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31 January 2022

TO SHIP OWNER/SHIP MANAGER/INTERESTED PARTIES

Guidance on Treatment of Innovative Energy Efficiency Technologies for The Attained EEDI and EEXI

The 77th session of the IMO’s Marine Environment Protection Committee (MEPC 77) was held remotely from
22 to 26 November 2021. (MEPC.1/Circ.896)"Guidance on treatment of innovative energy efficiency
technologies for the attained EEDI and EEXI" was revised.

At the MEPC65 held in May 2013, "2013 Guidance on treatment of innovative energy efficiency technologies
for calculation and verification of the attained EEDI (MEPC.1/Circ.815)" was approved to incorporate the
effect of innovative energy efficiency technologies such as Air Lubrication System, Waste Heat Recovery
System for Generation of Electricity and Photovoltaic Power Generation System in the attained EEDI. On the
other hand, the effects of Wind Assisted Propulsion System could not be incorporated in the attained EEDI
because the methods to reflect the effect were not clearly defined.

MEPC 77 revised the 2021 Guidance on treatment of innovative energy efficiency technologies for calculation
and verification of the attained EEDI and EEXI|. Regarding wind-assisted propulsion, more details are
described for the procedure to determine the wind system force matrix. The calculation of the wind matrix
was updated to gain more realistic results, meaning that the new calculation gives a higher benefit in the
EEDI/EEXI calculation for wind-assisted propulsion systems. As a result of this revision, in addition to Air
Lubrication System, Waste Heat Recovery System for Generation of Electricity and Photovoltaic Power
Generation System, the effects of Wind Assisted Propulsion System, whose effects could not be incorporated
previously, could be incorporated in the attained EEDI and EEXI.

Annex:

1) 2021 Guidance on treatment of innovative energy efficiency technologies for calculation and verification
of the attained EEDI and EEXI (MEPC.1/Circ.896)

2) 2021 Guidance on survey and certification of attained Energy Efficiency Existing Ship Index (EEXI).
(MEPC.334(76))

Note:

Requirements on EEXI (Energy Efficiency Existing Index)

e New regulations on the attained and required EEXI will require existing ships to improve their technical efficiency, and shall apply to the ship
types to which required EEDI applies (excludes Passenger ship, but applies to Ro-Ro Passenger ship).

o The initial verification of ships individual attained EEXI shall take place at the first IAPP annual, intermediate or renewal survey, or IEE initial
survey whichever is the first, on or after 1 January 2023.

For information, you may contact
SCM Office : 603-55138170, Fax : 603-55138086, Email : infohg@myscm.com.my

Captain M. Prathaban 012 2997278 mprathaban@myscm.com.my
Mohd Marby 012 6071147 marby@myscm.com.my
Mohd Nor Sahat 012 2349521 mdnor@myscm.com.my

Sosanto Yusup 013 3841229 sosantfo@myscm.com.my
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4 ALBERT EMBANKMENT
LONDON SE1 7SR
Telephone: +44 (0)20 7735 7611 Fax: +44 (0)20 7587 3210

MEPC.1/Circ.896
14 December 2021

2021 GUIDANCE ON TREATMENT OF INNOVATIVE ENERGY EFFICIENCY
TECHNOLOGIES FOR CALCULATION AND VERIFICATION
OF THE ATTAINED EEDI AND EEXI

1 The Marine Environment Protection Committee, at its seventy-seventh session
(22 to 26 November 2021), approved the 2021 Guidance on treatment of innovative energy
efficiency technologies for calculation and verification of the attained EEDI and EEXI, as set
out in the annex.

2 Member Governments are invited to bring the annexed Guidance to the attention of
their Administrations, industry, relevant shipping organizations, shipping companies and other
stakeholders concerned.

3 The Committee agreed to keep this Guidance under review in light of experience
gained in its application.

4 This circular supersedes MEPC.1/Circ.815.
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1 General

1.1 The purpose of this guidance is to assist manufacturers, shipbuilders, shipowners,
verifiers and other interested parties relating to Energy Efficiency Design Index (EEDI) and
Energy Efficiency Existing Ship Index (EEXI) of ships to treat innovative energy efficiency
technologies for calculation and verification of the attained EEDI, in accordance with
regulations 5, 6, 7, 8, 9 and 20 of Annex VI to MARPOL. Although the term EEDI only is used
through the whole guidance, it applies to both the EEDI and the EEXI calculations, as
applicable.

1.2 There are EEDI Calculation Guidelines and EEDI Survey Guidelines. This guidance
does not intend to supersede those guidelines but provides the methodology of calculation,
survey and certification of innovative energy efficiency technologies, which are not covered by
those guidelines. In the case that there are inconsistencies between this guidance and these
guidelines, those guidelines should take precedence.

1.3 This guidance might not provide sufficient measures of calculation and verification for
ships with diesel-electric propulsion, turbine propulsion and hybrid propulsion systems on the
grounds that the attained EEDI Formula shown in EEDI Calculation Guidelines may not be
able to apply to such propulsion systems.

1.4 The guidance should be reviewed for the inclusion of new innovative technologies not
yet covered by the guidance.

1.5 The guidance also should be reviewed, after accumulating the experiences of each
innovative technology, in order to make it more robust and effective, using the feedback from
actual operating data. Therefore, it is advisable that the effect of each innovative technology
in actual operating conditions should be monitored and collected for future improvement of this
guidance document.

2 Definitions

21 EEDI Calculation Guidelines means 2018 guidelines on the method of calculation of
the attained energy efficiency design index (EEDI) for new ships (resolution MEPC.308(73),
as amended).

2.2 EEDI Survey Guidelines means 2014 guidelines on survey and certification of the
energy efficiency design index (EEDI) (resolution MEPC.254(67), as amended by resolution
MEPC.261(68) and resolution MEPC.309(73)).

2.3 P, is the propulsion power and is defined as 2Pue (In case where shaft motor(s) are
installed, ZPue +ZPprig,shatt, @S shown in paragraph 2.2.5.3 of EEDI Calculation Guidelines).

2.4 In addition to the above, definitions of the words in this guidance are the same as
those of MARPOL Annex VI, EEDI Calculation Guidelines and EEDI Survey Guidelines.

3 Categorizing of Innovative Energy Efficiency Technologies

3.1 Innovative energy efficiency technologies are allocated to category (A), (B) and (C),
depending on their characteristics and effects to the EEDI formula. Furthermore, innovative
energy efficiency technologies of category (B) and (C) are categorized to two sub-categories
(category (B-1) and (B-2), and (C-1) and (C-2), respectively).
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Category (A): Technologies that shift the power curve, which results in the change
of combination of Pp and Vier: €.9. when Vi is kept constant, P will be reduced and
when Pp is kept constant, Vi will be increased.

Category (B): Technologies that reduce the propulsion power, Pp, at V., but do
not generate electricity. The saved energy is counted as Per.

Category (B-1): Technologies which can be used at any time during the
operation and thus the availability factor (fe#) should be treated as 1.00.

Category (B-2): Technologies which can be used at their full output only
under limited condition. The setting of availability factor (fo#) should be less
than 1.00.

Category (C): Technologies that generate electricity. The saved energy is counted
as Pacer.

Category (C-1): Technologies which can be used at any time during the
operation and thus the availability factor (fe#) should be treated as 1.00.

Category (C-2): Technologies which can be used at their full output only
under limited condition. The setting of availability factor (fe#) should be less
than 1.00.

(C) Emission reduction through the auxiliary power
reduction by generating electricity for normal

A (B) Emission reduction through the
maximum sea load(Pacerr )

propulsion power reduction (Pef )

M nMi M nPTj neff neff’
[Hﬁ][ | Pri) Crvec) - SFGWE(:‘)) + (PAE -Crae- SFCie *) + [[Hf/ . E |PPT[((| ~|qu/‘/’(1) . PAEe{](i)]CFAE- SFCie Zfé/‘/’(z) - Periy - Crve- SF G %
; A i=1 =] =]

Jj=1 i=1
fi- fe- Capacity- fi w

(A) The combination of Pr and Vir as reflected in the
power curve (knot-kW curve)

Innovative Energy Efficiency Technologies

Reduction of Main Engine Power Reduction of Auxiliary Power
Category A Category B-1 Category B-2 Category C-1 Category C-2
Cannot be Can be treated separately from the Effective at all i Depending on
separated from overall performance of the vessel ectiveatallime © - mbient environment
overall
performance of fer=1 fer <1 ferr=1 fer<1
the vessel
- low friction - hull air - wind assistance | - waste heat - photovoltaic cells
coating lubrication (sails, Flettner- recovery system
— bare system (air Rotors, kites) (exhaust gas heat
optimization cavity via air recovery and
injection to conversion to
— rudder reduce ship electric power)
resistance resistance)
(can be

- propeller design |  Switched off)
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4 Calculation and Verification of effects of Innovative Energy Efficiency
Technologies

4.1 General

411  The evaluation of the benefit of any innovative technology is to be carried out in
conjunction with the hull form and propulsion system with which it is intended to be used.
Results of model tests or sea trials of the innovative technology in conjunction with different
hull forms or propulsion systems may not be applicable.

4.2 Category (A) technology

421 Innovative energy efficiency technologies in category (A) affect P» and/or V..rand their
effects cannot be measured in isolation. Therefore, these effects should not be calculated nor
certified in isolation in this guidance but should be treated as a part of vessel in EEDI
Calculation Guidelines and EEDI Survey Guidelines.

4.3 Category (B) technology

4.3.1 The effects of innovative energy technologies in category (B) are expressed as Per
which would be multiplied by Ceuve and SFCue (in the case of Ppry; >0, the average weighted
value of (SFCue - Ceme) and (SFCae - Crae) ) and fer, and then be deducted from the EEDI
formula. In the case of category (B-1) technology, ferris 1.00.

4.3.2 Guidance on calculation and verification of effects of Category (B) innovative
technologies is given in annex 1.

4.4 Category (C) technology

441  The effects of innovative energy technologies in category (C) are expressed as Pacer
which would be multiplied by Crae, SFCae and ferr, and then be deducted from the EEDI formula.
In the case of category (C-1) technology, fer is 1.00.

44.2 Guidance on calculation and verification of effects of Category (C) innovative
technologies is given in annex 2.

4.5 Average weighted value in the case of Ppry >0

4.5.1 In the case of Peri;) >0, both Category (B) and Category (C) technologies might deduct
the value of Ppry. In such case, following values are to be used for average weighted value in
calculating 2(ferr) - Per)* Cr. SFC) in attained EEDI formula:

For shaft power(s):

( ZPprigi)shat — “2PacesNcenNericy) /| (EPueg) +EPprigshafe — *ZPagerNcENMPTIED)),

where, if (XPprigiyshare — *ZParesrNeannpricy) iS taken negative value, the value (ZPprigishast —
XParesrncennpriy) Should be fixed to zero; and

For main engine(s):

YPueg) /| (EPwmeq) +ZPprigi)shase — *EPagesrNcENNPTIG))

where, if 2Pprig)snae — ‘EPacerNcennericy 1S taken negative value, the value (ZPprii,shas —
XParesrNcennperiy) Should be fixed to zero.
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ANNEX 11
GUIDANCE ON CALCULATION AND VERIFICATION OF EFFECTS OF CATEGORY (B)
INNOVATIVE TECHNOLOGIES
1 AIR LUBRICATION SYSTEM (CATEGORY (B-1))
1.1 Summary of innovative energy efficient technology
1.1.1  An air lubrication system is one of the innovative energy efficiency technologies.

Ship frictional resistance can be reduced by covering the ship surface with air bubbles, which
is injected from the fore part of the ship bottom by using blowers, etc.

‘l; funnel

bridge

blower Hl

air bubbles

Figure 1 — Schematic illustration of an air lubrication system

1.2 Method of calculation
1.21 Power reduction due to air lubrication system

1.2.1.1 Power reduction factor P.; due to an air lubrication system as an innovative energy
efficiency technology is calculated by the following formula. The first and second terms of the
right hand side represent the reduction of propulsion power by the air lubrication system and
the additional power necessary for running the system, respectively. For this system, fosis 1.0
in EEDI formula.

C SFC
=P —_pP FAE AE 1
PeffAL AEeffAL CFME SFCME ¥ (1
* In the case of Peryy >0, the average weighted value of (SFCue - Crume) and (SFCae -

Crag)

Loy

1 All examples in this chapter are used solely to illustrate the proposed methods of calculation and verification.
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1.2.1.2 Py is the effective power reduction in kW due to the air lubrication system at the 75%
t of the rated installed power (MCR). In case that shaft generators are installed, P.; should be
calculated at the 75% MCR having after deducted any installed shaft generators in accordance
with paragraph 225 of EEDI Calculation Guidelines.
P,y should be calculated both in the fully loaded and the sea trial conditions.

1.2.1.3 Ppqu is the reduction of propulsion power due to the air lubrication system in kW.
Pregar should be calculated both in the condition corresponding to the Capacity as defined in
EEDI Calculation Guidelines (hereinafter referred to as "fully loaded condition") and the sea
trial condition, taking the following items into account:

A area of ship surface covered with air;

2 thickness of air layer;

3 reduction rate of frictional resistance due to the coverage of air layer;

4 change of propulsion efficiency due to the interaction with air bubbles

(self-propulsion factors and propeller open water characteristics); and
5 change of resistance due to additional device, if equipped.

1.2.1.4 Puepu. is additional auxiliary power in kW necessary for running the air lubrication
system in the fully loaded condition. P4z Should be calculated as 75% of the rated output of
blowers based on the manufacturer's test report. For a system where the calculated value
above is significantly different from the output used at normal operation in the fully loaded
condition, the Pz value may be estimated by an alternative method. In this case, the
calculation process should be submitted to a verifier.

1.2.2 Points to keep in mind in calculation of attained EEDI with air lubrication
system

1.2.21 V. in paragraph 2.2.2 of EEDI Calculation Guidelines should be calculated in the
condition that the air lubrication system is OFF to avoid the double count of the effect of this
system.

1.2.2.2 In accordance with EEDI Calculation Guidelines, the EEDI value for ships for the air
lubrication system ON should be calculated in the fully loaded condition.

1.3 Method of verification

1.3.1  General

1.3.1.1 Attained EEDI for a ship with an innovative energy efficient technology should be
verified in accordance with EEDI Survey Guidelines. Additional information on the application
of air lubrication system, which is not given in the EEDI Survey Guidelines, is contained below.

1.3.2 Preliminary verification at the design stage

1.3.2.1 In addition to paragraph 4.2.2 of EEDI Survey Guidelines, the EEDI Technical File,
which is to be developed by a shipowner or shipbuilder, should include:

A outline of the air lubrication system;
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2 Pregus : the reduction of propulsion power due to the air lubrication system at
the ship speed of V.., both in the fully loaded and the sea trial conditions;

3 EDRyy : the reduction rate of propulsion power in the fully loaded condition
due to the air lubrication system. EDRy,; is calculated by dividing Pugegar by
Py in EEDI Calculation Guidelines in the fully loaded condition (see figure 2);

4 EDR,..: the reduction rate of propulsion power in a sea trial condition due to
the air lubrication system. EDR;.. is calculated by dividing Puzegar bY Puz in
EEDI Calculation Guidelines in sea trial condition (see figure 2);

4 airlubrication system off
MCR v in fully loaded condition

airlubrication system off
in sea trial condition

75%MCR

airlubrication system on

EDR in fully loaded condition

Full

BHPKW]

. p airlubrication system on
’ in sea trial condition

>
>

Vref Vs[knot]

Figure 2 — Calculation of the reduction rate of propulsion power (EDR;; and EDR,iu1)
due to air lubrication system

5 Pieepae : additional power necessary for running the air lubrication system;
and
.6 the calculated value of the EEDI for the air lubrication system ON in the fully

loaded condition.

1.3.2.2 In addition with paragraph 4.2.7 of the EEDI Survey Guidelines, additional information
that the verifier may request the shipbuilder to provide directly to it includes:

A the detailed calculation process of the reduction of propulsion power due to
the air lubrication system: Ppcs4. ; and

2 the detailed calculation process of the additional power necessary for running
the air lubrication system: P4gepur.
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1.3.3 Final verification of the attained EEDI at sea trial

1.3.3.1 Final verification of the EEDI of ships due to the air lubrication system should be
conducted at the sea trial. The procedure of final verification should be basically in accordance
with paragraph 4.3 of the EEDI Survey Guidelines.

1.3.3.2 Prior to the sea trial, the following documents should be submitted to the verifier; a
description of the test procedure that includes the measurement methods to be used at the
sea trial of the ship with the air lubrication system.

1.3.3.3 The verifier should attend the sea trial and confirm the items described in
paragraph 4.3.3 of the EEDI Survey Guidelines to be measured at the sea trial for the air
lubrication system ON and OFF.

1.3.3.4 The main engine output at the sea trial for the air lubrication system ON and OFF
should be set so that the range of the developed power curve includes the ship speed of V..

1.3.3.5 The following procedure should be conducted based on the power curve developed
for air lubrication system OFF.

A ship speed at 75% MCR of main engine in the fully loaded condition, V.,
should be calculated. In case that shaft generators are installed,
V.r should be calculated at 75% MCR having after deducted any installed
shaft generators in accordance with paragraph 2.2.5 of EEDI Calculation
Guidelines; and

2 in case that V., obtained above is different from that estimated at the design
stage, the reduction rate of main engine should be recalculated at new V..,
both in the fully loaded and the sea trial conditions.

1.3.3.6 The shipbuilder should develop power curves for the air lubrication system ON based
on the measured ship speed and output of the main engine at the sea trial. The following
calculations should be conducted.

A the actual reduction rate of propulsion power ADR,.; at the ship speed of V.,
at the sea trial; and

2 if the sea trial is not conducted in the fully loaded condition, the reduction rate
of propulsion power in this condition should be calculated by the following
formula:

1-ADR,.
1-ADR;,, = (1-EDR;,;)x Ry
1 - EDRTrial
ie.
1— ADR;. .
ADR;. , =1—(—-EDR X ———Trial 2
Full ( Full) I—EDR,,, (2)
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airlubrication system off in fully loaded condition
estimated based on sea trial result

A
MCR . /

/4—

airlubrication system off in sea trial condition
(seatrial result)

75%MCR

ADR;,, =1-(1- EDRy,))
1- ADermz A
A rial
1-EDR

BHPKW]

Trial

— airlubrication system on in sea trial condition
(seatrial result)

>

Vref Vslknot]

Figure 3 — Calculation of the actual reduction rate of propulsion power
(ADRsu and ADRvia) due to air lubrication system

1.3.3.7 The reduction of propulsion power due to the air lubrication system Pz in the fully
loaded and the sea trial conditions should be calculated as follows:

PPeffALﬁFull = ADR;,, x Py (3)
= ADRTrial X PP (4)

PPe@ﬁ"AL _ Trial

1.3.3.8 The shipowner or the shipbuilder should revise the EEDI Technical File, as necessary,
by taking the result of the sea trial into account. Such revision should include the following
contents:

A Vs, in case that it is different from that estimated at the design stage;

2 the reduction of propulsion power Pp. at the ship speed of V. in the fully
loaded and the sea trial conditions for the air lubrication system ON;

3 the reduction rate of propulsion power due to air lubrication system (4DRju
and ADR,..) in the fully loaded and the sea trial conditions; and

4 the calculated value of the EEDI for the air lubrication system ON in the fully
loaded condition.
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2 WIND ASSISTED PROPULSION SYSTEM (CATEGORY B-2)
21 Summary of innovative energy efficient technology

2.1.1  Wind assisted propulsion systems (WAPS) belong to innovative mechanical energy
efficient technologies which reduce the CO; emissions of ships. There are different types of
wind propulsion technologies (sails, wings, kites, etc.) which generate forces dependent on
wind conditions. This technical guidance defines the available effective power of WAPS as the
product of the reference speed and the sum of the wind assisted propulsion system force and
the global wind probability distribution.

2.1.2  Secondary effects when applying the wind assisted propulsion system which might
increase the ship resistance are ignored for the purpose of these guidelines. With this
simplification effects as for instance additional drag due to leeway, rudder angle and heel or
reduced propeller efficiency in light running condition are ignored without significant loss of
accuracy. Nonetheless, the corresponding forces are considered to rule out conditions that do
not allow a safe operation of the ship, for instance due to exceeding heel angles.

2.2 Definitions
2.2.1 For the purpose of these guidelines, the following definitions should apply:

A available effective power is the multiplication of effective power Pes and
availability factor ferr , as defined in the EEDI calculation;

2 wind assisted propulsion systems (WAPS) belong to innovative mechanical
energy efficient technologies which reduce the CO, emissions of ships.
These proposed guidelines apply to wind propulsion technologies that
directly transfer mechanical propulsion forces to the ship's structure
(sails, wings, kites, etc.);

3 wind propulsion system force matrix is a two-dimensional matrix which
expresses the force characteristic of a wind assisted propulsion system
dependent on ship speed, wind speed and the wind angle relative to heading;

4 global wind probability matrix contains data of the global wind power on the
main global shipping routes based on a statistical survey of worldwide wind
data and represents the probability of wind conditions;

.5 wind speed is the speed of the wind in m/s measured at 10 m above sea
level;
.6 wind direction is the North-oriented direction of the wind measured at 10 m

above sea level and is subdivided into eight sectors (North, North-East, East,
South-East, South, South-West, West, North-West);

v wind angle is the angle of the wind relative to the ship's heading at 10 m
above sea level subdivided into 72 sectors of 5°-steps (0°, 5°,..., 355°); and

.8 the main global shipping network is a network of global shipping routes with
the highest frequency of journeys.
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2.3 Available effective power of wind assisted propulsion systems (WAPS)

2.3.1  The available effective power of wind assisted propulsion systems as innovative
energy efficient technology is calculated by the following formula:

v d q

*Veet

= Z F(Viepk - Wi | — Z P(Vrer)k - Wi
k=1 k=1

1 0.5144
(fefr * Pesr) = :

Yo Wi b
(sorting all force matrix elements in descending order)

and Zg;i Wy < % AT W > %
(defining g: the number of elements added in the formula)

Where:

A (ferr * Pefr) is the available effective power in kW delivered by the specified
wind assisted propulsion system. fer and Perr are combined in the calculation
because the product of availability and power is a result of a matrix operation,
addressing each wind condition with a probability and a specific wind
propulsion system force;

2 the factor 0.5144 is the conversion factor from nautical miles per hour (knots)
to metres per second (m/s);

3 Vet is the ship reference speed measured in nautical miles per hour (knots),
as defined in the EEDI calculation guidelines.

4 No is the total efficiency of the main drive(s) at 75% of the rated installed
power (MCR) of the main engine(s). np shall be set to 0.7, if no other value
is specified and verified by the verifier;

5 F(Vrer) is the force matrix of the respective wind assisted propulsion system

for a given ship speed V. Each matrix element represents the propulsion
force in kilo newton (kN) for the respective wind speed and angle. The wind
angle is given in relative bearings (with 0° on the bow);

.6 Wy is the global wind probability matrix. Each matrix element represents the
probability of wind speed and wind angle relative to the ships heading.
The sum over all matrix elements equals 1 and is non-dimensional; and

7 P(Vwer)k is @ matrix with the same dimensions as F(Vwf)k and Wi and
represents the power demand in kW for the operation of the wind assisted
propulsion system.

2.3.2  The fore term of the formula defines the additional propulsion power to be considered
for the overall EEDI calculation. The term contains the product of the ship specific speed, the
force matrix and the global wind probability matrix. The aft term contains the power requirement
for the operation of the specific wind assisted propulsion system which has to be subtracted
from the gained wind power.
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2.4 Wind propulsion system force matrix F(V ef)«
241 Measurement of the wind propulsion coefficients

2411 The wind propulsion system force matrix is a table describing the average wind
propulsion coefficients corresponding to the global wind probability matrix. Therefore, the
measurement of the wind propulsion coefficients has to be carried out at first in order to obtain
the wind propulsion system force matrix.

2.4.1.2 Various methods can be used to determine the aerodynamic forces of a wind assisted
ship, depending firstly on the type of wind assisted propulsion system, but also size limitations
and successful validation for the methods already shown in literature. The methods include:

A wind tunnel model test;
2 CFD/numerical calculations; and
3 full scale test.

2.4.1.3 The forces are to be determined for the combination of wind assisted propulsion
system and ship unless that is not practical due to technical or economic reasons. In the latter
case the conditions of 2.4.1.4 apply.

2.4.1.4 Inthe case of the installation of multiple wind assisted propulsion systems, the forces
may be determined for the devices in isolation and by the summing the coefficients of each
units comprising the system, provided that a validated method is in place to account for
interaction effects between wind propulsors and between the ship and the wind propulsors.

2.4.1.5 Wind propulsion devices are to be analysed at their operational Reynolds number, as
this has been shown to affect their performance.

2.4.1.6 The wind tunnel model test is a major method for measuring the aerodynamic force
of a wind assisted ship propulsion system under typical states. Appendix 1 of this annex
describes the testing methods of wind tunnel model tests. If the wind propulsion coefficients
are measured by the wind tunnel model test, it should be conducted in accordance with the
appendix 1.

2.41.7 For some types of wind assisted propulsion system wind tunnel model tests are not
appropriate for measuring the wind propulsion coefficients. Therefore, numerical calculations,
such as CFD-computation, can be accepted for estimating the wind propulsion coefficients,
but the condition and the model of the numerical calculation should be referred to experimental
representative results and the numerical calculation is to be carried out in accordance with
defined quality and technical standards (ITTC 7.5-03-01-02 and ITTC 7.5-03-01-04 at their
latest revisions or equivalent). If both of wind tunnel model tests and numerical calculation are
inappropriate to estimate the coefficient, other testing method may be acceptable with the
approval of the verifier.

2.4.1.8 When a test or calculation for determining the wind propulsion coefficients is carried
out, the procedure of the test or calculation should be submitted to the verifier in advance of
conducting the test or calculation. In addition, the detail report of the test and calculation
procedure should also be submitted to the verifier after the test. The verifier may request the
submitter to provide further documents/information as necessary to verify the wind propulsion
coefficients.
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2.4.1.9 The test of a ship model without wind assisted propulsion system mainly measures
the wind forces of the ship model pointing to the bow under different wind directions. The test
of a ship model with wind assisted propulsion system mainly measures the maximum wind
propulsion of the ship model pointing to the bow under different wind directions, which is then
used to calculate the wind propulsion coefficient of the wind propulsion system.
The coefficients of the wind assisted propulsion system should be determined at a series of
wind angles ranging from 0° to 360°, spaced by an interval of 5°.

2.41.10 A single wind tunnel test may be accepted for several identical wind assisted
propulsion systems and identical ships. The verifier may request that supporting
documentation be produced.

2.4.2 Wind tunnel test methods and data processing

Option 1: Test on a ship model fitted with the full wind assisted propulsion system
2.4.2.1 When the wind tunnel test is carried out with the ship model and the wind assisted
propulsion system model, the test method should follow the specifications given in appendix 1.
The wind forces acting on the ship model are normalized as:

CFX= Fx/ (05 p V2 A)

2.4.2.2 The wind propulsion coefficients? of the wind assisted propulsion system can be
determined as:

ACkx = Crx-with wps - Crx-without wPs

Where:

A Crxis the wind force coefficient of the model pointing to the bow;

2 Fxis the wind force of the model pointing to the bow;

3 ACrx is the wind propulsion coefficient of the wind assisted propulsion
system;

4 p is the air density of the model test;

5 V is the wind velocity of the model test;

.6 A is the total projected area of the wind assisted propulsion system; and

v the subscript "with WAPS" means the state with wind assisted propulsion

system of the ship model, while "without WAPS" means the state without
wind assisted propulsion system of the ship.

The force coefficients are dimensionless, the units for their calculation can be freely chosen, but must be
consistent with each other.
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Option 2: Test with a single wind assisted propulsion unit
2.4.2.3 When the wind tunnel test is carried out with a single wind propulsion unit, the test

method should follow the specifications given in appendix 1. The wind propulsion coefficients®
of the model can be determined as:

Cre= Fe/ (0.5 p V2 A)

Where:

A Crxis the wind force coefficient of the model pointing to the bow;

2 Fxis the wind force of the model pointing to the bow;

3 p is the air density of the model test;

4 V is the wind velocity of the model test; and

5 A is the total projected area of the wind assisted propulsion system.

2.4.2.4 The wind propulsion coefficients ACgx of a multi-unit wind assisted propulsion system
can be calculated by summing the coefficients of the units comprising the system, weighted by
the effects of interaction and masking by superstructures.

For options 1 and 2: Calculation of the average power consumption coefficients of the
active wind assisted propulsion system during the wind tunnel test

2.4.2.5 The power consumption of the wind assisted propulsion system should be measured
and the power consumption matrix should be filled based on the measured values and the
systems control plan.

2.4.3 Calculation of the wind propulsion system force matrix

2.4.3.1 The wind propulsion coefficients* of the ship's wind assisted propulsion system can
be used to predict the wind propulsion system force matrix. Apparent wind is defined as the
combination of wind relative to the ground and wind created by the ship's velocity. The steps
to calculate the wind propulsion system force matrix are as follows:

A determine the velocity of the ship Vies;

2 select the average wind speed corresponding to terms in W, the global wind
probability matrix at 10 m height. For example, the average wind speed
corresponding to the first wind speed range (0-1 m/s) of the wind probability
matrix is selected as 0.5 m/s, the average wind speed corresponding to the
second wind speed range (1-2 m/s) is selected as 1.5 m/s, etc;

3 extrapolate the wind speed to the reference height of the wind assisted
propulsion systems taken as the aerodynamic centre of effort height or half
height from the waterline:

The force coefficients are dimensionless, the units for their calculation can be freely chosen, but must be
consistent with each other.

The force coefficients are dimensionless, the units for their calculation can be freely chosen, but must be
consistent with each other.
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a

z
Vzref = Viom (I—gf) for zp.r <300m

300\
Vzref = Viom (W) for zper = 300m
Where:

A zref 1S the reference height above the water line, to be equal to the
point of mid-height of each sail, Flettner, etc. in wind assisted
propulsion system;

2 Viom IS the wind velocity at 10 m above sea level;

3 vyrer IS the resulting wind velocity at the reference height; and

4 a is taken as 1/9 conforming to ITTC recommendations.®

4 according to the corresponding average wind speed, wind direction angle
and the velocity of the ship, calculate the relative wind speed Vi and the
relative wind direction angle of the ship;

5 according to the relative wind direction angle, and the corresponding

relationship between the relative wind direction angle and the wind
propulsion coefficient ACr, obtained from the test, calculate the average wind
propulsion coefficients (4Cry)x of the wind assisted propulsion system
corresponding to W; and

.6 according to the average wind propulsion coefficient of the wind assisted
propulsion system, calculate the terms of the wind propulsion system force
matrix F(V.ef)k Of the full scale ship corresponding to Wi by following formula:

F(Vret)k = (ACk)k * (0.5 p ViZ A)

Where:

A (ACrx)« is the average wind propulsion coefficients corresponding to
Wi

2 p is the average air density in shipping environment, p=1.225 kg/m?3;

3 V is the relative wind velocity of the full-scale ship corresponding to
Wi;

4 A is the total projected area of the wind assisted propulsion system;

5 the settings of the wind propulsor may be varied in order to find the

best (ACFx); this may be done using interpolation provided that
increments in settings are sufficiently small;

International Towing Tank Conference (ITTC), "ITTC — Recommended Procedures and Guidelines;
Preparation, Conduct and Analysis of Speed/Power Trial," International Towing Tank Conference (ITTC),
7.5-04-01-01.1, 2017.

Annotation: ITCC provides no guidance for wind speeds above an altitude above 300 m. However, it is
assumed in this guideline to be constant above 300 m altitude.
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.6 the settings and deployment of the wind assisted propulsion system
must adhere to the operational constraints as defined for the system
(e.g. a maximum operational wind speed, if lower than provided by
the global wind probability matrix, > Bf 8, 19 m/s);

e the potential wind drag induced by the system is to be accounted
for, such as in unusable wind directions close to head wind and
when the systems is not operational due to exceedance of
operational limits; and

.8 if F(Vrer)k exceeds the resistance of the ship, such that the propeller
thrust would be negative, F(Vief)k is to be limited at the resistance
value.

244 Consideration of the operational limits of the wind assisted propulsion system
and the lateral forces and yawing moments

2.4.41 Force F(Vwer)k must be calculated only when it is within the operational domain
applicable to the wind assisted propulsion system. These operational limitations can be caused
at a minimum by wind conditions or by the total forces generated by the wind assisted
propulsion system and applied to the ship.

2.4.4.2 F(V5er) must be zero for any pair (wind direction; wind force) not in conformity with the
operational domain of the wind assisted propulsion system validated by the verifier in the
operations manual of the wind assisted propulsion system and the ship.

2.4.4.3 The lateral forces exerted by the wind assisted propulsion system on the ship and the
resulting yawing moment can affect the performance of the system, and therefore the EEDI
calculation. The lateral forces on the ship and the yawing moments applied by the wind
assisted propulsion system to the ship should therefore be documented by the shipbuilder
and/or propulsion system manufacturer and observed by the verifier. They can be obtained
without additional effort during the tests described in paragraph 2.4.1 of the present circular.

2.4.4.4 Conformity with the operational domain requires that for any pair (wind direction; wind
force), and in consideration of the total forces generated by the wind assisted propulsion
system (i.e. including lateral forces to the vessel and yawing moments), the strength of the
wind assisted propulsion system, the forces at the embedment and the list of the ship conform
with the structural design file and the stability file of the ship, respectively. Where the lateral
forces and yawing moment are particularly significant, the verifier may request course keeping
and rudder angle demonstrations to validate conformity with the operational domain.

25 The global wind probability matrix W
2.5.1 Wind probabilities

2.5.1.1 Wind conditions are not constant. Winds vary their speed and direction with time.
Wind expectations are unequal in different regions of the earth.

2.5.1.2 However, every wind expectation can be expressed in a distinctive wind probability
pattern for every particular position on the globe. There is always a certain probability for a
certain wind direction and wind speed to occur. These probabilities are documented in wind
charts. With this approach each geographical region has a distinctive wind chart.
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2.5.2 Wind angles relative to the ship

2.5.2.1 For a wind assisted propulsion system, it is irrelevant if the wind is coming from North
or South. Only the wind angle relative to a ship's heading is of importance. As a consequence,
the wind directions given in the weather data have to be recalculated for ship headings on a
trading route when applied to wind assisted propulsion systems, where 0° means the ship's
bow, 90° its starboard side, 180° the stern and 270° port side.

2.5.3 Main global shipping network

2.5.3.1 To determine a global wind probability chart for the wind assisted propulsion system's
EEDI calculation, the average of all wind conditions along the main global shipping routes is
required.

2.5.3.2 Figure 1 shows the main global shipping network used to determine the global wind
conditions. Along the shown routes, 106 wind condition charts were analysed. These charts
are based on 868,500 individual wind data.

2.5.3.3 The wind condition charts for each position were first recalculated in ship heading
coordinates and then averaged to form a global wind condition chart. The results are visualized
in figure 2, the complete chart (the global wind probability matrix) is shown as the table in
appendix 2 of this annex.

2.5.3.4 Each element of the matrix Wi represents the probability of the specific wind speed
and wind angle relative to the ship. The sum of all matrix elements is one (1.0), representing
100% of all wind conditions.

2.5.3.5 The results show that winds to the bow or the stern occur more often than winds to
the sides. There are two possible reasons to explain this phenomenon:

A shipping routes and global weather systems are more East-West than
North-South oriented; and

2 shipping routes and winds are influenced by shore lines, so they tend to be
parallel in some regions.

Latitude
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Figure 1 — The main global shipping network used for the wind chart
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Figure 2 — Resulting wind curves on the main global shipping routes relative to the ship

2.6 Effective CO; reduction by wind assisted propulsion systems

2.6.1 For the calculation of the CO, reduction, the resulting available effective power
(fert * Pef) has to be multiplied with the conversion factor Creme and SFCye, as contained in the
original EEDI formula.

2.7 Verification of wind assisted propulsion systems in the EEDI certification
process

2.71 General

2.7.1.1 Verification of EEDI with innovative energy efficient technologies should be conducted
according to the EEDI Survey Guidelines. Additional items concerning innovative energy
efficient technologies not contained in EEDI Survey Guidelines are described below.

2.7.2 Preliminary verification at the design stage

2.7.2.1 In addition to paragraph 4.2.2 of EEDI Survey Guidelines, the EEDI Technical File
which is to be developed by the shipowner or shipbuilder should include:

A Outline of wind assisted propulsion systems; and
2 Calculated value of EEDI due to the wind assisted propulsion system.

2.7.2.2 In addition to paragraph 4.2.7 of the EEDI Survey Guidelines, additional information
from the shipbuilder may be requested by the verifier. It includes:

A Detailed calculation process of the wind propulsion system force matrix
F(Vier)k and results of performance tests.

2.7.2.3 In order to prevent undesirable effects on the ship's structure or main drive, the
influences of added forces on the ship should be determined during the EEDI certification
process. Elements in the wind propulsion system force matrix may be limited to ship specific
restrictions, if necessary. The technical means to restrict the wind propulsion system's force
should be verified as part of the performance test.

IA\CIRC\MEPC\01\MEPC.1-CIRC.896.docx



MEPC.1/Circ.896
Annex, page 19

2.7.2.4 If more than one innovative energy efficient technology is subject to approval in the
EEDI certification, interactions between these technologies should be considered.
The appropriate technical papers should be included in the additional information submitted to
the verifier in the certification process.

2.7.3 Final verification of the attained EEDI

2.7.3.1 The total net power generated by wind assisted propulsion systems should be
confirmed based on the documentation in the EEDI Technical File. For final verification, EEDI
verifier should check that the configuration of the installed wind assisted propulsion system
agrees with the system as described in the EEDI Technical File.
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APPENDIX 1
METHOD OF WIND TUNNEL MODEL TEST

In accordance with section 2.4.1 of the present circular, two test methods are defined:

A option 1: test on a ship model fitted with the full wind assisted propulsion
system; and
2 option 2: test on a complete model of a single wind propulsion unit.

Option 1: Test on a ship model fitted with the full wind assisted propulsion system
1 Model

1.1 The wind assisted propulsion system model and the hull model should be made
similarly to the real form, but appendages which do not affect the aerodynamic characteristics
can be omitted from the model (e.g. handrails, windlass, etc.).

1.2 The draught condition of the hull model should be corresponding to the Capacity as
defined in EEDI Calculation Guidelines.

1.3 The hull model is connected with the turntable by force balance, and the wind direction
angle of the ship model is changed by changing the angle of the turntable.

2 Test condition

2.1 In addition to geometric similarity, the dynamic similarity criterion must be satisfied in
the wind matrix wind tunnel model test of a ship's wind assisted propulsion system. That is,
when the test wind speed is higher than a certain critical wind speed, the dimensionless wind
coefficient tends to be stable, and the flow around the model is similar to the real ship.
The measured wind coefficient can be directly extrapolated to the real ship. During the test,
the critical wind speed is determined by a variable wind speed test.

2.2 In the wind tunnel model test, spires and roughness elements are arranged at the front
of the test section, and the wind field of the atmospheric boundary layer on the ocean surface
at the model scale for wind matrix test is obtained. Reynolds number of the test should be
more than 1.0 x 108. The Reynolds number, Re, is expressed by the following formula:

y7i

where p and u are the density and viscosity of the air, respectively, U is the wind speed, Ly, is
the length between perpendiculars of the model ship.

23 The blockage ratio should not be more than 5%. The ratio is calculated by the
transverse projected area of the model divided by the cross-sectional area of wind tunnel.

3 Test method

3.1 At the same hull wind direction, the wind propulsion coefficients of the wind assisted
propulsion system are different at different angles of attack. In order to obtain the maximum
wind propulsion coefficients of the wind assisted propulsion system at each hull wind direction
angle, the test scheme should include:
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A measurements of the aerodynamic force characteristics of the ship model
without wind assisted propulsion system at a series of wind angles ranging
from 0° to 360°, spaced by an interval of 5°, potentially extended to 10° only
for beam to stern;

2 measurements of the aerodynamic force characteristics of the ship model with
wind assisted propulsion system at a series of wind angles ranging from 0° to
360°, spaced by an interval of 5° or 10°, attack angles of the wind assisted
propulsion system range from 0° to 180°, spaced by an interval of 5° or 10° in
every wind angle of the ship model. Smaller intervals of attack angles should
be needed around the maximum wind propulsion coefficients; and

3 in the case where the measurements are carried out with spaced by an
interval of 10°, each intermediate force characteristic (i.e. Fx at 5°, 15°,
25°...) should be interpolated by using the measurement results.

3.2 In the case where the shape of the ship and wind assisted propulsion system are
symmetrical on starboard side and port side, the wind propulsion coefficients are also
symmetrical and thus, the measurements at a series of wind angles ranging from 0° to 180° or
180° to 360° can be omitted.

3.3 If the wind assisted propulsion system has a changeable and controllable structure,
such as sails and rotors, the model of the wind assisted propulsion system can be arranged
as the wind angle, the rotor speed, or other controllable structure to maximize the gained wind
force or to minimize the wind resistance.

Option 2: Test on a complete model of a single wind propulsion unit
4 Model

4.1 The effects of the hull and superstructures should be taken into account by corrective
actions taking into account the masked area and distance. If several wind propulsion units are
installed on board the ship, the aerodynamic interactions between them should be taken into
account by corrective actions. The verifier may request documentation from the test author to
verify that these effects have been taken into account.

4.2 The wind propulsion unit model is connected to the turntable by means of a force
balance, and the wind direction angle of the ship model is changed by changing the angle of
the turntable.

5 Test conditions

5.1 In addition to geometric similarity, the dynamic similarity criterion must be satisfied in
the wind matrix wind tunnel model test of a ship's wind assisted propulsion system. That is,
when the test wind speed is higher than a certain critical wind speed, the dimensionless wind
coefficient tends to be stable, and the flow around the model is similar to the real ship.
The measured wind coefficient can be directly extrapolated to the real ship. During the test,
the critical wind speed is determined by a variable wind speed test.

5.2 The maximum Reynolds number of the test should be more than 5.0 x 10°.
The Reynolds number, Re, is expressed by the following formula:

Re=p.U.C/pu

where p and y are the density and viscosity of the air, respectively, U is the wind
speed, C is the mean chord length of the wind propulsion unit.
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5.3 The blockage ratio should not be more than 5%. The ratio is calculated by the
transverse projected area of the model divided by the cross-sectional area of wind tunnel.

6 Test method

6.1 In order to obtain the maximum wind propulsion coefficients of the wind assisted
propulsion system at each ship wind direction angle, the test scheme should include
measurements of the aerodynamic force characteristics for:

A a range of permissible angles of attack on the wind propulsion unit; and

2 a range of permissible settings (profile camber, rotation speed, suction rate,
reduced area, etc.).

6.2 The propulsive force on the ship is the aerodynamic force measured on the wind
propulsion unit pointing to the bow.
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APPENDIX 2
GLOBAL WIND PROBABILITY MATRIX Wi

Table 1 — Normalized global wind chart showing the probability of wind conditions relative to the ship's
heading along the main global trading routes

Wind Angle [°]
[} 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 20 95 | 100 | 105 [ 110 | 115
Wind Speed [m/s]

<1 0.0001{0.00010.0001{0.0001(0.0001}0.0001{0.0001}0.0001{0.0001|0.0001{0.0001|0.0001)0.0001|0.0001]0.0001]0.0001)0.0001]0.0001]0.00010.0001}0.0001}0.0001(0.0001}0.0001
<2 0.0005{0.0005| 0.0005/0.0005(0.0005|0.0005{0.0005} 0.0005{0.0005|0.0005/0.0005|0.0005]0.0005|0.0005)0.0005]0.0005)0.0005|0.0005) 0.0005 0.0005] 0.0005| 0.0005|0.0005| 0.0005,
<3 0.0009]0.0009]0.0009]0.0009]0.0008]0.0008|0.0008]0.0008]0.0008]0.0008]0.0008]0.0008]0.0008] 0.0008]0.0008]0.0008]0.0008]0.0008] 0.0008] 0.0008] 0.0008]0.0008{0.0008] 0.0008|
<4 0.0013{0.0013{0.0013]0.0013{0.0012{0.0012|0.0012|0.0012{0.0011]0.0011}0.0011{0.0011]0.0011]0.0011{0.0011{0.0010|0.0010{0.0010{0.0010]0.00110.0011{0.0011]0.00110.0011
<5 0.0017]0.0017]0.0017]0.0016]0.0016]0.0015[0.0015}0.0015[0.0014/0.0014]0.0013|0.0013|0.0013]0.0012]0.0012{0.0012{0.0012[0.0012] 0.0013|0.0013]0.0013|0.0013|0.0013] 0.0013
<6 0.0021/0.00200.0020{0.0019(0.0018/0.0018{0.0017}0.0016{0.0016{0.0015/0.0015|0.0014]0.0014/0.0014]|0.0014]0.0013|0.0014]|0.0014) 0.0014| 0.0014]0.0014]0.0014|0.0015| 0.0015
<7 0.0022{0.0022|0.00210.0020(0.0020{0.0019{0.0018}0.0017{0.0017|0.0016{0.0015|0.0014]0.0014/0.0014]|0.0014]0.0014)0.0014| 0.0014) 0.0014| 0.0014]0.0015|0.0015(0.0015| 0.0015,
<8 0.0020{0.0020|0.0020{0.0019(0.0019]0.0018{0.0017}0.0016{0.0016|0.0015{0.0014/0.0014]0.0013|0.0013]0.0013]0.0013)|0.0013|0.0013) 0.0013| 0.0013| 0.0013|0.0014 | 0.0014| 0.0014|
<9 0.0017{0.0017]0.00170.0016(0.0016{0.0016{0.0015}0.0014[0.0014|0.0013{0.0013|0.0012]0.0012|0.0011]0.0011]0.0011)0.0011]0.0011)0.0011]0.0011}0.00110.0011{0.0012| 0.0012
<10 0.0013]0.0013]0.0013]0.00130.0013]0.0013{0.0012}0.0012{0.0011/0.0011]0.0010|0.0010| 0.0010|0.0009|0.0009{0.0009{0.0009[0.0009| 0.0009| 0.0008| 0.0008 | 0.0008 | 0.0009] 0.0009
<11 0.0010]0.0010|0.0010|0.0010|0.0009]0.0009{0.0009 0.0009/0.0009|0.0008|0.0008|0.0008 | 0.0008|0.0007 | 0.00070.0007 [0.0007 [0.0006| 0.0006 | 0.0006| 0.0006 | 0.0006 | 0.0006|0.0006
<12 0.0007{0.0007|0.0007]0.0007 [0.0007|0.0006|0.0006| 0.0006|0.0006 | 0.0006|0.0006 | 0.0005|0.0005] 0.0005|0.0005|0.0005| 0.0005|0.0004|0.0004 | 0.0004 | 0.0004 | 0.0004| 0.0004 | 0.0004
<13 0.00040.0005| 0.0005{0.0005(0.0004|0.0004 [0.0004| 0.0004[0.0004|0.0004(0.0004|0.00030.0003|0.00030.0003)0.00030.0003|0.0003) 0.0003|0.0003 0.0003|0.0002(0.0002| 0.0002
<14 0.0003{0.0003{0.0003]0.0003(0.0003/0.0003]|0.0003}0.0003{0.0003]|0.0002|0.0002{0.0002]|0.0002]0.0002{0.0002]0.0002]|0.0002{0.0002|0.0002]|0.0002|0.0002|0.0002| 0.0002|0.0002
<15 0.0002|0.0002|0.0002)0.0002)0.0002]0.0002{0.0002} 0.0002{0.0002(0.0002|0.0002| 0.0002| 0.0001]0.0001]0.0001{0.0001{0.0001{0.0001]0.0001]0.0001]0.0001]0.0001]0.0001]0.0001
<16 0.0001]0.0001]0.0001]0.0001)0.0001]0.0001{0.0001}0.0001]0.0001/0.0001]0.0001]0.0001]|0.0001]0.0001]0.0001{0.0001{0.0001{0.0001]0.0001]0.0001]0.0001]0.0001)0.0001|0.0001
<17 0.0001{0.00010.0001{0.0001(0.0001}0.0001{0.0001}0.0001{0.0001|0.0001]0.0001|0.0001)0.0001|0.0001]0.0001]0.0001)0.0001|0.0001)0.0001|0.0001}0.00010.0001(0.0001}0.0001
<18 0.0001{0.0001{0.0001]0.0001{0.0001{0.0001]0.0001}0.0000{0.0000|0.0000{0.0000{0.0000|0.00000.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000{0.0000
<19 0.0000]0.0000|0.0000|0.0000|0.0000{0.0000{0.0000} 0.0000{0.0000{0.0000/0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000(0.0000|0.0000|0.0000|0.0000|0.0000|0.0000|0.0000
<20 0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000}0.0000{0.0000/0.0000|0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000|0.0000
<21 0.0000]0.0000|0.0000|0.0000|0.0000{0.0000{0.0000} 0.0000{0.00000.0000|0.0000|0.0000)0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.00000.0000|0.0000|0.0000|0.0000|0.0000
<22 0.0000{0.0000{0.0000]0.0000{0.0000{0.0000|0.0000}0.0000{0.0000|0.0000}0.0000{0.0000|0.00000.0000{0.0000]0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000}0.0000
<23 0.0000{0.0000{0.0000]0.0000{0.0000{0.0000]0.0000}0.0000{0.0000|0.0000}0.0000{0.0000|0.0000}0.0000{0.0000)0.0000|0.0000{0.0000{0.0000]0.0000{0.0000{0.0000)0.0000}0.0000
<24 0.0000]0.0000|0.0000|0.0000|0.0000{0.0000{0.0000} 0.0000{0.0000{0.0000/0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000(0.0000|0.0000|0.0000|0.0000|0.0000|0.0000|0.0000
<25 0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000}0.0000{0.0000/0.0000|0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000|0.0000
>=25 0.0000{0.0000{0.0000]0.0000{0.0000{0.0000|0.0000}0.0000{0.0000|0.0000}0.0000{0.0000|0.00000.0000{0.0000]0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000}0.0000

Wind Angle [°]
120 | 125 | 130 | 135 140 | 145 | 150 | 155 | 160 | 165 | 170 | 175 | 180 | 185 | 190 | 195 | 200 | 205 | 210 | 215 | 220 | 225 | 230 | 235
Wind Speed [m/s]

<1 0.0001{0.0001{0.0001]0.0001{0.0001{0.0001]0.0001}0.0001{0.0001]0.0001}0.0001{0.0001]0.0001]0.0001{0.0001{0.0001]0.0001{0.0001{0.0001]0.0001{0.0001{0.0001)0.00010.0001
<2 0.0005/0.0005| 0.0005/0.0005(0.0005|0.0005[0.0005} 0.0005{0.0005|0.0005{0.0005|0.0005]0.0005|0.0005)0.0005]0.0005)0.0005]0.0005) 0.0005)0.0005] 0.0005| 0.0005|0.0005 0.0005
<3 0.0008|0.0008|0.0008)|0.0008]0.0008]0.0009{0.0009 0.0009/0.0009/0.0009|0.0009|0.0009|0.0009|0.0009|0.0009{0.0009{0.00080.0008| 0.0008| 0.0008| 0.0008|0.0008|0.0008]0.0008
<4 0.0011{0.00110.0012{0.0012(0.0012{0.0013{0.0013}0.0013{0.0013|0.0013/0.0013]0.0013)0.0013|0.0013]0.0013]0.0013|0.0012|0.0012| 0.0012|0.0012| 0.0011}0.0011{0.0011}0.0011
<5 0.0014/0.00140.0015{0.0015(0.0016{0.0016{0.0017}0.0017{0.0017|0.0017{0.0017{0.0017]0.0017|0.0017]0.0017]0.0016| 0.0016|0.0015)| 0.0015| 0.0015| 0.0014 | 0.0014 | 0.0013| 0.0013
<6 0.0015{0.0016{0.0017]0.0017{0.0018]0.0019|0.0020}0.0020{0.0021]0.00210.0021{0.0021]0.0021]0.0020{0.0020]0.0019|0.0018{0.0018/0.0017]|0.0016{0.0016{0.0015| 0.0015|0.0014
<7 0.0016]0.0016]0.0017]0.0018]0.0019]0.0020{0.0021}0.00210.0022|0.0022|0.0023)| 0.0022| 0.0022|0.0022|0.0021{0.0020{0.0020{0.0019] 0.0018|0.0017]0.0017|0.0016|0.0015] 0.0014
<8 0.0015/0.0015|0.0016{0.0017{0.0017]0.0018{0.0019}0.0020{0.0020{0.0021{0.0021{0.0021]0.0020|0.0020|0.0020/0.0019]0.0019]|0.0018)0.0017|0.00160.0016|0.0015/0.0014| 0.0014|
<9 0.0012{0.0012|0.0013/0.0014(0.0014]0.0015{0.0016{0.0016{0.0016{0.0017{0.0017{0.0017]0.0017|0.0017]0.0017]0.0016|0.0016|0.0016]|0.0015|0.0014] 0.0014 | 0.0013/0.0013| 0.0012,
<10 0.0009{0.00090.0010{0.0010{0.0011}0.0011{0.0012}0.0012{0.0012|0.0013{0.0013|0.0013]0.0013|0.0013]0.0013]0.0013)0.0013]|0.0013) 0.0012| 0.00120.00110.0011{0.0010/ 0.0010
<11 0.0006{0.0006{0.0007]0.0007{0.0007{0.0008)0.0008| 0.0008{0.0009|0.0009|0.0009{0.0010]0.00100.0010{0.0010J0.0010] 0.0009{0.0009{0.0009]0.0009] 0.0009|0.0008) 0.0008| 0.0008
<12 0.0004]|0.0004]0.0004)0.0005)0.0005]0.0005(0.0005 0.00060.0006 |0.0006| 0.0006| 0.0007 0.0007|0.0007 | 0.0007 {0.0007 [ 0.0007 [0.0006 | 0.0006 | 0.0006| 0.0006 | 0.0006 | 0.0006| 0.0005
<13 0.0003)0.0003]0.0003)0.0003)0.0003]0.0003{0.0004]0.0004|0.0004 |0.0004|0.0004|0.00040.0004|0.0005|0.0005{0.0005[0.0004 [0.0004| 0.0004 | 0.0004 | 0.0004|0.00040.0004]0.0003
<14 0.0002{0.0002{0.0002|0.0002{0.0002{0.0002|0.0002|0.0002{0.0003|0.0003|0.0003{0.0003|0.0003|0.0003|0.0003]0.0003|0.0003{0.0003|0.0003|0.0003]0.0003|0.0002| 0.0002| 0.0002
<15 0.0001{0.0001{0.0001]0.0001{0.0001{0.0002|0.0002}0.0002{0.0002|0.0002|0.0002{0.0002|0.0002|0.0002{0.0002|0.0002| 0.0002{0.0002{0.0002|0.0002|0.0002|0.0002| 0.0002| 0.0002
<16 0.0001{0.0001{0.0001]0.0001{0.0001{0.0001]0.0001}0.0001{0.0001]0.0001}0.0001{0.0001]0.0001]0.0001{0.0001{0.0001]0.0001{0.0001{0.0001]0.0001{0.0001{0.0001)0.00010.0001
<17 0.0001]0.0001]0.0001]0.0001]0.0001]0.0001{0.0001}0.0001{0.0001{0.0001]0.0001]0.0001]|0.0001]0.0001]0.0001{0.0001{0.0001{0.0001]0.0001]0.0001]0.0001]0.0001]0.0001]0.0001
<18 0.0000]0.0000|0.0000|0.0000|0.0000{0.0000{0.0000} 0.0000{0.0000{0.0000/0.0001)0.0001)0.0001]0.0001]0.0001{0.0001{0.0001(0.0001]0.00010.0000|0.0000|0.0000|0.0000|0.0000
<19 0.0000{0.0000{0.0000]0.0000{0.0000{0.0000|0.0000}0.0000{0.0000|0.0000}0.0000{0.0000|0.00000.0000{0.0000]0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000{0.0000
<20 0.0000{0.0000{0.0000]0.0000{0.0000{0.0000|0.0000}0.0000{0.0000|0.0000}0.0000{0.0000|0.00000.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000{0.0000
<21 0.0000]0.0000]0.0000|0.0000|0.0000{0.0000{0.0000}0.0000{0.0000{0.0000/0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000|0.0000
<22 0.0000]0.0000]0.0000]0.0000|0.0000{0.0000{0.0000}0.0000{0.0000{0.0000/0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000]0.0000
<23 0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000}0.0000{0.0000/0.0000|0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000|0.0000
<24 0.0000{0.0000{0.0000]0.0000{0.0000{0.0000|0.0000}0.0000{0.0000|0.0000}0.0000{0.0000|0.00000.0000{0.0000]0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000}0.0000
<25 0.0000{0.0000{0.0000]0.0000{0.0000{0.0000|0.0000}0.0000{0.0000|0.0000{0.0000{0.0000|0.00000.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000{0.0000
>=25 0.0000]0.0000]0.0000]0.0000|0.0000{0.0000{0.0000} 0.0000{0.0000{0.0000|0.0000| 0.0000|0.0000|0.0000|0.0000{0.0000{0.0000{0.0000| 0.0000|0.0000]| 0.0000|0.0000|0.0000| 0.0000

Wind Angle [°]
240 | 245 | 250 | 255 | 260 | 265 | 270 | 275 | 280 | 285 | 290 | 295 | 300 | 305 | 310 | 315 | 320 | 325 | 330 | 335 | 340 | 345 | 350 | 355
Wind Speed [m/s]

<1 0.0001{0.0001(0.0001{0.0001(0.0001{0.0001{0.0001|0.0001|0.0001{0.0001]0.0001|0.0001)0.0001|0.00010.0001]0.0001)0.0001]0.0001}0.00010.0001(0.0001 {0.0001{0.0001{0.0001
<2 0.0005{0.0005|0.0005|0.0005|0.0005|0.0005|0.0005 [0.0005|0.0005 | 0.0005 [0.0005|0.0005|0.0005] 0.0005|0.0005|0.0005| 0.0005|0.0005|0.0005|0.0005 |0.0005|0.0005| 0.0005 | 0.0005
<3 0.0008{0.0008)0.0008{0.0008(0.0008)0.0008|0.0008 [0.0008|0.0008 | 0.0008 [0.0008{0.0008|0.0008 0.0008 |0.0008)0.0008| 0.0008 {0.0009]0.0009]|0.0009{0.0009|0.0009| 0.0009{0.0009
<4 0.0011{0.0011)0.0011{0.0010{0.0010]0.0010]0.0010{0.0011{0.00110.0011{0.0011{0.0011]0.0011}0.0011{0.0012)0.0012]0.0012{0.0013]0.0013]0.0013{0.0013|0.0013)0.0013{0.0013
<5 0.0013]0.0012|0.0012)0.0012]0.0012]0.0012{0.0013]0.0013[0.0013/0.0013/0.0013|0.0013|0.0014]0.0014|0.0015]0.0015[0.0016{0.0016|0.0017]0.0017|0.0017|0.0017]0.0017]0.0017
<6 0.0014/0.0014(0.0014[0.0013(0.0014|0.0014[0.0014|0.0014|0.0014{0.0014]0.0015|0.0015)|0.0015|0.0016|0.0017|0.0017)0.0018|0.0019 0.0020| 0.0020 (0.0021 {0.0021(0.0021{0.0021
<7 0.0014/0.0014(0.0014[0.0014(0.0014|0.0014[0.0014|0.0014|0.0015|0.0015|0.0015|0.0015]|0.0016/0.0016|0.0017)0.0018)0.0019| 0.0020) 0.0021]0.0021 |0.0022 (0.0022|0.0023 [ 0.0022
<8 0.0013{0.0013]0.0013{0.0013{0.0013]0.0013]0.0013(0.0013|0.0013|0.0014 {0.0014{0.0014|0.0015]0.0015|0.0016|0.0017]0.0017 {0.0018{0.0019]0.0020 (0.0020|0.0021)0.0021 {0.0021
<9 0.0012|0.00110.0011]0.0011]0.0011]0.0011{0.0011{0.0011{0.0011/0.0011/0.0012| 0.0012| 0.0012|0.0012|0.0013]0.0014(0.0014(0.0015/0.0016|0.0016 |0.0016|0.0017|0.0017| 0.0017
<10 0.0010]0.0009|0.0009)0.0009|0.0009|0.0009{0.0009{0.00080.0008 |0.0008 [0.0009|0.0009|0.0009|0.0009|0.0010{0.0010{0.0011{0.0011]0.0012]0.0012|0.0012|0.0013|0.0013]0.0013
<11 0.0008{0.0007 {0.0007 {0.0007 {0.0007 | 0.0006{0.0006 | 0.0006|0.0006|0.00060.0006|0.0006 | 0.0006|0.0006 | 0.0007)0.0007)0.0007|0.0008) 0.0008| 0.0008 [0.0009 [0.0009/0.0009 (0.0010
<12 0.0005{0.0005|0.0005{0.0005(0.0005|0.0004|0.0004 {0.0004|0.0004 |0.0004 [0.0004 [ 0.0004 | 0.0004| 0.0004 | 0.00040.0005]| 0.0005{0.0005|0.0005] 0.0006 | 0.0006 | 0.0006| 0.0006 | 0.0007
<13 0.0003{0.0003|0.0003{0.0003(0.0003]0.0003|0.0003 {0.0003{0.0003|0.0002(0.0002{0.0002|0.0003|0.0003|0.0003|0.0003|0.0003{0.0003|0.0004|0.0004 [0.0004 | 0.0004| 0.0004 [ 0.0004
<14 0.0002|0.0002|0.0002)|0.0002|0.0002|0.0002(0.0002{0.0002{0.00020.0002(0.0002| 0.0002| 0.0002| 0.0002|0.0002|0.0002(0.0002(0.0002| 0.0002| 0.0002 | 0.0003 |0.0003| 0.0003 | 0.0003
<15 0.0001{0.0001(0.0001{0.0001{0.0001{0.0001{0.0001{0.0001|0.0001{0.0001]0.0001{0.0001]0.0001|0.00010.0001)0.0001)0.0001]0.0002)0.0002|0.0002 |0.0002 (0.0002{0.0002 (0.0002
<16 0.0001{0.0001(0.0001{0.0001(0.0001{0.0001{0.0001|0.0001|0.0001{0.0001]0.0001|0.0001)0.0001|0.00010.0001]0.0001)0.0001]|0.0001}0.00010.0001(0.0001 {0.0001(0.0001{0.0001
<17 0.0001{0.0001(0.0001{0.0001(0.0001|0.0001{0.0001|0.0001|0.0001|0.0001|0.0001|0.0001)0.0001|0.00010.0001]|0.0001)0.0001|0.0001]0.00010.0001(0.0001 {0.0001(0.0001{0.0001
<18 0.0000{0.0000/0.00000.0000{0.0000|0.0000)0.0000{0.0000{0.0000|0.0000{0.0000{0.00000.0000]0.0000{0.0000|0.0000]0.0000{0.0000{0.0000]0.0000 (0.0000{0.0000)0.0001{0.0001
<19 0.0000]0.0000|0.0000)0.0000|0.0000]0.0000{0.0000{0.0000{0.0000|0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000|0.00000.0000|0.0000|0.0000|0.0000|0.0000
<20 0.0000|0.0000|0.0000)0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000|0.00000.0000|0.0000|0.0000|0.0000|0.0000
<21 0.0000{0.0000(0.0000{0.0000{0.0000{0.0000{0.0000{0.0000|0.0000{0.0000|0.0000{0.0000|0.0000|0.00000.0000|0.0000|0.0000|0.0000)0.0000|0.0000 (0.0000 {0.0000{0.0000 {0.0000
<22 0.0000{0.0000/0.0000{0.0000{0.0000]0.0000|0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.00000.0000{0.0000|0.0000|0.0000{0.0000{0.0000]0.0000{0.0000{0.0000|0.0000{0.0000
<23 0.0000{0.0000)0.0000{0.0000{0.0000]0.0000]0.0000{0.0000{0.0000|0.0000{0.0000{0.0000|0.0000}0.0000{0.0000)0.0000|0.0000{0.0000{0.0000]0.0000{0.0000|0.0000)0.0000{0.0000
<24 0.0000]0.0000|0.0000)0.0000|0.0000]0.0000{0.0000{0.0000{0.0000|0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000|0.00000.0000|0.0000|0.0000|0.0000|0.0000
<25 0.0000|0.0000|0.0000)0.0000|0.0000|0.0000{0.0000{0.0000{0.0000|0.0000{0.0000|0.0000|0.0000|0.0000|0.0000|0.0000{0.0000{0.0000|0.00000.0000|0.0000|0.0000|0.0000|0.0000
>=25 0.0000{0.0000(0.0000{0.0000{0.0000{0.0000{0.0000{0.0000|0.0000{0.0000|0.0000{0.0000|0.0000{0.0000|0.0000|0.0000)0.0000|0.0000)0.0000| 0.0000 {0-0000 {0.0000{ 0.0000 { 0.0000
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ANNEX 26

GUIDANCE ON CALCULATION AND VERIFICATION OF EFFECTS OF CATEGORY (C)
INNOVATIVE TECHNOLOGIES

1 WASTE HEAT RECOVERY SYSTEM FOR GENERATION OF ELECTRICITY
(CATEGORY (C-1))

1.1 Summary of innovative energy efficient technology

1.1.1  This chapter provides the guidance on the treatment of high temperature waste heat
recovery systems (electric generation type) as innovative energy efficiency technologies
related to the reduction of the auxiliary power (concerning P.z). Mechanical recovered waste
energy directly coupled to shafts need not be measured in this category, since the effect of the
technology is directly reflected in the Vier.

1.1.2 Waste heat energy technologies increase the efficiency utilization of the energy
generated from fuel combustion in the engine through recovery of the thermal energy of
exhaust gas, cooling water, etc. thereby generating electricity.

1.1.3  There are the following two methods of generating electricity by the waste heat energy
technologies (electric generation type):

A (A) method to recover thermal energy by a heat exchanger and to drive
the thermal engine which drives an electric generator; and

2 (B) method to drive directly an electric generator using power turbine,
etc. Furthermore, there is a waste heat recovery system which combines
both of the above methods.

6 All examples in this chapter are used solely to illustrate the proposed methods of calculation and verification.
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Low Temperature Heat
Recovered Exhaust Gas

)
) Heated heat media (steam etc.)
)
)

. Electric Generation
Electric

| Generation

Exhaust Gas

High Temperature }*
I

v

TEO@ , : iV

OO0000 Above figure shows the electric generation Thermal Engine
by the turbocharger. As analtemative, there (Steam turbine etc.)
is a case in which a power turbine to drive a

Main Engine and/or electric generator is installed separately
Auxiliary Engine from the turbocharger.

Figure 1 — Schematic illustration of Exhaust Heat Recovery
1.2 Method of calculation
1.21 Power reduction due to waste heating recovery system

1.2.1.1 The reduction of power by the waste heat recovery system is calculated by the
following equation. For this system, f.sis 1.00 in EEDI formula.

Pugeff = Pagess — Pageff_toss (1)

In the above equation, P’z is power produced by the waste heat recovery system.
Pukep 10ss 1S the necessary power to drive the waste heat recovery system.

1.2.1.2 Paeerr is the reduction of the ship's total auxiliary power (kW) by the waste heat
recovery system under the ship performance condition applied for EEDI calculation. The power
generated by the system under this condition and fed into the main switch board is to be taken
into account, regardless of its application on board the vessel (except for power consumed by
machinery as described in paragraph 1.2.1.4 of this chapter).

1.2.1.3 P4z is defined by the following equation.

w
P/;Ee/f“ =, (2)
: 7,
where:

W. : Calculated production of electricity by the waste heat recovery system
ng - Weighted average generator efficiency
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1.2.1.4 Paeerris determined by the following factors:

A temperature and mass flow of exhaust gas of the engines, etc.;

2 constitution of the waste heat recovery system; and

3 efficiency and performances of the components of the waste heat recovery
system.

1.2.1.5 Purer10ss IS the power (kW) for the pump, etc. necessary to drive the waste heat
recovery system.

1.3 Method of verification

1.3.1  General

1.3.1.1 Verification of EEDI with innovative energy efficient technologies should be conducted
according to the EEDI Survey Guidelines. Additional items concerning innovative energy
efficient technologies not contained in EEDI Survey Guidelines are described below.

1.3.2  Preliminary verification at the design stage

1.3.2.1 In addition to paragraph 4.2.2 of EEDI Survey Guidelines, the EEDI Technical File
which is to be developed by the shipowner or shipbuilder should include:

A diagrams, such as a plant diagram, a process flow diagram, or a piping and
instrumentation diagram outlining the waste heat recovery system, and its
related information such as specifications of the system components;

2 deduction of the saved energy from the auxiliary engine power by the waste
heat recovery system; and

3 calculation result of EEDI.

1.3.2.2 In addition to paragraph 4.2.7 of the EEDI Survey Guidelines, additional information
that the verifier may request the shipbuilder to provide directly to it includes:

A exhaust gas data for the main engine at 75% MCR (and/or the auxiliary
engine at the measurement condition of SFC) at different ambient air inlet
temperatures, e.g. 5°C, 25°C and 35°C; which consist of:

A exhaust gas mass flow for turbo charger (kg/h);

2 exhaust gas temperatures after turbo charger (C°);

3 exhaust gas bypass mass flow available for power turbine, if any
(kg/h);

4 exhaust gas temperature for bypass flow (C°); and

5 exhaust gas pressure for bypass flow (bar).
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2 in the case of system using heat exchanger, expected output steam flows
and steam temperatures for the exchanger, based on the exhaust gas data
from the main engine;

3 estimation process of the heat energy recovered by the waste heat recovery
system; and
4 further details of the calculation method of P4z defined in paragraph 1.2.1

of this chapter.
1.3.3  Final verification of the attained EEDI at sea trial

1.3.3.1 Deduction of the saved energy from the auxiliary engine power by the waste heat
recovery system should be verified by the results of shop tests of the waste heat recovery
system's principal components and, where possible, at sea trials.

1.3.3.2 In the case of systems for which shop tests are difficult to be conducted, e.g. in case
of the exhaust gas economizer, the performance of the waste heat recovery system should be
verified by measuring the amount of the generated steam, its temperature, etc. at the sea trial.
In that case, the measured vapour amount, temperature, etc. should be corrected to the value
under the exhaust gas condition when they were designed, and at the measurement conditions
of SFC of the main/auxiliary engine(s). The exhaust gas condition should be corrected based
on the atmospheric temperature in the engine-room (Measurement condition of SFC of
main/auxiliary engine(s); i.e. 25°C), etc.

2 PHOTOVOLTAIC POWER GENERATION SYSTEM (CATEGORY (C-2))
2.1 Summary of innovative energy efficient technology

211 Photovoltaic (PV) power generation system set on a ship will provide part of the
electric power either for propelling the ship or for use inboard. PV power generation system
consists of PV modules and other electric equipment. Figure 1 shows a schematic diagram of
PV power generation system. The PV module consists of combining solar cells and there are
some types of solar cell such as "Crystalline silicon terrestrial photovoltaic" and "Thin-film
terrestrial photovoltaic", etc.

Photovoltaic Module Photovoltaic Module

A 4 4

Junction DC/AC | | Power | " Incoming

Box ™" Converter ™" Transformer ="  Panel

|

to main
switchboard

Power Conditioner

Figure 1 — Schematic diagram of photovoltaic power generation system
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2.2 Method of calculation
2.21 Electric power due to photovoltaic power generation system

2.2.1.1 The auxiliary power reduction due to the PV power generation system can be
calculated as follows:

ferr* Pagerr = {frad X (1 + Ltemp/ 100) } X { Priax % (1 — Lothers | 100) x N/7]GEN} (1)

where 1. Pieeyr is the total net electric power (kW) generated by the PV power generation
system.

2.2.1.2 Effective coefficient f;s is the ratio of average PV power generation in main global
shipping routes to the nominal PV power generation specified by the manufacturer. Effective
coefficient can be calculated by the following formula using the solar irradiance and air
temperature of main global shipping routes:

Jefr = fraa X (1 + Liemp / 100) )

2.21.3 f.a is the ratio of the average solar irradiance on main global shipping route to the
nominal solar irradiance specified by the manufacturer. Nominal maximum generating power
P,... is measured under the Standard Test Condition (STC) of IEC standard.” STC specified by
manufacturer is that: Air Mass (AM) 1.5, the module's temperature is 25°C, and the solar
irradiance is 1000 W/m2. The average solar irradiance on main global shipping route is
200 W/m?. Therefore, f,.q is calculated by the following formula:

fraa =200 W/m?* = 1000 W/m* = 0.2 (3)

2214 L. is the correction factor, which is usually in minus, and derived from the

temperature of PV modules, and the value is expressed in per cent. The average temperature

of the modules is deemed 40°C, based on the average air temperature on main global shipping

routes. Therefore, L., is derived from the temperature coefficient f..., (percent/K) specified by
the manufacturer (see IEC standard’) as follows:

Ltemp :ﬁemp X (400C — ZSOC) (4)

2.2.1.5 Py is the generated PV power divided by the weighted average efficiency of the
generator(s) under the condition specified by the manufacturer and expressed as follows:

PAEej/"': Pmax X (1 - Lathers /100) x N/”GEN, (5)
where #¢ev is the weighted average efficiency of the generator(s).

2.2.1.6 Pua is the nominal maximum generated PV power generation of a module expressed
in kilowatt, specified based on IEC Standards.”

Refer to IEC 61215 "Crystalline silicon terrestrial photovoltaic (PV) modules — Design qualification and type
approval" for Crystalline silicon terrestrial PV modules, and to IEC 61646 "Thin-film terrestrial photovoltaic
(PV) modules — Design qualification and type approval" for Thin-film terrestrial PV modules.
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2.2.1.7 Lo.umersis the summation of other losses expressed by percent and includes the losses
in a power conditioner, at contact, by electrical resistance, etc. Based on experiences, it is
estimated that Loues is 10% (the loss in the power conditioner: 5% and the sum of other
losses: 5%). However, for the loss in the power conditioner, it is practical to apply the value
specified based on |IEC Standards.?

2.2.1.8 N is the numbers of modules used in a PV power generation system.

2.3 Method of verification

231 General

2.3.1.1 Verification of EEDI with innovative energy efficient technologies is conducted
according to EEDI Survey Guidelines. This section provides additional requirements related to
innovative technologies.

2.3.2 Preliminary verification at the design stage

2.3.2.1 In addition to paragraph 4.2.2 of EEDI Survey guidelines, the EEDI Technical File
which is to be developed by the shipowner or shipbuilder should include:

A outline of the PV power generation system;
2 power generated by the PV power generation system; and
3 calculated value of EEDI due to the PV power generation system.

2.3.2.2 In addition to paragraph 4.2.7 of the EEDI survey guidelines, additional information
that the verifier may request the shipbuilder to provide directly to it includes:

A detailed calculation process of the auxiliary power reduction by the PV power
generation system; and

2 detailed calculation process of the total net electric power (fo* P.ze) Specified
in section 2.2 in this guidance.

2.3.3 Final verification of the attained EEDI at sea trial

2.3.3.1 The total net electric power generated by PV power generation system should be
confirmed based on the EEDI Technical File. In addition to the confirmation, it should be
confirmed whether the configuration of the PV power generation systems on ship is as applied,
prior to the final verification.

8 IEC 61683 "Photovoltaic systems — Power conditioners — Procedure for measuring efficiency".
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ANNEX 8

RESOLUTION MEPC.334(76)
(adopted on 17 June 2021)

2021 GUIDELINES ON SURVEY AND CERTIFICATION OF THE ATTAINED ENERGY
EFFICIENCY EXISTING SHIP INDEX (EEXI)

THE MARINE ENVIRONMENT PROTECTION COMMITTEE,

RECALLING Article 38(a) of the Convention on the International Maritime Organization
concerning the functions of the Marine Environment Protection Committee conferred upon it
by international conventions for the prevention and control of marine pollution from ships,

NOTING that it adopted, by resolution MEPC.328(76), the 2021 revised MARPOL Annex VI,
which is expected to enter into force on 1 November 2022 upon its deemed acceptance on 1
May 2022,

NOTING IN PARTICULAR that the 2021 revised MARPOL Annex VI contains amendments
concerning mandatory goal-based technical and operational measures to reduce carbon
intensity of international shipping,

NOTING FURTHER that regulation 5 (Surveys) of MARPOL Annex VI, as amended, requires
that ships to which chapter 4 applies shall also be subject to survey and certification taking into
account guidelines developed by the Organization,

RECOGNIZING that the aforementioned amendments to MARPOL Annex VI require relevant
guidelines for uniform and effective implementation of the regulations and to provide sufficient
lead time for industry to prepare,

HAVING CONSIDERED, at its seventy-sixth session, draft 2021 Guidelines on survey and
certification of the Energy Efficiency Existing Ship Index (EEXI),

1 ADOPTS the 2021 Guidelines on survey and cetrtification of the Energy Efficiency
Existing Ship Index (EEXI), as set out in the annex to the present resolution;

2 INVITES Administrations to take the annexed Guidelines into account when
developing and enacting national laws which give force to and implement requirements set
forth in regulation 5 of MARPOL Annex VI;

3 REQUESTS the Parties to MARPOL Annex VI and other Member Governments to
bring the annexed Guidelines to the attention of masters, seafarers, shipowners, ship
operators and any other interested parties;

4 AGREES to keep the Guidelines under review in light of experience gained with their
implementation and in light of the review of EEXI regulations to be completed by the
Organization by 1 January 2026 as identified in regulation 25.3 of MARPOL Annex VI.
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ANNEX

2021 GUIDELINES ON SURVEY AND CERTIFICATION OF THE ATTAINED ENERGY

EFFICIENCY EXISTING SHIP INDEX (EEXI)
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1 GENERAL

The purpose of these guidelines is to assist verifiers of the Energy Efficiency Existing Ship
Index (EEXI) of ships in conducting the survey and certification of the EEXI, in accordance with
regulations 5, 6, 7, 8 and 9 of MARPOL Annex VI, and assist shipowners, shipbuilders,
manufacturers and other interested parties in understanding the procedures for the survey and
certification of the EEXI.

2 DEFINITIONS'

2.1 Verifier means an Administration, or organization duly authorized by it, which
conducts the survey and certification of the EEXI in accordance with regulations 5,6, 7, 8 and 9
of MARPOL Annex VI and these Guidelines.

2.2 Ship of the same type means a ship the hull form (expressed in the lines such as
sheer plan and body plan), excluding additional hull features such as fins, and principal
particulars of which are identical to that of the base ship.

2.3 Tank test means model towing tests, model self-propulsion tests and model propeller
open water tests. Numerical calculations may be accepted as equivalent to model propeller
open water tests or used to complement the tank tests conducted (e.g. to evaluate the effect
of additional hull features such as fins, etc. on ships' performance), or as a replacement for
model tests provided that the methodology and numerical model used have been
validated/calibrated against parent hull sea trials and/or model tests, with the approval of the
verifier.

24 MARPOL means the International Convention for the Prevention of Pollution from
Ships, 1973, as modified by the Protocols of 1978 and 1997 relating thereto, as amended.

25 For the purpose of these Guidelines, the definitions in MARPOL Annex VI, as
amended, apply.

3 APPLICATION

These Guidelines should be applied to ships for which an application for a survey for
verification of the ship's EEXI specified in regulation 5 of MARPOL Annex VI has been
submitted to a verifier.

4 PROCEDURES FOR SURVEY AND CERTIFICATION
4.1 General

4.1.1 The attained EEXI should be calculated in accordance with regulation 23 of MARPOL
Annex VI and the 2021 Guidelines on the method of calculation of the attained Energy
Efficiency Existing Ship Index (EEXI) (resolution MEPC.333(76)) (EEXI Calculation
Guidelines).

4.1.2 The 2013 Guidance on treatment of innovative energy efficiency technologies for
calculation and verification of the attained EEDI (MEPC.1/Circ.815) should be applied for
calculation of the attained EEXI, if applicable.

! Other terms used in these Guidelines have the same meaning as those defined in the 2018 Guidelines on

the method of calculation of the attained EEDI for new ships (resolution MEPC.308(73), as amended) and
the 2021 Guidelines on the method of calculation of the attained EEXI (resolution MEPC.333(76)).
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4.1.3 The information used in the verification process may contain confidential information
of submitters, including shipyards, which requires Intellectual Property Rights (IPR) protection.
In the case where the submitter wants a non-disclosure agreement with the verifier, the
additional information should be provided to the verifier upon mutually agreed terms and
conditions.

4.2 Verification of the attained EEXI

4.2.1 For verification of the attained EEXI, an application for a survey and an EEXI
Technical File containing the necessary information for the verification and other relevant
background documents should be submitted to a verifier, unless the attained EEDI of the ship
satisfies the required EEXI.

4.2.2 The EEXI Technical File should be written at least in English. The EEXI Technical File
should include, but not be limited to:

A deadweight (DWT) or gross tonnage (GT) for ro-ro passenger ship and cruise
passenger ship having non-conventional propulsion;

2 the rated installed power (MCR) of the main and auxiliary engines;

3 the limited installed power (MCRiin) in cases where the overridable Shaft /
Engine Power Limitation system is installed;

4 the ship speed (Vrer);

5 the approximate ship speed (Vyerapp) for pre-EEDI ships in cases where the
speed-power curve is not available, as specified in paragraph 2.2.3.5 of the
EEXI Calculation Guidelines;

.6 an approved speed-power curve under the EEDI condition as specified in
paragraph 2.2 of the EEDI Calculation Guidelines, which is described in the
EEDI Technical File, in cases where regulation 22 of MARPOL Annex VI
(Attained EEDI) is applied;

7 an estimated speed-power curve under the EEDI condition, or under a
different load draught to be calibrated to the EEDI condition, obtained from
tank test and/or numerical calculations, if available;

.8 estimation process and methodology of the power curves, as necessary,
including documentation on consistency with the defined quality standards
(e.g. ITTC 7.5-03-01-02 and ITTC 7.5-03-01-04 in their latest revisions) and
the verification of the numerical set-up with parent hull or the reference set
of comparable ships in case of using numerical calculations;

9 a sea trial report including sea trial results, which may have been calibrated
by the tank test, under the sea condition as specified in paragraph 2.2.2 of
the EEDI Calculation Guidelines, if available;

10 calculation process of Vierapp for pre-EEDI ships in cases where the
speed-power curve is not available, as specified in paragraph 2.2.3.5 of the
EEXI Calculation Guidelines;

1 type of fuel;
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A2

A3

14

15

16

A7

18

19

the specific fuel consumption (SFC) of the main and auxiliary engines, as
specified in paragraph 2.2.3 of the EEXI Calculation Guidelines;

the electric power table? for certain ship types, as necessary, as defined in
the EEDI Calculation Guidelines;

the documented record of annual average figure of the auxiliary engine load
at sea obtained prior to the date of application for a survey for verification of
the ship's EEXI, as specified in paragraph 2.2.2.3 of the EEXI Calculation
Guidelines, if applicable;

calculation process of Pagapp, as specified in paragraph 2.2.2.3 of the EEXI
Calculation Guidelines, if applicable;

principal particulars, ship type and the relevant information to classify the
ship as such a ship type, classification notations and an overview of the
propulsion system and electricity supply system on board;

description of energy saving equipment, if available;

calculated value of the attained EEXI, including the calculation summary, which
should contain, at a minimum, each value of the calculation parameters and the
calculation process used to determine the attained EEXI; and

for LNG carriers:

A type and outline of propulsion systems (such as direct drive diesel, diesel
electric, steam turbine);

2 LNG cargo tank capacity in m® and BOR as defined in
paragraph 2.2.5.6.3 of the EEDI Calculation Guidelines;

3 shaft power of the propeller shaft after transmission gear at 100% of the
rated output of motor (MPPuowr) and 7,y for diesel electric;

4 shaft power of the propeller shaft after transmission gear at the de-rated
output of motor (MPPuowrim) in cases where the overridable Shaft /
Engine Power Limitation is installed;

5 maximum continuous rated power (MCRsteamTurine) for steam turbine;

.6 limited maximum continuous rated power (MCR stamTurine,im) for steam
turbine in cases where the overridable Shaft / Engine Power Limitation
is installed; and

7 SFCstwammumine for steam turbine, as specified in paragraph 2.2.7.2 of the
EEDI Calculation Guidelines. If the calculation is not available from the
manufacturer, SFCsweammumine Mmay be calculated by the submitter.

A sample of an EEXI Technical File is provided in the appendix.

2

Electric power tables should be validated separately, taking into account the guidelines set out in appendix 2

of the 2014 Guidelines on survey and certification of the Energy Efficiency Design Index (EEDI) (resolution
MEPC.254(67), as amended by resolutions MEPC.261(68) and MEPC.309(73)); consolidated text:
MEPC.1/Circ.855/Rev.2, as may be further amended).
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423  The SFC should be corrected to the value corresponding to the ISO standard reference
conditions using the standard lower calorific value of the fuel oil, referring to ISO 15550:2002 and
ISO 3046-1:2002. For the confirmation of the SFC, a copy of the approved NOx Technical File and
documented summary of the correction calculations should be submitted to the verifier.

424 For ships equipped with dual-fuel engine(s) using LNG and fuel oil, the Crfactor for gas
(LNG) and the specific fuel consumption (SFC) of gas fuel should be used by applying the criteria
specified in paragraph 4.2.3 of the 2014 Guidelines on survey and cetrtification of the Energy
Efficiency Design Index (EEDI), as amended,? as a basis for the guidance of the Administration.

425  Notwithstanding paragraphs 4.2.3 and 4.2.4, in cases where overridable Shaft / Engine
Power Limitation is installed, or in cases where engines do not have a test report included in the NOx
Technical File, SFC should be calculated in accordance with paragraph 2.2.3 of the EEXI Calculation
Guidelines. For this purpose, actual performance records of the engine may be used if satisfactory
and acceptable to the verifier.

4.2.6 The verifier may request further information from the submitter, as specified in
paragraph 4.2.7 of the EEDI Survey and Certification Guidelines, in addition to that contained in the
EEXI Technical File, as necessary, to examine the calculation process of the attained EEXI.

4.2.7 In cases where the sea trial report as specified in paragraph 4.2.2.9 is submitted, the
verifier should request further information from the submitter to confirm that:

A the sea trial was conducted in accordance with the conditions specified in
paragraphs 4.3.3, 4.3.4 and 4.3.7 of the EEDI Survey and Certification
Guidelines, as applicable;

2 sea conditions were measured in accordance with ISO 15016:2002 or the
equivalent if satisfactory and acceptable to the verifier;

3 ship speed was measured in accordance with 1ISO 15016:2002 or the
equivalent if satisfactory and acceptable to the verifier; and

4 the measured ship speed was calibrated, if necessary, by taking into account
the effects of wind, tide, waves, shallow water and displacement in
accordance with ISO 15016:2002 or the equivalent which may be acceptable
provided that the concept of the method is transparent for the verifier and
publicly available/accessible.

4.2.8 The estimated speed-power curve obtained from the tank test and/or numerical
calculations and/or the sea trial results calibrated by the tank test should be reviewed on the
basis of the relevant documents in accordance with the EEDI Survey and Certification
Guidelines, the defined quality standards (e.g. ITTC 7.5-03-01-02 and ITTC 7.5-03-01-04 in
their latest revisions) and the verification of the numerical set-up with parent hull or the
reference set of comparable ships.

4.2.9 In cases where the overridable Shaft / Engine Power Limitation system is installed,
the verifier should confirm that the system is appropriately installed and sealed in accordance
with the 20271 Guidelines on the Shaft / Engine Power Limitation system to comply with the
EEXI requirements and use of a power reserve (resolution MEPC.335(76)) and that a verified
Onboard Management Manual (OMM) for overridable Shaft / Engine Power Limitation is on
board the ship.

3 Resolution MEPC.254(67), as amended.
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43 Verification of the attained EEXI in case of major conversion

4.3.1 In cases of a major conversion of a ship taking place at or after the completion date
of the survey for EEXI verification specified in regulation 5.4.7 of MARPOL Annex VI, the
shipowner should submit to a verifier an application for a general or partial survey with the
EEXI Technical File duly revised, based on the conversion made and other relevant
background documents.

4.3.2 The background documents should include as a minimum, but are not limited to:
A details of the conversion;

2 EEXI parameters changed after the conversion and the technical
justifications for each respective parameter;

3 reasons for other changes made in the EEXI Technical File, if any; and

4 calculated value of the attained EEXI with the calculation summary, which
should contain, as a minimum, each value of the calculation parameters and
the calculation process used to determine the attained EEXI after the
conversion.

4.3.3 The verifier should review the revised EEXI Technical File and other documents
submitted and verify the calculation process of the attained EEXI to ensure that it is technically
sound and reasonable and follows regulation 23 of MARPOL Annex VI and the EEXI
Calculation Guidelines.

4.3.4  For verification of the attained EEXI after the major conversion, speed trials of the
ship may be conducted, as necessary.

I\MEPC\76\MEPC 76-15-Add.2.docx



MEPC 76/15/Add.2
Annex 8, page 8

APPENDIX

SAMPLE OF EEXI TECHNICAL FILE

1 Data

1.1 General information
Shipowner XXX Shipping Line
Shipbuilder XXX Shipbuilding Company
Hull no. 12345
IMO no. 94112XX
Ship type Bulk carrier

1.2 Principal particulars
Length overall 250.0 m
Length between perpendiculars 240.0 m
Breadth, moulded 40.0 m
Depth, moulded 20.0 m
Summer load line draught, moulded 14.0 m

Deadweight at summer load line draught

150,000 tons

1.3 Main engine
Manufacturer XXX Industries
Type 6J70A

Maximum continuous rating (MCRwe)

15,000 KW x 80 rpm

Limited maximum continuous rating with the
Engine Power Limitation installed
(MCRwE, jim)

9,940 kW x 70 rpm

SFC at 75% of MCRwe or 83% of MCRwE,jim 166.5 g/kWh
Number of sets 1
Fuel type Diesel Oil

1.4 Auxiliary engine

Manufacturer XXX Industries
Type 5J-200
Maximum continuous rating (MCRag) 600 kKW x 900 rpm
SFC at 50% MCRae 220.0 g/kWh
Number of sets 3
Fuel type Diesel Oil

1.5 Ship speed
Ship speed (Vir) (with the Engine Power 13.20 knots

Limitation installed)
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2 Power curve

(Example 1; case of the EEDI ship)
An approved speed-power curve contained in the EEDI Technical File is shown in figure 2.1.

(Example 2; case of the pre-EEDI ship)
An estimated speed-power curve obtained from the tank test and/or numerical calculations, if
available, is also shown in figure 2.1.

16,000
MCRye /

15,000 +
14,000 1
13,000 1 EEDI draught
12,000 1

11,000 -
MCRuE im

10,000 +
13.20 knot

9,000 1 \
83% of MCRye jim

8,000 1

7,000 1

6,000 1

5,000 T T r
10 11 12 13 14 15 16

Speed / knots

Figure 2.1: Power curve

(Example 3; case of the pre-EEDI ship with sea trial result calibrated to a different load draught)
An estimated speed-power curve under a ballast draught calibrated to the design load draught,
obtained from the tank test and/or numerical calculations, if available, is shown in figure 2.2.
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Figure 2.2: Power curve
3 Overview of propulsion system and electric power supply system
3.1 Propulsion system
3.1.1 Main engine
Refer to paragraph 1.3 of this appendix.
3.1.2  Propeller
Type Fixed pitch propeller
Diameter 7.0m
Number of blades 4
Number of sets 1
3.2 Electric power supply system
3.2.1  Auxiliary engines
Refer to paragraph 1.4 of this appendix.
3.2.2 Main generators
Manufacturer XXX Electric
Rated output 560 kW (700 kVA) x 900 rpm
Voltage AC 450 V
Number of sets 3
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AUXILIARY ENGINES

A

SWITCHBOARD
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Engine Power Limitation
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Figure 3.1: Schematic figure of propulsion and electric power supply system

4 Estimation process of speed-power curve

(Example; case of pre-EEDI ship)
Speed-power curve is estimated based on model test results and/or numerical calculations, if
available. The flow of the estimation processes is shown below.

< Ship design >

e ittt 1

i Tank tests ;

i Resistance test Self-propulsion test Propeller open i

i water test '
L L Estimation of
E_stlmatlon of Estimation .of propeller open

resistance of full self-propulsion water

scale ship factors characteristics

Calculation of
propulsion power
of full scale ship

|
Speed and
power curves

Figure 4: Flow chart of process for estimating speed-power curve from tank tests
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5 Description of energy saving equipment

5.1 Energy saving equipment the effects of which are expressed as Paceri) and/or Pe in
the EEXI calculation formula

N/A

5.2 Other energy saving equipment

(Example)

5.2.1 Rudder fins
5.2.2 Rudder bulb

(Specifications, schematic figures and/or photos, etc. for each piece of equipment or device
should be indicated. Alternatively, attachment of a commercial catalogue may be acceptable.)

6 Calculated value of attained EEXI

6.1 Basic data

Type of ship | Capacity DWT Speed Vet
(knots)
Bulk carrier 150,000 13.20
6.2 Main engine
MCRwme MCRME,lim Pwe Type of fuel Crme SFCwme
(kW) (kW) (kW) (g/kWh)
15,000 9,940 8,250 Diesel oil 3.206 166.5
6.3 Auxiliary engines
Pae Type of fuel Crae SFCae
(kW) (9/kWh)
625 Diesel oil 3.206 220.0
6.4 Ice class
N/A
6.5 Innovative electrical energy-efficient technology
N/A
6.6 Innovative mechanical energy-efficient technology
N/A
6.7 Cubic capacity correction factor
N/A

6.8 Calculated value of attained EEXI
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(Hyﬂ ﬂ)(Z?ﬂE Puew  Crmeq) SFCME(i)) + (Pag * Crag - SFCyg)
fi* fe fi - Capacity - f,, Vier " fm

n {(Hﬂwﬂf] ’ Z?LTI PPTI(i) - Z?:e{ffeff(i) ’ PAEeff(i)) " Crag 'SFCAE}
fi* fe* fi - Capacity * f,, - Vref * fm

G Fers@* Pessy * Come * SFCuie)
firfe fi- Capacity - fu  Vier * fmn
1 x (8250 X 3.206 X 166.5) + (625 X 3.206 X 220.0) + 0 — 0
B 1x1x1x150000 x 1 x 13.20 X 1
= 2.45 (g — CO,/ton - mile)

EEXI] =

attained EEXI: 2.45 g-CO2/ton mile

*k%
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