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SUMMARY 

Executive summary: This document presents the work programme developed by wind 
propulsion experts to further refine, update and validate the 
robustness and reliability of the methods proposed in documents 
MEPC 82/7/9, MEPC 83/7/33 and MEPC 83/INF.33 by IWSA. These 
methods quantify the share of energy provided by the direct use of 
wind propulsion technologies onboard vessels, with the purpose of 
integrating these methods into the calculation of the GHG Fuel 
Intensity (GFI). Its purpose is to keep the maritime community and 
Member States updated on the current maturity of these methods and 
on the progress on delivering available case studies in order to 
reaffirm and demonstrate the efficacy of these methods.  
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Introduction 
 
1 MEPC 83 provided an opportunity to clarify, following the submission of document 
MEPC 82/7/9 by IWSA, a methodology with the objective to incorporate the contribution of 
wind propulsion into the calculation of the attained GHG Fuel Intensity (GFIattained). 
Three concept methods at different levels of complexity were presented, adopting a multilevel 
assessment approach which can be delivered flexibly with regard to reliability and cost. 
The level of accuracy was reflected by allocating a reliability factor to each method. Table 1 
gives an overview of the three methods. 
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Table 1: Methodology overview 
 

 Tier 1 

Wind propulsion energy 
formula  

Tier 2 

Ship Specific Modelling 
and Sea Trial 

Tier 3 

Continuous wind 
propulsion measurement 

Principle Power saving from WPS 
calculated using a publicly 
available formula. Wind 
statistics pre-defined in 
geographical zones.  

Performance prediction of 
specific vessel, confirmed 
with sea trial. Wind statistic 
from hind-cast of actual 
voyage. 

Continuous measurement 
of WPS force on board. 
Correction of secondary 
effects and conversion to 
power saving based on 
models.  

Complexity low medium medium-high 

Time short  medium (sea trial 
dependent on weather) 

continuous 

Cost very low low-medium medium-high 

 
2 All three concept methods are based on established principles from ship building and 
aerodynamics. They are the outcome of several collaborative works between industry and 
research institutions: 
 

.1 including the results of a project funded by the French Agency for Ecological 
Transition (ADEME) and headed by Wind-Ship Association, the French 
chapter of IWSA; 
 

.2 relying on the approach, guidelines and procedures established and 
published by the International Towing Tank Conference (ITTC), an 
independent global network of 108 hydrodynamics research organizations, 
with a specialized committee actively working on wind propulsion issues; and 
 

.3 resulting from collaborative works carried out by technology providers and 
independent test institutes. 

 
3  The methods for Tiers I, II, and III are already in use within the industry. To ensure 
that they are suitable for regulatory purposes, the following key principles must be met: 
 

.1 transparency: easy to verify by non-experts with clear verification pathways; 
 

.2 robustness: strong scientific foundation and accurate results; 
 

.3 technology neutrality: no bias for specific types of wind propulsion; 
 

.4 user-friendliness: practical for implementation, with accessible data and 
reasonable costs; and 
 

.5 stress-tested: demonstrated through diverse and validated use cases. 
 
4 To achieve these objectives, the following studies will be carried out over the next 
six months: 
 

.1 consideration of further refinements to the concept methods; 
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.2 uncertainty assessment of each method for a variety of ship types will be 
conducted by independent test institute members of IWSA. This will result in 
more detailed recommendations of reliability factors for the three Tiers; 
 

.3 the scope of the verifier and detailed guidelines for verification will be outlined 
for each Tier; 
 

.4 impact assessment for each Tier including costs, practical implications, 
demonstration of energy saving results etc.; 
 

.5 Tier 1. Published validation study on simplified Tier prediction methods 
against higher fidelity methods for a range of ship types;  
 

.6 Tier 2. Uncertainty assessment and further improvement of the sea trial 
procedure required for Tier 2 will be conducted by ITTC and other 
organizations. A guideline for the same purpose is currently proposed within 
ISO; and  
 

.7 Tier 3. The reliability of the equipment for force measurement will be further 
assessed. The procedure for converting measured forces to power saving 
will be elaborated further, including uncertainty assessments. 

 
5 The results of these studies will be published and referenced in a submission for 
ISWG-GHG 22 or MEPC 85. 
 
6 Use cases of wind-powered vessels in operation have been identified and will be 
presented in the stated report to demonstrate the quality and applicability of the methods 
outlined above. To date, seven use cases have been identified, including the most common 
wind propulsion technology types installed on various commercial ship types, as listed in Error! 
Reference source not found.. The following will be presented for each case:  
 

.1 comparison of derived energy contribution from the wind propulsion system 
using different Tier approaches for the same vessel; and 

 
.2 experience regarding costs, required effort/capacity and practical challenges 

identified when conducting the procedures. 
 
7 The following demonstration cases are currently being considered: 
 

.1 ocean-going bulk carrier with rotor sails; 
 
.2 ocean-going bulk carrier with wing sails; 
 
.3 short sea general cargo ship with suction sails; 
 
.4 RoRo vessel with wing sails (comparison between Tier 1 and 2 only); 
 
.5 RoRo vessel with rotor sails; 
 
.6 two case vessels from the Dutch-funded study "Kennis agenda Duurzame 

scheepvaart"; and 
 
.7 additional vessel types and wind propulsion systems may be added, where 

necessary, to further demonstrate the efficacy of each evaluation approach. 
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8 These studies are conducted by independent research institutes and funded by 
nationally funded research projects, as well as industry-driven projects. 
 
9 As noted in previous documents by IWSA, ships sailing purely on engine propulsion 
exhibit two main losses for the conversion of energy contained in fuel to the actual propulsion 
(tank to wake), namely engine losses and propulsion train losses as shown in Figure 1. 
However, wind propulsion delivers its energy directly as propulsion as shown with bright green 
in Figure 2. This energy input is a direct saving. However, as the energy is delivered directly 
as propulsion, it also avoids the engine and propulsion losses as shown in light green. This 
greatly increases the efficiency of wind propulsion.  
 

 
Figure 1: Main energy flows and losses for a purely engine propelled ship. 

 

 
Figure 2: Main energy flows with (hybrid) wind propulsion. 
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10 The GFI is defined at the fuel energy level. To maintain technology neutrality, 
the energy provided by wind propulsion should be evaluated at the fuel level also. As such, 
the avoided conversion losses in the propulsion and engine need to be accounted for to 
evaluate the total fuel energy replaced by wind propulsion. The previously submitted IWSA 
Tier 1-3 methods all determined their power (energy) contribution at the brake power level, 
such that when using these methods, it is principally the engine efficiency that still needs to be 
accounted for. Propulsion/drive efficiency (ηD) and engine efficiency (ηE) can be determined at 
the design stage for any ship using widely available methods, and some default values are 
also already available in IMO guidelines, such as for EEDI/EEXI. 
 
11 It is important to note that the energy provided by wind propulsion, evaluated at the 
fuel‑energy level (as described in paragraph 10 above and in documents ISWG‑GHG 20/2/17, 
MEPC 83/7/33 and MEPC 82/7/9), also referred to as the fuel‑energy‑equivalent approach, is 
not a multiplier and does not confer any preferential treatment to wind propulsion. Rather, it is 
a methodological measure intended to align the GFI calculation with the underlying physics of 
energy conversion and to ensure proper accounting of the actual energy contribution delivered 
by wind propulsion systems. 
 
12 Table 2 shows example numerical values for the provided and replaced energy for 
different locations in the ship systems for common engine and propulsion/drive efficiency 
values. The example shows that conversion of the directly provided wind energy at the 
propulsion level needs to be multiplied with a factor in excess of 3 to determine the equivalent 
replaced fuel energy. It would still be in excess of 2 when only considering the conversion from 
energy at the brake power level to energy contained in the fuel. The impact of these 
conversions is not negligible. 
 

Table 2: Example values wind propulsion energy input compared to 
replaced fuel energy.* 

 

Wind propulsion energy input (propulsion) 0.31 MJ (31%)  

Replaced brake energy (brake power) 0.45 MJ (45%) 

Replaced fuel energy (fuel) 1.00 MJ (100%) 

 
Action requested of the Working Group 
 
13 The Working Group is invited to note the information provided in this document. 
 
 

___________ 
 

 
*  Example values based on default values in EEDI/EEXI for drive efficiency in MEPC.1/Circ.896 and engine 

efficiency in MEPC.231(65); the latter derived from a fuel consumption of 190 g/kWh for main engines and 
common values for calorific energy content in fuel. 


