation speed;
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3 propeller shaft torque; and
4 propeller pitch (with a controllable pitch propeller)

Verification principle

The individual components of the method should be verified after which it is assumed that the
method works well overall for the considered ship. For the added resistance due to WPS side
force as well as the propulsion efficiency there will be no verification in isolation on the actual
ship. However, the full PPP (Performance Prediction Programme) is to be verified as a whole
in a trial. If that verification is considered satisfactory, then these components can also be
deemed sufficiently accurate.

1 thrust measurement itself (checked using wires, tests in known wind
condition and/or roll/pitch test) — zero tests are to be done regularly during
operation;

2 leeway (and / or heel) induced drag; and

3 propulsion efficiency.

Scope of verification

Verification procedure should include review and approval of the hydrodynamic response
(propulsion efficiency and sail added resistance), thrust measurement system, report (method
and result) of the recurring calibration of force measurements and data collection and
processing.

Accuracy and limitations

In principle this is the most accurate method, because it measures permanently. It therefore
also detects it when the WPS is operating below or above expectation, for instance due to a
different atmospheric boundary layer, ship motions or changes in actuation of the device or
control algorithm. However, this is only valid if the corrections specified above are. Because,
contrary to the tier 2 method based on trials, the benefit for wind propulsion defined as thrust,
does not account for changes in efficiency of the hull and propulsion. Hence, a correction for
these effects is added, which relies on prior performance analysis and additional measurement
signals on board.

There is very limited validation data published yet on thrust measurement on board. However,
various running projects are working on this. Based on other sensors operating on a standard
basis for other applications, it is expected that WPS thrust measurement will be proven and
standardized in the near future.

References

Vahs, M. 2019. "Retrofitting of Flettner Rotors — Results from Sea Trials of the General Cargo
Ship 'Fehn Pollux'." In International Conference on Wind Propulsion. London, United Kingdom:
Royal Institution of Naval Architects in Association with International Windship Association.
Reproduced in December 2021 edition of The International Journal of Maritime Engineering
162(A4) -
https://www.researchgate.net/publication/357027644 RETROFITTING_OF FLETTNER_RO
TORS_-
_RESULTS_FROM_SEA_TRIALS_OF_THE_GENERAL_CARGO_SHIP_FEHN_POLLUX
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