RULES

PUBLICATION 103 /P

GUIDELINES FOR ENERGY EFFICIENCY OF SHIPS

January
2025

Publications P (Additional Rule Requirements) issued by Polski Rejestr Statkow
complete or extend the Rules and are mandatory where applicable.

GDANSK




Publication 103/P - Guidelines for energy efficiency of ships - January 2025 was approved
by PRS Executive Board on 6 December 2024 and enters into force on 1 January 2025.

© Copyright by Polski Rejestr Statkéw S.A., 2025

PRS/OP, /2024



CONTENTS

Page

1 INTRODUCGTION ...coooiiiiiiiiiiiieinic ettt sttt s e s sa e eae e enes 5

2 Resolutions on EEDI and EEXI.........cccouiiiiiininiiieieiniiienestceetee sttt ettt ettt ettt st sttt et nene 6
3 Resolution MEPC. 346(78, 2022 GUIDELINES FOR THE DEVELOPMENT OF A SHIP

ENERGY EFFICIENCY MANAGEMENT PLAN (SEEMP) ....ccooiniiiiiniiiiincicccneeceeecseeecereeee 72

3.1 TACS.REC 175 SEEMP/CII Implementation GUIdelines ..........cccceceeveeriinererieninienenienienienceeeeeenee 127

4 Circular MEPC.1/Circ.855/Rev.2, 2014 GUIDELINES ON SURVEY AND CERTIFICATION
OF THE ENERGY EFFICIENCY DESIGN INDEX (EEDI), AS AMENDED (RESOLUTION MEPC.254(67),

AS AMENDED BY RESOLUTION MEPC.261(68) AND RESOLUTION MEPC.309(73)) ....ccccecveuvemvennene 152
5 Resolution MEPC.231(65), 2013 GUIDELINES FOR CALCULATION OF REFERENCE LINES
FOR USE WITH THE ENERGY EFFICIENCY DESIGN INDEX (EEDI) .....ccccccecuiniiiiniiiiiiiiiiicne 174

6  Circular MEPC.1/Circ.850/Rev.3, 2021 INTERIM GUIDELINES FOR DETERMINING MINIMUM
PROPULSION POWER TO MAINTAIN THE MANOEUVRABILITY OF SHIPS IN ADVERSE
CONDITIONS, AS AMENDED (RESOLUTION MEPC.232(65), AS AMENDED BY RESOLUTIONS
MEPC.255(67) AND MEPC.262(68)) «...vecoreeeeeeereeeeeeseeeeseeeeesesseessseeeseseseessesseseesssessessseeesessesessseseesseeen 186

7  Resolution MEPC.233(65), 2013 GUIDELINES FOR CALCULATION OF REFERENCE LINES
FOR USE WITH THE ENERGY EFFICIENCY DESIGN NDEX (EEDI)

FOR CRUISE PASSENGER SHIPS HAVING NON - CONVENTIONAL PROPULSION .........ccccceeenuee. 198
8 2024 INDUSTRY GUIDELINES FOR CALCULATION AND VERIFICATION OF THE ENERGY
EFFICIENCY DESIGN INDEX (EEDI) ....ccutiuiiiiiiiiientineiteeeteeetestese sttt st 201

9 Circular MEPC.1/Circ.896, 2021 GUIDANCE ON TREATMENT OF INNOVATIVE ENERGY
EFFICIENCY TECHNOLOGIES FOR CALCULATION AND VERIFICATION

OF THE ATTAINED EEDI .....ccooiiiiiiiiiiiiiiiiiieeees e 277
10 Circular MEPC.1/Circ.901, 2022 GUIDANCE ON METHODS, PROCEDURES
AND VERIFICATION OFIN-SERVICE PERFORMANCE MEASUREMENTS.... ..cccccccciiiinininenenenne. 308

11 PROCEDURE FOR CALCULATION AND VERIFICATION OF THE ENERGY EFFICIENCY
DESIGN INDEX (EEDI), TACS PR 38.....ooiiiiiieiieteieenteie sttt ettt sttt ettt st aenne e 324

12 THE TERM OF "HEAVY LOAD CARRIER" FOR THE APPLICATION
OF EEDI/EEXI AND ClL...cctiiitittititeteteieniestene ettt ettt sttt et et e et sae sttt et eennesaesae bt s eneneennenne 326






1 INTRODUCTION

In July 2012 IMO introduced, by Resolution MEPC.203(62), amendments to Annex VI to MARPOL,
thus implementing mandatory requirements for energy efficiency aimed to reduce the greenhouse gas
emissions by worldwide shipping in the forthcoming years. Chapter 4 on ship energy efficiency was
introduced thereto.

These regulations (with a further amendments) took effect on 1 January 2013 and apply to all ships
of gross tonnage 400 and above engaged on international voyages who are subject to statutory survey.

As a result, the following two instruments ensuring ship energy efficiency entered into force as
mandatory requirements: Energy Efficiency Design Index (EEDI) — for new ships and the ships who have
undergone substantial modification, and Ship Energy Efficiency Management Plan (SEEMP) — for all ships
who are subject to statutory survey.

Also a number of guidelines were developed to supplement MARPOL requirements on ship
energy efficiency whereas shipbuilding industry issued their independent guidelines in this
respect.

This Publication contains the above mentioned guidelines on ship energy efficiency and complements
PRS Rules.



MEPC 73/19/Add.1
Annex 5, page 1

ANNEX 5

RESOLUTION MEPC.308(73)
(adopted on 26 October 2018)

2018 GUIDELINES ON THE METHOD OF CALCULATION OF THE ATTAINED ENERGY
EFFICIENCY DESIGN INDEX (EEDI) FOR NEW SHIPS

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 (the Committee)
conferred upon it by international conventions for the prevention and control of marine
pollution from ships,

RECALLING ALSO that, at its sixty-second session, it adopted, by resolution MEPC.203(62),
Amendments to the annex of the Protocol of 1997 to amend the International Convention for
the Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978 relating
thereto (inclusion of regulations on energy efficiency for ships in MARPOL Annex VI),

NOTING that the aforementioned amendments to MARPOL Annex VI entered into force on 1
January 2013,

NOTING ALSO that regulation 22 (Attained Energy Efficiency Design Index (attained EEDI)) of
MARPOL Annex VI, as amended, requires that the EEDI shall be calculated taking into
account the guidelines developed by the Organization,

NOTING FURTHER the 2012 Guidelines on the method of calculation of the attained Energy
Efficiency Design Index (EEDI) for new ships, adopted at its sixty-third session by resolution
MEPC.212(63), superseded by the 2014 Guidelines on the method of calculation of the
attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.245(66)),
which were subsequently superseded by the 2018 Guidelines on the method of calculation of
the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73)),

NOTING that, at its seventy-fourth session, it adopted, by resolution MEPC.322(74),
Amendments to the 2018 Guidelines on the method of calculation of the attained Energy
Efficiency Design Index (EEDI) for new ships,

HAVING CONSIDERED, at its seventy-sixth session, proposed amendments to the 2018
Guidelines on the method of calculation of the attained Energy Efficiency Design Index
(EEDI) for new ships (resolution MEPC.308(73), as amended by resolution MEPC.322(74)),

1 ADOPTS amendments to the 2018 Guidelines on the method of calculation of the attained
Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73), as amended
by resolution MEPC.322(74)), as set out in the annex to the present resolution;

2 INVITES Administrations to take into account the aforementioned amendments when
developing and enacting national laws which give force to, and implement provisions set forth
in regulation 20 of MARPOL Annex VI, as amended;

3 REQUESTS the Parties to MARPOL Annex VI and other Member Governments to bring
the amendments to the attention of shipowners, ship operators, shipbuilders, ship designers
and any other interested parties;

I\MEPC\73\MEPC 73-19-Add-1.docx
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5 AGREES to keep these Guidelines, as amended, under review, in light of experience
gained with their implementation.

ANNEX

2018 GUIDELINES ON THE METHOD OF CALCULATION OF THE ATTAINED ENERGY

1
2

2.1
2.2
2.2.1
222
2.2.3
2.2.31

EFFICIENCY DESIGN INDEX (EEDI) FOR NEW SHIPS

CONTENTS
Definitions

Energy Efficiency Design Index (EEDI), including equation

EEDI Formula

Parameters

Cr ; Conversion factor between fuel consumption and CO; emission

Vier ; Ship speed

Capacity

Capacity for bulk carriers, tankers, gas carriers, LNG carriers, ro-ro cargo ships

(vehicle carriers), ro-ro cargo ships, ro-ro passenger ships, general cargo ships, refrigerated
cargo carrier and combination carriers

2.23.2
2233
224

225

2.2.51
2.25.2
2253
2254
2255
2256

2257
2.2.6
2.2.7
2271
2.2.7.2

Capacity for passenger ships and cruise passenger ships

Capacity for containerships

Deadweight

P ; Power of main and auxiliary engines

Pue; Power of main engines

Ppro ; Power of Shaft generator

Per ;. Power of Shaft motor

Perr;  Innovative mechanical energy efficient technology for main engine
Paeer ; INnnovative mechanical energy efficient technology for auxiliary engine
Pac; Power of auxiliary engines

Use of electric power table

Consistency of parameters Vref, Capacity and P

SFC ; Certified specific fuel consumption

SFC for main and auxiliary engines

SFC for steam turbines (SFCSteamTurbine)
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2.2.8
2.2.81
2.2.8.2
2.2.8.3
2284
2.2.8.5
229
2.2.10
2.2.11
22111
2211.2
22113
22114
2212
22121
22122
22123
22124
2.2.13
2214
2.2.15
2.2.16

2.2.17
2.2.18
2219

fi ; Ship specific design elements

Power correction factor for ice-class ships

Power correction factor for shuttle tankers with propulsion redundancy
Correction factor for ro-ro cargo and ro-ro passenger ships (firoro)
Correction factor for general cargo ships

Correction factor for other ship types

fw ; Factor for speed reduction at sea

ferr ; Factor of each innovative energy efficiency technology

fi ; Capacity factor for technical/regulatory limitation on capacity

fi ; Capacity correction factor for ice-class ships

fivse ; Ship specific voluntary structural enhancement

ficsr ; Ships under Common Structural Rules (CSR)

f; for other ship types

fe; Cubic capacity correction factor

fcfor chemical tankers

f.for gas carriers

fe for ro-ro passenger ships (fcropax)

fe for bulk carriers having R of less than 0.55 (fc buik carriers designed to carry light cargoes)
Lpp ; Length between perpendiculars

fi ; Factor for general cargo ships equipped with cranes and other cargo-related gear
ds ; Summer load line draught

Bs ; Breadth

\ ; Volumetric displacement
g ; Gravitational acceleration
fm ; Factor for ice-classed ships having IA Super
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"3

3.1

3.2

3.3

3.4

APPENDIX 1

APPENDIX 2
(EPT-EEDI)

APPENDIX 3

APPENDIX 4
APPENDIX 5

Mandatory Reporting of Attained EEDI Values and Related Information

In accordance with regulation 22.3 of MARPOL Annex VI, for each ship
subject to regulation 24, the Administration or any organization duly
authorized by it shall report the required and attained EEDI values and
relevant information taking into account these Guidelines via electronic
communication.

Information to be reported are as follows:

A applicable EEDI phase (e.g. Phase 1, Phase 2, etc.);

2 identification number (IMO Secretariat use only);

3 ship type;

4 common commercial size reference” (see Note (3) in appendix 5 to

5 these Guidelines), if available;

6 DWT or GT (as appropriate);

g year of delivery;

.8 required EEDI value;

9 attained EEDI value;
dimensional parameters (length Ly, (m), breadth Bs (m), and

10 )
draught (m));

11 Vrer (knots) and Pue (kW);

12 use of innovative technologies (4th and 5th terms in the EEDI

: equation, if applicable);

13 short statement’ describing the principal design elements or
changes employed to achieve the attained EEDI (as appropriate),
if available;

14 type of fuel used in the calculation of the attained EEDI, and for

dual-fuel engines, the fprgas ratio; and
ice class designation (if applicable).

The information in paragraph 3.2 is not required to be reported for ships
for which the required and attained EEDI values had been already
reported to the Organization.

A standardized reporting format for Mandatory Reporting of Attained EEDI
Values and Related Information is presented in appendix 5."

A generic and simplified power plant
Guidelines for the development of electric power tables for EEDI
A generic and simplified marine power plant for a cruise passenger ship
having non-conventional propulsion

EEDI calculation examples for use of dual fuel engines

Standard format to submit EEDI information to be included in the EEDI
database

Not subject to verification.

I\MEPC\73\MEPC 73-19-Add-1.docx
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1 Definitions

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

1.2 For the purpose of these Guidelines, the definitions in chapter 4 of MARPOL
Annex VI, as amended, apply.

2 Energy Efficiency Design Index (EEDI)
2.1 EEDI Formula

The attained new ship Energy Efficiency Design Index (EEDI) is a measure of ships' energy
efficiency (g/t- nm) and calculated by the following formula:

n nME n nPTI neff neff
LH fjJLZ Pwmey . Crmeq) - SFCME(i)J + (PAE .Crae - SFCre *)+ LLH fi Z Perigy — Z fet (i) - Paett (i)JCFAE . SFCAEJ - [z fett iy - Peft (iy - Crve - SFCwme * *J

j=1 i=1 j=1 i=1 i=1 i=1

fi fo- f| -Capacity « fu - Vet

* If part of the Normal Maximum Sea Load is provided by shaft generators, SFCye
and Cgve may — for that part of the power — be used instead of SFCae and Crae
*x In case of Per;>0, the average weighted value of (SFCwe ° Crme) and

(SFCae * Crae) to be used for calculation of Pes

Note: This formula may not be applicable to a ship having diesel-electric
propulsion, turbine propulsion or hybrid propulsion system, except for cruise
passenger ships and LNG carriers.

2.2 Parameters
For the calculation of EEDI by the formula in paragraph 2.1, following parameters apply.
2.2.1  Cr; Conversion factor between fuel consumption and CO. emission

Ce is a non-dimensional conversion factor between fuel consumption measured in g and CO-
emission also measured in g based on carbon content. The subscripts meg and aeg refer to the
main and auxiliary engine(s) respectively. Ce corresponds to the fuel used when determining
SFC listed in the applicable test report included in a Technical File as defined in
paragraph 1.3.15 of the NOx Technical Code ("test report included in a NOx technical file"
hereafter). The value of Cr is as follows:

Lower Carbon Cr
Type of fuel Reference calorific value content (t-CO2ft-
(kJ/kg) Fuel)
: . ISO 8217 Grades
1 Diesel/Gas OiIl DMX through DMB 42,700 0.8744 3.206
. . ISO 8217 Grades
Light Fuel QOil (LFO) RMA through RMD 41,200 0.8594 3.151
3 Heavy Fuel Ol ISO 8217 Grades
(HFO) RME through RMK 40,200 0.8493 3.114
4 Liquefied Petroleum |Propane 46,300 0.8182 3.000
Gas (LPG) Butane 45,700 0.8264 3.030

I\MEPC\73\MEPC 73-19-Add-1.docx
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5 Liquefied Natural

Gas (LNG) 48,000 0.7500 2.750
6 Methanol 19,900 0.3750 1.375
7 Ethanol 26,800 0.5217 1.913

In case of a ship equipped with a dual-fuel main or auxiliary engine, the
Ce-factor for gas fuel and the Cg-factor for fuel oil should apply and be multiplied with the
specific fuel oil consumption of each fuel at the relevant EEDI load point. Meanwhile, gas fuel
should be identified whether it is regarded as the "primary fuel" in accordance with the formula
below:

ntotal

fDFgas = ; Plotal(i) V.. x Pgas * chgas x K

gas gas

ngasfuel nLiquid
Z Poastueli) Z Viiquidtiy X Pliquidgiy * LC\/quuid(i) % Kiiguiacy |+ Vgas X Pgas X LCVgas x Kgas
i-1

i=1
foFiiquid = 1- foFgas
where,

forgas is the fuel availability ratio of gas fuel corrected for the power ratio of gas engines to total
engines, forgas Should not be greater than 1;

Vgas is the total net gas fuel capacity on board in m3. If other arrangements, like exchangeable
(specialized) LNG tank-containers and/or arrangements allowing frequent gas refuelling are
used, the capacity of the whole LNG fuelling system should be used for Vgas . The boil-off rate
(BOR) of gas cargo tanks can be calculated and included to Vs if it is connected to the fuel
gas supply system (FGSS);

Viiquia is the total net liquid fuel capacity on board in m3® of liquid fuel tanks permanently
connected to the ship's fuel system. If one fuel tank is disconnected by permanent sealing
valves, Viiquia Of the fuel tank can be ignored;

Pyas is the density of gas fuel in kg/m?;

Piiquia 18 the density of each liquid fuel in kg/m?;

LCVqas is the low calorific value of gas fuel in kJ/kg;

LCViquia is the low calorific value of liquid fuel in kd/kg;

Kgas is the filling rate for gas fuel tanks;

Kiiquia is the filling rate for liquid fuel tanks;

Piotal is the total installed engine power, Pue and Pae in kW;
Pgasiuel IS the dual fuel engine installed power, Pye and Pag in kW,

A If the total gas fuel capacity is at least 50% of the fuel capacity dedicated to
the dual fuel engines , namely forgas = 0.5, then gas fuel is regarded as the
"Primary fuel," and forgas = 1 and foriquia = O for each dual fuel engine.

I\MEPC\73\MEPC 73-19-Add-1.docx
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2 If forgas < 0.5, gas fuel is not regarded as the "primary fuel." The Cr and SFC
in the EEDI calculation for each dual fuel engine (both main and auxiliary
engines) should be calculated as the weighted average of Cr and SFC for
liquid and gas mode, according to fprgas and foriiquia, SUCh as the original item
of Pwmeg-Crveg -SFCwmeg in the EEDI calculation is to be replaced by the
formula below.

Pwme) (forgas(): (CrME pilot fuel() *SFCME pilot fuel() + CFME gas(i) *SFCME gas()))
+ foriiquid() CFME liquid() *SFCME liquid())

2.2.2 Ve ; Ship speed

Vet is the ship speed, measured in nautical miles per hour (knot), on deep water in the condition
corresponding to the capacity as defined in paragraphs 2.2.3.1 and 2.2.3.3 (in case of passenger
ships and cruise passenger ships, this condition should be summer load draught as provided in
paragraph 2.2.4) at the shaft power of the engine(s) as defined in paragraph 2.2.5 and assuming
the weather is calm with no wind and no waves.

2.2.3 Capacity
Capacity is defined as follows.

2.2.3.1 For bulk carriers, tankers, gas carriers, LNG carriers, ro-ro cargo ships (vehicle
carriers), ro-ro cargo ships, ro-ro passenger ships, general cargo ships, refrigerated
cargo carrier and combination carriers, deadweight should be used as capacity.

2.2.3.2 For passenger ships and cruise passenger ships, gross tonnage in accordance with
the International Convention of Tonnage Measurement of Ships 1969, annex I,
regulation 3, should be used as capacity.

2.2.3.3 For containerships, 70% of the deadweight (DWT) should be used as capacity. EEDI
values for containerships are calculated as follows:

N attained EEDI is calculated in accordance with the EEDI formula using 70%
deadweight for capacity.

2 estimated index value in the Guidelines for calculation of the reference line is
calculated using 70% deadweight as:

NME

190 D> Py +215- Py

Estimated Index Value =3.1144- i=1
70%DWT -V,

3 parameters a and c for containerships in table 2 of regulation 21 of MARPOL
Annex VI are determined by plotting the estimated index value against 100%
deadweight i.e. a = 174.22 and ¢=0.201 were determined.

4 required EEDI for a new containership is calculated using 100% deadweight
as:

Required EEDI = (1-X/100) - a - 100% deadweight —°

where X is the reduction factor (in percentage) in accordance with table 1 in
regulation 21 of MARPOL Annex VI relating to the applicable phase and size
of new containership.

I\MEPC\73\MEPC 73-19-Add-1.docx
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2.2.4 Deadweight

Deadweight means the difference in tonnes between the displacement of a ship in water of
relative density of 1,025 kg/m? at the summer load draught and the lightweight of the ship. The
summer load draught should be taken as the maximum summer draught as certified in the
stability booklet approved by the Administration or an organization recognized by it.

2.2.5 P ;Power of main and auxiliary engines

P is the power of the main and auxiliary engines, measured in kW. The subscripts meg and aeg)
refer to the main and auxiliary engine(s), respectively. The summation on i is for all engines
with the number of engines (nve) (see diagram in appendix 1).

2.25.1 Pweg ; Power of main engines

Pwmeg) is 75% of the rated installed power (MCR") for each main engine (i).

For LNG carriers having diesel electric propulsion system, Pugi should be calculated by the
following formula:

MPP, .0 ri

PME(I) — 0.83X Motor(i)
M6y

Where:

MPPwmotoriy is the rated output of motor specified in the certified document.

7 is to be taken as the product of electrical efficiency of generator, transformer, converter and
motor, taking into consideration the weighted average as necessary.

The electrical efficiency, n;), should be taken as 91.3% for the purpose of calculating attained
EEDI. Alternatively, if the value more than 91.3% is to be applied, the 7 should be obtained
by measurement and verified by method approved by the verifier.

For LNG carriers having steam turbine propulsion systems, Pwg) is 83% of the rated installed
power (MCRsteamturbine) fOor each steam turbiney;.

The influence of additional shaft power take off or shaft power take in is defined in the following
paragraphs.

2.2.5.2 Ppro ; Shaft generator

In case where shaft generator(s) are installed, Ppro() is 75% of the rated electrical output power
of each shaft generator. In case that shaft generator(s) are installed to steam turbine, Pprog is
83% of the rated electrical output power and the factor of 0.75 should be replaced to 0.83.

For calculation of the effect of shaft generators two options are available:

1 The value of MCR specified on the EIAPP certificate should be used for calculation. If the main engines are

not required to have an EIAPP certificate, the MCR on the nameplate should be used.

I\MEPC\73\MEPC 73-19-Add-1.docx
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Option 1:

The maximum allowable deduction for the calculation of X Pueg is to be no more than Pae as
defined in paragraph 2.2.5.6. For this case, £ Pueg) is calculated as:

nME

> Pueay =0.75x(SMCRyey = > Prrogy)  With 0.75x> ooy < P
i=1
or
Option 2:
Where an engine is installed with a higher rated power output than that which the propulsion
system is limited to by verified technical means, then the value of X Pwugg) is 75% of that limited

power for determining the reference speed, Vet and for EEDI calculation. The following figure
gives guidance for determination of X Pueg):

[ without shaft generator(s)
@ vith shaft generator(s)

Main Engine Power [kW]

Ve speed [kn] g

2.2.5.3 Peri ; Shaft motor

In case where shaft motor(s) are installed, Pprj) is 75% of the rated power consumption of
each shaft motor divided by the weighted average efficiency of the generator(s), as follows:

Z Poriy = 2(0.75. PSM'maX(i))

Maen

Where:

I\MEPC\73\MEPC 73-19-Add-1.docx
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Psm.mex(iy 1S the rated power consumption of each shaft motor

N is the weighted average efficiency of the generator(s)

In case that shaft motor(s) are installed to steam turbine, Per is 83% of the rated power
consumption and the factor of 0.75 should be replaced to 0.83.

The propulsion power at which Ve is measured, is:

Z, Puei + Z, Pori iy shaft

Where:
z Pory (i),Shaﬁ:Z(o-75' PSM,max(i) “Tleri (i))

Mem iy i the efficiency of each shaft motor installed

Where the total propulsion power as defined above is higher than 75% of the power the
propulsion system is limited to by verified technical means, then 75% of the limited power is to
be used as the total propulsion power for determining the reference speed, Vi and for EEDI
calculation.

In case of combined PTI/PTO, the normal operational mode at sea will determine which of
these to be used in the calculation.

Note: The shaft motor's chain efficiency may be taken into consideration to account for the
energy losses in the equipment from the switchboard to the shaft motor, if the chain
efficiency of the shaft motor is given in a verified document.

2.2.5.4 Peir(y ; INnnovative mechanical energy efficient technology for main engine

Pefi) is the output of the innovative mechanical energy efficient technology for propulsion
at 75% main engine power.

Mechanical recovered waste energy directly coupled to shafts need not be measured, since
the effect of the technology is directly reflected in the Ver.

In case of a ship equipped with a number of engines, the Cr and SFC should be the power
weighted average of all the main engines.

In case of a ship equipped with dual-fuel engine(s), the Cr and SFC should be calculated in
accordance with paragraphs 2.2.1 and 2.2.7.

2.2.5.5 Paeerr; Innovative mechanical energy efficient technology for auxiliary engine

Paeett () is the auxiliary power reduction due to innovative electrical energy efficient technology
measured at Pugg).

2.2.5.6 Pae; Auxiliary engine power

Pae is the required auxiliary engine power to supply normal maximum sea load including
necessary power for propulsion machinery/systems and accommodation, e.g. main engine
pumps, navigational systems and equipment and living on board, but excluding the power not
for propulsion machinery/systems, e.g. thrusters, cargo pumps, cargo gear, ballast pumps,
maintaining cargo, e.g. reefers and cargo hold fans, in the condition where the ship engaged
in voyage at the speed (Vi) under the condition as mentioned in paragraph 2.2.2.

I\MEPC\73\MEPC 73-19-Add-1.docx
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‘ Pory
2.2.5.6.1 For ships which total propulsion power (> MCR\, + %) is 10,000 kW or

above, Pace is defined as:

AE (sMcRe (i) >10,0000 )

nPTI

nME ZPPTI(i)
=10.025x( > |\/|(:RME(”+'=10T )|+ 250

i=1

. Pori
2.2.5.6.2 For ships which total propulsion power (Z,MCRME(i)—F%) is below

10,000 kW, Pae is defined as:

nPTI

nME Z;PPTl(i)
AE (scnne o a0t = 0.05X( ; I\/ICRME(i) + I_().75 )

2.2.5.6.3 For LNG carriers with a reliquiefaction system or compressor(s), designed to be
used in normal operation and essential to maintain the LNG cargo tank pressure
below the maximum allowable relief valve setting of a cargo tank in normal
operation, the following terms should be added to above Pae formula in accordance
with 2.2.5.6.3.1, 2.2.5.6.3.2 or 2.2.5.6.3.3 as below:

A

For ships having re-liquefaction system:

+CargoTankCapacity x BORx COP, e, % Rreiquery

r

Where:
CargoTankCapacity.nc is the LNG Cargo Tank Capacity in m3.

BOR is the design rate of boil-off gas of entire ship per day, which is
specified in the specification of the building contract.

COPureiiquety is the coefficient of design power performance for reliquefying
boil-off gas per unit volume, as follows:

cop. - 425(kg/m?)x511(ki/kg)
reliquefy 24 (h) x 3600 (SEC) x COP,

cooling

COP.q0liing is the coefficient of design performance of reliquefaction and 0.166
should be used. Another value calculated by the manufacturer and verified
by the Administration or an organization recognized by the Administration
may be used.

I\MEPC\73\MEPC 73-19-Add-1.docx
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A

Rreiquery IS the ratio of boil-off gas (BOG) to be re-liquefied to entire BOG,
calculated as follows:

BOGrequuefy
reliquefy — W

total

R

For LNG carriers with direct diesel driven propulsion system or diesel electric
propulsion system, having compressor(s) which are used for supplying
high-pressured gas derived from boil-off gas to the installed engines
(typically intended for 2-stroke dual fuel engines):

nME

+COP. X ZSFCME(i),gasmude><
i=1

comp

PME(i)
1000

Where:

COPcomp is the design power performance of compressor and 0.33
(kWh/kg) should be wused. Another value calculated by the
manufacturer and verified by the Administration or an organization
recognized by the Administration may be used.

For LNG carriers with direct diesel driven propulsion system or diesel electric
propulsion system, having compressor(s) which are used for supplying
low-pressured gas derived from boil-off gas to the installed engines (typically
intended for 4-stroke dual fuel engines):

nME
+0.02 x Z Pwmeiy 2

i=1

2.2.5.6.4 For LNG carriers having diesel electric propulsion system, MPPwmotory Should be
used instead MCRuwg) for Pae calculation.

2.2.5.6.5 For LNG carriers having steam turbine propulsion system and of which electric

power

is primarily supplied by turbine generator closely integrated into the steam

and feed water systems, Pag may be treated as O(zero) instead of taking into
account electric load in calculating SFCsteamturbine-

2.25.7 Useofe

lectric power table

For ship where the Pae value calculated by paragraphs 2.2.5.6.1 to 2.2.5.6.3 is significantly

different from the

total power used at normal seagoing, e.g. in cases of passenger ships (see

NOTE under the formula of EEDI), the Pae value should be estimated by the consumed electric

power (excluding
speed (Vier) as g

propulsion) in conditions when the ship is engaged in a voyage at reference
iven in the electric power table,® divided by the average efficiency of the

generator(s) weighted by power (see appendix 2).

2 With regard to the factor of 0.02, it is assumed that the additional energy needed to compress BOG for

supplying to a

4-stroke dual fuel engine is approximately equal to 2% of Pvwe, compared to the energy needed

to compress BOG for supplying to a steam turbine.

3 The electric power table should be examined and validated by the verifier. Where ambient conditions affect
any electrical load in the power table, such as that for heating ventilation and air conditioning systems, the
contractual ambient conditions leading to the maximum design electrical load of the installed system for the

ship in genera

| should apply.
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2.2.6  Consistency of parameters Ve, Capacity and P

Vyet, Capacity and P should be consistent with each other. As for LNG carries having diesel
electric or steam turbine propulsion systems, Vi is the relevant speed at 83% of MPPyotor OF
MCRsteamTubine respectively.

2.2.7 SFC; Certified specific fuel consumption

SFC is the certified specific fuel consumption, measured in g/kWh, of the engines or steam
turbines.

2.2.7.1 SFC for main and auxiliary engines

The subscripts meg and agg refer to the main and auxiliary engine(s), respectively. For engines
certified to the E2 or E3 test cycles of the NOx Technical Code 2008, the engine Specific Fuel
Consumption (SFCwveg) is that recorded in the test report included in a NOx technical file for the
engine(s) at 75% of MCR power of its torque rating. For engines certified to the D2 or C1 test
cycles of the NOx Technical Code 2008, the engine Specific Fuel Consumption (SFCag)) is
that recorded on the test report included in a NOx technical file at the engine(s) 50% of MCR
power or torque rating. If gas fuel is used as primary fuel in accordance with paragraph 4.2.3
of the Guidelines on survey and certification of the energy efficiency design index (EEDI), SFC
in gas mode should be used. In case that installed engine(s) have no approved NOx Technical
File tested in gas mode, the SFC of gas mode should be submitted by the manufacturer and
confirmed by the verifier.

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 (42,700kJ/kg), referring to
ISO 15550:2002 and ISO 3046-1:2002.

For ships where the Pag value calculated by paragraphs 2.2.5.6.1 to 2.2.5.6.3 is significantly
different from the total power used at normal seagoing, e.g. conventional passenger ships, the
Specific Fuel Consumption (SFCag) of the auxiliary generators is that recorded in the test report
included in a NOx technical file for the engine(s) at 75% of MCR power of its torque rating.

SFCae is the power-weighted average among SFCag() of the respective engines i.

For those engines which do not have a test report included in a NOx technical file because its
power is below 130 kW, the SFC specified by the manufacturer and endorsed by a competent
authority should be used.

At the design stage, in case of unavailability of test report in the NOx file, the SFC specified by
the manufacturer and endorsed by a competent authority should be used.

For LNG driven engines of which SFC is measured in kdJ/kWh should be corrected to the SFC
value of g/kWh using the standard lower calorific value of the LNG (48,000 kJ/kg), referring to
the 2006 IPCC Guidelines.

Reference lower calorific values of additional fuels are given in the table in paragraph 2.2.1 of
these Guidelines. The reference lower calorific value corresponding to the conversion factor
of the respective fuel should be used for calculation.
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2.2.7.2 SFC for steam turbines (SFCsteamTurbine)

The SFCsteamtursine Should be calculated by manufacturer and verified by the Administration or
an organization recognized by the Administration as follows:

FuelConsumption

SFCSteamTurbhe = nME
ZPME(i)
i=1

Where:

A Fuel consumption is fuel consumption of boiler per hour (g/h). For ships of
which electric power is primarily supplied by Turbine Generator closely
integrated into the steam and feed water systems, not only Pye but also
electric loads corresponding to paragraph 2.2.5.6 should be taken into
account.

2 The SFC should be corrected to the value of LNG using the standard lower
calorific value of the LNG (48,000 kJ/kg) at SNAME Condition (condition
standard; air temperature 24°C , inlet temperature of fan 38°C, sea water
temperature 24°C).

3 In this correction, the difference of the boiler efficiency based on lower

calorific value between test fuel and LNG should be taken into account.
2.2.8 fj; Ship specific design elements
fi is a correction factor to account for ship specific design elements:
2.2.8.1 Power correction factor for ice-classed ships

The power correction factor, fj, for ice-classed ships should be taken as the greater value of fj
and fjmin as tabulated in table 1 but not greater than fjmax = 1.0.

For further information on approximate correspondence between ice classes, see HELCOM
Recommendation 25/74.

Table 1: Correction factor for power f; for ice-classed ships

f].'mm depending on the ice class

Ship type ij
- IA Super A - -
17.444 - DWTO-5766
Tanker Z"ME MCR 0.2488 - DWTO00903 | (04541 - DWT0524 | 0.7783 - DWT®0145 | 0.8741 - DWT?O-0079
i=1 ME ()
17.207 - DWT0-5705
Bulk carrier ZnME MCR 0.2515 - DWTO09851 | 0.3918 - DWTO9556 | 0.8075 - DWT®0071 | 0.8573 - DWT-0087
i=1 ME (i)
General 1.974 - DWTO97987
cargo ship Z"MET 0.1381- DWTO435 | 0.1574- DWT®** | 0.3256-DWT®0922 | 0.4966 - DWT-0583
i=1 ME(i)
i 5.598 - DWW T0-696
I?(:j:égoe;itiid Z"MET 0.5254 - DWT0357 | 0.6325- DWTOY9278 | (.7670 - DWTO9015% | 0.8918 - DWT0:0079
i=1 ME ()

4 HELCOM Recommendation 25/7 may be found at http://www.helcom.fi
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Alternatively, if an ice-class ship is designed and constructed based on an open water ship
with same shape and size of hull with EEDI certification, the power correction factor, f;, for
ice-classed ships can be calculated by using propulsion power of the new ice-class ship
required by ice-class regulations, Pice ciass, and the existing open water ship, Pow, as follows:

POW

f}.:

P ice class

In this case, Vit should be measured at the shaft power of the engine(s) installed on the
existing open water ship as defined in paragraph 2.2.5.

2.2.8.2 Power correction factor for shuttle tankers with propulsion redundancy

The power correction factor f, for shuttle tankers with propulsion redundancy should
be fij= 0.77. This correction factors applies to shuttle tankers with propulsion redundancy
between 80,000 and 160,000 dwt. Shuttle tankers with propulsion redundancy are tankers
used for loading of crude oil from offshore installations equipped with dual-engine and
twin-propellers need to meet the requirements for dynamic positioning and redundancy
propulsion class notation.

2.2.8.3 Correction factor for ro-ro cargo and ro-ro passenger ships (fjroro)
For ro-ro cargo and ro-ro passenger ships firoro is calculated as follows:

1
B 7 3
po (Lo ] [B) [ Lo
" | B, d, ) \y”
where the Froude number, FnL , is defined as:
0.5144-V

Lpp'g

; If ijoRo > 1 then fJ = 1

ijoRo =

ng

and the exponents «, 3, y and 0 are defined as follows:

Exponent:
Ship type
a B /4
Ro-ro cargo ship 2.00 [ 0.50 | 0.75 | 1.00
Ro-ro passenger ship | 2.50 | 0.75 | 0.75 | 1.00
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2.2.8.4 Correction factor for general cargo ships

The factor fj for general cargo ships is calculated as follows:

0.174

fj:ﬂ s Iff]>1thenfj=1

an 'Cb
Where

0.5144-V
Fny = ——— ; If Fny > 0.6 then Fny = 0.6
g-Vv:

and
C, = v

L -B.-d

2.2.8.5 Correction factor for other ship types
For other ship types, f; should be taken as 1.0.
2.29 fw; Factor for speed reduction at sea

fw is a non-dimensional coefficient indicating the decrease of speed in representative sea
conditions of wave height, wave frequency and wind speed (e.g. Beaufort Scale 6), and is
determined as follows:

2.2.9.1 for the attained EEDI calculated under regulations 20 and 21 of MARPOL Annex VI,
fwis 1.00;

2.2.9.2 when f, is calculated according to the subparagraph 2.2.9.2.1 or 2.2.9.2.2 below, the
value for attained EEDI calculated by the formula in paragraph 2.1 using the obtained
fw should be referred to as "attained EED|yeather";

2.2.9.2.1 f, can be determined by conducting the ship specific simulation on its performance
at representative sea conditions. The simulation methodology should be based on
the Guidelines developed by the Organization* and the method and outcome for an
individual ship should be verified by the Administration or an organization recognized
by the Administration; and

2.2.9.2.2 In cases where a simulation is not conducted, f, should be taken from the "Standard
fy " table/curve. A "Standard f, " table/curve is provided in the Guidelines® for each
ship type defined in regulation 2 of MARPOL Annex VI, and expressed as a function
of capacity (e.g. deadweight). The "Standard f, " table/curve is based on data of
actual speed reduction of as many existing ships as possible under the
representative sea condition.

2.2.9.3 fyand attained EEDIyeatmer, if calculated, with the representative sea conditions under
which those values are determined, should be indicated in the EEDI Technical File to
distinguish it from the attained EEDI calculated under regulations 20 and 21 of
MARPOL Annex VI.

Refer to Interim Guidelines for the calculation of the coefficient fw for decrease in ship speed in a
representative sea condition for trial use, approved by the Organization and circulated by MEPC.1/Circ.796.
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2.2.10 fesq ; Factor of each innovative energy efficiency technology

feriy is the availability factor of each innovative energy efficiency technology. ferig for waste
energy recovery system should be one (1.0)e.

2.2.11 f;; Capacity factor for technical/regulatory limitation on capacity

fi is the capacity factor for any technical/regulatory limitation on capacity, and should be
assumed to be one (1.0) if no necessity of the factor is granted.

2.2.11.1 Capacity correction factor for ice-classed ships

The capacity correction factor, fi, for ice-classed ships having DWT as the measure of capacity
should be calculated as follows:

fi= fi(ice class)-ficb7

where fiice ciass) 1S the capacity correction factor for ice-strengthening of the ship, which can
be obtained from Table 2 and f., is the capacity correction factor for improved ice-going
capability, which should not be less than 1.0 and which should be calculated as follows:

_ Cp reference design
ﬁCb - Ch y

where Cp, reference design 1S the average block coefficient for the ship type, which can be

obtained from Table 3 for bulk carriers, tankers and general cargo ships, and C,, is the block
coefficient of the ship. For ship types other than bulk carriers, tankers and general cargo ships,

fL'Cb - 10

6 EEDI calculation should be based on the normal seagoing condition outside Emission Control Area

designated under regulation 13.6 of MARPOL ANNEX VI.
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Table 2: Capacity correction factor for ice-strengthening of the hull

Ice class’ f i(ice class)
IC ficcy = 1.0041 + 58.5/DWT

B fiisy = 1.0067 + 62.7/DWT

1A figa) = 1.0099 + 95.1/DWT

IA Super | figas) = 1.0151 + 228.7/DWT

Table 3: Average block coefficients Cp reference design fOr bulk carriers, tankers and
general cargo ships

Size categories
. below 10,000 — 25,000 — 55,000 — above
Ship type 10,000 DWT | 25,000 DWT | 55,000 DWT | 75,000 DWT | 75,000 DWT
Bulk carrier 0.78 0.80 0.82 0.86 0.86
Tanker 0.78 0.78 0.80 0.83 0.83
General cargo 0.80
ship '

Alternatively, the capacity correction factor for ice-strengthening of the ship (fice ciass)) Can be
calculated by using the formula given for the ship specific voluntary enhancement correction

coefficient (f; ysz) in paragraph 2.2.11.2. This formula can also be used for other ice classes
than those given in Table 2.
2.2.11.2 fivse® ; Ship specific voluntary structural enhancement

fivse for ship specific voluntary structural enhancement is expressed by the following formula:

f _ DW Ireferencedesign
VSET DWT,
enhanceddesign
where:
D\NTreferencedesign :Aship - "ght\Nelgh treferencedesign
DW Ienhanceddesign =Aship _Ilghtvvelghtenhanceddesign

For this calculation the same displacement (A) for reference and enhanced design should be
taken.

DWT before enhancements (DWT eference design) iS the deadweight prior to application of the
structural enhancements. DWT after enhancements (DWTenhanced design) iS the deadweight
following the application of voluntary structural enhancement. A change of material (e.g. from

7 For further information on approximate correspondence between ice classes, see HELCOM
Recommendation 25/7, which can be found at http://www.helcom.fi
8 Structural and/or additional class notations such as, but not limited to, "strengthened for discharge with

grabs" and "strengthened bottom for loading/unloading aground", which result in a loss of deadweight of the
ship, are also seen as examples of "voluntary structural enhancements”.
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aluminum alloy to steel) between reference design and enhanced design should not be allowed
for the fivse calculation. A change in grade of the same material (e.g. in steel type, grades,
properties and condition) should also not be allowed.

In each case, two sets of structural plans of the ship should be submitted to the verifier for
assessment. One set for the ship without voluntary structural enhancement; the other set for
the same ship with voluntary structural enhancement (alternatively, one set of structural plans
of the reference design with annotations of voluntary structural enhancement should also be
acceptable). Both sets of structural plans should comply with the applicable regulations for the
ship type and intended trade.

2.2.11.3 ficsr; Ships under the Common Structural Rules (CSR)

For bulk carriers and oil tankers, built in accordance with the Common Structural Rules (CSR)
of the classification societies and assigned the class notation CSR, the following capacity
correction factor ficsr should apply:

ficsk=1+(0.08 - LWTcsr/ DWTcsr)

Where DWTcsr is the deadweight determined by paragraph 2.2.4 and LWTcsr is the
light weight of the ship.

2.2.11.4 f; for other ship types
For other ship types, fi should be taken as one (1.0).
2.2.12 f¢; Cubic capacity correction factor

f is the cubic capacity correction factor and should be assumed to be one (1.0) if no necessity
of the factor is granted.

2.2.12.1 f. for chemical tankers

For chemical tankers, as defined in regulation 1.16.1 of MARPOL Annex I, the following cubic
capacity correction factor f; should apply:

f:= R%7—0.014, where R is less than 0.98
or
f- = 1.000, where R is 0.98 and above;

where: R is the capacity ratio of the deadweight of the ship (tonnes) as determined by
paragraph 2.2.4 divided by the total cubic capacity of the cargo tanks of the ship (m3).

2.2.12.2 f. for gas carriers

for gas carriers having direct diesel driven propulsion system constructed or adapted and used
for the carriage in bulk of liquefied natural gas, the following cubic capacity correction factor
feune should apply:

chNG =R -0.56

where: R is the capacity ratio of the deadweight of the ship (tonnes) as determined by
paragraph 2.2.4 divided by the total cubic capacity of the cargo tanks of the ship (m3).
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Note: This factor is applicable to LNG carriers defined as gas carriers in regulation 2.26 of
MARPOL Annex VI and should not be applied to LNG carriers defined in
regulation 2.38 of MARPOL Annex VI.

2.2.12.3 f; for ro-ro passenger ships (f:ropax)

For ro-ro passenger ships having a DWT/GT-ratio of less than 0.25, the following cubic
capacity correction factor, f:rorax, Should apply:

(DWT/GT))_O'B

fcRoPax - ( 0.25

Where DWT is the Capacity and GT is the gross tonnage in accordance with the International
Convention of Tonnage Measurement of Ships 1969, annex I, regulation 3.

2.2.12.4 fc for bulk carriers haVing R Of |eSS than 0.55 (fc bulk carriers designed to carry light cargoes)

For bulk carriers having R of less than 0.55 (e.g. wood chip carriers), the following cubic
Capacity correction factor, f; puik carriers designed to carry light cargoes, should apply

fc bulk carriers designed to carry light cargoes = R 015

where R is the capacity ratio of the deadweight of the ship (tonnes) as determined by
paragraph 2.2.4 divided by the total cubic capacity of the cargo holds of the ship (m3).

2.2.13 Lyp; Length between perpendiculars

Length between perpendiculars, Ly, means 96% of the total length on a waterline at 85% of
the least moulded depth measured from the top of the keel, or the length from the foreside of
the stem to the axis of the rudder stock on that waterline, if that were greater. In ships designed
with a rake of keel the waterline on which this length is measured should be parallel to the
designed waterline. Lpp should be measured in metres.

2.2.14 f,; Factor for general cargo ships equipped with cranes and cargo-related gear

fi is the factor for general cargo ships equipped with cranes and other cargo-related gear to
compensate in a loss of deadweight of the ship.

fl = fcranes ' fsideloader ' froro

feranes =1 If no cranes are present.
fsidetoader = 1 If no side loaders are present.
froro =1 If no ro-ro ramp is present.

Definition of fcranes :

n

>7(0.0519- SWL, - Reach, +32.11)

foane =1+
cranes CapaCIIy
where:
SWL = Safe Working Load, as specified by crane manufacturer in

metric tonnes
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Reach = Reach at which the Safe Working Load can be applied in
metres
N = Number of cranes

For other cargo gear such as side loaders and ro-ro ramps, the factor should be
defined as follows:

CapaCity No sideloades
CapaCity sideloades

sideloader —

CapaCity No RoRo
Capacity gy,

RoRo

The weight of the side loaders and ro-ro ramps should be based on a direct
calculation, in analogy to the calculations as made for factor fiyse.

2.2.15 ds; Summer load line draught

Summer load line draught, ds is the vertical distance, in metres, from the moulded baseline at
mid-length to the waterline corresponding to the summer freeboard draught to be assigned to
the ship.

2.2.16 Bs; Breadth

Breadth, Bs, is the greatest moulded breadth of the ship, in metres, at or below the load line
draught, ds.

2.2.17 ; Volumetric displacement

Volumetric displacement, V, in cubic metres (m?3), is the volume of the moulded displacement
of the ship, excluding appendages, in a ship with a metal shell, and is the volume of
displacement to the outer surface of the hull in a ship with a shell of any other material, both
taken at the summer load line draught, ds, as stated in the approved stability booklet/loading
manual.

2.2.18 g ; Gravitational acceleration

g is the gravitational acceleration, 9.81m/s?.
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APPENDIX 1

A GENERIC AND SIMPLIFIED MARINE POWER PLANT

AUXILIARY
ENGINES BOILER

A\ 4

CARGO HEAT

A 4

THRUSTERS

y

A 4

CARGO PUMPS

SWITCH BOARD [«

A

\ 4

CARGO GEAR

\ 4

BALLAST PUMPS

REEFERS

1
\4 Pae
SHAFT WASTE HEAT
SHAFT MOTOR Peri GENERATOR Prro RECO;/ERY etc.
AEeff

A

T

MAIN ENGINE
PUMPS (2.5% Pwe)

A 4

MAIN ENGINE Pwe

Ps

SHAFT POWER ’ \4

o| ACCOMMODATION
d (250 kW)

Note 1: Mechanical recovered waste energy directly coupled to shafts need not be measured,
since the effect of the technology is directly reflected in the Vier .

Note 2: In case of combined PTI/PTO, the normal operational mode at sea will determine
which of these to be used in the calculation.
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APPENDIX 2

GUIDELINES FOR THE DEVELOPMENT OF ELECTRIC POWER TABLES
FOR EEDI (EPT-EEDI)

1 Introduction

This appendix contains a guideline for the document "Electric power table for EEDI" which is
similar to the actual shipyards' load balance document, utilizing well defined criteria, providing
standard format, clear loads definition and grouping, standard load factors, etc. A number of
new definitions (in particular the "groups") are introduced, giving an apparent greater
complexity to the calculation process. However, this intermediate step to the final calculation
of Pae stimulates all the parties to a deep investigation through the global figure of the auxiliary
load, allowing comparisons between different ships and technologies and eventually identifying
potential efficiencies improvements.

2 Auxiliary load power definition

Pae is to be calculated as indicated in paragraph 2.2.5.6 of the Guidelines, together with the
following additional three conditions:

A non-emergency situations (e.g. "no fire", "no flood", "no blackout", "no partial
blackout");
2 evaluation time frame of 24 hours (to account loads with intermittent use);
and
3 ship fully loaded with passengers and/or cargo and crew.
3 Definition of the data to be included in the electric power table for EEDI

The electric power table for EEDI calculation should contain the following data elements, as
appropriate:

Load's group;

Load's description;

Load's identification tag;

Load's electric circuit Identification;

Load's mechanical rated power "Pm" (kW);
Load's electric motor rated output power (kW);
Load's electric motor efficiency "e" (/);

Load's Rated electric power "Pr" (kW);
Service factor of load "kI" (/);

10 Service factor of duty "kd" (/);

CoNOORWND

A1 Service factor of time "kt" (/);

A2 Service total factor of use "ku" (/), where ku=kl-kd-kt;

A3 Load's necessary power "Pload" (kW), where Pload=Pr-ku;
14 Notes;

.15 Group's necessary power (kW); and

.16 Aucxiliaries load's power Pag (KW).

I\MEPC\73\MEPC 73-19-Add-1.docx



MEPC 73/19/Add.1
Annex 5, page 24

4 Data to be included in the electric power table for EEDI
Load groups
4.1 The loads are divided into defined groups, allowing a proper breakdown of the

auxiliaries. This eases the verification process and makes it possible to identify those areas
where load reductions might be possible. The groups are listed below:

A A — Hull, deck, navigation and safety services;

2 B — Propulsion service auxiliaries;

3 C — Auxiliary engine and main engine services;
4 D — Ship's general services;

5 E — Ventilation for engine-rooms and auxiliaries room;
.6 F — Air conditioning services;

7 G — Galleys, refrigeration and laundries services;
.8 H — Accommodation services;

9 | — Lighting and socket services;

10 L — Entertainment services;

1 N — Cargo loads; and

12 M — Miscellaneous.

All the ship's loads should be delineated in the document, excluding only Pagett, the shaft
motors and shaft motors chain (while the propulsion services auxiliaries are partially included
below in paragraph 4.1.2 B). Some loads (i.e. thrusters, cargo pumps, cargo gear, ballast
pumps, maintaining cargo, reefers and cargo hold fans) still are included in the group for sake
of transparency, however their service factor is zero in order to comply with paragraph 2.2.5.6
of the Guidelines (see rows 4 and 5 of the electric power table contained in this appendix),
therefore making it easier to verify that all the loads have been considered in the document
and there are no loads left out of the measurement.

4.1.1 A -Hull, deck, navigation and safety services

A loads included in the hull services typically are: ICCP systems, mooring
equipment, various doors, ballasting systems, bilge systems, stabilizing
equipment, etc. Ballasting systems are indicated with service factor equal to
zero to comply with paragraph 2.5.6 of the Guidelines (see row 5 of the
electric power table contained in this appendix);

2 loads included in the deck services typically are: deck and balcony washing
systems, rescue systems, cranes, etc.;

3 loads included in the navigation services typically are: navigation systems,
navigation's external and internal communication systems, steering systems,
etc.; and

4 loads included in the safety services typically are: active and passive fire

systems, emergency shutdown systems, public address systems, etc.
4.1.2 B - Propulsion service auxiliaries
This group typically includes: propulsion secondary cooling systems such as LT cooling pumps

dedicated to shaft motors, LT cooling pumps dedicated to propulsion converters, propulsion
UPSs, etc. Propulsion service loads do not include shaft motors (PTI(i)) and the auxiliaries
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which are part of them (shaft motor own cooling fans and pump, etc.) and the shaft motor chain
losses and auxiliaries which are part of them (i.e. shaft motor converters including relevant
auxiliaries such as converter own cooling fans and pumps, shaft motor transformers including
relevant auxiliaries losses such as propulsion transformer own cooling fans and pumps, shaft
motor harmonic filter including relevant auxiliaries losses, shaft motor excitation system
including the relevant auxiliaries consumed power, etc.). Propulsion service auxiliaries include
manoeuvring propulsion equipment such as manoeuvring thrusters and their auxiliaries whose
service factor is to be set to zero.

4.1.3 C - Auxiliary engine and main engine services

This group includes: cooling systems, i.e. pumps and fans for cooling circuits dedicated to
alternators or propulsion shaft engines (seawater, technical water dedicated pumps, etc.),
lubricating and fuel systems feeding, transfer, treatment and storage, ventilation system for
combustion air supply, etc.

414 D - Ship's general services

This group includes loads which provide general services which can be shared between shaft
motor, auxiliary engines and main engine and accommodation support systems. Loads
typically included in this group are: cooling systems, i.e. pumping seawater, technical water
main circuits, compressed air systems, fresh water generators, automation systems, etc.

415 E - Ventilation for engine-rooms and auxiliaries room

This group includes all fans providing ventilation for engine-rooms and auxiliary rooms that
typically are: engine-rooms cooling supply-exhaust fans, auxiliary rooms supply and exhaust
fans. All the fans serving accommodation areas or supplying combustion air are not included
in this group. This group does not include cargo hold fans and garage supply and exhaust fans.

4.1.6 F — Air conditioning services

All loads that make up the air conditioning service that typically are: air conditioning chillers,
air conditioning cooling and heating fluids transfer and treatment, air conditioning's air handling
units ventilation, air conditioning re-heating systems with associated pumping, etc. The air
conditioning chillers service factor of load, service factor of time and service factor of duty are
to be set as 1 (kl=1, kt=1 and kd=1) in order to avoid the detailed validation of the heat load
dissipation document (i.e. the chiller's electric motor rated power is to be used). However, kd
is to represent the use of spare chillers (e.g. four chillers are installed and one out four is spare
then kd=0 for the spare chiller and kd=1 for the remaining three chillers), but only when the
number of spare chillers is clearly demonstrated via the heat load dissipation document.

4.1.7 G - Galleys, refrigeration and laundries services

All loads related to the galleys, pantries refrigeration and laundry services that typically are:
galleys various machines, cooking appliances, galleys' cleaning machines, galleys auxiliaries,
refrigerated room systems including refrigeration compressors with auxiliaries, air coolers, etc.

418 H — Accommodation services

All loads related to the accommodation services of passengers and crew that typically are:
crew and passengers' transportation systems, i.e. lifts, escalators, etc. environmental services,
i.e. black and grey water collecting, transfer, treatment, storage, discharge, waste systems
including collecting, transfer, treatment, storage, etc. accommodation fluids transfers, i.e.
sanitary hot and cold water pumping, etc., treatment units, pools systems, saunas, gym
equipment, etc.
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419 |- Lighting and socket services

All loads related to the lighting, entertainment and socket services. As the quantity of lighting
circuits and sockets within the ship may be significantly high, it is not practically feasible to list
all the lighting circuits and points in the EPT for EEDI. Therefore circuits should be grouped
into subgroups aimed to identify possible improvements of efficient use of power. The
subgroups are:

A Lighting for 1) cabins, 2) corridors, 3) technical rooms/stairs, 4) public
spaces/stairs, 5) engine-rooms and auxiliaries' room, 6) external areas,
7) garages and 8) cargo spaces. All should be divided by main vertical zones;
and
2 Power sockets for 1) cabins, 2) corridors, 3) technical rooms/stairs, 4) public
spaces/stairs, 5) engine-rooms and auxiliaries' room, 6) garages
and 7) cargo spaces. All should be divided by main vertical zones.
The calculation criteria for complex groups (e.g. cabin lighting and power sockets) subgroups
are to be included via an explanatory note, indicating the load composition (e.g. lights of typical
cabins, TV, hair dryer, fridge, etc., typical cabins).
4.1.10 L — Entertainment services

This group includes all loads related to entertainment services, typically: public spaces audio
and video equipment, theatre stage equipment, IT systems for offices, video games, etc.

4.1.11 N - Cargo loads

This group will contain all cargo loads such as cargo pumps, cargo gear, maintaining cargo,
cargo reefers loads, cargo hold fans and garage fans for sake of transparency. However, the
service factor of this group is to be set to zero.

4112 M - Miscellaneous

This group will contain all loads which have not been associated to the above-mentioned
groups but still are contributing to the overall load calculation of the normal maximum sea load.

Loads description

4.2 This identifies the loads (for example "seawater pump").

Loads identification tag

4.3 This tag identifies the loads according to the shipyard's standards tagging system.
For example, the "PTI1 fresh water pump" identification tag is "SYYIA/C" for an example ship
and shipyard. This data provides a unique identifier for each load.

Loads electric circuit Identification

4.4 This is the tag of the electric circuit supplying the load. Such information allows the
data validation process.
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Loads mechanical rated power "Pm"

4.5 This data is to be indicated in the document only when th electric load is made by an
electric motor driving a mechanical load (for example a fan, a pump, etc.). This is the rated
power of the mechanical device driven by an electric motor.

Loads electric motor rated output power (kW)

4.6 The output power of the electric motor as per maker's name plate or technical
specification. This data does not take part of the calculation but is useful to highlight potential
over rating of the combination motor-mechanical load.

Loads electric motor efficiency "e" (/)

4.7 This data is to be entered in the document only when the electric load is made by an
electric motor driving a mechanical load.

Loads rated electric power "Pr" (kW)

4.8 Typically the maximum electric power absorbed at the load electric terminals at which
the load has been designed for its service, as indicated on the maker's name plate and/or
maker's technical specification. When the electric load is made by an electric motor driving a
mechanical load the load's rated electric power is: Pr=Pm/e (kW).

Service factor of load "kI" (/)

4.9 Provides the reduction from the loads rated electric power to loads necessary electric
power that is to be made when the load absorb less power than its rated power. For example,
in case of electric motor driving a mechanical load, a fan could be designed with some power
margin, leading to the fact that the fan rated mechanical power exceeds the power requested
by the duct system it serves. Another example is when a pump rated power exceed the power
needed for pumping in its delivery fluid circuit. Another example in case of electric
self-regulating semi-conductors electric heating system is oversized and the rated power
exceeds the power absorbed, according a factor ki.

Service factor of duty "kd" (/)

410 Factor of duty is to be used when a function is provided by more than one load. As all
loads are to be included in the EPT for EEDI, this factor provides a correct summation of the
loads. For example when two pumps serve the same circuit and they run in duty/stand-by their
Kd factor will be 2 and 7. When three compressors serves the same circuit and one runs in
duty and two in stand-by, then kd is 1/3, 1/3 and 1/3.

Service factor of time "kt" (/)

4.11 A factor of time based on the shipyard's evaluation about the load duty along 24 hours
of ship's navigation as defined at paragraph 3. For example the Entertainment loads operate
at their power for a limited period of time, 4 hours out 24 hours; as a consequence kt=4/24.
For example, the seawater cooling pumps operate at their power all the time during the
navigation at Vref. As a consequence kt=1.
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Service total factor of use "ku" (/)

412 The total factor of use that takes into consideration all the service factors: ku=Kkl-kd-kt.
Loads necessary power "Pload" (kW)

4.13 The individual user contribution to the auxiliary load power is Pload=Pr-ku.

Notes

4.14 A note, as free text, could be included in the document to provide explanations to the
verifier.

Groups necessary power (kW)

4.15 The summation of the "Loads necessary power" from group A to N. This is an
intermediate step which is not strictly necessary for the calculation of PAE. However, it is useful
to allow a quantitative analysis of the PAE, providing a standard breakdown for analysis and
potential improvements of energy saving.

Auxiliaries load's power PAE (kW)

4.16 Auxiliaries load's power PAE is the summation of the "Load's necessary power" of all
the loads divided by the average efficiency of the generator(s) weighted by power.

PAE=ZPload(i)/( average efficiency of the generator(s) weighted by power)
Layout and organization of the data indicated in the electric power table for EEDI

5 The document "Electric power table for EEDI" is to include general information
(i.e. ship's name, project name, document references, etc.) and a table with:

A one row containing column titles;
2 one Column for table row ID;
3 one Column for the groups identification ("A", "B", etc.) as indicated in

paragraphs 4.1.1 to 4.1.12 of this appendix;

4 one Column for the group descriptions as indicated in paragraphs 4.1.1
to 4.1.12 of this appendix;

5 one column each for items in paragraphs 4.2 to 4.14 of this appendix
(e.g. "load tag", etc.);

.6 one row dedicated to each individual load;

7 the summation results (i.e. summation of powers) including data from
paragraphs 4.15 to 4.16 of this appendix; and

.8 explanatory notes.
An example of an electric power table for EEDI for a cruise postal ship which transports

passengers and has a car garage and reefer holds for fish trade transportation is indicated
below. The data indicated and the type of ship is for reference only.
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ELECTRIC POWER TABLE FOR EEDI HULL "EXAMPLE" PROJECT "EXAMPLE" (NMSL=Normal Maximun Sea Load)
Load Load service Load
Load electric | electric |Load Rated | service | service | service | total | necessary
Load Load electric| mechanical | motor rated| motor electric  |factor of |factor of| factor |factor of| power
Load identification circuit  |rated power| output |efficiency | power “Pr” | load duty |oftime | use “Pload”
id | group [Load description tag Identification| “Pm* [kW] |power [kW][ “e”[] [kW] o O 1 ) Nl Tl U kW] Note
1] A [Hull cathodic protection Fwd KHX Vyy n.a. n.a. n.a. 5.2 1 1 1* 1 5.2 “in use 24hours/day
2 A |Hullcathodic protection mid XXX Yy n.a. n.a. n.a. 7.0 1 1 1* 1 7 *in use 24hours/day
3| A |Hullcathodic protection aft XKK yyy n.a. n.a. n.a. 4.8 1 1 1* 1 4.3 *in use 24hours/day
4] A [Ballastpump3 XK vy 30 36 0.92 32.6 0.9 0.5 1 0* 0 *not in use at NMSL see para 2.5.6 of Circ.681
5| A |FwdSth mooring winch motor n.1 XK yyy 90 150 0.92 97.8 0.8 1 0* 0* 0 *not in use at NMSL see para 2.5.6 of Circ.681
6| A |WITDs system main control panel XXX Yy n.a. n.a. n.a. 0.5 1 1 1* 1 0.5 *in use 24hours/day
7| A |WTD1, deckD frame 150 XKK Yy 1.2 3 0.91 13 0.7 1 0.104* | 0.0728 0.096  |*180 secs to open/close x 100 opening a day
8| A |WTDS, deckD frame 210 XN yvy 1.2 3 0.91 13 0.7 1 0.156* | 0.1092 0.14 *180 secs to open/close x 150 opening a day
9| A |stahilisers control unit XK yyy n.a. n.a. n.a. 0.7 1 1 1* 1 0.7 *in use 24hours/day
10 A |Stabilisers Hydraulic pack power pump 1 XXX Yy 80 30 0.3 23.9 0.9 1 0* 0 0 *NMSL=> calm sea,=> stabiliser not in use
11| A |$-band Radar 1 controller XXX Yy n.a. n.a. n.a. 0.4 1 1 1* 1 0.4 *in use 24hours/day
12| A |S-band Radar 1 motor XN YWy 0.8 1 0.92 0.9 1 1 1* 1 0.9 *in use 24hours/day
13| A |Fire detection system bridge main unit XK yvy n.a. n.a. n.a. 15 1 1 1* 1 15 *in use 24hours/day
14| A |Fire detection system ECR unit XXX Yy n.a. n.a. n.a. 0.9 1 1 1* 1 0.9 *in use 4hours/day
15| A |High pressure water fog contal unit XXX Yy n.a. n.a. n.a. 1.2 1 1 1* 1 12 *in use 2hours/day
16) A [High pressure water fog engines rooms pump 1a XN YWy 25 30 0.93 26.9 0.9 0.5 0* 0 o *NMSL=> nat emergency =>Load not in use
17| A |High pressure water fog engines rooms pump 1b XK vy 25 30 0.93 26.9 0.9 0.5 0* 0 ] * not emergency situations
18| B |PTiport fresh water pump 1 KHX Vyy 30 36 0.92 32.6 0.9 0.5 1 0.45 14,7 *pumpl,2 one is duty and one is stand-by
19| B |PTiport fresh water pump 2 XXX Yy 30 36 0.92 32.6 0.9 0.5* 1 0.43 14.7 * pump1,2 one is duty and one is stand-by
20 B |Thrusters control system XKK yyy n.a. n.a. n.a. 0.5 1 1 1* 1 0.5 in use 24hours/day (even if thruster motor isn't)
21] B [Bowthrusterl XK vy 3000 3000 0.96 3125.0 1 1 0* 0 0 *NMSL=>thrusters motor are not in use
22| B |PEMportcoclingfanl XK yyy 20 25 0.93 215 0.9 1 n.a. n.a n.a.* *this load is included in the propulsion chain data
23| € |HTcirculationpump1DG3 XXX Yy 8 10 0.92 8.7 0.9 0.5* 1 0.43 3.9 * pump1,2 one is duty and one is stand-by
24| € |HTcrculationpump2DG3 XKK Yy 3 10 0.82 8.7 0.9 0.5* 1 0.45 3.9 * pump1,2 one is duty and one is stand-by
25| € |DG3combustion air fan XN yvy 28 35 0.92 30.4 0.9 1 1* 0.9 274 *in use 24hours/day
26| € |DG3exhaust gas hoiler circulationg pump XK yyy 3 8 0.93 6.5 0.8 1 1* 0.3 5.2 *in use 24hours/day
27| € |Alternator 3 external cooling fan XXX Yy 3 5 0.93 3.2 0.8 1 1* 0.3 2.75 *in use 24hours/day
28| € |fuelfeed fwd booster pump a XXX Yy 7 9 0.82 7.6 0.9 0.5* 1 0.43 3.4 * pump1,2 one is duty and one is stand-by
29| € |fuelfeed fwd booster pump b XN YWy 7 9 0.92 76 0.9 0.5* 1 0.45 34 * pump1,2 one is duty and one is stand-by
30 D |Fwdmain LT cooling pump 1 XK yvy 120 150 0.95 126.3 0.9 0.5% 1 0.45 56.8 *pump1,2 ane is duty and one is stand-by
31| D |Fwdmain LT cooling pump 2 XXX Yy 120 150 0.93 126.3 0.9 0.5* 1 0.43 56.8 * pumpl,2 one is duty and one is stand-by
32| E |FWDenginercomsupply fanl XXX Yy 87.8 110 0.93 94.4 0.93 1 1* 0.95 83.7 *in use 2hours/day
33| E |FWDengine room exhaust fan1 XN YWy 75 86 0.93 80.6 0.96 1 1* 0.96 774 *in use 24hours/day
34| E  |purifier room supply fan 1 XK vy 60 70 0.93 64.5 0.96 0.5 1* 0.43 31.0 *in use 24hours/day
35| E |purifier room supply fan 2 XXX Yy 60 70 0.93 64.5 0.96 0.5 1* 0.48 31.0 *in use 4hours/day
36| F  |HVACchillera XXX Yy 1450 1600 0.93 1526.3 1 2/3* 1 0.66 1007.4  [*1Chiller is spare; see heat load dissipation doc.
37| F  |HvACchillerb XKK yyy 1450 1600 0.95 1526.3 1 2/3* 1 0.66 1007.4  [*1Chiller is spare; see heat load dissipation doc.
38| F  |HvACchillerC XK vy 1450 1600 0.95 1526.3 1 2/3* 1 0.66 1007.4  [*1 Chiller is spare; see heat load dissipation doc.
39 F |AH.U. Acstation 5.4 supply fan XK yyy 50 60 0.93 51.8 0.9 1 1* 0.9 484 *in use 24hours/day
40] F  |AH.U. Acstation 5.4 exhaust fan XXX Yy 45 55 0.93 434 0.9 1 1* 0.3 435 *in use 24hours/day
41)  F  [chilled water pumpa XKK Yy 80 S0 0.93 86.0 0.88 0.5* 1 0.44 37.8 * pump1,2 one is duty and one is stand-by
42| F  |[chilled water pumphb XN yvy 80 S0 0.93 86.0 0.88 0.5* 1 0.44 37.8 * pump1,2 one is duty and one is stand-by
43| 6 |italian's espresso coffes machine XK yyy n.a. n.a. n.a. 7.0 0.9 1 0.2% 0.18 13 *in use 4.8hours/day
44| G |deep freezer machine XXX Yy n.a. n.a. n.a. 20.0 0.8 1 0.16* | 0.128 3.2 *in use dhours/day
45| G |washing machine 1 XXX Yy n.a. n.a. n.a. 8.0 0.8 1 0.33* | 0.264 3.2 *in use Shours/day
46] H  [lift pax mid 4 XN YWy 30 40 0.93 32.3 0.5 1 0.175* | 0.0875 0.9 *in use Shours/day
47| H  [vaccum collecting system 4 pump a XK yyy 10 13 0.92 10.9 0.9 1 1* 0.9 8.7 *in use 24hours/day
48] H  [sewagetreatmet system 1pumpl XXX Yy 15 17 0.93 16.1 0.9 1 1* 0.3 8.7 *in use 24hours/day
48] H  [Gymrunning machine XXX Yy n.a. n.a. n.a. 25 1 1 0.3* 0.3 0.8 *in use 7.2hours/day
50 | [cabin's lighting MVZ3 n.a. n.a. n.a. n.a. n.a. 80* 1 1 1 1 80.0 * see explainatory note
51 | |corridors ligthing MVZ3 n.a. n.a. n.a. n.a. n.a. 10% 1 1 1 1 10.0 *see explainatory note
52 | |Cabin's sockets MVZ3 n.a. n.a. n.a. n.a. n.a. 5* 1 1 1 1 5.0 * see explainatory note
53] L |MainTheatre audio booster amplifier XXX Yy n.a. n.a. n.a. 15.0 1 1 0.3* 0.3 4.5 *in use 7.2hours/day
54| L |videowallatrium XKK yyy n.a. n.a. n.a. 2.0 1 1 0.3* 0.3 0.6 *in use 7.2hours/day
55| M |Car Garage supply fanl XK vy 28 35 0.92 30.4 0.9 1 1* 0* 0 *not in use at NMSL see para 2.5.6 of Circ.681
56| M [Fishtransportation refeer hold n.2 KHX Vyy 25 30 0.93 26.9 0.9 0.5 0 *not in use at NMSL see para 2.5.6 of Circ.681
57 N |Sliding glass roof XXX Yy 30 40 0.93 323 0.9 1 0.2 *in use 7.2hours/day

3764

PAE =3764/(weighted average efficiency of generator(s)) [kW]  Group's nacessary power (group A=22.kw, 8=29.8kW,C=35.9kW, D=113. 7KW, E=229kW , F=3189KWV, G=7.6KW, H=19KW, 1=95kVY, [=5.16W, M=Dkw, N=0.22k\W)
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APPENDIX 3

A GENERIC AND SIMPLIFIED MARINE POWER PLANT
FOR A CRUISE PASSENGER SHIPS HAVING NON-CONVENTIONAL PROPULSION
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Note: Symbols for plus (+) and minus (-) indicate CO; contribution to EEDI formula.

I\MEPC\73\MEPC 73-19-Add-1.docx



MEPC 73/19/Add.1
Annex 5, page 31

EEDI CALCULATION EXAMPLES FOR USE OF DUAL FUEL ENGINES

APPENDIX 4

Case 1: Standard Kamsarmax ship, one main engine (MDO), standard auxiliary engines
(MDO), no shaft generator:

" -

AE for MDO

HFO TAl H

ENGINE RODM

IE for MDO 9930kW

S/N | Parameter | Formula or Source Unit Value
1 MCRwme MCR rating of main engine kW 9930
2 Capacity Deadweight of the ship at summer load draft DWT 81200
3 Vet Ships speed as defined in EEDI regulation kn 14
4 Pue 0.75 x MCRwme kW 7447.5
5 Pae 0.05 x MCRwme kW 496.5
6 Cenve Cr factor of Main engine using MDO - 3.206
7 Crae Cr factor of Auxiliary engine using MDO - 3.206
8 SFCwme Specific fuel consumption of at Pue g/kWh 165
9 SFCae Specific fuel consumption of at Pae g/kWh 210
((PME X Ck ME X SFCME)+(PAE X Ckae X SFCAE)) /
10 | EEDI (Vret x Capacity) gCOy/tnm 3.76

Case 2: LNG is regarded as the "primary fuel" if dual-fuel main engine and dual-fuel auxiliary

engine (LNG, pilot fuel MDO; no shaft generator) are equipped with bigger LNG tanks:
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[ LNG TANK \‘\J
\ 3100 cu.m /

N

AE for DF

HFO TA]
12 T

IE| for Dual Fuel 9930kW

S/N | Parameter | Formula or Source Unit Value
1 MCRwme MCR rating of main engine kW 9930
2 Capacity Deadweight of the ship at summer load draft DWT 81200
3 Vet Ships speed as defined in EEDI regulation kn 14
4 Pwve 0.75 x MCRwe kW 7447.5
5 Pae 0.05 x MCRwe kW 496.5
6 CFpilotiuel Cr factor of pilot fuel for dual fuel ME using MDO - 3.206
7 CFae riiotfuet | Cr factor of pilot fuel for Auxiliary engine using MDO - 3.206
8 CFing Cr factor of dual fuel engine using LNG - 2.75
Specific fuel consumption of pilot fuel for dual fuel ME at
9 SFChwepiotiuel | Pme g/kWh 6
Specific fuel consumption of pilot fuel for dual fuel AE at
10 | SFChe piottuer | Pae g/kWh 7
11 | SFCweing | Specific fuel consumption of ME using LNG at Pve g/kWh 136
12 | SFCaeLNnG Specific fuel consumption of AE using LNG at Pae g/kWh 160
13 [ Vine LNG tank capacity on board m3 3100
14 | Vhro Heavy fuel oil tank capacity on board m3 1200
15 | Vmpo Marine diesel oil tank capacity on board m3 400
16 | Puwe Density of LNG kg/m?3 450
17 | Pio Density of heavy fuel oil kg/m3 991
18 | Pw Density of Marine diesel oil kg/m3 900
19 | LCVing Low calorific value of LNG kJ/kg 48000
20 | LCVhro Low calorific value of heavy fuel oil kJ/kg 40200
21 | LCVwmpo Low calorific value of marine diesel oil kJ/kg 42700
22 | Kine Filling rate of LNG tank - 0.95
23 | Khro Filling rate of heavy fuel tank - 0.98
24 | Kupo Filling rate of marine diesel tank - 0.98
25 fDFgaS ZZ i i:: * Vi X Pypp X LCV,y X Ky + E,,::, i f;l,,‘,:, Xx LL(ci///,,Z(, Xx /[((I\‘:;: Ve X e X LV, x Ky | 0.5068
(Pme X (Ck pilottuel X SFCue pilotiuel + Cr tne X SFCuve ng ) +
26 | EEDI Pae X (Ck pilottuel X SFCakt pilotiuel ¥ Cr Lne X SFCag 1ng)) / gCOgy/tnm 2.78

(Vret X Capacity)
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Case 3: LNG is not regarded as the "primary fuel" if dual-fuel main engine and dual-fuel
auxiliary engine (LNG, pilot fuel MDO; no shaft generator) are equipped with smaller LNG

tanks:
] —
|
|
AE for DF Q LNG TANK
600 cu.m
HFO TA H
12 Zeel
for Dual Fuel 9930kW
S/N | Parameter | Formula or Source Unit Value
1 MCRwme MCR rating of main engine kW 9930
2 Capacity Deadweight of the ship at summer load draft DWT 81200
3 Vet Ships speed as defined in EEDI regulation kn 14
4 Pwme 0.75 x MCRme kW 7447.5
5 Pae 0.05 x MCRwme kW 496.5
6 Crpilotfuel Cr factor of pilot fuel for dual fuel ME using MDO - 3.206
7 Crae piotivel | Cr factor of pilot fuel for Auxiliary engine using MDO - 3.206
8 Cring Cr factor of dual fuel engine using LNG - 2.75
9 Crmpo Cr factor of dual fuel ME/AE engine using MDO - 3.206
Specific fuel consumption of pilot fuel for dual fuel ME at
10 [ SFCuweriiotiuel | Pme g/kWh 6
Specific fuel consumption of pilot fuel for dual fuel AE at
11 | SFCak piotiuel | Pae g/kWh 7
12 | SFCue NG Specific fuel consumption of ME using LNG at Pue g/kWh 136
13 | SFCaeing Specific fuel consumption of AE using LNG at Pag g/kWh 160
Specific fuel consumption of dual fuel ME using MDO at
14 | SFCwmempo | Pme g/kWh 165
Specific fuel consumption of dual fuel AE using MDO at
15 [ SFCaempo | Pae g/kWh 187
16 | Vine LNG tank capacity on board m3 600
17 | Vhro Heavy fuel oil tank capacity on board m?3 1800
18 | Vmpo Marine diesel oil tank capacity on board m3 400
19 | Puwe Density of LNG kg/m? 450
20 | Puo Density of heavy fuel oil kg/m3 991
21 | P Density of Marine diesel oil kg/m? 900
22 | LCVinG Low calorific value of LNG kJ/kg 48000
24 | LCVuro Low calorific value of heavy fuel oil kJ/kg 40200
25 | LCVwmpo Low calorific value of marine diesel oil kJ/kg 42700
26 | King Filling rate of LNG tank - 0.95
27 | Khro Filling rate of heavy fuel tank - 0.98
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S/N | Parameter | Formula or Source Unit Value
28 | Kmpo Filling rate of marine diesel tank - 0.98
By + Py Vive X Pryg X LV g X Ky
29 fDFgaS Py + Py g Vieo % Pyro ¥ LCV iy X Ky + Vypy X iy X LOV iy % Ky + V0 Xy % LV X K } 0 1 261
30 | foriiquid 1- forgas - 0.8739
(Pwme X (forgas X (Cr pilotfuel X SFCweE pilotfuel + CrF Lne X
SFCue tne ) + foriiquid X Cempbo X SFCuve Mpo) + Pae X (forgas
31 EEDI d 9 CO/tnm 3.61
X (Crakt pilotiuel X SFCAaE pilottuel + Cr Lng X SFCag Lng)+ S
foriiquid X Cempo X SFCae mpo)) / (Vret X Capacity)

Case 4: One dual-fuel main engine (LNG, pilot fuel MDO) and one main engine (MDO) and
dual-fuel auxiliary engine (LNG, pilot fuel MDO, no shaft generator) which LNG could be

regarded as "p

rimary fuel" only for the dual-fuel main engine:

»’ [ ]

/E;' TANK

10

N

AE for DF
cu. m

\
HFO TANK ——

P

1200-eum —

ME for MDO 5000kW

for Dual Fuel 4000kW

S/N | Parameter | Formula or Source Unit Value
1 MCRwmempo | MCR rating of main engine using only MDO kW 5000
2 MCRwmewng | MCR rating of main engine using dual fuel kW 4000
3 Capacity Deadweight of the ship at summer load draft DWT 81200
4 Vet Ships speed kn 14
) Pwmembo 0.75 x MCRwmempo kW 3750
6 PwvELnG 0.75 x MCRwuELNG kW 3000
7 Pae 0.05 x (MCRuvewmpo + MCRwmeLNG) kW 450
8 Crpibotiuel Cr factor of pilot fuel for dual fuel ME using MDO - 3.206
9 Ceae piiotivel | Cr factor of pilot fuel for Auxiliary engine using MDO - 3.206
10 | Crine Cr factor of dual fuel engine using LNG - 2.75
11 | Cempo Cr factor of dual fuel ME/AE engine using MDO - 3.206
12 | SFCwmeriotiuel | Specific fuel consumption of pilot fuel for dual fuel ME at Pve | g/kWh 6
13 | SFCae riotivel | Specific fuel consumption of pilot fuel for dual fuel AE at Pae g/kWh 7
14 | SFCorinG Specific fuel consumption of dual fuel ME using LNG at Pye g/kWh 158
15 | SFCaenG Specific fuel consumption of AE using LNG at Pae g/kWh 160
16 | SFCumempo | Specific fuel consumption of single fuel ME at Pue g/kWh 180
17 | Ving LNG tank capacity on board m3 1000
18 | Vhro Heavy fuel oil tank capacity on board m?3 1200
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S/N | Parameter | Formula or Source Unit Value
19 | Vmpo Marine diesel oil tank capacity on board m3 400
20 | P Density of LNG kg/m? 450
21 | Ao Density of heavy fuel oil kg/m3 991
22 | P Density of Marine diesel oil kg/m3 900
23 | LCVine Low calorific value of LNG kJ/kg 48000
24 | LCVuro Low calorific value of heavy fuel oil kJ/kg 40200
25 | LCVwmpo Low calorific value of marine diesel oil kJ/kg 42700
26 | King Filling rate of LNG tank - 0.95
27 | Kuro Filling rate of heavy fuel tank - 0.98
28 [ Kmpo Filling rate of marine diesel tank - 0.98
29| forsa e B T T o e e B o o I | 0.5195
(PmeLnG X (CF pitotiuel X SFCuie pilotiuel + Cring X SFCorinG ) +
30 | EEDI Pmempo X Crmpo X SFCve mbo + Pae X (Crak pilotfuel X gCOo/tnm 3.28
SFCak pilottuel + Cr v X SFCae 1ng)) / (Vier X Capacity)

Case 5: One dual-fuel main engine (LNG, pilot fuel MDO) and one main engine (MDO) and

dual-fuel auxiliary engine (LNG, pilot fuel MDO, no shaft generator) which LNG could not be

regarded as "primary fuel" for the dual- fuel main engine:

|
LNG TANK
AE for DF 600 cu.m
|
| | [Nl 12 m
iENG‘NE RoOM ME for MDO 5000kW
& ME |for Dual Fuel 4000kW

S/N | Parameter | Formula or Source Unit Value
1 MCRwmempo | MCR rating of main engine using only MDO kW 5000
2 MCRwmeLNG MCR rating of main engine using dual fuel kW 4000
3 Capacity Deadweight of the ship at summer load draft DWT 81200
4 i Ships speed kn 14
5 PMEMDO 0.75 x MCRMEMDO kW 3750
6 PwmEeLnG 0.75 x MCRuELNG kW 3000
7 Pae 0.05 x (MCRwempo + MCRuELNG) kW 450
8 Crpilotfuel Cr factor of pilot fuel for dual fuel ME using MDO - 3.206
9 Crae piiotivel | Cr factor of pilot fuel for Auxiliary engine using MDO - 3.206
10 | Cring Cr factor of dual fuel engine using LNG - 2.75
11 | Cempo Cr factor of dual fuel ME/AE engine using MDO - 2.75
12 | SFCwmeriotiuer | Specific fuel consumption of pilot fuel for dual fuel ME at Pye | g/kWh 6
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S/IN | Parameter | Formula or Source Unit Value
13 | SFCae piotivel | Specific fuel consumption of pilot fuel for dual fuel AE at Pae g/kWh 7
14 | SFCprinG Specific fuel consumption of dual fuel ME using LNG at Pye g/kWh 158
15 | SFCaeng Specific fuel consumption of AE using LNG at Pae g/kWh 160
16 | SFCpbr mpo Specific fuel consumption of dual fuel ME using MDO at Pue g/kWh 185
17 | SFCwemoo | Specific fuel consumption of single fuel ME at Pue g/kWh 180
18 | SFCaempo | Specific fuel consumption of AE using MDO at Pae g/kWh 187
19 | Vine LNG tank capacity on board m3 600
20 | Vhro Heavy fuel oil tank capacity on board m3 1200
21 | Vmoo Marine diesel oil tank capacity on board m3 400
22 | Puw Density of LNG kg/m3 450
23 | P Density of heavy fuel oil kg/m? 991
24 | P Density of Marine diesel oll kg/m3 900
25 | LCVing Low calorific value of LNG kJ/kg 48000
26 | LCVhro Low calorific value of heavy fuel oil kJ/kg 40200
27 | LCVwmpo Low calorific value of marine diesel oil kJ/kg 42700
28 | King Filling rate of LNG tank - 0.95
29 | Kuro Filling rate of heavy fuel tank - 0.98
30 | Kmpo Filling rate of marine diesel tank - 0.98
31 foFgas EW;);, j/r:\};: = Vo X Puso X LCVyy X Ky + ;,:;, >><< Z’;,:j, >><< LL?;I,;:U >><< /[({:‘:j, + Ve X e X LV x Ky | 0.3462
32 | foFiiquid 1- forgas - 0.6538
(Pwmewng X (forgas X (Cr pitotiuel X SFCwe pilotfuel + Cr Lng X
SFCpr NG ) + foriiquid X Cempo X SFCor mpo))+ Pmembo X Ce mpo X
33 | EEDI SFCwue mpo + Pae X (forgas X (Crae pilotfiuel X SFCAE pilotfuel + gCO2/tnm 3.54

Cr wne X SFCae ing) + foriiquid X Cempo X SFCae mpo ) / (Virer X
Capacity)

*k*
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ANNEX 16

RESOLUTION MEPC.322(74)
(adopted on 17 May 2019)

AMENDMENTS TO THE 2018 GUIDELINES ON THE METHOD OF CALCULATION OF
THE ATTAINED ENERGY EFFICIENCY DESIGN INDEX (EEDI) FOR NEW SHIPS
(RESOLUTION MEPC.308(73))

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 (the Committee)
conferred upon it by international conventions for the prevention and control of marine pollution
from ships,

RECALLING ALSO that, at its sixty-second session, it adopted, by resolution MEPC.203(62),
Amendments to the annex of the Protocol of 1997 to amend the International Convention for
the Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978 relating
thereto (inclusion of regulations on energy efficiency for ships in MARPOL Annex VI),

NOTING that the aforementioned amendments to MARPOL Annex VI entered into force
on 1 January 2013,

NOTING ALSO that regulation 20 (Attained Energy Efficiency Design Index (attained EEDI))
of MARPOL Annex VI, as amended, requires that the EEDI shall be calculated taking into
account the guidelines developed by the Organization,

NOTING FURTHER the 2012 Guidelines on the method of calculation of the attained Energy
Efficiency Design Index (EEDI) for new ships, adopted at its sixty-third session by
resolution MEPC.212(63), and the amendments thereto, adopted at its sixty-fourth session by
resolution MEPC.224(64),

NOTING FURTHER that, at its sixty-sixth session, it adopted, by resolution
MEPC.245(66), 2014 Guidelines on the method of calculation of the attained Energy Efficiency
Design Index (EEDI) for new ships, and, at its sixty-eighth session, by resolution
MEPC.263(68), MEPC.281(70), amendments thereto,

NOTING FURTHER that, at its seventy-three, it adopted, by resolution MEPC.308(73), 2018
Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI)
for new ships,

RECOGNIZING that the amendments to MARPOL Annex VI require relevant guidelines for the
smooth and uniform implementation of the regulations,

HAVING CONSIDERED, at its seventy-fourth session, proposed amendments to the 2018
Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI)
for new ships, as amended

1 ADOPTS amendments to the 2018 Guidelines on the method of calculation of the
attained Energy Efficiency Design Index (EEDI) for new ships, as amended, as set out in the
annex to the present resolution;
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2 INVITES Administrations to take the aforementioned amendments into account when
developing and enacting national laws which give force to and implement provisions set forth
in regulation 20 of MARPOL Annex VI, as amended,;

3 REQUESTS the Parties to MARPOL Annex VI and other Member Governments to
bring the amendments to the attention of shipowners, ship operators, shipbuilders, ship
designers and any other interested parties;

4 AGREES to keep these Guidelines, as amended, under review, in the light of
experience gained with their implementation.
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ANNEX
AMENDMENTS TO THE 2018 GUIDELINES ON THE METHOD OF CALCULATION OF

THE ATTAINED ENERGY EFFICIENCY DESIGN INDEX (EEDI) FOR NEW SHIPS
(RESOLUTION MEPC.308(73))

1 The following text is added after 2.2.18 in the table of "CONTENTS":

"2.2.19fy ; Factor for ice-classed ships having IA Super and A"
2 The EEDI Formula in section 2.1 is replaced with the following:

"2.1 EEDI Formula

The attained new ship Energy Efficiency Design Index (EEDI) is a measure of ships' energy
efficiency (g/t- nm) and calculated by the following formula:

n nME n nPTI neff neff
LH f]J[z Pwed) - Crmei) - SFCME(l)J + (PAE .Crae. SFCae *)+ [[H fj- z Pericy — z fett i) PAEeff(l)JCFAE- SFCAEJ - [z fert (i) - Pett(i) - Crme . SFCwmE * *J
R i i

j=1 i=l

fi- fo- fi- Capacity- fu - Vret « fm

3 A new section 2.2.19 is added after the existing section 2.2.18 as follows:
"2.2.19 fm ; Factor for ice-classed ships having IA Super and IA

For ice-classed ships having IA Super or IA, the following factor, f», should apply:
fm=1.05

For further information on approximate correspondence between ice classes, see
HELCOM Recommendation 25/7*."

*k%

*

HELCOM Recommendation 25/7 may be found at http://www.helcom fi
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"APPENDIX 5

STANDARD FORMAT TO SUBMIT EEDI INFORMATION TO BE INCLUDED IN THE EEDI DATABASE

Short
EEDI 5th term
Capacity . . =2l 4th. i (Installation of SlCE
Dimensional (Installation of A TeVETE as
parameters innovative electrical . appropriate
(4) technology) mechanical 4 bi
Mo | ™P® | Common Type & technology) the principal
Number of commercial Vs [P )gf) (i Ice d’;signp
ship size Yearof | Applicable | Required | Attained | (knot) | (kW) | o gas | class Name, Name, elements or
delivery | phase EEDI EEDI outline and outline i
L Bs Draught 9) (10) (12) (13) RS and 9
1) 2 3) GT PP 9 (11) means/ employed to
@) DWT (m) | (m) (m) Yes/ ways of Yes/ ways of achieve the
5) No performance | No e dodv i attained
® | o ® of gl EEDI
technology
technology
(14) (14) (15)
Note:
(1) IMO number to be submitted for Secretariat use only.
(2) As defined in regulation 2 of MARPOL Annex VI.
(3) Common commercial size reference (TEU for containership, CEU (RT43) for ro-ro cargo ship (vehicle carrier), cubic meter for gas carrier and LNG carrier), if available, should be provided.
(4) The exact DWT or GT, as appropriate, should be provided. The Secretariat should round the DWT or GT data up to the nearest 500 when these data are subsequently provided to MEPC.

(For containerships, 100% DWT should be provided while 70% of DWT should be used when calculating the EEDI value).
GT should be provided for a cruise passenger ship having non-conventional propulsion as defined in regulations 2.2.11and 2.2.19, respectively, of MARPOL Annex VI.
Both DWT and GT should be provided for a ro-ro cargo ship (vehicle carrier) as defined in regulation 2.2.27 of MARPOL Annex VI.
As defined in paragraph 2.2.13 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73), as amended).

The exact Lpp should be provided. The Secretariat will round the Lpp data up to the nearest 10 when these data are subsequently provided to MEPC.

As defined in paragraph 2.2.16 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73), as amended).
The exact Bs should be provided. The Secretariat will round the Bs data up to the nearest 1 when these data are subsequently provided to MEPC.
As defined in paragraph 2.2.15 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73), as amended).
The exact draught should be provided. The Secretariat will round the draught data up to the nearest 1 when these data are subsequently provided to MEPC.
As defined in paragraph 2.2.2 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73), as amended).
The exact Vref should be provided. The Secretariat will round the Vref data up to the nearest 0.5 when these data are subsequently provided to MEPC.
As defined in paragraph 2.2.5.1 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73), as amended).
The exact Pve should be provided. The Secretariat will round the PME data up to the nearest 100 when these data are subsequently provided to MEPC.
As defined in paragraph 2.2.1 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73), as amended) or other (to be stated).
In case of a ship equipped with a dual-fuel engine, type of "primary fuel" should be provided.

As defined in paragraph 2.2.1 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI) for new ships (resolution MEPC.308 (73), as amended), if applicable.

Ice class, which was used to calculate correction factors for ice-classed ships as defined in paragraphs 2.2.8.1 and 2.2.11.1 of the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design
Index (EEDI) for new ships (resolution MEPC.308(73), as amended), if applicable, should be provided.
In the case that the innovative energy efficiency technologies are already included in the 2013 Guidance on treatment of innovative energy efficiency technologies for calculation and verification of the attained EEDI
(MEPC.1/Circ.815), the name of technology should be identified. Otherwise, name, outline and means/ways of performance of the technology should be identified.
To assist the IMO in assessing relevant design trends, provide a short statement as appropriate, describing the principal design elements or changes employed to achieve the attained EEDI.

*kk
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ANNEX 12

RESOLUTION MEPC.350(78)
(adopted on 10 June 2022)

2022 GUIDELINES ON THE METHOD OF CALCULATION 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 (the Committee)
conferred upon it by international conventions for the prevention and control of marine pollution
from ships,

NOTING that the Committee adopted, at its seventy-sixth session, by resolution
MEPC.328(76), the 2021 Revised MARPOL Annex VI, which will enter into force on
1 November 2022,

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

NOTING FURTHER that regulation 23 of MARPOL Annex VI requires that the attained Energy
Efficiency Existing Ship Index (EEXI) shall be calculated taking into account the 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,

NOTING that, at its seventy-sixth session, the Committee adopted, by resolution
MEPC.333(76), the 2021 Guidelines on the method of calculation of the attained Energy
Efficiency Existing Ship Index (EEXI),

HAVING CONSIDERED, at its seventy-eighth session, the draft 2022 Guidelines on the
method of calculation of the attained Energy Efficiency Existing Ship Index (EEXI),

1 ADOPTS the 2022 Guidelines on the method of calculation of the attained 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 23 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, also taking into consideration that in accordance with regulation 25.3 of
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MARPOL Annex VI a review of the technical measure to reduce carbon intensity of
international shipping shall be completed by 1 January 2026;

5 REVOKES the 2021 Guidelines on the method of calculation of the attained Energy
Efficiency Existing Ship Index (EEXI) adopted by resolution MEPC.333(76).
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ANNEX

2022 GUIDELINES ON THE METHOD OF CALCULATION OF THE ATTAINED
ENERGY EFFICIENCY EXISTING SHIP INDEX (EEXI)

CONTENTS
1 Definitions
2 Energy Efficiency Existing Ship Index (EEXI)
2.1 EEXI formula
2.2 Parameters
2.2.1  Pwmeg; Power of main engines
2.2.2  Pagg; Power of auxiliary engines
2.2.3  Viet; Ship speed
2.2.4  SFC; Certified specific fuel consumption
2.2.5 Cg; Conversion factor between fuel consumption and CO, emission
2.2.6  Correction factor for ro-ro cargo and ro-ro passenger ships (firoro)

2.2.7  Correction factor for ro-ro cargo ships (vehicle carrier) (fevenicLe)

APPENDIX Parameters to calculate Vet app
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1 Definitions

1.1 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.

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

2 Energy Efficiency Existing Ship Index (EEXI)
2.1 EEXI formula

The attained Energy Efficiency Existing Ship Index (EEXI) is a measure of ship's energy
efficiency (g/txnm) and calculated by the following formula:

n nME n nPTI neff neff
[H fj][z Pwecy - Crvegy - SFCME(i)] + (PAE .Crae-SFCae *)+ [[H fi- Z Periy— z fett i) - PAEeff(i)]CFAE . SFCAE] —(Z fett i) - Peft (iy - Crme . SFCwme * *]

j=1 i=1 j=1 i=1 i=1 i=1

fi- fc- fi-Capacity - fu-Vrer - fm

* If part of the Normal Maximum Sea Load is provided by shaft generators, SFCye and
Ceme may — for that part of the power — be used instead of SFCae and Crae

*x In case of Pprij) > 0, the average weighted value of (SFCume'Ceme) and (SFCag Crag)
to be used for calculation of Pes

Note: This formula may not be applicable to a ship having diesel-electric propulsion,
turbine propulsion or hybrid propulsion system, except for cruise passenger
ships and LNG carriers.

Ships falling into the scope of EEDI requirement can use their attained EEDI calculated in
accordance with the 2018 Guidelines on the method of calculation of the attained EEDI for
new ships (resolution MEPC.308(73), as amended, the "EEDI Calculation Guidelines"
hereafter) as the attained EEXI if the value of the attained EEDI is equal to or less than that of
the required EEXI.

2.2 Parameters

For calculation of the attained EEXI by the formula in paragraph 2.1, parameters under the
EEDI Calculation Guidelines apply, unless expressly provided otherwise. In referring to the
aforementioned guidelines, the terminology "EEDI" should be read as "EEXI".

2.2.1  Pweg ; Power of main engines

In cases where overridable Shaft / Engine Power Limitation is installed in accordance with
the 2021 Guidelines on the shaft / engine power limit to comply with the EEXI requirements
and use of a power reserve (resolution MEPC.335(76)), Pwmeg) is 83% of the limited installed
power (MCRiim) or 75% of the original installed power (MCR), whichever is lower, for each main
engine (i). In cases where the overridable Shaft / Engine Power Limitation and shaft
generator(s) are installed, in referring to paragraph 2.2.5.2 (option 1) of the EEDI Calculation
Guidelines, "MCRwe" should be read as "MCRjim".

For LNG carriers having steam turbine or diesel electric propulsion, Pwg) is 83% of the limited
installed power (MCRim, MPPiim), divided by the electrical efficiency in case of diesel electric
propulsion system, for each main engine (i). For LNG carriers, the power from combustion of
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the excessive natural boil-off gas in the engines or boilers to avoid releasing to the atmosphere
or unnecessary thermal oxidation should be deducted from Pweg with the approval of the
verifier.

2.2.2  Pagj ; Power of auxiliary engines

2.2.2.1 Pagg is calculated in accordance with paragraph 2.2.5.6 of the EEDI Calculation
Guidelines.

2.2.2.2 For ships where power of auxiliary engines (Pag) value calculated by
paragraphs 2.2.5.6.1 to 2.2.5.6.3 of the EEDI Calculation Guidelines is significantly different
from the total power used at normal seagoing, e.g. in cases of passenger ships, the Pae value
should be estimated by the consumed electric power (excluding propulsion) in conditions when
the ship is engaged in a voyage at reference speed (Vi) as given in the electric power table,
divided by the average efficiency of the generator(s) weighted by power (see appendix 2 of the
EEDI Calculation Guidelines).

2.2.2.3 In cases where the electric power table is not available, the Pae value may be
approximated either by:

A annual average figure of Pae at sea from onboard monitoring obtained prior
to the EEXI certification;

2 for cruise passenger ships, approximated value of power of auxiliary engines
(Pag,app), as defined below:

Pagapp = 01193 X GT + 18144 [kW]

.3 for ro-ro passenger ships, approximated value of power of auxiliary engines
(Pag,app), as defined below:

Pag,app = 0.866 X GT*732  [kW]
2.2.3 Vi, Ship speed

2.2.3.1 For ships falling into the scope of the EEDI requirement, the ship speed V. should
be obtained from an approved speed-power curve as defined in the 2014 Guidelines on survey
and certification of the Energy Efficiency Design Index (EEDI), as amended (resolution
MEPC.254(67), as amended).

2.2.3.2 For ships not falling into the scope of the EEDI requirement, the ship speed Ve should
be obtained from an estimated speed-power curve as defined in the 2022 Guidelines on survey
and certification of the attained EEXI (resolution MEPC.351(78)).

2.2.3.3 For ships not falling into the scope of the EEDI requirement but whose sea trial results,
which may have been calibrated by the tank test, under the EEDI draught and the sea condition
as specified in paragraph 2.2.2 of the EEDI Calculation Guidelines are included in the sea trial
report, the ship speed V.« may be obtained from the sea trial report:

1

P 3
Vrer = Vs gepr X [i] [knot]

PsEEDI
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where,
Vs eepy, iS the sea trial service speed under the EEDI draught; and
Ps.eeni is power of the main engine corresponding to Vs eeo..

2.2.3.4 For containerships, bulk carriers or tankers not falling into the scope of the EEDI
requirement but whose sea trial results, which may have been calibrated by the tank test, under
the design load draught and sea condition as specified in paragraph 2.2.2 of the EEDI
Calculation Guidelines are included in the sea trial report, the ship speed V. may be obtained
from the sea trial report:

2 1

9 P 3
)9 X VS,service X [L] [knOt]

PS,service

DWTS,service
Capacity

1
Vye = k3 X (
where,

Vs senice IS the sea trial service speed under the design load draught;

DWTs senvice is the deadweight under the design load draught;

Ps senice IS the power of the main engine corresponding to Vs seice;

k is the scale coefficient, which should be:

A 0.95 for containerships with 120,000 DWT or less;

2 0.93 for containerships with more than 120,000 DWT;
3 0.97 for bulk carrier with 200,000 DWT or less;

4 1.00 for bulk carrier with more than 200,000 DWT;

5 0.97 for tanker with 100,000 DWT or less; and

.6 1.00 for tanker with more than 100,000 DWT.

2.2.3.5 In cases where the speed-power curve is not available or the sea trial report does not
contain the EEDI or design load draught condition, the ship speed V.t can be obtained from
the in-service performance measurement method conducted and verified in accordance with
the methods and procedures as specified in the Guidance on methods, procedures and
verification of in-service performance measurements (MEPC.1/Circ.901).

2.2.3.6 In cases where the speed-power curve is not available or the sea trial report does not
contain the EEDI or design load draught condition, the ship speed V.t can be approximated
by Vet app t0 be obtained from statistical mean of distribution of ship speed and engine power,
as defined below:

1
= YPue |3
Vief.app = Vref,avg — my) X [m] [knot]

For LNG carriers having diesel electric propulsion system and cruise passenger ships
having non-conventional propulsion,
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1

ZMPPMotor 3
V. = (V, —my) X [—] knot
ref,app ( ref,avg V) MPPgyg [ ]
where,
Vref
avg IS @ statistical mean of distribution of ship speed in given ship type and
ship size, to be calculated as follows:
Vref.avg = A X B¢
where

A, B and C are the parameters given in the appendix;

my is a performance margin of a ship, which should be 5% of Vef,avg
or one knot, whichever is lower; and

MCRay is a statistical mean of distribution of MCRs for main engines and
MPPay is a statistical mean of distribution of MPPs for motors in given ship
type and ship size, to be calculated as follows:

MCR 407 MPP,,; = D X EF
where
D, E and F are the parameters given in the appendix;
In cases where the overridable Shaft / Engine Power Limitation is installed, the ship

speed Vet approximated by Vierapp Should be calculated as follows:

1
= YPue |3
Vref,app = (Vref,avg = my) X [m] [knot]

For LNG carriers having diesel electric propulsion system and cruise passenger ship
having non-conventional propulsion, the ship speed Vi approximated by Vietapp
should be calculated as follows:

1
_ Y MPPi, |3
Vref,app = (Vref,avg — Mv) X [ MPPayg

2.2.3.7 Notwithstanding the above, in cases where the energy-saving device” is installed, the
effect of the device may be reflected in the ship speed Vi with the approval of the verifier,
based on the following methods in accordance with defined quality and technical standards:

A sea trials after installation of the device; and/or
2 in-service performance measurement method; and/or
3 dedicated model tests; and/or

Devices that shift the power curve, which results in the change of Pp and Vier, as specified in MEPC.1/Circ.896
on 2021 Guidance on treatment of innovative energy efficiency technologies for calculation and verification of
the attained EEDI and EEXI.
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4 numerical calculations.
2.2.4  SFC; Certified specific fuel consumption
In cases where overridable Shaft/ Engine Power Limitation is installed, the SFC corresponding
to the Pve should be interpolated by using SFCs listed in an applicable test report included in
an approved NOy Technical File of the main engine as defined in paragraph 1.3.15 of the NOy
Technical Code.

Notwithstanding the above, the SFC specified by the manufacturer or confirmed by the verifier
may be used.

For those engines which do not have a test report included in the NOx Technical File and which
do not have the SFC specified by the manufacturer or confirmed by the verifier, the SFC can
be approximated by SFCapp defined as follows:

SFCygapp = 190 lg/kWh]

SFCppapp = 215 lg/kWh]
2.2.5 Cg; Conversion factor between fuel consumption and CO; emission
For those engines which do not have a test report included in the NOx Technical File and which
do not have the SFC specified by the manufacturer, the Cr corresponding to SFCapp should be
defined as follows:

Cr = 3.114 [t - CO,/t - Fuel] for diesel ships (incl. HFO use in practice)

Otherwise, paragraph 2.2.1 of the EEDI Calculation Guidelines applies.

2.2.6  Correction factor for ro-ro cargo and ro-ro passenger ships (fjroro)

For ro-ro cargo and ro-ro passenger ships, firoro is calculated as follows:

1

ijoRo = r ; if firoro > 1 thenfj=1

5
a (L Bs\Y (L
() @) (2)
where the Froude number, F, , is defined as:

05144 Vyer

= s
where V,.. ¢ is the ship design speed corresponding to 75% of MCRue.:

and the exponents a, 8, y and § are defined as follows:

Ship type Exponent:

a B y 6
Ro-ro cargo ship 2.00 0.50 0.75 1.00
Ro-ro passenger ship 2.50 0.75 0.75 1.00
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2.2.7 Cubic capacity correction factor for ro-ro cargo ships (vehicle carrier) (fevenicLe)

For ro-ro cargo ships (vehicle carrier) having a DWT/GT ratio of less than 0.35, the following
cubic capacity correction factor, fevenicLe, Should apply:

(bWT /GT)>‘°'8

fevenicLE = ( 0.35

Where DWT is the capacity and GT is the gross tonnage in accordance with the International
Convention of Tonnage Measurement of Ships 1969, annex I, regulation 3.
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APPENDIX

Parameters to calculate Vietavg

Ship type A B C

Bulk carrier 10.6585 DWT of the ship 0.02706

Gas carrier 7.4462 DWT of the ship 0.07604

Tanker 8.1358 DWT of the ship 0.05383

DWT of the ship
. . where DWT < 80,000
Containership 3.2395 80,000 0.18294
where DWT > 80,000

General cargo ship 2.4538 DWT of the ship 0.18832

Refrigerated cargo carrier 1.0600 DWT of the ship 0.31518

Combination carrier 8.1391 DWT of the ship 0.05378

LNG carrier 11.0536 DWT of the ship 0.05030

Ro-ro cargo ship (vehicle carrier) 16.6773 DWT of the ship 0.01802

Ro-ro cargo ship 8.0793 DWT of the ship 0.09123

Ro-ro passenger ship 4.1140 DWT of the ship 0.19863

Cruise passenger ship havin .

non-con\f)entione?l propuI_Eion ’ 5.1240 GT of the ship 0.12714

Parameters to calculate MCRayg Of MPPayq (= D x EF)
Ship type D E F
Bulk carrier 23.7510 DWT of the ship 0.54087
Gas carrier 21.4704 DWT of the ship 0.59522
Tanker 22.8415 DWT of the ship 0.55826
DWT of the ship

. . where DWT < 95,000

Containership 0.5042 95000 1.03046
where DWT > 95,000

General cargo ship 0.8816 DWT of the ship 0.92050
Refrigerated cargo carrier 0.0272 DWT of the ship 1.38634
Combination carrier 22.8536 DWT of the ship 0.55820
LNG carrier 20.7096 DWT of the ship 0.63477
Ro-ro cargo ship (vehicle carrier) 262.7693 DWT of the ship 0.39973
Ro-ro cargo ship 37.7708 DWT of the ship 0.63450
Ro-ro passenger ship 9.1338 DWT of the ship 0.91116
Cruise passenger sh_lp having non- 1.3550 GT of the ship 0.88664
conventional propulsion
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Calculation of parameters to calculate Vierag and MCRayg

Data sources

1 IHS Fairplay (IHSF) database with the following conditions are used.
Type of
Ship type Ship size Delivered period propulsion Population
systems
Bulk carrier > 10,000 DWT Conventional 2,433
Gas carrier = 2,000 DWT Conventional 292
Tanker > 4,000 DWT Conventional 3,345
Containership > 10,000 DWT Conventional 2,185
General cargo ship > 3,000 DWT From 1 January 1999 Conventional 1,673
Refrigerated cargo carrier = 3,000 DWT to 1 January 2009 Conventional 53
Combination carrier 24,000 DWT Conventional 3,351

Conventional,

LNG carrier > 10,000 DWT . 185
Non-conventional
Ro-ro cargo ship (vehicle carrier) | = 10,000 DWT Conventional 301
Ro-ro cargo ship > 1,000 DWT From 1 January 1998 Conventional 188
Ro-ro passenger ship =250 DWT 031 g)oelcgmber Conventional 350
Cruise passenger ship ha\_/ing > 25000 GT From 1 January 1999 Non-conventional 93
non-conventional propulsion to 1 January 2009
2 Data sets with blank/zero "Service speed”, "Capacity" and/or Total kW of M/E" are
removed.
3 Ship type is in accordance with table 1 and table 2 of resolution MEPC.231(65)

on 2013 Guidelines for calculation of reference lines for use with the Energy Efficiency Design
Index (EEDI). However, "Gas carrier" does not include "LNG carrier". Parameters for "LNG
carrier" are given separately.

*kk
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ANNEX 13

RESOLUTION MEPC.351(78)
(adopted on 10 June 2022)

2022 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 (the Committee)
conferred upon it by international conventions for the prevention and control of marine pollution
from ships,

NOTING that the Committee adopted, at its seventy-sixth session, by resolution
MEPC.328(76), the 2021 Revised MARPOL Annex VI, which will enter into force on
1 November 2022,

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

NOTING FURTHER that regulation 5.4 (Surveys) of MARPOL Annex VI 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,

NOTING that, at its seventy-sixth session, the Committee adopted, by resolution
MEPC.334(76), the 2021 Guidelines on survey and certification of the attained Energy
Efficiency Existing Ship Index (EEXI),

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

1 ADOPTS the 2022 Guidelines on survey and certification of the attained 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;
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4 AGREES to keep the Guidelines under review in light of experience gained with their
implementation, also taking into consideration that in accordance with regulation 25.3 of
MARPOL Annex VI a review of the technical measure to reduce carbon intensity of
international shipping shall be completed by 1 January 2026;

5 REVOKES the 2021 Guidelines on survey and certification of the attained Energy
Efficiency Existing Ship Index (EEXI), adopted by resolution MEPC.334(76).
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ANNEX

2022 GUIDELINES ON SURVEY AND CERTIFICATION OF THE ATTAINED ENERGY
EFFICIENCY EXISTING SHIP INDEX (EEXI)

Table of contents

1 GENERAL
2 DEFINITIONS
3 APPLICATION
4 PROCEDURES FOR SURVEY AND CERTIFICATION
4.1 General
4.2 Verification of the attained EEXI
4.3 Verification of the attained EEXI in case of major conversion

APPENDIX Sample of EEXI Technical File

I\MEPC\78\MEPC 78-17-Add.1.docx



MEPC 78/17/Add.1WP.6
Annex 13, page 4

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, 8and 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.

2.4 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.

2.5 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
41 General

4.1.1 The attained EEXI should be calculated in accordance with regulation 23 of MARPOL
Annex VI and the 2022 Guidelines on the method of calculation of the attained Energy
Efficiency Existing Ship Index (EEXI) (resolution MEPC.350(78)) (EEXI Calculation
Guidelines).

4.1.2 The 2021 Guidance on treatment of innovative energy efficiency technologies for
calculation and verification of the attained EEDI and EEXI (MEPC.1/Circ.896) 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 2022 Guidelines on the method of calculation of the attained Energy Efficiency Existing Ship Index (EEXI)
(resolution MEPC.350(78)).
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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:

A1 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 (MCRim) in cases where the overridable
Shaft/Engine Power Limitation system is installed;

4 the ship speed (Vrer);

5 the approximate ship speed (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;

.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;

v 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.q. 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 an in-service performance measurement report, where applicable, as
specified in paragraphs 2.2.3.5 and 2.2.3.7.2 of the EEXI Calculation
Guidelines;
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A1

12

13

14

15

.16

17

.18

A9

.20

calculation process of Virapp for pre-EEDI ships in cases where the
speed-power curve is not available, as specified in paragraph 2.2.3.6 of the
EEXI Calculation Guidelines;

type of fuel,

the specific fuel consumption (SFC) of the main and auxiliary engines, as
specified in paragraph 2.2.4 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 (MPPwewr) and 7, for diesel electric;

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

5 maximum continuous rated power (MCRsteamTumine) fOr Steam turbine;

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

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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7 SFCsteamturine 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, SFCsiamtunine May be calculated by the submitter.

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

42.3  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.

4.2.4  For ships equipped with dual-fuel engine(s) using LNG and fuel oil, the Ce-factor 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 certification of the Energy
Efficiency Design Index (EEDI), as amended,® as a basis for the guidance of the Administration.

4.2.5 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 2.2.4 of the EEXI Calculation
Guidelines. For this purpose, actual performance records of the engine may be used if satisfactory
and acceptable to the verifier.

426  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 1ISO 15016:2002 or the
equivalent if satisfactory and acceptable to the verifier;

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

A 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 In cases where the in-service performance measurement report as specified in
paragraph 4.2.2.10 is submitted, the verifier should confirm that the in-service performance
measurement was conducted and verified in accordance with the methods and procedures as
specified in the Guidance on methods, procedures and verification of in-service performance
measurements (MEPC.1/Circ.901).

3 Resolution MEPC.254(67), as amended.
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4.2.9 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.

4.2.10 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 2021 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.

4.3 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.
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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 20.0m
Summer load line draught, moulded 14.0m
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,im)

9,940 kW x 70 rpm

SFC at 75% of MCRwe or 83% of MCRwe,im 166.5 g/kWh

Number of sets 1

Fuel type Diesel Qil
1.4 Auxiliary engine

Manufacturer XXX Industries

Type 5J-200

Maximum continuous rating (MCRag) 600 KW x 900 rpm

SFC at 50% MCRae 220.0 g/kWh

Number of sets 3

Fuel type Diesel Qil
15 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 1
14,000 1
13,000 1 EEDI draught
12,000 1

11,000 A
MCRWME jim

10,000 A
13.20 knot

9,000 A \
83% of MCRyg jim

8,000 1

7,000 1

6,000 1

5,000 1 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.

I\MEPC\78\MEPC 78-17-Add.1.docx



MEPC 78/17/Add.1
Annex 13, page 11

16000

/

14000 2

d 4 4
C\ ‘..'° B ¢ /

12000 v: P esesees Design Draft Model Test
< ps,service - 4 'I - e DES] Draft Sea Trial
<+ -D?’ / . Sign t rial

2 / /2 / = « =Ballast Draft Model Test
§ 10000 o ’l',' / == = Ballast Draft Sea Trial
“ o',/. /
LAY
. 4
LM 4
8000 !y
’
o : /
...... /
L
VS,SEMCE
4000 Y
10 11 12 14 15 16
Speed/knots
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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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 >

Sttt Attt 1

i Tank tests :

i Resistance test Self-propulsion test Propeller open i

; water test !
L L Estimation of
Estimation 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 Paeetig 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 Ve
(knots)
Bulk carrier 150,000 13.20
6.2 Main engine
MCRwue MCRME,nm Pme Type of fuel CrvE SFCume
(kW) (kW) (kW) (9/kWh)
15,000 9,940 8,250 Diesel oil 3.206 166.5
6.3 Auxiliary engines
Pae Type of fuel Crae SFCae
(kW) (g/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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(H?’Iﬂ ﬁ)(E?ﬁE PME(i) ’ CFME(i) 'SFCME(L')) + (PAE " Crag 'SFCAE)
fi*fe fi Capacity - f,, - Vref * fm

n {(Hfilf, 'Z?:PP PPTI(L') - Z?j{ffeff(i) ' PAEeff(i)) *Crag SFCAE}
fi fo - fi- Capacity - f, - Vref “fm

G fers * Pesr@  Crms - SFCui)
fi*fe* fi- Capacity - f, Vref * fm
1 X% (8250 x 3.206 X 166.5) + (625 x 3.206 X 220.0) +0—0
- 1x1x1x150000x1x13.20x 1
= 2.45 (g — CO,/ton - mile)

EEXI] =

attained EEXI: 2.45 g-CO»/ton mile

*k%k
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(Nov 2022)

Guidelines on Numerical Calculations for the
purpose of deriving the V,erin the framework of
the EEXI Regulation

1. Background

IMO resolutions MEPC.350(78) and MEPC. 351(78) considers Numerical Calculations as an
acceptable way to derive the reference speed (Vi) in the EEXI regulation framework. These
guidelines have been developed to provide a methodology for deriving Vier using numerical
calculations.

2.  Applicability

Numerical calculations methodology presented in these guidelines involves three (3) steps
(which are detailed in section 5):

Step 1: Demonstration of qualification

Step 2: Validation/Calibration

Step 3: Calculation

This methodology can be applied to the following scenarios:

- In cases where a new speed power curve should be derived at the EEDI/EEXI draft in
cases where the vessel has not been subjected to modifications.

- In case where the vessel has been subjected to modifications, the methodologies
described here-after can still be used where the step 2 is computed with the original hull
and the step 3 is performed on the modified hull.

3.  Supporting Documentation/Guidelines

The following supporting guidelines are to be followed and referred to when performing
Numerical Calculation. Whenever possible, these should be followed and applied. Deviations
may be accepted as indicated in this document or as approved by verifier.

- ITTC 7.5-03-01-02, Rev.02, 2021

- ITTC 7.5-03-01-04, Rev.00, 1999'
- ITTC 7.5-03-03-01, Rev.00, 2014

4. Definitions

Numerical Calculations are understood as being computer aided calculations in which the
Navier-Stokes equations are resolved by means of a Computational Fluid Dynamics (CFD)
solvers/software, which requires to implement at least Reynolds-Averaged Navier-Stokes
equations as governing equations with the consideration of viscosity and in presence of free-
surface.

ITTC website suggests that these guidelines have been deleted. They are however kept as
they are referenced in the MEPC. 351(78).
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Parent hull is defined as the original hull of the vessel that will be submitted to CFD
calculations. Noting that appendages could be modified without changing the main hull (i.e.
parent hull) shape.

Similar ship is a vessel with the similar? hull form, same number of shafts/propellers, within a
threshold of 5% difference in terms of Lpp, Cb, displacement at Maximum Summer Load
Draft, with similar bow shape (bulbous/straight bow, integrated bulbous bow, etc) and similar
stern hull shape and arrangement with appendages.

Set of comparable ships are those with the similar? hull form, with the same number of
shafts/propellers and with similar bow shape (bulbous bow, integrated bulbous bow, straight
bow) and stern shape.

Calibration factor is defined as the ratio between the sea trial power and/or model tests and
the numerical calculation found power. The calibration factor can be found as an average of
the power settings evaluated in Sea Trials and/or models test and by numerical calculation.
The calibration factor can also be computed and applied at each power setting, if preferred.

5. Numerical Calculations Methodology

As per Resolution MEPC.334(76), numerical calculation can be used as a complement to
model tests or as a replacement of the latter. It is nonetheless stated that the methodology
and numerical model used need to be validated/calibrated against parent hull sea trials
and/or model tests, with the approval of the verifier. The methodology to be applied is as
follows.

Step 1: Demonstration of qualifications

It should be demonstrated by the provider their ability to carry out CFD predictions. The
companies may refer to the demonstration process as outlined in the ITTC 7.5-03-01-02,
Rev.02, 2021 (referenced in MPEC. 351(78)), or an alternative methodology provided which
is approved by the verifier. This demonstration should be performed against a reference “set
of comparable ships” (see definition in section 4). Public domain hull forms and validation
tests may be used, such as KCS, KVLCC1, KVLCC2, JBC, DTC, etc.

Step 2: Validation/Calibration

In case model test or sea trials are available, the numerical models used are to be calibrated
against the parent hull.

By calibration one understands as the procedure of finding the ratio between the target
values (sea trials or model tests) and the achieved values. One understands that it is not
possible or not pertinent to fully replicate the model test and/or sea trials. In that case, the
results achieved by means of numerical calculations can be calibrated against the model test
or sea trials results.

The calibration should be conducted after the results from the CFD calculations have been
completely post-processed. If the simulations are performed in model scale, the scaling
should be performed following the ITTC 78 procedures (or deviations of it, following the

2 Similar should be regarded same ship type. In some cases, e.g. RO-RO Cargo Carrier, RO-RO Passenger Carrier
and RO-RO Cargo Carrier (Vehicle) may be considered as having similar hull form, although having different ship
type. The same would apply to the cases of change of ship type, where preference would be to refer to the
original ship type for the definition of similar.
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principles as outlined in PR38 Rev.3) and the final values are to account for roughness and
appendages, where applicable.

In case model tests and/or sea trials are not available, or if the CFD provider does not use
them for justifiable reasons, the calibration needs to be conducted against a similar ship or a
set of comparable ships (see definition in 4). The validation can be demonstrated both in
model and full scale.

It is noted that the paragraph 2.3 of Resolution MEPC. 351(78) refers to both words validation
and calibration of the numerical models. Further in the same resolution, reference is mainly
given to “calibration”. For the purposes of these guidelines, it is understood that the word
validation and calibration are intended to have similar meaning. As further outlined in these
guidelines, IACS has taken the position to apply strict limits to the calibration factor which fall
under acceptable thresholds applied by the industry to validate numerical models.

Step 3: Calculation

The calculation of the new reference speed or speed power curve is performed for the target
ship. The same numerical calculation procedure as in step 2 should be used. Additionally, the
results are to be corrected to model test or sea trial conditions using a calibration factor
obtained from step 2.

Based on the above steps 2 and 3, the options are summarized in the chart below and
detailed in the following sections.

A R N\
/Option 1 — Calibrated Sea Trials or Model Q)ption 2 — Calibrated CFD Model Tests of /Option 3 — Calibrated CFD with Sea Trials
Tests of Parent Hull Similar Ship of Set of Comparable Ships

Calibration Factor based on a
set of comparable ships (at
least 10 combinations of draft
and vessels)

Defined by reproducing sea
trials for a set of comparable
ships.

Calibration Factor based on a

Calibration Factor based on
parent hull

Defined by reproducing the
model test or sea trials
(following ISO 15016:2002) at
the draft closest to the
EEDI/EEXI one.

similar ship

Defined by reproducing model
tests of a similar ship.
Calibration factor limited to 5%,
without justification

Calibration factor is limited to
5%, without justification

Sea trials to be conducted
following 1ISO 15016:2002 or
alternative if approved by
verifier

The calibration factor
percentage is limited by the
verifier.

(S 2N AN

5.1 Option 1: Calibrated CFD with sea trials or model tests of parent hull

In this case, the baseline for comparison would be the availability of previous sea trials or
model tests for the vessel in a draft different than the one required for the EEXI or in a
different configuration. In such scenario, firstly a simulation would be performed at full or
model scale and at the same draft and configuration as the one in the sea trials or model
tests. The draft closest to the EEXI draft should be selected. Sea trial results that have been
scaled from ballast draft to laden draft based on model test results can be used. Sea trials are
to be performed following ISO15016:2002, or the equivalent if satisfactory and acceptable to
the verifier.

The CFD results are then post-processed to account for details not included directly in the
simulations (e.g. appendages, hull roughness, windage) to arrive at the CFD predicted power.
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In case of model scale simulations, the results need to be extrapolated to full scale following
NO. ITTC 78 (or deviations of it, following the principles as outlined in PR38 Rev. 3). As far as
1 73 possible the conditions as in the model test are to be followed (Ca, ITTC procedure, how
appendages have been accounted for, etc).
(cont)
A calibration factor would then be computed by comparing the CFD predicted power to the
Sea Trials or model tests.

Then, a new CFD simulation would be performed at the EEXI draft and possibly new
configuration (e.g. bulbous bow retrofit, new propeller, etc), the same post-processing would
be applied, and the correction factor computed previously can be applied to the CFD
predicted power obtained for the EEXI draft to achieve the EEXI Draft Sea Trials Conditions
Speed vs Power Curve.

This general principle is to follow the same reasoning that is currently applied to correct
model tests to the sea trial conditions, using as reference the calibration factor which is a ratio
between the sea trial and model test results at the sea trial draft.

The process can be depicted as follows:

Perform CFD Calculations at sea trial or model test draft closest to

the EEDI/EEXI Draft

\ Sea trials should be performed following ISO15016:2002, or the

equivalent if satisfactory and acceptable to the verifier;

Post processing of results to account for details not included directly

in the simulations to arrive at the CFD predicted power

\ In case of CFD calculations at model scale apply the ITTC scaling

procedure to go from model scale to full scale;

Compute a calibration factor between CFD predicted power and
Sea Trial or model test

Perform the CFD calculations at EEDI/EEXI draft with possibly new
vessel configuration, with the same CFD setup and preferably the
same condition (power or speed range) as in point 1.

Apply same post processing as in point 2 to account for details not
included directly in the simulations to arrive at the CFD predicted
power

\ In case of CFD calculations at model scale apply the ITTC scaling

procedure to go from model scale to full scale;

Apply calibration factor to the CFD predicted power to achieve the

sea trial or model test conditions results

Page 4 of 21 IACS Rec. 2022



No. 173

No.
173

(cont)

5.2 Option 2: Calibrated CFD with model test of similar ship

In this case, the procedure is similar to that for option 1 with the exception that the calibration
is conducted based on model tests performed following the applicable ITTC procedures. If the
achieved calibration factor lies between 0.95 and 1.05, this can be considered as acceptable
to the verifier without further technical justification. However, if the calibration is lower than
0.95 or higher than 1.05, a technical explanation should be provided, documented and
approved by the verifier. The definition of calibration factor can be found in Section 4.

Perform CFD Calculations at model test draft closest to the
EEDI/EEXI Draft for a similar vessel

Post processing of results to account for details not included directly
in the simulations to arrive at the CFD predicted power

\ In case of CFD calculations at model scale apply the ITTC scaling

procedure (or deviations of it, following the principles as outlined in
PR38 Rev. 03) to go from model scale to full scale;

Compute a calibration factor between CFD predicted power and the
model test

Perform the CFD calculations at EEDI/EEXI draft with possibly new
vessel configuration, with the same CFD setup and preferably the
same condition (power or speed range) as in point 1.

Apply same post processing as in point 2 to account for details not
included directly in the simulations to arrive at the CFD predicted
power

procedure (or deviations of it, following the principles as outlined in

\ In case of CFD calculations at model scale apply the ITTC scaling
PR38 Rev. 03) to go from model scale to full scale;

Apply calibration factor to the CFD predicted power to achieve the

model test conditions results

5.3 Option 3 — Calibrated CFD with sea trials of a set of comparable ships

In this case, the procedure is the same as that for option 1 with the exception that the
calibration is conducted based on sea trials of a set of comparable ships. Sea trial results that
have been scaled from ballast draft to laden draft based on model test results CANNOT be
used. Sea trials are to be performed as per ISO15016:2002, or the equivalent if satisfactory
and acceptable to the verifier. Sea trials in ballast and laden condition should be included in
the assessment.

As a minimum, at least 10 combinations of vessels and drafts need to be included when
deriving a unique calibration factor. Such unique calibration factor should be derived from the
individual calibration factors calculated for every ship in the database following the definition
in section 4 and the methodology should be approved by the verifier. The individual
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calibration factors are limited to be between 0.90 and 1.10. If the individual calibration factor
lies between 0.95 and 1.05, this can be considered as acceptable to the verifier without
further technical justification. However, if the calibration lies between 0.90 and 1.1, a technical
explanation should be provided, documented, and approved by the verifier.

The Lpp, displacement and Cb (both at EEXI/EEDI draft) of the target vessel should not lie
below or above the values from the dataset of vessels used to derive the calibration factor.
The calibration factor should only be interpolated and not extrapolated, for the referenced
particular. In addition, the calibration factor should be achieved on the basis of a regression
curve or surface and should not be a simple average of the 10 combinations of vessels and
drafts.

In either case the verifier is to verify the accuracy and representativeness of the dataset used
to derive the calibration factor, i.e., that these are evenly spread across the range of Lpp,
displacement and Cb. It is also to be verified that at least 2 vessels of the database are
between 0.85 and 1.15 Lpp of the target ship.

With option 3, the provider is exempted from demonstrating qualifications as per section 7.2.
All the simulations contained in the database are to be done following at best the
requirements outlined in these guidelines in section 6. The verifier may require access to the
details of the calculations included in the database to derive the calibration factor.

Perform CFD Calculations for at least 10 combinations of vessels

and draft as per definition of a set of comparable ships

Following sea trials conditions following ISO15016:2002, or the
equivalent if satisfactory and acceptable to the verifier;

Post processing of results to account for details not included directly
in the simulations to arrive at the CFD predicted power

\ Compute individual calibration factors for every combination

simulated

Compute unique calibration factor based on at least 10
combinations of vessels and drafts

Perform the CFD calculations at EEDI/EEXI draft with possibly new
vessel configuration, with the same CFD setup and preferably the
same condition (power or speed range) as in point 1.

Apply same post processing as in point 2 to account for details not
included directly in the simulations to arrive at the CFD predicted
power

\ In case of CFD calculations at model scale apply the ITTC scaling

procedure to go from model scale to full scale;

Apply calibration factor to the CFD predicted power to achieve the

sea trial conditions results
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6 Technical Aspects

Technical aspects to be applied to the simulations are detailed in this section. These aspects
are to be covered in the numerical calculations to be reviewed by the verifier.

6.1 Scale

Technically, simulations can be performed both at model and full scale. The following
preference should be given to each of the options listed in section 5. For option 1, preference
is given to model-scale simulations if calibrating against model tests and full-scale simulations
may be accepted if approved by verifier. For the other options, both scales may be used. The
validation/calibration and calculation need to be conducted at the same scale.

6.2 Numerical Modelling

Information on the required numerical modelling is provided in the following table.

Table 1 — Details on the required numerical modelling level.

Item Value

Geometry Fully appended, if not possible then appendages not accounted for
should be corrected using other methods (empirical methods, etc).
If not feasible, then this should be included in the
calibration/correlation factor.

Degrees of freedom | Model should at least be free in heave and pitch.

Propeller modelling | As a minimum requirement, actuator Disk. Note that for Energy
Efficiency Technologies, other requirements are set in section 8.

Turbulence model Industry is commonly using k-w SST or RSM as standard model for
marine applications. This should be the preferred model but
alternative ones (at least two equations models) may be accepted
upon demonstrated validation against a “set of comparable ships”.

Time discretization Simulations should be resolved in the time domain or in a quasi-
steady approach.

Post-processing It needs to be demonstrated that enough time steps are accounted
for in the averaging of final results so to smooth potential
oscillations in the results.

Roughness Roughness should not be taken into account directly in the
numerical simulations, but in post-processing of the results
following the ITTC procedure. If roughness is included in the
numerical simulations, detailed validation should be demonstrated
by the company providing the numerical calculation. This validation
should be demonstrated for a “set of comparable ships”.

Turbulence intensity | It should not exceed 10%. In case a higher value is used, this
should be documented and the reason for such to be justified and
validated against a “set of comparable ships”.

Y+ values ITTC 7.5-03-02-03 to be followed
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7. Reporting Requirements

The sections below detail the level of requirements that may be included in a Numerical
Analysis report to be used as supporting documentation for the development of the EEXI
Technical File. For reference, an example of template report is provided in Appendix 1.

7.1 Introduction & Objectives

This section may introduce the work being performed and state the objectives of the
simulations. It should be detailed if the simulations are to be performed by calibrations
against model test or sea trials of parent hull or reference ships.

7.2 Qualifications

Reference is made to the ITTC 7.5-03-01-02 Quality Assurance in Ship CFD Applications,
Section 5. Companies that wish to demonstrate their ability to carry out CFD predictions may
refer to the demonstration process as outlined in the reference guidelines. This should be
taken as part of the Quality Assurance procedures to be demonstrated by the company
carrying out the CFD analysis.

This demonstration may include the ship types under consideration, referring to the definition
of “set of comparable ships” as per section 4. It remains at the discretion of the verifier to
assess if the documentation provided is sufficient to ensure the ability of the company to
deliver the numerical calculations.

7.3 Description of supporting documentation

A section should be included in report referencing the supporting documentation used by the
company delivering the numerical analysis. As example, the following could be included:

- Model test report

- Sea trial report

- Hull drawings

- General arrangement

- Propeller drawings

This should be included in the appendices, if possible and considered necessary by the
verifier.

7.4 Vessel Description

A section detailing the particulars of the vessel under consideration should be included in the
report. It should account for at least the following:

- Ship name

- IMO Number and/or Hull Number

- Vessel type

- Design draft

- Lightweight and displacement

- EEXI draft
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- Main Engine Power (SMCR, NCR)
- Length between perpendiculars (LPP)
- Beam molded (B)

Depth (D)

- Propeller data:

Diameter

Number of blades

Rotation direction

Expanded area ratio

Main dimensions of the hub

Chord length, maximum thickness, and pitch ratio at a reference radius
(usually 0.7 R), if available.

o ESD type, if applied

O O O 0o O O

7.5 CFD Software

A section containing a description of the CFD software used and the version of the same.
This can be part of the Qualifications step as detailed in section 7.2.

7.6 CFD Model Geometry and Mesh

A section detailing the geometry model should be included in the report. Any simplifications
and omissions should be documented and its impacts on the results to be clearly identified
together with remediation actions (if necessary).

A table comparing the hydrostatic values and coefficients between the model used in the
numerical calculation and those from the model tests or the actual hull as built. The following
parameters are to be compared:

- LOA&LPP

- Molded beam (B)

- Depth (D)

- Displacement at the different drafts under consideration in the study

- Wetted Surface including rudder and with the bare hull

- LCBin % of LPP

- VCB from Baseline
It is of the verifiers responsibility to agree that the vessel being used in the numerical model
faithfully represents the actual hull under consideration. To support such, different views of

the model geometry are to be provided. Verifier may request comparative views between
construction, lines plan and the 3D CFD model.

A convergence study should be provided justifying the use of the mesh refinement chosen by
the supplier. This can be replaced by a convergence study performed on a different vessel if
approved by the verifier. Such convergence curve should contain at least 3 discrete mesh
sizes.
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N In addition, the report should include the following information:

1 73 - Grid sizes and description of the mesh main sizes (boundary layer, cell sizes, etc).
These are to be provided for the different refinement zones of the domain and at every

(cont) direction (x,y,z), if they differ.

- Different views of the mesh covering different aspects:
o Boundary layer mesh for different parts of the hull if they differ
o Close up views of the mesh around key parts of the hull: bow, aft, transom and
appendages.

7.7 CFD Set-up

A section containing the details of the CFD set-up used in the calculations. The following
should be included:

- CFD software and version being used

- CFD equations being solved

- Simulation type, steady vs unsteady

- Turbulence model being used and justification for its choice

- Numerical solution schemes used: for example, second-order upwind and iteration stop

criteria

- Fluid domain dimensions

- Boundary conditions applied on all the surfaces of the fluid domain

- Description of the coordinates system and model origin

- Degrees of freedom used in the model

- Description on the propeller modelling: full propeller, RANS-BEM, actuator disk, etc.

- Convergence criteria used to assess if the calculations have converged

- Description of the initial conditions used
7.8 Validation Assessment

A validation assessment procedure may be performed by the provider. This is to demonstrate
that the values obtained are within reasonable and expected values. The goal is not to strictly
validate the absolute values contained in the results but rather to validate that the final values
and flow pattern obtained agree with physical reality.

This should be performed with a qualitative assessment of the results and by demonstration
using as supporting documentation quantitative reference values of the results obtained. This
can be done by using a subset of the results (graphically and numerically) and justifying how
they can be considered “as-expected”.

7.9 Post-processing and Results

The report should contain an explanation on the post-processing procedure (if averaged, last
value, etc) used. Also, the description of the methodology by which the final self-propulsion
point was found (if propeller open water CFD simulations were used, in which case the details
of these are also required).
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In addition, the results obtained for all the conditions under which the hull under question was
assessed: drafts and speeds. The following should be included in the report:

- One figure showing an example of one of the simulations showing the residuals.
Minimum of one plot per type of simulations performed: resistance, self-propulsion,
open water curves, etc.

- One figure showing an example of a convergence plot of the total resistance, viscous
resistance, pressure resistance, propeller thrust. Minimum of one plot per type of
simulations performed: resistance, self-propulsion, open water curves, etc.

- The following views of the flow are required with colour code as a minimum:
o Global view of the wave pattern with wave height
Zoom view of the wave pattern at the bow and stern regions
Views of the y+ values for the hull and appendages
Views of the pressure coefficient for the hull and appendages
In case propeller is fully modelled or in case an EET is considered, cross section
views of flow past the propeller and EET device (normalized velocity and pressure at
different cross sections)

O O O O

- Summary of values obtained from simulations

Ship resistance (total, viscous and pressure resistances)
Thrust deduction factor (1+t)

Wake deduction factor (1+w)

Propeller Thrust

Propeller Torque

Propeller efficiency

Rotation Rate

Delivered Power

0O O O 0o 0O 0O 0O O

8. Consideration of Energy Efficiency Technologies
Energy Efficiency Technologies (EET) as per MEPC.1/Circ.896 may also be included in the
simulations. To that extent, it is understood that the following technologies are not covered by
these guidelines:

1. Air Lubrication (EET-B)

2. Hull painting and coatings (EET-A)

In the future, these guidelines may be revisited to include for the above.

For the others, it is suggested that the methodology to follow, as much as possible, the same
principles as described previously in these guidelines.

The procedure suggested to be applied relies on finding the improvements in power due to
the addition of the EET and applying these as a correction factor on previously already
obtained speed power curves (from sea trials, model test or other CFD calculations). These
power improvements are to be calculated by comparing the results from two simulations, with
and without EET, as follows:

1. Perform two simulations, with and without presence of EET.

2. Compute the gains delivered by the EET by comparing the power difference from the
simulation with EET with the one without EET.
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3. Apply the gains on top of the final Speed Power Curve as derived following options in
section 5, or as previously available from existing sea trials and/or model tests.

w 4
i} WITH EET @ EEDIEEXI Draft ] Sea Trial/ Model Test/ CFD With EET @ EEDIEEXI Draft
g = = = Wihtout EET @ EEDI/EEXI Draft g = = = Sea Triall Model Test/ CFD Without EET @ EEDIEEXI Draft
o o
I /
! 4
4 ’
d 4
' '
s’ ’
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-l (] 27
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" _ - ”
- -
> »
VREF Speed D& vrer Speed

The following aspects are required to be verified and/or improved in the simulations when
considering energy saving devices before or after the propeller:

1. That the same definition of numerical calculation is applied as in section 3

- Free-surface: the free-surface may not be modelled, if considered acceptable to the
verifier. It should be demonstrated by evidence that removing the free-surface does
not affect the results. Such evidence should include previous validation cases for a
“set of comparable ships” performed by the CFD provider.

- Hull Geometry: the hull geometry should be fully modelled in the Numerical
Simulation following the consideration in section 6 with the following notes:

o Only a section of the hull may be modelled. In such case, the boundary conditions
are to be set in a way that these represent the flow pattern induced by the part of
the hull not represented in the simulation. It should be demonstrated by evidence
that removing part of the hull does not affect the results. Such evidence may
include previous validation cases performed by the CFD provider against a “set of
comparable ships”.

o In case it is demonstrated by sufficient evidence that the same results, in terms of
comparative gains, are obtained for a “similar ship”, then the hull form for a similar
ship may be used as a replacement.

2. That the qualifications as per section 7.2 are demonstrated, in this case for cases
where an Energy Efficiency Technology was considered.

3. That the simulations are performed with the propeller fully modelled, i.e., that its actual
surfaces are present in the simulation and are not simplified by means of an actuator
disk or another numerical artifice. Lower order models, such as BEM, may be accepted
provided that such methodology validation is duly demonstrated.

4. That the propeller RPM without EET is compared to the expected values as in model
test or sea trials. The differences are expected to be within reasonable thresholds, to be
defined and agreed with the verifier.
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5. In absence of the geometry of the propeller for the target hull, a replacement propeller
N 0. may be rebuilt based on the data at disposal. The target should be to achieve a
1 7 3 geometry as close as possible to the actual propeller. The provider is expected to

demonstrate accuracy of the propeller geometry used by the following means:

(cont)

o If the Kt Kq curves of the target propeller are available, the report should show that
the replacement propeller provides values no more than 3% different from the target

values in the relevant propeller range® (comparison on the basis Kt, 10Kq and o)

o If the Kt Kq curves are not available, the provider may use as reference an
equivalent curve (e.g. Wageningen Series) obtained based on the data at disposal.
The report should show that the replacement propeller provides values no more than
3% different from the equivalent ones in the relevant operating range® (comparison

on the basis Kt, 10Kg and no)

o The final geometry has the same features (diameter, number of blades, hub
diameter, etc) as those that are available to the provider. A table should be provided
comparing the features of the replacement and target propeller as per table below:

Replacement Propeller

Target Propeller

Diameter

Number of blades

Rotation Direction

Expanded Area Ratio

Hub diameter

Chord Length

Max. thickness

Pitch Ratio at 0.7R

6. That the mesh used in numerical model has its convergence demonstrated with the
inclusion of the propeller or the alternative model as per point 3.

3 By relevant operating range, it is meant the advance coefficient in which the propeller is
expected to operate when installed on the vessel and for the EEXI condition of relevance for
the analysis. The validation should cover the range of advance coefficients close to the

relevant operating points.
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(cont)

9. Propeller Open Water Simulations

As per MEPC. 351(78), numerical simulations can be used with a view to complementing or
replacing the use of model tests for propeller open water calculations. In such a way, this
section pertains to discussing the level of requirement to be demonstrated when Numerical
Calculations are used for these purposes and the following points are observed:

1. That the same definition of numerical calculation is applied as in section 3.

2. Fluid domain and boundary conditions are to be set in a way that these do not influence
the results obtained. This should be documented in the report to be issued by the
provider.

3. Definitions and requirements in section 6 are followed with the following deviations
being accepted:

- As a minimum requirement, propeller should be modelled using BEM models and
Actuator Disk/Force models are not accepted.

4. In replacement to the qualifications as set in section 7.6, the report may include a
validation report for the proposed methodology on an equivalently similar propeller (i.e.
Wageningen B series). The differences between the numerical and expected results
should be within 3% in the relevant propeller operating range® (comparison on the basis
Kt, 10Kgq and no).

3 By relevant operating range, it is meant the advance coefficient in which the propeller is
expected to operate when installed on the vessel and for the EEXI condition of relevance for
the analysis. The validation should cover the range of advance coefficients close to the
relevant operating points.
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(cont)

Appendix 1 — Example of Template Report
INTRODUCTION

This report contains the description of the CFD modelling used to derive the EEDI/EEXI
reference speed (Vref) for the VESSEL (NAME). The procedure used in this report follows the
IACS Guidelines and the most updated ITTC guidelines on the topic of Numerical Modelling.
Deviations of these have been properly documented in this report and justification is
provided.

The final Reference Speed (Vref) is computed for the EEDI/EEXI draft as per MEPC. 350(78)
following the calibration performed against the available model tests and/or sea trials. The
following sections detail the methodology, parameters, post-processing and final results
obtained.

QUALIFICATIONS

Following ITTC 7.5-03-01-02, evidence on the ability of the consultants delivering this report
is provided hereafter.

General Qualifications
COMPANY (NAME) has been involved in multiple R&D, JIP and JDPs projects covering the

topics of ship resistance and propulsive performance for the past XX years. Examples of
projects are listed below:

Project# | Year Description
1 2013
2 2014
3 2015
4 2016
5 2016

COMPANY (NAME) has participated in the following benchmarking/validation exercises in
which is has obtained the accuracy by employing its standard modelling procedures:

Project# | Year Ship type Scale
1 2013 Tanker 59kDWT Full Scale

2 2014

3 2015

4 2016

5 2016
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N 0 Case Specific Qualifications

173 COMPANY (NAME) has carried out a number of projects in which ship performance was
evaluated by means of Numerical Calculations for ships falling within the category of “set of

(cont) comparable ships” as per IACS Guidelines.
Project # Year Scale
1 2013
2 2014
3 2015
4 2016
5 2016

SUPPORTING DOCUMENTATION

The following list of supporting documentation was used in connection to these calculations
and are provided in the Annex of this report.

Document Number

and/or Name Description

CFD SOFTWARE DESCRIPTION

Short Description of the CFD software used in the simulations, account for the software and
version being used alongside a general description of the same.

VESSEL DESCRIPTION

The vessel characteristics are found below:

Vessel Name

IMO Number

Vessel Type

MCR x RPM

DWT

LWT
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(cont)

Design Draft

EEXI/EEDI Draft

LPP

Beam molded (B)

Depth (D)

The propeller characteristics are found below:

Diameter

Number of blades

Rotation Direction

Expanded Area
Ratio

Hub diameter

Chord Length

Max. thickness

Pitch Ratio at 0.7R

CFD MODEL GEOMETRY

In here the model used in the CFD calculations is presented. It is expected that a comparison
between the actual hull as built is compared to the model used in the calculations. This can
be done by comparing the hydrostatics between the hull as built and the one used in the CFD
calculations. This should be done for the hull and appendages included in the modelling.

In case geometry simplifications have been implement or parts of the vessel have not been

accounted for in the CFD model, this must be noted and detailed in this section. Example for
different views to be provided are presented below.

L__‘
— :q

Figure 1 — Example of different views of a geometry used in CFD calculation.

The fluid domain size is also to be detailed here and different views describing the main
dimensions should be provided.
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(cont)

NUMERICAL MODEL SET-UP DESCRIPTION

In this section, the numerical model should be detailed. This should account for the following
information:

CFD equations being solved

Simulation type, steady vs unsteady

Turbulence model being used and justification for its choice

Numerical solution schemes used: for example, second-order upwind and iteration stop
criteria

Boundary conditions applied on all the surfaces of the fluid domain

Description of the coordinates system and model origin

Degrees of freedom used in the model

Description on the propeller modelling: full propeller, actuator disk, etc.

Description of the initial conditions used

An image should be provided to detail the boundary conditions used in the CFD calculation.

The meshing strategy should be detailed. General description of the size of the cell size, type
of grids being utilized, boundary layer refinement, etc, should be provided. Different views of
the different refinement zones are also to be provided.

The post-processing methodology is also to be detailed here: how open water propeller data
is used, if more than two simulations are performed (resistance and self-propulsion), etc. The
reasoning used to achieve the self-propulsion point should be detailed.

RESULTS

In addition, the results obtained for all the conditions under which the hull under question was
assessed: drafts and speeds. The following should be included in the report:

One figure showing an example of one of the simulations showing the residuals.
Minimum of one plot per type of simulations performed: resistance, self-propulsion,
open water curves, etc;

One figure showing an example of a convergence plot of the total resistance, viscous
resistance, pressure resistance, propeller thrust. Minimum of one plot per type of
simulations performed: resistance, self-propulsion, open water curves, efc;

The following views of the flow are required with colour code as a minimum:

o Global view of the wave pattern with wave height

Zoom view of the wave pattern at the bow and stern regions

Views of the y+ values for the hull and appendages

Views of the pressure coefficient for the hull and appendages

In case propeller is fully modelled or in case an EET is considered, cross section
views of flow past the propeller and EET device (normalized velocity and pressure at
different cross sections)

0O O O O
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N Different examples on the views/results expected are shown below:

1 73 Wave pattern:

(cont)

Z/Lpp
0.00111 0.00355 0.00598
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Dynamic Pressure field:

No.
173

(cont)

Dynamic Pressure Coefficient
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Mean Draft: 20.80m
Ship Speed: 15.50 kn
Static Trim: 0.000 Deg
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(cont)

Convergence Plot of main Efforts

Resistance (N)

Resistance vs Time
180,

160
140
120
100
80
60] {\/\/_\/\/\/MW
40
20]

01
201

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Time (s)

—Resistance (Total) —Resistance (Pressure) —Resistance (Shear)

Summary of values obtained from simulations in a tabular format for all the drafts and
speeds/power setting simulated:

Ship resistance (total, viscous and pressure resistances)
Thrust deduction factor (1+t)

Wake deduction factor (1+w)

Propeller Thrust

Propeller Torque

Propeller efficiency

Rotation Rate

Delivered Power

VALIDATION ASSESSMENT

A validation assessment procedure may be presented. This is to demonstrate that the values
obtained are within reasonable and expected values. This can be done by using a subset of
the results (graphically and numerically) and justifying how they can be considered “as-
expected”.

End of
Document
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ANNEX 8

RESOLUTION MEPC.346(78)
(adopted on 10 June 2022)

2022 GUIDELINES FOR THE DEVELOPMENT OF A SHIP ENERGY EFFICIENCY
MANAGEMENT PLAN (SEEMP)

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 (the Committee)
conferred upon it by international conventions for the prevention and control of marine pollution
from ships,

NOTING that the Committee, at its seventy-sixth session, adopted, by resolution
MEPC.328(76), the 2021 revised MARPOL Annex VI, which will enter into force on
1 November 2022,

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

NOTING FURTHER that regulation 26 of MARPOL Annex VI requires each ship to keep on
board a Ship Energy Efficiency Management Plan (SEEMP), to be developed and reviewed,
taking into account the guidelines adopted 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,

NOTING that the Committee, at its seventieth session, adopted, by resolution MEPC.282(70),
the 2016 Guidelines for the development of a Ship Energy Efficiency Management Plan
(SEEMP),

HAVING CONSIDERED, at its seventy-eighth session, the draft 2022 Guidelines for the
development of a Ship Energy Efficiency Management Plan (SEEMP),

1 ADOPTS the 2022 Guidelines for the development of a Ship Energy Efficiency
Management Plan (SEEMP), 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 26 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;
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4 AGREES to keep the Guidelines under review in light of experience gained with their
implementation, also taking into consideration that in accordance with regulations 25.3
and 28.11 of MARPOL Annex VI a review of the technical and operational measures to reduce
the carbon intensity of international shipping shall be completed by 1 January 2026;

5 REVOKES the 2016 Guidelines for the development of a Ship Energy Efficiency
Management Plan (SEEMP) adopted by resolution MEPC.282(70).
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2
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APPENDIX 3 - STANDARDIZED DATA REPORTING FORMAT FOR THE DATA
COLLECTION SYSTEM AND OPERATIONAL CARBON INTENSITY TO
THE ADMINISTRATION

APPENDIX 4 — STANDARDIZED DATA REPORTING FORMAT FOR THE PARAMETERS
TO CALCULATE THE TRIAL CARBON INTENSITY INDICATORS ON A
VOLUNTARY BASIS
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1 INTRODUCTION

11 The Guidelines for the development of a Ship Energy Efficiency Management Plan
have been developed to assist with the preparation of the Ship Energy Efficiency Management
Plan (SEEMP) required by regulation 26 of MARPOL Annex VI.

1.2 Taken together, the aims of the SEEMP should assist the international shipping sector
to achieve the goal of Chapter 4 of MARPOL Annex VI set out in regulation 20, which is
reducing the carbon intensity of international shipping. The aims of the SEEMP are threefold:

1.2.1 To encourage companies to incorporate actions to improve the energy efficiency and
carbon intensity of their ships and ship management practices.

1.2.2 To specify the methodology the ship should use to collect the data required by
regulation 27.1 of MARPOL Annex VI and the processes that should be used to report the data
to the ship's Administration or any organization duly authorized by it.

1.2.3 To specify the methodology the ship should use to calculate the attained annual
operational carbon intensity indicator (Cll) as required by regulation 28.1 of MARPOL Annex
VI and the processes that should be used to report the data to the ship's Administration or any
organization duly authorized by it.

1.3 There are three parts to a SEEMP:

1.3.1 Guidance for Part | of the SEEMP required by regulation 26.1 of MARPOL Annex VI,
is addressed in sections 3, 4, and 5 of these Guidelines. The purpose of this part is to provide
an approach to monitor ship and fleet efficiency performance over time and describe ways to
improve the ship's energy efficiency performance and carbon intensity. Part | of the SEEMP
applies to any ship of 400 GT and above.

1.3.2  Guidance for part Il of the SEEMP required by regulation 26.2 of MARPOL Annex VI,
is addressed in sections 6, 7, and 8 of these Guidelines. The purpose of this part is to provide
a description of the methodologies that should be used to collect the data required pursuant to
regulation 27 of MARPOL Annex VI and the processes that the ship should use to report the
data to the ship's Administration or any organization duly authorized by it. Part || of the SEEMP
applies to any ship of 5,000 GT and above.

1.3.3 Guidance for part Il of the SEEMP required by regulations 26.3 and 28.8 of MARPOL
Annex VI is addressed in sections 9, 10, 11, 12, 13, 14 and 15 of these Guidelines.
The purpose of this part is to provide:

A a description of the methodology that should be used to calculate the ship's
attained annual operational CIlI required by regulation 28 of MARPOL
Annex VI;

2 the processes that should be used to report this value to the ship's

Administration or any organization duly authorized by it;
.3 the required annual operational ClI for the next three years;

A4 an implementation plan documenting how the required annual operational
Cll should be achieved during the next three years;

5 a procedure for self-evaluation and improvement; and
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.6 for ships rated as D for three consecutive years or rated as E, a plan of
corrective actions to achieve the required annual operational ClII.

1.3.4  Part lll of the SEEMP applies to any ship of 5,000 GT and above which falls into one
or more of the categories in regulations 2.2.5, 2.2.7,2.2.9, 2.2.11, 2.2.14t0 2.2.16, 2.2.22, and
2.2.26 t0 2.2.29 of MARPOL Annex VI.

1.3.5 Sample forms of the various sections of the SEEMP are presented in appendices 1,
2, and 2bis for illustrative purposes. A standardized data-reporting format for the data collection
system and operational carbon intensity is presented in appendix 3. A standardized data
reporting format for the trial carbon intensity indicators on voluntary basis is presented in
appendix 4.

2 DEFINITIONS
2.1 For the purpose of these Guidelines, the definitions in MARPOL Annex VI apply.

2.2 "Ship fuel oil consumption data" means the data required to be collected on an annual
basis and reported as specified in appendix IX to MARPOL Annex VI.

2.3 "Safety management system" means a structured and documented system enabling
company personnel to implement effectively the company safety and environmental protection
policy, as defined in paragraph 1.1 of International Safety Management Code.

2.4 "Carbon Intensity Indicator" means a performance indicator by which it is possible to
measure the carbon intensity of the ship, as defined in the guidelines developed by the
Organization,! taking into account data listed for reporting in appendix IX to MARPOL
Annex VI.

PART | OF THE SEEMP: SHIP MANAGEMENT PLAN TO IMPROVE ENERGY EFFICIENCY
3 GENERAL

3.1 Regulation 26.1 of MARPOL Annex VI requires each ship of 400 gross tonnage and
above, subject to chapter 4 to keep on board a ship-specific Ship Energy Efficiency
Management Plan (SEEMP).

3.2 The purpose of part | of the SEEMP is to establish a mechanism for a company and/or
a ship to improve the energy efficiency and reduce the carbon intensity of a ship's operation.
Preferably, this aspect of the ship-specific SEEMP is linked to a broader corporate energy
management policy for the company that owns, operates or controls the ship, recognizing that
no two shipping companies are the same, and that ships operate under a wide range of
different conditions.

3.3 Many companies will already have an environmental management system (EMS) in
place under 1SO 14001 which contains procedures for selecting the best measures for
particular ships and then setting objectives for the measurement of relevant parameters, along
with relevant control and feedback features. Monitoring of operational environmental efficiency
should therefore be treated as an integral element of broader company management systems.

Refer to the 2021 Guidelines on operational carbon intensity indicators and the calculation methods
(Cll guidelines, G1) (Resolution MEPC.336(76)) and the 2022 Guidelines on correction factors and voyage
adjustments for ClI calculations (G5) (Resolution MEPC.XXX(78)).
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3.4 In addition, many companies already develop, implement and maintain a safety
management system. In such case, part | of SEEMP may form part of the ship's safety
management system.

35 This section provides guidance for the development of part | of SEEMP that should
be adjusted to the characteristics and needs of individual companies and ships. Part | of the
SEEMP is intended to be a management tool to assist a company in managing the ongoing
environmental performance of its ships and, as such, it is recommended that a company
develop procedures for implementing the plan in a manner which limits any onboard
administrative burden to the minimum necessary.

3.6 Part | of the SEEMP should be developed as a ship-specific plan by the company,
and should reflect efforts to improve the energy efficiency and reduce carbon intensity of a
ship through four steps: planning, implementation, monitoring, and self-evaluation and
improvement. These components play a critical role in the continuous cycle to improve ship
energy efficiency management and reduce its carbon intensity. With each iteration of the cycle,
some elements of part | will necessarily change while others may remain as before.

3.7 At all times safety considerations should be paramount. The trade a ship is engaged
in may determine the feasibility of the energy efficiency and carbon intensity reduction
measures under consideration. For example, ships that perform services at sea (pipe laying,
seismic survey, OSVs, dredgers, etc.) may choose different methods of improving energy
efficiency when compared to conventional cargo carriers. The nature of operations and
influence of prevailing weather conditions, tides and currents combined with the necessity of
maintaining safe operations may require adjustment of general procedures to maintain the
efficiency of the operation, for example the ships which are dynamically positioned. The length
of a voyage and the need to avoid high risk areas may also be important parameters as well
as trade specific safety considerations.

4 FRAMEWORK AND STRUCTURE OF PART | OF THE SEEMP
4.1 Planning

4.1.1 Planningis the most crucial stage of part | of the SEEMP, in that it primarily determines
both the current status of ship energy usage and carbon intensity and the expected
improvement of ship energy efficiency and reduction of carbon intensity. Therefore, it is
encouraged to devote sufficient time to planning so that the most appropriate, effective and
implementable plan can be developed.

Ship-specific measures

4.1.2 Recognizing that there are a variety of options to improve energy efficiency and
reduce carbon intensity (e.g. speed optimization, confirming berth availability and arrival time
with port of destination, weather routeing, hull maintenance, retrofitting of energy efficiency
devices, and use of alternative fuels), the best package of measures for a ship to improve
energy efficiency and reduce carbon intensity depends to a great extent upon ship type,
cargoes, routes and other factors that should be identified in the first place. These measures
should be listed as a package of measures to be implemented, thus providing the overview of
the actions to be taken for that ship.

4.1.3 During the planning process, therefore, it is important to determine and understand
the ship's current status of energy usage. Part | of the SEEMP should identify energy-saving
and carbon intensity reducing measures that already have been undertaken, and should
determine how effective these measures are in terms of improving energy efficiency and
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reducing carbon intensity. Part | also should identify what measures can be adopted to further
improve the energy efficiency and reduce the carbon intensity of the ship. It should be noted,
however, that not all measures can be applied to all ships, or even to the same ship under
different operating conditions and that some of them are mutually exclusive. Ideally, initial
measures could yield energy (and cost) saving results that then can be reinvested in more
difficult or expensive efficiency upgrades identified by part I.

4.1.4  Guidance on best practices for fuel-efficient operation of ships, set out in chapter 5,
can be used to facilitate this part of the planning phase. Also, in the planning process, particular
consideration should be given to minimize any onboard administrative burden.

Company-specific measures

4.1.5 The improvement of energy efficiency and reduction of carbon intensity of ship
operation does not necessarily depend on single ship management only. Rather, it may
depend on many stakeholders including ship repair yards, shipowners, operators, charterers,
cargo owners, fuel suppliers, ports and traffic management services. For example, "just in
time" — as explained in paragraph 5.2.4 — requires good early communication among
operators, ports and traffic management services. The better the coordination among such
stakeholders, the more improvement can be expected. In most cases, such coordination or
total management is better made by a company rather than by a ship. In this sense, it is
recommended that a company should also establish an energy efficiency and carbon intensity
management plan to improve the performance of its fleet (should it not have one in place
already) and make necessary coordination among stakeholders.

Human resource development

4.1.6 For effective and steady implementation of the adopted measures, raising awareness
of and providing necessary training for personnel both on shore and on board are an important
element. Such human resource development is encouraged and should be considered as an
important component of planning as well as a critical element of implementation.

Goal setting
4.1.7 The last part of planning is goal setting.

A For ships also subject to regulation 28 of MARPOL Annex VI, the goal setting
should be consistent with the continuous Cll improvements set out by that
regulation, and should include the relevant information (see paragraph 9.7).
These ships are also encouraged to consider setting ship-specific goals in
addition to the applicable CII requirements that strive for additional energy
efficiency improvements and carbon intensity reductions.

2 For ships or companies not subject to regulation 28, there are no
requirements to define a goal and to communicate it to the public, or to be a
subject to external inspection, surveys, or audits with respect to the SEEMP.
Nevertheless, a meaningful goal should be defined to serve as a signal on a
company's commitment to improve the energy efficiency and carbon intensity
of the ship. The goal can be set using different indicators, including the
annual fuel consumption, Annual Efficiency Ratio (AER), cgDIST, Energy
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Efficiency Operational Indicator (EEOI) or other carbon intensity indicators
(Clls).? In all cases, the goal should be measurable and easy to understand.

4.2 Implementation
Establishment of implementation system

4.2.1 After a ship and a company identify the energy efficiency and carbon intensity
measures to be implemented, it is essential to establish a system for their implementation.
This is done by developing the procedures for energy management, defining tasks associated
with those procedures, and assigning those tasks to responsible personnel.
The implementation system should include procedures to ensure execution of measures and
specify defined levels of authority and lines of communication. Also, it should include
procedures for internal audits and management review, where relevant. In sum, part | of the
SEEMP should describe how each measure should be implemented and who the responsible
person or persons are. The implementation period (start and end dates) of each selected
measure should be indicated. The development of such an implementation system can be
considered as a part of planning, and therefore may be completed at the planning stage.

Implementation and record-keeping

4.2.2 The planned measures should be carried out in accordance with the predetermined
implementation system. Record-keeping for the implementation of each measure is beneficial
for self-evaluation at a later stage and should be encouraged. If any identified measure cannot
be implemented for any reason, the reason or reasons should be recorded for internal use.
It is recommended that events and operational conditions outside the control of the ship's crew
(for example, waiting for berths, extended port dwell times, operation in severe adverse
weather) which may affect the ships rating be documented.

4.3 Monitoring
Monitoring tools

4.3.1 The energy efficiency of a ship should be monitored quantitatively. This should be
done by an established method, preferably by an international standard. In many cases, the
monitoring tool should target the goal indicator set out in paragraph 4.1.7 (e.g. AER, cgDIST,
EEOQI, or other Clls as agreed by the Organization). If a quantitative goal is not defined for a
ship, a quantitative performance indicator developed by the Organization (e.g. AER, EEOI, ClII)
or another internationally established tool should be selected. A ship subject to regulation 28
is likely to use the CII as its monitoring tool.

4.3.2 If used, these CllIs should be calculated in accordance with the guidelines developed
by the Organization,® adjusted, as necessary, to a specific ship and trade.

4.3.3  Ships subject to regulation 28 may use other measurement tools in addition to the ClI,
if convenient and/or beneficial for a ship or a company. In the case where other monitoring

Refer to the 2022 Guidelines on operational carbon intensity indicators and the calculation methods (ClI
guidelines, G1) (Resolution MEPC.352(78)) and the 2022 Interim guidelines on correction factors and
voyage adjustments for Cll calculations (G5) (Resolution MEPC.355(78)).

Refer to the Guidelines for voluntary use of the ship energy efficiency operational indicator (EEOI)
(MEPC.1/Circ.684) and the 2022 Guidelines on operational carbon intensity indicators and the calculation
methods (Cll guidelines, G1) (Resolution MEPC.352(78)) and the 2022 Interim guidelines on correction
factors and voyage adjustments for Cll calculations (G5) (Resolution MEPC.355(78)).
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tools are used, the reason for the use of the tool and the method of monitoring should be
clarified at the planning stage.

4.3.4 ltis highly advised to conduct monitoring at regular intervals for checking consistency
of data and verification assistance. The ship's fuel oil consumption should be monitored using
daily reporting, such as noon reports, or higher frequency data.

Establishment of monitoring system

4.3.5 It should be noted that whatever measurement tools are used, continuous and
consistent and reliable data collection is the foundation of monitoring. To allow for meaningful
and consistent monitoring, a monitoring system, including the procedures for collecting data
and the assignment of responsible personnel, should be developed. The development of such
a system can be considered as a part of planning, and therefore should be completed at the
planning stage.

4.3.6 Itshould be noted that, in order to avoid unnecessary administrative burdens on ships'
staff, monitoring should be carried out as much as possible by shore staff when the data can
be automatically transferred, utilizing data obtained from existing required records such as the
official and engineering logbooks and oil record books. Additional data could be obtained as
appropriate.

Search and rescue

4.3.7 When a ship diverts from its scheduled passage to engage in search and rescue
operations, and for which emissions are excluded pursuant to regulation 3, it is recommended
that data obtained during such operations is not used in ship energy efficiency monitoring, and
that such data should be recorded separately.

4.4 Self-evaluation and improvement

4.4.1 Self-evaluation and improvement is the final phase of the management cycle. This
phase should produce meaningful feedback for the coming first stage, i.e. planning stage of
the next improvement cycle.

4.4.2 The purpose of self-evaluation is to:

A evaluate the effectiveness of the planned measures and their
implementation;

2 deepen the understanding of the overall characteristics of the ship's
operation such as what types of measures can or cannot function effectively,
and how and/or why;

.3 comprehend the trend of the efficiency improvement of that ship; and

A4 develop the improved management plan for the next cycle through
identification of further opportunities for improving energy efficiency and
reducing carbon intensity.

4.4.3 For this process, procedures for self-evaluation of the ship energy efficiency
management plan should be developed. Furthermore, self-evaluation should be implemented
periodically by using data collected through monitoring. In addition, it is recommended that
time be invested in identifying the cause and effect of the performance during the evaluated
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period so lessons learned can be taken into account when revising and improving the next
stage of the ship's energy efficiency management plan.

5 GUIDANCE ON BEST PRACTICES FOR FUEL-EFFICIENT OPERATION OF
SHIPS
5.1 The search for energy efficiency and carbon intensity improvement across the entire

transport chain takes responsibility beyond what can be delivered by the company alone. A list
of all the possible stakeholders in the efficiency of a single voyage is long: obvious parties are
designers, shipyards and engine manufacturers for the characteristics of the ship; and
charterers, fuel suppliers, ports and vessel traffic management services, etc. for the specific
voyage. All parties involved should consider the inclusion of efficiency measures in their
operations both individually and collectively.

5.2 Fuel-efficient operations
Improved voyage planning

5.2.1 The optimum route and improved efficiency can be achieved through the careful
planning and execution of voyages. Thorough voyage planning needs time, but a number of
software tools are available to assist in voyage planning.

5.2.2 The Guidelines for voyage planning, adopted by resolution A.893(21), provide
essential guidance for the ship's crew and voyage planners.

Weather routeing

5.2.3  Weather routeing has a high potential for efficiency savings on specific routes. It is
commercially available for all types of ship and for many trade areas.

Justin time

5.2.4 Good early communication with the next port should be an aim in order to give
maximum notice of berth availability and facilitate the use of optimum speed where port
operational procedures support this approach.

5.2.5  Optimized port operation could involve a change in procedures involving different ship
handling arrangements in ports. Port authorities should be encouraged to maximize efficiency
and minimize delay.

Speed optimization

5.2.6  Speed optimization can produce significant savings. However, optimum speed means
the speed at which the fuel used per tonne mile is at a minimum level for that voyage. It does
not mean minimum speed; in fact, sailing at less than optimum speed will consume more fuel
rather than less. Reference should be made to the engine manufacturer's power/consumption
curve and the ship's propeller curve. Possible adverse consequences of slow speed operation
may include increased vibration and problems with soot deposits in combustion chambers and
exhaust systems. These possible consequences should be taken into account. For LNG
carriers speed optimization means, quite often, a higher speed at the start of laden passages
to control tanks pressure and at the end of ballast passages to use the operational LNG
guantity needed for cargo tank cooling in propulsion instead of wasting in GCU or condenser
steam dump. Charterers are generally aware of the improved efficiency of this speed pattern.
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5.2.7  As part of the speed optimization process, due account may need to be taken of the
need to coordinate arrival times with the availability of loading/discharge berths, etc. The
number of ships engaged in a particular trade route may need to be taken into account when
considering speed optimization.

5.2.8  Agradual increase in speed when leaving a port or estuary whilst keeping the engine
load within certain limits may help to reduce fuel consumption.

5.2.9 ltis recognized that under many charter parties the speed of the ships is determined
by the charterer and not the operator. Efforts should be made when agreeing charter party
terms to encourage the ship to operate at optimum speed in order to maximize energy
efficiency.

Optimized shaft power

5.2.10 Operation at constant shaft RPM can be more efficient than continuously adjusting
speed through engine power. The use of automated engine management systems to control
speed rather than relying on human intervention may be beneficial.

5.2.11 When optimizing shaft power, due attention should be given to overall power system
efficiency. For example, in some cases reducing load or shaft speed below the minimum
necessary to operate energy recovery systems and shaft generators may increase overall
emissions.

5.3 Optimized ship handling
Optimum trim

5.3.1 Most ships are designed to carry a designated amount of cargo at a certain speed for
a certain fuel consumption. This implies the specification of set trim conditions. Loaded or
unloaded, trim has a significant influence on the resistance of the ship through the water and
optimizing trim can deliver significant fuel savings. For any given draft there is a trim condition
that gives minimum resistance. In some ships, it is possible to assess optimum trim conditions
for fuel efficiency continuously throughout the voyage. Design or safety factors may preclude
full use of trim optimization.

Optimum ballast

5.3.2 Ballast should be adjusted taking into consideration the requirements to meet
optimum trim and steering conditions and optimum ballast conditions achieved through good
cargo planning.

5.3.3  When determining the optimum ballast conditions, the limits, conditions and ballast
management arrangements set out in the ship's Ballast Water Management Plan are to be
observed for that ship.

5.3.4 Ballast conditions have a significant impact on steering conditions and autopilot
settings, and it needs to be noted that less ballast water does not necessarily mean improved
energy efficiency.

Optimum propeller and propeller inflow considerations
5.3.5  Selection of the propeller is normally determined at the design and construction stage

of a ship's life but new developments in propeller design have made it possible for retrofitting
of later designs to deliver greater fuel economy. Whilst it is certainly for consideration, the
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propeller is but one part of the propulsion train and a change of propeller in isolation may have
no effect on efficiency and may even increase fuel consumption.

5.3.6  Improvements to the water inflow to the propeller using arrangements such as fins
and/or nozzles could increase propulsive efficiency power and hence reduce fuel consumption.

Optimum use of rudder and heading control systems (autopilots)

5.3.7 There have been large improvements in automated heading and steering control
systems technology. Whilst originally developed to make the bridge team more effective,
modern autopilots can achieve much more. An integrated Navigation and Command System
can achieve significant fuel savings by simply reducing the distance sailed "off track". The
principle is simple: better course control through less frequent and smaller corrections will
minimize losses due to rudder resistance. Retrofitting of a more efficient autopilot to existing
ships could be considered.

5.3.8  During approaches to ports and pilot stations the autopilot cannot always be used
efficiently as the rudder has to respond quickly to given commands. Furthermore, at certain
stages of the voyage it may have to be deactivated or very carefully adjusted, i.e. during heavy
weather and approaches to ports.

5.3.9 Consideration may be given to the retrofitting of improved rudder blade design (e.g.
"twist-flow" rudder).

Hull maintenance

5.3.10 Docking intervals should be integrated with the company's ongoing assessment of
ship performance. Hull resistance can be optimized by new technology-coating systems,
possibly in combination with cleaning intervals. Regular in-water inspection of the condition of
the hull is recommended.

5.3.11 Propeller cleaning and polishing or even appropriate coating may significantly
increase fuel efficiency. The need for ships to maintain efficiency through in-water hull cleaning
should be recognized and facilitated by port States.

5.3.12 Consideration may be given to the possibility of timely full removal and replacement
of underwater paint systems to avoid the increased hull roughness caused by repeated spot
blasting and repairs over multiple dockings.

5.3.13 Generally, the smoother the hull, the better the fuel efficiency.
Propulsion system

5.3.14 Marine diesel engines have a very high thermal efficiency (~50%). This excellent
performance is only exceeded by fuel cell technology with an average thermal efficiency of
60%. This is due to the systematic minimization of heat and mechanical loss. In particular, the
new breed of electronic controlled engines can provide efficiency gains. However, specific
training for relevant staff may need to be considered to maximize the benefits.
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Propulsion system maintenance

5.3.15 Maintenance in accordance with manufacturers' instructions in the company's
planned maintenance schedule will also maintain efficiency. The use of engine condition
monitoring can be a useful tool to maintain high efficiency.

5.3.16 Additional means to improve engine efficiency might include use of fuel additives,
adjustment of cylinder lubrication oil consumption, valve improvements, torque analysis, and
automated engine monitoring systems.

54 Waste heat recovery

5.4.1 Waste heat recovery systems use thermal heat losses from the exhaust gas for either
electricity generation, heating or additional propulsion with a shaft power take in.

5.4.2 It may not be possible to retrofit such systems into existing ships. However, they may
be a beneficial option for new ships. Shipbuilders should be encouraged to incorporate new
technology into their designs.

55 Improved fleet management

5.5.1 Better utilization of fleet capacity can often be achieved by improvements in fleet
planning. For example, it may be possible to avoid or reduce long ballast voyages through
improved fleet planning. There is opportunity here for charterers to promote efficiency. This
can be closely related to the concept of "just in time" arrivals.

5.5.2  Efficiency, reliability and maintenance-oriented data sharing within a company can be
used to promote best practice among ships within a company and should be actively
encouraged.

5.6 Improved cargo handling

Cargo handling is in most cases under the control of the port or terminal operators and optimum
solutions matched to ship and port or terminal requirements should be explored. However, in
cases where ships use their own cargo handling equipment (e.g. cargo cranes, self-unloading
booms, cargo pumps (tankers)), procedures should be in place to efficiently utilize the energy
produced from any additional generators required to operate the equipment.

5.7 Energy management

5.7.1 A review of electrical services on board can reveal the potential for unexpected
efficiency gains. However, care should be taken to avoid the creation of new safety hazards
when turning off electrical services (e.g. lighting). Thermal insulation is an obvious means of
saving energy. Also see comment below on shore power.

5.7.2  Optimization of reefer container stowage locations may be beneficial in reducing the
effect of heat transfer from compressor units. This might be combined as appropriate with
cargo tank heating, ventilation, etc. The use of water-cooled reefer plant with lower energy
consumption might also be considered.

5.8 Fuel type

The use of emerging alternative fuels may be considered as a CO; reduction method, but
availability will often determine the applicability.
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5.9 Other measures

5.9.1 Development of computer software for the calculation of current fuel consumption, for
the establishment of an emissions "footprint," to optimize operations, and the establishment of
goals for improvement and tracking of progress may be considered.

5.9.2 Renewable energy sources, such as solar (or photovoltaic) cell technology, have
improved enormously in recent years and should be considered for onboard application.

5.9.3 Insome ports shore power may be available for some ships but this is generally aimed
at improving air quality in the port area. If the shore-based power source is carbon efficient,
there may be a net efficiency benefit. Ships may consider using onshore power if available.

5.9.4  Even wind-assisted propulsion may be worthy of consideration. Various systems are
available for retrofit, including Flettner rotors, wing sails and aerofoil kites.

5.9.5 Efforts could be made to source fuel of improved quality in order to minimize the
amount of fuel required to provide a given power output.

5.10 Compatibility of measures

5.10.1 These Guidelines indicate a wide variety of possibilities for energy efficiency
improvements for the existing fleet. While there are many options available, they are not
necessarily cumulative, are often area and trade dependent and likely to require the agreement
and support of a number of different stakeholders if they are to be utilized most effectively.

Age and operational service life of a ship

5.10.2 All measures identified in this document as applied to part | of the SEEMP are
potentially cost-effective in case of high oil prices. The financial feasibility of a specific energy
efficiency enhancement can be evaluated by various means. One way would be to estimate
the return on investment (ROI) time. However, while measures with lower ROl may have the
lowest cost, this does not guarantee the best results in energy efficiency performance
improvement. Clearly, this equation is heavily influenced by the remaining service life of a ship
and the cost of fuel.

Trade and sailing area

5.10.3 The feasibility of many of the measures described in this guidance will be dependent
on the trade and sailing area of the ship. Sometimes ships will change their trade areas as a
result of a change in chartering requirements, but this cannot be taken as a general
assumption. For example, certain types of wind-enhanced power sources might not be feasible
for short sea shipping as these ships generally sail in areas with high traffic densities or in
restricted waterways. Air draft limitations may also affect the feasibility of wind assistance
technology and certain other emission reduction measures. Another aspect is that the world's
oceans and seas each have characteristic conditions and so ships designed for specific routes
and trades may not obtain the same energy efficiency benefits by adopting the same measures
or combination of measures as other ships that operate in different areas. It is also likely that
some measures will have a greater or lesser effect in different sailing areas.

5.10.4 The trade a ship is engaged in may also determine the feasibility of the efficiency
measures under consideration. For example, ships that perform services at sea (pipe laying,
seismic survey, OSVs, dredgers, etc.) may choose different methods of improving energy
efficiency when compared to conventional cargo carriers. The length of voyage may also be
an important parameter as may trade specific safety considerations. The pathway to the most
efficient combination of measures will be unique to each vessel within each shipping company.
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5.10.5 Environmental conditions and the nature of cargo carried also varies between regions.
For example, some routes may carry greater volumes of goods requiring careful temperature
conditioning, or some transit regions may be subject to frequent severe adverse weather
conditions. This may lead to an increase of emissions of ships serving those routes and
regions.

PART Il OF THE SEEMP: SHIP FUEL OIL CONSUMPTION DATA COLLECTION PLAN

6 GENERAL

6.1 Regulation 26.2 of MARPOL Annex VI specifies that, "in the case of a ship of 5,000
gross tonnage and above, the SEEMP shall include a description of the methodology that will
be used to collect the data required by regulation 27.1 of this Annex and the processes that
will be used to report the data to the ship's Administration". Part Il of the SEEMP, the Ship Fuel
Oil Consumption Data Collection Plan (hereinafter referred to as "Data Collection Plan")
contains such methodology and processes.

6.2 With respect to Part Il of the SEEMP, these Guidelines provide guidance for
developing a ship-specific method to collect, aggregate and report ship data with regard to
annual fuel oil consumption, distance travelled, hours under way and other data required by
regulation 27 of MARPOL Annex VI to be reported to the Administration.

6.3 Pursuant to regulation 5.4.5 of MARPOL Annex VI, the Administration should ensure
that each covered ship's SEEMP complies with regulation 26.2 of MARPOL Annex VI prior to
collecting any data.

7 GUIDANCE ON METHODOLOGY FOR COLLECTING DATA ON FUEL OIL
CONSUMPTION, DISTANCE TRAVELLED AND HOURS UNDER WAY

Fuel oil* consumption

7.1 Fuel oil consumption should include all the fuel oil consumed on board including but
not limited to the fuel oil consumed by the main engines, auxiliary engines, gas turbines, boilers
and inert gas generator, for each type of fuel oil consumed, regardless of whether a ship is
under way or not. Methods for collecting data on annual fuel oil consumption in metric tonnes
include (in no particular order):

A method using bunker delivery notes (BDNSs):

This method determines the annual total amount of fuel oil used based on
BDNSs, which are required for fuel oil for combustion purposes delivered to
and used on board a ship in accordance with regulation 18 of MARPOL
Annex VI; BDNs are required to be retained on board for three years after
the fuel oil has been delivered. The Data Collection Plan should set out how
the ship will operationalize the summation of BDN information and conduct
tank readings. The main components of this approach are as follows:

Regulation 2.1.14 of MARPOL Annex VI defines "fuel oil* as "fuel oil means any fuel delivered to and
intended for combustion purposes for propulsion or operation on board a ship, including gas, distillate and
residual fuels."
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A annual fuel oil consumption would be the total mass of fuel oil used
on board the vessel as reflected in the BDNs. In this method, the
BDN fuel oil quantities would be used to determine the annual total
mass of fuel oil consumption, plus the amount of fuel oil left over
from the last calendar year period and less the amount of fuel oil
carried over to the next calendar year period;

2 to determine the difference between the amount of remaining tank
oil before and after the period, the tank reading should be carried
out at the beginning and the end of the period;

3 in the case of a voyage that extends across the data reporting
period, the tank reading should occur by tank monitoring at the ports
of departure and arrival of the voyage and by statistical methods
such as rolling average using voyage days;

4 fuel oil tank readings should be carried out by appropriate methods
such as automated systems, soundings and dip tapes. The method
for tank readings should be specified in the Data Collection Plan;

5 the amount of any fuel oil offloaded should be subtracted from the
fuel oil consumption of that reporting period. This amount should be
based on the records of the ship's oil record book; and

.6 any supplemental data used for closing identified difference in
bunker quantity should be supported with documentary evidence;

2 method using flow meters:

This method determines the annual total amount of fuel oil consumption by
measuring fuel oil flows on board by using flow meters. In case of the
breakdown of flow meters, manual tank readings or other alternative
methods will be conducted instead. The Data Collection Plan should set out
information about the ship's flow meters and how the data will be collected
and summarized, as well as how necessary tank readings should be
conducted:

A1 annual fuel oil consumption may be the sum of daily fuel oil
consumption data of all relevant fuel oil consuming processes on
board measured by flow meters;

2 the flow meters applied to monitoring should be located so as to
measure all fuel oil consumption on board. The flow meters and their
link to specific fuel oil consumers should be described in the Data
Collection Plan;

.3 note that it should not be necessary to correct this fuel oil
measurement method for sludge if the flow meter is installed after
the daily tank as sludge will be removed from the fuel oil prior to the
daily tank;
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A4 the flow meters applied to monitoring fuel oil flow should be
identified in the Data Collection Plan. Any consumer not monitored
with a flow meter should be clearly identified, and an alternative fuel
oil consumption measurement method should be included; and

5 calibration of the flow meters should be specified. Calibration and
maintenance records should be available on board;

3 method using bunker fuel oil tank monitoring on board:

A to determine the annual fuel oil consumption, the amount of daily
fuel oil consumption data measured by tank readings which are
carried out by appropriate methods such as automated systems,
soundings and dip tapes will be aggregated. The tank readings will
normally occur daily when the ship is at sea and each time the ship
is bunkering or de-bunkering; and

2 the summary of monitoring data containing records of measured fuel
oil consumption should be available on board;

4 method using LNG cargo tank monitoring on board:

LNG ships use the Custody Transfer Monitoring System (CTMS) to
monitor/record the cargo volumes inside the tanks. When calculating the
consumption:

A the LNG liquid volume consumed is converted to mass using the
methane density of 422 kg/m3. This is because LNG is transported
at methane boiling point, while other heavier hydrocarbons have a
higher boiling point and remain at liquid state; and

2 nitrogen mass content is subtracted for each laden voyage from
LNG consumption as it does not contribute to CO, emissions;

5 method using cargo tank monitoring on board for ships using cargo other
than LNG as a fuel:

A to determine the annual fuel oil consumption, the amount of daily
fuel oil consumption data measured by tank readings which are
carried out by appropriate methods to the cargo used as a fuel. The
method for tank readings should be specified in the SEEMP Data
Collection Plan; and

2 the tank readings will normally occur daily when the ship is at sea
and each time the ship is loading or discharging cargo; and the
summary of monitoring data containing records of measured fuel oil
consumption should be available on board.
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7.2 Any corrections, e.g. density, temperature, nitrogen content for LNG, if applied, should
be documented.®

Conversion factor CF

7.3 If fuel oils are used that do not fall into one of the categories as described in the 2018
Guidelines on the method of calculation of the attained Energy Efficiency Design Index (EEDI)
for new ships (resolution MEPC.308(73)), as amended, and have no CF-factor assigned
(e.g. some "hybrid fuel oils"), the fuel oil supplier should provide a CF-factor for the respective
product supported by documentary evidence.

Distance travelled

7.4 Appendix IX of MARPOL Annex VI specifies that distance travelled should be
submitted to the Administration and:

A1 distance travelled over ground in nautical miles should be recorded in the
logbook in accordance with SOLAS regulation V/28.1;8

2 the distance travelled while the ship is under way under its own propulsion
should be included in the aggregated data of distance travelled for the
calendar year; and

.3 other methods to measure distance travelled accepted by the Administration
may be applied. In any case, the method applied should be described in
detail in the Data Collection Plan.

Hours under way

7.5 Appendix IX of MARPOL Annex VI specifies that hours under way should be
submitted to the Administration. Hours under way should be an aggregated duration while the
ship is under way under its own propulsion.

Data quality

7.6 The Data Collection Plan should include data quality control measures which should
be incorporated into the existing safety management system. Additional measures to be
considered could include:

A1 the procedure for identification of data gaps and correction thereof; and

2 the procedure to address data gaps if monitoring data is missing, for
example, flow meter malfunctions.

A standardized data reporting format

7.7 Regulation 27.3 of MARPOL Annex VI states that the data specified in appendix IX of
the Annex are to be communicated electronically using a standardized form developed by the

5 For example, ISO 8217 provides a method for liquid fuel.

6 Distance travelled measured using satellite data is distance travelled over the ground.
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Organization. The collected data should be reported to the Administration in the standardized
format shown in appendix 3.

8 DIRECT CO; EMISSIONS MEASUREMENT
8.1 Direct CO2 emission measurement is not required by regulation 27 of MARPOL
Annex VI.
8.2 Direct CO2 emissions measurement, if used, should be carried out as follows:
A this method is based on the determination of CO, emission flows in exhaust

gas stacks by multiplying the CO; concentration of the exhaust gas with the
exhaust gas flow. In case of the absence or/and breakdown of direct CO,
emissions measurement equipment, manual tank readings will be conducted
instead;

2 the direct CO, emissions measurement equipment applied to monitoring is
located so as to measure all CO, emissions from the ship. The locations of
all equipment applied are described in the monitoring plan; and

.3 calibration of the CO, emissions measurement equipment should be
specified. Calibration and maintenance records should be available on
board.

PART Il OF THE SEEMP: SHIP OPERATIONAL CARBON INTENSITY PLAN
9 GENERAL

9.1 Regulation 26.3.1 of MARPOL Annex VI specifies that, for certain categories of ships
of 5,000 GT and above, on or before 1 January 2023, the SEEMP shall include:

A1 a description of the methodology that will be used to calculate the ship's
attained annual operational Cll required by regulation 28 of MARPOL Annex
VI and the processes that will be used to report this value to the ship's
Administration;

2 the required annual operational Clls, as specified in regulation 28 of
MARPOL Annex VI, for the next three years;
.3 an implementation plan documenting how the required annual operational
Clls will be achieved during the next three years; and
4 a procedure for self-evaluation and improvement.
9.2 Sections 9 to 15 of these Guidelines provide guidance for ships to which

regulation 26.3 of MARPOL Annex VI applies for the following purposes:

A to assist them in developing part 11l of the ship's SEEMP, including guidance
on developing a ship-specific method to collect necessary data;

2 to describe the methodology that will be used to calculate the ship's attained
annual operational Cll value and report this to the ship's Administration;
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3 to determine the ship's required annual operational CII for the next three
years;
A4 to develop and apply an implementation plan documenting how the required

annual operational Clis will be achieved during the next three years;

5 to define a procedure for self-evaluation and improvement; and
.6 to develop corrective actions, as applicable.
9.3 The required annual operational Cll is to be calculated in accordance with regulation

28 and taking into account the guidelines developed by the Organization.’

9.4 In addition, pursuant to regulation 28 of MARPOL Annex VI, part Il of the SEEMP is
further to include calculation methodologies and a plan of corrective actions for ships that are
rated D for three consecutive years or rated as E.

9.5 The ship's attained annual operational carbon intensity is to be calculated taking into
account the guidelines developed by the Organization.®

9.6 Ships of 5,000 gross tonnage and above that are subject to regulations 26.3 and 28
of MARPOL Annex VI are strongly encouraged to review part | of their SEEMP to revise it as
needed to reflect the actions taken to achieve the ship's CIl requirements.

9.7 The goal setting, as referred to in paragraph 4.1.7 in part |, should be consistent with
the requirements of regulation 28 of MARPOL Annex VI and should include the ship's required
annual operational ClII for the next three years following the updating of the SEEMP.

9.8 In addition, while ships subject to regulation 28 of MARPOL Annex VI may relay on
the CII requirements when defining goals under part | of the SEEMP, they are encouraged to
consider setting additional ship-specific goals that go beyond the applicable CII requirements
and strive for energy efficiency improvements and carbon intensity reductions beyond such
requirements.

9.9 Ships subiject to regulation 28 of MARPOL Annex VI may consider voluntarily using
one or more of the trial Clls (EEPI, cbDIST, cIDIST or EEOI), where applicable, for the purpose
of providing supporting data for decision-making to support the review clause set out in
regulation 28.11 of MARPOL Annex VI. A standardized data reporting format for the
parameters to calculate the trial carbon intensity indicators on a voluntary basis is presented
in appendix 4. A description of the methodology that should be used to calculate the trial ClI
should be included in the SEEMP.

9.10 Part Ill of the ship's SEEMP should be updated in case of voluntary modifications or
necessary corrective actions are involved (every three years).

Refer to the 2022 Guidelines on the reference lines for use with operational carbon intensity indicators (Cll
reference lines guidelines, G2) (Resolution MEPC.353(78) and the 2021 Guidelines on the operational
carbon intensity reduction factors relative to reference lines (Cll reduction factors guidelines, G3) (Resolution
MEPC.338(76).

Refer to the 2022 Guidelines on operational carbon intensity indicators and calculation methods (ClI
Guidelines, G1) (Resolution MEPC.352(78)) and the 2022 Interim guidelines on correction factors and
voyage adjustments for Cll calculations (G5) (Resolution MEPC.355(78)).
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10 ATTAINED ANNUAL OPERATIONAL CIl CALCULATION METHODOLOGY; DATA
COLLECTION PLAN AND DATA QUALITY

10.1 Taking into account the guidelines developed by the Organization,® part Ill of the
SEEMP provides detailed information on how the ship's attained annual operational Cll should
be calculated. Regulation 28 of MARPOL Annex VI states that the attained annual operational
CllI shall be calculated, using the data collected in accordance with regulation 27 (Fuel Oil Data
Collection System).

10.2 In describing the calculation methodology, part Il of the SEEMP should include a
detailed description of the data required for the calculation of the attained annual operational
Cll. The data collection should follow the relevant methodology and requirements on the Fuel
Oil Data Collection System pursuant to regulation 27 of MARPOL Annex VI (see part Il of these
Guidelines).

10.3 In case of transfer of the ship from one company to another according to
regulation 27.5 or 27.6 of MARPOL Annex VI, all relevant data necessary for the calculation
of the attained annual operational Cll should be submitted by the former company to the
receiving company within one month after the date of transfer. The data should have been
verified by the Administration or any organization duly authorized by it according to regulation
6.7 of MARPOL Annex VI before they are transferred to the receiving company. The format of
the transfer should be consistent with appendix 3 and such that the receiving company can
use it in the calculations of the attained annual operational ClI for the whole year in which the
transfer takes place.

10.4 In case the former company does not transfer the required data, the Administration
may make relevant data submitted to the IMO Fuel Oil Consumption Database available to the
receiving company. In case of a transfer of both company and Administration concurrently, the
incoming Administration may make a request to the Organization for access to the data
according to regulation 27.11. If no such data is available, the attained annual operational ClI
can be calculated and verified using the available data covering a period of the preceding
calendar year as long as practically possible.

10.5 In case of transfer of a ship from one Administration to another according to regulation
27.4 of MARPOL Annex VI the data needed for calculating the annual attained Cll is already
in the possession of the relevant company and no further exchange of data is needed.

11 REQUIRED ANNUAL OPERATIONAL CIl FOR NEXT THREE YEARS

11.1 Part Il of the SEEMP describes the required annual operational Cll values for the
ship for each of the next three years, calculated in accordance with regulation 28 of MARPOL
Annex VI and taking into account the guidelines developed by the Organization,° as the basis
for those calculations.

Refer to the 2022 Guidelines on operational carbon intensity indicators and calculation methods (ClI
Guidelines, G1) (Resolution MEPC.352(78)) and the 2022 Interim guidelines on correction factors and
voyage adjustments for Cll calculations (G5) (Resolution MEPC.355(78)).

10 Refer to the 2022 Guidelines on the reference lines for use with operational carbon intensity indicators (ClI

reference lines guidelines, G2) (Resolution MEPC.353(78)) and the 2021 Guidelines on the operational
carbon intensity reduction factors relative to reference lines (Cll reduction factors guidelines, G3) (Resolution
MEPC.338(76)).
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12 THREE-YEAR IMPLEMENTATION PLAN

12.1 The three-year implementation plan describes the measures the ship plans to take to
continue to achieve the required annual operational Cll over the next three-year period. These
may include, but are not limited to, measures as outlined in section 5 of these Guidelines.

12.2 The three-year implementation plan is ship-specific.

12.3 The three-year implementation plan should be SMART (Specific, Measurable,
Achievable, Realistic, and Time-bound) to the extent envisaged and feasible. It should include:

A a list of measures that improve the energy efficiency and reduce the carbon
intensity of the ship, with time and method of implementation necessary for
achieving the required operational CII;

.2 a description of how, when the listed measures are implemented, the
required operational Cll will be achieved, taking into consideration the
combined effect of the measures on operational carbon intensity;

.3 the company personnel responsible for the three-year implementation plan,
and for monitoring and recording performance throughout the year for the
reviewing of the effectiveness of the three-year implementation plan; and

4 identification of possible impediments to the effectiveness of the measures
for improving the energy efficiency and reducing the carbon intensity of the
ship, including possible contingency measures put in place to overcome
these impediments.

12.4 The three-year implementation plan should be monitored and adjusted when
necessary, and the data to be monitored, identified.

13 PROCESS FOR SELF-EVALUATION AND IMPROVEMENT (IN ADDITION TO
SECTION 4.4. OF THESE GUIDELINES)

131 The purpose of self-evaluation is to evaluate the effectiveness of the planned
measures and their implementation, to deepen the understanding of the overall characteristics
of the ship's operation, such as what types of measures can function effectively, and how or
why, to comprehend the trend of the efficiency improvement of that ship, to understand trends
in the ship's utilization in terms of cargo carried and areas of operation, and to develop an
improved action plan for the next cycle. This evaluation should produce meaningful feedback
based on experience in the previous period, to enhance performance in the next period.

13.2 Procedures for self-evaluation of the ship's energy usage and carbon intensity should
be developed and included in this section of the SEEMP. Self-evaluation should be carried out
periodically based on data collected through monitoring. It is recommended that the cause and
effect of the ship's performance in the evaluated period be identified in order to identify
measures for improving performance during the next period.

13.3 The process of self-evaluation and improvement could consist of the following
elements:

A regular internal shipboard and company audits to verify implementation and
the effectiveness of the system;
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improvement, i.e. implementing preventive or modifying measures
(responsible personnel within the company should evaluate such audit
reports and implement corrective actions including preventive or modifying
measures); and

periodical review of the SEEMP and associated documents, to update the
SEEMP in a manner which minimizes any administrative and unnecessary
burdens on company's personnel and ship's staff.

13.4 The content of the self-evaluation and improvement could include the following

elements:

A

criteria for evaluation, including elements to evaluate, such as quality of
monitoring, record-keeping, effectiveness of implemented measures
(including cause and effect) and achievement of the goal;

the evaluation of the effectiveness of the different measures taken, in terms
of energy efficiency and carbon intensity;

which measures contribute the most and how much, which measures do not
contribute and are therefore not efficient, which ship and/or company-specific
elements adversely affect the Cll and how these could be improved;

timeline for starting the review process ahead of the end of the compliance
period and for implementation of new measures in the subsequent year;

measures identified to address deficiencies and discrepancies including
correction of data gaps and system weaknesses, new measures to improve
implementation (e.g. training) as well as new carbon intensity improvement
measures as needed;

where relevant, actions that will be taken to bring the ship into better ClI
ratings including estimated quantification of the additional expected
reduction in carbon intensity;

where applicable, if a plan of corrective actions is required, the plan should
include items listed under 15.4.5 to bring the ship out of inferior performance;
and

where relevant, identification of critical factors that contributed to missing the
Cll target.

14 REVIEW AND UPDATE OF PART Il OF THE SEEMP

14.1 Regulation 26.1 of MARPOL Annex VI provides: "Each ship shall keep on board a
ship-specific Ship Energy Efficiency Management Plan (SEEMP). This may form part of the
ship's safety management system. The SEEMP shall be developed and reviewed, taking into
account guidelines adopted by the Organization". Regulation 26.3.2 of MARPOL Annex VI
provides: "For ships rated as D for three consecutive years or rated as E, in accordance with
regulation 28 of this Annex, the SEEMP shall be reviewed in accordance with regulation 28.8
of this Annex to include a plan of corrective actions to achieve the required annual operational

Cl".
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14.2 The company should ensure that the SEEMP is reviewed and updated when
necessary, as per paragraph 9.10.

14.3 The SEEMP should include a log for when it has been reviewed and updated and
identify which parts have been changed.

15 PLAN OF CORRECTIVE ACTIONS

15.1 A plan of corrective actions is not required to be included in the SEEMP unless a ship
has been rated D for three consecutive years or E for one year.

15.2 For a ship that is required to develop a plan of corrective actions in accordance with
regulation 28.7 of MARPOL Annex VI, a revised SEEMP including the corrective actions for
Cll reduction shall be submitted to the Administration or any organization duly authorized by it
for verification in accordance regulation 28.8 of MARPOL Annex VI. The revised SEEMP
should be submitted together with, but in no case later than one month after reporting the
attained annual operational Cll in accordance with regulation 28.2.

15.3 Regulation 28.9 of MARPOL Annex VI further provides that "A ship rated as D for
three consecutive years or rated as E shall duly undertake the planned corrective actions in
accordance with the revised SEEMP."

154 Developing the plan of corrective actions

15.4.1 The purpose of the plan of corrective actions is to set out what actions a ship that was
rated D for three consecutive years or E for one year should take to achieve at least a C rating
for the calendar year following the adoption of the plan of corrective actions and ultimately the
required annual operational CII.

15.4.2 The plan of corrective actions is ship-specific.

15.4.3 Many of the approaches described in section 5 of these guidelines or any other
suitable measure may be applied to a ship to improve its fuel efficiency and thus its Cll rating.

15.4.4 The plan for corrective action should describe the actions that the ship plans to take,
the timeline in which those actions will be applied, and the expected impact their application
will have on the ship's ClI rating. It should be demonstrated how the corrective actions will
contribute to achieving the required annual operational Cll, so as to ascertain the effectiveness
of the corrective actions. Experience gained from previously taken corrective actions and their
degree of effectiveness should be taken into account when selecting the proper corrective
actions.

15.4.5 The plan of corrective actions should be SMART (Specific, Measurable, Achievable,
Realistic, and Time-bound). It should include:

A an analysis of the cause of the inferior ClI rating;
2 an analysis of the performance of implemented measures;
.3 a list of additional measures and revised measures to be added to the

implementation plan with time and method of implementation necessary for
achieving the required operational CII;
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A4 designation of a company person to be responsible for the added and revised
measures in the implementation plan, monitoring and recording performance
throughout and reviewing of the effectiveness of the corrective actions; and

5 identification of possible impediments to the effectiveness of the measures
for improving the energy efficiency and reducing the carbon intensity of the
ship, including possible additional contingency measures put in place to
overcome and how these impediments will be overcome.

15.4.6 The implementation of the plan of corrective actions should be monitored and
adjusted when necessary. Additional measures should be taken to strengthen corrective
actions in case of insufficient intermediate results.

15.4.7 The company should ensure that it is in a position to perform the actions set out in the
plan of corrective actions and confirm that it is able to do so when submitting its updated
SEEMP.

I\MEPC\78\MEPC 78-17-Add.1.docx



MEPC 78/17/Add.1
Annex 8, page 27

APPENDIX 1

SAMPLE FORM OF SHIP MANAGEMENT PLAN TO
IMPROVE ENERGY EFFICIENCY
(PART | OF THE SEEMP)

development:

Name of ship: Gross tonnage:
Ship type: Capacity:

IMO number:

Date of Developed by:

Implementation
period:

From:
Until:

Implemented by:

Planned date of
next evaluation:

Review and update lo

Date/timeline

Updated parts

Developed by

Implemented by

1 MEASURES

Energy efficiency
measures

Implementation

(including the starting date)

Responsible personnel

2 MONITORING

Description of monitoring tools

3 GOAL

Measurable goals

4 EVALUATION

Procedures of evaluation
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APPENDIX 2

SAMPLE FORM OF SHIP FUEL OIL CONSUMPTION DATA COLLECTION PLAN
(PART Il OF THE SEEMP)

1 Review and update log

Date/timeline Updated parts Developed by Implemented by

2 Ship particulars

Name of ship

IMO number

Company

Flag

Year of delivery

Ship type

Gross tonnage

NT

DWT

Attained EEDI (if applicable)

Attained EEXI (if applicable)

Ice class

3 Record of revision of Fuel Oil Consumption Data Collection Plan

Date of revision Revised provision

4 Ship engines and other fuel oil consumers and fuel oil types used
Engines or other fuel oll Power Fuel oil types
consumers

1 | Type/model of main (kW)
engine

2 | Type/model of auxiliary (kW)
engine

3 | Boiler (...)

4 | Inert gas generator (...)
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5 Emission factor

Ce is a non-dimensional conversion factor between fuel oil consumption and CO- emission in
the 2018 Guidelines on the method of calculation of the attained Energy Efficiency Design
Index (EEDI) for new ships (resolution MEPC.308(73)), as amended. The annual total amount
of CO is calculated by multiplying annual fuel oil consumption and Ce for the type of fuel.

Fuel oil type Ce
(t-CO2 / t-Fuel)
Diesel/Gas oil (e.g. ISO 8217 grades DMX through DMB) 3.206
Light fuel oil (LFO) (e.g. ISO 8217 grades RMA through RMD) 3.151
Heavy fuel oil (HFO) (e.g. ISO 8217 grades RME through RMK) 3.114
Liquefied petroleum gas (LPG) (Propane) 3.000
Liguefied petroleum gas (LPG) (Butane) 3.030
Liguefied natural gas (LNG) 2.750
Methanol 1.375
Ethanol 1.913
Other (......... )
6 Method to measure fuel oil consumption

The applied method for measurement for this ship is given below. The description explains the
procedure for measuring data and calculating annual values, measurement equipment
involved, etc.

Method Description
7 Method to measure distance travelled
Description
8 Method to measure hours under way
Description
9 Processes that will be used to report the data to the Administration
Description

10 Data quality

Description
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APPENDIX 2bis

SAMPLE FORM OF SHIP OPERATIONAL CARBON INTENSITY PLAN

(PART 1l OF THE SEEMP)

1 Review and update log
Date/timeline Updated parts Developed by Implemented by
<1% time>
<2 time>
Etc.
2 Required Cll over the next three years, attained Cll and rating over three

consecutive years

Name of the ship IMO number

Company Year of delivery

Flag Ship type

Gross tonnage DWT

Applicable ClII

PP OAER ; OcgDIST

Year Required Attained annual Attained Operational carbon
annual operational ClI annual intensity rating (A, B, C,
operational (before any operational D or E):
Cll correction) Cll

<year -1>

<year -2>

<year -3>
Required
annual
operational
Cll

<year>:

<year + 1>

<year + 2>

3 Calculation methodology of the ship's attained annual ClI, including required

data and how to obtain these data as far as not addressed in part Il

Description

4 Three-year implementation plan

Description
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Company personnel to be responsible for the three-year implementation plan,
monitoring and recording performance

List of measures to be considered and implemented

Measure | Impact | Time and method of implementation and | Impediments and  contingency
on Cll | responsible personnel measures
Milestone Due Responsible Impediment | Contingencies
Milestone Due Responsible Impediment Contingencies
Milestone Due Responsible Impediment Contingencies
Milestone Due Responsible Impediments Contingencies

Calculation showing the combined effect of the measures and that the required
operational Cll will be achieved

Year Required annual Targeted Targeted rating
operational ClII operational annual
Cll
<year>:
<year + 1>
<year + 2>
5 Self-evaluation and improvement
Description
6 Plan of corrective actions (if applicable)

Analysis of causes for inferior Cll rating

Cause Analysis of effect Actions
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Analysis of measures in the implementation plan

Measure Analysis of effect Actions

List of additional measures and revised measures to be added to the implementation
plan

Measure | Impact | Time and method of | Impediments and contingency
on Cll | implementation and responsible | measures
ersonnel
Milestone | Due | Responsible Impediments | Contingencies
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APPENDIX 3

STANDARDIZED DATA REPORTING FORMAT FOR THE DATA COLLECTION SYSTEM
AND OPERATIONAL CARBON INTENSITY TO THE ADMINISTRATION

Name of the ship

IMO number

Company Year of delivery

Flag Ship type

Gross tonnage DWT

Applicable Cli OAER ; OcgDIST
Operational carbon intensity rating oA; oB; oC; oD; oE

CllI for trial purpose (none, one or more on SEEPI : 0cbDIST : oclDIST : oEEO!

voluntary basis)

Attained annual operational Cll before any correction
(AER in g COy/dwt.nm or cgDIST in g CO,/gt.nm)

Attained annual operational ClI

(AER in g COz/dwt.nm or cgDIST in g CO,/gt.nm)

End date for annual CIl (dd/mm/yy)*

Start date for annual ClI (dd/mm/yy)*

Attained EEDI (if applicable)

Attained EEXI (if applicable)

EEPI (gCO2/dwt.nm)

cbDIST (gCO2/berth.nm)

cIDIST (gCO2/m.nm)

EEOI (gCO2/t.nm or others)

IMO number

End date for DCS (dd/mm/yy)

Start date for DCS (dd/mm/yy)
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APPENDIX 4

STANDARDIZED DATA REPORTING FORMAT FOR THE PARAMETERS TO CALCULATE
THE TRIAL CARBON INTENSITY INDICATORS ON VOLUNTARY BASIS*

Attained annual EEOI

Metric of Cargo Mass Carried or Work Done in EEOI calculation
(gCO2/t.nm or others)****=

Transport work*****

Attained annual EEPI (gCO./dwt.nm)

Laden distance travelled (n.m)

Attained annual cIDIST (gCO2/m.nm) ****

Length of lanes (metre) ****

Attained annual cbDIST(gCO2/berth.nm) ***

Available lower berths***

End date for trial Cll (dd/mm/yy)**

Start date for trial Cll (dd/mm/yy)**

IMO number**

End date for DCS (dd/mm/yy)**

Start date for DCS (dd/mm/yy)**

* For reporting a trial Cll, the data should be reported as applicable taking into account
the information already provided in appendix 3.
** Consistent with appendix 3.

Fhx Only applicable to cruise passenger ships.

***%  Only applicable to ro-ro ships.

ek As defined in section 3 of Guidelines for voluntary use of the ship energy efficiency
operational indicator (EEOI) circulated by MEPC.1/Circ.684. The distance travelled
shall be determined from berth of the port of departure to berth of the port of arrival and
shall be expressed in nautical miles.

*k%k
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SEEMP/CII Implementation Guidelines

Introduction

These guidelines have been developed to provide further guidance on implementation of

1.

2022 Guidelines for the development of a Ship Energy Efficiency Plan (SEEMP) -
Resolution MEPC.346 (78), hereafter referred as “SEEMP Guidelines”

. Guidelines for the verification and company audits by the Administration of Part Ill of the

Ship Energy Efficiency Plan (SEEMP) — Resolution MEPC.347 (78), hereafter referred as
“SEEMP Verification Guidelines”.

. 2022 Guidelines on Operational Carbon Intensity Indicators and the Calculation Methods

(Cll Guidelines, G1) — Resolution MEPC.352 (78).

2022 Guidelines on the Reference Lines for Use with Operational Carbon Intensity
Indicators (Cll Reference Lines Guidelines, G2) — Resolution MEPC.353 (78).

2021 Guidelines on the Operational Carbon Intensity Reduction Factors relative to
Reference Lines (Cll Reduction Factors Guidelines, G3) - Resolution MEPC.338 (76).

2022 Guidelines on the Operational Carbon Intensity Rating of Ships (CII Rating
Guidelines, G4) — Resolution MEPC.354 (78).

. 2022 Interim Guidelines on Correction Factors and Voyage Adjustments for CI|

Calculations (CII Guidelines, G5) - Resolution MEPC.355 (78).

The document may be updated whenever new issues are brought to the attention of IACS.
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(cont)

1 Objective

These guidelines aim to address issues in relation to SEEMP/CII verification and provide
guidance for supporting the implementation of IMO SEEMP/CII as per reg. 26 and 28 of
MARPOL Annex VI. In the context of SEEMP, the emphasis is on implementation of SEEMP
Part Ill, specifically, as per reg. 26.3.

2 Inter-relation between various Parts of SEEMP

The inter-relation between the various parts of SEEMP is shown in figure 2.1.

N N

SEEMP Part | SEEMP Part SEE_MP Part Il
(Required by reg. (Required by reg. (Required by reg.
26.1 and applies 26.3 and 28.8 applies 26.2 and 27.1
to any ship of to specific ship types* applies to any
400 GT and of 5,000 GT and ship of 5,000 GT

ahove) j kabove) / kand above)

Measures, Monitoring, Data collection and reporting**
Goal, Evaluation methodologies, Data Quality

Figure 2.1 Inter-relation between various parts of SEEMP

Note: *Bulk Carrier, Combination carrier, Containership, Cruise passenger ship, Gas carrier,
General cargo ship, LNG carrier, Refrigerated cargo carrier, Ro-ro cargo ship, Ro-ro cargo
ship (vehicle carrier), Ro-ro passenger ship, Tanker. As per MARPOL Regulation 19.3,
Regulation 28 shall not apply to category A ships as defined in the Polar Code. Therefore,
unless advised otherwise by Flag Administration, Regulation 26.3 is not considered
applicable to Category A ships as defined in the Polar Code. **The data reporting for vessels
that operate in international waters only during a limited period of the year and the rest of the
year operate in national waters (that may be or not the same Flag they fly) is subject to the
respective Administration’s requirements.

2.1 SEEMP Part | provides a generic approach to monitor ship and fleet efficiency
performance over time and describes various energy efficiency measures to improve the
ship’s energy efficiency performance and reduce carbon intensity.

2.2 SEEMP Part Il provides a description of the methodologies that will be used to collect
data on fuel oil consumption (method of fuel collection, fuel type and quantity), distance
travelled and hours underway.

2.3 SEEMP Part Il provides an implementation plan on how the attained annual
operational Cll will be maintained less than or equal to the required annual operational CII for
the next three years. It also describes the required data for the calculation of CIl and
methodologies to obtain relevant data if not addressed in SEEMP Part .

2.4 The calculation of the attained Cll is based on the verified fuel oil consumption data
collected by implementation of methodologies described in SEEMP Part Il and if relevant,
adjusted as per interim guidelines on correction factors and voyage adjustments for ClI
calculations (G5 guidelines, resolution MEPC.355(78)).
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2.5 For those ships where SEEMP Part Il is applicable, following sections of SEEMP Part |
should be revised by the Company as needed to reflect the actions taken in SEEMP Part Ill
to maintain consistency with the requirements of regulation 28 of MARPOL Annex VI.

Measures (consistent with list of measures considered and implemented in three-year
implementation plan)

- Monitoring (consistent with data required for calculation methodology of attained annual
operational Cll, milestones described in three-year implementation plan)

- Goal (consistent with the required annual operational CIlI)

- Evaluation (consistent with the self-evaluation and improvement described in three-year
implementation plan)

3 Data transfer in case of change of company and/or Administration
Partial year data transfer

3.1 In case of transfer of the ship from one company to another (irrespective of change in
Administration), the former company should get the partial data (for the operated period)
verified by the relevant Administration or any organization duly authorized by it and transfer
the verified data with the supporting documents to the receiving company within one month
after the date of transfer (day of completion of the change or as close as practical thereto
report). In this regard, any company which intends to transfer the ship to another company
should make early arrangements so that the verification of the data is completed within one
month after the date of transfer. Companies are therefore advised to establish procedure(s) in
their management system which ensures that the data is submitted for verification and
transferred to the new company within one month after the date of transfer. In case of change
of company and the Administration, the receiving company should obtain the data verified by
the losing Administration or any organization duly authorize by it for the partial period of the
calendar year when the transfer takes place. Receiving Administration will use the verified
partial data to verify the calculation of the attained annual operational ClI for the whole year.
The receiving company should review the previously verified SEEMP Part Ill and may update
as necessary in-line with company’s practices before submitting it to the Administration/RO
for verification.

3.2 In any case if no such verified or non-verified partial data is available from the former
company, the receiving company can calculate the Attained annual operational Cll using the
available data (engine room log, noon reports, bunker delivery notes, AIS data, etc.) covering
a period as long as practically possible.

Whole calendar year data transfer

3.3 In case the former company does not transfer the verified data (when available) for the
whole calendar year when the transfer takes place in early months of the next calendar year,
the receiving company should request the losing as well as gaining Administration to make
relevant data (submitted to the IMO Fuel Oil Consumption Database) available to them for
calculating the Attained annual CII.

3.4 In case the former company does not transfer the non-verified data for the whole
calendar year when the transfer takes place in early months of the next calendar year, the
receiving company can calculate the Attained annual operational Cll using the available data
(engine room log, noon reports, bunker delivery notes, AlS data, etc.) covering a period of the
preceding calendar year as long as practically possible.
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4 Cll reduction factors

4.1 Resolution MEPC.338(76) provides reduction factors to calculate required annual
operational Cll value up to year 2026 only. For the SEEMP Part Il which will be developed in
2025 year (as a part of mandatorily update after every three years) to include implementation
plan for next three years (2026-2028), it is expected that the CII reduction factors for 2027
and 2028 years will be available by the end of 2025.

In case CIl reduction factors are not available for the complete 3-year period at the time of
developing the SEEMP lll the required annual operational Cll can be left blank for the year(s)
where the reduction factor is not available (e.g. 2027 for a 2025 to 2027 plan), However the
SEEMP Part lll should be updated later with the required annual operational Cll when those
ClI reduction factors are determined.

4.2 Taking into account, future progressive increase in reduction factors for required annual
Cll, a company may set a voluntary target annual Cll that is different from the IMO
requirement (required annual CIl) but must be more stringent than the latter (required annual
ClIl). However, when a vessel achieves IMO required annual Cll and could not achieve the
voluntary target, such non-achievement should not be considered as company audit finding.

Any such case may be analysed by the company, with the aim to identify the reasons for non-
achieving a set voluntary target annual Cll, and the results of the analysis may be used by
the company in case of any future setting of annual CII.

5 Self-evaluation and improvement

5.1 The purpose of self-evaluation is to evaluate the effectiveness of the measures aimed
to achieve required annual operational CllI at the planned milestone. In this process, a ClI
investigation study can be undertaken by the company. Instead of simplistic annual average
speed or annual single speed-power curve, the vessel performance model could combine
operational data, draughts, speeds, encountered weather (i.e. combined AIS and Hindcast
MetOcean data) with vessel’s technical data. The CllI investigation study when evaluating the
performance should include the results of the measures which are described in the three-year
implementation plan of SEEMP Part Ill.

Technical Data

Pre-processing Results after applying parameter
DCS Data, Vi

ariations
Operational Data Vessel
Propulsion FC performance Propulsion CO;,
model

Aux. @ sea CO,

Fuel consumption
(FC) split among
operations

Maneuvering FC

Maneuvering CO,

Varying Operational
Parameters

-_
Varying Technical
Parameters

Figure 5.1 Sample Cll investigation study methodology
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5.2 Alternative procedures can also be described and implemented to demonstrate impact
of adopted energy efficiency measures through the self-evaluation and improvement process.
In a simpler way, based on the studies performed for which the data/claim is available in
published form, approximate reduction potential of the energy efficiency measure can be
used directly from such studies. The calculation of the forecasted operational Cll should still
consider the vessel’ technical characteristics and operational profile as far are practicable.
For example, for an energy efficiency measure whose published studies show that 5%
reduction in fuel consumption can be achieved, the potential reduction may be converted to
attained Cll by assuming that the distance travelled remains same for the whole year service.

5.3 The effect of the adopted energy efficiency measures should be measurable and
provide data to perform self-evaluation. Documentation relevant to self-evaluation and
improvement should be maintained. In case, the self-evaluation concludes that a certain
energy efficiency measure is not effective towards achieving required CIl, additional
measures should be identified or existing measures should be amended for improvement by
performing root cause and effect analysis. In such a case, SEEMP Part lll needs to be
revised as part of improvement process and re-verification should be followed.

5.4 The monitoring frequency of the Cll performance should be decided based on the best
compromise to ensure sufficient precision and reduce the work burden. This frequency and
the triggers for action, dependent on the deviation from the target ClII, should be identified.
For instance, a company may decide that if the Cll is greater than the target by x%, then the
monitoring frequency may be increased. Whilst if the Cll is greater than the target by y%,
then concerned higher authority/management level at shore to be informed, an investigation
to commence, etc.
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175 6.1 MEPC.346(78) para 15.4.1 reads as the purpose of the plan of corrective actions is to
set out what actions a ship that was rated D for three consecutive years or E for one year
(cont) . . ;
should take to achieve the required annual operational ClII.
In case a ship requires to develop a CAP, a revised SEEMP Patrt Il including the corrective
actions for Cll reduction should be submitted to the Administration or any organization duly
authorized by it for verification under the requirement of additional verification (regulation 6.8
of MARPOL Annex VI) as described in section 7.3 of this guidelines. Figure 6.1 illustrates the
process of SEEMP Part Il and Corrective Actions Plan (CAP).

Submit revised SEEMP Part Il by

Consecutive including Corrective Actions Plan

three D or (CAP) within 1 month after

one E rating reporting the DCS data.

f
Resubmit
CAP No SEEMP Part
acceptable? [l with CAP

Yes * Non-acceptable CAP

leads to non-issuance of
SoC before 31 May risking
} a vessel to become non-

[ Issue CoC and compliant.

SoC

v

Follow-up on the
implementation of the CAP
through Company / ship-board
audits, as necessary

Figure 6.1 Corrective Actions Plan process flow

6.2 In accordance with MEPC.1/Circ.795 (Ul 20), in case an inferior rating ‘E’ or third time
‘D’ consecutively is given for data collected in calendar year ‘YYYY’ (e.g. 2023), the revised
SEEMP including the plan of corrective actions should be verified in year ‘YYYY+1’ (i.e 2024),
and it should be developed to achieve the required annual operational Cll for data collected in
the calendar year 'YYYY+2’ (i.e. 2025).

Upon identification of need of CAP and its acceptance (within revised SEEMP Part IIl) by end
of May YYYY+1, a vessel will get approximately 19 months (from June YYYY+1 to end of
YYYY+2) of time to achieve the required annual operational Cll. However, the required
annual operational CIl also becomes more stringent after 19 months. Therefore, CAP should
be developed appropriately to achieve the required annual operational CII.
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In case the CAP is made in the last year of the three-year period, the CAP should be included
in the SEEMP Il for the next three-year period and the additional or revised measures should
be integrated with the other planned measures.

It is recommended to establish intermediate milestones to be achieved with timelines followed
by self-evaluation and analysis of the attained Cll trend and if the trend is not indicating
improvement in attained Cll values, the implementation of corrective actions plan should be
strengthened.

6.3 The revised SEEMP Part Ill should be submitted together with, but in no case later than
one month after reporting the attained annual operational Cll that is along with the annual fuel
oil consumption data to be reported as per Appendix 3 of SEEMP guidelines (resolution
MEPC.346(78)). Company is advised to be pro-active into assessing if a vessel’s attained
annual operational Cll would be less than the required annual operational Cll and if a
Corrective Actions Plan is needed in the coming reporting period.

6.4 In case of repeated E rating or more than three consecutive D rating, a new corrective
actions plan should be created to ensure that the vessel achieves the required rating. The
new corrective actions plan may be developed based on the previous version or may be
entirely new.

An analysis of the cause of the inferior rating should be undertaken to ensure that any
ineffective part of the previous corrective actions plan is replaced or improved in the new
plan.

6.5 The preparation of corrective actions plan should start with investigation of the inferior
Cll rating and determination of the root cause considering all the aspects of ship operations
where fuel is consumed. Analysis of effect of each cause on the CllI rating should be
performed and followed with the necessary corrective actions in order to avoid recurrence of
the cause. Also, analysis of already implemented measures as per the implementation plan
should be performed to know which measures are contributing to the inferior ClI rating.
Results of the self-evaluation can also be used as the basis for the analysis, for example
referring to a ClI investigation study or alternative procedures in section 5 of these guidelines.

6.6 The CAP should include a root cause analysis, the self-evaluation described in the
SEEMP Part Il and any other relevant investigation, to determine the cause of the inferior
ClIl. Corrective actions to improve the Cll rating should be devised, ensuring that these
actions are achievable, measurable and time bound. Objective supporting documentation for
each measure needs to be maintained and produced during the company audit.

6.7 Within three-years plan (eg. 2023-2025), if a vessel achieves the required CII value for
the data collection year YYYY+1 (e.g. 2024 data verified in 2025) by effective implementation
of the Corrective Actions Plan that was developed in the year YYYY+1 (i.e. 2024), the CAP
may be retained as a part of SEEMP Part Il until end of the year YYYY+2 (i.e. 2025). The
SEEMP Part Ill may be reviewed in view of considering measures of CAP for their inclusion in
its next three-year implementation plan and CAP may be removed.
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175 In general, the aim of SEEMP Part Il verification is to ensure that the SEEMP Part |l
complies with regulation 26.3.1 of MARPOL Annex VI in accordance with regulation 5.4.6
(initial verification and periodical verification) and in accordance with regulation 6.8 (additional
verification for corrective actions plan).

(cont)

SEEMP Part Il verification (initial, periodical, and additional) should be based on
documentary evidence.

Despite of the supporting documentation as required in sections 7.1 to 7.3 of these
Guidelines for the verification of SEEMP Part Ill, in order to ensure that the individual energy
efficiency measure or their combination included in the implementation plan are adequate to
achieve the required annual ClI, it is recommended to submit following minimum
documentation along with SEEMP Part Ill.

a) Copy of latest SEEMP Part | kept on-board (if referred to in the SEEMP Part IIl)
b) Copy of latest verified SEEMP Part Il kept on-board

Note: SEEMP Part Il does not need to be revised and verified against the 2022
Guidelines for the development of SEEMP (MEPC.346(78)), unless the company
resubmits this plan due to a change of flag, change of company or change of data
collection methodology for fuel, distance and hours underway.

7.1 Initial verification

Initial verification should be performed to verify that SEEMP Part Il of all vessels which are in
service on 1 January 2023 complies with regulation 26.3.1 of MARPOL Annex VI and on
satisfactory assessment of the SEEMP Part IIl, the Administration, or any organization duly
authorized by it, issues the Confirmation of Compliance which is to be retained on board the
vessel.

For vessels which are delivered after 1 January 2023, the initial verification should be
performed, and Confirmation of Compliance should be issued and kept on board the vessel.

Verification could consist, but not be limited to, the following elements:

1. verification of the method of calculations of the attained CIl complying with G1
guidelines (resolution MEPC.352(78) and G5 guidelines on correction factors and
voyage adjustments for CllI calculations MEPC.355 (78)) including the methodologies to
collect data relevant to above calculations;

Note: The vessel’s actual capacity (DWT or GT) should be used for the calculation of
attained annual operational Cll value irrespective of application of voyage adjustments
and correction factors.

2. verification of required Cll complying with G2 and G3 guidelines (resolution
MEPC.353(78) and 338(76));

Note: The vessel’s actual capacity (DWT or GT) or the threshold Capacity (as
applicable) given in Table 1 of G2 guidelines (resolution MEPC.353(78)) should be
used for the calculation of required annual operational Cll value.
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3. verification of the description of the method to report ship data to the Administration
complies with Appendix 3 of SEEMP guidelines (resolution MEPC.346(78));

4. verify that the implementation plan is prepared in line with the format provided in
Appendix 2bis of MEPC.346(78);

5. assess the effectiveness (of the combination) of measures, so that when implemented
the ship will with reasonable assurance achieve the required annual operational ClI,
including the goal as set in accordance with paragraph 4.1.7 and 9.7 of the SEEMP
Guidelines;

6. verify that self-evaluation is planned to improve the implementation actions if
necessary;

7. identification of impediments during the course of implementation plan execution and
remedial actions;

8. robustness of the three-year implementation plan through imparting adequate training
to the responsible personnel, implementing data collection-communication-storage
system, changes in company’s internal documentation, procedures and audit system for
shore and on-board operations relevant to the implementation plan, etc.;

Supporting documentation to be submitted: Company should submit following documentation
along with its completely filled SEEMP Part Il and any other supporting documents as
requested by the Administration, or any organization duly authorized by it.

a) Verified SEEMP Part Il on methodologies on the Fuel Qil Data Collection System
pursuant to regulation 27 of MARPOL Annex VI (to verify that the data and relevant
data collection process used for the calculation of ship's attained annual operational ClI
are in line with this methodology).

7.2 Periodical verification

After the initial verification done before 01 January 2023, vessels’ SEEMP Part Il should be
revised for the following cases. The revised SEEMP shall be verified the Administration, or
any organization duly authorized by it, to ensure the SEEMP complies with regulation 26.3.1
of MARPOL Annex VI and Confirmation of Compliance be re-issued. Administrative changes
not subject to regulation 26.3.1 and changes other than the following cases may be done
without verification. In any case, the original timeline (i.e. the start and end years) of the
Three-year implementation plan will remain.

Case 1: Change of company and/or Administration after initial verification
A new SEEMP Il will be required in this case as stated in MEPC.1/Circ.795/Rev.7 (Ul 19.2).

In the case of change of Administration (and no change of company) and SEEMP Part Il
being remain same for the vessel, the periodical verification could consist of verifying
following elements:

1. the attribute ‘Flag’ to verify gaining Administration

2. year of the transfer is the first year of the three-year implementation plan

3. in case, the vessel was assigned Cll rating in previous year(s), verify that Cll values
and rating
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In the case of change of company (irrespective of change of Administration), the periodical
verification could consist of the verification elements as described in section 7.1 of these
Guidelines. Additional elements of verification could consist, but not be limited to:

4.

1. Verification of name of gaining company and/or Administration
2.
3. company obtained relevant verified (partial) data (with supporting documents) from the

Verify year of the transfer is the first year of the three-year implementation plan

former company necessary for the calculation of the attained annual operational ClI
in case, the vessel was assigned ClI rating in previous year(s), verify that Cll values
and rating.

Supporting documentation (in addition to those described in section 7.1 of these Guidelines)
to be submitted:

a) Document of Compliance (DOC) issued to the company

b) Vessel's Safety Management Certificate (SMC) certificate

c) Vessel's Certificate of Classification

d) Previously verified SEEMP Part Ill and Confirmation of Compliance certificate

e) documentation showing verification of partial data received from former company
f) Statement of Compliance certificates for last three years

Case 2: Addition and/or deletion of energy efficiency measure(s) impacting Cll
calculation in implementation plan as a result of the self-evaluation and improvement,
change in methodology to calculate Cll values

Verification could consist, but not be limited to, the following elements:

1.

verification of the method of calculations of the attained Cll complying with G1
guidelines (resolution MEPC.352(78) and G5 guidelines on correction factors and
voyage adjustments for CllI calculations MEPC.355 (78)) including the methodologies to
collect data relevant to above calculations

. assess the effectiveness (of the combination) of measures, so that when implemented

the ship will with reasonable assurance achieve the required annual operational ClI,
including the goal as set in accordance with paragraph 4.1.7 and 9.7 of the SEEMP
Guidelines;

. verify that self-evaluation is planned to improve the implementation actions if necessary

. identification of impediments during the course of implementation plan execution and

remedial actions;

. robustness of the three-year implementation plan through imparting adequate training

to the responsible personnel, implementing data collection-communication-storage
system, changes in company’s internal documentation, procedures and audit system for
shore and on-board operations relevant to the implementation plan, etc.

Supporting documentation to be submitted:

a) Records of self-assessment and decisions made which resulted in modification to the

original energy efficiency measures, adoption of additional corrections factors or
change in calculation methodology etc.;
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NO ] b) Verified SEEMP Part Il on methodologies on the Fuel Qil Data Collection System

pursuant to regulation 27 of MARPOL Annex VI (to verify that the data and relevant
175 data collection process used for the calculation of ship's attained annual operational ClI
(cont) are in line with this methodology).

Case 3: Major conversion (change in dimensions, carrying capacity or engine power,
ship type) done after initial verification as an action on adopted energy efficiency
measures or on deterioration of Cll rating

Verification could consist, but not be limited to:

1. verification of elements of major conversion (dimensions, carrying capacity or engine
power, ship type)

2. date of major conversion to ensure conversion is done after initial verification

3. verification of the method of calculations of the attained Cll (before and after
conversion) complying with G1 guidelines (resolution MEPC.352(78), G5 guidelines on
correction factors and voyage adjustments for cii Cll calculations MEPC.355 (78))
including the methodologies to collect data relevant to above calculations and para 5.4,
5.5 of resolution MEPC.348(78)

4. verification of the method of calculation of required Cll complying with G2 and G3
guidelines (resolution MEPC.353(78) and 338(76)) and para 5.4, 5.5 of resolution
MEPC.348(78)

5. assess the effectiveness (of the combination) of measures, so that when implemented
the ship will with reasonable assurance achieve the required annual operational ClI,
including the goal as set in accordance with paragraph 4.1.7 and 9.7 of the SEEMP
Guidelines

6. verify that self-evaluation is planned to improve the implementation actions if necessary

7. identification of impediments during the course of implementation plan execution and
remedial actions

8. robustness of the three-year implementation plan through imparting adequate training
to the responsible personnel, implementing data collection-communication-storage
system, changes in company’s internal documentation, procedures and audit system for
shore and on-board operations relevant to the implementation plan, etc.

Supporting documentation to be submitted: Same as those described in section 7.1 of these
Guidelines.

Case 4: Every three years after initial verification

A SEEMP Part Il should be revised (before the end of the last year in the Three-year
implementation plan) and re-verified every three years (e.g. for a ship delivered prior to
1January 2023, before 2026 for 2026-2028 period, before 2029 for 2029-2031 period)

In such as case, section 7.1 of these Guidelines to be referred for verification activities and
supporting documentation. Additionally, section 2 of the revised SEEMP Part Il is to be
verified to ensure that Cll values and rating of the previous three years are described.
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" to be submitted:
175 a) Previously verified SEEMP Part Ill and Confirmation of Compliance certificate

(cont) b) Statement of Compliance certificates for last three years

7.3 Additional verification

Starting with the first Cll verification in 2024, if a ship is rated as D for three consecutive years
or E for one year, SEEMP Part Il should be reviewed and updated by inclusion of corrective
actions plan. The plan of corrective actions shall list additional measures and revised
measures to be added to the three-year implementation plan necessary for achieving the
required Cll. The updated SEEMP Part Il shall be submitted for re-verification to ensure that
a plan of corrective actions has been established in accordance with regulations 28.7 and
28.8 and re-issuance of the Confirmation of Compliance. An example is given in Table 7.1
explaining the additional verification case.

Table 7.1 Example of additional verification in case of three consecutive D or E rating
for ships delivered before 1 January 2023

Verification 2023 2024 2025 | 2026 2027 | 2028
Year
Data year - 2023 2024 | 2025 2026 | 2027
Ca_se 1-Cll |- ce) C B C
rating
Ca_seZ-CII - c | c
rating
Ca_se3—CII - c | c
rating
Remarks Initial For case 1: For cases 2 and 3:
SEEMP SEEMP to be SEEMP to be revised
without revised by by including
corrective | including corrective actions
actions corrective plan to achieve the
plan. actions plan to required annual
achieve the operational ClI for
required annual data collected in the
operational ClI calendar year 2027
for data and submitted for
collected in the verification
calendar year (additional
2025 verification).
and to be
submitted for
verification
(additional
verification).
By the end of 2025 updated SEEMP | By the end of 2028 updated
should be prepared and submitted SEEMP should be prepared and
for verification under periodical submitted for verification under
verification. periodical verification.

Note: (*) - C rating and above should remain the objective for each ship for which an inferior
rating is given for data collected in calendar year YYYY. But taking into account the
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provisions of paragraph 15.4.1 of Res. MEPC.346(78), and MEPC.1/Circ.795 (Ul 20) on a
case-by-case basis, a lower rating may be accepted provided a route plan is established in
the SEEMP, taking into account the provisions in paragraph 6.2 of these guidelines, to
achieve the required annual operational Cll for data collected in calendar year YYYY+2.

Similarly, if the ship is rated as D in years 2024, 2025 and 2026 for data of 2023, 2024 and
2025 respectively, the SEEMP Part 11l should be updated in 2026 by including corrective
actions plan to be implemented in 2026 and 2027 and submitted for re-verification and re-
issuance of the Confirmation of Compliance.

On satisfactory verification of the plan of corrective actions included in the revised SEEMP
Part Ill i.e. re-issuance of the Confirmation of Compliance, the Administration/RO can issue
the Statement of Compliance.

Additional verification could consist (in addition to those described in section 7.1 of these
Guidelines), but not be limited to, the following elements:

1. verify that the corrective actions plan is necessary for the subject vessel.

2. verification of corrective actions plan that it has been developed in the format
prescribed by Appendix 2bis of the SEEMP Guidelines.

3. verification of the planned timelines for application of actions described in corrective
actions plan.

4. assess the effectiveness (of the combination) of corrective actions (measures), so that
when implemented the ship will with reasonable assurance achieve the required annual
operational CII.

5. verify that company is able to perform the actions set out in the plan of corrective
actions.

Supporting documentation to be submitted:
a) previously verified SEEMP Part Ill and Confirmation of Compliance certificate.
b) Statement of Compliance certificates for last three years.
¢) documentation in support of analysis of the cause for the inferior CllI rating.

d) documentation in support of analysis of the performance of measures in the previous
implementation plan.

e) documentation in support of additional and revised measures added to the
implementation plan.

f) possible impediments to the effectiveness of the additional measures and relevant
contingency measures put in place to overcome these impediments.
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8. Audits
8.1 Company audits

MARPOL Annex VI Regulation 26.3.3 requires that the SEEMP is subject to company audits
for ships required to comply with MARPOL Annex VI Reg 28. According to MEPC.347(78),
external company audits should be carried out periodically.

The aim of an audit is to verify that the effectiveness of the system and that the SEEMP is
implemented by the Company and onboard its fleet. To minimize the administrative burden to
the companies, to the ships and to the Administration/RO the Company audit for SEEMP may
be combined with ISM audits.

SEEMP audit and ISM audit are two distinct activities and date of conducting both audits may
differ. General purpose of the SEEMP audits is to verify the implementation aspects, e.g. that
the implementation plan is followed. SEEMP audit and ISM audit may be carried out during
the same visit, as combined audit, by suitably qualified persons for each activity. However,
when these two audits are carried out by two different ROs, at different dates, Company
should be able to make available reports of previous audits.

A Company audit for implementation aspects of the SEEMP can be carried out based on
documentary evidence which was sent to RO or Administration.

Company audits neither substitute nor duplicate the verification of the SEEMP leading to
issuance of Confirmation of Compliance, or the verification of operational carbon intensity
leading to issuance of Statement of Compliance.

Though the company audits are mandatory to conduct, the periodicity of company audit with
mandatory nature is not specified in MARPOL Annex VI regulation 26.3.3. A Company may
be audited every three years.

The purpose of the audit is to

1. verify that the SEEMP for which the Confirmation of Compliance has previously been
issued complies with regulation 26.3.1 and, in the case of non-compliance, require
remedial action.

Guidance note: The SEEMP has already been verified for compliance. Consequently,
the purpose of the audit is to verify that the personnel identified in the SEEMP are
aware of their roles, responsibilities and duties, has received training as appropriate,
and are receiving necessary support and resources to fulfill their role.

2. confirm that the each sampled ship is being operated in accordance with SEEMP part
I, regardless of its rating.
Guidance note: Whilst the Auditor is not expected to carry out calculations, the Auditor
should request objective evidence that each measure or its contingency, has been
implemented by the due date, as per SEEMP implementation plan.
Verify that the implementation of the measures are progressing according to plan.
Verify that the contribution of each measure to Cll impact is being evaluated.
Verify that the Cll is being monitored.
Verify other procedures associated with the SEEMP Part IIl.

3. verify the progress made in the (corrective) actions to be taken in the execution of the
three-year implementation plan and the plan of corrective actions.
Guidance note: This is applicable for vessels are rated D three consecutive years or
rated E for one year. Verify the plan of corrective actions as per section .2 above.
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4. verify self-assessment and improvement of actions taken; and
Guidance note: Verify that this is carried out according to the plan, and the
effectiveness of the process.

5. verify the assignment of responsibilities related to the implementation and monitoring of
measures.
Guidance note: Verify that this is carried out according to the plan, and the
effectiveness of the process. Interview the responsible personnel. Check familiarity with
plan and procedures, training level and availability of resources.

On fleet level, the company’s policy and approach for implementation, monitoring, self-
assessment, improvement and corrective actions should be focus for the audit, while SEEMP
implementation for individual vessels should be assessed on a sampling basis.

8.2 Shipboard audit

SEEMP shipboard audit may be combined with ISM audit. Periodical shipboard audit is not
required, unless the Administration decides otherwise if the company audit is concluded as
non-satisfactory.

8.3 Audit execution and reporting

The audit shall be carried out in accordance with documented procedures. The audit result
and any non-compliance identified at the audit shall be documented and brought to the
attention of the Company. The verification audits may be carried out in accordance with
guidelines on implementation of the ISM Code by Administrations, referred to in Chapter 15
of the ISM Code.

8.4 Qualifications of auditors

Persons performing SEEMP Company audits should have auditing experience (if audit is
combined with the ISM audits).

Each RO shall define and document its requirements for qualification of personnel conducting
company and shipboard audits.

Page 15 of 25 IACS Rec. 2023



No. 175

NoO.
175

(cont)

9 LNG Carriers

9.1 Nitrogen (N2) content correction

Boil-off-Gas (BoG) means vapour which results from evaporation of LNG in the cargo tanks.
After cargo loading, heel and cargo gets mixed and there is no distinction being made

between with respect to source of BoG. Practically, when BoG is used as fuel, it comes from
both the heel and the cargo.

When calculating the fuel consumption for LNG ships, nitrogen mass content should be
subtracted for each laden voyage from LNG consumption as it does not contribute to CO
emissions. To determine the quantity of nitrogen, certificates (e.g. Custody Transfer
Management System (CTMS)), issued from terminals during loading and unloading of LNG
certifying its quantity and quality information containing the composition of LNG components
(including nitrogen) are to be used. Where such corrections are applied, the certificates of
quantity and quality should be submitted for verification of annual fuel oil consumption and
subsequent verification of CII.

In case, vessel is installed with gas chromatograph that can monitor real time nitrogen
content in the gas flow to the engines, such reports should be submitted for verification of
nitrogen subtraction from LNG. The volume will then be converted to mass by multiplication

with the density.

CTMS based example for determining Nitrogen content in LNG for correction:

LNG received

LNG discharged

LNG Component Molecular Molar Molecular | Molar Molecular
Weight Fraction Mass Fraction Mass
(Mi) (Xi) (Mi x (Xi) (Mi x

Xi/100) Xi/100)

Methane (CHa) 16.042 94.95 15.232 96.52 15.484

Ethane (CzHs) 30.069 4.56 1.371 3.12 0.938

Propane (CsHs) 44.096 0.30 0.132 0.30 0.132

i-Butane (i-C4H10) 58.122 0.04 0.023 0.02 0.012

N-Butane (n-C4H10) | 58.122 0.04 0.023 0.02 0.012

i-Pentane (i-CsHi2) | 72.149 0.00 0.000 0.00 0.000

n-Pentane (n- 72.149 0.00 0.000 0.00 0.000

CsHaio)

Hexane Plus 86.175 0.00 0.000 0.00 0.000

(CeH14)

Nitrogen (N) 28.013 0.11 0.031 0.02 0.006

Oxygen (Oy) 31.999 0.00 0.000 0.00 0.000

Carbon Dioxide 44.010 0.00 0.000 0.00 0.000

(COy)

Total 100.00 16.812 100.00 16.584

Density (t/m3)* 0.436 0.432

Cargo loaded/discharged (m?®) 169603 166500

Cargo loaded/discharged (t) 73946.91 71928.00

LNG consumed during the voyage (t) | 2018.91

N2 mass (t)

(169603x0.436%0.031)
/16.812 = 136.35

(166500%0.432x0.006) /
16.584 = 26.02

N content (t) correction

110.33

*When actual density value is not available, 0.422 t/m®may be used.
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9.2 Gas Combustion Unit (GCU) consumption

Boil-off-Gas (BoG) burnt in GCU on-board, as a secondary means of controlling the tank
pressure, is considered as fuel and shall be reported as part of the IMO DCS reporting.
Measurement of BoG burnt in GCU can be performed by following ways:

- use the Custody Transfer Monitoring System (CTMS);

- Gas flow meters; although these are common only installed on the newer built ships. If
gas is measured in volume, then it should be converted to mass using appropriate
density, pressure and temperature corrections.

9.3 Gas Carriers built with the purposes of carrying LNG and having their IEEC
changed from Gas Carriers to LNG Carriers

SEEMP Part Il and CIl requirements are applied based on the definitions in Regulation 2 of
MARPOL Annex VI and separate definitions and ship categories for gas carriers (regulation
2.26) and LNG carriers (regulation 2.38) are defined.

For the purposes of compliance with SEEMP Part Il and Cll, an LNG carrier will be an LNG
carrier regardless of when ship has been delivered and the ship type applied when her
SEEMP Part Il and Cll was verified.

Gas Carriers built with the purposes of carrying LNG and their IEEC is changed from Gas
carrier to LNG carrier are expected to comply with the requirement of SEEMP and ClI
applicable to LNG Carrier.

These Gas Carriers would need to achieve the required annual Cll for LNG carriers. In
addition, correction factors for cargo cooling and reliquification plant will also apply.

10 Case of change in DWT and/or GT

MEPC.348(78) states that permanent changes to vessel’s deadweight (DWT) and/or gross
tonnage (GT) can be undertaken as a measure within SEEMP Part Il or a corrective actions
plan to improve the ship’s operational carbon intensity performance. Such changes
undertaken after to initial verification of SEEMP Part 11l should only be considered as a
measure to improve the ship’s operational carbon intensity performance.

- all future required annual operational Cll should be calculated and verified using the
original DWT or GT value before DWT or GT conversion; and

- the attained annual operational Cll which is to be used to assess compliance should be
calculated and verified using the new DWT or GT value after conversion. Except for the
year of conversion where the attained Cll should be calculated and verified based on
the average DWT or GT value weighted on distance travelled before and after
conversion.

In case of DWT and/or GT change, SEEMP Patrt Ill to be revised and submitted for
verification.

In case of a ship which permanently changes its deadweight and where the change is not so
substantial as to qualify as a major conversion and which are not identified as a Cll reducing
measure in the SEEMP 1l or the CAP, both the attained and required CllI should be
calculated and verified using the new DWT or GT after conversion. Except for the year of
conversion where the attained and required Cll should be calculated and verified based on
the average DWT or GT value weighted on distance travelled before and after conversion
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In case of a ship undergone major conversion, including extensive changes of carrying
capacity and/or ship type during the year, defined by regulation 2.2.17 and regarded by the
Administration as a newly constructed ship as per regulation 5.4.3, the required and attained
annual operational Cll should be calculated and verified as per a newly constructed ship for
the period after conversion. For the year when the major conversion is made, the data for
partial year before conversion should still be reported for verification but will not be included
in the calculation and verification of the attained annual operational ClIl. In case where the
major conversion occurs at the end of the year, such conversions can be considered as non-
substantial conversion for the year of conversion for calculating the required and attained
annual operational Cll values.

11 Definitions for voyage adjustments

Fuel consumption and distance travelled for a defined period of voyages (partial or whole
voyage) may be exempted from consideration in the calculation of the annual operational
attained CIl subject to certain threshold conditions being met. These conditions are specified
in regulation 3.1 of MARPOL Annex VI (endangering safe navigation of a ship - safety of a
ship or saving life at sea, damage to a ship or its equipment) and sailing in ice conditions (ice
classed ships sailing in a sea area within the ice edge). Only the parts of the voyage directly
related to securing the safety of a ship or saving life at sea can be exempted. This does not
include for example running at higher speed to catch up after delays, even if that delay was
caused by such causes; or sailing to a yard for repair.

The fuel consumption and the distance travelled for the voyage adjustment the following
should be noted:

- The fuel oil consumption for voyage periods should include all the fuel oil consumed on
board (main engine(s), auxiliary engine(s), boiler(s), inert gas generator, etc).

- All fuel types consumed onboard.

- Regardless of whether a ship is under way or not.
Voyages subject to voyage adjustment (usually involving the safety of the ship) may include
(however respective Flag Administration’s instructions needs to be followed on case-by-case

basis):

- When a vessel encounters imminent safety concerns during its voyage, including
(example situations):

* saving life at sea, i.e., search and rescue operations, evacuation.
* navigation hazards such as icebergs.

+ areas that have been designated on an ad-hoc period due to prevailing navigational
hazards.

* piracy risk or other areas restricted for navigation due to war risk

The use of each correction factor of voyage adjustments should be evidenced by presenting
relevant data/parameter/information (voyage period, date and time, ship position, distance
travelled, starting and leaving a particular area, equipment starting and stopping data, etc.)
and recorded in the Ship Log Book, Engine Log Book or Noon Report and copy of such
official documentation shall be submitted to the RO/Administration at the time of verification in
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the data reporting format. Flag Administration’s advice may be considered on case-by-case
basis.

11.1 Ice-edge

MEPC.355(78), section 2.7 defined ice edge as “Ice edge is defined by paragraph 4.4. of the
WMO Sea-Ice Nomenclature, March 2014 as the demarcation at any given time between the
open sea and sea ice of any kind, whether fast or drifting.”

The ice edge moves very rapidly with wind, current and influenced by ice melt or freezing, it is
challenging to determine exact details on the ice edge as required for the exemptions.

When voyages are excluded from CIlI calculation, the verification should primarily be based
on ice charts or log-book extracts, possibly be supported by statements by Master and/or ice
navigator/pilot i.e. documented support for the voyage exclusion when the vessel enters the
ice edge and finish when leaves the ice edge.

Where such voyages are to be excluded from the ClI calculation, the fuel oil consumed and
the distance travelled during this period is to be measured and documented in the Ship’s log
book along with data entries for the voyage period with date, time and position of the ship
when this started to apply (entering the ice edge) and ceased to apply (leaving the ice edge).
Justification for adjustment to primarily be based on ice charts or log-book extracts, possibly
be supported by statements by Master and/or ice navigator/pilot. i.e. documented support for
the voyage exclusion when the vessel enters the ice edge and finish when leaves the ice
edge. This shall be submitted to the RO/ Administration at the time of verification.

11.2 Piracy

When voyages are excluded from CllI calculation, reports submitted by the ship to its Flag
Administration/ Port States would be considered to verify acts of piracy and armed robbery
against ships, with log-book extracts as supporting documentation.

Additional information regarding acts of piracy and armed robbery against ships which is
publicly available (subject to registration) in IMO's Piracy and Armed Robbery module within
the Organization's Global Integrated Shipping Information System (GISIS) may be considered
as reference documentation.

11.3 Safe / Unsafe navigation

When voyages are excluded from CIlI calculation, reports submitted by the ship to its Flag
Administration/ Port States would be considered to verify ship’s making unsafe navigation,
with log-book extracts as supporting documentation.

For weather related unsafe navigation where vessel is seaworthy, i.e. without any known
damage nor critical equipment failures, the vessel’s operational safety envelope, vessel’s
maximum and minimum speeds at different drafts in different weather conditions, for
manoeuvring, crew sickness, equipment failure, may be considered as supporting
documentation for verifying the voyage adjustment.

11.4 Damage to a ship or its equipment

Regarding the damage to ship’s equipment as per regulation 3.1.2, any CO; emissions as a
result of ship or equipment damage may not be that likely. As such damage to critical
equipment or ship may not qualify under reg. 3.1.2 unless the damage itself increases the
CO: intensity for the given period and that all reasonable precautions have been taken after
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the damage to prevent or minimizing the emissions. This can for example be that the engine
for dual fuel system is damaged and incapable of running on e.g. LNG and have to run on

diesel with higher emission as a result. CO, emissions during an accidental oil spill may not
be excluded, although if the ship participates in a clean-up effort, this part can be deducted.

The higher fuel consumption and corresponding increase in CO2 emissions as a result of
damage to a ship or it's equipment (provided that the intent of MARPOL Annex VI, Regulation
3.1.2.1 has been met) can be excluded from the CIlI calculation. The Company should record
such instances in the Ship log book, Engine log book or noon report together with details of
the increase consumption and how it has been ascertained, for reporting to the RO/
Administration.

12  AFraner fOr corrections to shuttle tankers or STS voyages on tankers

12.1 Tankers engaged in Ship-to-Ship (STS) operation when operating in accordance with
regulation 41.2 of MARPOL Annex | may apply the correction factor AFranker,sts to all fuel
consumption relating to STS voyages only for tankers carrying oil.

Correction includes for activities such as cargo oil transfer (loading or discharge) at offshore
location, voyage, cargo discharge in port and waiting periods at anchor or drifting (idle time;
either drifting or at anchor) during which the ship reports being part of an STS operation and
voyage. The STS operation includes fuel consumption in port where the transferred cargo is
discharged after such a voyage.

To qualify for using AFranker,sts @ voyage (between cargo loading and cargo discharging
locations, or between cargo discharging and cargo loading locations) shall be max 600nm
and limited to 72 hours.

In the case of a voyage with multiple STS operations, any leg between two STS operations
shall be max to 600nm and limited to 72 hours for the voyage to qualify for the correction
factor AFtanker,sTs.

The aforementioned time limit of 72 hours refers to the time corresponding to when the ship is
moving (i.e. under propulsion) only, and excludes the idle time corresponding to stationary
conditions such as at anchor, discharge, loading and drifting.

The Ship is to record the fuel consumption for the above operation in the Ship Log book or
voyage reports or noon reports, including proof from the vessel that it has been engaged STS
operation e.g. cargo manifest oil is being carried as cargo, and submit to the
RO/Administration for verification.

Tankers which are involved in cargo oil transfer from a vessel’s cargo tank to another vessel's
cargo tank are qualified. Bunker operations, which involves oil transfer from a vessel’s cargo
tank to another vessel’'s bunker tank, are not qualified for STS correction. Various scenarios
of voyages qualified for STS correction are shown in Figure 12.1.

Where AFTankerySTS |S app“ed, FCelectrical, FCboiler and FCothers Sh0u|d nOt be Used
12.2 Tankers (shuttle tankers) equipped with dynamic positioning and specialized cargo
handling equipment making it capable of loading crude oil at offshore installations may apply

the correction factor AFtanker,shutie t0 total fuel consumption.

The Ship is to record the fuel consumption for the above operation in the Ship Log book or
voyage reports or noon reports, and submit to the RO/ Administration for verification.

Where AFTanker,ShuttIe iS applied, FCeIectricaI, Fcboiler, Fcothers and AFTanker,STS Sh0U|d not be Used-
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Scenario | Explanation

Arr Dep Arr Dep Arr Dep
. Voyage: max 600 nm and P : Voyage: max 600 nm and ‘ : ‘
1 ‘ Port operation ‘ 72 hrs location to location ‘ SUSEET) pErie ‘ 72 hrs location to location RACLCECHETS
operation
STS correction applicable
Arr Dep Arr Dep Arr Dep
. Voyage: max 600 nm and STS discharging Voyage: max 600 nm and 5
2 | BoitpeEhiog ‘ 72 hrs location to location operation ‘ 72 hrs location to location | Port loading ‘
operation
STS correction applicable
Arr Dep Arr Dep Arr Dep
Voyage: >600 nm and 72 _ _ Voyage: max 600 nm and 72 0
3 | PEiiCpERTeT ‘ hrs location to location ‘ STS Ipading operation ‘ hrs location to location | Boridischargs ‘
operation
STS correction applicable
Arr Dep Arr Dep Arr Dep
4 | PaiaEEEy ‘ Voyage: >600 nm and 72 STS discharging ‘ Voyage: max 600 nm and 72 | Port loading ‘
hrs location to location operation hrs location to location
operation
STS correction applicable
5 Arr Dep Arr Dep Arr Dep
Voyage: max 600 nm and 72 STS loading or Voyage: >600 nm and 72
‘ Boplooetaioy | hrs location to location discharging operation hrs location to location ‘ oiopEaion ‘
STS correction applicable
6 Arr Dep Arr Dep Arr Dep
‘ Rt el | I\/oyagez .>600 nm a.nd 72 S_TS Ioad_lng or | Voyage: >600 nm a.nd 72 ‘ Rl @rerarey ‘
hrs location to location discharging operation hrs location to location
No STS correction applicable
Figure 12.1 Different scenarios of STS correction
13  FCelecrricalj fOr corrections relating to electrical power

The parameter FCelecricalj iS the mass (in grams) of fuel type , consumed for production of
electrical power during the calendar year which may be deducted from the calculation of the
attained ClII for the following purposes:

1. Electrical consumption (kwWh) of refrigerated containers (on all ships where they are

carried, including intermodal refrigerated containers fitted on trucks/trailers)).
FCelectrical_reefer,j represents the estimated fuel consumption attributed in-use refrigerated
containers carried using the calculation methodology specified in part A of appendix 1
of the G5 guidelines.

The primary method to monitor reefer electrical consumption (kwh) is by kWh meter.
The Ship is to record the kWh meter readings for the entire calendar year with
supporting evidence in the ship’s log book or noon reports etc, and submit to the RO/
Administration for verification.

If this is not available, then a default consumption of 2.75 kW/h per reefer multiplied
with number of reefer containers as recorded in the BAPLIE (BayPlan Including
Empties) file when in Port and at Sea is to be used as specified in part A of appendix 1
of the G5 guidelines (resolution MEPC.355(78)).

The number of reefer containers is to be the actual number of in-use reefer containers,
regardless the size of the containers as recorded in the BAPLIE file and this is to be
submitted to the RO/Administration for verification, when this correction factor is
applied.

. Electrical consumption (kWh) of cargo cooling/reliquification systems on gas carriers

and LNG Carriers measured by kWh meter. FCelectrical_cooling,j Fepresents the estimated
fuel consumption attributed to cooling of gas cargoes using the calculation methodology
specified in part A of appendix 1 of the G5 guidelines.
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The Ship is to record the kwWh meter readings of the electrical equipment used for cargo
cooling and reliquefication for the entire calendar year with supporting evidence in the
ship’s log book or noon reports etc, and submit to the RO/ Administration for
verification.

3. Electrical consumption (kWh) of directly or indirectly electrically powered cargo
discharge pumps on tankers.

FCelectrical_discanrge,j represents the estimated fuel consumption attributed to the use cargo
discharge pumps during cargo operation regardless of operation, for example
recirculation, internal transfer tank cleaning operations.

Indirectly electrically powered cargo discharge pumps may be hydraulically operated
pumps using an electric motor driven hydraulic power pack (HPP).

The electrical consumption related to other hydraulic consumers on the same system
such as mooring winches, windlass and ballast pumps is considered either insignificant
or related to use of cargo discharge pumps and therefore the total electrical
consumption by the HPP may be used for calculating the FCelectrical_discanrge,j- FCelectricalj
can also be applied to directly or indirectly electrically powered pumps operated for
heating purposes.

The Ship is to record the kWh meter readings from these devices installed to electrically
powered cargo discharge pumps or the HPP electric motors when in operation during
the entire calendar year with supporting evidence in the ship’s log book or noon reports
etc, and submit to the RO/ Administration for verification.

With reference to Res. MEPC.355(78) Appendix 1 Part A, it is intended that SFOC is the
power-weighted average among SFOCs of the respective engines used to provide the
electrical power, as indicated in the EEDI or EEXI Technical file and obtained as specified in
MEPC.364(79) para 2.2.7, independently of the actual engine load in the condition relevant to
the correction factor applied.

Possible alternatives to monitoring of Electrical consumption (kWh) using the kWh meter
counters are as follows provided the same is approved by the Administration before such
data is collected, is based on the configurations on board the ship and provides an accuracy
eguivalent to the installation of kWh meter counters:

1. Derivation of fuel consumption:
Based on the ship specific fuel oil piping system configuration, the ship is to document
the procedure in the SEEMP Il on how the fuel consumption to the engine (s) can be
ascertained specific to cargo operations alone, and submit to the Administration/RO for
their approval. This should include information on the data that will need to be captured
and recorded by the ship staff in the ship log-book or noon reports and be made
available during the verification process, to ascertain the fuel consumption

2. For kWh from auto-logged data (automatically logged data during) or recorded data, it

can be determined by the following three-phase power consumption calculation formula
considering voltage, current and power factor:

W=+3xV xI x pf xH x0.001
where:

W  represents the power in kWh.
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vV represents the voltage in volts and may be measured from the main switchboard
in engine control room.

represents the current in amps and may be measured from group starter panel.
P:  represents the power factor and may take account for the difference between the

real power which performs useful work and the apparent power which is supplied
to the circuit. The typical power factors are as follows:

Device Power
Factor
Lamp, fluorescent uncompensated 0.5
Lamp, fluorescent compensated 0.93
Lamp, incandescent 1
Motor, induction 100% load 0.85
Motor, induction 50% load 0.73
Motor, induction 0% load 0.17
Motor, synchronous 0.9
Oven, resistive heating element 1
Oven, induction compensated 0.85
Pure resistive load 1

Source : https://www.engineeringtoolbox.com/three-phase-electrical-d 888.html

H represents the running hours of the equipment or system in hours and may be
measured by running hour meter. The running hours after each cargo operations
are to be recorded in the ship’s log book or noon reports and should be submitted
to the Administration/RO for verification.

V, I, Ps may be measured at regular interval (e.g. 4 hours) and recorded in the ship’s log
book or noon reports and should be submitted to the Administration/RO for verification.

Alternatives to monitoring of kWh such as derivation of fuel consumption or kWh from
auto-logged data are subject to approval by the Administration/RO.

The method should have been stated in the SEEMP Part Il and may include software
updates to control and monitoring systems to calculate of specific fuel consumption for
given consumers.

14 FChpoilerj for corrections relating to boiler fuel consumption

The parameter is the mass (in grams) of fuel oil type, consumed by the oil fired boiler during
the calendar year which may be deducted from the calculation of the attained ClIl, for the
purposes of cargo heating and cargo discharge on tankers for the period that the cargo
heating or steam driven cargo pumps are in operation. Some amount of fuel consumed by the
boiler during cargo heating or discharge operations may be attributed to other purposes, e.g.
calorifiers. It is not necessary to split these out from reporting. Fuel consumption for boiler
should be measured by flow meters installed on the fuel supply line. Alternatively, where tank
sounding method is adopted, the Company is to detail the procedure on how the fuel oil
consumption for the Boiler alone is being ascertained for deductions.

The Ship is to record the fuel consumption for the above operation in the Ship Log book or
voyage reports or noon reports, and submit to the RO/ Administration for verification. Boiler
consumption should not include consumption during voyage adjustment periods.
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15 FCotners,j fOr corrections relating to other fuel consumption devices

The parameter is the mass (in grams) of fuel oil type, consumed by standalone engine driven
cargo pumps (e.g. hydraulic pumps/power packs) during discharge operations on tankers
which may be deducted from the calculation of the attained CII. It should be measured by
accepted means, e.g. tank soundings, flow meters. This may include hydraulic deep-well
pumps using a hydraulic power pack (HPP) driven by a standalone engine.

Consumption by Inert gas generators on tankers (including flue gas and N» generators)
should not be considered for any corrections.

For tankers with discharge pumps powered by their own engine, the amount of fuel used for
the period that the discharge pumps are in operation should be measured by flow meters
installed on the fuel supply line. Alternatively, where tank sounding method is adopted, the
Company is to detail the procedure on how the fuel oil consumption for the engine driven
cargo pumps alone is being ascertained for deductions.

For vessels with hydraulic deep-well pumps using an standalone engine driven HPP, the fuel
oil consumption related to other hydraulic consumers on the same system such as mooring
winches, windlass and ballast pumps is considered either insignificant or related to use of
cargo discharge pumps and therefore the total fuel oil consumption by the HPP may be used
for calculating FCothers,j.

The Ship is to record the fuel consumption for the above operation in the Ship Log book or
voyage reports or noon reports, and submit to the RO/ Administration for verification.

All consumption related to the operation of discharge pumps on tankers is subject for
correction, including electrical consumption and fuel oil consumption for boilers and other
standalone engines.

16  FCelectrical_cooling, fOr corrections relating to cargo cooling fuel oil consumption on
LNG carrier having steam turbine

SFOC for FCelectical_cooling,j IS the specific fuel consumption in g/lkWh associated with the
relevant source of electrical power as per the EEDI/EEXI Technical File or NOx Technical
File. In the case of ships without a Technical File, a default value of 175 g/kWh for 2 stroke
engines and 200 g/kwh for 4 stroke engines may be applied.

In case of LNG carrier having steam turbine which could not distinguish its engine type, the
total fuel consumption per hour of its boiler after converted in g/lkWh may be applied.

17 EEDI and EEXI correction factors

EEDI and EEXI correction factors may be applied, provided they are included in the ship’s
EEDI Technical File or EEXI Technical File. These includes:

fi capacity correction factor for ice-classed ships as specified in paragraph 2.2.11.1 of the
2022 Guidelines on the method of calculation of the attained EEDI for new ships
(resolution MEPC.364(79))

fn  factor for ice-classed ships having IA Super and IA as specified in paragraph 2.2.19 of
the 2022 Guidelines on the method of calculation of the attained EEDI for new ships
(resolution MEPC.364(79))
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fe cubic capacity correction factors for chemical tankers as specified in paragraph 2.2.12.1
of the 2022 Guidelines on the method of calculation of the attained EEDI for new ships
(resolution MEPC.364(79))

fivse correction factor for ship-specific voluntary structural enhancement as specified in
paragraph 2.2.11.2 of the 2022 Guidelines on the method of calculation of the attained
EEDI for new ships (resolution MEPC. 364(79)), to be applied only to self-unloading
bulk carriers

These factors, if applied, are to be described in SEEMP Part Ill. If EEDI or EEXI correction
factors are not applied, these factors should be taken as one (1.0).

18 Use of fuel oil types not listed in resolution MEPC.364(79) and their carbon
conversion factors

The conversion factor for the type of the fuel oil not covered by resolution MEPC.364(79), as
may be further amended, should be obtained from the fuel oil supplier supported by
documentary evidence.

Company needs to submit the methodology for sampling, methods of analysis, and a
description of the laboratories used (with confirmed 1SO 17025 accreditation where relevant),
the conversion factor or the carbon content, on which it is based for the fuel in question.

It is intended that a biofuel is a type of fuel oil not covered by resolution MEPC.364(79), and
the relevant conversion factor should be obtained from the biofuel oil supplier supported by
documentary evidence such as statement declaring carbon conversion factor or methodology
for sampling, methods of analysis, test reports issued by the accredited laboratory.

Relevant Flag Administration’s instructions on use of biofuel should be followed.

19 Use of multiple types of fuels and correction factor

In case of different fuel types are used on-board, mass of consumed fuel of each type should
accounted while determining the correction factors. Relevant records are to be submitted in

the case of use of different fuel types. Mass quantities of consumed fuel of each accounted in
correction factor should correspond with the reported quantity in IMO DCS in that year.

End of
Document
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MEPC.254(67), as amended by resolution MEPC.261(68)). A revised consolidated text of the
Guidelines, as requested by the Committee (MEPC 73/19, paragraph 5.87), is set out in the
annex.

2 Member Governments are invited to bring the annexed 2014 Guidelines on survey
and certification of the Energy Efficiency Design Index (EEDI), as amended, to the attention of
Administrations, industry, relevant shipping organizations, shipping companies and other
stakeholders concerned.

3 This circular revokes MEPC.1/Circ.855/Rev.1.

*k%k

I\CIRC\MEPC\01\MEPC.1-CIRC.855-Rev.2.docx

' EMPOWERING WOMEN



MEPC.1/Circ.855/Rev.2
Annex, page 1

ANNEX

2014 GUIDELINES ON SURVEY AND CERTIFICATION OF
THE ENERGY EFFICIENCY DESIGN INDEX (EEDI), AS AMENDED
(RESOLUTION MEPC.254(67), AS AMENDED BY RESOLUTION MEPC.261(68)
AND RESOLUTION MEPC.309(73))

Table of contents

1 GENERAL
2 DEFINITIONS
3 APPLICATION
4 PROCEDURES FOR SURVEY AND CERTIFICATION
4.1 General
4.2 Preliminary verification of the attained EEDI at the design stage
4.3 Final verification of the attained EEDI at sea trial
4.4 Verification of the attained EEDI in case of major conversion

Appendix 1 Sample of EEDI Technical File
Appendix 2  Guidelines for validation of electric power tables for EEDI (EPT-EEDI)

Appendix 3  Electric power table form for EEDI (EPT-EEDI Form) and statement
of validation

IN\CIRC\MEPC\01\MEPC.1-CIRC.855-Rev.2.docx



MEPC.1/Circ.855/Rev.2
Annex, page 2

1 GENERAL

The purpose of these guidelines is to assist verifiers of the Energy Efficiency Design Index
(EEDI) of ships in conducting the survey and certification of the EEDI, 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 EEDI.

2 DEFINITIONS'

2.1 Verifier means an Administration, or organization duly authorized by it, which conducts
the survey and certification of the EEDI 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) with the approval of the
verifier.

3 APPLICATION

These guidelines should be applied to new ships for which an application for an initial survey
or an additional survey 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 EEDI should be calculated in accordance with regulation 20 of MARPOL
Annex VI and the 2018 Guidelines on the method of calculation of the attained Energy
Efficiency Design Index (EEDI) for new ships (resolution MEPC.308(73)) (EEDI Calculation
Guidelines). Survey and certification of the EEDI should be conducted in two stages:
preliminary verification at the design stage and final verification at the sea trial. The basic flow
of the survey and certification process is presented in figure 1.

4.1.2 The information used in the verification process may contain confidential information
of submitters 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.

1 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)).
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Submitter
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* To be conducted by a test organization or a submitter.
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- Revised EEDI Technical File

v
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Figure 1: Basic flow of survey and certification process

4.2 Preliminary verification of the attained EEDI at the design stage

4.2.1 For the preliminary verification at the design stage, an application for an initial survey
and an EEDI Technical File containing the necessary information for the verification and other
relevant background documents should be submitted to a verifier.

4.2.2 The EEDI Technical File should be written at least in English. The EEDI Technical

File should include as a minimum, but not limited to:

A deadweight (DWT) or gross tonnage (GT) for passenger and ro-ro passenger
ships, the maximum continuous rating (MCR) of the main and auxiliary
engines, the ship speed (Vie), as specified in paragraph 2.2.2 of the EEDI
Calculation Guidelines, type of fuel, the specific fuel consumption (SFC) of
the main engine at 75% of MCR power, the SFC of the auxiliary engines at
50% MCR power, and the electric power table? for certain ship types, as
necessary, as defined in the EEDI Calculation Guidelines;

2

Electric power tables should be validated separately, taking into account the guidelines set out in appendix 2.
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2 power curve(s) (KW — knot) estimated at design stage under the condition as
specified in paragraph 2.2.2 of the EEDI Calculation Guidelines, and, in the
event that the sea trial is carried out in a condition other than the above
condition, also a power curve estimated under the sea trial condition;

3 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;

4 estimation process and methodology of the power curves at design stage;
5 description of energy saving equipment;
.6 calculated value of the attained EEDI, 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 EEDI;

T calculated values of the attained EEDlueather and f value (not equal to 1.0), if
those values are calculated, based on the EEDI Calculation Guidelines; and

.8 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 (MPPwotwor) and 7 for diesel electric;

4 maximum continuous rated power (MCRsteamtuine) for steam
turbine; and
5 SFCsteamtumine fOr steam turbine, as specified in paragraph 2.2.7.2 of

the EEDI Calculation Guidelines.
A sample of an EEDI Technical File is provided in appendix 1.

4.2.3  For ships equipped with dual-fuel engine(s) using LNG and fuel oil, the Cg-factor for
gas (LNG) and the specific fuel consumption (SFC) of gas fuel should be used by applying the
following criteria as a basis for the guidance of the Administration:

A final decision on the primary fuel rests with the Administration;

2 the ratio of calorific value of gas fuel (LNG) to total marine fuels (HFO/MGO),
including gas fuel (LNG) at design conditions should be equal to or larger
than 50% in accordance with the formula below. However, the Administration
can accept a lower value of the percentage taking into account the intended
voyages:
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nLiquid Vgas * Puas X chgas : Kgas > 50%

( Z Viiquidgy * Priquidgy % LCVquuid(i) X Kiiquidciy )+Vgas X Pgas X LCVgas X K gas
i1

whereby:

Vgas is the total net tank volume of gas fuel on board in m3;
Viiquia is the total net tank volume of every liquid fuel on board in m?;

PgasiS the density of gas fuel in kg/m3;

Piquia 18 the density of every liquid fuel in kg/m?;
LCV,,, is the low calorific value of gas fuel in kJ/kg;
LCVjiquia i the low calorific value of liquid fuel in kJ/kg;
K as is the filling rate for gas fuel tanks;

Kiiquia 1S the filling rate for liquid fuel tanks.

Normal density, Low Calorific Value and filling rate for tanks of different
kinds of fuel are listed below.

Type of fuel Density Low Calorific Filling rate for tanks
(kg/m?) Value (kJ/kg)

Diesel/Gas Ol 900 42700 0.98

Heavy Fuel Oil 991 40200 0.98

Liquefied Natural Gas | 450 48000 0.95*

(LNG)

*

Subject to verification of tank filling limit.

3 in case the ship is not fully equipped with dual-fuel engines, the CF-factor for
gas (LNG) should apply only for those installed engines that are of dual-fuel
type and sufficient gas fuel supply should be available for such engines; and

4 LNG fuelling solutions with exchangeable (specialized) LNG tank-containers
should also fall under the terms of LNG as primary fuel.

424 The SFC of the main and auxiliary engines should be quoted from the approved
NOx Technical File and should be corrected to the value corresponding to the ISO standard
reference conditions using the standard lower calorific value of the fuel oil (42,700 kJ/kg),
referring to 1ISO 15550:2002 and 1SO 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. In cases where the NOx Technical File has not been
approved at the time of the application for initial survey, the test reports provided by
manufacturers should be used. In this case, at the time of the sea trial verification, a copy of
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the approved NOx Technical File and documented summary of the correction calculations
should be submitted to the verifier. In the case that gas fuel is determined as primary fuel in
accordance with paragraph 4.2.3 and that installed engine(s) have no approved NOx Technical
File tested in gas mode, the SFC of gas mode should be submitted by the manufacturer and
confirmed by the verifier.

Note: SFC in the NOx Technical File are the values of a parent engine, and the use of such
value of SFC for the EEDI calculation for member engines may have the following technical
issues for further consideration:

A the definition of "member engines" given in the NOx Technical File is broad and
specification of engines belonging to the same group/family may vary; and

2 the rate of NOx emission of the parent engine is the highest in the group/family —i.e.
CO2 emission, which is in the trade-off relationship with NOx emission, can be lower
than the other engines in the group/family.

4.2.5 For ships to which regulation 21 of MARPOL Annex VI applies, the power curves used
for the preliminary verification at the design stage should be based on reliable results of tank
tests. A tank test for an individual ship may be omitted based on technical justifications such
as availability of the results of tank tests for ships of the same type. In addition, the omission
of tank tests is acceptable for a ship for which sea trials will be carried out under the condition
as specified in paragraph 2.2.2 of the EEDI Calculation Guidelines, upon agreement of the
shipowner and shipbuilder and with the approval of the verifier. To ensure the quality of tank
tests, the ITTC quality system should be taken into account. Model tank tests should be
witnessed by the verifier.

Note: It would be desirable in the future that an organization conducting a tank test be
authorized.

4.2.6  The verifier may request further information from the submitter, in addition to that
contained in the EEDI Technical File, as necessary, to examine the calculation process of the
attained EEDI. For the estimation of the ship speed at the design stage much depends on each
shipbuilder's experience, and it may not be practicable for any person/organization other than
the shipbuilder to fully examine the technical aspects of experience-based parameters, such
as the roughness coefficient and wake scaling coefficient. Therefore, the preliminary
verification should focus on the calculation process of the attained EEDI to ensure that it is
technically sound and reasonable and follows regulation 20 of MARPOL Annex VI and the
EEDI Calculation Guidelines.

Note 1: A possible way forward for more robust verification is to establish a standard
methodology of deriving the ship speed from the outcome of tank tests, by setting standard
values for experience-based correction factors such as roughness coefficient and wake
scaling coefficient. In this way, ship-by-ship performance comparisons could be made more
objectively by excluding the possibility of arbitrary setting of experience-based parameters.
If such standardization is sought, this would have an implication on how the ship speed
adjustment based on sea trial results should be conducted, in accordance with
paragraph 4.3.8 of these Guidelines.

Note 2: A joint industry standard to support the method and role of the verifier is expected to
be developed.
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4.2.7  Additional information that the verifier may request the submitter to provide includes,
but is not limited to:

A descriptions of a tank test facility; this should include the name of the facility,
the particulars of tanks and towing equipment, and the records of calibration
of each monitoring equipment;

2 lines of a model ship and an actual ship for the verification of the
appropriateness of the tank test; the lines (sheer plan, body plan and
half-breadth plan) should be detailed enough to demonstrate the similarity
between the model ship and the actual ship;

3 lightweight of the ship and displacement table for the verification of the
deadweight;
4 detailed report on the method and results of the tank test; this should include

at least the tank test results at sea trial condition and under the condition as
specified in paragraph 2.2.2 of the EEDI Calculation Guidelines;

.5 detailed calculation process of the ship speed, which should include the basis
for the estimation of experience-based parameters such as roughness
coefficient and wake scaling coefficient;

.6 reasons for exempting a tank test, if applicable; this should include lines and
tank test results of ships of the same type, and the comparison of the
principal particulars of such ships and the ship in question. Appropriate
technical justification should be provided, explaining why the tank test is
unnecessary; and

v for LNG carriers, detailed calculation process of Pag and SFCsteamturbine.
4.2.8 The verifier should issue the report on the Preliminary Verification of the EEDI after it
has verified the attained EEDI at the design stage, in accordance with paragraphs 4.1 and 4.2
of these Guidelines.

4.3 Final verification of the attained EEDI at sea trial

4.3.1 Sea trial conditions should be set as the conditions specified in paragraph 2.2.2 of the
EEDI Calculation Guidelines, if possible.

4.3.2  Prior to the sea trial, the following documents should be submitted to the verifier: a
description of the test procedure to be used for the speed trial, the final displacement table and
the measured lightweight, or a copy of the survey report of deadweight, as well as a copy of
the NOx Technical File, as necessary. The test procedure should include, as a minimum,
descriptions of all necessary items to be measured and corresponding measurement methods
to be used for developing power curves under the sea trial condition.

4.3.3  The verifier should attend the sea trial and confirm:

A propulsion and power supply system, particulars of the engines or steam
turbines, and other relevant items described in the EEDI Technical File;

2 draught and trim;

3 sea conditions;
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4 ship speed; and
5 shaft power and RPM.

4.3.4 Draught and trim should be confirmed by the draught measurements taken prior to
the sea trial. The draught and trim should be as close as practical to those at the assumed
conditions used for estimating the power curves.

4.3.5 Sea conditions should be measured in accordance with ITTC Recommended
Procedure 7.5-04-01-01.1 Speed and Power Trials 2017 or ISO 15016:2015.

43.6 Ship speed should be measured in accordance with ITTC Recommended
Procedure 7.5-04-01-01.1 Speed and Power Trials 2017 or ISO 15016:2015, and at more than
two points of which range includes the power of the main engine as specified in
paragraph 2.2.5 of the EEDI Calculation Guidelines.

4.3.7  The main engine output, shaft power of propeller shaft (for LNG carriers having diesel
electric propulsion system) or steam turbine output (for LNG carrier having steam turbine
propulsion system) should be measured by shaft power meter or a method which the engine
manufacturer recommends and the verifier approves. Other methods may be acceptable upon
agreement of the shipowner and shipbuilder and with the approval of the verifier.

4.3.8 The submitter should develop power curves based on the measured ship speed and
the measured output of the main engine at sea trial. For the development of the power curves,
the submitter should calibrate the measured ship speed, if necessary, by taking into account
the effects of wind, current, waves, shallow water, displacement, water temperature and water
density in accordance with ITTC Recommended Procedure 7.5-04-01-01.2 Speed and Power
Trials 2017 or ISO 15016:2015. Upon agreement with the shipowner, the submitter should
submit a report on the speed trials including details of the power curve development to the
verifier for verification.

4.3.9 The submitter should compare the power curves obtained as a result of the sea trial
and the estimated power curves at the design stage. In case differences are observed, the
attained EEDI should be recalculated, as necessary, in accordance with the following:

A for ships for which sea trial is conducted under the condition as specified in
paragraph 2.2.2 of the EEDI Calculation Guidelines: the attained EEDI
should be recalculated using the measured ship speed at sea trial at the
power of the main engine as specified in paragraph 2.2.5 of the EEDI
Calculation Guidelines; and

2 for ships for which sea ftrial cannot be conducted under the condition as
specified in paragraph 2.2.2 of the EEDI Calculation Guidelines: if the
measured ship speed at the power of the main engine as specified in
paragraph 2.2.5 of the EEDI Calculation Guidelines at the sea trial conditions
is different from the expected ship speed on the power curve at the
corresponding condition, the shipbuilder should recalculate the attained
EEDI by adjusting ship speed under the condition as specified in
paragraph 2.2.2 of the EEDI Calculation Guidelines by an appropriate
correction method that is agreed by the verifier.
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3 An example of the scheme of conversion from trial condition to EEDI
condition at EEDI power is given as follows:

Vet is obtained from the results of the sea frials at trial condition using the
speed-power curves predicted by the tank tests. The tank tests shall be
carried out at both draughts: trial condition corresponding to that of the S/P
trials and EEDI condition. For trial conditions the power ratio ap between
model test prediction and sea ftrial result is calculated for constant ship
speed. Ship speed from model test prediction for EEDI condition at EEDI

power multiplied with ap is Vier.

_ I:)TriaI,F’

op =——
I:)TriaI,S
where:
Priap: power at trial condition predicted by the tank tests
Prriats : power at trial condition obtained by the S/P trials
Op: power ratio
4 Figure 2 shows an example of the scheme of conversion to derive the

resulting ship speed at EEDI condition (V. ) at EEDI power.

Power

EEDI condition Trial condition

II
1
MCR / /'

NCR

or * EEDI power

EEDI power

— Tank test Results
- Q- Sea Trial Results

Adjusted speed by the
Results of Sea trial

Ship Speed

Figure 2: An example of scheme of conversion from trial condition to EEDI
condition at EEDI power

Note: Further consideration would be necessary for speed adjustment methodology in
paragraphs 4.3.9.2 to 4.3.9.4 of these Guidelines. One of the concerns relates to a possible
situation where the power curve for sea trial condition is estimated in an excessively
conservative manner (i.e. power curve is shifted in a leftward direction) with the intention to
get an upward adjustment of the ship speed by making the measured ship speed at sea trial
easily exceed the lower-estimated speed for sea trial condition at design stage.
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4.3.10 In cases where the finally determined deadweight/gross tonnage differs from the
designed deadweight/gross tonnage used in the EEDI calculation during the preliminary
verification, the submitter should recalculate the attained EEDI using the finally determined
deadweight/gross tonnage. The finally determined gross tonnage should be confirmed in the
Tonnage Certificate of the ship.

4.3.11 The electrical efficiency 7 should be taken as 91.3% for the purpose of calculating
the attained EEDI. Alternatively, if a value of more than 91.3% is to be applied, 7 should be
obtained by measurement and verified by a method approved by the verifier.

4.3.12 In case where the attained EEDI is calculated at the preliminary verification by using
SFC based on the manufacturer's test report, due to the non-availability at that time of the
approved NOx Technical File, the EEDI should be recalculated by using SFC in the approved
NOx Technical File. Also, for steam turbines, the EEDI should be recalculated by using SFC
confirmed by the Administration, or an organization recognized by the Administration, at the
sea trial.

4.3.13 The EEDI Technical File should be revised, as necessary, by taking into account the
results of sea trials. Such revision should include, as applicable, the adjusted power curve
based on the results of sea trials (namely, modified ship speed under the condition as specified
in paragraph 2.2.2 of the EEDI Calculation Guidelines), the finally determined
deadweight/gross tonnage, n for LNG carriers having diesel electric propulsion system and
SFC described in the approved NOx Technical File, and the recalculated attained EEDI based
on these modifications.

4.3.14 The EEDI Technical File, if revised, should be submitted to the verifier for confirmation
that the (revised) attained EEDI is calculated in accordance with regulation 20 of MARPOL
Annex VI and the EEDI Calculation Guidelines.

4.4 Verification of the attained EEDI in case of major conversion

441 In cases of a major conversion of a ship, the shipowner should submit to a verifier an
application for an additional survey with the EEDI Technical File duly revised, based on the
conversion made and other relevant background documents.

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

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

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

4 calculated value of the attained EEDI 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 EEDI after
the conversion.

4.4.3 The verifier should review the revised EEDI Technical File and other documents
submitted and verify the calculation process of the attained EEDI to ensure that it is technically
sound and reasonable and follows regulation 20 of MARPOL Annex VI and the EEDI
Calculation Guidelines.

4.4.4  For verification of the attained EEDI after a conversion, speed trials of the ship are
required, as necessary.
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APPENDIX 1

SAMPLE OF EEDI TECHNICAL FILE

1 Data

1.1 General information
Shipbuilder JAPAN Shipbuilding Company
Hull no. 12345
IMO no. 94111XX
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 14.0m

Deadweight at summer load line
draught

150,000 tons

1.3 Main engine
Manufacturer JAPAN Heavy Industries Ltd.
Type 6J70A
Maximum continuous rating (MCR) 15,000 kW x 80 rpm
SFC at 75% MCR 165.0 g/kWh
Number of sets 1
Fuel type Diesel QOiIl

1.4 Auxiliary engine
Manufacturer JAPAN Diesel Ltd.
Type 5J-200
Maximum continuous rating (MCR) 600 kW x 900 rpm
SFC at 50% MCR 220.0 g/kWh
Number of sets 3
Fuel type Diesel QOiIl

1.5 Ship speed
Ship speed in deep water at summer 14.95 knots

load line draught at 75% of MCR
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2 Power curves

The power curves estimated at the design stage and modified after the speed trials are shown
in figure 2.1.

17,000

15,000 | summer load draught /

13.000 } 14.25 knot — / /

75% of MCR

11,000 // /

/

9,000
/ Trial Condition

7,000 /

BHP / kW

5,000
12 13 14 15 16 17

Speed /knots

Figure 2.1: Power curves
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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 70m
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 JAPAN Electric
Rated output 560 kW (700 kVA) x 900 rpm
Voltage AC 450V

Number of sets 3

AUXILIARY ENGINES

!

SWITCHBOARD

\ 4

BALLAST PUMPS

A\ 4

M/E PUMPS

= |ACCOMMODATION

i O MAIN ENGINE

Figure 3.1: Schematic figure of propulsion and electric power supply system
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4 Estimation process of power curves at design stage

Power curves are estimated based on model test results. The flow of the estimation process

is shown below.
< Ship design >

' Tank tests i
! Resistance test Self-propulsion test Propeller open ;
: water test ;
Estimation of Estimation 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 4.1: Flow-chart of process for estimating power curves

5 Description of energy saving equipment

5.1 Energy saving equipment the effects of which are expressed as Paeerijy and/or Pes in
the EEDI calculation formula

N/A

5.2 Other energy saving equipment

(Example)

5.21 Rudder fins

5.2.2  Propeller boss cap fins

(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.)
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6 Calculated value of attained EEDI

6.1 Basic data

Type of ship | Capacity DWT S‘()frfgt;/)mf
Bulk Carrier 150,000 14.25
6.2 Main engine
MCRwme SFCue
(kW) Shaft gen. Pme (kW) | Type of fuel Cruve (g/kWh)
15,000 N/A 11,250 Diesel Oil 3.206 165.0
6.3 Auxiliary engines
Pae (KW) | Type of fuel Crae (g?/ll:(C\/:\/;rEl)
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 EEDI

nME

M
LH fjJ[ > Pued) -Cemeq) - SFCME(i)J + (Pag - Crag - SFCag)
' i

fi- fe- Capacity - fw - Vet

M nPTI neff neff
H fj : Z |:)PTI(i) - Z feff(i) : PAEeff(i) CFAE : SFCAE _[Z feff(i) : |:)eff(i) 'CFME : S’FCMEJ
i=1 i=1 i=1

j=1 i=

—
VR

fi- fc-Capacity - fw-Vrer

_ 1x(11250x3.206x1650)+ (625x 3.206x 220.0)+ 0—0
1.1-150000-1-14.25

=299 (g-CO,/ton-mile)

attained EEDI: 2.99 g-CO»/ton mile
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7 Calculated value of attained EEDIweather
71 Representative sea conditions
Mean wind Mean wind Significant | Mean wave | Mean wave
speed direction wave height period direction
BF6 12.6 (m/s) 0 (deg.)* 3.0 (m) 6.7 (s) 0 (deg.)*
* Heading direction of wind/wave in relation to the ship's heading, i.e. 0 (deg.) means the ship is heading

directly into the wind.

7.2 Calculated weather factor, fu
[ fu | 0.900 |
7.3 Calculated value of attained EEDIweather

attained EEDIweather: 3.32 g-CO2/ton mile
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APPENDIX 2

GUIDELINES FOR VALIDATION OF ELECTRIC POWER TABLES FOR EEDI (EPT-EEDI)

1 INTRODUCTION

The purpose of these Guidelines is to assist recognized organizations in the validation of
Electric Power Tables (EPT) for the calculation of the Energy Efficiency Design Index (EEDI)
for ships. As such, these Guidelines support the implementation of the EEDI Calculation
Guidelines and the Guidelines on survey and certification of the Energy Efficiency Design
Index (EEDI). These Guidelines will also assist shipowners, shipbuilders, ship designers and
manufacturers in relation to aspects of the development of more energy efficient ships and
also in understanding the procedures for the EPT-EEDI validation.

2 OBJECTIVES

These Guidelines provide a framework for the uniform application of the EPT-EEDI validation
process for ships for which required auxiliary engine power is calculated under paragraph
2.2.5.7 of the EEDI Calculation Guidelines.

3 DEFINITIONS

3.1 Applicant means an organization, primarily a shipbuilder or a ship designer, which
requests the EPT-EEDI validation in accordance with these Guidelines.

3.2 Validator means a recognized organization which conducts the EPT-EEDI validation
in accordance with these Guidelines.

3.3 Validation for the purpose of these Guidelines means review of submitted documents
and survey during construction and sea trials.

3.4 Standard EPT-EEDI-Form refers to the layout given in appendix 3, containing the
EPT-EEDI results that will be the subject of validation. Other supporting documents submitted
for this purpose will be used as reference only and will not be subject to validation.

3.5 Pae herein is defined as per the definition in paragraph 2.2.5.6 of the EEDI Calculation
Guidelines.

3.6 Ship service and engine-room loads refer to all the load groups which are needed for
the hull, deck, navigation and safety services, propulsion and auxiliary engine services,
engine-room ventilation and auxiliaries and ship's general services.

3.7 Diversity factor is the ratio of the "total installed load power" and the "actual load
power" for continuous loads and intermittent loads. This factor is equivalent to the product of
service factors for load, duty and time.

4 APPLICATION

4.1 These Guidelines are applicable to ships as stipulated in paragraph 2.2.5.7 of the
EEDI Calculation Guidelines.

4.2 These Guidelines should be applied to new ships for which an application for an
EPT-EEDI validation has been submitted to a validator.
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4.3 The steps of the validation process include:
A review of documents during the design stage:
A check if all relevant loads are listed in the EPT;
2 check if reasonable service factors are used; and
3 check the correctness of the Pae calculation based on the data

given in the EPT;

2 survey of installed systems and components during construction stage:

A check if a randomly selected set of installed systems and
components are correctly listed with their characteristics in the EPT;
and

3 survey of sea trials:
A check if selected units/loads specified in EPT are observed.
5 SUPPORTING DOCUMENTS
5.1 The applicant should provide as a minimum the ship electric balance load analysis.
5.2 Such information may contain shipbuilders' confidential information. Therefore, after

the validation, the validator should return all or part of such information to the applicant at the
applicant's request.

5.3 A special EEDI condition during sea trials may be needed and defined for each ship
and included in the sea trial schedule. For this condition, a special column should be inserted
into the EPT.

6 PROCEDURES FOR VALIDATION

6.1 General

Pae should be calculated in accordance with the EPT-EEDI Calculation Guidelines. EPT-EEDI

validation should be conducted in two stages: preliminary validation at the design stage and
final validation during sea trials. The validation process is presented in figure 6.1.
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Applicant Validator
(Primarily shipbuilder or ship designer) (Recognized organization such as
l' class society)

Development of electric load analysis

. ! Preliminary validation
Application for EPT-EEDI _» (Preliminary ship electric load analysis and
preliminary validation supporting documents)

Issuance of preliminary validation

certificate
Preparation and submission of final
EPT-EEDI
1 Check of consistency of preliminary
Modification of EPT-EEDI and final EPT
T
Preparation of data for final validation
at seatrials L
A

_| Final validation at sea trials by check of
predicted power requirements

+

Issuance of final validation certificate

Submission of EPT-EEDI certificate for
EEDI verification

Figure 6.1: Basic flow of EPT-EEDI validation process
6.2 Preliminary validation at the design stage

6.2.1 For the preliminary validation at the design stage, the applicant should submit to a
validator an application for the validation of EPT-EEDI, inclusive of the EPT-EEDI Form, and
all the relevant and necessary information for the validation as supporting documents.

6.2.2 The applicant should supply as a minimum the supporting data and information, as
specified in appendix A (to be developed).

6.2.3  The validator may request from the applicant additional information to that contained
in these Guidelines, as necessary, to enable the validator to examine the calculation process
of the EPT-EEDI. The estimation of the ship EPT-EEDI at the design stage depends on each
applicant's experience, and it may not be practicable to fully examine the technical aspects
and details of each machinery component. Therefore, the preliminary validation should focus
on the calculation process of the EPT-EEDI that should follow best marine practices.

Note: A possible way forward for more robust validation is to establish a standard methodology
of deriving the ship EPT by setting standard formats as agreed and used by industry.
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6.3 Final validation

6.3.1  The final validation process should as a minimum include a check of the ship electric
load analysis to ensure that all electric consumers are listed. Their specific data and the
calculations in the power table itself are correct and are supported by sea trial results.
If necessary, additional information has to be requested.

6.3.2 For the final validation, the applicant should revise the EPT-EEDI Form and
supporting documents as necessary, by taking into account the characteristics of the
machinery and other electrical loads actually installed on board the ship. The EEDI condition
at sea trials should be defined and the expected power requirements in these conditions
documented in the EPT. Any changes within the EPT from design stage to construction stage
should be highlighted by the shipyard.

6.3.3  The preparation for the final validation includes a desk top check comprising:

A consistency of preliminary and final EPT;

2 changes of service factors (compared to the preliminary validation);

3 all electric consumers are listed;

4 their specific data and the calculations in the power table itself are correct; and
.5 in case of doubt, component specification data is checked in addition.

6.3.4 A survey prior to sea trials is performed to ensure that machinery characteristics and
data as well as other electric loads comply with those recorded in the supporting documents.
This survey does not cover the complete installation but selects randomly a number of
samples.

6.3.5 For the purpose of sea trial validation, the surveyor will check the data of selected
systems and/or components given in the special column added to the EPT for this purpose or
the predicted overall value of electric load by means of practicable measurements with the
installed measurement devices.

7 ISSUANCE OF THE EPT-EEDI STATEMENT OF VALIDATION

71 The validator should stamp the EPT-EEDI Form as "Noted" having validated the
EPT-EEDI in the preliminary validation stage, in accordance with these Guidelines.

7.2 The validator should stamp the EPT-EEDI Form as "Endorsed" having validated the
final EPT-EEDI in the final validation stage in accordance with these Guidelines.
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APPENDIX 3

ELECTRIC POWER TABLE FORM FOR ENERGY EFFICIENCY DESIGN INDEX
(EPT-EEDI FORM) AND STATEMENT OF VALIDATION

Ship ID:
IMO no.:
Ship's name:
Shipyard:
Hull no.:

Applicant: Validation stage:

Name: |:| Preliminary validation
Address:

|:| Final validation
Summary results of EPT-EEDI

Seagoing condition
Load group EEDI_ Calculation gwdt_allnes Remarks
Continuous Intermittent
load (kW) load (kW)
Ship service and engine-room loads
Accommodation and cargo loads
Total installed load
Diversity factor
Normal seagoing load
Weighted average efficiency of generators
Pae
Supporting documents
Title ID or remarks

Validator details:
Organization:
Address:

This is to certify that the above-mentioned electrical loads and supporting documents have
been reviewed in accordance with EPT-EEDI Validation Guidelines and the review shows
a reasonable confidence for use of the above Pag in EEDI calculations.

Date of review: Statement of validation no.

This statement is valid on condition that the electric power characteristics of the ship do not change.
Signature of Validator

Printed name:
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ANNEX 14
RESOLUTION MEPC. 231(65)
Adopted on 17 May 2013

2013 GUIDELINES FOR CALCULATION OF REFERENCE LINES FOR USE
WITH THE ENERGY EFFICIENCY DESIGN INDEX (EEDI)

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 (the Committee)
conferred upon it by international conventions for the prevention and control of marine
pollution,

RECALLING ALSO that, at its sixty-second session, the Committee adopted, by resolution
MEPC.203(62), amendments to the Annex of the Protocol of 1997 to amend the International
Convention for the Prevention of Pollution from Ships, 1973, as modified by the Protocol
of 1978 relating thereto (inclusion of regulations on energy efficiency for ships in MARPOL
Annex VI),

NOTING that regulation 21 (required EEDI) of MARPOL Annex VI, as amended, requires
reference lines to be established for each ship type to which regulation 21 is applicable,

NOTING ALSO that Guidelines for calculation of reference lines for use with the Energy
Efficiency Design Index (EEDI) were adopted at its sixty-third session,

HAVING CONSIDERED, at its sixty-fifth session, the draft amendments to Guidelines for
calculation of reference lines for use with the Energy Efficiency Design Index (EEDI) for
extension of the application of the EEDI to LNG carrier, ro-ro cargo ship (vehicle carrier),
ro-ro cargo ship and ro-ro passenger ship,

1. ADOPTS the 2013 Guidelines for calculation of reference lines for use with the
Energy Efficiency Design Index (EEDI), as set out at annex to the present resolution;

2. AGREES to keep these Guidelines under review in light of the experience gained;
and
3. REVOKES the Guidelines for calculation of reference lines for use with the Energy

Efficiency Design Index (EEDI), adopted by resolution MEPC.215(63), as from this date.
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2013 GUIDELINES FOR CALCULATION OF REFERENCE LINES FOR USE
WITH THE ENERGY EFFICIENCY DESIGN INDEX (EEDI)

1 The reference lines are established for each ship type to which regulation 21
(Required EEDI) of MARPOL Annex VI is applicable. The purpose of the EEDI is to provide
a fair basis for comparison, to stimulate the development of more efficient ships in general
and to establish the minimum efficiency of new ships depending on ship type and size.
Hence, the reference lines for each ship type is calculated in a transparent and robust
manner.

2 Ship types are defined in regulation 2 of MARPOL Annex VI. The reference line
for each ship type is used for the determination of the required EEDI as defined in
regulation 21 of MARPOL Annex VI.

3 These guidelines apply to the following ships types: bulk carrier, gas carrier, tanker,
containership, general cargo ship, refrigerated cargo carrier, combination carrier, ro-ro cargo
ship, ro-ro cargo ship (vehicle), ro-ro passenger ship and LNG carrier. It is noted that
a method of calculating reference lines has not been established for passenger ships other
than cruise passenger ship having non-conventional propulsion.

Definition of a reference line

4 A reference line is defined as a curve representing an average index value fitted on
a set of individual index values for a defined group of ships.

5 One reference line is developed for each ship type to which regulation 21 of
MARPOL Annex VI is applicable, ensuring that only data from comparable ships are included
in the calculation of each reference line.

6 The reference line value is formulated as Reference line value = a (100% deadweight)
where "a" and "c" are parameters determined from the regression curve fit.

7 Input data for the calculation of the reference lines is filtered through a process
where data deviating more than two standard deviations from the regression line are
discarded. The regression is then applied again to generate a corrected reference line.
For the purpose of documentation, discarded data is listed with the ships IMO number.

Data sources

8 IHS Fairplay (IHSF) database is selected as the standard database delivering the
primary input data for the reference line calculation. For the purpose of the EEDI reference
line calculations, a defined version of the database is archived as agreed between the
Secretariat and IHSF.

9 For the purpose of calculating the reference lines, data relating to existing ships
of 400 GT and above from the IHSF database delivered in the period from 1 January 1999
to 1 January 2009 are used. For ro-ro cargo and ro-ro passenger ships, data relating to
existing ships of 400 GT and above from the IHSF database delivered in the period
from 1 January 1998 to 1 January 2010 are used.
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10 The following data from the IHSF database on ships with conventional propulsion
systems is used when calculating the reference lines:

A data on the ships' capacity is used as Capacity for each ship type as
defined in MEPC.212(63);

2 data on the ships' service speed is used as reference speed V,; and
3 data on the ships' total installed main power is used as MCRyg.
11 For some ships, some data entries may be blank or contain a zero (0) in the

database. Datasets with blank power, capacity and/or speed data should be removed from
the reference line calculations. For the purpose of later references, the omitted ships should
be listed with their IMO number.

12 To ensure a uniform interpretation, the association of ship types defined in
regulation 2 of MARPOL Annex VI, with the ship types given by the IHSF database and
defined by the so-called Stat codes, is shown in the appendix to this guideline. Table 1 in the
appendix 1 lists the ship types from IHSF used for the calculation of reference lines. Table 2
lists the IHSF ship types not used when calculating the reference lines.

Calculation of reference lines

13 To calculate the reference line, an estimated index value for each ship contained in
the set of ships per ship type is calculated using the following assumptions:

A the carbon emission factor is constant for all engines, i.e. Cgye = Crae = CF
= 3.1144 g CO,/g fuel;

2 the specific fuel consumption for all ship types is constant for all main
engines, i.e. SFCye = 190 g/kWh;

3 Puveg is 75% of the total installed main power (MCRyg());

4 the specific fuel consumption for all ship types is constant for all auxiliary
engines, i.e. SFCxe = 215 g/kWh;

5 Pae is the auxiliary power and is calculated according to paragraphs 2.5.6.1
and 2.5.6.2 of the annex to MEPC.212(63);

.6 for ro-ro passenger ships, Pae is calculated as follows:
P,z = 0.866 - GT %732
7 no correction factors are used except for firoro @and feropax; @and
.8 innovative mechanical energy efficiency technology, shaft motors and other

innovative energy efficient technologies are all excluded from the reference
line calculation, i.e. Pagei = 0, Ppr = 0, Pes = 0.
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14 The equation for calculating the estimated index value for each ship (excluding
containerships and ro-ro cargo ships (vehicle carrier) — see paragraph 15) is as follows:

NME

190- > Pye; +215-Pc

Estimated Index Value =3.1144 - =
Capacity -V
15 For containerships, 70 per cent of the deadweight (70% DWT) is used as capacity

for calculating the estimated index value for each containership as follows:

NME

190- > Pye; +215- Py

Estimated Index Value =3.1144 - i=1
70%DWT -V,
16 For ro-ro cargo ship (vehicle carrier), the following equation is used:

190 - B Py b+ 215 Pyg
Capacity - V,.¢

Estimated Index Value = [, o 3.1144 -

Where:
—15571-E? +5538.4-F, —132.67

frorov = 287
17 For ro-ro cargo ships the estimated index value for each individual ship is calculated
as follows:

31144 (fippgo - 190 - X5 p, . + 215 P
Estimated Index Value = mmm — 1 ME A%
Capacity - V..r

18 For ro-ro passenger ships the estimated index value for each individual ship is

calculated as follows:

31144 - (froRro - 190 - 2 Pyg; + 215 - Py

=

stoPrzx ' Cﬂpﬂﬂt}-‘ - Fr'af

Estimated Index Value =

19 For LNG carriers, the equation set out in appendix 2 is used.
Calculation of reference line parameters "a" and "c"

20 For all ship types to which these guidelines apply except for ro-ro passenger ships,
parameters "a" and "c" are determined from a regression analysis undertaken by plotting the
calculated estimated index values against 100 per cent deadweight (100% DWT).

21 For ro-ro passenger ships, parameters "a" and "c" are determined from a regression
analysis undertaken by plotting the calculated estimated index values against corrected
deadweight, DWT, for ships to which the capacity correction factor, f.rorax, applies and
against 100 per cent deadweight (100% DWT) for ships to which the capacity correction
factor does not apply.
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Documentation

22 For purposes of transparency, the ships used in the calculation of the reference
lines should be listed with their IMO numbers and the numerator and denominator of the
index formula, as given in paragraphs 14 to 19. The documentation of the aggregated figures
preserves the individual data from direct access but offers sufficient information for possible
later scrutiny.
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Appendix 1

1 To ensure a uniform interpretation, ship types defined in

regulation 2 of

MARPOL Annex VI are compared to the ship types given in the IHSF database.

2 The IHSF Stat code system provides several levels of definition as follows:

A Highest level:

Cargo carrying
Work vessel

Non-merchant
Non-propelled
Non-ship structures

N<Xsw>»

Non-seagoing merchant ships

For the purpose of the EEDI, only group "A cargo carrying" needs to be considered.

A graphical representation of this is given below.

.2 The next level comprises:
A1 Tankers
A2 Bulk carriers

A3 Dry cargo/passenger

There are further differentiations until level five, e.g.
each category is described.

The complete list is attached.

"A31A2GX General Cargo Ship", and

Cargo Carrying
Liquefied Gas  Chemical oil Other Liquids
-— <« Crude Oil <+—Water
“4+—LNG
‘ <— Oil Products 4— Molasses
LG “4— Bitumen * l?‘“e
p 00 ¥ Y '4_

Bulk Dry Self Discharging Bulk Dry

Tankers

Other Bulk Dry

Bulk Dry/Oil

> > > > :

Bulk Carriers Non Seagoing Merchant ships
General Cargo Container  Ro-Ro Cargo Other Dry Cargo
Ly = ¥ = ¥ & Dry Cargo/Passenger

- < Passenger [Cruise) Ship —

Passenger/ +———— Passenger Ship

General Garge  Refrigerated Cargo Passenger
Ship * 3 3 3 E

«——Fishing

+— Offshore

Non Merchant ‘ ‘ Non Ship Structures

<+«——Miscellaneous

Work Vessel

I\MEPC\65\22.doc



MEPC 65/22
Annex 14, page 7

3

The ship types from the IHSF Stat code 5 (Statcode5v1075) used for the calculation of

reference lines for the following ship types: bulk carrier, gas carrier, tanker, containership,
general cargo ship, refrigerated cargo carrier and combination carrier, are set out in table 1.
The IHSF database ship types, not used in the calculation of reference lines for the specific ship
types, are set out in table 2, e.g. ships built for sailing on the Great Lakes and landing craft.

Table 1:  Ship types from IHSF used for the calculation of
reference lines for use with the EEDI
A single deck cargo vessel with an
Bulk dry A21A2BC | Bulk carrier arra_ngement of topside ballast tanks for the
carriage of bulk dry cargo of a homogeneous
nature.
A single deck cargo ship fitted with two
Bulk dry A21B2BO | Ore carrier longitudinal bulkheads. Ore is carried in the
centreline holds only.
A bulk carrier fitted with self-trimming holds, a
Self- Bulk cargo conveyor belt (or similar system) and a boom
discharging | A23A2BD | carrier, self- which can discharge cargo alongside or to
bulk dry discharging shore without the assistance of any external
equipment.
A single deck cargo vessel fitted with pumping
.1 Bulk : .
carrier ADAAOBT Cement arrangements for the carriage of cement in
carrier bulk. There are no weather deck hatches.
May be self-discharging.
Wood chips A single deck cargo vessel with high freeboard
A24B2BW | carrier, self- for the carriage of wood chips. May be
Other dry unloading self_—dlscharglng. _
. A single deck cargo vessel for the carriage of
bulk A24C2BU | Urea carrier : . )
urea in bulk. May be self-discharging.
Agaregates A single deck cargo vessel for the carriage of
A24D2BA ggreg aggregates in bulk. Also known as a sand
carrier : . X
carrier. May be self-discharging.
Limestone A single deck cargo vessel for the carriage of
A24E2BL carrier limestone in bulk. There are no weather deck
hatches. May be self-discharging.
A tanker for the bulk carriage of liquefied
AT1A2TN | LNG tanker patural gas (prlmarlly methang) in mdependent
insulated tanks. Liquefaction is achieved at
temperatures down to -163 deg C.
A tanker for the bulk carriage of liquefied
petroleum gas in insulated tanks, which may
. ) be independent or integral. The cargo is
2 Qas Liquefied AT1B2TG | LPG tanker pressurized (smaller vessels), refrigerated
carrier gas " . . "
(larger vessels) or both ("semi-pressurized”)
to achieve liquefaction.
A11C2LC | CO, tanker A tanker 'for.the bulk carriage of liquefied
carbon dioxide.
A tanker for the bulk carriage of compressed
A11A2TQ | CNG tanker natural gas. Cargo remains in gaseous state

but is highly compressed.
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.3 Tanker

Molten sulphur

A tanker for the bulk carriage of molten

A12A2LP sulphur in insulated tanks at a high
tanker
temperature.
A tanker for the bulk carriage of chemical
cargoes, lube oils, vegetable/animal oils and
Chemical other chemicals as defined in the
A12A2TC tanker International Bulk Chemical Code. Tanks
are coated with suitable materials which are
inert to the cargo.
Chemical/ . -
A12B2TR | products A chemlcal tanker additionally capable of the
carriage of clean petroleum products.
tanker
A cargo ship designed for the bulk transport of
Chemical A12C2LW | Wine tanker wine in tanks. Tanks _W|II be stallnlless steel or
lined. New vessels will be classified as
chemical carriers.
A cargo ship designed for the bulk transport
Vegetable oil of vegetable oils in tanks. Tanks will be
A12D2LV . . .
tanker stainless steel or lined. New vessels will be
classified as chemical carriers.
A cargo ship designed for the bulk transport
Edible oil of edible oils in tanks. Tanks will be
A12E2LE ; ) .
tanker stainless steel or lined. New vessels will be
classified as chemical carriers.
A12F2LB | Beer tanker A tanker for the bulk carriage of beer.
A12G2LT | Latex tanker A tanker for the bulk carriage of latex.
Fruit juice A tanker for the bulk carriage of fruit juice
A12H2LJ o
tanker concentrate in insulated tanks.
A13A2TV Crude oil A tanker for the bulk carriage of crude oil.
tanker
Crude/oll A tanker for the bulk carriage of crude oil but
A13A2TW | products also for carriage of refined oil products.
tanker
Products A tanker for the bulk carriage of refined
A13B2TP ! .
tanker petroleum products, either clean or dirty.
i , —
Oi A13B2TU Tanker 3 A tanker whose cargo is unspecified.
(unspecified)
Asphalt/ A tanker for the bulk carriage of
A13C2LA | Bitumen asphalt/bitumen at temperatures between
tanker 150 and 200 deg C.
Coal/oil A tanker for the bulk carriage of a cargo of
A13E2LD ; coal and oil mixed as a liquid and
mixture tanker L \
maintained at high temperatures.
A14A2LO | Water tanker A tanker for the bulk carriage of water.
A14E2LM Molasses A tanker for the bulk carriage of molasses.
tanker
A14G2LG | Glue tanker A tanker for the bulk carriage of glue.
Other A tanker for the bulk carriage of alcohol
liquids A14H2LH | Alcohol tanker G '
Caprolactam A tanker for the bulk carriage of
A14N2LL P caprolactam, a chemical used in the plastics
tanker . - ;
industry for the production of polyamides.
A chemical tanker with many segregated
cargo tanks to carry multiple grades of
Chemical A12A2TL | Parcels tanker | chemicals as defined in the International

Bulk Chemical Code. Typically these can
have between 10 and 60 different tanks.
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Containership

A single deck cargo vessel with boxed holds

4 Containership | Container A33A2CC fitted with fixed cellular guides for the
(fully cellular) ; )
carriage of containers.
A single or multi-deck cargo vessel for the
carriage of various types of dry cargo.
5 General CGa(-ingral A31A2GX Sh(?neral cargo Single deck vessels will typically have
'Car o shi 9 P box-shaped holds. Cargo is loaded and
9 P unloaded through weather deck hatches.
CO;?;Q dry A38H2GU | Pulp carrier A vessel designed for carrying paper pulp.
.6 Refrigerated | Refrigerated Refrigerated A multi-deck cargo ship for the carriage of
) A34A2GR . . :
cargo carrier cargo cargo ship refrigerated cargo at various temperatures.
. Bulk/oil carrier | A bulk carrier arranged for the alternative
Bulk dry/oil A22A2BB (OBO) (but not simultaneous) carriage of crude oil.
7 Combinafi Bulk drv/oil A22B2BR | Ore/oil carrier | An ore carrier arranged for the alternative
.carrig:n ination y (but not simultaneous) carriage of crude oil.
Ore/bulk/ A bulk carrier arranged for the alternative
Bulk dry/oil A22A2BP | products (but not simultaneous) carriage of oil
carrier products.

I\MEPC\65\22.doc




MEPC 65/22
Annex 14, page 10

Table 2:

Ship types from IHSF not included in the calculation of

reference lines for use with the EEDI

Bulk dry

A21A2BG

Bulk carrier, laker
only

A single deck cargo vessel with
dimensions suited to the
limitations of Great Lakes of
North America trade, unsuitable
for open sea navigation.
Hatches are more numerous
than standard bulk carriers, and
much wider than they are long.

Bulk dry

A21A2BV

Bulk carrier (with
vehicle decks)

A bulk carrier with movable
decks for the additional carriage
of new vehicles.

Bulk dry/oil

A22A2BB

Bulk/oil carrier
(OBO)

A bulk carrier arranged for the
alternative (but not
simultaneous) carriage of crude
oil.

Bulk dry/oil

A22B2BR

Ore/oil carrier

An ore carrier arranged for the
alternative (but not
simultaneous) carriage of crude
oil.

.1 Bulk
carrier
Bulk dry/oil

A22A2BP

Ore/bulk/products
carrier

A bulk carrier arranged for the
alternative (but not
simultaneous) carriage of oil
products.

Self-discharging
bulk dry

A23A2BK

Bulk cargo carrier,
self-discharging,
laker

A Great Lakes bulk carrier fitted
with a conveyor belt

(or similar system) and a boom
which can discharge cargo
alongside or to shore without the
assistance of any external
equipment.

Other bulk dry

A24H2BZ

Powder carrier

A single deck cargo vessel for
the carriage of fine powders
such as fly ash. There are no
weather deck hatches.

Other bulk dry

A24G2BS

Refined sugar
carrier

A single deck cargo vessel for
the carriage of refined sugar.
Sugar is loaded in bulk and
bagged in transit (BIBO — Bulk In
— Bag Out).

.2 Gas

carrier Liquefied gas

A11B2TH

LPG/chemical
tanker

An LPG tanker additionally
capable of the carriage of
chemical products as defined in
the International Bulk Chemical
Code.

.3 Tanker Qil

A13A2TS

Shuttle tanker

A tanker for the bulk carriage of
crude oil specifically for
operation between offshore
terminals and refineries. Is
typically fitted with bow loading
facilities.

4 Containership | Container

A33B2CP

Passenger/
containership

A containership with
accommodation for the carriage
of more

than 12 passengers.
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General cargo

Open hatch cargo

A large single deck cargo vessel
with full width hatches and boxed
holds for the carriage of unitized

A31A2GO 1
ship dry cargo such as forest
products and containers. Many
are fitted with a gantry crane.
A general cargo ship with
General reversible hatch covers; one side
is flush and the other is fitted
cargo/tanker . e
General cargo A31A2GS (container/oil/bulk — with baffles for use with liquid
COB ship) cargoes. Containers can be
P carried on the hatch covers in
dry cargo mode.
General A general cargo ship fitted with
General cargo A31A2GT tanks for the additional carriage
cargo/tanker .
of liquid cargo.
A vessel arranged for carrying
General cargo A31C2GD | Deck cargo ship unitized cargo on deck only.
Access may be by use of a ro-ro
ramp.
A general cargo ship with
Passenger/general General cargo/ accommodation for the carriage
5 General ger's A32A2GF g0 g
, cargo passenger ship of more
cargo ship than 12 passengers.
Other dry cargo A38A2GL | Livestock carrier A cargo ves_sel arranged for the
carriage of livestock.
A cargo vessel arranged for the
carriage of purpose built barges
(lighters) loaded with cargo.
Other dry cargo A38B2GB | Barge carrier Typically loading is by way of a
gantry crane. Also known as
Lighter Aboard SHip vessels
(LASH).
A heavy load carrier which is
Heavy load carrier, | semi-submersible for the float on
Other dry cargo A38C3GH semi-submersible loading/unloading of the
cargoes.
Yacht carrier A semi-submersible heavy load
Other dry cargo A38C3GY . . carrier specifically arranged for
semi-submersible !
the carriage of yachts.
Other dry cargo A38D2GN | Nuclear fuel carrier A cargo ves§el arranged to carry
nuclear fuel in flasks.
Nuclear fuel carrier A nuclear fuel carrier which is
Other dry cargo A38D2GZ . o loaded and unloaded by way of a
(with ro-ro facility)
ro-ro ramp.
Barqe carrier A barge carrier which is semi-
Other dry cargo A38B3GB 9 . submersible for the float on
semi-submersible . .
loading/unloading of the barges.
A cargo vessel able to carry
heavy and/or outsized individual
Other dry cargo A38C2GH | Heavy load carrier cargoes. Cargo may be carried

on deck or in holds and may be
loaded by crane and/or ro-ro
ramps.

* % %
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Appendix 2

EQUATION FOR CALCULATING THE INDEX VALUE OF REFERENCE LINE FOR LNG CARRIERS

: . , Dual Fuel Diesel — Electronic :
Direct Drive Diesel (DFDE) Steam Turbine
Mardins Engine :10% Engine : — Engine : —
|
J Sea : 20% Sea : 20% Sea : 20%
Design Margin:% Margin:i Margin:i
Margin 1.2 1.2 1.2
M argin = 75% M argin =83% M argin =83%
Pue Pmey =0.75- (MCRME(i) - PPTO(i)) Pwme() = 0-83'm Pwegiy = 0.83- (MCRME(i) — PPTO(i))
Formula' ' TElectrical (i) '
SFCue in
g/kWh 190 (HFO) 175 (FBO) 285 (FBO)
(Fuel)
P nME nME
Formoiaz | Pee=0.025- > MCRuwe() + 250 + Capacity - BOR 15 Pae = (0.025+0.02) - > Pueci) + 250 Pac =0
i=1 i=1
nME nME nME
Index 190- > Pue() + 215+ Pae 175" Pwed)+175- P 285- Y Pueq)
Formulae | 3.1144. i=1 . 2 75. i-1 : 275 =
Capacity - Vret Capacity -Vret Capacity -Vret

NOTES:

! MPP;, of DFDE is calculated as 66% of MCR of engines.
2 BOR of Direct Drive Diesel is 0.15 (%/day).

*k*k
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MEPC.1/Circ.850/Rev.3
7 July 2021

GUIDELINES FOR DETERMINING MINIMUM PROPULSION POWER TO MAINTAIN THE
MANOEUVRABILITY OF SHIPS IN ADVERSE CONDITIONS

1 The Marine Environment Protection Committee (the Committee), at its seventy-sixth
session (10 to 17 June 2021), approved amendments to the 2013 Interim Guidelines for
determining minimum propulsion power to maintain the manoeuvrability of ships in adverse
conditions (MEPC.1/Circ.850/Rev.2) including the change of title to Guidelines for determining
minimum propulsion power to maintain the manoeuvrability of ships in adverse conditions.

2 The Guidelines for determining minimum propulsion power to maintain the
manoeuvrability of ships in adverse conditions are set out in the annex.

3 The Committee also agreed to keep the Guidelines under review and invited
Member States and international organizations to report on the experiences gained in the
implementation of the Guidelines to a future session of the Committee.

4 Member Governments are invited to bring the annexed Guidelines for determining
minimum propulsion power to maintain the manoeuvrability of ships in adverse conditions to
the attention of Administrations, industry, relevant shipping organizations, shipping companies
and other stakeholders concerned.

5 This circular revokes MEPC.1/Circ.850/Rev.2.

*kk
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ANNEX

GUIDELINES FOR DETERMINING MINIMUM PROPULSION POWER TO
MAINTAIN THE MANOEUVRABILITY OF SHIPS IN ADVERSE CONDITIONS

0 Purpose

The purpose of these Guidelines is to assist Administrations and recognized organizations in
verifying that ships, complying with Energy Efficiency Design Index (EEDI) requirements set
out in regulations on energy efficiency for ships, have sufficient installed propulsion power to
maintain the manoeuvrability in adverse conditions, as specified in regulation 21.5 of chapter 4
of MARPOL Annex VI.

1 Definition
1.1 "Adverse conditions" mean sea conditions with the following parameters:
Significant wave height hs, m Peak wave period Tp, s Mean wind speed V., m/s
6.0 7.0t0 15.0 22.6

JONSWAP sea spectrum with the peak parameter of 3.3 is to be considered for coastal waters.

1.2 The following adverse condition should be applied to ships defined as the following
threshold value of ship size:

Ship length, m Significant wave Peak wave period Mean wind speed
height hs, m Te, S Vw, m/s
Less than 200 4.5 7.0t015.0 19.0
200 < Ly, =250 Parameters linearly interpolated depending on ship's length
More than 250 Refer to paragraph 1.1
2 Applicability”
2.1 These Guidelines should be applied in the case of all new ships of types as listed in

table 1 of appendix 1 required to comply with regulations on energy efficiency for ships
according to regulation 21 of MARPOL Annex VI.

2.2 Notwithstanding the above, these Guidelines should not be applied to ships with
non-conventional propulsion systems, such as pod propulsion.

2.3 These Guidelines are intended for ships in unrestricted navigation; for other cases,
the Administration should determine appropriate guidelines, taking the operational area and
relevant restrictions into account.

24 These Guidelines are applied in maximum summer load condition.

These guidelines are applied to ships required to comply with regulations on energy efficiency for ships
according to regulation 24 of MARPOL Annex VI (i.e. for those ship types as in table 1 of appendix 1 with
the size of equal or more than 20,000 DWT).
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3 Assessment procedure
3.1 The assessment can be carried out at two different levels as listed below:
A minimum power lines assessment; and
2 minimum power assessment.
3.2 The ship should be considered to have sufficient power to maintain the

manoeuvrability in adverse conditions if it fulfils one of these assessment levels.
4 Assessment level 1 — minimum power lines assessment
4.1 If the ship under consideration has installed power not less than the power defined by

the minimum power line for the specific ship type, the ship should be considered to have
sufficient power to maintain the manoeuvrability in adverse conditions.

4.2 The minimum power lines for the different types of ships are provided in appendix 1.
5 Assessment level 2 — minimum power assessment

5.1 The methodology for the minimum power assessment is provided in appendix 2.

5.2 If the ship under consideration fulfils the requirements as defined in the minimum

power assessment, the ship should be considered to have sufficient power to maintain the
manoeuvrability in adverse conditions.

6 Documentation

Test documentation should include at least, but not be limited to, a:

A description of the ship's main particulars;

2 description of the ship's relevant manoeuvring and propulsion systems;
3 description of the assessment level used and results; and

4 description of the test method(s) used with references, if applicable.

I\CIRC\MEPC.1-Circ.850-Rev.3.docx



MEPC.1/Circ.850/Rev.3
Annex, page 3

APPENDIX 1
THE METHODOLOGY FOR THE MINIMUM POWER LINES ASSESSMENT
1 The minimum power line values of total installed MCR, in kW, for different types of
ships should be calculated as follows:
Minimum Power Line Value = a X (DWT) + b
where:
DWT is the deadweight of the ship in metric tons; and

a and b are the parameters given in table 1 for tankers, bulk carriers and combination
carriers.

Table 1: Parameters a and b for determination of the minimum
power line values for the different ship types

Ship type a b
Bulk carrier which DWT is less than 145,000 0.0763 3374.3
Bulk carrier which DWT is 145,000 and over 0.0490 7329.0
Tanker 0.0652 5960.2
Combination Carrier see tanker above
2 The total installed MCR of all main propulsion engines should not be less than the

minimum power line value, where MCR is the value specified on the EIAPP Certificate.
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APPENDIX 2
THE METHODOLOGY FOR THE MINIMUM POWER ASSESSMENT

1 Minimum Power Assessment is based on the solution of a one degree-of-freedom
manoeuvring equation in longitudinal direction to demonstrate that the ship can move with the
speed of 2.0 knots through water in wind and wave directions from head to 30 degrees off-bow
for a situation of weather vaning. The assessment consists of the following steps:

A calculate the maximum total resistance in the longitudinal ship direction over
wind and wave directions from head to 30 degrees off-bow;

2 calculate corresponding required brake power and rotation speed of the
installed engine, considering the resistance and propulsion characteristics of
the ship including appendages; and

3 check whether the required brake power does not exceed the maximum
available brake power of the installed engine, defined according to the engine
manufacturer data at the actual rotation speed of the installed engine.

2 The maximum total resistance is defined as sum of the resistance in calm-water at
the 2.0 knots forward speed U and the maximum added resistance in seaway X, over wind
and wave directions from head to 30 degrees off-bow.

Requirement

3 To satisfy the requirements of Minimum Power Assessment, the required brake power
P];eq in the adverse conditions at the forward speed 2.0 knots through water should not exceed

the available brake power of the installed engine P§V in the same conditions:

req av
P59 < P

4 The required brake power P;°? is calculated as

req _ 2mnpQ
B NsNgNRrR

where

np (1/s) is the propeller rotation rate in the specified adverse conditions and the
specified forward speed;

Q (N-m) is the corresponding propeller torque;

Ns is the mechanical transmission efficiency of the propeller shaft,
approved for the EEDI verification;
Ng is the gear efficiency, approved for the EEDI verification; and
NR is the relative rotative efficiency.
5 The available brake power P§V in the adverse conditions at the forward speed is

defined as the maximum engine output at the actual rotation speed, taking into account
maximum torque limit, surge/air limit and all other relevant limits in accordance with the engine
manufacturer's data.
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Definition of propulsion point

6 The propeller rotation rate np and the corresponding propeller advance ratio J in the
adverse conditions at the forward speed are defined from the propeller open-water
characteristics by solving the following equation:

ﬁ _ T
J2 pu2D}
where
Kt is the thrust coefficient of the propeller, defined from the propeller
open-water characteristics;
T (N) is the required propeller thrust;
p (kg/m3) s the sea water density, p = 1025 kg/m3;
u, (m/s) is the propeller advance speed; and
Dp (M) is the propeller diameter.
7 The corresponding torque of the propeller is calculated as
Q = Kqpn$Dp
where
Kq is the torque coefficient of the propeller, defined from the propeller
open-water characteristics.
8 The propeller advance speed u, is calculated as
u, =U(1—w)
where

U (m/s) is the forward speed 2.0 knots through water; and
w is the wake fraction.

Definition of required propeller thrust

9 The required propeller thrust T is defined from the equation

_ Xst+Xj3
1-t

T

where

Xs (N)  is the resistance in calm-water at the forward speed including resistance
due to appendages;
X, (N)  is the maximum added resistance in seaway X,; and

t is the thrust deduction factor taking into account suction force on the ship
hull due to propeller thrust.
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Definition of calm water characteristics

10 The calm-water characteristics used for the assessment, such as calm-water
resistance, self-propulsion factors and propeller open-water characteristics, are defined by the
methods approved for EEDI verification, including:

. the calm-water resistance X, defined from the following equation:
Xs = (1+K)CppSU?
where k is the form factor, Cy is the frictional resistance coefficient, p is sea
water density, p = 1025 kg/m?3, S is the wetted surface area of the hull and
the appendages and U is the forward speed;

2 the thrust deduction factor t and wake fraction w at the forward speed and
relative rotative efficiency ng. Default conservative estimate may also be
used for thrust deduction factor and wave fraction; t=0.1 and w=0.15
respectively; and

3 the propeller open-water characteristics K(J) and Kq(J).

Definition of added resistance
11 The maximum added resistance in seaway X, is defined as sum of maximum added
resistance due to wind X,,, maximum added resistance due to waves X4 and maximum added
rudder resistance due to manoeuvring in seaway X, over wind and wave directions from head
to 30 degrees off-bow.
Definition of wind resistance
12 The maximum added resistance due to wind X, is calculated as

Xy = 05X(N(8) pav\%vrAF

where

X (8) is the non-dimensional aerodynamic resistance coefficient;
€ (degree) is the apparent wind angle;
pa (kg/m3) s the air density, p, = 1.2 kg/m?;

Vur (M/s) is the relative wind speed, vy, = U + vy, cosy;
Vw (m/s) is the absolute wind speed, defined by the adverse conditions in
paragraph 1 of these guidelines; and
Ap (m?) is the frontal windage area of the hull and superstructure.
13 The maximum added resistance due to wind X,, is defined as maximum over wind

directions from head € = 0 to 30 degrees off-bow & = 30.

14 The non-dimensional aerodynamic resistance coefficient X;, is defined from wind
tunnel tests or equivalent methods verified by the Administrations or the Recognized
Organizations. Alternatively, it can be assumed with X;, = 1.1, as the maximum over wind
directions from head to 30 degrees off-bow. If deck cranes are installed in the ship and the
lateral projected area of the deck cranes is equal to or exceeds 10% of the total lateral
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projected area above the waterline of the ship, X;, = 1.4 should be assumed instead of X;v =
1.1.

Definition of added resistance due to waves
15 The maximum added resistance due to waves X4 is defined in accordance with either

A expression

.3\ 0.75
X4 = 1336(5.3 + U) (STD - h2

where
Lpp (M) is the length of the ship between perpendiculars;
B is the breadth of the ship;
d is the draft at the specified condition of loading; and
hg (m) is the significant wave height, defined according to paragraph 1

of these guidelines.

This expression defines the maximum added resistance over wave directions
from head to 30 degrees off-bow.

2 or spectral method

21 X g (U,pr,w7 )i I; ! !
Xq=2f; [;"HaCE S (@)D(n— ) do’ dp

where
Xd ‘N/m2 is the quadratic transfer function of the added resistance in
2 (N/m?) . ;
A regular waves and A is the wave amplitude;
See(w”) is the seaway spectrum specified as JONSWAP spectrum with
the peak parameter 3.3;
D(u—u") is the spreading function of wave energy with respect to mean
wave direction specified as cos?-directional spreading;
w' (rad/s) is the wave frequency of component;
u (rad) is the encountered angle between ship and wave; and
p' (rad) is the direction of the wave component.
16 The maximum added resistance due to waves X, is defined as maximum over wave

directions from head p = 0 to 30 degrees off-bow u = 30. The range of peak wave periods Tp
applied in the assessment is from 3.6,/hg to the greater one of 5.0,/hs or 12.0 seconds, with
the step of peak wave period not exceeding 0.5 seconds.

17 The added resistance in short-crested irregular head waves may be regarded as the
maximum added resistance over wave directions from head to 30 degrees off-bow, because
in short-crested waves, the maximum added resistance over wave directions from head waves
to 30 degrees off-bow occurs in head waves.

18 The spreading function D(u— ') is defined as cos?-directional spreading.
Alternatively, long-crested seaway may be assumed with D(u— ') = 1; in this case, the
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maximum added resistance due to waves X4 can be determined by multiplying the added
resistance in long-crested irregular head waves by the correction factor 1.3, to consider that
maximum of the added resistance in long-crested waves does not always correspond to head
wave direction.

19 The quadratic transfer functions of added resistance in regular waves % are defined
from seakeeping tests or equivalent methods verified by the Administrations or the Recognized
Organizations. Alternatively, the semi-empirical method specified in appendix of this document
can be used.

Definition of added rudder resistance due to manoeuvring in seaway

20 The maximum additional rudder resistance due to manoeuvring in seaway X, may be
calculated for practicality in a simplified way as

X, = 0.03 - Ter, Where T, is the propeller thrust excluding X, from T.

*kk
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APPENDIX TO APPENDIX 2

SEMI-EMPIRICAL METHOD FOR QUADRATIC TRANSFER FUNCTIONS OF ADDED
RESISTANCE IN REGULAR WAVES

The method for the calculation of the quadratic transfer functions of added resistance give in
this appendix can be applied to wave directions from head to beam. Therefore, this method
can be used for obtaining the added resistance in short-crested irregular waves of the head
mean wave direction.

The quadratic transfer functions of added resistance in regular head to beam waves X = %
N/m?, can be calculated as a sum

Xaq = Xam * Xar

of X3y, the component of added resistance due to motion (radiation) effect, and Xz, the
component of added resistance due to reflection (diffraction) effect in regular waves.

The expression of X/, is given as follows:

2

B
Xam = 4ng—a azwbledl(1 %)

124
where

(214237, /LP” 1-22(n2 - 2.75)|[ S (Fr + 0.62) for Fr <0.1
@ =

21423 Ty |22[1 — 22 (1nZ — In2.75)| 2B proae: for Fr > 0.1

0.87 " (1*Fricosp L (1= 2cosp) /s
= 60.3CH3*(4k 2(—) (1 —) 2% for <<

a, = 60.3Cz ( yy) Cs 3 3 orz_ﬁ_n

_ {0.0072 + 0.1676Fr for Fr < 0.12
92 = \FriSexp(—3.5Fr) for Fr > 0.12

for Cg > 0.75 for Cg < 0.75
b :{11.0 for w <1 b :{11.0 for w <1
1 —8.5 elsewhere 1 —8.5 elsewhere
( Lpp\ 2°¢ 14.0 for w <1
566 (—) for w <1 d. = Lopy ~2:66
B 1= PP
d; = 266 —566 (F) X 6 elsewhere

Lpp
—566 B X 6 elsewhere

where

B=m —-u Iis the wave direction, B=m means head seas;

A (m) is the length of the incident wave;

B (m) is the beam of the ship;

d (m) is the draft of the ship; and

Kyy is the non-dimensional radius of gyration of pitch.
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The expression of Xy is given as follows:
4
' o1
X4 = Z Xar
i=1
where

X&Riis the added resistance due to reflection/diffraction effect of the S;waterline
segment, as shown in Figure 1.

0.493B 0.495B

Figure 1: Sketch of the waterline profile of a ship and related definitions

when E<B=<T1

) 1 _ 225 : 200U 0.87\(1++VFT)F(B)
Xap~ ==, pgBag: {San(El -B)+ a;o [cosEq cos(E; — ) — COS[)’]} (C_)
B
when m-E/<B<m
(1+4VFr)F(B)
Xor" =22 pgBag {sin?(E; + B) + 2222 [cosE, cos(E; + ) — cospl} (o)
g s
when 0<B<m-E;
X&R3 = —2'%5,0930(01* {SinZ(Ez +B)+ 2“;;” [cosE; cos(E, + B) — cosﬁ]}

when 0<B<E;

Xc,lR4 = —Z%Sprad* {sinZ(Ez -B)+ %[COSEZ cos(E, — B) — cosﬁ]}

where
o is the frequency of the incident wave;
a g is the draft coefficient, calculated as
A
0 for — > 25
Qe = Lpp
" h [4(d* d*)]f X <25
—exp|—4n|—— or — < 2.
A 25Ly, Lpp

where for S1 and S, segments
d*=d

and for Sz and S4 segments
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d(4 + /IcosBl )
5

d(2 + +/IcosBl )
3

for Cg < 0.75

*

for Cg > 0.75

—cosp form—E, <B<m

f('b)):{o for f <m—E;
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ANNEX 17
RESOLUTION MEPC.233(65)
Adopted on 17 May 2013

2013 GUIDELINES FOR CALCULATION OF REFERENCE LINES FOR USE
WITH THE ENERGY EFFICIENCY DESIGN INDEX (EEDI)
FOR CRUISE PASSENGER SHIPS HAVING
NON-CONVENTIONAL PROPULSION

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 (the Committee)
conferred upon it by international conventions for the prevention and control of marine
pollution,

RECALLING ALSO that, at its sixty-second session, the Committee adopted, by resolution
MEPC.203(62), amendments to the Annex of the Protocol of 1997 to amend the International
Convention for the Prevention of Pollution from Ships, 1973, as modified by the Protocol
of 1978 relating thereto (inclusion of regulations on energy efficiency for ships in MARPOL
Annex VI),

NOTING that regulation 21 (required EEDI) of MARPOL Annex VI, as amended, requires
reference lines to be established for each ship type to which regulation 21 is applicable,

HAVING CONSIDERED, at its sixty-fifth session, the draft 2013 Guidelines for calculation of
reference lines for use with the Energy Efficiency Design Index (EEDI) for cruise passenger
ships having non-conventional propulsion for extension of the application of the EEDI to
these ship type,

1. ADOPTS the 2013 Guidelines for calculation of reference lines for use with the
Energy Efficiency Design Index (EEDI) for cruise passenger ships having non-conventional
propulsion, as set out at annex to the present resolution; and

2. AGREES to keep these Guidelines under review in light of the experience gained.
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2013 GUIDELINES FOR CALCULATION OF REFERENCE LINES FOR USE
WITH THE ENERGY EFFICIENCY DESIGN INDEX (EEDI)
FOR CRUISE PASSENGER SHIPS HAVING
NON-CONVENTIONAL PROPULSION

Introduction

1 Reference lines are established for each ship type to which regulation 21 (required
EEDI) of MARPOL Annex VIl is applicable.

2 A reference line is defined as a curve representing an average index value fitted on
a set of individual index values for a defined group of ships. One reference line will be
developed for each ship type to which regulation 21 of MARPOL Annex VI is applicable,
ensuring that only data from comparable ships are included in the calculation of each
reference line.

3 The purpose of the EEDI is to provide a fair basis for comparison, to stimulate
development of more efficient ships in general and to establish the minimum efficiency of
new ships depending on ship type and size. Hence, the reference lines for each ship type
must be calculated in a transparent and robust manner.

4 Ship types are defined in regulation 2 of MARPOL Annex VI. The reference line for
each ship type is used for calculation of the required EEDI as defined in regulation 21 of
MARPOL Annex VI.

Applicability

5 These guidelines apply to cruise passenger ships having non-conventional
propulsion, including diesel-electric propulsion, turbine propulsion, and hybrid propulsion
systems.

6 For other ship types, refer to the Guidelines for calculation of reference lines for use
with the Energy Efficiency Design Index (EEDI) in resolution MEPC.215(63).

Reference line value

7 The reference line value for cruise passenger ships having non-conventional
propulsion is formulated as

Reference line value = 170.84 - b™*#"
where b is the gross tonnage of the ship.
Calculating the reference line

8 To calculate the reference line, an index value for each cruise passenger ship
having non-conventional propulsion is calculated using the following assumption:

A The carbon emission factor is constant for all engines, including engines for
diesel-electric and hybrid propulsion cruise passenger ships, i.e. Cgye =Cf,
ae = Cg = 3.1144 g CO,/g fuel.
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The carbon factor for hybrid propulsion ships equipped with gas turbines
Crae is calculated as an average of the carbon factors of auxiliary engines
(i,e. 3.1144 g CO./g fuel) and the carbon factor of gas turbines
(i.e. 3.206 g CO./g fuel) weighted with their installed rated power.

Pueg) is reflected as 75 % of the rated installed main power (MCRyg))-
Where a ship only has electric propulsion Pygg is zero (0).

The specific fuel consumption for all ship types, including diesel-electric
and hybrid propulsion cruise passenger ships, is constant for all auxiliary
engines, i.e. SFCae=215g/kWh.

The specific fuel consumption for hybrid propulsion cruise passenger ships
equipped with gas turbines SFC,e is calculated as an average of the
specific fuel oil consumption of the auxiliary engines (i.e. 215 g/kWh) and
the specific fuel oil consumption of the gas turbines (i.e. 250 g/kWh)
weighted according to their installed rated power.

Pae is calculated according to paragraph 2.5.6.3 of the 2012 Guidelines on
the Method of Calculation of the Attained Energy Efficiency Design Index
(EEDI) for new ships (resolution MEPC.212(63)) considering a given
average efficiency of generator(s) weighted by power of 0.95.

Innovative mechanical energy efficiency technology, shaft generators and
other innovative energy efficient technologies are all excluded from the
reference line calculation, i.e. Pages = 0 and Pes = 0.

Peri) is 75% of the rated power consumption of each shaft motor divided by
a given efficiency of generators of 0.95 and divided by a given propulsion
chain efficiency of 0.92.

9 The equation for calculating the index value for cruise passenger ships having non-
conventional propulsion is as follows:

Estimated Index Value =

31144190 TMEPye ey + Crag - SFCag - (Pag + T Porysy)

Gross tonnage - V¢

*k%k
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Part | - Scope of the Industry Guidelines

1 Scope of the Guidelines
1.1 Objective

The objective of these Industry Guidelines for calculation and verification of the Energy
Efficiency Design Index (EEDI), hereafter designated as “the Industry Guidelines”, is to provide
details and examples of calculation of attained EEDI and to support the method and role of the
verifier in charge of conducting the survey and certification of EEDI in compliance with latest
IMO Resolutions with respect to following Guidelines:

e 2022 Guidelines on the method of calculation of the attained Energy Efficiency Design Index
(EEDI) for new ships adopted by Resolution MEPC.364(79) as amended referred to as the
"IMO Calculation Guidelines" in the present document.

e 2022 Guidelines on the Survey and Certification of the Energy Efficiency Design Index
(EEDI) adopted by Resolution MEPC.365(79) as amended referred to as the "IMO
Verification Guidelines" in the present document.

¢ Guidelines for determining minimum propulsion power to maintain the manoeuvrability of
ships in adverse conditions MEPC.1/Circ.850/Rev.3 as amended.

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

e 2012 interim Guidelines for the calculation of the coefficient f,, for decrease in ship speed
in a representative sea condition for trial use, MEPC.1/Circ.796.

In the event that the IMO Guidelines are amended, then pending amendment of these Industry
Guidelines, calculation and verification of EEDI are to be implemented in compliance with the
amended IMO Guidelines.

1.2 Application

These Guidelines apply to new ships as defined in regulation 2.2.18 of MARPOL Annex VI of
400 gross tonnage and above of the ship types to which Regulation 22 of MARPOL Annex VI
is applicable and defined under regulations of MARPOL Annex VI.

Cement carriers must be classified as Bulk Carriers within the scope of MARPOL Annex VI,
unless otherwise agreed by the flag state, either in response to a specific owner’s request or
as per previously issued general instructions.

If, upon flag instruction, the cement carrier is categorized differently from a bulk carrier, the
following criteria must be verified:

* The Statement of Compliance for the carriage of solid bulk cargoes shall list only “cement”.
* The Cargo Ship Safety Certificate * can’t indicate “bulk carrier” in the “type of ship”. The ship
type specified on the certificate should correspond to the flag's instructions.

* or alternatively Cargo Ship Safety Construction Certificate and Cargo Ship Safety Equipment
Certificate.
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The calculation and verification of EEDI shall be performed for each:
1. new ship before ship delivery
2. new ship in service which has undergone a major conversion

3. new or existing ship which has undergone a major conversion that is so extensive that
the ship is regarded by the Administration as a newly constructed ship

The Industry Guidelines shall not apply to ships which have non-conventional propulsion, such
as diesel-electric propulsion, turbine propulsion or hybrid propulsion systems, with the
exception of cruise passenger ships with diesel-electric propulsion and LNG carriers having
diesel-electric or steam turbine propulsion systems.

The Industry Guidelines shall not apply to category A ships as defined in the Polar Code.
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Part Il - Explanatory notes on calculation of EEDI

2 Introduction

The attained Energy Efficiency Design Index (EEDI) is a measure of a ship's energy efficiency
determined as follows:

CO,emission
EEDI =

Transport work

The CO2 emission is computed from the fuel consumption taking into account the carbon
content of the fuel. The fuel consumption is based on the power used for propulsion and
auxiliary power measured at defined design conditions.

The transport work is estimated by multiplying the ship capacity as defined in the IMO
Calculation Guidelines by the ship’s reference speed at the corresponding draft. The reference
speed is determined at 75% of the rated installed power in general and 83% of the rated
installed propulsion power for LNG carriers having diesel electric or steam turbine propulsion
systems.

3 EEDI formula

The EEDI is provided by the following formula:

n nPIT neff

+ (P,w Craz- SFCaz *)Jr [{H I ZPPH(:‘J - Z S PAE@?S’(f)}('FAE SFCue

JERE] =1

neff
- (Z St Petiy- Cone- SFCup %%

i=l

n nME
{H f J[ Z Pazey - Crurgy - SEChza)

j=1 i=1

Jir fe- fi-Capacity - fu-Veg - fo
With the following notes:

The global fi factor may also be written:

i= (1)

where each individual fi factor is explained under section 9 of this document.

If part of the normal maximum sea load is provided by shaft generators, the term Pyg - Cpap -
SFC,r may be replaced by:

nPTO nPTO
<PAE —0.75 % z . PPTO(i)) " Cpag " SFCyp + 0.75 = 2 . Pprociy * Crmeq) * SFCuEe)
1= 1=

with the condition 0.75 * X7T° Poro iy < Pag.

Where the total propulsion power is limited by verified technical means as indicated under
section 6, the term (XM Puyeqy * Crme " SFCuewy + X121 Periqy - Crag * SFCag) is to be
replaced by 75 percent of the limited total propulsion power multiplied by the average weighted
value of (SFCume.Crume) and (SFCae.Crag).

Due to the uncertainties in the estimation of the different parameters, the values of attained
and required EEDI have to be reported with no more than three significant figures (for instance,
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2.23 or 10.3) rounded "~ and compliance with Regulations 22, 24 of Chapter 4 of MARPOL
Annex VI is to be verified in accordance with this accuracy.

* The decision to round up or down is based on the digit immediately following the targeted place value.
If this digit is 5 or greater, rounding involves increasing the value of the targeted digit and truncating
subsequent digits. Conversely, if the digit is less than 5, rounding entails maintaining the targeted digit
and truncating subsequent digits. For example, 9.343 is rounded to 9.34; 10.58 to 10.6 and 3.245 to
3.25)

4 Fuel consumption and Fuel Conversion Factor
4.1 General

The conversion factor CF and the specific fuel consumption, SFC, are determined from the
results recorded in the parent engine NOx Technical File as defined in the NOx Technical Code
2008.

The fuel used when determining corrected SFC corresponds to the value of the CF conversion
factor, according to the table provided under paragraph “CF ; Conversion factor between fuel
consumption and CO2 emission” of the IMO Calculation Guidelines.

SFC is the corrected specific fuel consumption, measured in g/lkWh, of the engines or steam

turbines as defined under paragraph “SFC, Certified specific fuel consumption” of the IMO

Calculation guidelines.

- In case SFC is corrected to ISO standard reference conditions with standard LCV of LFO
(41,200 kJ/kg), SFC and the conversion factor, Cf (3.151), are to correspond to LFO;

- Incase SFCis corrected to ISO standard reference conditions with standard LCV of MDO
(42,700kJ/kg), SFC and the conversion factor, Cf (3.206), are to correspond to MDO.

For main engines certified to the E2 or E3 test cycles of the NOx Technical Code 2008, the
engine Specific Fuel Consumption (SFCME(i)) is that recorded in the test report included in a
NOx Technical File for the parent engine(s) at 75% of MCR power.

For engines certified to the D2 or C1 test cycles of the NOx Technical Code 2008, the engine
Specific Fuel Consumption (SFCag()) is that recorded in the test report included in a NOx
Technical File for the parent engine(s) at 50% of MCR power or torque rating.

At the design stage, in case of unavailability of test reports in the NOx Technical File, the SFC
value given by the manufacturer with the addition of the guarantee tolerance is to be used.
4.2 Dual-fuel engines

Gas fuel may be used as primary fuel for one or more of the main and auxiliary engine(s) in
accordance with the IMO Verification Guidelines.

For these dual-fuel engines, the Cr factor and the Specific Fuel Consumption for gas (LNG)
and for pilot fuel should be combined at the relevant EEDI load point as described in the IMO
Calculation Guidelines.

4.3 LNG carriers with steam turbine propulsion
The Specific Fuel Consumption of the steam turbine should be determined during the running

tests of the main boilers and steam turbines on board under load during the sea trials. For
preliminary estimate of EEDI, manufacturer’s certificate is to be used.
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5 Capacity, power and speed
5.1 Capacity

The capacity of the ship is computed as a function of the gross tonnage for passenger and
cruise passenger ships and of the deadweight for other types of ships as indicated the IMO
Calculation Guidelines.

For the computation of the deadweight according to the IMO Calculation Guidelines, the
lightweight of the ship and the displacement at the summer load draught are to be based on
the results of the inclining test or lightweight check provided in the final stability booklet. At the
design stage, the deadweight may be taken in the provisional documentation.

5.2 Power

The installed power for EEDI determination is taking into account the propulsion power and in
general a fixed part of the auxiliary power, measured at the output of the crankshaft of main or
auxiliary engine.

For LNG carriers having diesel electric propulsion system, the power Pye is 83% of the rated
output of the electrical propulsion motor(s) divided by the electrical chain efficiency from the
output of the auxiliary engines to the output of the propulsion motor(s).

The total propulsion power is conventionally taken as follows:

nME nPTI
Z Pueay + Z (Ppriiy * Mer1i)) * NGen
=1 =1

In this formula:
e The value of PME(i) may be limited by verified technical means (see 6 below)

e The total propulsion power may be limited by verified technical means. In particular
an electronic engine control system may limit the total propulsion power, whatever the
number of engines in function (see 6 below)

If shaft motors are installed (PTI), then in principle 75% of the shaft motor propulsion power is
accounted for in the EEDI calculation. Detailed explanation about this is given in section 6.

The auxiliary power can be nominally defined as a specified proportion of main engine power
aiming to cover normal maximum sea load for propulsion and accommodation'. The nominal
values are 2.5% of main engine power plus 250 kW for installed main engine power equal to
or above 10 MW. 5% of main engine power will be accounted if less than 10 MW main engine
power is installed. Alternatively, as explained below, the value for auxiliary power can be taken
from the electric power table (EPT) of the ship.

under “PAE ; Auxiliary engine power” of the IMO Calculation Guidelines.
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For Passenger ships, Ro-Ro Passenger Ships and Cruise Passenger Ships, the Pae value
should be estimated by the consumed electric power (excluding propulsion) in conditions when
the ship is engaged in a voyage at reference speed (V(), as given in the electric power table
(EPT), divided by the average efficiency of the generator(s) weighted by power.

As an option for other vessel types, if the difference between Pae value calculated by
paragraphs “PAE ; Auxiliary engine power” of IMO Calculation Guidelines and Pae based on
EPT, leads to a variation of the computed EEDI value exceeding 1%, the value for auxiliary
power could be taken from the EPT.

5.3 Speed Ve

The speed V. is the ship speed, measured in knots, verified during sea trials and corrected
to be given in the following ideal conditions:
e in deep water of 15°C
e assuming the weather is calm with no wind, no current and no waves
¢ in the loading condition corresponding to the Capacity
o at the total propulsion power defined in 5.2 taking into account shaft generators and
shaft motors

6 Shaft generator and shaft motor
6.1 Introduction and background

As for paragraphs “Perog ; Shaft generator” and “Perii) ; Shaft Motor” of IMO Calculation
Guidelines, content of this section applies to ships other than LNG carriers having diesel-
electric propulsion system.

Ships need electrical power for the operation of engine auxiliary systems, other systems, crew
accommodation and for any cargo purposes. This electrical power can be generated by diesel-
generator sets (gen-sets), shaft generators, waste heat recovery systems driving a generator
and possibly by other innovative technologies, e.g. solar panels.

Diesel-generator sets and shaft generators are the most common systems. While diesel-
generator sets use a diesel engine powering a generator, a shaft generator is driven by the
main engine. It is considered that due to the better efficiency of the main engine and efficiency
of the shaft generator less CO- is emitted compared to gen-set operation.

The EEDI formula expresses the propulsion power of a vessel as 75% of the main engine
power Pye. It is also termed shaft power Ps, which corresponds to the ship’s speed V.. in the
EEDI formula.

Pae - the auxiliary power - is also included in the EEDI formula. However, this power demand
is largely dependent on loading and trading patterns and it must also incorporate safety
aspects, for example, the provision of a spare generator set. As noted in section 5, the auxiliary
power can generally be taken into account as a fixed proportion of the main engine power (i.e.
nominally 2.5% plus 250kW) 2.

c.f.: precise instruction in IMO Calculation Guidelines.
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The use of shaft generators is a well proven and often applied technology, particularly for high
electrical power demands related to the payload e.g. reefer containers. Usually a ship design
implements a main engine to reach the envisaged speed with some provision of sea margin.
For the use of a shaft generator past practice and understanding was to install a bigger main
engine to reach the same speed compared to the design without a shaft generator and to then
have the excess power available from the main engine at any time for generation of electrical
power. As a rule of thumb, one more cylinder was added to the main engine to cover this
additional power demand.

The difficulty with this issue for calculation of the EEDI is that the excess power could be used
to move the ship faster in the case where the shaft generator is not in use which would produce
a distortion between ship designs which are otherwise the same.

The IMO Calculation Guidelines take these circumstances into account and offer options for
the use of shaft generators. These options are described in detail, below.

Further, electric shaft motors operate similarly to shaft generators; sometimes a shaft
generator can act as a shaft motor. The possible influence of shaft motors has also been taken
into account in the IMO Calculation Guidelines and is also illustrated, below.

6.2 Main engine power without shaft generators

The main engines are solely used for the ship’s propulsion. For the purpose of the EEDI, the
main engine power is 75 % of the rated installed power MCRye for each main engine:

6.3 Main engine power with shaft generators

Shaft generators produce electric power using power from the prime mover (main engine).
Therefore the power used for the shaft generator is not available for the propulsion. Hence
MCRwe is the sum of the power needed for propulsion and the power needed for the shaft
generator. Thus at least a part of the shaft generator’'s power should be deductible from the
main engine power (Pve).

The power driving the shaft generator is not only deducted in the calculation. As this power is
not available for propulsion this yields a reduced reference speed. The speed is to be
determined from the power curve obtained at the sea trial as explained in the schematic figure
provided in paragraph “Option 2 of Ppro() ; Shaft generator” of the IMO Calculation Guidelines.

It has been defined that 75% of the main engine power is entered in the EEDI calculation. To
induce no confusion in the calculation framework, it has therefore also been defined to take
into account 75% of the shaft power take off.

For the calculation of the effect of shaft generators, two options are available.
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6.3.1 Option 1

For this option, Perog) is defined as 75% of the rated electrical output power MCRp1o Of each
shaft generator. The maximum allowable deduction is limited by the auxiliary power Pae as
described in Paragraph “PAE ; Auxiliary engine power” of the IMO Calculation Guidelines.
Then the main engine power Py is:

PPTO(i) =0.75% MCRPTO(L')

nME
Pag

z PME(i) = 0.75 Xz MCRME(L) - 0.75 X Z PPTO(I:) Wlth z PPTO(i) S m
i=1 '

This means, that only the maximum amount of shaft generator power that is equal to Pae is
deductible from the main engine power. In doing so, 75% of the shaft generator power to be
used in the EEDI calculation must NOT be greater than the auxiliary power calculated in
accordance to Para. “PAE ; Auxiliary engine power” of IMO Calculation Guidelines.

Higher shaft generators output than Pae will not be accounted for under option 1.
6.3.2 Option 2

The main engine power Pye to be considered for the calculation of the EEDI is defined as 75%
of the power to which the propulsion system is limited. This can be achieved by any verified
technical means, e.g. by electronic engine controls.

Pumecy = 0.75 X Pgpafe timit

This option is to cover designs with the need for very high power requirements (e.g., pertaining
to the cargo). With this option it is ensured that the higher main engine power cannot be used
for a higher ship speed. This can be safeguarded by the use of verified technical devices
limiting the power to the propulsor.

For example, consider a ship having a 15 MW main engine with a 3 MW shaft generator. The
shaft limit is verified to 12 MW. The EEDI is then calculated with only 75% of 12 MW as main
engine power as, in any case of operation, no more power than 12 MW can be delivered to the
propulsor, irrespective of whether a shaft generator is in use or not.

It is to be noted that the guidelines do not stipulate any limits as to the value of the shaft limit
in relation to main engine power or shaft generator power.

6.3.3  The use of specific fuel oil consumption and CF-factor

Shaft generators are driven by the main engine, therefore the specific fuel oil consumption of
the main engine is allowed to be used to the full extent if 75% of the shaft generator power is
equal to Pag.

In the case shaft generator power is less than Pae then 75% of the shaft generator power is
calculated with the main engine's specific fuel oil consumption and the remaining part of the
total Pae power is calculated with SFC of the auxiliaries (SFCak).

The same applies to the conversion factor Ck, if different fuels are used in the EEDI
calculation.
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6.4 Total shaft power with shaft motors

In the case where shaft motor(s) are installed, the same guiding principles as explained for
shaft generators, above, apply. But in contrast to shaft generators, motors do increase the total
power to the propulsor and do increase ships’ speed and therefore must be included in the
total shaft power within the EEDI calculation. The total shaft power is thus main engine(s)
power plus the additional shaft motor(s) power:

Z Pygqp + 2 Pprii),shaft

Where:

z Pprii),shaft = 2(0-75 * Psy,max (i) 'TIPTI(i))

and ZPme may be 0(zero) if the ship is a diesel-electric cruise passenger ship.

Similar to the shaft generators, only 75% of the rated power consumption Psumax (i.€.rated
motor output divided by the motor efficiency) of each shaft motor divided by the weighted

average efficiency of the generator(s) . is taken into account for EEDI
calculation?.

z 2(0-75 ’ PSM,max (i))
PPTI(L') =

NGen

Figure 1.1 provides the notations used for the power and efficiencies used in IMO
Calculation Guidelines and the present document.

Generator Pory Auxiliary
Neen Engine

Por-Ngen = 0.75.Pgy,

Shaft
Motor

Npry

Perishafe = Peri-Neen-Ner

l Shaft ns Main
_ Engine
Ps = PyeNs + Porshan

with ng=1,0

Figure 1.1: flow of power in a generic shaft motor installation

A power limitation similar to that described above for shaft generators can also be used for
shaft motors. So if a verified technical measure is in place to limit the propulsion output, only
75% of limited power is to be used for EEDI calculation and also for that limited power Vs is
determined.

The efficiency of shaft generators in the previous section has consciously not been taken into account in
the denominator as inefficient generator(s) would increase the deductible power.
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A diagram is inserted to highlight where the mechanical and electrical efficiencies or the
related devices (PTI and Generator’s) are located:

Gen P

Aux.en
(n%en) g
——
i i
0,75_Pgyt max (75% rated power consumptian) L
P Shaft H
a3, \otor !
(nppt;) I
fm————— e
i
0,75. Pyt max (75% rated power consumption) I PPTO
n Pem shatt Shaft Pue ) )
. Motor Shaft Gen Main Engine
0 (nppﬁ)

Figure 1.2: Typical arrangement of propulsion and electric power system
6.5 Calculation examples
For these calculation examples the ships’ following main parameters are set as:

MCRue = 20,000 kW

Capacity = 20,000 DWT

CF,ME = 3.206

Crae = 3.206

SFCue = 190 g/kWh

SFCae =215 g/kWh

Vier = 20 kn (without shaft generator/motor)

6.5.1  One main engine, no shaft generator

MCR,,,= 20,000k}
P,e=0.75 x MCR, ;= 0.75 x 20,000k =

15,000k P, = (0.025 x 20,000 )+ 250kW =
750kW

EEDI = ((15,000 x 3.206 x190)+ (750 x 3.206 x 215))/(20 x 20,000)
=24.1gCO,/ tnm
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6.5.2 One main engine, 0.75 X Ppro<Pag, option 1

MCR 0= 500kW

Pyyo= S00KW x 0.75 = 375kW

MCR,;= 20,000k

P, = 0.75x MCR,; —0.75 xP,yy = 0.75% 20,000k —0.75x 375kW = 14,719kW

P,=(0.025 x MCR,,; )+ 250kW = 750kW
V.= 19.89%n : The speed at P, determined from the power curve
EEDI = (Bpx Crae x SFCyp)+( 0.75 X PopoX CpopeX SFCy ) +H((Pyp=0.75 X Ppyy ) X Cpyo X SFC . (DWT X Vo)

=23.8gCO,/tnm=

6.5.3 One main engine, 0.75 X Ppro=Pae, option 1

MCR 0= 1,333kW

Poyo= 1,333k x 0.75 = 1,000k

MCR, = 20,000k

Py =0.75x MCR,,; = 0.75% Py, ) = 0.75x 20,000k —0.75 x 1,000k = 14,250k

P.;=(0.025 x MCR,,; )+ 250kW = 750kW
V,y=19.71kn : The speed at P, determined from the power curve

EEDI = (P, x C £t X SFCy )+ 0.75 X Pyrx Crpex SFCy Y(DWTX Vo)

=232gCO,/tnm ~4%
6.5.4 One main engine with shaft generator, 0.75 x Pp1o> Pag, option 1

MCR,;, =2,000kW

0.75 x Pprp=0.75 x 2,000kW x 0.75 = 1,125kW > P ;= Ppro=P,z/ 0.75 = 1,000k
MCR,,.=20,000kW

B =0.75x MCR,,; —0.75% P.;, =0.75%20,000kW —0.75x 1,000kW = 14,250kW
P.;=(0.025 x MCR,,; )+ 250kW = 750kW

V,y=19.71kn : The speed at P, determined from the power curve

r

EEDI = (Bpx Crye x SFCyp)H 0.75 X Pppox Crpox SFCy ) (DWTX V)
=232gCO,/ thm=4%

6.5.5 One main engine with shaft generator, 0.75 x Ppro> Pag, option 2

MCR,,,=2,000kW
MCR,,, =20,000kW
PShaﬁ,]imit = 18,000k

Pyye=(0.75 x Py 1 )=0.75x(18,000 kW)=13.500kW
P.;=(0.025 x MCR,,;, )+ 250kW = 750kW

V,s=19.41kn : The speed at P, determined from the power curve

EEDI = (P, x C £t X SFCy )+ 0.75 X Pyrx Crpex SFCy Y(DWTX Vo)

=224gCO2/tnm = 7%
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6.5.6 One main engine, one shaft motor

MCR,;= 18,000k
Py=0.75 x MCR, ;= 0.75 x18,000kW = 13,500k

Pory 161
Py = {0.025 X (MCRME + —)} + 250kW = {0.025 X <18000 +

0.75
Py = 2,000k
Ppyy=0.75 x Py /11, = 1,612.9kW
Npry = 0.97
nGen = 093
Pyi= Pot Pory spon= Prct Pogy Moy ) -1, = 13,500k + (1612.9 - 0.97) - 0.93 =
14,955k v,,= 20kn
EEDI = (P, x C rate X SFCyy)H( Pipx C rae x SFC )+ Poyx C rae x SFC M (DWTX Vyep)

2.9
: )} + 250kW = 754kW

=24.6g CO,/ tnm=—-2%
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7 Weather factor f,

fw is a non-dimensional coefficient indicating the decrease of speed in representative sea
conditions of wave height, wave frequency and wind speed (e.g. Beaufort Scale 6), and is
taken as 1.0 for the calculation of attained EEDI.

When a calculated f,, factor is used, the attained EEDI using calculated f, shall be presented
as "attained EEDlweate" in order to clearly distinguish it from the attained EEDI under
regulations 22 in MARPOL Annex VI.

Guidelines for the calculation of the coefficient fy for the decrease of ship speed in respective
sea conditions are provided in MEPC.1/Circ.796, as amended.

8 Correction factor for ship specific design elements f;
Except in the cases listed below, the value of the f; factor is 1.0.

For Finnish-Swedish ice class notations or equivalent notations of the Classification Societies,
the fj power correction factor is indicated in the IMO Calculation Guidelines*.

For shuttle tankers with propulsion redundancy defined as oil tankers between 80,000 and
160,000 deadweight equipped with dual-engines and twin-propellers and assigned the class
notations covering dynamic positioning and propulsion redundancy, the f; factor is 0.77.

The total shaft propulsion power of shuttle tankers with redundancy is usually not limited by
verified technical means.

For ro-ro cargo and ro-ro passenger ships, the correction factor firoro is to be computed
according to the IMO calculation Guidelines.

For general cargo ships, the correction factor f; is to be computed according to the IMO
Calculation Guidelines.

fj factors for ice-class and for ship’s type can be cumulated (multiplied) for ice-classed general
cargo ships or ro-ro cargo or ro-ro passenger ships.

9 Capacity factor f; and Correction Factor f, for ice-classed ships having IA Super
or l1A

Except in the cases listed below, the value of the f; factor is 1.0.

For Finnish-Swedish ice class notations or equivalent notations of the Classification Societies,
the fi capacity correction factor is indicated in the IMO Calculation Guidelines.*

For a ship with voluntary structural enhancement, the fivse ship specific voluntary structural
enhancement factor is to be computed according to the IMO Calculation Guidelines.

For bulk carriers and oil tankers built in accordance with the Common Structural Rules and
assigned the class notation CSR, the ficsr factor is to be computed according to the IMO
Calculation Guidelines.

fi capacity factors can be cumulated (multiplied), but the reference design for calculation of
fivse is to comply with the ice notation and/or Common Structural Rules as the case may be.

For ice-classed ships having IA Super or IA, the factor, f = 1.05 should apply according to
2.2.19 of the IMO Calculation Guidelines.
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10 Cubic capacity correction factor f. and cargo gears factor f,
Except in the cases listed below, the value of the f; and f, factors is 1.0.

For chemical tankers as defined in regulation 1.16.1 of MARPOL Annex I, the f; factor is to
be computed according to the IMO Calculation Guidelines.

For gas carriers having direct diesel driven propulsion constructed or adapted and used for the
carriage in bulk of liquefied natural gas, the f. factor is to be computed according to the IMO
Calculation Guidelines. This factor is not to be applied to LNG carriers defined in regulation
2.2.16 of MARPOL Annex VI.

For ro-ro passenger ships having a DWT/GT-ratio of less than 0.25, the cubic capacity
correction factor fcrorax is to be computed according to the IMO Calculation Guidelines.

For bulk carriers having R of less than 0.55 (e.g. wood chip carriers), the cubic capacity
correction factor, fc bulk carriers designed to carry light cargoes, = R-0.15 should apply
according to the IMO Calculation Guidelines. where, R is the capacity ratio of the deadweight
of the ship (tonnes) divided by the total cubic capacity of the cargo tanks of the ship (m3)

For general cargo ships only equipped with cranes, side loaders or ro-ro ramps, the f
correction factor is to be computed according to the IMO Calculation Guidelines.

11 Innovative energy efficient technologies
Innovative energy efficient technologies are to be taken into account according to the 2021

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

4 Tables 1 and 2 in IMO Calculation Guidelines refer to Finnish/Swedish ice classed ships usually trading in
the Baltic Sea. Justified alternative values for fi and fj factors may be accepted for ice-classed ships outside
this scope of application (e.g. very large ships or POLAR CLASS)
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12 Example of calculation
12.1 List of input parameters for calculation of EEDI
The input parameters used in the calculation of the EEDI are provided in Table 1.

The values of all these parameters are to be indicated in the EEDI Technical File and the
documents listed in the “source” column are to be submitted to the verifier.

For electrical generator, the rated electrical output in kW is related to the rated apparent power
output in kVA by the following relation: MCRpro (kW) = KVApto * 0.8 where 0.8 is the

conventional power factor.

Table 1: input parameters for calculation of EEDI

Symbol | Name Usage Source Scope
Service Capacity, fi, fj and For the
notation fc factors ship
Class fj for shuttle tanker, | Classification file
notations ficsr
Ice notation fi, fj for ice class

Lpp Length fi, fj for ice class,
between firoro, fj for general
perpendiculars cargo ships
(m)

Bs Breadth (m) firoro, fj for general

cargo ships

ds Summer load firoro, fj for general
line draught (m) cargo ships

\Y% Volumetric firoro, fj for general
displacement cargo ships

A Displacement deadweight, fivse, | final stability file
@ summer feropax, fi for general
load draught (t) cargo ships, f. for

bulk carriers

LWT Ligthweight (t) deadweight, fivse, | Sheets of Submitter
ficsr, feropax fifor calculation for
general cargo Iightweightreferencedesign
ships lightweight check report

GT Gross tonnage Capacity, fcropax

Pae Auxiliary EEDI Note: Computed from
engine power engines & PTls powers
(kW) or electric power table

Vet Reference EEDI, fjroro, fj for Sea trial report
speed (knot) general cargo ships

Cube Total cubic capacity | f. for chemical Tonnage file

of the cargo tanks tankers and gas

(m3) carriers
Vgas(or Tank volume for foFgas, foFiiquid Capacity plan
liquid) fuels (m3) availability ratios

SWL Safe working f for general cargo
load of the ships
crane (t)

Reach Reach of the fi for general cargo
crane (m) ships

Page 16 of 76




2024 Industry Guidelines for calculation and verification of EEDI

Symbol Name Usage Source Scope

MCR Rated installed | Pume EIAPP certificate Per
power (kW) or nameplate (if engine

less than 130 kW) (nME +

MCRiim Limited rated Pve with PTO Verification file nGEN)
output power option 2
after PTO in
(kW)

MPPuiotor Rated output Pwme for LNG Certificate of the
of motor (kW) | carriers having product

diesel electric
propulsion system

n Electrical Pwve for LNG
efficiency carriers having

diesel electric
propulsion system

MCRsteamTuine | Rated installed | Pye for LNG Certificate of the
power (kW) carriers having product

steam turbine
propulsion system
Fuel grade Ck, SFC NOX Technical File of
the parent engine

SFC Corrected EEDI NOx Technical File of
specific fuel the parent engine
consumption
(g/kWh)

KVAPrTO Rated Pwve Nameplate of the Per shaft
electrical shaft generator generator
apparent (nPTO)
output power
(kVA)

Ppr1i,shaft Mechanical EEDI Nameplate of the Per shaft
output power shaft motor motor
(kW) (nPTI)

Nei efficiency power

NGEN efficiency power Per

generator
(nGEN)

PsHaFTim Limited shaft Limited power Verification file Per
propulsion where means of shaftline
power (kW) limitation are fitted (nSHAFT)

12.2 Sample calculation of EEDI

A sample of document to be submitted to the verifier is provided in Appendix 2. In addition,

Appendix 6 contains a list of sample calculations of EEDI, as follows:
o Appendix 6.1: Cruise passenger ship with diesel-electric propulsion
e Appendix 6.2: LNG carrier with diesel-electric propulsion

o Appendix 6.3: Diesel-driven LNG carrier with re-liquefaction system
o Appendix 6.4: LNG carrier with steam turbine propulsion
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Part lll - Verification of EEDI

13 Verification process

Attained EEDI is to be computed in accordance with the IMO Calculation Guidelines and Part
Il of the present Industry Guidelines. Survey and certification of the EEDI are to be conducted
according to the IMO verification Guidelines. on two stages:

1. preliminary verification at the design stage

2. final verification at the sea trial

The flow of the survey and certification process is presented in Figure 2.

PRELIMINARY VERIFICATION FINAL VERIFICATION

Check sea trials
programime

Previous experience
or IS0 90007

Yes

Audit & check quality control Attend sea trials
documentation

Check EEDI computation and procedure
fo obtain the speed curves
(Examine justifications for
omission of tank tests, if any)
I

Agree test plan
|

Check ship model
& propeller

| [ Issue certificate ]
Witness key tank tests
|

r ™
Issue pre-verification
report )

Figure 2: Flow of survey and certification process by verifier

-— Check final report
for Vper & EEDI

14 Documents to be submitted

A sample of documents to be submitted to the verifier including additional information for
verification is provided in Appendix 2.

The following information/documents are to be submitted by the submitter to the verifier at the
design stage. Reference is to be made also to Appendix 1, Appendix 3 and Appendix 4

Page 18 of 76



2024 Industry Guidelines for calculation and verification of EEDI

Table 2: documents to be submitted at the design stage

EEDI Technical File

EEDI Technical File as defined in the IMO Verification
Guidelines. See example of the EEDI Technical File in
Appendix 1 of IMO Verification Guidelines.

NOx Technical File

Copy of the NOx Technical File and documented summary of
the SFC correction for each type of main and auxiliary engine
with copy of EIAPP certificate.

Note: if the NOx Technical File has not been approved at
the time of the preliminary verification, the SFC value with
the addition of the guarantee tolerance is to be provided by
Manufacturer. In this case, the NOx Technical File is to be
submitted at the final verification stage.

Electric Power Table

If Pae is significantly different from the values computed using
the formula in the IMO Calculation Guidelines

Ship lines and model
particulars

- Lines of ship
- Report including the particulars of the ship model
and propeller model

Verification file of power
limitation technical
arrangement

If the propulsion power is voluntarily limited by verified
technical means

Power curves

Power-speed curves predicted at full scale in sea
trial condition and EEDI condition

Description of the towing
tank test facility and towing
tank test organisation quality
manual

If the verifier has no recent experience with the towing
tank test facility and the towing tank test organization
quality system is not ISO 9001 certified.

- Quality management system of the towing tank

test including process control, justifications
concerning repeatability and quality management
processes

- Records of measuring equipment calibration as described
in Appendix 3

- Standard model-ship extrapolation and correlation
method (applied method and tests description)

Gas fuel oil general
arrangement plan

If gas fuel is used as the primary fuel of the ship fitted with
dual fuel engines. Gas fuel storage tanks (with capacities)
and bunkering facilities are to be described.

Towing Tank Tests Plan

Plan explaining the different steps of the towing tank tests
and the scheduled inspections allowing the verifier to check
compliance with the items listed in Appendix 1 concerning
tank tests

Towing Tank Tests Report

- Report of the results of the towing tank tests at sea trial
and EEDI condition as required in Appendix 4

- Values of the experience-based parameters defined in the
standard model-ship correlation method used by the towing
tank test organization/shipyard

- Reasons for exempting a towing tank test, only if applicable
- Numerical calculations report and validation file of these
calculations, only if calculations are used to derive power
curves

Ship reference speed Vs

Detailed calculation process of the ship speed, which is to
include the estimation basis of experience-based
parameters such as roughness coefficient, wake scaling
coefficient
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The following information is to be submitted by the submitter to the verifier at the final
verification stage (and before the sea trials for the programme of sea trials):

Table 3: documents to be submitted at the final verification stage
Programme of sea trials Description of the test procedure to be used for the speed
trial, with number of speed points to be measured and
indication of PTO/PTI to be in operation, if any.

Sea trials report Report of sea trials with detailed computation of the
corrections allowing determination of the reference speed Vs
Final stability file Final stability file including lightweight of the ship and

displacement table based on the results of the inclining test or
the lightweight check

Final power curves Final power curve in the EEDI condition showing the speed
adjustment methodology

Revised EEDI Technical File | Including identification of the parameters differing from the
calculation performed at the initial verification stage

Ship lines Lines of actual ship

Concerning confidential information of submitters that may be contained in the above
mentioned documents, reference is to be made to IMO Verification Guidelines,

15 Preliminary verification at the design stage
15.1 Scope of the verifier work
For the preliminary verification of the EEDI at the design stage, the verifier:

o Review the EEDI Technical File, check that all the input parameters (see 12.1 above) are
documented and justified and check that the possible omission of a towing tank test has
been properly justified

e Check that the ITTC procedures and quality system are implemented by the organization
conducting the towing tank tests. The verifier should possibly audit the quality management
system of the towing tank if previous experience is insufficiently demonstrated

¢ Witness the towing tank tests according to a test plan initially agreed between the submitter
and the verifier

o Check that the work done by the towing tank test organisation is consistent with the present
Guidelines. In particular, the verifier will check that the power curves at full scale are
determined in a consistent way between sea trials and EEDI loading conditions, applying
the same calculation process of the power curves and considering justifiable differences of
experience based parameters between the two conditions

o Issue a pre-verification report

15.2 Definitions

Experience-based parameters means parameters used in the determination of the scale
effects coefficients of correlation between the towing tank model scale results and the full scale
predictions of power curves.

This may include:

Hull roughness correction

Wake correction factor

Air resistance correction factor (due to superstructures and deck load)
Appendages correction factor (for appendages not present at model scale)

PN~
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Propeller cavitation correction factor

Propeller open-water characteristics correction
Cp and Cy (see below)

ACrc and Awc (see below)

®NOoOO

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

Definition of survey methods directly involving the verifier: Review and Witness.

Review means the act of examining documents in order to determine identification and
traceability and to confirm that requested information are present and that EEDI calculation
process conforms to relevant requirements.

Witness means the attendance at scheduled key steps of the towing tank tests in accordance
with the agreed Test Plan to the extent necessary to check compliance with the survey and
certification requirements.

15.3 Towing tank tests and numerical calculations

There are two loading conditions to be taken into account for EEDI: EEDI loading condition
and sea trial condition.

The speed power curves for these two loading conditions are to be based on towing tank test
measurements. Towing 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.
Possible omission of towing tank tests is addressed in the IMO Verification Guidelines

Numerical calculations may be submitted to justify derivation of speed power curves, where
only one parent hull form have been verified with towing tank tests, in order to evaluate the
effect of additional hull features such as fore bulb variations, fins and hydrodynamic energy
saving devices.

These numerical tests may include CFD calculation of propulsive efficiency at reference speed
Vet @s well as hull resistance variations and propeller open water efficiency.

In order to be accepted, these numerical tests are to be carried out in accordance with defined
quality and technical standards (ITTC 7.5-03-01-04 at its latest revision or equivalent). The
comparison of the CFD-computed values of the unmodified parent hull form with the results of
the towing tank tests must be submitted for review.

15.4 Qualification of verifier personnel
Surveyors of the verifier are to confirm through review and witness as defined in 15.2 that the
calculation of EEDI is performed according to the relevant requirements listed in 1.1. The

surveyors are to be qualified to be able to carry out these tasks and procedures are to be in
place to ensure that their activities are monitored.

15.5 Review of the towing tank test organisation quality system
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The verifier is to familiarize with the towing tank test organization test facilities, measuring
equipment, standard model-ship extrapolation and correlation method (applied method and
tests description) and quality system for consideration of complying with the requirements of
15.6 prior to the test attendance when the verifier has no recent experience of the towing tank
test facilities.

When in addition the towing tank test organization quality control system is not certified
according to a recognized scheme (ISO 9001 or equivalent) the following additional information
relative to the towing tank test organization is to be submitted to the verifier:

1. descriptions of the towing tank test facility; this includes the name of the facility, the
particulars of towing tanks and towing equipment, and the records of calibration of each
monitoring equipment as described in Appendix 3

2. quality manual containing at least the information listed in the ITTC Sample quality manual
(2002 issue) Records of measuring equipment calibration as described in Appendix 3

15.6 Review and Witness

The verifier is to review the EEDI Technical File, using also the other documents listed in table
2 and submitted for information in order to verify the calculation of EEDI at design stage. This
review activity is described in Appendix 1. Since detailed process of the towing tank tests
depends on the practice of each submitter, sufficient information is to be included in the
document submitted to the verifier to show that the principal scheme of the towing tank test
process meets the requirements of the reference documents listed in Appendix 1 and Appendix
4.

Prior to the start of the towing tank tests, the submitter is to submit a test plan to the verifier.
The verifier reviews the test plan and agrees with the submitter which scheduled inspections
will be performed with the verifier surveyor in attendance in order to perform the verifications
listed in Appendix 1 concerning the towing tank tests.

Following the indications of the agreed test plan, the submitter will notify the verifier for the
agreed tests to be witnessed. The submitter will advise the verifier of any changes to the
activities agreed in the Test Plan and provide the submitter with the towing tank test report and
results of trial speed prediction.

15.7 Model-ship correlation

Model-ship correlation method followed by the towing tank test organization or shipyard is to
be properly documented with reference to the 1978 ITTC Trial prediction method given in ITTC
Recommended Procedure 7.5-02-03-1.4 rev.02 of 2011 or subsequent revision, mentioning
the differences between the followed method and the 1978 ITTC trial prediction method and
their global equivalence.

Considering the formula giving the total full scale resistance coefficient of the ship with bilge
keels and other appendages:

S [(1+k).CFS+ACF+CA]+CR+CAAS+CAPPS
S

Crs =

The way of calculating the form factor k, the roughness allowance ACk, the correlation
allowance Ca, the air resistance coefficient Caas and the appendages coefficient Capps are to
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be documented (if they are taken as 0, this has to be indicated also), as indicated in Appendix
4.

The correlation method used is to be based on thrust identity and the correlation factors is to
be according to method 1 (Cp — Cn) or method 2 (ACkc - Awc) of the 1978 ITTC Trial prediction
method. If the standard method used by the towing tank test organization doesn'’t fulfil these
conditions, an additional analysis based on thrust identity is to be submitted to the verifier.

The verifier will check that the power-speed curves obtained for the EEDI condition and sea
trial condition are obtained using the same calculation process and properly documented as
requested in Appendix 4 “Witnessing of model test procedures”. In particular, the verifier will
compare the differences between experience based coefficients Cp and ACrc between the
EEDI condition (V) and sea trial condition if different from EEDI condition (V) with the
indications given in Figures 3.1 and 3.2 extracted from a SAJ-ITTC study on a large number
of oil tankers. If the difference is significantly higher than the values reported in the Figures, a
proper justification of the values is to be submitted to the verifier.

NB: The trends in Figures 3.1 and 3.2 are based on limited data and may be revised in the
future. The displayed trends depend on the method used to analyze the model tests behind
the data including the form factor and other correlation factor relations. Other values may be
accepted if based on sufficient number of data.

0.20
8 Cp=Cp—Cpru

0.15

0.10

8@@

0.05
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0.00 0.20
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Figure 3.1: Variation of Cp- Cprun as a function of the displacement ratio
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Figure 3.2: Variation of ACrc as a function of the displacement ratio

15.8 Pre-verification report

The verifier issues the report on the "Preliminary Verification of EEDI" after it has verified the
attained EEDI at the design stage in accordance with paragraphs 4.1 and 4.2 of the IMO

Verification Guidelines.

A sample of the report on the “Preliminary Verification of EEDI” is provided in Appendix 5.

16 Final verification at sea trial

16.1 Sea trial procedure

For the verification of the EEDI at sea trial stage, the verifier shall:
o Examine the programme of the sea ftrial to check that the test procedure and in
particular that the number of speed measurement points comply with the requirements

of the IMO Verification Guidelines (see note below).

o Perform a survey to ascertain the machinery characteristics of some important electric
load consumers and producers included in the EPT, if the power Pag is directly
computed from the EPT data’s.

o Attend the sea trial and notes the main parameters to be used for the final calculation

of the EEDI, as given under 4.3.3 of the IMO Verification Guidelines
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o Review the sea trial report provided by the submitter and check that the measured
power and speed have been corrected accordingly (see note below).

o Check that the power curve estimated for EEDI condition further to sea trial is obtained
by power adjustment.

o Review the revised EEDI Technical File.

o Issue or endorse the International Energy Efficiency Certificate.

Note: For application of the present Guidelines, sea conditions and ship speed should be
measured in accordance with ITTC Recommended Procedure 7.5-04-01-01.1 Speed and
Power Trials 2017 or ISO 15016:2015.

Table 4 lists data which are to be measured and recorded during sea trials:

Table 4: Measured data during sea trials
Symbol | Name Measurement Remark
Time and duration of sea
trial
Draft marks readings
Air and sea temperature

Main engine setting Machinery log
Yo Course direction (rad) Compass
Ve Speed over ground (m/s) GPS
n Propeller rpm (rpm) Tachometer
Ps Power measured (kW) Torsion meter or strain gauges (for

torque measurement) or any alternative
method that offer an equivalent level of
precision and accuracy of power

measurement
Vwr Relative wind velocity (m/s) | Wind indicator
Pwr Relative wind direction (rad) | See above
Tm Mean wave period (seas Visual observation by multiple
and swell) (s) observers supplemented by hindcast

data or wave measuring devices (wave
buoy, wave radar, etc.)

H1ss Significant wave height See above
(seas and swell) (m)

X Incident angle of waves ( See above
seas and swell) (rad)

Or Rudder angle (rad) Rudder

B Drift angle (rad) GPS

Prior to the sea trial, the programme of the sea trials and , if available, additional documents
listed in table 3 are to be submitted to the verifier in order for the verifier to check the procedure
and to attend the sea trial and perform the verifications included in Appendix 1 concerning the
sea trial.

The ship speed is to be measured at sea trial for at least three power settings of which range
includes the total propulsion power defined in 5.2 according to the requirements of the IMO
Verification Guidelines 4.3.6. This requirement applies individually to each ship, even if the
ship is a sister ship of a parent vessel.

If it is physically impossible to meet the conditions in the 1SO15016:2015 or ITTC
Recommended Procedure 7.5-04-01-01, a practical treatment shall be allowed based on the
documented mutual agreement among the owner, the verifier and the shipbuilder.
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16.2 Estimation of the EEDI reference speed Vges

The adjustment procedure is applicable to the most complex case where sea trials cannot be
conducted in EEDI loading condition. It is expected that this will be usually the case for cargo
ships like bulk carriers for instance.

Ship speed should be measured in accordance with ISO 15016:2015 or ITTC Recommended
Procedure 7.5-04-01-01.1, including the accuracy objectives under introduction section of ISO
15016:2015. In particular, if the shaft torque measurement device cannot be installed near the
output flange of main engine, then the efficiency from the measured shaft power to brake horse
power should be taken into account.

Using the speed-power curve obtained from the sea trials in the trial condition, the conversion
of ship’s speed from the trial condition to the EEDI condition shall be carried out by power
adjustment as defined in Annex | of ISO 15016:2015.

The reference speed Ve should be determined based on sea trials which have been carried
out and evaluated in accordance with ISO 15016:2015 or equivalent (see note in 16.1).

Reference is made to paragraph 3 of Appendix 2 (Figure 3.1) where an example is provided.

16.3 Revision of EEDI Technical File
Reference is to be made to para 4.3.13 and para 4.3.14 of the IMO Verification Guidelines.
17  Verification of the EEDI in case of major conversion

In this section, a major conversion is defined as in MARPOL Annex VI regulation 2.2.17 and
interpretations in MEPC.1/Circ.795/ Rev6 subject to the approval of the Administration.

For verification of the attained EEDI after a major conversion, no speed trials are necessary if
the conversion or modifications don’t involve a variation in reference speed.

In case of conversion, the verifier will review the modified EEDI Technical File. If the review
leads to the conclusion that the modifications couldn’t cause the ship to exceed the applicable
required EEDI, the verifier will not request speed trials.

If such conclusion cannot be reached, like in the case of a lengthening of the ship, or increase
of propulsion power of 10% or more, speed trials will be required.

If an Owner voluntarily requests re-certification of EEDI with IEE Certificate reissuance on the
basis of an improvement to the ship efficiency, the verifier may request speed trials in order to
validate the attained EEDI value improvement.

If speed trials are performed after conversion or modifications changing the attained EEDI
value, tank tests verification is to be requested if the speed trials conditions differ from the
EEDI condition. In this case, numerical calculations performed in accordance with defined
quality and technical standards (ITTC 7.5-03-01-04 at its latest revision or equivalent) replacing
tank tests may be accepted by the verifier to quantify influence of the hull modifications.

In case of major conversion of a ship without prior EEDI, EEDI computation is not required,
except if the Administration considers that due to the extensive character of the conversion,
the ship is to be considered as a new one.
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APPENDIX 1
Review and witnhess points
Ref. | Function Survey Reference document Documentation Remarks
method available to verifier
01 EEDI Technical File Review IMO Verification Documents in table 2
Guidelines
This document
02 Limitation of power Review IMO Calculation Verification file of Only If means of limitation are fitted
Guidelines limitation technical
means
03 Electric Power Table Review | Appendix 2 to IMO EPT As described under paragraph 5.2 of
Calculation Guidelines EPT-EEDI form this industry guideline.
Appendix 2 to IMO
Verification Guidelines
04 Calibration of towing tank | Review Appendix 3 Calibration reports Check at random that measuring devices
test measuring & are well identified and that calibration
equipment witness reports are currently valid
05 Model tests — ship model | Review Appendix 4 Ship lines plan & Checks described in Appendix 4.1
& offsets table
witness Ship model report
06 Model tests — propeller Review Appendix 4 Propeller model report | Checks described in Appendix 4.2
model &
witness
07 Model tests — Resistance | Review Appendix 4 Towing tank tests Checks described in Appendix 4.3
test, Propulsion test, & report Note: propeller open water test is not
Propeller open water test | withess needed if a stock propeller is used. In this

case, the open water characteristics of the
stock propeller are to be annexed to the
towing tank tests report.
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Ref. | Function Survey Reference document Documentation Remarks
method available to verifier
08 Model-ship extrapolation | Review ITTC 7.5-02-03-01.4 1978 | Documents in table 2 Check that the ship-model correlation is
and correlation ITTC performance based on thrust identity with correlation
prediction method (rev.04 factor according to method 1 ( Cp — Cn) or
of 2017 or subsequent method 2 (ACrc - Awc)
revision)
Check that the power-speed curves
Appendix 4 obtained for the EEDI condition and sea trial
condition are obtained using the same
This document 15.7 calculation process with justified values of
experience-based parameters
09 Numerical calculations Review ITTC 7.5-03-01-04 (latest | Report of calculations For justification of calculations replacing
replacing towing tank revision) or equivalent model tests refer to 15.3.
tests
10 Electrical machinery Witness | Appendix 2 to IMO Only if Pag is computed from EPT
survey prior to sea trials Verification Guidelines
11 Programme of sea trials | Review IMO Verification Programme of sea trials | Check minimum number of measurement
Guidelines points (3)
Check the EEDI condition in EPT (if Pae is
computed from EPT)
12 Sea trials Witness | ISO 15016:2015 or ITTC Check:
7.5-04-01-01.1 (latest *  Propulsion power, particulars of the
revision) engines

*  Draught and trim

¢ Sea conditions

*  Ship speed

*  Shaft power & rpm

Check operation of means of limitations of
engines or shaft power (if fitted)

Check the power consumption of selected

consumers included in sea trials condition
EPT (if Pae is computed from EPT)
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Ref. | Function Survey Reference document Documentation Remarks
method available to verifier
13 Sea trials — corrections Review ISO 15016:2015 or ITTC Sea trials report Check that the displacement and trim of the
calculation Recommended Procedure ship in sea trial condition has been obtained
7.5-04-01-01.1( latest with sufficient accuracy
revision) Check compliance with ISO 15016:2015 or
ITTC Recommended Procedure 7.5-04-01-
01.1( latest revision)
14 Sea trials — adjustment Review | This document 16.2 Power curves after sea | Check that the power curve estimated for
from trial condition to trial EEDI condition is obtained by power
EEDI condition adjustment
15 EEDI Technical File — Review IMO Verification Revised EEDI Check that the file has been updated
revised after sea trials Guidelines Technical File according to sea trials results
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APPENDIX 2

Sample of document to be submitted to the verifier including
additional information for verification

Caution
Protection of Intellectual Property Rights

This document contains confidential information (defined as additional information) of
submitters. Additional information should be treated as strictly confidential by the verifier
and failure to do so may lead to penalties. The verifier should note following
requirements of IMO Verification Guidelines:

“4.1.2 The information used in the verification process may contain confidential
information of submitters, which requires Intellectual Property Rights (IPR) protection. In
the case where the submitter want a non-disclosure agreement with the verifier, the
additional information should be provided to the verifier upon mutually agreed terms and

Revision list

B 01/05/2014 | Final stage: sections 1 to 16 XYZ YYY 27z

A 01/01/2013 | Design stage: sections 1 to 13 XXX YYY 27z

REV. | ISSUE DESCRIPTION DRAWN | CHECKED | APPROVE
DATE D
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1 General

This calculation of the Energy Efficiency Design Index (EEDI) is based on:
¢ All adopted MEPC resolutions regarding amendments to Chapter 4 of MARPOL Annex
VI prior to the date of revision of this guideline
¢ Resolution MEPC.364 (79) 2022 Guidelines on the method of calculation of the attained
Energy Efficiency Design Index (EEDI) for new ships, as amended.

Calculations are being dealt with according to the Industry Guidelines on calculation and

verification of EEDI, 2020 issue.
2 Data

2.1 Main parameters

BC-A (holds 2 and 4 may
be empty) ESP
GRAB[20]

Unrestricted Navigation
AUT-UMS, GREEN

Parameter Value Reference
Owner OWNER
Builder YARD
Hull No. 12346
IMO No. 94111XX
Ship’s type Bulk carrier
Ship classification notations | HULL, MACH, Bulk
Carrier CSR

PASSPORT,

INWATERSURVEY,

MON-SHAFT
HULL PARTICULARS
Length overall 191.0m
Length between perpendiculars 185.0 m
Breadth, moulded 32.25m
Depth, moulded 179 m
Summer load line draught, moulded 12.70 m
Deadweight at summer load line draught 55000 DWT
Lightweight 11590 tons
Owner’s voluntary structural enhancements | No

MAIN ENGINE

Type & manufacturer

BUILDER 6SRT60ME

Specified Maximum Continuous Rating
(SMCR)

9200 kW x 105 rpm

SFC at 75% SMCR 171 g/kWh See paragraph
10.1

Number of set 1

Fuel type Diesel/Gas oil

AUXILIARY ENGINES
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Parameter Value Reference

Type & manufacturer BUILDER 5X28

Specified Maximum Continuous Rating 650 kW x 700 rpm

(SMCR)

SFC at 50% SMCR 205 g/kWh See paragraph
10.2

SFC at 75% SMCR (In case PAE is 199 g/kWh See paragraph

estimated by the electric power table 10.2

(EPT) for the reason that PAE
computed using the formula in the
IMO Calculation Guidelines is
significantly different from the total
power used at normal seagoing)

Number of set 3

Fuel type Diesel/Gas oil

OVERVIEW OF PROPULSION SYSTEM See section 4
AND ELECTRICITY SUPPLY SYSTEM

SHAFT GENERATORS

Type & manufacturer None

Rated electrical output power

Number of set 0

SHAFT MOTORS

Type & manufacturer None
Rated power consumption

Efficiency

Number of set 0

MAIN GENERATORS

Type & manufacturer BUILDER AC120
Rated output 605 kWe
Efficiency 0.93

Number of set 3

PROPULSION SHAFT

Propeller diameter 59m

Propeller number of blades 4

Voluntarily limited shaft propulsion power No

Number of set 1

ENERGY SAVING EQUIPMENT See section 9
Description of energy saving equipment Propeller boss cap fins

Power reduction or power output None

2.2 Preliminary verification of attained EEDI

Parameter Value Reference
TOWING TANK TEST ORGANIZATION
Identification of organization TEST corp. See section 6.
ISO Certification or previous experience? Previous

experience
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TOWING TANK TESTS

Exemption of towing tank tests No

Process and methodology of estimation of See section 7

the power curves

Ship model information See subparagraph 7.2.1
Propeller model information See subparagraph 7.2.2
EEDI & sea trial loading conditions EEDI:

mean draft: 12.7 m

Trim O

Sea trial ( ballast ):
mean draft: 5.8 m

Trim 2.6 m by

stern
Propeller open water diagram (model, ship) See paragraph 7.4
Experience based parameters See paragraph 7.3
Power curves at full scale See section 3
Ship Reference speed 14.25 knots
ELECTRIC POWER TABLE As See section 5
(as necessary, as defined in IMO described
Calculation Guidelines) under

paragraph

5.2 of this

industry

guideline.
CALCULATION OF ATTAINED EEDI 5.06 See section 11
CALCULATION OF REQUIRED EEDI 5.27 See section 12

CALCULATION OF ATTAINED EEDIweather

Not calculated

See section 13

2.3 Final verification of attained EEDI

Parameter Value Reference
SEA TRIAL LOADING CONDITION

POWER CURVES See section 3
Sea trial report with corrections See section 15
Ship Reference speed 14.65 knots

FINAL DEADWEIGHT See section 14
Displacement 66171 tons

Lightweight 11621 tons

Deadweight 54550 DWT

FINAL ATTAINED EEDI 4.96 See section 16

3 Power curves

The power curves estimated at the design stage and modified after the sea trials are given in

Figure 3.1.
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Figure 3.1: Power curves
4 Overview of propulsion system and electric power system
Figure 4.1 shows the connections within the propulsion and electric power supply systems.

The characteristics of the main engines, auxiliary engines, electrical generators and propulsion
electrical motors are given in table 2.1.

Figure 4.1 scheme of the propulsion and power generation systems
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5 Electric power table
The electric power for the calculation of EEDI is provided in table 5.1.

Table 5.1: Electric power table for calculation of Pae

Id Grou p | Description Mech. | EI Efficie | Rated |load duty time use Necessa
Power | Motor |n."e" |el. factor |factor |factor |facto | ry power
"Pm" output Power | "klI" "kd" "kt" r "Pload"
"pp" "ku"
1A STEERING GEAR | N.A. N.A. N.A. 45,0 0,9 1 0,3| 0,27 12.2
21A HULL CATHODIC | N.A. N.A. N.A. 10 1 1 1] 1,00 10,0
PROTECTION
3/A CRANE N.A. N.A. N.A. 10,00 0,2 1 1] 0,20 2,0
4| A COMPASS N.A. N.A. N.A. 0,5 1 1 1] 1,00 0,5
5/A RADAR NO.1 N.A. N.A. N.A. 1,3 1 0,5 1] 0,50 0,7
6 A RADAR NO.2 N.A. N.A. N.A. 1,3 1 0,5 1] 0,50 0,7
71A NAVIGATION N.A. N.A. N.A. 5,0 1 1 1] 1,00 5,0
EQUIPMENT
8 A INTERNAL COMM. | N.A. N.A. N.A. 2,5 1 1 0,1| 0,10 0,2
EQUIPMENT
91A RADIO N.A. N.A. N.A. 3,5 1 1 0,1| 0,10 0,4
EQUIPMENT
10 A MOORING EQ. N.A. N.A. N.A. 7,0 1 1 0,1| 0,10 0,7
MAIN COOLING
11|B SEA WATER 28,0 30| 0,925 30,3 0,9 0,66 1] 0,59 18,0
PUMP NO.1
MAIN COOLING
12| B SEA WATER 28,0 30| 0,925 30,3 0,9 0,66 1] 0,59 18,0
PUMP NO.2
MAIN COOLING
13|B SEA WATER 28,0 30| 0,925 30,3 0,9 0,66 1] 0,59 18,0
PUMP NO.3
14|B LT COOLING FW 28,0 30| 0,925 30,3 0,9 0,66 1] 0,59 18,0
PUMP NO.1
15|B LT COOLING FW 28,0 30| 0,925 30,3 0,9 0,66 1] 0,59 18,0
PUMP NO.2
16| B LT COOLING FW 28,0 30| 0,925 30,3 0,9 0,66 1] 0,59 18,0
PUMP NO.3
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Id Grou p | Description Mech. | EL Efficie | Rated load | duty time |use Neces
Power | Motor |n."e" |el. facto | factor |facto |facto |sa ry
"Pm" output Power r "kI" | "kd" r"kt" [r power
"ppt "ku" | "Ploa
d"
17|B M/E COOLING WATER| 13,0 15 0,9 14,4 1 0,5 1] 0,50 7,2
PUMP NO.1
18| B M/E COOLING WATER| 13,0 15 0,9 14,4 1 0,5 1] 0,50 7,2
PUMP NO.2
19|C MAIN LUB. OIL PUMP 55,0 90 0,94 58,5 0,9 0,5 1] 0,45 26,3
NO.1
20| C MAIN LUB. OIL PUMP 55,0 90 0,94 58,5 0,9 0,5 1] 0,45 26,3
NO.2
21| C H.F.O. TRANSFER 6,0 7,5 0,88 6,8 1 1 0,1| 0,10 0,7
PUMP
22| C D.O. TRANSFER 6,0 7,5 0,88 6,8 1 1 0,1| 0,10 0,7
PUMP
23| C L.O. TRANSFER 1,4 2,5 0,8 1,8 1 1 0,1| 0,10 0,2
PUMP
TECHNICAL FRESH
24|C WATER PUMP NO.1 2,5 3,5 0,85 29 1 0,5 0,1| 0,05 0,1
TECHNICAL FRESH
25|C WATER PUMP NO.2 2,5 3,5 0,85 29 0,5 0,1| 0,05 0,1
26|C E/R SUPPLY FAN 14,0 20 0,9 15,5 0,9 1 1] 0,90 14,0
NO.1
27| C E/R SUPPLY FAN 14,0 20 0,9 15,5 0,9 1 1] 0,90 14,0
NO.2
28|C E/R SUPPLY FAN 14,0 20 0,9 15,5 0,9 1 1] 0,90 14,0
NO.3
29|C E/R SUPPLY FAN 14,0 20 0,9 15,5 0,9 1 1] 0,90 14,0
NO.4
PURIFIER ROOM
30|C EXH.VENTILATOR 2,5 0,82 3,0 0,9 1 1| 0,90 2,7
31|C PUMP HFO SUPPLY 2,1 0,8 2,6 0,9 0,5 1] 0,45 1,2
UNIT NO 1
32|C PUMP HFO SUPPLY 21 3 0,8 2,6 0,9 0,5 1] 0,45 1,2
UNIT NO.2
CIRC. PUMP FOR
33|C HFO SUPPLY 2,8 3,5 0,84 3,3 0,9 0,5 1] 0,45 1,5
UNIT NO .1
CIRC. PUMP FOR
34|C HFO SUPPLY 2,8 3.5 0,84 3.3 0,9 0,5 1] 0,45 1,5
UNIT NO.2
35|C H.F.O. SEPARATOR | N.A. N.A. N.A. 6,5 0,9 0,5 0,9| 0,41 2,6
NO.1
36|C H.F.O. SEPARATOR |[N.A. N.A. N.A. 6,5 0,9 0,5 0,9| 0,41 2,6
NO.2
37(C MAIN AIR N.A. N.A. N.A. 43,0 1 0,5 0,1| 0,05 2,2
COMPRESSER NO.1
38|C MAIN AIR N.A. N.A. N.A. 43,0 1 0,5 0,1| 0,05 2,2
COMPRESSER NO.2
39|C SERVICE AIR N.A. N.A. N.A. 22,0 1 1 0,1| 0,10 2,2
COMPRESSER
40| C VENT. AIR SUPPLY N.A. N.A. N.A. 1,0 1 1 0,5| 0,50 0,1
41| C BILGE WATER N.A. N.A. N.A. 1,5 1 1 0,1| 0,10 0,2
SEPARATOR
42| C M/E L.O. SEPARATOR| N.A. N.A. N.A. 6,5 0,9 1 0,2 0,18 1,2
43| C G/E L.O. SEPARATOR | N.A. N.A. N.A. 6,5 0,9 1 0,2 0,18 1,2
44| D HYDROPHORE PUMP 2,8 4 0,84 3,3 1 0,5 0,1| 0,05 0,2
NO.1
45| D HYDROPHORE PUMP 2,8 4 0,84 3,3 1 0,5 0,1| 0,05 0,2

NO.2
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Id Grou p | Description Mech. [l Motor| Efficie | Rated load [duty time [use |Necess
Power |output |n."e" el. factor [factor factor [factor ary
"Pm" Power "kl"  ["kd" "kt" ['ku" [power
"Pr" "Pload"
HOT WATER
46| D CIRCULATING PUMP 0,5 1,0 0,8 0,8 1 0,5 0,2 0,10 0,1
NO.1
HOT WATER
47| D CIRCULATING PUMP 0,5 1,0 0,8 0,8 1 0,5 0,2 0,10 0,1
NO.2
E/R WORKSHOP
48 | E WELDING SPACE 0,5 0,8 0,8 0,6 0,9 1 1] 0,90 0,6
EXH.
49| F ECR COOLER UNIT N.A. N.A. N.A. 4,2 1 1 0,5 0,50 2,1
FAN FOR AIR
50| F CONDITIONING N.A. N.A. N.A. 8,0 0,9 1 0,5 0,45 3,6
PLANT
COMP. AIR
51| F CONDITIONING N.A. N.A. N.A. 10,0 0,9 1 0,5 0,45 4,5
PLANT NO.1
COMP. AIR
52 |F CONDITIONING N.A. N.A. N.A. 10,0 0,9 1 0,5 0,45 4.5
PLANT NO.2
COMP. AIR
53|F CONDITIONING N.A. N.A. N.A. 10,0 0,9 1 0,5 0,45 4,5
PLANT NO.3
COMP. AIR
54 | F CONDITIONING N.A. N.A. N.A. 10,0 0,9 1 0,5 0,45 4,5
PLANT NO.4
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Id | Grou | Description Mech. | El Efficie| Rated | load duty |time |use Necessa
p Power | Motor |n."e" |el factor |facto | facto | facto | ry power
"Pm" output Power | "kI" r r"kt" | r "Pload"
"ppt "ed” "y
FAN FOR GALLEY AIR
55| G COND. PLANT N.A. N.A. N.A. 1,5 0,9 1 0,5 0,45 0,7
COMP. FOR GALLEY AIR
56| G COND. PLANT N.A. N.A. N.A. 3,5 0,9 1 0,5 0,45 1,6
57| G REF. COMPRESSOR NO.1 N.A. N.A. N.A. 4,0 1 0,5 0,1 0,05 0,2
58| G REF. COMPRESSOR NO.2 N.A. N.A. N.A. 4,0 1 0,5 0,1 0,05 0,2
59| G GALLEY EQUIPMENT N.A. N.A. N.A. 80,0 0,5 1 0,1 0,05 4,0
60 | H VAC. COLLECTION SYSTEM 24 3,0 0,8 3,0 1 1 1] 1,00 3,0
61| H GALLEY EXH. 1,2 1,5 0,8 1,5 1 1 1] 1,00 1,5
62| H LAUNDRY EXH. 0,1 0,15 0,8 0,1 1 1 1] 1,00 0,1
63| H SEWAGE TREATMENT N.A. N.A. N.A. 4,5 1 1 0,1 0,10 0,5
64| H SEWAGE DISCHARGE 3 7,5 0,88 3,4 0,9 1 0,1| 0,09 0,3
651 ACCOMMODATION LIGHTING | N.A. N.A. N.A. 16,0 1 1 0,5 0,5 8,0
66| 1 E/R LIGHTING N.A. N.A. N.A. 18,0 1 1 1] 1,00 18,0
67 || NAVIGATION LIGHTING N.A. N.A. N.A. 0,9 1 0,5 1] 0,50 0,4
68 |1 BACK. NAV. LIGHTING N.A. N.A. N.A. 0,9 1 0,5 1| 0,50 0,4
TOTAL POWER 354,0
Pae = Total Power / (average efficiency of generators) = 354/0.93 = 381 kW

6 Towing Tank test organization quality system
Towing tank tests will be performed in TEST corp.

The quality control system of the towing tank test organization TEST corp. has been
documented previously (see report 100 for the ship hull No. 12345) and the quality manual and
calibration records are available to the verifier.

The measuring equipment has not been modified since the issue of report 100 and is listed in
table 6.1.
Table 6.1: List of measuring equipment

Manufacturer | Model Series Lab. Id. status
Propeller B&N 6001 300 125-2 Calibrated
dynamometer 01/01/2011

7 Estimation process of power curves at design stage
7.1 Test procedure

The tests and their analysis are conducted by TEST corp. applying their standard correlation
method (document is given in annex 1).

The method is based on thrust identity and references ITTC Recommended Procedure 7.5 -
02 - 03 -1.4 ITTC 1978 Trial Prediction Method (in its latest reviewed version of 2017), with
prediction of the full scale rpm and delivered power by use of the Cp — Cn correction factors.

The results are based on a Resistance Test, a Propulsion Test and use the Open Water
Characteristics of the model propeller used during the tests and the Propeller Open Water
Characteristics of the final propeller given in 7.4.
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Results of the resistance tests and propulsion tests of the ship model are given in the report
of TEST corp. given in annex 2.

7.2 Speed prediction

The ship delivered power Pp and rate of revolutions ns are determined from the following
equations:

Pp = Cp - Pps

nT=CN'n5

Where Cn and Cp are experience-based factors and Pps (resp. ns) are the delivered power
(resp. rpm) obtained from the analysis of the towing tank tests.

The ship total resistance coefficient Crs is given by:

S¢+ S
Crs = SS—SBK' [(1+ k) - Crs + ACp] + Cr + Cpas + Capps
Where:
Ss: ship hull wetted surface, here 9886 m? Sgk: wetted surface of bilge keels
k: form factor. Here 1+k = 1.38 over the speed range, determined according to ITTC
standard procedure 7.5-02-02-01
Crs: ship frictional resistance coefficient (computed according to ITTC 1957 formula)
ACk: roughness allowance, computed according to Bowden-Davison formula. Here

ACf =0.000339
Cr: residual resistance coefficient
Cans: air resistance coefficient
Capps: ship appendages (propeller boss cap fins) resistance coefficient, computed as
provided in annex 2.

The air resistance coefficient is computed according to the following formula:
pa - Ays
Ps - Ss

Caas = Cpa-

Where:

Coa is the air drag coefficient, here 0.8

pa and ps are the air density and water density, respectively
Ays is the projected wind area, here 820 m?

CAAs = 7.9.10'5

The delivered power Pp results of the towing tank tests are summarized in table 7.1 for the
EEDI condition (scantling draft) and in table 7.2 for the sea trial condition (light ballast draft).

Table 7.1: results of trial prediction in EEDI condition
Model reference: SX100 - model scale: 40

Loading condition: EEDI loading condition (12.70 m draft)

Resistance test: Propulsion test: PO01 Model propeller: Prop01

R0O01

Ship Wake Propeller Propeller rpm on Delivered Power Pp
speed V | factor thrust torque Qs | ship ns (kW)

(knot) Wrm-Wrs | Ts (kN) (kNm)

12 0.098 522 467 78 3781

12.5 0.093 578 514 82 4362
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13 0.089 638 563 86 5004
13.5 0.081 701 615 90 5710
14 0.079 768 669 93 6486
14.5 0.086 838 727 97 7333
15 0.091 912 786 101 8257
15.5 0.099 990 849 105 9261
Experience-based factor Cp: 1.01

Experience based factor Cn: 1.02

Table 7.2: results of trial prediction in sea trial condition

Model reference: SX100 - model scale: 40
Loading condition: Sea trial condition (5.80 m draft)
Egégtance test: Propulsion test: POO2 ll\D/I%crl)%l1propeller:
Ship Wake Propeller | Propeller rpm on Delivered
speed V |factor thrust Ts |torque ship ns Power Pp
(knot) wrm-Wrs | (KN) Qs (kNm) (kW)
12 0,079 406 379 72 2974
12,5 0,081 451 418 76 3445
13 0,083 500 459 79 3968
13,5 0,085 551 503 83 4545
14 0,087 606 549 87 5181
14,5 0,088 664 597 90 5878
15 0,091 725 648 94 6641
15,5 0,089 790 701 98 7474
Experience-based factor Cp: 1.05
Experience based factor Cn: 1.03

The predicted results are represented on the speed curves given in Figure 3.1. The EEDI
condition results are indexed (Full, p), the sea trial condition results (Ballast, p).

7.3 Ship and propeller models
The ship model is at scale A = 40. The characteristics are given in table 7.3.

Table 7.3: characteristics of the ship model

Identification (model number or similar) SX 100

Material of construction Wood

Principal dimensions

Length between perpendiculars (Lrp) 4.625m

Length of waterline (Lw) 4.700 m

Breadth (B) 0.806 m

Draught (T) 0.317 m

Design displacement (A) (kg, fresh water) 1008.7 kg

Wetted surface area 6.25 m?

Details of turbulence stimulation Sand strips

Details of appendages rudder

Tolerances of manufacture +/- 2.5 mm on length
+/- 1 mm on breadth
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The propeller model used during the tests is a stock model with the following characteristics:

Table 7.4: characteristics of the stock propeller used during the tests

Identification (model number or similar) Prop01

Materials of construction aluminium

Blade number 4

Principal dimensions

Diameter 147.5 mm

Pitch-Diameter Ratio (P/D) 0.68

Expanded blade Area Ratio (Ae/Ao) 0.60

Thickness Ratio (#/D) 0.036

Hub/Boss Diameter (dh) 25 mm

Tolerances of manufacture Diameter (D): +0.10 mm
Thickness (t): +0.10 mm
Blade width (c): £ 0.20 mm
Mean pitch at each radius (P/D):
........... + 0.5% of design value.

7.4 Open water characteristics of propeller

The open water characteristics of the stock model propeller are given in annex 2. The open
water characteristics of the ship propeller are given in Figure 7.1.

1.2

0.8

10°Kg

Kl’. 1ﬂ'Kﬂ| o
=
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0 0.2 0.4 0.6 0.8 1 1.2 1.4
Advance Coefficient J

Figure 7.1: open water characteristics of ship propeller
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8 Lines and offsets of the ship

The ships lines and offsets table are given in Annex 3.
9 Description of energy saving equipment

9.1 Energy saving equipment of which effects are expressed as P aeesi(j) and/or Pess;) in
the EEDI calculation formula

None here.
9.2 Other energy saving equipment
The propeller boss cap fins are described in annex 4.

10 Justification of SFC (documents attached to NOy technical file of the parent
engine)

10.1 Main engine

The shop test report for the parent main engine is provided in annex 5.1. The SFOC has been
corrected to ISO conditions.

10.2 Auxiliary engine

The technical file of the EIAPP certificate of the auxiliary engines is provided in annex 5.2. The
SFOC has been corrected to ISO conditions.

11  Calculation of attained EEDI at design stage
11.1 Input parameters and definitions
The EEDI quantities and intermediate calculations are listed in table 11.1:

Table 11.1: Parameters in attained EEDI calculation

EEDI Value Remarks

quantity

Crmve 3.206 Marine Diesel oil is used for shop test of the main engine
Pwme 6900 kW | No shaft generator installed ( Ppro = 0)

MCR is 9200 kW PME = 0.75x9200 = 6 900 kW
SFCwve | 171 g/kWh | According to parent engine shop test report in ISO conditions (see

10.1)
CFae 3.206 Marine diesel oil is used for shop test of the auxiliary engine
Peri 0 No shaft motor installed
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Pae

381 kW

MCR of the engine is 9200 kW, less than 10000kW

nME ZnP:’LI"I PPTI(')
P, = 0.05 - Z MCRyp; + — -
AE ( L, MEi T 0.75
i=

Pae = 0.05*9200 = 460 kW

According to electric power table included in table 5.1, Y Pload(i) =

354 kW

The weighted average efficiency of generators = 0.93 (KWelec/kWmech)
Pae = > Pload(i) / 0.93 = 381 kW

The difference (460 — 381) KW is expected to vary EEDI by slightly
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more than 1%, so 381 kW is considered.

SFCae 199 g/kWh | According to technical file of EIAPP certificate in ISO conditions

(at 75% (see 10.2). According to the IMO Calculation Guidelines, the

MCR) SFCae at 75% MCR should be used when Pae is estimated by the
electric power table (EPT) for the reason that Pae computed
using the formula in the IMO Calculation Guidelines is significantly
different from the total power used at normal seagoing

Pesr 0 No mechanical energy efficient devices
The propeller boss cap fins act by reducing ship resistance

PaEef 0 No auxiliary power reduction

fefr Not relevant here (see above)

fj 1.0 The ship is a bulk carrier without ice notations. fj= 1.0

fi 1.017 No ice notation fice = 1.0
No voluntary structural enhancement for this ship fivse = 1.0
The ship has the notation Bulk carrier CSR:
ficsrR =1 + 0.08*"LWTcsr / DWTcsr = 1+0.08*11590/55000 = 1.017
fi = fice X fivse X ficsr = 1.017

fm 1.0 No ice notation

fw 1.0 For attained EEDI calculation under regulation 22 and 24 of
MARPOL Annex VI, fy is 1.0

fe 1.0 The ship is a bulk carrier not designed to carry light cargoes, fc = 1.0

Capacity 55000 For a bulk carrier, Capacity is deadweight = 55 000 tons

Vet 14.25 At design stage, reference speed is obtained from the towing tank

knots test report and delivered power in scantling draft (EEDI) condition
is given in table 7.1
In table 7.1 Pp = 1.0 x Pve = 6900 kW
The reference speed is read on the speed curve corresponding to
table 7.1 at intersection between curve Full, p and 6900 kW
Vet = 14.25 knots
11.2Result

For this vessel, Attained EEDI is:

j=l i=1

n nME
(H ﬁ}[ Z Puriy . Crueay - SFCauzer)

n nPTl neff neff’

] + (.PAE Craz- SFCaz *) + {[H f Z Progy— Z RZid0) PAEc?ff(f)}(‘FAE SFC.-!E] - (Z Jetrtn) - Pty - Croge- SFCup %%
a4 |

=1

fi+ fer i+ Capacity - fu-Veg + f

Attained EEDI = (6900*3.206*171+381*3.206*199) / (1.017*55000*14.25) = 5.05 g/t.nm

12 Required EEDI

According to MARPOL Annex VI, Chapter 4, Regulation 24, the required EEDI is: (1-x/100) x
reference line value

The reference line value = a*b*where a, b, ¢ are given for a bulk carrier as:

a=961.79 b = deadweight of the ship ¢ = 0.477

So reference line value = 5.27 g/t.nm
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In Phase 0 (between 1 Jan 2013 and 31 Dec 2014) above 20000 DWT, x =0

So Required EEDI = 5.27 g/t.nm

Figure 12.1 provides the relative position of attained EEDI with reference to required value.

As a conclusion, for this vessel:

e attained EEDI = 5.05 g/t.nm
e required EEDI = 5.27 g/t.nm

e Regulation criteria is satisfied with 4.2% margin

Energy Efficiency Design Index

20.000
¢ Attained EEDI
18.000
Phase 0 (Base line)

16.000 Phase 1(2015-2019)

14.000 Phase 2 (2020-2024)
.é.1 2 000 == Phase 3 (2025 and onwards)
c

0.000 LN L A L L B L L L L N L L B B B B B
0] 50 100 150 200 250 300 350 400 450 500

Deadweight (t) (*1000)

Figure 12.1: Required EEDI value
13 Calculation of attained EEDIlyeather
Not calculated.

14 Lightweight check report

The lightweight check report is provided in annex 6. The final characteristics of the ship are:

Displacement 66171 tons
Lightweight 11621 tons
Deadweight 54550 DWT

15 Sea trial report with corrections

The sea trial report is provided in annex 7. The results of the sea trial follow the assessment
guideline of ISO 15016:2015 are given on curve Ballast,s on Figure 3.1.
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16 Calculation of attained EEDI at final stage

16.1

Recalculated values of parameters

The EEDI quantities and intermediate calculations are listed in table 16.1. Parameters which
have not been modified from the preliminary verification stage are marked “no change”.

Table 16.1: Parameters in attained EEDI calculation (final stage)

EEDI Value Remarks

quantity

Crmve 3.206 No change

Pve 6900 kW No change

SFCwve 171 g/kWh | No change

CFae 3.206 No change

Peri 0 No change

Pae 381 kW The electric power table has been validated and endorsed (see
the electric power table form in annex 8)

SFCae at 199 g/kWh | No change

75% MCR

Pest 0 No change

Phaget 0 No change

fetr No change

fj 1.0 No change

fi 1.017 Deadweight and lightweight are computed from lightweight check:
ficsrR =1+ 0.08"LWTcsr / DWTcsr = 1+0.08%11621/54550 =
1.017
fi = fice X fivse X ficsr = 1.017 (unchanged)

fe 1.0 No change

fm 1.0 No change

Capacity 54550 DWT | Deadweight has been computed from the lightweight check. See
14.

Vief 14.65 knots | The reference speed in EEDI condition has been adjusted

according to the delivered power adjustment methodology defined
in Industry Guidelines.

The reference speed is read on the speed curves diagram in
Figure 3.1

Vet = 14.65 knots

16.2 Final result

Attained EEDI = (6900*3.206*171+381*3.206*199) / (1.017*54550*14.65) = 4.95 g/t.nm

Required EEDI in Phase 0: 961.79*54550-0477 = 5.29 g/t.nm

Regulation criteria is satisfied with 6.4% margin
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APPENDIX 3
Verifying the calibration of model test equipment

Quality Control System

The existence of a Quality Control System is not sufficient to guarantee the correctness of the
test procedures; QS, including 1ISO 9000, only give documentary evidence what is to be and
has been done. Quality Control Systems do not evaluate the procedures as such.

The Test institute should have a quality control system (QS). If the QS is not certified ISO 9000
a documentation of the QS should be shown. A Calibration Procedure is given in ITTC
Recommended Procedures 7.6-01-01.

1. Measuring Equipment

An important aspect of the efficient operation of Quality System according to measuring
equipment is a full identification of devices used for the tests.

Measuring equipment instruments shall have their individual records in which the following
data shall be placed:

- name of equipment

- manufacturer

- model

- series

- laboratory identification number ( optionally)

- status ( verified, calibration, indication )

Moreover the information about the date of last and next calibration or verification shall be
placed on this record. All the data shall be signed by authorised officer.

2, Measuring Standards

Measuring standards used in laboratory for calibration purposes shall be confirmed (verified)
by Weights and Measures Office at appropriate intervals (defined by the Weights and
Measures Office).

All measuring standards used in laboratory for the confirmation purposes shall be supported
by certificates, reports or data sheets for the equipment confirming the source, uncertainty and
conditions under which the results were obtained.

3. Calibration

The calibration methods may differ from institution to institution, depending on the particular
measurement equipment. The calibration shall comprise the whole measuring chain (gauge,
amplifier, data acquisition system etc.).

The laboratory shall ensure that the calibration tests are carried out using certified measuring
standards having a known valid relationship to international or nationally recognised standards.

a) Calibration Report

“Calibration reports” shall include:
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- identification of certificate for measuring standards

- description of environmental conditions

- calibration factor or calibration curve

- uncertainty of measurement

- minimum and maximum capacity” for which the error of measuring
instrument is within specified (acceptable) limits.

b) Intervals of Confirmation

The measuring equipment (including measuring standards) shall be confirmed at appropriate
(usually periodical) intervals, established on the basis of their stability, purpose and wear. The
intervals shall be such that confirmation is carried out again prior to any probable change in
the equipment accuracy, which is important for the equipment reliability. Depending on the
results of preceding calibrations, the confirmation period may be shortened, if necessary, to
ensure the continuous accuracy of the measuring equipment.

The laboratory shall have specific objective criteria for decisions concerning the choice of
intervals of confirmation.

c)  Non - Conforming Equipment
Any item of measuring equipment

- that has suffered damage,

- that has been overloaded or mishandled,

- that shows any malfunction,

- whose proper functioning is subject to doubt,

- that has exceeded its designated confirmation interval, or

- the integrity of whose seal has been violated, shall be removed from service by
segregation, clear labelling or cancelling.

Such equipment shall not be returned to service until the reasons for its nonconformity have
been eliminated and it is confirmed again.

If the results of calibration prior to any adjustment or repair were such as to indicate a risk of
significant errors in any of the measurements made with the equipment before the calibration,
the laboratory shall take the necessary corrective action.

4. Instrumentation
Especially the documentation on the calibration of the following Instrumentation should be
shown.

a) Carriage Speed

The carriage speed is to be calibrated as a distance against time. Period between the
calibrations is to be in accordance with the internal procedure of the towing tank test
organisation.

b)  Water Temperature
Measured by calibrated thermometer with certificate (accuracy 0.1°C).

c)  Trim Measurement
Calibrated against a length standard. Period between the calibrations is to be in accordance
with the internal procedure of the towing tank test organisation.

d) Resistance Test

Page 49 of 76



2022 Industry Guidelines for calculation and verification of EEDI

Resistance Test is a force measurement. It is to be calibrated against a standard weight.
Calibration normally before each test series.

e) Propulsion Test

During Self Propulsion Test torque, thrust and rate of revolutions are measured. Thrust and
Torque are calibrated against a standard weight. Rate of revolution is normally measured by a
pulse tachometer and an electronic counter which can be calibrated e.g. by an oscillograph.

Period between the calibrations is to be in accordance with the internal procedure of the towing
tank test organisation.

f) Propeller Open Water Test

During Propeller Open Water Test torque, thrust and rate of revolutions are measured. Thrust
and Torque are calibrated against a standard weight. Rate of revolution is normally measured
by a pulse tachometer and an electronic counter which can be calibrated e.g. by an
oscillograph.

Period between the calibrations is to be in accordance with the internal procedure of the towing
tank test organisation.

Examples of documentation sheets are given in the Annexes 1 and 2:
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ANNEX 1: SAMPLE OF MEASURING EQUIPMENT CARD

L
|

Measurement Equipment Card

Equipment Manufacturer Model
Serial No. Date of Purchase
Basic range
Status

Work Instructions Calibrated
Calibration Instructions Indication
Verified at Verified

Date of Certificate. Period Date of Next | Responsible | Department Approval

Check No. Check
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ANNEX 2: SAMPLE OF CALIBRATION CERTIFICATE.

CALIBRATION CERTIFICATE
for

PROPELLER

Calibration Instructions

Date of calibration

| Calibrated by : |

| Checked by : |

Measurement combination

DYNAMOMETER

N Manufacturer [ 1 Mo [ ]
[ 1 serano [ 1 Dateofpurchased [ ]
Work instruction |:| Last calibration :l

Cable
AMPLIFIER Manufacturer |:|
LIN Serial No hased :l
Work instruction ducer I:l
Excitation Frequency of excit. :l
Thrust : Amp. gain I:l Zero not load [ ]
Torque : Amp- gain [ 1 zeronotioad [ ]

Cable
A/C TRANSDUCER Manufacturer [ ] Model [ 1]
Serial No [ ] Dateofpurchased [ ]

N[ ]

Work instruction

Certificate No

MEASUREMENT

Mass

Length arm of force

STANDARDS

Voltmeter

Certificate No
Certificate No
Certificate No
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CALIBRATION RESULTS

Environmental condition

Place of test : :|
Temperature : initial [ ] final [ ]
Dampness : initial :l final :l

Computation results of calibrations test

Executed program procedure certificate NO.

. 1 [ ] [ ]

Thrust Torque

Drift: [ ] —
Non Linearity errors : [ ] [ 1
Hysteresis : [ ] [ ]
Precision errors : |:| |:|
Total uncertainty : :| [ ]
Calibration factor : :| :|

Calibration requests:

Specified limits of Thrust Torque

erors: [ ] [ ]
Maximum capacity : [ ] [ ]
Minimum capacity: [ ] [ ]

Note : tests and computations results are included in report |:|

Prepared by @ ....ccccoeeiiiinii. Approved by : ... Date:....cccooiinnnis
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APPENDIX 4
Review and witnessing of model test procedures

The Model Tests are to be witnessed by the verifier. Special attention is to be given to the
following items:

1. Ship Model
Hydrodynamic Criteria

a) Model Size: The model should generally be as large as possible for the size of the towing
tank taking into consideration wall, blockage and finite depth effects, as well as model
mass and the maximum speed of the towing carriage (ITTC Recommended Procedure
7.5-02-02-01 Resistance Test).

b)  Reynolds Number. The Reynolds Number is to be, if possible, above 2.5x 10°.

c) Turbulence Stimulator: In order to ensure turbulent flow, turbulence stimulators have to
be applied.

Manufacture Accuracy

With regard to accuracy the ship model is to comply with the criteria given in ITTC
Recommended Procedure 7.5-01-01-01, Ship Models.

The following points are to be checked:
a) Main dimensions: Lep, B.

b)  Surface finish: Model is to be smooth. Particular care is to be taken when finishing the
model to ensure that geometric features such as knuckles, spray rails, and boundaries
of transom sterns remain well-defined.

c) Stations and Waterlines: The spacing and numbering of displacement stations and
waterlines are to be properly defined and accurately marked on the model.

d) Displacement: The model is to be run at the correct calculated displacement. The model
weight is to be correct to within 0.2% of the correct calculated weight displacement. In
case the marked draught is not met when the calculated displacement has been
established the calculation of the displacement and the geometry of the model compared
to the ship has to be revised. (Checking the Offsets).

Documentation in the report

Identification (model number or similar)

Materials of construction

Principal dimensions

Length between perpendiculars (Lep)

Length of waterline (Lw.)

Breadth (B)

Draught (T)

For multihull vessels, longitudinal and transverse hull spacing
Design displacement (A) (kg, fresh water)
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Hydrostatics, including water plane area and wetted surface area
Details of turbulence stimulation

Details of appendages

Tolerances of manufacture

2, Propeller Model

The Manufacturing Tolerances of Propellers for Propulsion Tests are given IN ITTC
Recommended Procedures 7.5-01-01-01, Ship Models Chapter 3.1.2. Attention: Procedure
7.5 — 01-02-02 Propeller Model Accuracy is asking for higher standards which are applicable
for cavitation tests and not required for self-propulsion tests.

Propeller Model Accuracy

Stock Propellers

During the “stock-propeller” testing phase, the geometrical particulars of the final design
propeller are normally not known. Therefore, the stock propeller pitch (in case of CPP) is
recommended to be adjusted to the anticipated propeller shaft power and design propeller
revolutions. (ITTC Recommended Procedure 7.5-02-03-01.1 Propulsion/Bollard Pull Test).

Adjustable Pitch Propellers
Before the Tests the pitch adjustment is to be controlled.

Final Propellers

Propellers having diameter (D) typically from 150 mm to 300 mm is to be finished to the
following tolerances:

Diameter (D) £ 0.10 mm

Thickness (t) £ 0.10 mm

Blade width (c) £ 0.20 mm

Mean pitch at each radius (P/D): £ 0.5% of de-sign value.

Special attention is to be paid to the shaping accuracy near the leading and trailing edges of
the blade section and to the thickness distributions. The propeller will normally be completed
to a polished finish.

Documentation in the report
Identification (model number or similar)
Materials of construction

Principal dimensions Diameter
Pitch-Diameter Ratio (P/D)

Expanded blade Area Ratio (Ae/Ao)
Thickness Ratio (/D)

Hub/Boss Diameter (dh)

Tolerances of manufacture

3. Model Tests
a) Resistance Test

The Resistance Test is to be performed acc. to ITTC Recommended Procedure 7.5-02-02-01
Resistance Test.

Documentation in the report

Model Hull Specification:
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- Identification (model number or similar)
- Loading condition
- Turbulence stimulation method
- Model scale
- Main dimensions and hydrostatics (see ITTC Recommended Procedure 7.5-01-01-
01 Ship Models and chapter 2 of this paper).
Particulars of the towing tank, including length, breadth and water depth
Test date
Parametric data for the test:
- Water temperature
Water density
Kinematic viscosity of the water
- Form factor (even if (1+k) =1.0 is applicable, this is to be stated)
- ACF or CA

For each speed, the following measured and extrapolated data is to be given as a minimum:
- Model speed
- Resistance of the model
- Sinkage fore and aft, or sinkage and trim

b) Propulsion Test

The Propulsion Test is to be performed acc. to ITTC Recommended Procedure 7.5-02-03-01.1
Propulsion Test/Bollard Pull.

Documentation in the report
Model Hull Specification:
- Identification (model number or similar)
- Loading condition
- Turbulence stimulation method
- Model scale
- Main dimensions and hydrostatics (see ITTC Recommended Procedure 7.5-01-01-
01 Ship Models and chapter 2 of this paper).
Model Propeller Specification:
- Identification (model number or similar)
- Model Scale
- Main dimensions and particulars (see ITTC Recommended Procedure 7.5-01-01-01
Ship Models and chapter 3 of this paper)
Particulars of the towing tank, including length, breadth and water depth
Test date
Parametric data for the test:
- Water temperature
- Water density
- Kinematic viscosity of the water
- Form factor (even if (1+k) = 1.0 is applicable, this is to be stated)
- ACF or CA
- Appendage drag scale effect correction factor (even if a factor for scale effect
correction is not applied, this is to be stated).

For each speed the following measured data and extrapolated data is to be given as a
minimum:

- Model speed

- External tow force

- Propeller thrust,

- Propeller torque
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- Rate of revolutions.
- Sinkage fore and aft, or sinkage and trim
- The extrapolated values are also to contain the resulting delivered power Pp.

c¢) Propeller Open Water Test

In many cases the Propeller Open Water Characteristics of a stock propeller will be available
and the Propeller Open Water Test need not be repeated for the particular project. A
documentation of the Open Water Characteristics (Open Water Diagram) will suffice.

In case of a final propeller or where the Propeller Open Water Characteristics is not available
the Propeller Open Water Test is to be performed acc. to ITTC Recommended Procedure 7.5-
02-03-02.1 Open Water Test.

Documentation in the report
Model Propeller Specification:
- Identification (model number or similar)
- Model scale
- Main dimensions and particulars (see recommendations of ITTC Recommended
Procedure 7.5-01-01-01 Ship Models and chapter 3 of this paper)
- Immersion of centreline of propeller shaft in the case of towing tank
Particulars of the towing tank or cavitation tunnel, including length, breadth and water depth or
test section length, breadth and height.
Test date
Parametric data for the test:
- Water temperature
- Water density
- Kinematic viscosity of the water
- Reynolds Number (based on propeller blade chord at 0.7R)

For each speed the following data is to be given as a minimum:
- Speed
- Thrust of the propeller
- Torque of the propeller
- Rate of revolution
- Force of nozzle in the direction of the propeller shaft (in case of ducted propeller)

Propeller Open Water Diagram
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4. Speed Trial Prediction

The principal steps of the Speed Trial Prediction Calculation are given in ITTC Recommended
Procedure 7.5 - 02 - 03 -1.4 ITTC 1978 Trial Prediction Method (in its latest reviewed version
of 2017). The main issue of a speed trial prediction is to get the loading of the propeller correct
and also to assume the correct full scale wake. The right loading of the propeller can be
achieved by increasing the friction deduction by the added resistance (e.g. wind resistance
etc.) and run the self-propulsion test already at the right load or it can be achieved by
calculation as given in Procedure 7.5-02-03-1.4.

A wake correction is always necessary for single screw ships. For twin screw ships it can be
neglected unless the stern shape is of twin hull type or other special shape.

The following scheme indicates the main components of a speed trial prediction. It is to be
based on a Resistance Test, a Propulsion Test and an Open Water Characteristics of the used
model propeller during the tests and the Propeller Open Water Characteristics of the final
propeller.

Documentation
Model Hull Specification:
- Identification (model number or similar)
- Loading condition
- Turbulence stimulation method
- Model scale
- Main dimensions and hydrostatics (see ITTC Recommended Procedure
7.5-01-01- 01 Ship Models and chapter 2 of this paper).
Model Propeller Specification:
- Main dimensions and particulars (see ITTC Recommended Procedure 7.5-
01-01-01 Ship Models and chapter 3 of this paper)

Particulars of the towing tank, including length, breadth and water depth
Resistance Test Identification (Test No. or similar)
Propulsion Test Identification (Test No. or similar)
Open Water Characteristics of the model propeller
Open Water Characteristics of ship propeller
Ship Specification:
- Projected wind area
- Wind resistance coefficient
- Assumed BF
- Cpand Cy,
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Principle Scheme for Speed Trial Prediction
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Test Test Water
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p ] Wake Mc_)d Prop
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Add Wind Correct Propeller
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P KiAr Prapeller
Characteristics
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Ce, Gy
Corrections
A 4
Fas, s, Ts

For each speed the following calculated data is to be given as a minimum:
- Ship speed
- Model wake coefficient
- Ship wake coefficient
- Propeller thrust on ship
- Propeller torque on ship
- Rate of revolutions on ship
- Predicted power on ship (delivered power on Propeller(s) Pp)
- Sinkage fore and aft, or sinkage and trim
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Checking of Model Testing Procedure

Quality Control
System

Ship Model

150 80007

Certification

Hydrodynamic

No

— Re above 2,5 x10°

Scheme for review and witnessing Model Tests

Documentation

Other System

Propeller Model

Extrapolation
Method

Tank blockage

Criteria
L Turbulence
Stimulators
— Main Dimensions
L Model Quality Stations and

Final Propeller?

NG

Stockpropeller

— draught -

Waterlines

Check accuracy by

displacement

Documentation of
Offsets

Adjustable

Propeller
Characteristics

Pitch?

yes

Check Pitch

adjustment

See scheme for

Trial Prediction
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APPENDIX 5
Sample report “Preliminary Verification of EEDI”
ATTESTATION
PRELIMINARY VERIFICATION OF ENERGY EFFICIENCY DESIGN INDEX (EEDI) by
VERIFIER
Statement N° EEDI/YYYY/XXX

Ship particulars:
Ship Owner:
Shipyard:
Ship's Name:
IMO Number:
Hull number:
Building contract date:
Type of ship:
Port of registry:
Deadweight:
Summary results of EEDI

Reference speed VV.V knots

Attained EEDI XXX g/t.nm

Required EEDI Y.YY g/t.nm
Supporting documents

Title ID and/or remarks

EEDI Technical File RRRR dated DD/MM/YYYY

This is to certify:

1 That the attained EEDI of the ship has been calculated according to the 2022
Guidelines on the method of calculation of the attained Energy Efficiency Design
Index (EEDI) for new ships, IMO resolution MEPC.364(79) as amended.

2 That the preliminary verification of the EEDI shows that the ship complies with the
applicable requirements in regulation 22 and regulation 24 of MARPOL Annex VI as
amended.

Completion date of preliminary verification of EEDI: xx/xx/xxxx

Issued at: on:

Signature of the Verifier

Page 61 of 76



2022 Industry Guidelines for calculation and verification of EEDI

APPENDIX 6
Sample calculations of EEDI

Content

Appendix 6.1: Cruise passenger ship with diesel-electric propulsion
Appendix 6.2: LNG carrier with diesel-electric propulsion
Appendix 6.3: Diesel-driven LNG carrier with re-liquefaction system

Appendix 6.4: LNG carrier with steam turbine propulsion
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Appendix 6.1
Sample calculation for diesel-electric cruise passenger ship

1. Preliminary calculation of attained EEDI at design stage

Attained EEDI for cruise passenger ship having diesel electric propulsion system is calculated
as follows at design stage.
For a diesel-electric cruise passenger ship:
Pve =0, Ppri #0, Ppro = 0

1)  Input
The table below lists the input information needed at the design stage and verified at the final
stage:
Symbol Name Value Source
MPP Rated output of 2 x 20000 | From EEDI technical file
electric propulsion kW
motors
neTI Efficiency of 0.945 From electric power table
transformer +
converter +
propulsion motor at
75% of rated motor
output
NGEN Power-weighted 0.974 Calculation from individual generator
average efficiency efficiencies given in electric power table:
of generators 0.975*19000+0.972*14000/(14000+19000)
HLOADwax | Consumed electric | 15 779 kW | From electric power table for the most
power excluding demanding cruise contractual conditions
propulsion in cruise (here extreme summer conditions 28°C
most demanding during 80% of the time)
conditions
SFCae Power-weighted 185 g/kWh | From NOx technical file
average of specific
oil consumption
among all engines
at 75% of the MCR
power
GT Gross Tonnage 160000 From EEDI technical file
ums

MCR of auxiliary diesel engines

MPP

2) Calculation of ZPpr

19,000 kW x 2 + 14,000 kW x 2

20,000 kW x 2

SFCae recorded in the test report annexed to the NOx technical file at 75% of MCR power and
corrected to the ISO standard reference conditions.

185 g/kWh for both types of engines (19,000 kW and 14,000 kW)

The input is the rated output of the electric propulsion motors, MPP, which can be identified
with the quantity noted Pprishat in 2.2.5.3 of the “2022 guidelines on the method of calculation
of the attained energy efficiency design index (EEDI) for new ships”.

The term Per is then computed as follows:
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2.(0.75 x MPP(i))
ZPPTI(L') =

Npri X Ngen

Z , 2% 0.75 x 20,000
PTI() ™ 0,945 x 0.974

Z PPTI(i) = 32,593kW

Where ner) is the chain efficiency of the transformer, frequency converter and electric motor,
as given by the manufacturer at 75% of the rated motor output and neen is the weighted
average efficiency of the generators.

3) Value of Pac

Pae is estimated by the consumed electric power, excluding propulsion, in most demanding
(i.e. maximum electricity consumption) cruise conditions as given in the electric power table
provided by the submitter, divided by the average efficiency of the generators.

The most demanding conditions maximise the design electrical load and correspond to
contractual ambient conditions leading to the maximum consumption off heating ventilation
and air conditioning systems, in accordance with Note 3 of the “2022 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

In this example, the most demanding condition corresponds to extreme summer conditions,
where the external air temperature is 28°C during 80% of the time.

HLOAD, 4

AE = —
NGen

_15,779kW

0.974
= 16,200kW

4) V. at EEDI condition

V5er is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage. Suppose that V. of 22.5 kn is obtained at 75% of MPP, in this
example calculation at design stage.

5) Calculation of the attained EEDI at design stage

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary
fuel is marine Gas QOil in this example.

(PAE + Z PPTI (1)) : (CFAE ' SFCAE)
Capacity -V,

(16200 + 32593) x 185 % 3.206 _
160,000(UMS) x 22.5(kn)

EEDI =

8.04

2. Final calculation of attained EEDI at sea trial

Attained EEDI at sea trial of cruise passenger ship having diesel electric propulsion system is
calculated as follows.
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1)  Typical configuration and example of measurement points at sea trial

Swilch Board
Pae | generator
Propulsion Freq [ = H 5 [ Diesd FI?C 7]
motar CONV I = ] A serv
' s Tk
—1 G kg Diesd
—]

Diesd

FO

_(D_ Serv
.

Tk

1 Diesd

i

m

\ A

; ——
Motor chain efficiency nen Genera‘tg)r efficiency Noen

2) Specifications

Chain efficiency of the electric motor neri and generator efficiency neen can be confirmed during
the sea trials at EEDI conditions (i.e. 75% of the rated motor output) taking into account the
power factor cos of the electric consumers.

SFCae is computed form the NOx technical file if this file was not available at the preliminary
stage.

Gross tonnage is confirmed at 160,000 ums.

Prior to sea trials, an on-board survey is performed to ensure that data read on the nameplates
of the main electrical pieces of equipment comply with those recorded in the submitted electric
power table.

3)  V.rat EEDI condition

V5er is obtained by the speed-power curves as a result of the sea trial in accordance with the
paragraph 4.3.9 of “2022 guidelines on survey and certification of the energy efficiency design
index (EEDI)” as amended. Suppose that Ve of 18.7kn is obtained at 75% of MPP, in this
example calculation at sea trial.

During the sea trials, the shaft power transferred to the propellers Perisnat must be obtained.
It could be measured by a torsiometer fitted on the propeller shaft, or obtained from the
computation of the power consumption of the motor Psu through the following relation:

Pprishart = Psm X Nprp

4) Calculation of the attained EEDI at sea trial

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary
fuel is marine Gas Qil in this example.

(PAE + Z PPTI (1)) : (CFAE : SFCAE)
Capacity -V,

(16200 +32593) x 185x3.206
160,000(UMS) x 22.7(kn)

EEDI =
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Appendix 6.2
Sample calculation for LNG carrier having diesel electric propulsion system

1. Preliminary calculation of attained EEDI at design stage
Attained EEDI for LNG carrier having diesel electric propulsion system at design stage is
calculated as follows.

1) Specifications

MCR of main engines 10,000 (kW) x 3 + 6,400 (kW) x 1

MPP wotor 24,000 (kW)

SF CME(/')_electric, gas mode at 75% of MCR
162.0 (g/kWh) (for 10,000 (kW)-Engines) (SFC with the
addition of the guarantee tolerance)
162.6 (g/kWh) (for 6,400 (kW)-Engine) (Ditto)

SFCue)_piottuel 6.0 (g/kWh) (for 10,000 (kW)-Engines), 6.1 (g/kWh) (for
6,400 (kW)-Engine)
Deadweight 75,000 (ton)

2) Nelectricar at design stage

Nelectrical 1S s€t as 0.913 in accordance with paragraph 2.2.5.1 of the “2022 guidelines on the
method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

3) Calculation of Pue

Pue is calculated in accordance with paragraph 2.2.5.1 of the “2022 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

MPP
Py = 0.83 x —otor

Nelectrical

24,000

= 0.83 x 0913

= 21,818(kW)

4) Calculation of Pae

Pae is calculated in accordance with paragraph 2.2.5.6.1 and 2.2.5.6.3 of the “2022 guidelines
on the method of calculation of the attained energy efficiency design index (EEDI) for new
ships”.

nME nPTI
PAE — (0 025 X Z MCRME(L) + 2 PPTI(L)/O 75) + 250 and/or )

+CargoTankCapacztyLNG X BOR >< COPreliquesy X Rretiquery (1) and/or,(Not Applicable)
nME

+0.33 Z SFCyE(i),gasmode X

i=1
nME

=0.02 X Z PME; 3)

i=1
= {(0.025 X 24,000) + 250} + 0 + 0 + (0.02 x 21,818)
= 1,286 (kW)

Pue@
1000

(2) and/or, (Not Applicable)
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Note:
*1: The value of MPPwotor is used instead of MCRwe in accordance with paragraph
2.2.5.6.3.3.

5) Vi at EEDI condition

V5er is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage. Suppose that V. of 18.4kn is obtained at 83% of MPPuotor, in this
example calculation at design stage.

6) Calculation of the attained EEDI at design stage

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary
fuel is LNG in this example calculation. In this case, SFCag(_eiectric, gas mode at 75% of Mcr IS €quald
SFCuigi_electric, gas mode at 75% of McR, @Nd SFCak)_piotue IS €qual to SFCueg)_piottuel.

PME ) (CFMEiGas - SF' CMEiGas + CFMEiPIIog/ixe[ - SF' CMEfP[Io(/iwl )+ P AE .(CFAEiGas - SF' CAEiGas + CFAEfPIIog/ixe[ - SF' CAEiPilog/izel)

Capacity - me
 21818x(2.750%x162.1+3.206x 6.0+1,286 % (2.750x162.1+3.206x 6.0)
75,000(DWT)x 18.4(kn)

EEDI =

=779

Note:
*1: The average weighed value of SFCuk)_electric, gas mode at 75% of Mcr @NA SFCak()_electric,

gas mode at 75% of MCR is used;
162.0x10,000(kW)x3+162.6x6,400(kW)

10,000(kW)x3+6,400(kW)

= 162.1(g/kWh)

*2:  The average weighed value of SFCue_piotiuer aNd SFCacgg)_piwtiuer IS used;.
6.0x10,000(kW)x3+6.1x6,400 (kW)
10,000 (kW)x3+6,400 (kW)

= 6.0(g/kWh)

2. Final calculation of attained EEDI at sea trial

Attained EEDI for LNG carrier having diesel electric propulsion system at sea trial is calculated
as follows.

1) Typical configuration and example of measurement points at sea trial

Propulsion Motor Inpufa_seatriat

Switch Board PuerFas
Py
s
generator , >

MPEunnr

i5 B6% of total MCR of engines on aver

R = Digsel
I .
: = B4 Diesel
ij:i Gear [ " 1

. =
A - AN
R i e i D = =y O iy
v, 4.;’__'_ moor - — CONV. IQQJ,E (= O S\

/ ’ 1

A =1 | Propulsion

—
p
s\

1

f et

MPP wotor

Fag - ~
1 - -
SH.'D_ seatrial PEngIne(j)_seem'aI

\ J . S
h'd Fuel Consumptiong seatriai

Gear efficiency Electrical efficiency

feiectrical
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2) Specifications

MCR of main engines 10,000 (kW) x 3 + 6,400 (kW) x 1

MPP wvotor 24,000 (kW)

SF CME(/')_electric, gas mode at 75% of MCR
161.6 (g/kWh) (for 10,000 (kW)-Engines) (SFC of the test report
in the NOx technical file)
162.2 (g/kWh) (for 6,400 (kW)-Engine) (Ditto)

SFCue)_piottuel 6.0 (g/kWh) (for 10,000 (kW)-Engines), 6.1 (g/kWh) (for 6,400
(kW)-Engine)
Deadweight 75,500 (ton)

3) Nelectrical at seatrial

Nelectrical 1S S€t as 0.913 in accordance with paragraph 2.2.5.1 of the “2022 guidelines on the
method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

4) Calculation of Pue

Pue is calculated in accordance with paragraph 2.2.5.1 of the “2022 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.
p =083 MPPMotor
ME - . X
7']electricity

24,000
= 0.83 X o = 21,818(kW)

)

5)  Calculation of Pae

Pae is calculated in accordance with paragraph 2.2.5.6.1 and 2.2.5.6.3 of the “2022 guidelines
on the method of calculation of the attained energy efficiency design index (EEDI) for new
ships”.

nME nPTI
Pip = (0.0ZS X Z MCRygq) + z PTI(i)/O.75) + 250 and/or;
i=1 i=1
+CargoTankCapacity yg X BOR X COPrejiguery X Rretiquery - (1) and/or; (Not Applicable)
nME
Py :
+0.33 X SFCmE(i),gasmode X 1000 ..(2) and/or; (Not Applicable)
nME
+0.02 x z Pus - (3)
i=1
= {(0.025 x 24,000) + 250} + 0 + 0 + (0.02 x 21,818)
= 1,286(kW)
Note:

*1: The value of MPP oo is used instead of MCRuye in accordance with paragraph 2.2.5.6.3.4

6) V.rat EEDI condition

Vier is obtained by the speed-power curves as a result of the sea trial in accordance with
paragraph 4.3.9 of the “2022 guidelines on survey and certification of the energy efficiency
design index (EEDI)” as amended. Suppose that V. of 18.5kn is obtained at 83% of MPPyotor,
in this example calculation at sea trial.
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7)  Calculation of the attained EEDI at sea trial

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”. The primary
fuel is LNG in this example calculation. In this case, SFCag_eiectric, gas mode at 75% of mcr IS equal
to SFCue()_electric, gas mode at 75% of Mcr, @Nd SFCag)_pituel iS €qual to SFCueg)_piotiuel-

PME '(CFMEiGas - SF! CMEiGas + CFMEfPiIaz/izel - SF CMEJUo;/he/)"’ P AE '(CFAEiGm - SF' CAEqus + CFAEiPilog/iw[ - SF' CAEiPiIo(/iwl)

Capacity -V,
 21.818x(2.750x161.7 +3.206 x 6.0 1,286 x (2.750 x 161.7 +3.206 x 6.0)
75,500(DWT) x 18.5(kn)

EEDI =

=17.67

Note:

*1: The average weighed value of SFCuk_electric, gas mode at 75% of Mcr @NA SFCaE()_electric,

gas mode at 75% of MCR is used;.
161.6x10,000(kW)x3+162.2x6,400(kW)

10,000(kW)x3+6,400(kW)

= 161.7(g/kWh)

*2: The average weighed value of SFCue piotiuer aNd SFCacg)_piwtiuer iS Used;
6.0x10,000 (kW)x3+6.1x6,400(kW)
10,000(kW)x3+6,400 (kW)

= 6.0(g/kWh)
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Appendix 6.3
Sample calculation for LNG carrier having diesel driven with re-liquefaction system

1. Preliminary calculation of attained EEDI at design stage

Attained EEDI for LNG carrier having diesel driven with re-liquefaction system at design stage
is calculated as follows.

1)  Specifications

MCR e 18,660 x 2 (KW) = 37,320 (KW)
SFCwme()_at 75% of MCR 165.0 (g/kWh)

SFCak(i)_at 50% of MCR 198.0 (g/kWh)
CargoTankCapacity nc211,900 (m3)

BOR 0.15 (%/day)
COPcooling 0 . 1 66
COPreliquefy 1 5 1 42

425(kg/m®) x 511(kJ/kg)

COP, i = = 15.142
rettauefy = 24(h) x 3600(sec) X COPeooing

R reliquefy 1

Deadweight 109,000 (ton)
2) Calculation of Pue

Pue is calculated in accordance with paragraph 2.2.5.1 of the “2022 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

Py o= 0.75 x MCR,;

=0.75% (18,660 +18,660) = 27,990(kW)

3) Calculation of Pae

Pae is calculated in accordance with paragraph 2.2.5.6.1 and 2.2.5.6.3 of the “2022 guidelines
on the method of calculation of the attained energy efficiency design index (EEDI) for new
ships”.

Pas =0.025x 2 O-OME(D + 250

+ CargoTankCaipacity.ne X BOR X COPreiiquety X Rreliquefy
=0.025 x 37,320 +250

+ 211,900 x 0.15/100 x 15.142 x 1

= 5,996 (kW)

4) V. at EEDI condition

Ver is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage.

Suppose that Vs of 19.7kn is obtained at 75% of MCRwe, in this example calculation at
design stage.

5) Calculation of the attained EEDI on design stage

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.
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Pup* Coyg = SFCyp + Pup» Crpp - SFC 4
Capacity - Vyer
27,990 x 3.206 x 165.0 + 5,996 x 3.206 x 198.0

EEDI = = 8.668
109,000(DWT) x 19.7(kn)

EEDI =

2. Final calculation of attained EEDI at sea trial

Attained EEDI for LNG carrier having diesel driven with re-liquefaction system at sea trial is
calculated as follows.

1)  Specifications

MCR wmeg 18,660 x 2 (kW) = 37,320 (kW)
SFChui()_at 75% of MCR 165.5 (g/kWh)
SFCak()_at 50% of MCR 198.5 (g/kWh)
CargoTankCapacitync 211,900 (m3)
BOR 0.15 (%/day)
COPcooling 0166
COPreliquefy 15142
cop.. o425 (kg / m*)x511 (kJ / kg) 15142

D 24 (1) % 3600 (se¢) X COP, g
Rreliquefy 1
Deadweight 109,255 (ton)

SFCumeg)_at 75% of mcr and SFCagg)_at 50% of mcr are in accordance with paragraph 2.2.7.1 of the
“2022 guidelines on the method of calculation of the attained energy efficiency design index
(EEDI) for new ships”.

Deadweight is in accordance with paragraph 4.3.10 of the “2022 guidelines on survey and
certification of the energy efficiency design index (EEDI)” as amended.

2) Measured values at sea trial
Relation between SHPseatiai and Ship’s speed shall be measured and verified at sea trial.
3) Calculation of Pye

Pue is calculated in accordance with paragraph 2.2.5.1 of the “2022 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

Py = 0.75 x MCR;,,
=0.75% (18,660 +18,660) = 27,990(kW)

4) Calculation of Pae

Pae is calculated in accordance with paragraph 2.2.5.6.3.1 of the “2022 guidelines on the
method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

Pae =0.025 x 2 0.0me + 250
+ CargoTankCaipacity.ne X BOR X COPrsiiquety X Rreliquefy
=0.025 x 37,320 +250
+ 211,900 x 0.15/100 x 15.142 x 1
= 5,996 (kW)
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5) Vi at EEDI condition

Vi is obtained by the speed-power curves as a result of the sea trial in accordance with
paragraph 4.3.9 of the“2022 guidelines on survey and certification of the energy efficiency
design index (EEDI)” as amended.

Suppose that Vs of 19.8kn is obtained at 75% of MCRwue(), in this example calculation at sea
trial.

6) Calculation of the attained EEDI at sea trial

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.

Puyp® Coyg = SFCyp + Pup» Crpp - SFC 4

EEDI =
Capacity - Vyer

EED] = 27,990 x 3.206 X 165.5 + 5,996 x 3.206 x 198.5 — 8629
- 109,255(DWT) x 19.8(kn) o
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Appendix 6.4
Sample calculation for LNG carrier having steam turbine propulsion system

1. Preliminary calculation of attained EEDI at design stage

Attained EEDI for LNG carrier having steam turbine propulsion system at design stage is
calculated as follows.

1)  Specifications

MCRSteam turbine 25,000 (kW)
SFCSteam turbine 241.0 (g/kWh)
Deadweight 75,000 (ton)

2) Calculation of Pue

Pue is calculated in accordance with paragraph 2.2.5.1 of the“2022 guidelines on the method

of calculation of the attained energy efficiency design index (EEDI) for new ships”.
PME: 083 x MCRSreamTurbim’

=0.83 x 25,000 = 20,750(kW)

3) Calculation of Pae

Pace is treated as 0(zero) because electric load (Pgenerator seatriar) is supposed to be included in
SFC steamTurvine, in accordance with paragraph 2.2.5.6.5 and 2.2.7.2.1 of the “2022 guidelines
on the method of calculation of the attained energy efficiency design index (EEDI) for new
ships”.

Pae = 0
4) V. at EEDI condition

V5er is obtained by the preliminary speed-power curves as the model tank test results at EEDI
condition at design stage.

Suppose that Vs of 18.7kn is obtained at 83% of MCR sweamtumine, in this example calculation
at design stage.

5) Calculation of the attained EEDI on design stage

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.
The primary fuel is LNG in this example calculation.

Pup® Coyg = SFCyp + Py Crpp - SFC 4

EEDI =
Capacity - Vyer

20,750 x 2.750 x 241.0 + 0

75,000 DWT) X 18.70kn) o1

EEDI =

2. Final calculation of attained EEDI at sea trial

Attained EEDI for LNG carrier having steam turbine propulsion system at sea trial is calculated
as follows.
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1) Typical configuration and example of measurement points at sea trial

Fuel Consumption seatriai

Steam Temperatire
and Pressure

FOU @ mmmmy | 0 Heatinn
& -
\Trum Temp, Dist, Plant Heating
Steam Press,
| !
— —— | — o
Dist. W, produftion |
progs L . —_— :
Condenserfacuum . Main Condenser | | TG 1 Poend
4 —= / N i
| SWED
N g
i | R, SR—
\/ Accommodaton

; Auxiliary Mach.

HP/IP Turbine

Poenarator_seatrial

Condenser Vacuim,
Volume of |Water

MCRS?EEM Turline

In addition to the above, in order to correct measured Fuel Consumption to the design
conditions corresponding to the SNAME condition, inlet air temperature, sea water
temperature, steam temperature, steam pressure, etc. are measured, as appropriate.

Pae is treated as O(zero) because electric load (Pgenerator seatriar) iS supposed to be included in
SFCsteamTurbine, in accordance with paragraph 2.2.5.6.5 and 2.2.7.2.1 of the “ 2022 guidelines
on the method of calculation of the attained energy efficiency design index (EEDI) for new
ships”.

2) Specifications

MCRSteam turbine 251000 (kW)
SFCSteam turbine 241.0 (g/kWh)
Deadweight 75,000 (ton)

3) Measured values at sea trial

Pgenerator_seatrial 980 (kW)
SHPseatrial 21 1520 (kW)
Fuel Consumption seatrir  5.95 x 108 (g/hour)

Each Fuel Consumption seatriar Should be corrected in accordance with paragraph 2.2.7.2 of
the “2022 guidelines on the method of calculation of the attained energy efficiency design index
(EEDI) for new ships”.

Coefficient of flow meter 1.0010
Steam temperature 500 degree Celsius
Steam pressure 5.85 (MPaG)
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Condenser vacuum 725 (mmHg)
Dist. water production 28.5 (t/day)
Inlet air temperature of FAN 45 degree Celsius

Lower calorific value of fuel used at sea trial 42,030 (kJ/kg)

4) Calculation of SFCstamturbine at sea trial
SFCsteamturbine i calculated in accordance with paragraph 2.2.7.2 of the “2022 guidelines on
the method of calculation of the attained energy efficiency design index (EEDI) for new ships”.

FuelConsumptiong, ;.
SFCSteamTurbine_SeaTrial(i) = SHP.
SeaTrial

5.95 x 10° ”
=WXC1XC2XC3XC4XC5XC6XC7
_5.95x10°
~ 21,520
= 240.7 (g/kWh)

Note:
*1:  SFC should be corrected to the value corresponding to SNAME and EEDI conditions, in
accordance with paragraph 2.2.7.2 .2 and .3 of the “2022_guidelines on the method of

calculation of the attained energy efficiency design index (EEDI) for new ships”.
Coefficients from C1 to C7 represent as follows.

%X 0.9871 x 0.8756 x 1.0010 x 1.0010 x 1.0035 x 0.9999 x 1.0028

C1: Coefficient of electric power to the electric load equivalent to

PAE = 0025 X MCRS{eam turbine + 250 = 875 (kW)

C2: Coefficient of LCV to the standard LCV of 48,000 kJ/kg for LNG fuel
C3: Coefficient of flow meter

C4: Coefficient of steam temperature and steam pressure

C5: Coefficient of condenser vacuum for steam turbine

C6: Coefficient of water feed of condenser
C7: Coefficient of inlet air temperature

SFCsteamturbine is calculated as the value to include all losses of machinery and,
gears necessary for main propulsion system and the specified electric load of
PAE.

Minimum two SFCstamturbine at around the EEDI power are obtained at the sea trial. However
in this example calculation, all SFCsteamtumine () are supposed to the same value of 240.7
g/kWh.

5)  Calculation of Pue

Pue is calculated in accordance with paragraph 2.2.5.1 of the “2022 guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships”.

Pyg = 0.83 X MCRsteamrurbine
= 0.83 x 25,000 = 20,750 (kW)
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6) Calculation of Pae

Pae is treated as 0(zero) because electric load (Pgenerator seatriar) iS supposed to be included in
SFCsteamTurbine, in accordance with paragraph 2.2.5.6.5 and 2.2.7.2.1 of the “2022 guidelines
on the method of calculation of the attained energy efficiency design index (EEDI) for new
ships”.

Pae=0
7) V. at EEDI condition

Vier is obtained by the speed-power curves as a result of the sea trial in accordance with
paragraph 4.3.9 of the “2022 guidelines on survey and certification of the energy efficiency
design index (EEDI)” as amended.

Suppose that Vs of 18.8kn is obtained at 83% of MCR swamtumine, in this example calculation
at sea trial.

8) Calculation of the attained EEDI at sea trial

EEDI is calculated in accordance with paragraph 2 of the “2022 guidelines on the method of
calculation of the attained energy efficiency design index (EEDI) for new ships”.
The primary fuel is LNG in this example calculation.

Pyue* Coyg * SFCyp + Pup* Crpp» SFC 4

EEDI =
Capacity - Vyer

_ 20,750 x 2.750 x 240.7 + 0 _
~ 75,000(DWT) x 18.8(kn)

9.74

End of
Document
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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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ANNEX
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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.

14 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

2.1 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 +ZPperij,shat, @S shown in paragraph 2.2.5.3 of EEDI Calculation Guidelines).

24 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: e.g. when Vi is kept constant, Pe will be reduced and
when Pp is kept constant, Vs will be increased.

Category (B): Technologies that reduce the propulsion power, Pp, at Ve, 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 (fer) 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 (fe) should be less
than 1.00.

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

M nMbp
[H ﬁj[ | Pre| Crved) - SF C\mnj + (PAE -Crae- SFCie *) + ({H fi- Y \Pprii
j=l =1 ; i

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(Pager )

propulsion power reduction (Pes )

M nPTy neff

eff neff
Serraiy- PAEetj(i))CFAE- SFCiue qu/(z) Peiiy- Crue- SF G * *
=] i=1

i:

Ji- Je- Capacity. fu-

(A) The combination of Pp and Vrer 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 . , Depending on
separated from overall performance of the vessel Efiective atall time | .\ iont environment
overall
performance of for=1 fer< 1 forr=1 o=l
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 desig

n switched off)
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4 Calculation and Verification of effects of Innovative Energy Efficiency
Technologies

41 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

4.2.1  Innovative energy efficiency technologies in category (A) affect Pr and/or V,erand 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 Ceue and SFCue (in the case of Ppryj >0, the average weighted
value of (SFCwue - Ceme) and (SFCae - Crae) ) and fer, and then be deducted from the EEDI
formula. In the case of category (B-1) technology, feris 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, SFCar and fer, 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 Pery; >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(fefi) * Perip- Cr. SFC) in attained EEDI formula:

For shaft power(s):

( Prrigiyshase — = Paeesrncennericy) / ( Pue) + Pprigishaft — * PagegreenMpric))s

where, If( PPT][i)‘Shgft - PAEeﬁ"T’]GEN'nPTl[i)) is taken negative value, the value ( PPT[()')'Shgft -
« Paregrneenneriy) Should be fixed to zero; and

For main engine(s):

Puewy / ( Pume@ + Pprigyshatt =+ PazesNeennpria)),
where, if  Pprigyshart — © PagerNeen'nericy 1S taken negative value, the value (- Periishas —
- Paregrncen'neriy) 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.

(‘ F funnel

bridge

blower Hl

air bubbles

Figure 1 — Schematic illustration of an air lubrication system

1.2 Method of calculation
1.2.1  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
f)ejf =P PeffAL P AEeffAL C:;Z Wn:j* (1)

* In the case of Peryy >0, the average weighted value of (SFCue * Crue) and (SFCae -
Crag)

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 P 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, 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 Purpu 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 Vs 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 Puyeegar by
Pyein 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 Pygesar BY Pue in
EEDI Calculation Guidelines in sea trial condition (see figure 2);

4 air lubrication system off

MCR in fully loaded condition
o y

/ airlubrication system off
in sea trial condition

75%MCR

airlubrication system on

EDR in fully loaded condition

Full

BHPKW]

. ) airlubrication system on
’ in sea trial condition

>
»

Vref Vs[knot]

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

5 Paeepae : 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: Ppes. ; and

2 the detailed calculation process of the additional power necessary for running
the air lubrication system: Pzeju;.
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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.er 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-A4D =(1-ED X fal
IeFull ( RFull) I_EDRTr

ial
E)
i.e.

1-ADR
ADRy,;; =1-(1—EDRy, ;) % ——— Trial

ial
1-EDR,,

ial

I\CIRCAMEPC\01\MEPC.1-CIRC.896.docx



MEPC.1/Circ.896
Annex, page 9

airlubrication system off in fully loaded condition
estimated based on sea trial result

A
MCR ,/

airlubrication system off in sea trial condition

) (seatrial result)

75%MCR

ADR;,, =1-(1- EDR;,;)
x 1- ADRTria[
1- EDR

BHPKW]

A,

Trial

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

Vref Vs[knot]

Figure 3 — Calculation of the actual reduction rate of propulsion power
(ADRsiui and ADRyia) 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:

= ADR;,, x Py 3)
= ADRTria/ X PP (4)

PPe{ﬁAL _ Full
P PeffAL _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 V., 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 (ADRy.
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 Pex and
availability factor fer , 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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23 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:

1 0.5144 V
w

FV w PV w

with FF 0 F F 0

(sorting all force matrix elements in descending order)

and w - w -
(defining g: the number of elements added in the formula)

Where:

A (fer * Pes) is the available effective power in kW delivered by the specified
wind assisted propulsion system. fer and Per 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 a 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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24 Wind propulsion system force matrix F(Vef)«
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 In the 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.

242 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 Ckxis 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.

2 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:

Crx=Fx/ (0.5 p V2 A)

Where:

A Ckxis 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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Where:

A z is 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 \% is the wind velocity at 10 m above sea level;

3 v 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 ACg, obtained from the test, calculate the average wind
propulsion coefficients (4ACr)« of the wind assisted propulsion system
corresponding to Wj; 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(Vef)k Of the full scale ship corresponding to Wi by following formula:
F(Vret)k = (ACr)ik * (0.5 p ViZ A)

Where:

A (ACkx)« is the average wind propulsion coefficients corresponding to
W;

2 p is the average air density in shipping environment, p=1.225 kg/m3;

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

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;

5 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);

Ve 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) 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

2441 Force F(Vwe)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)k 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
251 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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25.2 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

o L fu) w f=) w o w =1 uy =) w =
= P o = Ll - = @ = @ = =

w0 It [= I =]
a8 = A F & =]
Longitude

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 * Perr) has to be multiplied with the conversion factor Crve 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(Vrer)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.
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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.

I\CIRCAMEPC\01\MEPC.1-CIRC.896.docx



MEPC.1/Circ.896
Annex, page 20

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:

M

where and 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 py 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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GLOBAL WIND PROBABILITY MATRIX W

APPENDIX 2

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 [°]
0 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]0.0001]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{0.0001{0.0001]0.0001]0.0001/0.0001]0.0001]0.0001]0.0001
<2 0.0005|0.0005|0.0005)0.0005)0.00050.0005[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] 0.00080.0008[ 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]0.00110.0010]0.0010/0.0010] 0.0010[0.0011[0.0011[0.0011[0.0011[0.0011
<5 0.0017[0.0017{0.0017[0.0016{0.0016{0.0015{0.0015]0.0015]0.0014]0.00140.0013]|0.0013|0.0013]|0.0012]0.0012]0.0012] 0.00120.0012] 0.0013]0.0013[0.0013[0.0013[0.0013] 0.0013
<6 0.0021{0.0020(0.0020{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[0.0021[0.0020{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] 0.00140.00140.0015[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|0.00130.00130.0013/0.00130.0013|0.0013[0.0013[0.0014(0.0014[ 0.0014
<9 0.0017[0.0017{0.0017[0.0016{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]0.00110.00110.0011]0.0011[0.0012[ 0.0012)
<10 0.0013[0.0013{0.0013[0.0013{0.0013]0.0013]0.0012]0.0012]0.0011]0.0011]0.0010]0.0010]0.0010]0.00090.00090.0009]0.00090.0009|0.00090.00080.0008/0.0008/0.0009| 0.0009
<11 0.0010]0.0010|0.0010]0.0010|0.00090.0009{0.0009|0.0009|0.0009|0.0008 0.0008| 0.0008| 0.0008|0.00070.00070.0007[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] 0.00070.0006] 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 0.0004[0.0005{0.0005[0.0005{0.00040.0004|0.0004 | 0.0004| 0.0004] 0.0004 | 0.0004]0.0003]0.0003|0.0003| 0.00030.0003| 0.0003|0.0003| 0.0003|0.0003|0.0003]0.00020.0002 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] 0.00020.00020.0002[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]0.00010.0001]0.00010.0001]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{0.00010.0001]|0.0001]0.0001]0.0001]0.0001{0.0001{0.0001]0.0001]0.0001/0.0001]0.0001)0.0001]0.0001
<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]0.00010.00010.0001]0.00010.0001]0.00010.0001[0.0001[0.0001[0.0001f0.0001
<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|0.0000|0.0000|0.0000|0.0000|0.0000]0.0000|0.00000.0000[0.0000{0.00000.0000{ 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|0.00000.0000{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|0.00000.0000|0.0000|0.0000|0.0000|0.0000|0.0000|0.0000]0.0000| 0.00000.0000[0.0000{0.00000.0000{ 0.0000
<24 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{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[0.0000] 0.0000] 0.0000] 0.0000] 0.0000] 0.0000] 0.0000] 0.0000] 0.0000] 0.0000] 0.0000] 0.0000]
Wind Angle [°]
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]0.00010.0001]0.00010.0001]0.00010.0001[0.0001[0.0001{0.0001[0.0001
<2 0.0005[0.0005{0.0005[0.0005{0.00050.0005{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[0.00050.0005 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]0.00090.0009]0.0009]0.0008]0.0008]0.0008|0.00080.0008/0.0008/0.0008 0.0008
<4 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|0.0013|0.0013|0.0012|0.0012| 0.0012|0.0012(0.0011}0.0011{0.0011}0.0011
<5 0.0014[0.0014[0.0015[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]0.0021]0.0021]0.0021]0.0021]0.0020| 0.00200.0019 0.0018|0.0018] 0.0017|0.00160.0016[0.0015[0.0015[ 0.0014
<7 0.0016[0.0016{0.0017[0.0018[0.0019]0.0020{0.0021]0.0021]0.0022|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|0.0016 (0.0016|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[0.0009{0.0010[0.0010{0.0011{0.0011{0.0012]0.0012]0.0012]0.0013]0.0013]0.0013|0.0013]0.00130.00130.0013]0.0013|0.0013] 0.0012|0.0012[0.0011[0.0011[0.0010[ 0.0010
<11 0.00060.0006{0.0007[0.0007{0.0007  0.0008| 0.0008 | 0.0008| 0.0009] 0.00090.0009]0.00100.0010]0.0010] 0.0010]0.0010] 0.0009 0.0009] 0.0009 0.0009[0.0009| 0.00080.0008 0.0008
<12 0.0004[0.0004{0.0004[0.0005{0.0005|0.0005{0.0005| 0.0006| 0.0006 | 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)0.00030.00030.0003{0.0004|0.0004]0.0004 |0.0004 [0.0004| 0.0004 | 0.0004]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] 0.00020.00020.0002[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]0.00010.0001]0.00010.0001]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]0.0001]0.00010.0001]0.00010.0001]0.0001{0.0001{0.0001[0.0001{0.0001{0.0001
<18 0.0000]0.0000|0.0000)0.0000|0.00000.0000{0.0000{0.0000{0.0000{0.0000{0.0001]0.0001]0.0001]0.0001]0.0001]0.0001{0.0001{0.0001]0.0001]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|0.00000.0000|0.0000|0.0000|0.0000|0.0000]0.0000|0.0000]0.0000| 0.00000.00000.0000{0.00000.0000{ 0.0000
<21 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{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|0.00000.0000{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[0.0000] 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|0.00000.0000|0.0000|0.0000|0.0000|0.0000|0.0000| 0.0000]0.0000| 0.00000.0000[0.0000{0.00000.0000{ 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]0.00010.00010.0001]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[0.0001)0.0001)0.0001
<2 0.0005[0.0005{0.00050.0005{0.00050.0005[0.0005|0.0005|0.0005]0.0005|0.0005]0.00050.0005|0.0005| 0.00050.0005| 0.0005] 0.0005 | 0.0005| 0.0005 | 0.0005 [ 0.00050.0005[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]0.0011]0.0011]0.0011]0.0011]0.0011]0.0011]0.00120.00120.00120.0013|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|0.00140.0014]0.0015/0.0015]0.00160.00160.00170.0017[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|0.0014/0.00140.0015|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]0.00150.00160.0016]0.0017]0.0018 0.0019] 0.0020 | 0.0021]0.0021[0.0022[0.0022(0.00230.0022)
<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[0.0011{0.0011{0.0011{0.0011{0.0011{0.0011]0.0011]0.0011]0.0011]0.0012]0.0012]|0.00120.0012|0.0013|0.0014] 0.00140.0015|0.0016|0.0016 0.0016 0.0017[0.00170.0017,
<10 0.0010{0.0009{0.0009{0.0009{0.0009|0.0009{0.0009|0.0008|0.0008|0.00080.0009]0.00090.00090.00090.0010]0.0010]0.0011]0.00110.0012/0.0012[0.0012{0.0013[0.0013{0.0013
<11 0.0008]0.00070.00070.0007]0.0007 | 0.0006{0.0006|0.0006|0.0006 | 0.0006 [0.0006| 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{0.00050.0005(0.0005|0.0004|0.0004 | 0.0004 | 0.0004]0.0004 | 0.0004]0.0004]0.0004 |0.0004]0.0004 | 0.0005| 0.0005] 0.0005 | 0.0005| 0.0006 | 0.0006 [0.0006 [ 0.00060.0007|
<13 0.0003[0.0003{0.0003|0.0003{0.00030.0003|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 [0.00040.0004  0.0004
<14 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|0.00020.0002| 0.0002 0.0002[0.0002| 0.00020.0003 0.0003[0.0003[0.0003
<15 0.0001]0.00010.00010.0001]0.00010.0001{0.0001{0.0001{0.0001{0.0001{0.00010.0001)0.0001)0.0001]0.0001]0.0001{0.0001{0.0002{0.0002|0.0002|0.0002 |0.0002)| 0.0002)| 0.0002
<16 0.0001]0.00010.00010.0001]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[0.0001)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]0.00010.00010.00010.0001]0.00010.0001[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]0.0000|0.0000|0.0000 |0.0000]0.0000|0.0000] 0.00000.0000[0.0000{0.0000{0.0000{0.0000{0.0001{0.0001
<19 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|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]0.00000.0000]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|0.0000]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
<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 | 0.00000.00000.0000 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 | 0.00000.0000|0.0000 [0.0000{0.0000{0.0000
<24 0.0000]0.00000.00000.0000|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]0.00000.0000]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 | 0.00000.0000|0.0000 0.0000{0.0000{0.0000
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ANNEX 2¢

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 Vir.

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.

I\CIRCAMEPC\01\MEPC.1-CIRC.896.docx



MEPC.1/Circ.896
Annex, page 25

Low Temperature Heat
Recovered Exhaust Gas

faa)

\ Heated heat media (steam etc.)
)

{
(
[(
[(
[(

P
<

High Temperature| ‘ EIeCt"_c
Exhaust Gas f Generation

Electric Generation

z

Tioﬁ i

©OO000 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.

. (1)
In the above equation, Pz is power produced by the waste heat recovery system.
Pueer 10ss 1S the necessary power to drive the waste heat recovery system.

1.2.1.2 Pueerr 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.

AEeff = 77_g ’ (2)

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 Pugey 1oss 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))
21 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 { Prax % (1 — Lothers | 100) x N/flGEN} (1)

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

2.2.1.2 Effective coefficient fs 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:

Jeir = Jraa X (1 + Liemp / 100) )

2.21.3 fua 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 P4y 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 Loumesis 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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GUIDANCE ON METHODS, PROCEDURES AND VERIFICATION OF
IN-SERVICE PERFORMANCE MEASUREMENTS

1 The Marine Environment Protection Committee, at its seventy-eighth session
(6 to 10 June 2022), approved the Guidance on methods, procedures and verification of in-
service performance measurements for the purpose of the EEXI calculation, 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.
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ANNEX

GUIDANCE ON METHODS, PROCEDURES AND VERIFICATION OF IN-SERVICE
PERFORMANCE MEASUREMENTS
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1 Introduction

In cases where the speed-power curve is not available or the sea trial report does not contain
the EEDI or design load draught condition, the ship speed V. can be obtained from the in-
service performance measurement method for the purpose of the EEXI calculation, in
accordance with paragraph 2.2.3.5 of the EEXI Calculation Guidelines, as set out in resolution
MEPC.350(78).

2 Overview

21 When carrying out the in-service performance measurements, common international
standards’ should be referred to, unless explicitly specified in this guidance.

2.2 An overview of preparations and procedures are outlined in the table below. The
preparations and the processes should be discussed and agreed at the pre-meeting, see
section "Preparations”.

Table 1: In-service performance sea trial preparations and procedures

In-service performance measurement analysis

Step 1: Preparing sensors Speed log / GPS
Echosounder
Heading control
Fuel flow meter
Shaft torsion meter
Draft measurement

Gyro compass

Step 2: Pre-trial parameters Displacement
Forward/Aft draughts
Water depth

Air/Sea temperature
Seawater density
Anemometer height
Fuel density

Fuel LCV

Sea state
Wind

Water depth
Currents

Step 3: In-service performance
measurement

Step 4: During trial parameters Reported data
System prints
Equipment control

Fuel analysis

Shaft RPM/Power

Heading

Ship's speed

Distance

Wind speed/direction
Current speed/direction
Wave height/period/direction

Step 5: Documentation

L Such as ITTC quality procedures, ISO 15016:2002, ISO 15016:2015 and/or ISO 19030:2016.
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2.3 When using the in-service performance measurement method, a meeting should be
arranged between all stakeholders involved in the process: the owner, the possible consultant,
the verifier and the authority before conducting the in-service performance measurements. An
overview of the available information including but not limited to ship design, energy saving
devices (ESD) and measurement sensors should be included. The plan for the period of the
in-service performance measurements should be agreed upon and expectations regarding the
delivery of the analysis and its format should be aligned.

3 Preparations
3.1 One of the most important aspects of a successful in-service performance
measurement procedure is the preparation. Relevant instruments should be calibrated and

their operational conditions prior to the commencement of the trials should be confirmed by
the verifier.? The list below indicates the primary instruments to be used for collecting the data:

Table 2: Sensors for In-service performance trials

Sensor Remarks

The measurement system should be certified for power
Shaft torque meter measurements with a bias error as small as practicable. Zero setting
checked before and after test.

GPS The GPS system should operate in the differential mode to ensure
sufficient accuracy.

It should be clear of possible obstructions (superstructure, masts,

Anemometer funnel, etc.) and its height from sea level recorded.

Draft measurement system (if available and calibrated): Otherwise,

Draft measurements physical observation is required.

Speed log The sensor should have been cleaned recently.

Important for checking water depth for safety and ensuring there are

Echo sounder no effects from shallow water on the ship performance.

Should be checked before the trial and be able to provide a course

Course recorder . : ,
printout following each trial run.

Either volume flow or mass flow meters to be fitted to ships. Both
Fuel flow meter should be calibrated and cleaned/maintained as per manufacturer’'s
recommendations.

Record the ship's heading during the voyage and should be

Gyro compass calibrated prior to the trials.

3.2 The ship should be equipped with a calibrated shaft torque meter, at least for the
complete duration of the in-service performance measurement. For verification and cross
checks, the detailed fuel properties information, the logged engine room conditions and the
fuel oil consumption details will give an estimate of the power used at a certain fuel oil
consumption value.

3.3 If an automated data acquisition system is installed on board, this should be checked
for accuracy prior to the performance measurements, to ensure that the system has the
required precision and measurement frequency, that can provide a trace of all the data
required.

The Verifier is the flag Administration, or a competent organization delegated by the flag Administration.
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3.4 Before the start of each performance measurement run, the following should be noted
in the data logging template form (example appendix C):

Table 3: In-service environment and conditions

Parameter Remarks

Displacement Speed trials should be performed at displacement and draught
conditions, which are comparable to those of the delivery sea
trials or model tests or assumed ballast conditions. The trim shall
) be maintained within very narrow limits. For the even keel
Draught forward, mid and aft condition, the trim shall be less than 0.1 % of the length between
perpendiculars. For the trimmed trial condition, the fore draught
shall be within £ 0.1 m of the ship's ideal condition.

Water depth No remarks

Air temperature Air temperature and pressure should be measured using a
calibrated thermometer and barometer.

Air pressure

Sea water temperature The local seawater temperature and density at the trial site
should be recorded to enable the calculation of the ship's

Sea water density displacement and corrections with regards to viscosity. The water
temperature should be taken at the waterline level.

Anemometer height Its height from sea level should be recorded.

Fuel density The fuel's density and LCV to be obtained from a laboratory’s

Fuel LCV analysis report.

3.5 The in-service performance measurements should be performed at the EEXI draught

condition, and if data exists for a reference condition, then a set of in-service performance
measurements may also be performed at this condition in order to better calibrate the speed-
power relation.

A The reference condition is the condition for which the ship documentation
exists, e.g. a sea trial curve in ballast or a sea trial/model test curve in
design conditions. The in-service performance measurement result may be
calibrated towards the reference condition curve. The use of a reference
condition, if available, should not lead to overestimation of the Vref but can
be a useful tool to verify and calibrate the speed-power relation. If a
reference condition is used, this calibration result may also be used for the
EEXI draught condition.

2 The EEXI draught condition is the draught condition as provided by
paragraph 2.2.2 of the 2018 Guidelines on the method of calculation of the
attained EEDI for new ships (resolution MEPC.308(73), as amended, the
"EEDI Calculation Guidelines" hereafter). The performance measurements
results are used with the same calibration factor as at the reference
condition if available.

3.6 In case the exact EEXI draught condition cannot be met, the Admiralty Coefficient
formula may be accepted to adjust the speed-power relation, only for displacement variations
of up to 2%, or to the satisfaction of the verifier.
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3.7 The ship should perform at least one set of in-service performance measurements for
the EEXI draught condition, and at power settings equivalent to the EEDI trial conditions (set
out in MEPC.1/Circ.855/Rev.2, as amended). If that is not possible, then at each of the
following power settings of 30%, 60%, 75% and 90% of MCR, with a margin of +/— 5%. If data
for a reference condition is available, another set of in-service performance measurements
should also be carried out at this condition for calibration purposes.

3.8 In case where an overridable Shaft/Engine Power Limitation is installed, the power
settings of 30%, 60%, 83% and 90% of the limited power may be used, with a margin of +/— 5%
for both sets of in-service performance measurements, to the satisfaction of the verifier.

3.9 If the in-service performance measurements are performed at consecutive power
settings, sufficient time in between change of settings should be considered, to be sure that
steady state conditions are obtained.

3.10 The duration of each run should be performed according to table 4.

3.1 Prior to the in-service performance measurements, the weather forecast should be
studied to ensure that favourable weather conditions will prevail during the trials (close to calm
conditions).

3.12 Crew members involved in the execution should be familiar with the performance
measurements and be aware of their tasks and the importance of the measurements collected.

3.13 Safety of the ship is paramount, and the performance measurements should be
suspended should any risks to the ship and/or crew be detected. All rules and regulations, as
well as good seamanship, are to be followed at all times.

3.14 The conditions and plans specified in this section should be examined and confirmed
by the verifier prior to the in-service performance measurements.

3.15 The ship may experience fouling of the hull and the propeller, which may influence
the performance of the ship. If the ship is heavily fouled during the in-service performance
measurements, the V¢ attained may be less than expected and this will lead to a penalty in
the attained EEXI. It is recommended to carry out in-service performance measurements when
the ship has a clean hull and propeller.

3.16 The ship may have installed ESDs post delivery. This will affect the performance and
the in-service measurement may be used to reflect the effect of ESDs, as provided in
paragraph 2.2.3.7 of the EEXI Calculation Guidelines.

4 During the in-service performance measurements

4.1 Once the in-service performance measurements have begun, variations should be
minimized, as the accuracy of the ship performance measurements can be influenced greatly
by fluctuations in the parameters. Thus, all control levers should remain unchanged.

4.2 An experienced helmsman or adaptive autopilot will be required to maintain heading
during each run. Minimum rudder angles are to be used while maintaining a steady heading.
The helm corrections should be limited to five (5) degrees or less.

4.3 The following conditions should be met, in order to reduce the influence of corrections
and obtain the best possible accuracy of the results of the performance measurements:
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Table 4: Environmental conditions for in-service performance measurements

Parameter Remarks
Sea state Conditions as specified in ISO 15016: 2015
Wind speed Conditions as specified in ISO 15016: 2015
Water depth Conditions as specified in ISO 15016: 2015
Avoid areas with known high current values and variations. During the trials,
Currents the following condition should be met: V;ps — Voryy < 0.3 knots,
or conditions as specified in ISO 15016: 2015
Trials period Trials should be conducted in daylight
. The run duration should be the same for all speed runs with a minimum of
Duration . :
10 minutes, see figure 1 below

4.4 If any of above conditions are no longer met during in-service performance
measurements, it should be necessary to abandon the run.

4.5 Each set of the in-service performance measurements in the respective load condition
should be executed as at least one set of double runs. It is important that the ship is running
on the same track and when the monitoring begins, the conditions are in steady state
conditions. Each speed run should be commenced and completed at the same place.

FINEX COMEX

——

 210min
\Q\ B B B Approih
T Lo V)
—~—

COMEX FINEX

Figure 1: Sea trials with double runs

4.6 During the in-service performance measurements, accurate recordings of the
required parameters are of great importance. Recording of parameters for each run should
start when steady state ship conditions are met.

4.7 The following data should be collected at the beginning and end of each performance
measurement run:

Main engine supply flowmeter reading [Itr/h] or [kg/h]
Main engine supply flowmeter temperature [deg]
Main engine return line flowmeter reading* [Itr/h] or [kg/h]
Main engine return line flowmeter temperature* [deg]

(*For ships fitted with flowmeter on return line)

4.8 The following data should be collected with a sampling rate of at least 1 Hz during the
in-service performance measurement:
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Table 5: Logged parameters during in-service performance measurements

Parameter Unit
Date dd-mm-yyyy
Time hh:mm:ss
Revolution counter reading [s™]
Shaft power [kW]
Heading [deg]
Ship's speed (GPS and Speed Log) [knots]
Distance ("0" should be at the beginning of each run) [nm]
Relative wind speed [m/s]
Relative wind direction (coming from) [deq]
Current speed [knots]
Relative current direction (going to) [deq]
Observed wave height [m]
Observed wave period [s]
Observed wave direction (going to) [deq]

4.9 Apart from power, rpm and consumption, average prevailing values for the following

main engine parameters should be provided for each run for the following:

Scavenge air temperature [deq]
Scavenge air pressure [kg/cm2]
Blower air inlet temperature [deg]

4.10 These, as well as any other main engine data should be collected at local sensors'
display and not their repeaters inside the ECR.

4.11 As far as practicable, the in-service performance measurement should be withessed
by the verifier. The verifier should be able to confirm that the in-service performance
measurement was conducted in accordance with the agreed procedures.

5 After the in-service performance measurements

5.1 All information collected should be checked by the verifier and any errors/typos should
be noted in supplementary documentation, including any corrected/replaced values clearly
marked in the form. Data which is continually recorded should be provided "as is" and non-
variable data should be noted at the beginning and the end of the in-service performance
measurements in order to confirm that any changes are set to a minimum.

5.2 For each run the following should be submitted:

A one filled-in soft copy of the "In-service performance monitoring reporting
form" (appendix C);

2 printouts and/or soft copies from the performance monitoring system output;
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3 printouts and/or soft copies from the loading computer calculations
representing the loading condition at which the run took place; and

4 printouts and/or soft copies from the course recorder for the period covering
the run.
5.3 Also, a copy of the fuel oil analysis for the fuel used during the in-service performance

measurements should be submitted.

54 Any comments about the in-service performance measurements, including any large
variations in environmental conditions, should be noted.

5.5 A summary of the required information to be submitted for verification can be found
in appendix A, B, and C.
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APPENDIX A

INFORMATION TO BE SUBMITTED PRIOR TO CONDUCTING THE IN-SERVICE
PERFORMANCE MEASUREMENTS

The following information should be submitted prior to conducting the performance
measurements.

Document Mandatory | Optional
Hydrostatics ] X
Shop tests of main engine X ]
Sea trials (machinery and hull part) X ]
Model tests L] 2
Propeller characteristics and structural drawings ] X
GA drawing X ]
Details of appendages and rudder ] X
Fuel oil piping diagram L] X

Ship's main particulars
IMO number:

Date delivered:

Ship's email address(s):

Date ship was launched (when did ship
enter the water):

Ship's name:

Owner:

Managing company:

Ship type:

Ship capacity
Yard:

Length overall (m):

Length between perpendiculars (m):
Breadth moulded (m):

Depth to upper deck (m):

Design draft (m):

Design displacement (mt):
EEXI draft (m):
Displacement at EEXI draft (mt)

Lightship weight (mt)
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Design speed (knots):

Dry-docking history (within the last five years ):

Date

Yard

Coating specs

Hull treatment

Please attach

Please attach

Hull cleaning and propeller polishing history since last dry-dock:

Date

Place

Brief description of works

Propeller polishing standard*

*only for propeller polishing events

Main engine(s)

Maker:

Type:

Number:

Type of fuel:

MCR (kW):

SMCR (kW) x RPM:

Main engine modifications/upgrades

Yes

Derating

T/C cut offs

Part load tuning

Low load tuning

Retrofit

(please provide details)

O gdigion

O [gdigioig g

Other modifications

(please provide details)

[

[
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Propeller(s) including modifications/upgrades
Type: (FP or CPP)
Diameter (m)
Pitch (m)
Number

Yes | No
Trimmed L] L]
Other (please state) L1 |
Propulsion improvement devices

Yes | No
Ducts L] L]
Fins ] L]
Other (please provide details) ] L]
Power measurements

Yes | No
By torsion meter O g
(Details of torsion meter including last calibration)
By load indicator diagrams L1 |
Other method (please provide details)
Performance monitoring systems

Yes | No
PMS O
please provide details of type and maker
Fuel measurements

Yes | No
By volume flowmeter ] L]
(Details of flowmeter including last calibration)
By mass flowmeter O g
(Details of flowmeter including last calibration)
Soundings O g
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Other instruments & gauges used for data collection

Dates of Calibration

Speed log

DGPS

Anemometer
Provide height of anemometer in metres: ...........

Other (please provide details)

Additional information

Yes | No

Reduction gear

_ : O
(please provide details)
Shaft motor

, : O
(please provide details)
Shaft generator

: , O
(please provide details)

Person to be contacted for further info:
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APPENDIX B

INFORMATION TO BE SUBMITTED FOR VERIFICATION AFTER THE IN-SERVICE
PERFORMANCE MEASUREMENTS

The following information needs to be submitted after conducting the in-service performance
measurements.

Document Mandatory | Optional

Calibration certificate of torquemeter X ]

Calibration certificate of flowmeters L] X

Calibration certificate of anemometer ] X

Calibration certificate of speed log L] X

Calibration certificate of GPS ] X

Calibration certificate of echosounder ] X

Calibration certificate of gyro compass ] X

Fuel oil analysis X ]
Furthermore, for each run, the following needs to be submitted:

Document Mandatory | Optional

Sea trial reporting form X ]

A printout of course recorder X ]

A printout of.ME load indicator (depicting the loading condition of the ship [ g *

during the trials)

A printout/soft copy of the anemometer output (if the anemometer is [ g *

digital)

* Optional, but highly recommended outputs
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APPENDIX C

EXAMPLE OF THE IN-SERVICE PERFORMANCE MEASUREMENTS REPORTING FORM

The form below includes all in service measurements at one loading condition.
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Introduction

This procedure applies to all cases of Class Societies’ involvement in conducting the survey
and certification of EEDI in accordance with regulations 5, 6, 7, 8 and 9 of MARPOL Annex VI.

1 Definitions

Industry Guidelines - means the “2024 Industry Guidelines for calculation and verification of the
Energy Efficiency Design Index (EEDI)” that may be revised in order to remain in line with the
relevant IMO Guidelines.

Verifying Society - is a Society which conducts the survey and verification of EEDI of a ship.

Witnessing Society - is a Society which has witnessed the towing tank test of a ship of the same type
as the ship whose EEDI is verified by the Verifying Society. “Ship of the same type” is defined in IMO
“2022 Guidelines on Survey and Certification of the Energy Efficiency Design Index (EEDI)” as amended.

Witnessing protocol - is a document showing evidence of the witnessing and acceptance of the
towing tank test by the Witnessing Society, with indication such as date, signature and possible
remarks of the attending surveyor.

2 Scope of the procedure

The scope of this procedure is defined in Part I of the Industry Guidelines.

3 Calculation of EEDI

The procedure to compute the EEDI is documented in Part II of the Industry Guidelines. For the
purpose of this Procedural Requirement, calculation of the EEDI is to be performed in accordance
with IMO “2022 Guidelines on the method of calculation of the attained Energy Efficiency Design
Index (EEDI) for new ships, as amended” and Part II of the Industry Guidelines, as amended.

Note:

1. This Procedural Requirement applies from 1 July 2013.

2. Rev.1 of this Procedural Requirement applies from 1 July 2016.

3. Rev.2 of this Procedural Requirement applies from 1 July 2019.

4. Rev.3 of this Procedural Requirement applies from 1 April 2021.

5. Rev.4 of this Procedural Requirement applies from 1 April 2023.

6. Rev.5 of this Procedural Requirement applies from 1 January 2025.
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4 Verification of EEDI

The procedure to verify the EEDI is documented in Part III of the Industry Guidelines, together
with Appendixes 1, 3, 4 and 5. For the purpose of this Procedural Requirement, verification of
the EEDI is to be performed in accordance with IMO “2022 Guidelines on Survey and Certification
of the Energy Efficiency Design Index (EEDI)” as amended and Part III of the Industry Guidelines,
as amended.

A sample of document to be submitted to the Verifier including additional information for
verification is provided in Appendix 2 of the Industry Guidelines.

5 Acceptance of towing tank tests witnessed by another society

Further to the agreement of the submitter of the EEDI Technical File and the Shipowner, a
Verifying Society may accept towing tank tests reports witnessed by another Society if the towing
tank tested ship is of the same type as the ship of which the EEDI is verified.

Copies of the following documents are to be provided to the Verifying Society, with due
consideration given to the protection of the Intellectual Property Rights (IPR) as indicated under
paragraph 14 of the Industry Guidelines:

— Calculation of the reference speed of the verified ship explicitly making reference to the speed
power curves of the tank tested ship model

— Witnessing protocol of the tank tested ship endorsed by the surveyor of the Witnessing Society

— Towing tank test report of the tank tested ship

On specific request of the Verifying Society, the following additional information is to be submitted:

— Ship lines and model particulars, loading and operating conditions of the tank tested ship
as described in 4.2.7.2 of IMO “2022 Guidelines on Survey and Certification of the Energy
Efficiency Design Index (EEDI)” as amended, showing that the verified ship and the tank
tested ship are of the same type

If some of the relevant information is held by the original Witnessing Society, the submitter should
authorize the Witnessing Society to make the information available to the Verifying Society.

6 New ship (as per MARPOL Annex VI regulation 2.2.18) designed before the entry into
force of the MARPOL Annex VI amendments introducing the EEDI

It is expected that the towing tank tests of a new ship performed before the entry into force of
MARPOL Annex VI amendments introducing the EEDI have not been witnessed by a Verifier. In
this case, towing tank test results provided by a tank test organization with quality
control certified according to a recognized scheme or with experience acceptable to the
Verifying Society may be accepted by the Verifying Society.

6.1 Attachment

202 Industry Guidelines for calculation and verification of the Energy Efficiency Design Index
(EEDI), see Chapter 8 of this Publication.
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THE TERM OF "HEAVY LOAD CARRIER"
FOR THE APPLICATION OF EEDI/EEXI AND CII

1 General

This document provides recommendations on the term of "heavy load carrier” for the consideration
to the application of EEDI/EEXI and ClI, associated with the definition in Regulation 2.2.15 of MARPOL
Annex VI.

2 Background

2.1 The application of EEDI/EEXI and CII is specified in Regulation 22.1, 23.1, 24.1, 25.1, 26.3,
28.1 and 28.4 of MARPOL Annex VI as amended by Res. MEPC.328(76). General cargo ship which
is defined in Regulation 2.2.15 is to be subject to these Regulations of EEDI/EEXI and CII.

2.2 Regulation 2.2.15 of MARPOL Annex VI defines “General cargo ship” as stated below. As per
this definition General cargo ship, excludes livestock carrier, barge carrier, heavy load carrier,
yacht carrier and nuclear fuel carrier, towards EEDI/EEXI and CII regulations ; however, “heavy
load carrier” is not defined in the regulation.

“15 General cargo ship means a ship with a multi-deck or single deck hull designed
primarily for the carriage of general cargo. This definition excludes specialized dry
cargo ships, which are not included in the calculation of reference lines for general cargo
ships, namely livestock carrier, barge carrier, heavy load carrier, yacht carrier, nuclear
fuel carrier.”

2.3 According to Table 2 in Guidelines for calculation of reference lines for use with the Energy
Efficiency Design Index (EEDI) (Res. MEPC. 231(65)), the following ships are not included in the
calculation of reference lines for use with the EEDI.

“Heavy load carrier, semi-submersible: A heavy load carrier which is semi-submersible
for the float on loading/unloading of the cargoes.”

“Heavy load carrier: A cargo vessel able to carry heavy and/or outsized individual
cargoes. Cargo may be carried on deck or in holds and may be loaded by crane and/or
ro-ro ramps.”

3 Recommendation

3.1 Following may be considered as “heavy load carrier” in the context of regulation 2.2.15 of
MARPOL Annex VI :

a) (Heavy Load) Deck Carriers?

b) Semi-submersible Project Cargo Carriers

c) Semi-submersible (Heavy load) Deck Carriers? (including dock lift ships)

3.2 In addition to 3.1, the following may be considered as “heavy load carrier” subject to
endorsement by the Flag Administration:

a) Heavy Lift Multi-Purpose ships (Refer 3.2.1 below)

b) Premium Project carriers (Refer 3.2.1 below) and

c) Project Cargo Carriers (Refer 3.2.2 below)

Footnotes:
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1 Vessels, which do not feature a cargo hold and carry project cargo on a flat deck; Not fitted with cargo coamings/ chutes/
tippers.
Normally regarded as Heavy Load Carrier by IHS Fairplay

N

3.2.1 Heavy Lift Multi-Purpose ships and Premium Project carriers, which are fulfilling the
adapted criterion of “Ships engaged in lifting operations” as per 2008 IMO IS Code ( as amended
by MSC.413(97)), as follows:

ur a 6 a n

Where:
SWL = maximum safe working load of crane of one single crane
Outreach = outreach from turning axis of crane
Displacement = displacement of vessel at draft T
T = freeboard draft

= the moulded breadth of the vessel measured amidships at draft T
D = depth for freeboard

3.2.2 Project Cargo Carriers with or without cargo gear, for which the flag Administration may base
their decision on a design and operation-specific application compiled by the Owner/Company.

The application is submitted by RO with descriptions of the criteria of a Project Cargo Carrier that
are implemented on the subject design and operation, which justify the vessel to be considered as
a "heavy load carrier”.

3.3 In cases other than the above , it is encouraged to seek endorsement by the Flag
Administration on consideration of a general cargo ship as a “heavy load carrier” in the context of
Regulation 2.2.15 of MARPOL Annex VL.

List of amendments effective as of 1 January 2025

Item Title/Subject Source
Chapter 8 2024 industry guidelines for calculation and verification IACS PR 38
of the energy efficiency design index (EEDI) (Rev.5 Oct 2024)
Chapter 11 Procedure for calculation and verification IACS PR 38
I of the Energy Efficiency Design Index (EEDI) (Rev.5 Oct 2024)
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