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Chapter 1 General

1.1 General requirements

1.1.1 The purpose of these Guidelines is to provide guidance on calculating and verifying the
Attained Energy Efficiency Design Index (Attained EEDI) of international sea-going ships.

1.1.2  These Guidelines are mainly developed based on the following documents:

(1) Amendments to the annex of MARPOL 73/78--inclusion of regulations on energy efficiency
for ships in MARPOL Annex VI adopted by resolution MEPC.203(62), Amendments to MARPOL
Annex VI and the NO, Technical Code 2008 adopted by resolution MEPC.251(66) and Amendments
to the annex of the Protocol of 1997 to amend the International Convention for the Prevention of
Pollution from Ships, 1973, as Modifiend by the Protocol of 1978 relating thereto — Amendments to
MARPOL Annex VI (Procedures for sampling and verification of the sulphur content of fuel oil and
the Energy Efficiency Design Index(EEDI)) adopted by resolution MEPC.324(75);

(2) 2014 Guidelines on Survey and Certification of the Energy Efficiency Design Index (EEDI)
adopted by resolution MEPC.254(67) and Amendments to 2014 Guidelines on Survey and
Certification of the Energy Efficiency Design Index (EEDI) adopted by resolutions MEPC.261(68)
and MEPC.309(73) (hereinafter referred to as IMO “2014 EEDI Verification Guidelines™);

(3) 2018 Guidelines on the Method of Calculation of the Attained Energy Efficiency Design Index
(EEDI) for New Ships adopted by resolution MEPC.308(73) and Amendments to 2018 Guidelines
on the Method of Calculation of the Attained Energy Efficiency Design Index (EEDI) for New Ships
adopted by resolutions MEPC.322(74) and MEPC.332(76) (hereinafter referred to as IMO “2018
EEDI Calculation Guidelines”);

(4) Circular MEPC.1/Circ.795/Rev 5: Unified Interpretations to MARPOL Annex VI;

(5) Circular MEPC.1/Circ.850/Rev.3: Guidelines for Determining Minimum Propulsion Power to
Maintain the Manoeuvrability of Ships in Adverse Conditions;

(6) International Association of Classification Societies (IACS) PR38. Rev.3: Procedure for
calculation and verification of the Energy Efficiency Design Index (EEDI);

(7) CCS Rules for Green-Eco Ships;

(8) ISO 15016:2015 “Ships and marine technology-Guidelines for the assessment of speed and power
performance by analysis of speed trial data”.

1.1.3 The Attained Energy Efficiency Design Index (Attained EEDI) of new international sea-going
ships is to be calculated in accordance with 2018 EEDI Calculation Guidelines and amendments
related thereto.

1.1.4  The application for verifying the Attained Energy Efficiency Design Index (Attained EEDI)
of new international sea-going ships is normally included in the plan approval application of the
ship and may be submitted to the plan approval center of CCS. Where only witnessing of tank test is
requested, the application may be submitted to the nearby CCS survey unit by the applicant.
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1.2 Definitions
1.2.1 Definitions of ship types

(1) Bulk carrier means a ship which is intended primarily to carry dry cargo in bulk, including such
types as ore carriers as defined in SOLAS Regulation XII/1, but excluding combination carriers.

O]

(2) Gas carrier means a cargo ship, other than an LNG carrier = constructed or adapted and used for

the carriage in bulk of any liquefied gas.

(3) Tanker means an oil tanker as defined in MARPOL Annex I, regulation 1 or a chemical tanker or
a NLS (noxious liquid substance) tanker as defined in MARPOL Annex I, regulation 1.

(4) Container ship means a ship designed exclusively for the carriage of containers in holds and on deck.
(5) 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.

(6) Refrigerated cargo carrier means a ship designed exclusively for the carriage of refrigerated
cargoes in holds.

(7) Combination carrier means a ship designed to load 100% deadweight with both liquid and dry
cargo (including ores) in bulk.

(8) Passenger ship means a ship which carries more than 12 passengers.
(9) Ro-ro passenger ship means a passenger ship with roll-roll spaces.

(10) Ro-ro cargo ship (vehicle carrier) means a multi-deck roll-roll cargo ship designed for the
carriage of empty cars and trucks.

(11) Ro-ro cargo ship means a ship designed for the carriage of roll-roll cargo transportation units.

(12) LNG carrier means a cargo ship constructed or adapted and used for the carriage in bulk of
liquefied natural gas (LNG).

(13) Cruise passenger ship means a passenger ship not having a cargo deck, designed exclusively
for commercial transportation of passengers in overnight accommodations on a sea voyage.

1.2.2  Category A ships mean ships designed for operation in polar waters in at least medium first-
year ice, which may include old ice inclusions, as defined in the Polar Code.

1.2.3  Attained EEDI means the EEDI value actually achieved by an individual ship.

(D For the purposes of meeting statutory requirements, where a LNG carrier is delivered before 1 September 2019,
it is to comply with relevant requirements for “gas carrier”’; where a LNG carrier is delivered on or after 1
September 2019, it is to comply with relevant requirements for “LNG carrier”.

@ TACS Rec.170 may be referred to for definition scope of heavy load carrier.
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1.2.4  Required EEDI means the maximum value of the Attained EEDI permissible for a specific
ship type and size.

1.2.5 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.

1.2.6 Conventional propulsion means a method of propulsion where a main reciprocating internal
combustion engine(s) is the prime mover and coupled to a propulsion shaft either directly or through

a gear box.

1.2.7 Non-conventional propulsion means a method of propulsion, other than conventional
propulsion, including diesel-electric propulsion, turbine propulsion, and hybrid propulsion systems.

1.2.8 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 ship’s performance), with approval of CCS.

1.2.9 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 relevant guidelines.

1.2.10  Full load draught means the summer loadline draught or the draught corresponding to
70%DWT for container ships.

1.2.11 New ship means a ship:
(1) for which the building contract is placed on or after 1 January 2013; or

(2) in the absence of a building contract, the keel of which is laid, or which is at a similar stage of
construction, on or after 1 July 2013; or

(3) the delivery of which is on or after 1 July 2015.
1.2.12 A ship delivered on or after 1 September 2019 means a ship:
(1) for which the building contract is placed on or after 1 September 2015; or

(2) in the absence of a building contract, the keel of which is laid, or which is at a similar stage of
construction, on or after 1 March 2016; or

(3) the delivery of which is on or after 1 September 2019.
1.2.13  Major conversion means a conversion of a ship to which these Guidelines apply:
(1) which substantially alters the dimensions, carrying capacity or engine power of the ship; or

(2) which changes the type of the ship; or



(3) the intent of which is substantially to prolong the life of the ship; or

(4) which otherwise so alters the ship that, if it were a new ship, it would become subject to relevant
provisions of ship energy efficiency of MARPOL Annex VI not applicable to it as an existing ship;
or

(5) which substantially alters the energy efficiency of the ship and includes any modifications that
could cause the ship to exceed the applicable required EEDI as set out in regulation 21 of MARPOL
Annex VI.

1.2.14 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.

1.2.15 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.

1.2.16  Verifying Society is a Society which conducts the survey and verification of EEDI of a ship.

1.2.17 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.

1.2.18 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 surveyor.

1.2.19 The parameters in relation to the calculation of Attained EEDI are defined in Chapter 2 of
these Guidelines.

1.3 Application

1.3.1 These Guidelines apply to the following ships of 400 gross tonnage and above:
(1) bulk carrier;

(2) gas carrier;

(3) tanker;

(4) container ship;

(5) general cargo ship;

(6) refrigerated cargo carrier;

(7) combination carrier;

(8) passenger ship;



(9) ro-ro passenger ship o,

(10) ro-ro cargo ship (vehicle carrier)”;

(11) ro-ro cargo ship®;

(12) LNG carrier”;

(13) cruise passenger ship having non-conventional propulsion

®

1.3.2  These Guidelines are not applicable to the following ships:

(1) ships with non-conventional propulsion systems listed in 1.3.1(1) to (11) above;

(2) cruise ships with conventional propulsion systems;

(3) category A ships defined in Polar Code.

1.3.3  For the purposes of statutory requirements, the time tables required by each energy efficiency
reduction phase in MARPOL Annex VI which are applicable to new ships are as follows:

Table 1.3.3

Phase 0

Phase 1

Phase 2

Phase 3

2013.1.1-2014.12.31

2015.1.1-2019.12.31

2020.1.1-2024.12.31

On or after 2025.1.1 W

The building contract is placed
between 1 January 2013 and
31 December 2014 and the
delivery is before 1 January
2019; or

The building contract is
placed between 1 January
2015 and 31 December 2019
and the delivery is before 1
January 2024; or

The building contract is
placed between 1 January
2020 and 31 December
2024 and the delivery is
before 1 January 2029; or

The building contract is
placed before 1 January 2013
and the delivery is between 1
July 2015 and 31 December
2018; or

The building contract is
placed before 1 January
2015 and the delivery is
between 1 January 2019 and
31 December 2023; or

The building contract is
placed before 1 January
2020 and the delivery is
between 1 January 2024 and
31 December 2028; or

In the absence of a building
contract,

(1) the keel of which is laid
or which is at a similar stage
of construction between 1 July
2013 and 30 June 2015 and
the delivery is placed before 1
January 2019; or

(2) the keel of which is laid
or which is at a similar stage
of construction before 1 July
2013 and the delivery is
placed between 1 July 2015
and 31 December 2018

In the absence of a building
contract,

(1) the keel of which is laid
or which is at a similar stage
of construction between 1
July 2015 and 30 June 2020
and the delivery is placed
before 1 January 2024; or
(2) the keel of which is

laid or which is at a similar
stage of construction before
1 July 2015 and the delivery
is placed between 1 January
2019 and 31 December 2023

In the absence of a building
contract,

(1) the keel of which is laid
or which is at a similar stage
of construction between 1
July 2020 and 30 June 2025
and the delivery is placed
before 1 January 2029; or
(2) the keel of which is

laid or which is at a similar
stage of construction before
1 July 2020 and the delivery
is placed between 1 January
2024 and 31 December 2028

(1) The building
contract is placed on or
after 1 January 2025;
or

(2) In the absence of a
building contract, the
keel of which is laid

or which is at a similar
stage of construction
on or after 1 July 2025;
or

(3) the delivery is
placed on or after 1
January 2029

Note: @ For gas carriers, container ships, general cargo ships, LNG carriers and cruise ships with unconventional
propulsion systems with a deadweight tonnage of 15,000 DWT or greater, the time table required by energy
efficiency reduction Phase 3 applicable to new ships is on or after 1 April 2022.

With regard to statutory requirements, for a ship the Required EEDI of which is not required in MARPOL
Annex VI, its Attained EEDI only need be verified based on EEDI technical file.

(D For the purpose of meeting the statutory requirements, ships delivered on or after 1 September 2019 need to meet
the energy efficiency reduction requirements as specified in MARPOL Annex VI.
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Chapter 2 Attained EEDI Calculation

2.1 General provisions

2.1.1 These Guidelines are used to guide the calculation of the Attained EEDI for ships applicable
to EEDI regulations in MARPOL Annex VI and sea-going ships engaged on international voyages
applying for CDx class notations as defined in CCS Rules for Green-Eco ships.

2.2 Attained EEDI calculation formula

2.2.1 The Attained EEDI means the attained ship Energy Efficiency Design Index, which is a
measure of ship energy efficiency (g/t-nmile) and calculated by the following formula:

n nME n nPTI neff nefl
(Hf/](z Rwun 'Cmf(z) 'SFc”E(r)j + (PAI:' Crup - SFC *)Jr[(nf/ : ZPruu) - Zﬁﬂm 'Rw«mnjcm 'SFCAL']’[ZM(:) 'Pe_rfm Crye - SFCy **j
j=1 i=l J=1 i=l i=l i=l
JioJo- Sy Capacity - £, -V, - f,,

*If part of the normal maximum sea load is provided by shaft generators, for that part of the power, SFCue and
Crue may be used instead of SFCar and Crat.

When 0.75 * X727° Poroy < Pags Pag. Crag. SFCyp may be replaced by:

nPTO nPTO
(Pag — 0.75 % Z PPTO(i))-CFAE-SFCAE +0.75 = z Poro@y - Ceme@)- SFCuEQ)
i=1 i=1

When 0.75 % Y727° Pproy > Pags Pag. Crag-SFCap may be replaced by:

Pag- Cemecy- SFCup

** If Prriy> 0, the weighted average value of (SFCwmeCrue) and (SFCaeCrak) is to be used for calculation of Pes.

2.3 Definition and selection of parameters in Attained EEDI calculation formula
2.3.1 Carbon conversion factor (Cr)

2.3.1.1 Cris a non-dimensional conversion factor between fuel consumption and CO, emission
based on carbon content, measured int-CO,/t-Fuel. The subscripts MEi and AEi refer to the main and
auxiliary engine(s) respectively. C is the carbon conversion factor corresponding to the fuel used
when determining SFC listed in the applicable test report included in a Technical File as defined in
NO, Technical Code (hereinafter referred to as “test report included in a NO, technical file”). The
value of Cr is shown in Table 2.3.1.1:



Carbon Conversion Factor C, Table 2.3.1.1

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

2.3.1.2 In case of a ship equipped with a dual-fuel main or auxiliary engine, the C,-factor for gas
fuel and the C,-factor for fuel oil are to apply and be multiplied with the specific fuel consumption of
each fuel at the relevant EEDI load point.

(1) The fuel availability of gas fuel is to be calculated in accordance with the formula below:

ntotal

> P

total (i)
f = i=l - X Vgas X logas X LCVA’M X Kgaf
DFgas ~— ngasfuel nLiquid
z f;gmjﬁzel(i) Z I/quuid(i) X pliquit](i) X LCI/quuid(i) X Kliquid(i) + V:gas X pgas X LCI/gas X ngu
i=1 i=1

beliquid = 1_begax

where: fpr,,, — the fuel availability ratio of gas fuel corrected for the power ratio of gas engines to
total engines, fp,,, 1s not to be greater than 1;

V,.— the total net gas fuel capacity on board in m’. If other arrangements, like exchangeable
(specialized) LNG tank-containers and/or arrangements allowing frequent gas refueling
are used, the capacity of the whole LNG fuelling system is to be used for V. The

gas*
boil-off rate (BOR) of gas cargo tanks can be calculated and included to V,, if it is
connected to the fuel gas supply system (FGSS);

Viguia — the total net liquid fuel capacity on board in m’ of liquid fuel tanks permanently
connected to the ship’s fuel system. If one fuel tank is disconnected by permanent
sealing valves, V,,,, of the fuel tank can be ignored,;

Peas — the density of gas fuel in kg/m’;

Piigqua — the density of each liquid fuel in kg/m’;

LCV,,, —the low calorific value of gas fuel in kJ/kg;
LCV,,,q— the low calorific value of liquid fuel in kJ/kg;
K, — the filling rate for gas fuel tanks;

K,iyia — the filling rate for liquid fuel tanks;

P,..— the total installed engine power, P,,; and P,; in kW;

P, ..~ the dual fuel engine installed power, P, and P, in kW.

ga.
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(2) If the total gas capacity is at least 50% of the fuel capacity dedicated to the dual fuel engines,
namely fpr,,, = 0.5, then gas fuel is regarded as the “primary fuel”, and f)z,, = 1 and fp,,.,= 0 for
each dual fuel engine.

(3) If fpreus < 0.5, gas fuel is not regarded as the “primary fuel”. The C, and SFC in the EEDI
calculation for each dual fuel engine (both main and auxiliary engines) are to be calculated as the
weighted average of C-and SFC for gas and liquid mode, according to f;,, and fpz;,.q» Such as the
original item of P, Crymy *SFCy in the EEDI calculation is to be replaced by the formula below:

P ME(f)'(fDFgm(i)'(CFME pilot fuel(i) SF CME pilot fuel(i) + CFME gas(i) "SF CME gas(i))
+f DFliquid(i)’ Cruz liquid(i) SFCyy Ziquid(i))

2.3.2 Ship speed (V,,)

2.3.2.1 V,,is the ship speed, measured in knot, on deep water in the condition corresponding to the

Capacity as defined in paragraph 2.3.3.1 and 2.3.3.3 (in case of passenger ships and cruise ships,
this condition is to be summer load draught as provided in paragraph 2.3.4) at the shaft power of the
engine(s) as defined in paragraph 2.3.5 and assuming the weather is calm with no wind and no waves.

2.3.3 Capacity

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

2.3.3.2 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, is to be used
as capacity.

2.3.3.3 For container ships, 70% of the deadweight (DWT) is to be used as capacity. EEDI values
for container ships are calculated as follows:

(1) Attained EEDI value is to be calculated using 70% DWT in accordance with EEDI formula;

(2) Required EEDI value is to be calculated using 100% DWT in accordance with reference line
formula.

2.3.4 Deadweight (DWT)

2.3.4.1 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 is to be taken as the maximum summer draught as certified in the stability
booklet approved by the Administration or CCS.

2.3.5 Power (P)
2.3.5.1 P is the power of the main and auxiliary engines, measured in kW. The subscripts ME and

AE refer to the main and auxiliary engine(s) respectively. The summation on i is for all engines with
the number of engines (7).



2.3.5.2 Py is 75% of the rated installed power (MCR) for each main engine. The MCR value
specified on the EIAPP certificate is to be used for calculation. If the main engines are not required
to have an EIAPP certificate, the MCR value on the nameplate is to be used for calculation.

For LNG carriers having non-conventional propulsion, P, is to be calculated as follows:

(1) For LNG carriers having diesel electric propulsion system, P, is to be calculated by the
following formula:

MPPMo or(i)
Py = o.ssxn—’
(i)

where: MPP

\oory 18 the Tated output of motor specified in the certified document, in kW.
1, 1s 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, My is to 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, is to be obtained by
measurement and verified by method approved by CCS.

(2) For LNG carriers having steam turbine propulsion systems, P, is 83% of the rated installed
power (MCR,znine) TOT €ach steam turbine(?).

2.3.5.3 Ppro;— In case where a shaft generator is installed, the shaft generator power (Ppry ) is
75% of the rated electrical power output for each shaft generator. In case that shaft generator(s) are
installed to steam turbine, Py, is 83% of the rated electrical output power and the factor of 0.75 is
to be replaced to 0.83.

There are two options to calculate the effect of shaft generators:

(1) Option 1: The maximum allowable deduction for the calculation of ) P,/ is to be no more than
P, as defined in paragraph 2.3.5.5. For this case, > P, is calculated as:

nME

z PME(i) =0.75x (Z MCRME([) - zppm(z)) with 0.75x ZPPTO(i) SP;;or

i=1

(2) Option 2: Where an engine is installed with a higher rated power output than that which the
propulsion system is limited to as verified by technical means, the value of ) P, is to be 75% of
that limited power for determining the reference speed V.., defined in 2.3.2 and for EEDI calculation.

ref

Figure 2.3.5.3 gives guidance for determination of ) Pz,



I without shaft generator(s)
4 with shat generator(s)

Main Engine Power [kKW]

Vier speed [kn]

Figure 2.3.5.3 Determination of the Power ) P, of a Main Engine

2.3.5.4 Pppy; — In case where shaft motor(s) are installed, P,y and total propulsion power are
calculated as follows:

(1) Pppy is 75% of the rated and total propulsion power consumption of each shaft motor divided by
the weighted average efficiency of the generator(s), as follows:

ZPPT[(,') = 2(075 x })SM,max(i) )

Noen

where: Py, ,...;— 1s the rated power consumption of each shaft motor, in kW;

Mo — is the weighted average efficiency of the generator(s).

(2) In case that shaft motor(s) are installed to steam turbine, Ppyy;, is 83% of the rated power
consumption and the factor of 0.75 in the above formula is to be replaced to 0.83.

(3) The total propulsion power at which V,.is measured, is:

ZP ME(i) ZP PTI(i),shaft

z P PTI(i),shaft :Z (0-75 ) BS‘M,max(t) ey )

where: 7, — is the efficiency of each shaft motor.

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
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total propulsion power for determining the reference speed, V., as defined in 2.3.2 and for EEDI

calculation. Then, (Z"ME Py Coseiy " SFChpry + . Py " Crug - SFC ) s to be replaced by

i=1 i=1

75% of the limited power multiplied by the weighted average value of (SFC,;Cry) and (SFCpClryp).

(4) In case of combined PTI/PTO, the normal operational mode at sea will determine which of
these is to be used in the EEDI calculation. For example, if this combined system is used as a
shaft generator for ships in normal operation at sea, the P,;, parameter is to be used in the EEDI
calculation formula and P, equals 0.

(5) 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.

2.3.5.5 P, 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, reefers and cargo hold
fans for maintaining cargo, in the condition where the ship engaged in voyage at the speed V,,, under
the condition as mentioned in paragraph 2.3.2.

P, used for the calculation of Attained EEDI of ships is to be calculated by the following experience-
based formulae instead of the actual auxiliary engine power.

Z PPTI(i)

(1) For ships with a total propulsion power ( 2 MCRy ) + 075 ) of 10,000 kW or above, P, is

defined as:
nPTI
p nME z PPTI(i)
= | 0.025x% MCR,,. . +-=L +250
AE(ZMCRME(‘)MOOOOkW) (,Z::‘ ME@ 0.75 )

ZB’T[(:’)

o075 ) below 10,000 kW, P,, is

(2) For ships with a total propulsion power ( D MCR ) +

defined as:

nPTI

P nME ly PTI(i)

AE(ZMCRME(/')<IOOOOkW) = O'OSX(ZMCRMEU) +,ZIOT)
i=1 .

(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 are to be added to above
P, formula in accordance with @) , @) or (3 as below:

(D For ships having re-liquefaction system:

+CargoTankCapacity,; x BORx COP, xR

reliquefy reliquefy
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where: CargoTankCapacity,,,— the LNG Cargo Tank Capacity, in m’.
BOR — the design rate of boil-off gas of entire ship per day, which is specified in the
specification of the building contract.
— the coefficient of design power performance for reliquefying boil-off gas per
unit volume, calculated as follows:

coP

reliquefy

_ 425(kg/m*)x511(k)/kg)
reliquefy o 4(h) x 3600(sec) x COP,

cooling

COP

cooling

the coefficient of design performance of reliquefaction and 0.166 is to be used.
Another value calculated by the manufacturer and verified by the Administration
or CCS may be used.

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

reliquefy

BOG

reliquefy

Rreliquefy = BOG

total

@ 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

P,
+C0Pcom X SFC i),gasmode X 20
P Z‘ ME@gasmode =10

where: COP

comp

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

(3 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% )" P

i=1

@ For LNG carriers having diesel electric propulsion system, MPP,,.,,;) 18 to be used instead
MCR, g, for Py calculation.

® 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, P, may be treated as 0 instead of taking into account electric load in calculating
SF CS!eumTurbt‘ne'

(4) For ship where the P, value calculated by (1), (2) or (3) above is significantly different from

the total power used at the speed V,,, e.g., in cases of passenger ships, ro-ro passenger ships and
cruise passenger ships, the P, value is to be estimated by the consumed electric power (excluding
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propulsion) in conditions when the ship is engaged in a voyage at the reference speed (V) as given
in the electric power table, divided by the average efficiency of the generator(s) weighted by power.
As an option for other vessel types, if the difference between P, value calculated by (1), (2) or
(3) above and P, based on electric power table, leads to a variation of the computed EEDI value
exceeding 1%, the value for auxiliary power could be taken from the electric power table. The
electric power table for EEDI calculation is to be examined and validated by CCS. Where ambient
conditions affect any electrical load in the power table, the contractual ambient conditions leading to
the maximum design electrical load of the installed system for the ship in general are to apply. See
appendix 2 of the Guidelines for the development of electric power tables.

2.3.5.6 P, is the output of the innovative mechanical energy efficient technology for propulsion
at 75% main engine power.

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

(2) In case of a ship equipped with a number of engines, the C and SFC are to be the power
weighted average value of all the main engines.

(3) In case of a ship equipped with a dual-fuel engine, the C, and SFC are to be obtained according
to 2.3.1 and 2.3.7.

2.3.5.7 Py, is the auxiliary power reduction due to innovative electrical energy efficient
technology measured at P,

2.3.5.8 Figures 2.3.5.8(1) and 2.3.5.8(2) illustrate a generic marine power plant and the power used
for EEDI calculation.

AUXILIARY
ENGINES CARGO HEAT

> THRUSTERS

y

SWITCH BOARD »|  CARGO PUMPS
<
kS »|  CARGO GEAR
»| BALLAST PUMPS
> REEFERS
.
: - Eﬂ |
' WASTE HEAT !
| SHAFT MOTOR Prry SHAFT
| GENERATOR Pero RECCYERY ete w
, AEef!
|
|
| T | MAIN ENGINE ;
| P PUMPS (2.5% Pye) !
SHAFT POWER ’ v MAIN ENGINE Py :
‘ Ps
' ACCOMMODATION
! S (250 kW)

Figure 2.3.5.8(1) A Generic Marine Power Plant for Ships Having Conventional Propulsion
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PRODUCTION
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. Fant J

r N

+

SHAFT POWER v 4 MAIN ENGINE
Fs FPue
A

Figure 2.3.5.8(2) A Generic Marine Power Plant for
a Cruise Passenger Ships Having Non-conventional Propulsion
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(THRUSTERS, ETC))
I, \\

/ v (= INNOVATIVE ) \
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: SHAFT HOTOR TECHNOLOGIES .
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MACHINERY/SYSTEMS
E CHAIN ELECTRIC POWER + AUXILIARY POWER Ji
P

: N i J |
i |
1 I
i v (- mnovatve ) + ACCOMMODATION |
i ENERGY EFFICIENT POWER i
! + — SHAFT TECHNOLOGIES !
i SHAFT MOTOR GENERATOR CONVERTED TO .
i Pen F MECHANICAL POWER :
1 o 1
1 1
1 1
1 1
1 1
1 1
1 1
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1 1
'. i

2.3.6 The essential parameters V,,, Capacity and P for determining EEDI for a ship should be

consistent with each other. As for LNG carriers having diesel electric or steam turbine propulsion
systems, ¥, is the relevant speed at 83% of MPP,,,,, ot MCRy,,,z,,. r€SPECtively.

2.3.7 Specific Fuel Consumption (SFC)

2.3.7.1 SFC is the certified specific fuel consumption, measured in g/kWh, of the engines or steam
turbines. SFC,,; and SFC,;; refer to the specific fuel consumption of the main and auxiliary engine(s)
respectively.

2.3.7.2 For engines certified to the E2 or E3 duty cycles of the NO, Technical Code 2008, the
engine Specific Fuel Consumption (SF'C,y ) is that recorded in the test report included in a NO,
technical file for the engine(s) at 75% of MCR power or its torque rating.

2.3.7.3 For engines certified to the D2 or C1 duty cycles of the NO, Technical Code 2008, the

engine Specific Fuel Consumption (SFC,) is that recorded in the test report included in a NO,
technical file at the engine(s) at 50% of MCR power or its torque rating.
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2.3.7.4 If gas fuel is used as primary fuel in accordance with paragraph 2.3.1.2, SFC in gas mode is
to be used. In case that installed engine(s) have no approved NO, Technical File tested in gas mode,
the SFC of gas mode is to be submitted by the manufacturer and confirmed by CCS.

2.3.7.5 The SFC is to be corrected to the value corresponding to the ISO standard reference
conditions using the standard lower calorific value of the fuel oil (42,700 kl/kg), referring to ISO
15550:2002 and ISO 3046-1:2002.

2.3.7.6 For ships where the P,; value calculated by 2.3.5.5(1) or (2) above is significantly different
from the total power used at normal seagoing, e.g., conventional passenger ships, the Specific Fuel
Consumption (SFC ;) of the auxiliary generators is that recorded in the test report included in a NO,
technical file for the engine(s) at 75% of MCR power or its torque rating.

2.3.7.7 SFC,;is the power-weighted average among SFC,, of the respective engines i.

2.3.7.8 For those engines which do not have EIAPP certificates because its power is below 130 kW,
the SFC specified by the manufacturer and endorsed by the Administration or CCS is to be used.

2.3.7.9 At the design stage, in case of unavailability of a test report in the NO, file, the SFC
specified by the manufacturer and endorsed by the Administration or CCS is to be used.

2.3.7.10 For LNG-driven engines, SFC measured in kJ/kWh is to be amended to SFC value
measured in g/kWh by using the standard lower heat value of the LNG (48,000 kJ/kg) (Refer to 2006
IPCC Guidelines).

2.3.7.11 The SFC

SteamTurbine

is to be calculated and revised as follows:

(1) The SFCgppmpmme 18 to be calculated by manufacturer and verified by the Administration or CCS
as follows:

SFC _ FuelConsumption

SteamTurbine nME

251134EU)
i=1

where: 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 P, but also electric loads corresponding to paragraph 2.3.5.5 are to
be taken into account.

(2) The SFC is to 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 is to be taken into account.

2.3.7.12 Reference lower calorific values of different fuels are given in the Table 2.3.1 of this
Chapter. The reference lower calorific value corresponding to the conversion factor of the respective

fuel is to be used for calculation.
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2.3.8 Correction factor f;
2.3.8.1 f;is a correction factor to account for ship specific design elements.
2.3.8.2 For ice-classed ships, a correction factor for power is applied to compensate for negative

effects caused by the increased power on EEDI of such ships. This factor is to be taken as the greater
value of f;, and f; ,,, as tabulated in Table 2.3.8.2, but not to be greater than 1.0.

Correction factor for power f; for ice-classed ships Table 2.3.8.2
Simindepending on the ice class
Ship type fio
IA Super 1A IB IC
17.444 - DWTO-5766
Tanker —amE | 0.2488- DWT%0903 | 04541 - DWTO052% | 0.7783 - DWTO0145 | 08741 - DWTO0079
Y MCRyg
=1
17.207 - DWTO-5705
Bulk carrier | ——mmr | 0.2515- DWT®9851 | 0.3918- DWTO0556 | 0.8075 - DWTO07t | 0.8573 - DWT0-0087
> MCRygq
i=1
1.974 - DWT 7987
General cargo | ———rr—— | (1381 pwTO1435 | 01574 DWTO14 | 03256 DWTO%922 | 04966 - DWT0-0583
ship > MCRygq
i=1 i)
: 5.598 - DWTO-696
Refrigerated | =20 ——— | 5954 pwT00357 | 06325 DWTO0278 | 0.7670 - DWTOO159 | 0.8918 - DWTO-007
cargo ship zi:l MCRyg )

Notes: B1*, B1, B2 and B3 are ice class notations in CCS Rules for Classification of Sea-going Steel Ships,
corresponding to ice classes IA Super, [A, IB and IC of Finnish Swedish Ice Class Rules (FSICR).

2.3.8.3 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, Pj. .., and the existing open water ship, P,,, as follows:

P,
](‘j: ow

ice class

In this case, V.., should be measured at the shaft power of the engine(s) installed on the existing open
water ship as defined in paragraph 2.3.5.

2.3.8.4 The power correction factor f;, for shuttle tankers with propulsion redundancy is to be f; =
0.77. This correction factor applies to above-mentioned shuttle tankers with propulsion redundancy
and having a deadweight of 80,000 ~ 160,000 tonnes. The shuttle tankers with propulsion
redundancy are tankers used for loading of crude oil from offshore installations and equipped
with dual-engine and twin-propellers, need to meet the requirements for dynamic positioning and
redundancy propulsion class notation.

2.3.8.5 For ro-ro cargo and ro-ro passenger ships f;,, is calculated as follows:

f‘j RoRo =

o[ Lo\ (B (Lo | i fn=1o then =1
nL V%
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where F,;, the Froude number, is defined as follows:

_0.5144-7,,

Ly -g

nlL

and a, S, y and 9, the exponents of ship types, are defined as follows:

. Exponent
Ship type ; 5 ; 3
Ro-ro cargo ship 2.00 0.50 0.75 1.00
Ro-ro passenger ship 2.50 0.75 0.75 1.00

2.3.8.6  The factor f; for general cargo ships is calculated as follows:

_0.174 ]
f‘j _anzj ~Cb0'3 ) 1fﬁ> 1, thenﬁ: 1
where:
051447,
Fng=——==""if Fn,> 0.6, then Fn,= 0.6
Vg v
\%
C, =
Lpp ‘B -d,

2.3.8.7 For other ship types not included in the above table, f; is to be taken as 1.0.

2.3.9 Correction factor f;

2.3.9.1 f;is the capacity correction factor for any technical/regulatory limitation on capacity, which
is used to compensate for negative effects on EEDI due to the loss of capacity, and can be assumed 1.0

if no necessity of the factor is granted.

2.3.9.2 For ice-classed ships, the capacity correction factor, f;, for ice-classed ships having DWT as
the measure of capacity should be calculated as follows:

f; :ﬁ(ice clalss)>< ﬁCm
where f;.. .45 18 the capacity correction factor for ice-strengthening of the ship, which can be

obtained from Table 2.3.9.2(1) 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:

_ Cb reference design
Jie, =

C, ’

where C ,oprenceaesicn 19 the average block coefficient for the ship type, which can be obtained from
Table 2.3.9.2(2) for bulk carriers, tankers and general cargo ships, and
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C, is the block coefficient of the ship. For ship types other than bulk carriers, tankers and
general cargo ships,

Capacity correction factor for ice-strengthening of the hull Table 2.3.9.2(1)

Ice class7 ﬁ(ice sy
I Sy = 1.0041 + 58.5/DWT
1B Siawy = 1.0067 + 62.7/DWT
IA fum = 1.0099 +95.1/DWT

IA Super furs = 10151+ 228.7/DWT

Average block coefficients C, for bulk carriers,

reference design

tankers and general cargo ships Table 2.3.9.2(2)
Size categories
Ship type below 10,000 — 25,000 | 25,000 — 55,000 | 55,000 — 75,000 above
10,000 DWT DWT DWT 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 ship 0.80

Alternatively, the capacity correction factor for ice-strengthening of the ship (f,.. .s)) can be
calculated by using the formula given for the ship specific voluntary enhancement correction
coefficient (f; ;) in paragraph 2.3.9.3. This formula can also be used for other ice classes than those
given in Table 2.3.9.1(1).

2.3.9.3 For ships with voluntary structural enhancements, f; ;. is to be expressed as follows:

D

_ WTre/i‘em‘e design
f; VSE

- DWT.

enhanced design

where: DWT

refrence design = Aship - llghtW elgh trefrence design >

DWT,

enhanced design

=A,,, —lightweight

enhanced design +

(1) For this calculation, the same displacement (A)® is to be taken for reference and enhanced designs.
(2) DWT before enhancements (DWT, ., nce aesicn) 15 the deadweight prior to application of the
structural enhancements. DWT after enhancements (DWT,,,,.,.ccd desien) 15 the deadweight following the
application of voluntary structural enhancements.

(3) A change of material (e.g. from aluminum alloy to steel) or a change in grade of the same
material (e.g. in steel types, grades, properties and conditions) between reference design and
voluntarily enhanced design is not to be allowed for the f; . calculation.

(@ 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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(4) Two sets of structural plans of the ship (one set for the reference design and the other set for
the enhanced design) are to be submitted to CCS for assessment. As an alternative, only one set of
structural plans of the reference design with annotations of voluntary structural enhancements may be
submitted. Both sets of structural plans are to comply with the applicable regulations for the ship type.

2.3.9.4 For bulk carriers and oil tankers which are constructed according to Common Structural
Rules (CSR) and assigned the CSR notation, the following capacity correction factor fi. is to be
used:

LWTecsr

icsk =1+ (0.08 x
Jiese ( DWTcsr

)

where: DW T, is ship’s deadweight;
LWTqg is ship’s lightweight.

2.3.9.5 For other ship types not included in the table above, f; is to be taken as 1.0.
2.3.9.6 The above factor f;may be accumulated (multiplied).
2.3.10 Cubic capacity correction factor f;

2.3.10.1 f; is the cubic capacity correction factor and is to be taken as 1.0 if no necessity of the
factor is granted.

2.3.10.2 For chemical tankers, f. is to be:

£.=R™7-0.014 for R <0.98; or
£.=1.00 for R >0.98

where: R is the ratio of the ship’s DWT (in tonnes) to the total cubic capacity (in m’) of its cargo
tanks (m’).

2.3.10.3 For gas carriers which are constructed or adapted to carry liquefied natural gas in bulk and
with propulsion systems directly driven by diesel engines, the capacity correction factor £, . is to be:

_ p-0.56
f;LNG =R

where: R is the ratio of the ship’s DWT (in tonnes) to the total cubic capacity (in m®) of its cargo tanks @,

2.3.10.4 For ro-ro passenger ships having a DWT/GT-ratio of less than 0.25, the following cubic
capacity correction factor, f,,,p. 1S to apply:

(P"Tgr)|

, =1+
f;RuPux 0.25

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

(D This factor is applicable to LNG carriers defined as gas carriers in regulation 2.26 of MARPOL Annex VI (LNG carriers
before 1 September 2015) and is not to be applied to LNG carriers defined in regulation 2.38 of MARPOL Annex VI.
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2.3.10.5 For bulk carriers having R of less than 0.55 (e.g. wood chip carriers), the following cubic
capacity correction factor is to apply:

-0.15
=R

ﬂ’bulk carriers designed to carry light cargoes

where: R— the capacity ratio of the deadweight of the ship (tonnes) as determined by paragraph 2.3.4
divided by the total cubic capacity of the cargo holds of the ship (m’).

2.3.11 Correction factor f,,

2.3.11.1 f, 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).

2.3.11.2  f, is to be taken as 1.0 in calculation of the Attained EEDI specified in 2.3.3.

2.3.11.3 Where the Owner requests on a voluntary basis the application of f;,, the Attained EEDI
value using f,, is to be referred to Attained EEDI, and confirmed by CCS, and indicated in the

weather

related certificate. f;, is to be determined as follows:

(1) f., can be determined by conducting the ship-specific simulation of its performance at
representative sea conditions. The simulation methodology is to be that as prescribed in the
Guidelines developed by IMO and the method and outcome for an individual ship is to be verified by
the Administration or CCS.

(2) In case where the simulation is not conducted, f, value is to be taken from the “Standard f,”
table/curve prescribed in the Guidelines developed by IMO @,

2.3.11.4 f, and Attained EEDI,,,,.. together with the representative sea conditions are to be
indicated in the EEDI technical file to make a distinction from Attained EEDI required in 2.3.3.

2.3.12  Energy efficiency factor £,

2.3.12.1 f,,1s the availability factor of each innovative energy efficiency technology. f,, for waste
energy recovery system is to be taken as 1.0.

2.3.13  Length between perpendiculars (Z,,)

2.3.13.1 L,, 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. For ships designed with a rake of keel, the waterline on
which this length is measured is to be parallel to the designed waterline. L, is to be measured in m.

2.3.14 Correction factor f

2.3.14.1 f;1s the factor for general cargo ships equipped with cranes and other cargo-related gear to
compensate in a loss of deadweight of the ship.

ﬁ = f;'ranes f;ideluader :f;()m

(D Refer to Interim Guidelines for the calculation of the coefficient £, for decrease in ship speed in a representative
sea condition for trial use, approved by IMO and circulated by MEPC.1/Circ.796.
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where: f,....=1 if no cranes are present;
Jeideoade= 1 1f no side loaders are present;
Sror=1 if no ro-ro ramp is present.

2.3.14.2 For cranes, f.,,... is defined as follows:

ranes

n

>(0.0519- SWL, - Reach, +32.11)
f;ranex = 1 + =

Capacity

where: SWL— Safe Working Load, as specified by crane manufacturer in t;
Reach — Reach at which the Safe Working Load can be applied in m;
n — Number of cranes.

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

f _ CapaczlyNo sideloaders
ideloader — .
sideloader Capactty

sideloaders

f _ CapaCit.yNo RoRo
RoRo — .
Capacity,,,,

where: the weight of the side loaders and ro-ro ramps is to be based on a direct calculation, in analogy
to the calculations as made for factor f,.

2.3.15 Summer load line draught d,

2.3.15.1 d, 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.

2.3.16 Breadth B,

2.3.16.1 B, is the greatest moulded breadth of the ship, in metres, at or below the load line draught,
d

2.3.17 Volumetric displacement V

2.3.17.1 V, in cubic metres (m’), 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, d,, as
stated in the approved stability booklet/loading manual.

2.3.18 Gravitational acceleration g

2.3.18.1 gis the gravitational acceleration, 9.8 1m/s’.

2.3.19 Factor for ice-classed ships having IA Super and 1A, f,,
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2.3.19.1 For ice-classed ships having IA Super or IA, the factor, f,, is to be taken as 1.05.

2.4 Mandatory Reporting of Attained EEDI Values and Related Information

2.4.1 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 is to report the required and attained
EEDI values and relevant information taking into account this Section via electronic communication.
2.4.2 Information to be reported are as follows:

(1) 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 Table 1), if available;

(5) DWT or GT (as appropriate);

(6) year of delivery;

(7) required EEDI value;

(8) attained EEDI value;

(9) dimensional parameters (length L, (m), breadth B, (m), and draught (m));

(10) V., (knots) and P, (kW);

(11) use of innovative technologies (4th and 5th terms in the EEDI equation, if applicable);

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

(13) type of fuel used in the calculation of the attained EEDI, and for dual-fuel engines, the fj,,
ratio; and

(14) ice class designation (if applicable).

2.4.3 The information in paragraph 2.4.2 is not required to be reported for ships for which the
required and attained EEDI values had been already reported to IMO.

2.4.4 A standardized reporting format for Mandatory Reporting of Attained EEDI Values and
Related Information is presented in Table 2.4.4.

(D Not subject to verification.
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Chapter 3 EEDI Verification Process

3.1 General provisions

3.1.1 This Chapter applies to EEDI verification of ships applicable to EEDI regulations of
MARPOL Annex VI and international sea-going ships applying for class notation of CDx in CCS
Rules for Green-Eco Ships.

3.1.2 Verification of the Attained EEDI Y is to be conducted on two stages: preliminary verification
at the design stage, and final verification at the sea trial stage. For points for verification of EEDI, see
appendix 3.

3.1.3 The information used in the verification process may contain the submitter’s confidential
information which requires protection of the intellectual property of the client. After the submitter
has signed a confidentiality agreement with CCS, the submitter is to provide the additional
information necessary for verification to CCS upon mutually agreed terms and conditions.

3.2 Verification procedure

3.2.1 The verification procedure is shown in Figure 3.2.1(1). Flowchart for Witnessing of Tank Test
is shown in Figure 3.2.1(2).

Applicant” Verifier (CCS)

Preliminary verification at the design stage

Basic design;
Tank test;
EEDI calculation

v

Development of EEDI technical file

1

1

1

1

: »| Witness tank test™"
1
1
1
1
1
1 v Verification of EEDI technical
1
1
1
1
|
|
1
1
1
1
1

A 4

file;
Verification of additional

Submission of EEDI technical

v

file Submission of additional

information

information

v

Issuance of statement of EEDI

pre-verification

" An applicant for EEDI verification means a shipowner, shipyard or designer; an applicant for tank test means a
shipowner, shipyard, designer or its entrusted tank test organization, etc.
™ Refer to Figure 3.2.1(2).

(D With regard to statutory requirements, for a ship the Required EEDI of which is not required in MARPOL Annex
VI, its Attained EEDI only need be verified based on EEDI technical file.
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Final verification
[ Completion of ship construction ]

»| Witness speed trial

| Agreeing on trial programme |<

r |
! 1
! 1
! 1
! 1
! 1
: Verification: :
! ¢ - Sea trial condition; 1
! 1 | _ d: |
1 Speed trial [« »| - Speed; |
1 ¢ - Revised EEDI technical file 1
1

. |
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
[ =

A

| Modification and resubmission of EEDI technical file > ¢

Confirming the results of EEDI Sea Trial Report on site;

Issuing letter of plan approval comments
[ Deliverv of shin ] v

Issuance of energy efficiency certificate/ assigning class notation for

CO» emission design index

Witnessing of Tank Test

’ Confirming the resources, qualification and quality management system of tank test organization ‘

'

’ Agreeing on test plan }_” Checking ship & propeller models H Witnessing key tank tests ‘

Issuance of Witnessing Protocol of Tank Test and Checklist of Witnessed Items in Tank Test

Figure 3.2.1(2) Flowchart for Witnessing of Tank Test
3.3 Document issuance

3.3.1 The Checklist of Witnessed Items in Tank Test and Witnessing Protocol of Tank Test are to be
issued by CCS plan approval unit or survey unit accepting the application for witnessing tank test.

3.3.2 The Statement of EEDI Preliminary Verification, Letter of Plan Approval Comments, the
Statement of Preliminary Verification of Electric Power Table for EEDI (if any) are to be issued by
CCS plan approval unit accepting the application for EEDI verification.

3.3.3 Checklist for Witnessed Items in Sea Trial and the Statement of Final Verification of Electric
Power Table for EEDI (if any) are to be issued by the site survey unit.

3.3.4 The Energy Efficiency Certificate is to be issued and/or the class notation for CO, emission
design index (CDx) is to be assigned by the site survey unit after the EEDI verification is completed.
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Chapter 4 Preliminary Verification

4.1 General provisions

4.1.1 Prior to submitting the application for the verification of EEDI, the applicant is to complete
basic design of the ship. The preliminary verification is in general to include witnessing of tank test,
the review of basic design, and the verification of EEDI technical files.

4.1.2 For the witnessing of tank test, where the applicant is not an authorized tank test organization,
it is to be ensured that the tank test organization can provide relevant information and materials
required for the completion of witnessing. CCS plan approval unit accepting the application of EEDI
verification is to:

(1) carry out a review of the resources, qualification, quality management system and testing in
relation to the towing tank used in model test for compliance with the requirements of 4.5 of this
Chapter;

(2) witness the process of test (including resistance test, propeller open water test and self-
propulsion test) in accordance with the plan agreed upon between the applicant and CCS survey unit;

(3) review the “additional information” to be submitted by the applicant;

(4) issue the Checklist of Witnessed Items in Tank Test and Witnessing Protocol of Tank Test after
having witnessed the test, of which the Witnessing Protocol of Tank Test is to be conferred to the
applicant.

4.1.3 For the review of basic design and verification of EEDI technical files, it is to be conducted by
means of the examination of EEDI technical file and “additional information” of tank test submitted
by the applicant, which is carried out by CCS plan approval unit accepting the application for
EEDI verification. For key points for the examination of EEDI technical file, see the descriptions
of Appendix 3. After verification, CCS plan approval unit is to issue the Statement of Preliminary
Verification of EEDI to CCS construction survey unit and applicant of EEDI verification.

4.1.4 Further to the agreement of the submitter of the EEDI Technical File and the Shipowner, a
Verifying Society may accept tank tests reports reviewed by another Society if the tank tested ship is
of the same type as the ship of which the EEDI is verified.

4.1.4.1 Where CCS is the Verifying Society, copies of the following documents for ships of the
same type are to be provided to the Verifying Society, with protection of the Intellectual Property
Rights (IPR) in accordance with paragraph 3.1.3:

(1) calculation of the reference speed of the verified ship explicitly making reference to the speed
power curves of the tank tested ship model;

(2) witnessing protocol of the tank tested ship endorsed by the surveyor of the Witnessing Society;

(3) tank test report of the tank tested ship.

226-



4.1.4.2 On specific request of the Verifying Society (CCS), 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 “2014 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.

4.1.4.3 If some of the relevant information is held by the original Witnessing Society, the submitter is
to authorize the Witnessing Society (CCS) to offer the information to the Verifying Society.

4.1.5 It is expected that the tank tests of a new ship performed in a tank test organization of ITTC
member before 1 January 2013 have not been witnessed by a Verifier. In this case, tank test results
provided by a tank test organization with quality control certified according to a recognized scheme
or with experience may be accepted by CCS.

4.1.6 Tank test conducted by a tank test institution that has already been qualified by CCS as
the “Supplier Engaged in Energy Efficiency Design Index (EEDI) tank test” as specified in CCS
Guidelines for Management of Approval of Suppliers and Personnel Qualification may be witnessed
in a flexible manner.

4.2 Documents and information

4.2.1 The following documents and information are to be submitted to CCS by the applicant
(shipowner/designer, shipbuilder, authorized tank test organization or other unit):

(1) an EEDI technical file containing the necessary information for the verification and other
relevant background documents, e.g. NO, Technical File, verified technical measure to limit the
propulsion output, etc.;

(2) additional information necessary for the verification.

4.2.2 The reasons for conducting a tank test or being exempted from a tank test (if applicable)
for the ship applying for verification are to be indicated in the EEDI technical file containing basis
design information and other relevant background documents.

4.2.3 Apart from being confirmed by CCS in compliance with the conditions for exemption from a
tank test, the “additional information” (as specified in 4.4 of this Chapter) reflecting the tank test is to
be submitted for the ship applying for verification.

4.3 Basic requirements for the EEDI technical file

4.3.1 The EEDI technical file for a sea-going ship engaged on international voyages is to be
written at least in English. The development of EEDI technical file may refer to Appendix 1 of these
Guidelines.

4.3.2 The EEDI technical file is to include at least but not limited to:

(1) relevant design parameters:

(O deadweight (DWT) ; or gross tonnage (GT) for passenger and ro-ro passenger ships;
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@ the maximum continuous rating (MCR) of the main and auxiliary engines;

@ the ship speed V,,, for calculating EEDI;

@ the specific fuel consumption (SFC) of the main engine at the 75% of MCR power;
® the specific fuel consumption (SFC) of the auxiliary engines at the 50% MCR power;

® the electric power table for the EEDI (EPT-EEDI) for certain ship types (passenger and ro-ro
passenger ships) is to be developed in accordance with relevant requirements and verified in
accordance with Appendix 3 of these Guidelines;

(2) apower curve (kW-knot) estimated at the design stage (corrected after tank test) under the full
load (note: 70% DWT for container ship) draught and under the condition of assumed no wind, no
wave and no current and deep water;

(3) in the event that the sea trial is not carried out under the full load draught, a power curve (kW-knot)
is to be estimated under such condition and under the condition of assumed no wind, no wave and no
current and deep water by means of tank test, in addition to that required in (2) above;

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

(5) description of energy saving equipment;

(6) calculated value of the Attained EEDI including the calculation summary, which is to contain, at
a minimum, each value of the calculation parameters and the calculation process used to determine
the Attained EEDI,

(7) 1if the coefficient for the decrease of ship speed in representative sea conditions (f,) is used, the
calculated Attained EEDI is to be expressed as Attained FEDI,,,,.,- The values of f,, and Attained
EEDI are to be included;

weather

(8) the cubic capacity correction factor (f;) is to be included for chemical tankers and LNG carriers © ;

(9) for LNG carriers @ , the following are also to be included:

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

@ LNG cargo tank capacity and BOR (the design rate of boil-off gas of entire ship per day,
which is specified in the specification of the building contract);

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

(O Applicable when LNG carrier is defined as of the ship type “gas carrier”.
@ For the purposes of meeting the statutory requirements, this paragraph is applicable to LNG carriers delivered on
or after 1 September 2019.
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@ maximum continuous rated power (MCRg,..,zusm) fOT steam turbine; and
®) SFCquimsine fOr steam turbine;

(10) the correction factor (f;.s) is to be included for ships which are constructed according to
Common Structural Rules (CSR);

(11) the correction factor for ship specific voluntary structural enhancement (f,,,) is to be included
for ships with voluntary structural enhancement. Two sets of structural plans (one set for the
ship without voluntary structural enhancement and the other set for the same ship with voluntary
structural enhancement) of the ship are to be submitted for assessment. Alternatively, one set of
structural plans of the reference design with annotations of voluntary structural enhancement may be
submitted.

(12) If the propulsion power is voluntarily limited by verified technical means, descriptions for the
propulsion power limitation means are to be included.

4.3.3 If ships are equipped with dual-fuel main engine(s) or auxiliary engine(s), the C,-factor for
gas fuel and the C,-factor for fuel oil are to be applicable, and the Specific Fuel Consumption (SFC)
of the corresponding fuel is to be multiplied at the relevant EEDI load point. Consideration is also to
be given to:

(1) if gas fuel is regarded as the primary fuel;

(2) in case the ship is not fully equipped with dual-fuel engines, the C,-factor for gas (LNG) is to
apply only for those installed engines that are of dual fuel type and sufficient gas fuel supply is to be
available for such engines.

4.3.4 During the calculation of the Attained EEDI, the specific fuel consumption (SFC) of the main
and auxiliary engines is to be quoted from the approved NOx technical file and 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 ISO 15550:2002 and ISO 3046-1:2002. For the confirmation
of the SFC, a copy of the approved NO, technical file and documented summary of the correction
calculations are to be submitted to CCS. In case the NOx technical file has not been approved at the
time of the application for the preliminary verification, the test reports provided by manufacturers are
to be used. In this case, at the time of the sea trial verification, a copy of the approved NO, technical
file and documented summary of the correction calculations are to be submitted to CCS. In the case
that gas fuel is determined as primary fuel in accordance with 2.3.1.2 and that the Technical File for
the installed engine(s) does not indicate the tested value in gas mode, the SFC of gas mode should be
submitted by the manufacturer and confirmed by CCS.

4.3.5 The main items of basic design review include:
(1) parameters of ship and main engine related to EEDI,
(2) parameters of hull lines characteristics;

(3) hull resistance/effective power curve, self-propulsion factor, propeller parameters and open water
performance curve necessary for the calculation of power curve;

-29-



(4) power curve in full load draught and ballasting conditions, estimated data of ship speed for
calculating Attained EEDI.

4.4 Basic requirements for additional information
4.4.1 The additional information is to include at least but not limited to:

(1) descriptions of a tank test facility; this is to include the name of the facility, the particulars of
tanks and towing equipment, and the records of calibration of each monitoring equipment, quality
management system of tank test organization;

(2) lines of a model ship and an actual ship (sheer plan, body plan and half-breadth plan) and model
propeller report are to be detailed enough to demonstrate the similarity between the model ship and
the actual ship for the verification of the appropriateness of the tank test;

(3) lightweight of the ship and displacement for the verification of the deadweight;

(4) tank test plan; this is to include descriptions for test steps and points required to be witnessed by
CCS survey unit;

(5) detailed report on the method and results of the tank test; this is to include at least the tank test
results at the full load draught and ballast sea trial conditions(if sea trial is not practical at full load
draught conditions) as well as the power curves at two conditions;

(6) detailed calculation process of the ship speed;

(7) The power curve of the actual ship derived from tank test is to be based on the following test
data and calculated based on hull-engine-propeller interactions:

(O wake fraction w and thrust deduction fraction ¢ derived from model test results;
@ relative rotative efficiency and effective power curve of the actual ship; and
@ propeller open water performance curve of the actual ship;

(8) exemption from a single tank test may be based on technical basis (e.g. applicability of the tank
test results) for ships of same type; this is to include lines and tank test results of the ships of same
type, and the comparison of the principal particulars of such ships and the ship in question. Appropriate
technical justification is to be provided explaining why the tank test is unnecessary. In addition,
omission of tank tests is acceptable for a ship for which sea trials will be carried out under the condition
of full load draught, upon agreement of the shipowner and shipbuilder and with approval of CCS.

(9) Numerical calculations may be accepted as equivalent to model propeller open water tests.
Numerical calculations may be submitted to justify derivation of speed power curves, where only
one parent hull form have been verified with 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 speed V), as well as hull
resistance variations and propeller open water efficiency. 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.
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4.4.2 CCS surveyors are to carry out an audit of the qualification of units conducting tank test
in accordance with the requirements of Section 4.5 of this Chapter and witness the resistance test,
propeller open water test and self-propulsion test. Prior to the start of the towing tank tests, the
submitter is to submit a test plan to CCS survey unit. Following the indications of the agreed test
plan, the submitter will notify CCS survey unit for the agreed tests to be witnessed. The submitter
will advise CCS survey unit 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.

4.4.3 Model-ship correlation method followed by the tank test organization is to be properly
documented with reference to the latest version of ITTC Recommended Procedure 7.5-02-03-1.4.

4.4.4 Since detailed process of the tank tests depends on the practice of each submitter, sufficient
information is to be included in the document submitted to CCS to show that the principal scheme of
the towing tank test process meets the requirements of the reference documents listed in Appendix 4
and Appendix 5.

4.5 Basic requirements for towing tank used in test

4.5.1 The test organizations/units conducting model tests for the purpose of EEDI preliminary
verification are to be members of ITTC © and their test procedures are to comply with relevant
procedures of ITTC. The test units are also to be subject to ISO 9001 quality management system
certification, and effective management and monitoring are to be carried out to the qualification of
test personnel and services supplied by them. 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 tank test organization is to be submitted to the CCS
unit witnessing the test:

(1) descriptions of the towing tank test facility, including 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 4;

(2) quality manual containing at least the information listed in the ITTC Sample quality manual.
4.5.2  The test used for the prediction of ship speed V. is generally conducted in the model towing
tank. The dimension and water depth of the towing tank are to be suitable for the length and test
speed of the model used. The model tank test is to have adequate measuring section and measuring
time. Test locations are to be provided with equipment and instrumentation for resistance test, self-
propulsion test and propeller open water test. Tanks are to be at least provided with the following
equipment and facilities:

(1) wave generator and wave damper (necessary for the verification of f, and Attained EEDI,,;..);
(2) processing/measuring equipment of model and propeller;

(3) instruments for measuring force and speed, capable of measuring at least:

(O model speed (V,,);

@ total resistance of model (R,,);

(D ITTC-International Towing Tank Conference.
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@ propeller thrust (7,,);

@ propeller torque (0,,);
® rate of revolution of propeller (1,,);

(4) other measuring devices, e.g. trim meter, draught meter, gravimeter, wave height meter, Prandtl
pitot tube and five-hole pitot tube, pressure sensor, water pressure gauge, hot-wire meter, Doppler
laser velocimeter, strainmeter bridge equipment, electronic equipment (recorder, filter, analyzer), etc.

4.5.3 The test units are to have an effective management of monitoring, measuring and test
equipment, regularly carrying out calibration and making records, to ensure the effectiveness of such
equipment and guarantee the accuracy of test results. For the management and calibration of test
equipment, refer to the requirements of ITTC 7.6-01-01. Detailed requirements for calibration of test
equipment are referred to in Appendix 4.

4.5.4 For regular calibration of test instruments and evaluation of their uncertainties, refer to ITTC
7.5-01-03-01.

4.5.5 The ship model and propeller model used in the test are to comply with the requirements for
EEDI verification. The ship model is to be made according to ship lines provided. It is to ensure that
the model is kept good and the displacement is correct during test. For model making, refer to ITTC
7.5-01-01-01.

4.5.6 Turbulence stimulation measures are to be clearly indicated in model making documents or
test documents. For the use of wires or sand strips, refer to the relevant requirements of ITTC 7.5-01-
01-01.

4.5.7 Prior to test, the model’s draft is to be determined, its floating control established and the
preparation of relevant information regarding the model (including hull and propeller) completed.
For details, refer to ITTC 7.5-01-01-01.

4.5.8 Prior to each test, the test location is to develop a test program according to ITTC
recommended procedures. The test program is to include model condition, equipment installation and
required parameters in resistance/self-propulsion/propeller open water tests, as well as explanations
for the use of measuring instruments and measurement accuracy, test flow and data collection and
analysis. The test program is also to provide a procedure for the reliability analysis of test results
and indicate the information to be included in the test report. For details, refer to the requirements of
ITTC 7.5-02-02-01, 7.5-02-03-01.1, 7.5-02-03-02.1.

4.5.9 The test unit is to have an effective management of data generated during test, which includes
properly recording key data and results during test and showing test results (such as resistance
coefficient, wake fraction, thrust deduction and delivered power curves) in diagrams with the
guidance/participation of the test unit after test. Test records, test information and prediction analysis
are to be archived.

4.5.10 Test locations are to have an appropriate test data management and analysis software

platform. Model tank test data are to be so accumulated that the accuracy requirements for correction
of the tested ship type are complied with.
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Chapter 5 Final Verification

5.1 General provisions
5.1.1 The final verification of EEDI is to include:

(1) Examination of the programme of the sea trial and confirmation of sea trial conditions by site
survey unit.

(2) site survey unit’s witness of sea trial and ascertain the relevant parameters obtained for the final
calculation of EEDI (check the electric load of consumers and producers included in the EPT-EEDI,
if necessary); after the sea trial, CCS site survey unit is to review results relating verification of EEDI
sea trial in the sea trial report submitted by the sea trial test organization, complete the Checklist for
Witnessed Items in Sea Trial and send to plan approval unit.

(3) plan approval unit’s review of the test report submitted by the test organization; confirmation that
the power and speed have been corrected in accordance with ITTC Recommended Procedure 7.5-04-
01-01.2 Speed and Power Trials Part 2; 2017 or ISO 15016:2015.

(4) plan approval unit’s review of the EEDI technical file revised and resubmitted by the submitter.
Issuance of the letter of plan approval comment after the final EEDI value is ascertained.

5.1.2  The survey unit shall issue the Energy Efficiency Certificate or assign the class notation for
CO, emission design index (CDx) as defined in CCS Rules for Green-Eco ships after checking that
the ship complies with relevant requirements according to the letter of plan approval comments
issued by the plan approval unit.

5.2 Documents and information

5.2.1 The following documents are to be submitted to CCS site survey unit prior to sea trial:

(1) sea trial programme (including speed trial programme), at least including explanations for
sea trial conditions, explanations for parameters to be measured, measuring method, measuring
instruments and calibration of instruments, and explanations for data recording sheet, data analysis
and correction method, etc.;

(2) the final displacement and the measured lightweight, or the report of final inclining test;

(3) acopy of NO, technical file of main and auxiliary engines.

5.3 Verification of speed trial

5.3.1 Sea trial conditions are to be set according to the conditions defined in 2.3.2 as far as possible.

5.3.2  Speed trial is to be carried out based on the following requirements:

(1) CCS surveyors are to witness the process of measuring speed.
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(2) The verification of speed trial is to confirm:

(D propulsion and power supply system, particulars of the engines or steam turbine (for LNG
carrier having steam turbine propulsion system), and other relevant items described in the
EEDI technical file;

@ ship draft and trim;

(3 sea conditions of sea trial and other required parameters of environmental conditions;
@ testing of ship speed;

®) testing of shaft power and revolutions per minute (RPM) of the prime mover.

(3) Draft and trim are to be confirmed by the draft measurements taken prior to the sea trial. The
draft and trim are to be as close as practical to those at the assumed conditions used for estimating
the power curves.

(4) Sea conditions are to be measured in accordance with ITTC Recommended Procedure 7.5-04-
01-01.1 Speed and Power Trials Part 1; 2017 or ISO 15016: 2015.

(5) Ship speed is to be measured in accordance with ITTC Recommended Procedure 7.5-04-01-
01.1 Speed and Power Trials Part 1; 2017 or ISO 15016: 2015 and at more than three points of which
range includes the main engine power defined in 2.2.5 of IMO 2018 EEDI Calculation Guidelines.
This requirement applies individually to each ship, even if the ship is a sister ship of a parent vessel.

(6) 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)
are to be measured as follows:

(D it is to be measured by a shaft power meter or a method which the engine manufacturer
recommends and CCS approves. The shaft torque may be measured by means of measuring
the torsional strain and the PRM of main engine (driving shaft) may be measured by pulse
type meter, based on which the shaft power and main engine power may be derived;

@) each testing condition may be measured in accordance with the methods recommended in
GB/T 3471;

(3 Other methods may be acceptable upon agreement of the shipowner and shipbuilder and with
approval of CCS.

(7) The submitter is to 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 correct the measured ship speed, if necessary, by taking into account the effects of wind, tide,
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 Part 2; 2017 or ISO 15016:2015.
The submitter is to submit a report on the speed trials, including details of the power curve
development, to the verifier for verification.
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5.3.3 CCS surveyors are to confirm the measuring items of sea trial. The data which are to be
measured and recorded during sea trials include:

(1) time and duration of sea trial;

(2) draft marks readings;

(3) air and sea temperature;

(4) main engine setting;

(5) course direction (rad);

(6) speed over ground (m/s);

(7) propeller rpm (rpm);

(8) power measured (kW);

(9) relative wind velocity (m/s);

(10) relative wind direction (rad);

(11) mean wave period (seas and swell) (s);

(12) significant wave height (seas and swell) (m);

(13) incident angle of waves (seas and swell) (rad);

(14) rudder angle (rad);

(15) drift angle (rad).

5.4 Recalculation of Attained EEDI

5.4.1 The power curves obtained as a result of the sea trial and the estimated power curves at
the design stage are to be compared. In case differences are observed, the Attained EEDI is to be

recalculated, as necessary, in accordance with the following:

(1) for ships for which sea trial is conducted under the full load conditions, the Attained EEDI is to
be recalculated using the measured ship speed at sea trial at the main engine power defined as P,;.

(2) for ships for which sea trial is not conducted under the full load conditions, the Attained EEDI
is to be recalculated by adjusting ship speed to the full load conditions by an appropriate correction

method that is agreed by CCS.

(3) An example of possible methods of the speed adjustment is given as follows:
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V,s1is obtained from the results of the sea trials at trial condition using the speed power curves

predicted by the tank tests. The tank tests are to 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 ¢,
between model test prediction and sea trial result is calculated for constant ship speed. Ship speed

from model test prediction for EEDI condition at EEDI power multiplied with ¢, is V..
P

Trail,P

P

Trail,S

a, =

where: /7, ;, , — power at trial condition predicted by the tank tests;

P

Trai1,s — POWeT at trial condition obtained by the S/P trials;

o, — power ratio.

Power

EEDI condition Trial condition

’n'
MCR / /’

NCR

ap = EEDI POWET |- mmmsmsssssmissiesssses
EEDI power

—  Tank test Resulis
- QF Sea Trial Results

o Adjusted speed by the
Results of Sea trial

- Ship Speed

Figure 5.4.1 Example of Ship Speed Adjustment

5.4.2 In cases where the finally determined deadweight/gross tonnage differs from the designed
deadweight/gross tonnage used in the EEDI calculation at the design stage, the submitter is to
recalculate the Attained EEDI using the finally determined deadweight/gross tonnage. The finally
determined gross tonnage is to be consistent with that indicated in the Tonnage Certificate of the
ship.

5.4.3 For LNG carriers having diesel electric propulsion system, the electrical efficiency 7, is to
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, is to be obtained by actual measurement and verified by a method
approved by CCS.

5.4.4 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 NO,
Technical file, the Attained EEDI is to be recalculated by using SFC in the approved NO, technical
file. Also, for steam turbines, the Attained EEDI is to be recalculated by using SFC confirmed by
CCS.
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5.4.5 The adjusted power curve and ship speed V,, based on the results of sea trial, the finally
determined deadweight/gross tonnage, # for LNG carriers having diesel electric propulsion system
and SFC described in the approved NO, technical file, and the recalculated Attained EEDI based on
these modifications are to be confirmed.

5.4.6 It is to be confirmed that the revised Attained EEDI is calculated in accordance with Chapter
2 of these Guidelines.

5.5 Basic requirements for revised EEDI technical file

5.5.1 The submitted EEDI technical file is to include:

(1) power curve and ship speed under full load condition obtained after sea trial;
(2) Attained EEDI value of the ship and all details related to calculation parameters.

5.5.2  The sea trial report, final stability file including lightweight of the ship and displacement table
based on the results of the inclining test or the lightweight check and lines of actual ship (if amended)
is to be submitted at the same time in addition to the revised EEDI technical file. The power curve
and ship speed under the condition of full load draught are to be calculated and determined in
accordance with the measured data at sea trial, and corrected by taking into account the effects of
wind, tide, waves and shallow water, in accordance with ITTC Recommended Procedure 7.5-04-01-
01.2 Speed and Power Trials Part 2; 2017 or ISO 15016:2015.

5.6 Basic requirements for test organizations/units
5.6.1 The test organizations/units conducting speed trial for EEDI final verification for the purpose
of obtaining the class notation for CO, emission design index (CDx) as defined in CCS Rules for

Green-Eco Ships are to be qualified as “Suppliers Engaged in Speed Trial of Ships” specified in CCS
Guidelines for Management of Approval of Suppliers and Personnel Qualification.
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Chapter 6 Verification after Major Conversion

6.1 General provisions

6.1.1 In cases where a major conversion is made to a ship, the shipowner is to submit to CCS an
application for an additional survey together with the EEDI technical file duly revised based on the
conversion made and other relevant background documents.

6.1.2 For major conversion as mentioned in 1.2.13(1), 1.2.13(2), 1.2.13(3) and 1.2.13(5), the
applicable Required EEDI after conversion is to comply with the requirements corresponding to the
ship type and size of the converted ship at the date of contract, or the keel laying date or the delivery
date of the existing ship.

6.1.3 For paragraph 1.2.13(4), in cases where the major conversion of a ship is so extensive that
the ship is regarded as a newly constructed ship by the Administration, the applicable Required
EEDI after conversion is to comply with the requirements corresponding to the ship type and size of
the converted ship at the date of the contract of the conversion, or in the absence of a contract, the
commencement date of the conversion.

6.1.4 Any substantial change in hull dimensions and/or capacity (e.g. change of length between
perpendiculars (LPP)) is to be considered a major conversion.

6.1.5 Assuming no alteration to the ship structure, both decrease of assigned freeboard and
temporary increase of assigned freeboard due to the limitation of deadweight or draft at calling port
is not to be construed as a major conversion. An increase of assigned freeboard, except a temporary

increase, is to be construed as a major conversion.

6.1.6 In any case, it is the Administration’s authority to evaluate and decide whether an alteration is
to be considered as major conversion.

6.1.7 The shipowner may, at any time, voluntarily request re-certification and reissuance of Energy
Efficiency Certificate and/or the class notation for CO, emission design index (CDx) as defined in
CCS Rules for Green-Eco Ships, on the basis of any new improvements to the ships’ efficiency that
are not considered to be major conversions.

6.2 Documents and information

6.2.1 The background documents are to include at least but not limited to:

(1) conversion plan and explanation related to the major 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 is to contain, at a
minimum, each value of the calculation parameters and the calculation process used to determine the

Attained EEDI after the conversion.
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6.3 Verification of Attained EEDI after Major Conversion

6.3.1 CCS is to 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 IMO 2018 EEDI Calculation Guidelines and/or Chapter 2 of these Guidelines.

6.3.2 For verification of the Attained EEDI after a conversion, speed trials of the ship are required
by CCS, as necessary. Where speed trial is required again after the assessment, speed trail is to be
carried out after conversion. 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.

6.3.3 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 speed V. In case of conversion,
if the assessment of the modified EEDI Technical File and other relevant documents leads to the
conclusion that the modifications couldn’t cause the ship to exceed the applicable required EEDI,
speed trials will not be required. If such conclusion cannot be reached, speed trials will be required.
If an Owner voluntarily applies for re-certification of EEDI with IEE Certificate reissuance and/or
the class notation for CO, emission design index (CDx) on the basis of an improvement to the ship
efficiency, speed trials are required in order to validate the attained EEDI value improvement.
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Appendix 1

1 Data

1.1 General information

Sample of EEDI Technical File

Shipbuilder XXX
Shipbuilder No. 12345

IMO No. 94111XX
Ship type Bulk carrier
CCS CLASS No.

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 draft, moulded 14.0 m
Deadweight at summer load line draft 150,000 tons

(Note: Above-mentioned moulded draft and deadweight are to be taken from stability information/freeboard calculation.)

1.3 Main engine

Manufacturer XXX

Type 6J70A

Maximum continuous rating (MCR) 15,000 kW x 80 rpm
SFC at 75% MCR 165.0 g/kWh
Number of set 1

Fuel type Diesel oil

(Note: This part of data is to be taken from general arrangement and NOx technical file.)

1.4 Auxiliary engine

Manufacturer XXX

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 oil

(Note: This part of data is to be taken from general arrangement and NOx technical file.)
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1.5 Shaft generator (if applicable)

Shaft generator No.

Manufacturer

Power (Ppro)

Power (P PT()(ii))

Shaft generator efficiency 7,

Ms6

MGy

(Note: Shaft generator No. is to be taken from system design instructions; other data are to be taken from

manufacturer’s documents.)

1.6 Shaft motor (if applicable)

Shaft motor No.

Manufacturer

Power (Pp)

Power (Ppy)

Shaft motor efficiency 7,

Mprici)

v

(Note: Shaft motor No. is to be taken from system design instructions; other data are to be taken from manufacturer’s

documents.)

1.7 Ship speed

Ship speed in deep water at summer load line draft at 75% of MCR

14.25 knots

(Note: It is to be taken from power curves and their calculations, see 2 below.)

2 Power curves

The power curves estimated at the design stage and modified after speed trials are shown in Figure 2.1.

BHP | kW

17,000
15,000 | [Summer load draught]
13,000 | 14.25 knot
75% of MCR / /

11,000 = f

9,000 /

/ /Trial Condition
7,000
5,000

12 13 14 15 16
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 subparagraph 1.3.

3.1.2  Propeller

Type Fixed pitch propeller
Diameter 7.0m
Number of blades 4
Number of set 1
3.2 Electric power supply system
3.2.1 Auxiliary engines
Refer to subparagraph 1.4.
3.2.2  Main generators (for shaft generators, see 1.5)
Manufacturer XXX
Rated output 560 kW (700 kVA) x 900 rpm
Voltage AC 450V
Number of sets 3

Weighted average efficiency of generator (7]@ )

I AUXILIARY ENGINES I

|  switcHROARD

»  BaLLAsTPUMPS |

MAIN ENGINE

*__mepumps |

> I ACCOMODATION |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 3.1 Schematic Figure of Propulsion and Electric Power Supply System

4 Estimation process of power curves at design stage
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Power curves are estimated based on model test results. The flow of the estimation process is shown

below.
( Ship Design )

| TankTess |
; Resistance Test Self-Propulsion Test Propeller Open i
i Water Test '
Estimation of Estimation of Estimation of
Resistance of Full Self-Propulsion Pr\c;?eller Open
Scale Ship Factors ater T?St.
Characteristics

Calculation of
Propulsion Power
of Full Scale Ship

Ship Speed and
Power Curves

Figure 4.1 Flowchart of Process for Estimating Power Curves

5 Description of energy saving equipment

5.1 Energy saving equipment of which effects are expressed as P, and/or P, in the EEDI
calculation formula

N/A
5.2 Other energy saving equipment
(Example)
5.2.1 Rudder fins
5.2.2 Propeller boss cap fins

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

6 Calculated value of attained EEDI
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6.1 Basic data

Type of ship Capacity DWT Speed V. (knots)
Bulk carrier 150,000 14.25

6.2 Main engine

MCR,,; (kW) Shaft generator P, (kW) Type of fuel Crur SFC,; (g/kWh)
15,000 N/A 11,250 Diesel oil 3.206 165.0

6.3 Auxiliary engine

P, (kW) Type of fuel Crie SFC,; (g/kWh)
625 Diesel oil 3.206 220.0

6.4 Ice class
N/A

6.5 Innovative electrical energy efficient technology

Innovative electric auxiliary engine (if applicable)

System No.

Manufacturer

Output power

Efficient factor

(Note: System No. is to be taken from system design instructions; other data are to be taken from manufacturer’s
documents.)

6.6 Innovative mechanical energy efficient technology

Innovative technology for reducing propulsion power of main engine (if applicable)

System No.

Manufacturer

Mechanical output

Efficient factor

(Note: System No. is to be taken from system design instructions; other data are to be taken from manufacturer’s
documents.)

6.7 Capacity correction factor
N/A

6.8 Calculated value of Attained EEDI
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_ 1x(11250%3.206x165.0) +(625%3.206x 220.0) + 0 - 0

1-1-150000-14.25-1

‘weather

=2.99 (g — CO2/ton - nmile)

Attained EEDI: 2.99 g-CO,/ton mile

7.1 Representative sea conditions
Mean wind speed | Mean wind direction | Significant wave height | Mean period | Mean wave direction
BF6 12.6 (m/s) 0 (deg.) * 3.0 (m) 6.7 (s) 0 (deg.) *
* 0 (deg.) means the ship is heading directly into the wind/wave.
7.2 Calculated f;, value
0.900

S

7.3 Calculated value of Attained EEDI

weather*

Attained EEDI, ., = Attained EEDI/f, = 2.99/0.9 = 3.32

g-CO,/ton mile

Attained EEDI :3.32 g — CO,/ton mile
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Annex 1-A
EEDI Calculation Examples for Use of Dual Fuel Engines

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

AE for MDO

ERGHE ROOW

]{H\&‘ i A for MDO 9930kW
o pite
Akf / ) [Jedssds

| [T :
S/N Parameter | Formula or source Unit Value
1 MCR,,;; MCR rating of main engine kW 9930
2 Capacity Deadweight of the ship at summer load draft DWT 81200
3 Vs Ships speed as defined in EEDI regulation kn 14
4 Py 0.75xMCR,; kW 7447.5
5 Py 0.05xMCR,; kW 496.5
6 Crue C. factor of main engine using MDO - 3.206
7 Crr C. factor of auxiliary engine using MDO - 3.206
8 SFC\ Specific fuel consumption of ME at P, g/kWh 165
9 SFC Specific fuel consumption of AE at P,,; g/kWh 210
10 EEDI [Py X Cryp*SFC ) T(Pypx Cryp XSFC,0)1/ (V,p%Capacity) | gCO,/tnm | 3.76

Case 2: LNG is regarded as the “primary fuel” if dual-fuel mian engine and dual-fuel auxiliary
engine (LNG, pilot fuel MDO; no shaft generator) are equipped with bigger LNG tanks.
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\ 3100 cum /

N

o ENGIKE ROCH
TN :
[ y E g ME|for Dual Fuel 9930KW

AE for DF

Tl AT
SEN A i | I

S/N | Parameter Formula or source Unit Value
1 MCR,,; |MCR rating of main engine kW 9930
2 Capacity  |Deadweight of the ship at summer load draft DWT | 81200
3 Vs Ships speed as defined in EEDI regulation kn 14

4 Py 0.75xMCR,;; kW 7447.5
5 P, 0.05xMCR,; kW 496.5
6 Crpioer | Cr factor of pilot fuel for dual fuel ME using MDO - 3.206
7 Crupiogier | Cr factor of pilot fuel for auxiliary engine using MDO - 3.206
8 Cring Cifactor of dual fuel engine using LNG - 2.75
9 SFCpiosier |Specific fuel consumption of pilot fuel for dual fuel ME at P, g/kWh 6
10 SFC zpuoss |Specific fuel consumption of pilot fuel for dual fuel AE at P, g/kWh 7

11 SFCyzve  |Specific fuel consumption of ME using LNG at P, g/kWh 136
12 SFC ;v |Specific fuel consumption of AE using LNG at P, g/kWh 160
13 Vi LNG tank capacity on board m’ 3100
14 Viro Heavy fuel oil tank capacity on board m’ 1200
15 Viino Marine diesel oil tank capacity on board m’ 400
16 Pive Density of LNG kg/m’ 450
17 Prro Density of heavy fuel oil kg/m’ 991
18 Pupo Density of marine diesel oil kg/m’ 900
19 LCV,y; |Low calorific value of LNG kl/kg | 48000
20 LCV,yro  |Low calorific value of heavy fuel oil kl/kg | 40200
21 LCV,po |Low calorific value of marine diesel oil kl/kg | 42700
22 K, v Filling rate of LNG tank - 0.95
23 Kyro Filling rate of heavy fuel tank - 0.98
24 Kypo Filling rate of marine diesel tank - 0.98
25 Jorgas PutPy Vi % Pusg X LCVi XK g - 0.5068

P+ Pz Vigo X P X LCV o X Ko +Viupo X Pypo X LEVypo X Ky +V 6 % g X LCV 1y x Koy
26 EEDI  \[Pye*(Crpitoier*SF Cuti pitogiet + Crne*SFCosie n) + Par*(Crpitorger gtCOz/ 2.78
nm

SEC i pitosiet + Crne*SFC o 1n6)l/ (V< 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:

I —

AE for DF /7N LNG TANK
| "'\_/‘ 600 cu.m
MDY, 4 75_1-55?.@'1(::;—;:“:_—;_’::""'7{7-7-7-7 L
A cin _1200-ewm T
i ME.‘. for Dual Fuel 9930kW
(Desesse A
il /\
R
S/N | Parameter | Formula or source Unit Value
1 MCR,; MCR rating of main engine kW 9930
2 Capacity | Deadweight of the ship at summer load draft DWT 81200
3 Ve Ships speed as defined in EEDI regulation kn 14
4 Py 0.75xMCR,;; kW 7447.5
5 P 0.05xMCR,; kW 496.5
6 Crpitotfuct C factor of pilot fuel for dual fuel ME using MDO - 3.206
7 Craepitorfel C factor of pilot fuel for auxiliary engine using MDO - 3.206
8 Crine C factor of dual fuel engine using LNG - 2.75
9 Crymo C factor of dual fuel ME/AE engine using MDO - 3.206
10 | SFCygpitoyar | Specific fuel consumption of pilot fuel for dual fuel Meat P, g/kWh 6
11 | SFC zpiosa | Specific fuel consumption of pilot fuel for dual fuel AE at P, g/kWh 7
12 | SFCyy: e | Specific fuel consumption of ME using LNG at P, g/kWh 136
13 |SFC,zive | Specific fuel consumption of AE using LNG at P, g/kWh 160
14 | SFCyrvpo | Specific fuel consumption of dual fuel ME using MDO at P, g/kWh 165
15 | SFC,mupo | Specific fuel consumption of dual fuel AE using MDO at P,; g/kWh 187
16 | Vg LNG tank capacity on board m’ 600
17 |\ Varo Heavy fuel oil tank capacity on board m’ 1800
18 | Vo Marine diesel oil tank capacity on board m’ 400
19 | pue Density of LNG kg/m’ 450
20 | puro Density of heavy fuel oil kg/m’ 991
21 | puro Density of marine diesel oil kg/m’ 900
22 | LCV g Low calorific value of LNG kl/kg 48000
23 | LCVyro Low calorific value of heavy fuel oil kl/kg 40200
24 | LCVypo Low calorific value of marine diesel oil kJ/kg 42700
25 | Ko Filling rate of LNG tank - 0.95
26 | Kyro Filling rate of heavy fuel tank - 0.98
27 | Kupo Filling rate of marine diesel tank - 0.98
28 fDFgag P+P « Vive * Pivg X LCV 6 X K 6 - 0.1261
P\IE + P/IE VHFD X pHF() X LCVHFO X KHF[} + V\ID() X pMD[} X LCVWD() X KMDO + VI."v'G X plW’G X LCVI\‘O X KU\‘G
29 | forigia 1~/ brgas - 0.8739
30 |EEDI [Pyrx [fDFgax X (Cr leutﬁleSF Cyii pilogfuel T Cr v SFCyz 1vg) +ﬁ)F/iquid XCrypo* | gCOy/tnm | 3.61
SFCME ;'I/ID()]+ PAEX [ﬁ)thr.sX(CFAEleutﬁleSFCAE Pilotfuel + CFLNGXSFCAE LNG)Jr
Joriigia™ Ce mpo*SFC. mpoll | (V% Capacity)
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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
“primary fuel” only for the dual-fuel main engine:

I B

(/LI\'G m\x
41000 cu.m/

| N

b K HEI;blﬂNK": = ;—,-_‘._-:;_-jj""”-/-J{ H
A cin 1200-ewm@ T

scne roon \ ME for MDO 5000LW
:
3

AE for DF

7

I a
|

-
=

for Dual Fuel 4000kW

N Y

S/N |Parameter |Formula or source Unit Value
1 MCR,;;yp0 | MCR rating of main engine using only MDO kW 5000
2 MCR,;zve | MCR rating of main engine using dual fuel kW 4000
3 Capacity Deadweight of the ship at summer load draft DWT | 81200
4 Vs Ships speed as defined in EEDI regulation kn 14
5 | Pummo 0.75xMCRzvip0 kW 3750
6 | P 0.75%xMCR 51 n6 kW 3000
7 | Py 0.05%MCR,p1p0t MCR 1 vG) kW 450
8 Corpitogiel C,. factor of pilot fuel for dual fuel ME using MDO - 3.206
9 Chrapitogiel Cpfactor of pilot fuel for auxiliary engine using MDO - 3.206
10 | Crne C factor of dual fuel engine using LNG - 2.75
11| Capo C factor of dual fuel ME/AE engine using MDO - 3.206
12 | SFCyppuoysa | Specific fuel consumption of pilot fuel for dual fuel ME at P, g/kWh 6
13 | SFC yppyone | Specific fuel consumption of pilot fuel for dual fuel AE at P, g/kWh 7
14 | SFCprine Specific fuel consumption of dual fuel ME using LNG at P, g/kWh 158
15 | SFCzine Specific fuel consumption of AE using LNG at P, g/kWh 160
16 | SFCyzwpo | Specific fuel consumption of single fuel ME at P, g/kWh 180
17 | Vine LNG tank capacity on board m’ 1000
18 | Viro Heavy fuel oil tank capacity on board m’ 1200
19 | Vo Marine diesel oil tank capacity on board m’ 400

20 | pine Density of LNG kg/m’ 450
21 | puro Density of heavy fuel oil kg/m’ 991
22 | puvo Density of marine diesel oil kg/m’ 900
23 |LCVyg Low calorific value of LNG kl/kg | 48000
24 | LCVypo Low calorific value of heavy fuel oil kl/kg | 40200
25 | LCVypo Low calorific value of marine diesel oil kl/kg | 42700
26 | Ko Filling rate of LNG tank - 0.95
27 | Kyro Filling rate of heavy fuel tank - 0.98
28 | Kypo Filling rate of marine diesel tank - 0.98
29 | fooreas Pusuno+ Pusso + Pz Vo * e *LCV g * Ko ‘ - 0.5195
Peve + Pir Viro % Prro X LCVio X Ko +Vino X Papo X LCVypo X Ko +Vive X Pive X LCV e X Ky

30 |EEDI [Priene(Crpioguer™ SFCotg pitogsier + Cr in™SFCpr ing) + Prgnino™ Cr ypo™ gCo,/ 3.28

SFCuiz o+ P (Crt miogerSFC miogus+ Cr1ne*SFCog )] / (Vo o

Capacity)
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Case 5: One dual-fuel main engine (LNG, pilot fuel MDO), and one main engine (MDQO) 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 (/ xl‘ 500 cu.m

\ /
NS

A0 ciem 1200-cw @ —

ENGIE Foom \ ME for MDO 5000kW

7
1

I
{
/
|

¢ ME |for Dual Fuel 4000kW

N/
7

S/N |Parameter [Formula or source Unit  |Value
1 MCRzypo  |MCR rating of main engine using only MDO kW 5000
2 MCR,;;; v |IMCR rating of main engine using dual fuel kW 4000
3 Capacity  |Deadweight of the ship at summer load draft DWT 81200
4 Ve Ships speed as defined in EEDI regulation kn 14
5 Prvino 0.75%xMCR,zri00 kW 3750
6 Prine 0.75%XMCR 5, 56 kW 3000
7 P 0.05xMCR 1m0 MCR, 106 kW 450
8 Chrpitorgiel C factor of pilot fuel for dual fuel ME using MDO - 3.206
9 Crizrioser | Cr factor of pilot fuel for auxiliary engine using MDO - 3.206
10 |Cung C, factor of dual fuel engine using LNG - 2.75
11 Cruno C factor of dual fuel ME/AE engine using MDO - 2.75
12 |SFCyppinsa |Specific fuel consumption of pilot fuel for dual fuel ME at P, g/kWh |6
13 |SFC g |Specific fuel consumption of pilot fuel for dual fuel AE at P, g/kWh |7
14 |SFCprv  |Specific fuel consumption of dual fuel ME using LNG at P, g/kWh |158
15 |SFC,zive  |Specific fuel consumption of AE using LNG at P,,; g/kWh 160
16  |SFCprupo |Specific fuel consumption of dual fuel ME using MDO at P, g/kWh |185
17 |SFCyzupo |Specific fuel consumption of single fuel ME at P, g/kWh |180
18  |SFC zupo |Specific fuel consumption of AE using MDO at P,,; g/kWh |187
19 Vi LNG tank capacity on board m’ 600
20 Vuro Heavy fuel oil tank capacity on board m’ 1200
21 Vo Marine diesel oil tank capacity on board m’ 400
22 |pive Density of LNG kg/m® 450
23 puro Density of heavy fuel oil kg/m’ 991
24 \puro Density of marine diesel oil kg/m® 900
25 |LCVig Low calorific value of LNG kl/kg |48000
26 |LCVypo Low calorific value of heavy fuel oil kl/kg |40200
27 |LCVypo Low calorific value of marine diesel oil kl/kg 42700
28 |K\ Filling rate of LNG tank - 0.95
29 |Kyro Filling rate of heavy fuel oil - 0.98
30 Ko Filling rate of marine diesel tank - 0.98
3 1 ﬁ)FgllY RMEMDD + PMEL:\"G + PAE X VL:\"G X pL.\"G X LCVL\G X KL\"G - 0’3462
P\IELNG + P4E VIIFO X pIIFO X LCVIIFO X KIIFO + V“IDO X pMDO X LCV:WDO X KMDO + VLN’G X pLNG X LCVLN’G X KLN'G
32 Vo 1-firgas - 0.6538
33 |EEDI [Pz Ureas X(CrpitouerSFCoti pitoier + Cring™ SFCpring) T foriiguia *Crvmo*  |8CO  |3.54
SFCor mpo) ] Puerno™ Cramo*SECyr ypo + P [fDFgax x (CFAEPi[ogfueIX tnm
SFCp Pilotfiel FCrine*SFC i 1vg) DFliquid™ Crvpo™SFC o 11/( Vr.ef( Capacity)
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Appendix 2 Development of Electric Power Tables for
EEDI (EPT-EEDI)

1 Introduction to the document “Electric Power Table for EEDI”

1.1 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 P, 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

2.1 P, is to be calculated as indicated in 2.3.5.5, Chapter 2 of the Guidelines, together with the
following additional three conditions:

(1) no 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 of passengers and crew.

3 Definition of the data to be included in the Electric Power Table for EEDI

3.1 The Electric Power Table for EEDI calculation is to contain the following data elements, as
appropriate:

(1) Load’s group;

(2) Load’s description;

(3) Load’s identification tag;

(4) Load’s electric circuit Identification;

(5) Load’s mechanical rated power “P,,” [kW];

(6) Load’s electric motor rated output power [kW];
(7) Load’s electric motor efficiency “e” [/];

(8) Load’s Rated electric power “P,” [kW];

(9) Service factor of load “k;” [/];
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(10) Service factor of duty “k,” [/];

(11) Service factor of time “k,” [/];

(12) Service total factor of use “k,” [/], where k, = k/k,k;

(13) Load’s necessary power “P,,.,” [kW], where P, = P, k,;

(14) Notes;

(15) Group’s necessary power [kW]; and

(16) Auxiliaries load’s power P, [kW].

4 Data to be included in the Electric Power Table for EEDI

4.1 Load groups

The Loads are put 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:

(M
@)
3)
“4)
)
(6)
(N
®)
&)

A — Hull, deck, navigation and safety services;

B — Propulsion service auxiliaries;

C — Auxiliary engine and main engine services;

D — Ship’s general services;

E — Ventilation for engine rooms and auxiliaries room;
F — Air conditioning services;

G — Galleys, refrigeration and laundry services;

H — Accommodation services;

I — Lighting and socket services;

(10) L— Entertainment services;

(11) N-Cargo loads; and

(12) M- Miscellaneous.
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All the ship’s loads have to be delineated in the document, excluding only P, 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 the requirements for calculation of P, in 3.5.4
of Appendix 1, 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

(1) 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 the requirements for calculation of P, in 3.5.4 of
Appendix 1;

(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 (Py;) and the auxiliaries which are part of
them (shaft motor own cooling fans and pumps, 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 (sea water, technical water dedicated pumps, etc.), lubricating and fuel
systems feeding, transfer, treatment and storage, ventilation system for combustion air supply, etc.
4.1.4 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 sea water, technical water main circuits, compressed air
systems, fresh water generators, automation systems, etc.
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4.1.5 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 (&
=1,k =1and k,= 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, £, is to represent the use of
spare chillers (e.g., four chillers are installed and one out four is spare then k, = 0 for the spare chiller
and k, = 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 laundry 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.

4.1.8 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.

4.1.9 I- 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 are to be grouped into
subgroups aimed to identify possible improvements of efficient use of power. The subgroups are:

(1) 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 have to be divided
by main vertical zone; 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 have to be divided by main
vertical zone.

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.).
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4.1.10 L — Entertainment services

This group includes all loads related to the entertainment services that typically are: 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.

4.1.12 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.

4.2 Loads description

This identifies the loads (for example “sea water pump”).

4.3 Loads identification tag

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.

4.4 Loads electric circuit identification

This is the tag of the electric circuit supplying the load. Such information allows the data validation
process.

4.5 Loads mechanical rated power “P,”[kW]

This data is to be indicated in the document only when the 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.

4.6 Loads electric motor rated output power [KW]

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

4.7 Loads electric motor efficiency “e” [/]

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

4.8 Loads rated electric power “P,” [KW]
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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 nameplate and/or in the 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: P.= P,,/e [kW].

4.9 Service factor of load “k,” [/]

It provides the reduction from the loads rated electric power to loads necessary electric power that
is to be made when the load absorbs 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 ;.

4.10 Service factor of duty “k,” [/]

Factor of duty is to be used when a function is provided by more than one load. As all loads have 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/standby, their &, factor will be %2 and 5.
When three compressors serve the same circuit and one runs in duty and two in standby, then £, is
1/3, 1/3 and 1/3.

4.11 Service factor of time “k,” [/]

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 k, = 4/24. For example, the sea water
cooling pumps operate at their power all the time during the navigation at V. As a consequence k, = 1.
4.12 Service total factor of use “k,” [/]

The total factor of use that takes into consideration all the service factors: k, = &k, - k, * k..

4.13 Loads necessary power “P,,,” [kKW]

The individual user contribution to the auxiliary load power is Py, = P, - k.

4.14 Notes

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

4.15 Groups necessary power [kW]

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 P,.. However, it is useful to allow a quantitative

analysis of the P,;, providing a standard breakdown for analysis and potential improvements of
energy saving.
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4.16 Auxiliaries load’s power P, [kKW]

Auxiliaries load’s power P, 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.

P, = 2P,/ (average efficiency of the generator(s) weighted by power)
5 Layout and organization of the data indicated in the “Electric Power Table for EEDI”

5.1 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:

(1) 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 these Guidelines;

(4) one column for the group descriptions as indicated in paragraphs 4.1.1 to 4.1.12 of these
Guidelines;

(5) one column each for items in paragraphs 4.2 to 4.14 of these Guidelines (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
these Guidelines; and

(8) explanatory notes.
An example of an Electric Power Table for EEDI for a cruise postal vessel which transports

passengers and have 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 |oftme| use | "Pload”

id | group |Load description tag ification| “Pm” [kWV] |power [kiV]| “e"[] [RWY |l [ | k" [] ke ) ku” [ [kW]  [Note

1| A |Hullcathodic protection Fwd XXX Wy n.a. N N 5.2 1 1 I* 1 52 |finuse 4hours/day

2| A |Hullcathodic protection mid XXX Wy n.a. N N 70 1 1 I* 1 7 |finuse 2hours/day

3| A |Hullcathodic protection aft XXX Wy n.a. N N 48 1 1 I* 1 48 |*inuse 2hours/day

4 A [Ballastpump 3 XXX Wy 30 3 0.9 326 09 | 05 1 0* 0 *notin use at NMSL see para 2.5.6 of Circ.681

5| A |FwdSthmooring winch motor n.L XXX Wy 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 |WIDs systemmain control panel XXX Wy n.a. na. n.a. 05 1 1 1* 1 05 |*inuse 24hours/day

7| A |WID1, deckD frame 150 XXX Wy 1.2 3 0.91 13 0.7 1 | 0104* | 0.0728 | 0.09  |*180secs to open/close x 100 opening aday

8 A |WIDS, deckD frame 210 XXX Wy 1.2 3 0.91 13 0.7 1| 0156* | 0.1092| 014 |*180secs to open/close x 150 opening aday

9| A |Stabilisers control unit XXX Wy n.a. na. n.a. 0.7 1 1 1* 1 0.7 |finuse 24hours/day

10) A |Stabilisers Hydraulic pack power pump 1 XXX Wy 80 90 0.9 88.9 0.9 1 0 0 0 *NMSL=> calm sea,=> stabiliser not in use

11| A |S-band Radar 1 controller XXX Wy n.a. na. n.a. 04 1 1 1* 1 04 |*inuse 4hours/day

12| A |S-bandRadar 1 motor XXX Wy 0.8 1 0.92 0.9 1 1 1* 1 09 |*inuse 24hours/day

13| A |Firedetection system bridge main unit XXX Wy n.a. na. n.a. 15 1 1 1* 1 15 |*inuse 24hours/day

14] A |Fire detection system ECR unit X Wy n.a. na. na. 039 1 1 1* 1 0.9 |%inuse 2hours/day

15 A |High pressure water fog contol unit X Wy n.a. na. na. 12 1 1 1* 1 12 |%inuse 2hours/day

16] A |High pressure water fog engines rooms pump La X Wy 25 30 0.93 26.9 0.9 0.5 0 0 0 *NMSL=> not emergency =>Load not in use
17 A |High pressure water fog engines rooms pump Lb X Wy 25 30 0.93 26.9 0.9 0.5 0 0 0 * not emergency situations

18 B |PTiport freshwater pump L X Wy 30 36 0.92 32.6 03 | 05° 1 0.45 147 |* pumpl,2 one s duty and one is stand-by
19 B |PTiportfreshwater pump 2 X Wy 30 36 0.92 32.6 03 | 05° 1 0.45 147 |* pumpl,2 one s duty and one is stand-by
20] B |Thrusters contral system X Wy n.a. na. na. 0.5 1 1 1* 1 0.5 |inuse 24hours/day [even if thruster motar isn't)
21 B |Bowthrusterl X Wy 3000 3000 0.96 3125.0 1 1 0 0 0 *NMSL=3thrusters motor are not in use

22| B |PEM portcooling fanl X Wy 20 25 0.93 L5 0.9 1 na | na na*  |*his load is included in the propulsion chain data
2| € |HTcirculation pump 1DG3 XXX yyy 3 10 0.92 8.7 09 | 05* 1 0.45 3.9 |*pumpl,2one is duty and one is stand-by
24| € |HTcirculation pump2DG3 XXX yyy 3 10 0.92 8.7 09 | 05* 1 0.45 3.9 |*pumpl,2one is duty and one is stand-by
25| € |DG3combustion air fan XXX yyy 23 35 0.92 304 0.9 1 1* 0.9 274 |*inuse 2hours/day

26| € |DG3exhaust gas boiler circulationg pump XXX yyy [} 8 0.93 6.5 0.3 1 1* 0.8 5.2 |%inuse 2hours/day

27| € |Alternator 3 external cooling fan XXX yyy 3 5 0.93 3.2 0.3 1 1* 0.8 275 |*inuse 2hours/day
28| € |fuelfeed fwd hooster pumpa XXX yyy 7 9 0.92 76 09 | 05* 1 0.45 34 |*pumpl,2one is duty and one is stand-by
29| € |fuelfeed fd hooster pump b XXX yyy 7 9 0.92 76 09 | 05* 1 0.45 34 |*pumpl,2one is duty and one is stand-by
30| D |Fwdmain [Tcooling pump 1 XXX yyy 120 150 0.95 1263 09 | 05* 1 0.45 568 |*pumpl,2 one s duty and one is stand-by
31| D |Fwdmain LTcoolingpump2 XXX Wy 120 150 0.95 1263 09 | 05 1 0.5 568 |*pumpl,2 one s duty and one is stand-by
32| E |FWDengine room supply fan 1 XXX Wy 8.8 10 0.93 %4 0.95 1 * 0% 897 |*inuse 4hours/day
3| E |FwDengine room exhaust fan 1 XXX Wy 75 86 0.93 80.6 0.96 1 * | 0% 774 [finuse 4hours/day
34| E |purifier roomsupplyfanl XXX Wy 60 n 0.93 645 09 | 05 s 310 [finuse 4hours/day
35| E |purifier roomsupply fan2 XXX Wy 60 n 0.93 645 09 | 05 s 310 [finuse 4hours/day
36| F |HVACthillera XXX Wy 1450 1600 0.95 1526.3 1 e ! 0.66 | 10074 [*1Chilleris spare; see heat load dissipation doc.
37| F |HVACthillerh XXX Wy 1450 1600 0.95 1526.3 1 e ! 0.66 | 10074 [*1Chilleris spare; see heat load dissipation doc.
38| F |HVACcthillerc XXX Wy 1450 1600 0.95 1526.3 1 e ! 0.66 | 10074 [*1Chilleris spare; see heat load dissipation doc.
39| F |AHU. Acstation 5.4 supplyfan XXX Wy 50 60 0.93 533 0.3 1 I* 0.9 434 |*inuse 2hours/day
40| F  [AHU.Acstation 5.4 exhaust fan XXX Wy [ 55 0.93 484 0.3 1 1* 0.9 435 |*inuse 2hours/day
41 F [Chilled water pump a XXX Wy 80 90 0.93 86.0 088 | 05* 1 0.4 378 |* pumpl,2 one is duty and one is stand-by
42| F [Chilled water pump b XXX Wy 80 90 0.93 86.0 088 | 05* 1 0.4 378 |* pumpl,2 one is duty and one is stand-by
43| G [malian's espresso coffee machine XXX Wy n.a. na. n.a. 70 0.9 1 025 | 0.18 13 |finused.shours/day
4| G [deepfreezer machine XXX Wy n.a. na. n.a. 0.0 0.8 1 | 0J6* | 0.128 32 |finusedhours/day
45| G |washingmachine1 XXX Wy n.a. na. n.a. 8.0 0.8 1033 | 0264 32 |finuseBhours/day
46| H [liftpaxmid4 XXX Wy 30 4 0.93 323 0.5 1 | 0175 | 0.0875 09 |*inusedhours/day
47| H  |vaceum collecting system 4 pump a XXX Wy 10 13 0.92 109 0.9 1 1* 0.9 8.7 |*inuse 2hours/day
48| H [sewagetreatmet system 1pump1 XXX Wy 15 17 0.93 16.1 0.9 1 1* 0.9 8.7 |*inuse 2hours/day
23] K [Gym running machine X Wy n.a. na. na. 25 1 1 03° | 03 0.8 |*inuse7.2haurs/day
50] | |Cabin's lighting MVZ3 na. na. n.a. na. na. 80° 1 1 1 1 800 |*see explainatory note
51 | |corridors ligthing MVZ3 na. na. n.a. na. na. 10 1 1 1 1 100 |*see explainatory note
52| | |Cabin's sockets MVZ3 na. na. n.a. na. na. 5* 1 1 1 1 5.0 |*seeexplainatory note
53 L |Main Theatre audio booster amplifier X Wy n.a. na. na. 15.0 1 1 03° | 03 45 |*inuse7.2hours/day
54 L |Videowallatrium X Wy n.a. na. na. 20 1 1 03° | 03 0.6 |*inuse7.2haurs/day
53] M |CarGarage supply fanl X Wy i 35 0.92 304 0.9 1 1* 0* 0 *notin use 3t NMSL see para 2.5.6 of Circ.681
56 M |Fishtransportation refeer hold n.2 X Wy 25 30 0.93 26.9 0.9 0.5 0 0* 0 *notin use 3t NMSL see para 2.5.6 of Circ.681
57 N |Slidingglass roof X Wy 30 40 0.93 323 0.9 1 0.2 |finuse7.2haurs/day

PAE=3764/(weighted average efficiency of generator(s)) [KW]  6roup' necessary pover group A=22 5k, B=29.8K0,C=19 SKW, D=13,TkW, E=225K\, <3189, G50, H19KW, =85k, L=5.1K0W, M=DkW, N0, 22K00)
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Appendix 3 Review and Witness Points

Ref. Function Survey Reference document Documentation Remarks
method to be submitted to CCS
01 | EEDI Technical File Review 2.3 of the Guidelines Relevant information required
by 2.3 of the Guidelines
02 | Limitation of power Review 2.3.5.3 of the Guidelines Verification file of limitation | Only if means of limitation are fitted
technical means
03 | Electric Power Table Review Appendix 2 and 7 of the Guidelines | EPT-EEDI form Only if P, is significantly different from
the values computed in accordance with
Chapter 2 of the Guidelines
04 |Calibration of towing tank test | Review & Appendix 4 of the Guidelines Calibration reports Check at random that measuring devices
measuring equipment witness are well identified and that calibration
reports are currently valid
05 | Model tests — ship model Review & Appendix 5 of the Guidelines Ship lines plan & offsets table
witness Ship model report
06 | Model tests — propeller model Review & Appendix 5 of the Guidelines Propeller model report
witness
07 |Model tests — Resistance test, | Review & Appendix 5 of the Guidelines Towing tank tests report Propeller open water test is not needed if
Propulsion test, Propeller open | witness a stock propeller is used. In this case, the
water test open water characteristics of the stock
propeller are to be annexed to the towing
tank tests report
08 |Model-ship extrapolation and | Review Latest version of ITTC 7.5-02- | Extrapolation and correlation | Check that the power-speed curves
correction 03-01.4 1978 ITTC performance | calculation report obtained for the EEDI condition and sea
prediction method; trial condition are obtained using the same
Appendix 5 of the Guidelines calculation and correlation methods
09 | Numerical calculations replacing | Review Latest version of ITTC 7.5-03-01-04 | Report of calculations Verification calculations replacing model
towing tank tests or equivalent tests
10 | Check of power of equipment | Witness Appendix 2 of the Guidelines Only if P,;; is computed from EPT

listed in EPT-EEDI form prior to
sea trials
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Appendix 4 Verifying the Calibration of Model Test Equipment

1. Measuring Equipment

1.1 Measuring equipment instruments are to have their individual records in which the following
data are to be placed: name of equipment, manufacturer, model, series, laboratory identification
number and status (verified, calibration, indication)

1.2 Moreover the information about the date of last and next calibration or verification is to be
placed on this record. All the data are to be signed by authorised officer.

2. Measuring Standards

2.1 Measuring standards used in laboratory for calibration purposes are to be confirmed and verified
by Weights and Measures Office at appropriate intervals.

2.2 All measuring standards used in laboratory for the confirmation purposes are to 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

3.1 The calibration methods may differ from institution to institution, depending on the particular
measurement equipment. The calibration is to comprise the whole measuring chain (gauge, amplifier,
data acquisition system etc.).

3.2 The laboratory is to ensure that the calibration tests are carried out using certified measuring
standards having a known valid relationship to international or nationally recognized standards.

(1) Calibration Report

Calibration reports are to include 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.

(2) Intervals of Confirmation

The measuring equipment (including measuring standards) is to be confirmed at appropriate (usually
periodical) intervals, established on the basis of their stability, purpose and wear. The intervals are to
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 is to have specific objective criteria for decisions concerning
the choice of intervals of confirmation.

(3) Non - Conforming Equipment
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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, is to be removed from service by segregation, clear
labelling or cancelling. Such equipment is not to 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 is to take the
necessary corrective action.

4. Instrumentation

4.1 Especially the documentation on the calibration of the following Instrumentation is to be shown.

(1) 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 organization.

(2) Water Temperature
Measured by calibrated thermometer with certificate (accuracy 0.1°C ).
(3) 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 organization.

(4) Resistance Test

Resistance Test is a force measurement. It is to be calibrated against a standard weight. Calibration is
normally before each test series.

(5) 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
organization.
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(6) 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
organization.

5 Measuring and Calibration Forms

Examples of measuring and calibration forms are given in the Annexes 4-A and 4-B.
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Annex 4-A SAMPLE OF MEASURING EQUIPMENT CARD

Equipment I:l Manufacturer I:l Model I:l
Serial No. Date of Purchase I:l

Basic range

Status

Work Instructions | | Calibrated |:|

Calibration Instructions | | Indication |:|

Verified at | | Verified |:|
Date of Check | Certificate. No. Period Date of Next Responsible Department Approval

Check
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ANNEX 4-B  SAMPLE OF CALIBRATION CERTIFICATE

PROPELLER

Calibration Instructions |

Date of calibration |

Calibrated by : |

Checked by : |

Measurement combination

DYNAMOMETER Manufacturer [ ] Model [ ]
LIN I:I Serial No Date of purchased |:|
Work instruction Last calibration I:l
Cable
Manufacturer Model I:l
AMPLIFIER Serial No Date of purchased I:l
LIN Work instruction Type of transducer I:l
Excitation |:| Frequency of excit. |:|
Amp. gain I:l Zero not load I:l
Thrust :
Amp. gain I:l Zero not load I:'
Torque :
Cable
A/C TRANSDUCER Manufacturer [ 1 Model ]
LIN Serial No I:l Date of purchased I:l
Work instruction I:l Certificate No :l
Mass |:| Certificate No I:l
MEASUREMENT Length arm of force I:l Certificate No I:l
STANDARDS Voltmeter I:l Certificate No |—|
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Environmental condition

Place of test:

[ ]

Non Linearity errors :

Hysteresis :

Precision errors :

Total uncertainty :

Calibration factor :

[ ]
[ ]
[ ]

[ ]
[ ]

Temperature : Initial I:l final I:l
Dampness : Initial final |:|
Computation results of calibrations test
Executed program procedure certificate NO.
Thrust Torque
Drift [ 1] [ ]

[ ]
[ ]
[ ]

[ ]
[ ]

Calibration requests :

Specified limits of

CITOo1S

Maximum capacity :

Minimum capacity :

Thrust

[ ]
[ ]

[ ]

Torque

[ ]
[ ]
[ ]

Note : tests and computations results are included in report

1

Prepared by : ..ooovveiiis Approved by @ .ocoeeiiiiiie Date @ ..cooeevveeenne
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Appendix 5 Review and Witnessing of Model Test Procedures

1. Ship Model

1.1 Hydrodynamic Criteria

1.1.1 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.

1.1.2 Reynolds Number: The Reynolds Number is to be above 2.5 x 10°.

1.1.3 Turbulence Stimulator: In order to ensure turbulent flow, turbulence stimulators have to be
applied.

1.2 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, including the check of main dimension, surface finish, stations
and waterlines and displacement.

1.3 Documentation in the report

The report given by the submitter is at least to include:

- Identification (model number or similar)

- Materials of construction

- Principal dimensions

- Length between perpendiculars (L,,)

- Length of waterline (L,,,,)

- Breadth (B)

- Draught (7)

- For multihull vessels, longitudinal and transverse hull spacing

- Design displacement (A) (kg, fresh water)

- Hydrostatics, including water plane area and wetted surface area

- Details of turbulence stimulation
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- Details of appendages

- Tolerances of manufacture

2. Propeller Model

2.1 Propeller Model Accuracy

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. 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 (f) £0.10 mm

- Blade width (¢) £0.20 mm

- Mean pitch at each radius (P/D): £0.5% of design value

2.2 Documentation in the report

The report given by the submitter is at least to include:

- Identification (model number or similar)

- Materials of construction

- Principal dimensions

- Diameter

- Pitch-Diameter Ratio (P/D)

- Expanded blade Area Ratio (4,/4,)

- Thickness Ratio (#/D)

- Hub/Boss Diameter (d,,)

- Tolerances of manufacture

3. Model Tests
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3.1 Resistance Test

The Resistance Test is to be performed according to ITTC Recommended Procedure 7.5-02-02-01
Resistance Test. The report given by the submitter is at least to include:

- Model Hull Specification:

- Identification (model number or similar)
- Loading condition

- Turbulence stimulation method

- Model scale

- Main dimensions and hydrostatics.

- 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

- 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

3.2 Propulsion Test

The Propulsion Test is to be performed according to ITTC Recommended Procedure 7.5-02-03-01.1.

The report given by the submitter is at least to include:

- Model Hull Specification:

- Identification (model number or similar)
- Loading condition

- Turbulence stimulation method

- Model scale

- Main dimensions and hydrostatics.
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- Model Propeller Specification:

- Identification (model number or similar)
- Model Scale
- Main dimensions and particulars

- 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

- Appendage drag scale effect correction factor

- 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

- Rate of revolutions.

- Sinkage fore and aft, or sinkage and trim
- delivered power P,,.

3.3 Propeller Open Water Test

The Propeller Open Water Test is to be performed according to ITTC Recommended Procedure 7.5-
02-03-02.1 Open Water Test. The report given by the submitter is at least to include:

- Model Propeller Specification:

- Identification (model number or similar)

- Model scale

- Main dimensions and particulars

- 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
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- 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 measured data and extrapolated 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
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
2011). 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. The report given by the submitter is at least to include:
- Model Hull Specification:

- Identification (model number or similar)

- Loading condition

- Turbulence stimulation method

- Model scale

- Main dimensions and hydrostatics

- Model Propeller Specification:
- Main dimensions and particulars

- 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)
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- Open Water Characteristics of the model propeller

- Open Water Characteristics of ship propeller

- Ship Specification:

- Projected wind area
- Wind resistance coefficient
- Assumed BF

- 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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Appendix 6 EEDI Ship Trial Based on ISO15016:2015

Chapter 1 General

1.1 General provisions

1.1.1 This Appendix is intended to provide guidance for speed trial and test report for EEDI final
verification at ship trial stage.

1.1.2 The purpose of EEDI speed trial (hereinafter referred to as trial) is to obtain EEDI speed/power
curve so as to verify ship speed as well as shaft power, torque and rpm corresponding to each speed.

1.1.3 Trial verification includes:

(1) Propulsion system, engine characteristics and other related projects mentioned in EEDI technical
files;

(2) Displacement and trim;

(3) Trial condition;

(4) Speed; and

(5) Shaft power of main engine.

1.2 Plans and documents

1.2.1 Following plans and documents are to be submitted to the classification society.
(1) Trial program;

(2) Final displacement table;

(3) Final light weight data or copy of deadweight inspection report;
(4) Copy of NOx technical file;

(5) Calibration report of measuring instrument;

(6) Ship displacement and trim data;

(7) Speed/power test report (model test);

(8) Speed correction calculation report (including dates of last docking and hull and propeller
cleaning).
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Plans and documents mentioned in above (1) to (7) are to be submitted to trial witness of the
classification society prior to trial, and (1) is to be approved by the trial witness. On completion of
trial, (8) is to be submitted for approval by EEDI verifier.

1.3 Definitions

1.3.1 Following definitions and terms apply to the Guidelines:

(1) Brake power is power delivered by the output coupling of the propulsion machinery before
passing through any speed-reducing and transmission devices;

(2) Shaft power is net power supplied by the propulsion machinery to the propulsion shafting after
passing through all speed- reducing and other devices and after power for all attached auxiliaries
has been taken off and accounting for losses in shaft between propeller and the location of power
measurement at the shaft;

(3) Delivered power is eftective power delivered to the propeller for ship propulsion;

(4) Contract power is brake power or shaft power that is stipulated in the new build or conversion
contract between the Shipbuilder and the Owner;

(5) Contract speed is the ship’s speed to be achieved as agreed within the terms of the new build/
conversion contract;

(6) Double run is two consecutive speed runs at the same power setting on reciprocal headings;

(7) EEDI is Energy Efficiency Design Index introduced in Amendments to MARPOL Annex VI
adopted by Resolution MEPC.203(62);

(8) EEDI power is main engine brake power that is defined in 2014 Guidelines on the method
of calculation of the attained energy efficiency design index (EEDI) for new ships adopted by
Resolution MEPC.245(66);

(9) EEDI speed is ship speed that is defined in 2014 Guidelines on the method of calculation of the
attained energy efficiency design index (EEDI) for new ships adopted by Resolution MEPC.245(66);

(10) Ideal conditions are ideal weather and sea conditions, i.e. no wind, no waves, no current and
deep water of 15°C;

(11) Power setting is setting of engine throttle and propeller shaft speed for fixed pitch propellers,
setting of the pitch angle for controllable pitch propellers;

(12) Propeller pitch is the design pitch for a fixed pitch propeller;
(13) Pitch angle is the operating pitch angle of a CPP;

(14) Measured ship speed is average ship speed obtained according to sailing distance and sailing
time between the starting position and ending position of the voyage;
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(15) Sister ships are ships with identical main dimensions, body lines, appendages and propulsion
system built in a series by the same Shipyard, and applicable to the same tank test according to EEDI
Inspection Guidance;

(16) S/P trials are speed and power trials to establish the relationship between power and speed for a
particular ship;

(17) S/P trial agenda is document outlining the scope of a particular S/P trial;

(18) Speed run is ship’s track with specified heading, distance and duration for which the measured
ship’s speed and shaft power are calculated;

(19) Tank tests are model tank tests for the prediction of the speed power relation for the stipulated
conditions;

(20) Trial log is all the data recorded before, during and after S/P trial;

(21) Zero pitch is the CPP blade angle at which the pitch angle at the representative radius is
equivalent to zero.

1.3.2 In this Appendix, unless otherwise specified, the angle unit is rad and the speed unit is m/s.
1.4 Nomenclature and abbreviations

1.4.1 Nomenclature

Ay lateral projected area above the waterline including superstructures
Ay midship section area under water
Aop lateral projected area of superstructures above upper deck
ag by, ¢y factors for the torque coefficient curve
ap by cr factors for the thrust coefficient curve

transverse projected area above the waterline including superstructures in square
A metres
B ship’s breadth
B(x) sectional breadth
B, bluntness coefficient

wind resistance coefficient; C,,, means the wind resistance coefficient in head
CAA .

wind
Cy block coefficient

frictional resistance coefficient for the actual water temperature and water
Cr density

the frictional resistance coefficient for the reference water temperature and water
G density
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horizontal distance from midship section to centre of lateral projected area 4,,,

Car where + means forward from midship
Cp, vertical prismatic coefficient
Cp total resistance coefficient for the reference water temperature and water density
Cy coefficient of advance speed
D propeller diameter
E directional spectrum
e scale correlation factor of the wake fraction
Fp skin friction correction force same as in the normal self-propulsion tests
F, Froude number
Fy external tow force measured during load variation test
g acceleration of gravity
G angular distribution function
h water depth
function to be determined by the distribution of singularities a(x) which
Hifm) represents a periodical disturbance by the ship
H, significant wave height
Hyg, height of top of superstructure (bridge etc.)
H height from waterline to center of lateral projected area 4,
Hy, significant height of local swell
Hy,; significant height of local wind driven waves
(i) run number
1 modified Bessel function of the first kind of order 1
J propeller advance coefficient
Jiu propeller advance coefficient in the ideal condition
T s propeller advance coefficient in the trial condition
k wave number
K, modified Bessel function of the second kind of order 1
K, torque coefficient
Ko torque coefficient in the ideal condition
K os torque coefficient in the trial condition
K; thrust coefficient
Ky thrust coefficient in the ideal condition
Ko thrust coefficient in the trial condition
k, non-dimensional radius of gyration in the lateral direction
Ly, distance of the bow to 95% of maximum breadth on the waterline
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Lo, ship’s length overall
Lyp ship’s length between perpendiculars
MCR Maximum Continuous Rating
m, n" moment of frequency spectrum
Ny corrected propeller shaft speed
My measured propeller shaft speed
P, power corresponding to displacement volume \/ | during the S/P trial
P, power corresponding to displacement volume V , used in the tank test
Py, measured brake power
P, delivered power in the ideal condition
Pps delivered power in the trial condition
Prup power at full load/stipulated condition predicted by the tank tests
Prus power at full load/stipulated condition obtained by the S/P trials
P, measured shaft power
Priup power at the trial condition predicted by the tank tests
Prias power at the trial condition obtained by the S/P trials
R, resistance increase due to relative wind
R resistance increase due to deviation of water temperature and water density
R,y resistance increase due to waves
R mean resistance increase in long crested irregular waves
mean resistance increase in regular waves based on Maruo’s theory, which is
hec calculated from the radiation and diffraction components
R correction term of R,
Ry frictional resistance for the actual water temperature and water density
Ry frictional resistance for the reference water temperature and water density
R, resistance in the ideal condition
R, resistance in the trial condition
Ry total resistance for the reference water temperature and water density
Rve mean resistance increase in regular waves
Rffvi mean resistance increase in regular waves measured in the tank tests
s directional spreading parameter
S wetted surface area
full scale wetted surface, the same value as used in the normal self-propulsion
5 test
S, frequency spectrum
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thrust deduction factor

Tc period of variation of current speed

T ey draught; for a trim condition 7,,,, is the deepest draught

t thrust deduction factor in the ideal condition

T, draught at midships

Lo thrust deduction factor in the trial condition

V e corrected relative wind velocity at the vertical position of the anemometer
V averaged true wind velocity at the vertical position of the anemometer
Vv, speed of flow into propeller

Ve current speed

Ve measured ship’s speed over ground

Ve measured ship’s speed over the ground on the first of four runs
Vs measured ship’s speed over the ground on the second of four runs
Vs measured ship’s speed over the ground on the third of four runs
Ve measured ship’s speed over the ground on the fourth of four runs
Vs ship’s speed through the water

Vg relative wind velocity

Vivkrer relative wind velocity at the reference height

Vir true wind velocity

Vivter true wind velocity at the reference height

Wy model wake fraction

Wi model wake fraction in the ideal condition

Wtms model wake fraction in the trial condition

Wy full-scale wake fraction

Weig full-scale wake fraction in the ideal condition

Wy full-scale wake fraction in the trial condition

X longitudinal coordinate

Z, vertical position of the anemometer

Ly reference height for the wind resistance coefficients

Zr vertical displacement relative to waves in steady motion

op power ratio

Or effect of draught and encounter frequency

o angle between ship’s heading and component waves; 0 means head waves
Ly slope of the line element d; along the water line

r Gamma function

AP required correction for power
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AR total resistance increase
At deviation of the thrust deduction factor
AV decrease of ship’s speed due to shallow water
Aw,, deviation of the wake fraction
Any deviation of the relative rotative efficiency
¢, wave amplitude
np propulsive efficiency coefficient
Npia propulsive efficiency coefficient in ideal condition
N s propulsive efficiency coefficient in trial condition
Ny transmission efficiency
Mo propeller open water efficiency
Noid propeller efficiency in the ideal condition
N oms propeller efficiency in the trial condition
Mg relative rotative efficiency
N ria relative rotative efficiency in the ideal condition
N Rms relative rotative efficiency in the trial condition
N shaft efficiency
angle between ship’s heading and wave direction relative to the bow; 0 means
B head waves
A scale factor
u smoothing range
EL &y derived considering the load variation effect as described in Appendix 6-J
&p derived considering the load variation effect as described in Appendix 6-J
Da mass density of air
Pu water density in the model test
Ds water density for the actual water temperature and salt content
Pso water density for the reference water temperature and salt content
Tp load factor equal to K,/
Tpig load factor in the ideal condition
Thms load factor in the trial condition
W ship’s heading
Y e corrected relative wind direction at the vertical position of the anemometer
Y wr averaged true wind direction at the vertical position of the anemometer
Wir relative wind direction; 0 means head winds
Y ires relative wind direction at the reference height
Wyr true wind direction in Earth system
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1) circular frequency of regular waves

Wy circular wave frequency of encounter

vV, displacement volume during the S/P trial
VvV, displacement volume used in the tank test

1.4.2 Abbreviations

FPP fixed pitch propeller

CPP Controllable pitch propeller

IMO International Maritime Organization

ITTC International Towing Tank Conference

JASNAOE The Japan Society of Naval Architects and Ocean Engineers

JONSWAP Joint North Sea Wave Project

MEPC Marine Environmental Protection Committee in IMO

SNAJ The Society of Naval Architects of Japan

SNAME The Society of Naval Architects and Marine Engineers, USA

STA-Group An international group of owners, shipyards, research institutes, classification
societies and universities studying and improving sea trial procedures and Sea
Trial Analyses (STA)
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Chapter 2 Trial Organization Management and Procedures

2.1 Trial team

2.1.1 The trial team consists of the trial leader, the owner’s representative, the appointed persons
responsible for the S/P trial measurements and, if the ship requires EEDI, the verifier.

2.1.2 The trial leader is duly authorized (shipbuilder’s representative) person responsible for the
execution of all phases of the S/P trials including the pre-trial preparation.

2.1.3 The trial team is responsible for correct measurements and reporting of the S/P trials according
to this Appendix and for the analysis of the measured data to derive the ship’s speed and power at the

stipulated conditions. The Trial Team is responsible for the following:

(1) conducting an inspection of the ship, including the condition of the hull and propeller(s)/
propulsor(s), prior to the commencement of the S/P trial;

(2) the provision, installation, operation and removal of all necessary trial instrumentation and
temporary cabling;

(3) providing the ship’s master and the owner’s representative with a preliminary data package and
initial analysis before disembarking;

(4) and delivering a final report on completion of full analysis of the measurements taken during the
trial.

2.1.4 The testing unit is to have supplier qualification certificate approved by the verifier, or testing
personnel with training certificate or corresponding test certificate.

2.2 Pre-trial meeting

2.2.1 Before departure, a pre-trial meeting is to be held to fix the S/P trial agenda. Participants are
to include shipowner, shipbuilder and verifier, etc. During this meeting, following items are to be
addressed.

(1) trial date;

(2) important speed correction method to be used for calculating actual ship speed and submitting
trial report;

(3) to determine test procedure and measurement data according to proposed speed correction
method.

2.3 Responsibilities

2.3.1 Shipbuilder’s responsibilities
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2.3.1.1 The shipbuilder is responsible for the overall trial co-ordination. A pre-trial meeting between
the trial team and the ship’s crew is to be held to discuss the various trial events and to resolve any
outstanding issues.

2.3.1.2 On completion of shipbuilding, the shipbuilder is responsible for the planning, conduct and
evaluation of the S/P trials. The shipbuilder is to ensure that:

(1) an appropriately authorized trial leader is appointed to oversee all aspects of the S/P trial;
(2) all permits and certificates required for the ship to go to sea are provided,;

(3) all qualified personnel necessary for operating the ship and all engines, systems and equipment
required during the sea trials, are on board;

(4) all regulatory bodies: the classification society, the owner, ship agents, suppliers, subcontractors,
harbor facilities, departments organizing the supply of provisions, fuel, water, towage, etc., necessary
for conducting these trials, have been informed, are available and on board when required;

(5) all safety measures have been checked;

(6) all fixed, portable and individual material (for crew, trial personnel and guests) is on board and
operative;

(7) any safety systems for conducting safe S/P trials have been checked in accordance with the
administrative requirements;

(8) an inclining test has been performed and/or at least a preliminary stability booklet including the
S/P trials condition has been approved, in accordance with the SOLAS Convention;

(9) all ship data relevant for the S/P trials preparation, conduct, analysis and reporting are made
available to the trial team prior to the S/P trials. This data is to include the information requested
in Appendix 6-A as well as the results of the tank tests for this ship at trial draught and trim, EEDI
draught and trim and Contract draught and trim.

2.3.1.3 Speed and power measurements and analysis are to be conducted by persons acknowledged
as competent to perform those tasks, as agreed between the shipbuilder, the owner and the verifier

(where applicable).

2.3.1.4 The Shipbuilder is to arrange for divers to inspect the ship’s hull and propulsor(s) if
necessary.

2.3.1.5 The trial leader is to maintain contact with the trial team on the preparation, execution and
results of the S/P trials.

2.3.2 Shipowner’s responsibilities
2.3.2.1 Prior to trial, the shipowner’s representative is to attend the pre-trial meeting organized

by the trial team to determine S/P test agenda, including important information such as trial date,
measurement location, measurement method and speed correction method.
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2.3.2.2 During trial, the shipowner’s representative is to be on board ship and ensure that
communication is readily available to settle any issue arising during trial.

2.3.3 Classification society’s responsibilities

2.3.3.1 As verifier, the classification society is to attend the pre-trial meeting organized by the trial
team prior to trial to determine S/P test agenda, including important information such as trial date,
measurement location, measurement method and speed correction method, and approve the trial

program.

2.3.3.2 During trial, the classification society personnel are to witness recorded data according to
Appendix 6-A Table 6-A.2 Trial Status Record and Table 6-A.3 Trial Voyage Data.

2.3.3.3 On completion of trial, the classification society personnel are to approve the speed
measurement report.
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Chapter 3 Trial Preparations

3.1 General provisions

3.1.1 The purpose of trial is to obtain ship speed data and corresponding data such as shaft power,
torque and rpm, etc. for EEDI final verification at trial stage.

3.2 Ship’s condition during trial
3.2.1 Ship

3.2.1.1 The ship is to have a clean hull and propeller(s) for the sea trial. Hull roughness and marine
growth can increase the resistance of the ship significantly, but are not corrected for in S/P trials.

3.2.1.2 Prior to undocking, the underwater part of hull is to be painted, and the hull and propeller
surface are to be intact and cleaned.

3.2.1.3 After undocking, the ship is to carry out trial as quick as possible.

3.2.1.4 The dates of last docking and hull and propeller cleaning are to be recorded in the S/P trials
report.

3.2.2 Loading condition

3.2.2.1 The ship is to be brought into a loading condition that is as close as possible to EEDI
condition or displacement and trim condition of full load department (for tanker), or contract
condition and/or the condition at which tank tests have been carried out.

3.2.2.2 Ifitis not practicable, the difference between the ship’s actual displacement and the required
displacement is to be less than 2% of the required displacement. If tank test results are used for the
analysis of the S/P trials, when the deviation of the actual displacement during the S/P trials is within
2% of the displacement used during the tank test, displacement correction method in Appendix 6-G
may be adopted. If the deviation is more than 2%, displacement correction method in Appendix 6-G
is not applicable.

3.2.2.3 The trim is to be maintained within very narrow limits, i.e.

—for the even keel condition, trim is to be less than 0.1% Lpp;

—for the trimmed trial condition, the fore draught is to be within + 0.1 m of the ship’s condition for
which tank test results are available.

Where L,,1s length between perpendiculars, in m.

3.2.2.4 The trial loading condition is to be measured at zero ship’s speed and draught is to be
recorded, which are to be confirmed by the verifier surveyor.
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3.2.2.5 The ship’s draught, trim and displacement are to be obtained immediately prior to the S/
P trials by averaging the ship draught mark readings at the perpendiculars and midships port and
starboard, or displacement determination is to be conducted either by reading the internal draught
measurement system or by evaluating all tank soundings.

3.2.2.6 Stability and strength check is to be carried out for ship trial loading condition and ballast
condition.

3.3 Trial boundary conditions
3.3.1 General provisions

3.3.1.1 During the trial, there must be weather and sea conditions that deviate from EEDI ideal
condition or contract condition.

3.3.1.2 Although there are correction methods in this Appendix for certain deviations from EEDI
ideal condition or contract condition, these methods are only valid up to certain limits.

3.3.1.3 In order to reduce the effects of external condition on trial and arrive at reliable S/P trial
results, it is to minimize the number of influencing factors and influencing level, and the boundary
conditions are not to exceed the values given in this Appendix.

3.3.2 Location

3.3.2.1 High wind and sea state in combination with a heading deviating from head waves and
following waves can require the use of excessive rudder deflections to maintain heading which cause
excessive fluctuations in shaft torque, propeller shaft speed and measured ship’s speed.

3.3.2.2 The S/P trials are to be conducted in a location where the environmental conditions are
expected to be constant and have only the smallest possible impact on the ship in order to avoid
unexpected environmental effects in the S/P trial results.

3.3.2.4 The S/P trial range is to be located in a sheltered area (i.e. limited wind, waves and current).

3.3.2.5 The area is to be broad with minimized influence of currents and free from hindrance by
other ships.

3.3.3 Wind

3.3.3.1 The wind velocity during the S/P trial is not to be higher than:

(1) Beaufort number 6 for ships with L,, > 100m;

(2) Beaufort number 5 for ships with L,, < 100m.

3.3.4 Sea state

3.3.4.1 The total significant wave height is derived from following formula:

H1/3 :VH;/I/S +H§1/3 G.1)
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where: H,;—the total significant wave height, in m;
H,,,—the significant height of local wind driven waves, in m;
Hy,;,—the significant height of local swell, in m.

3.3.4.2 For all correction methods related to waves, the following empirical criteria are to be applied
in relation to ship’s length in order to determine the maximum allowable correction for resistance
increases due to waves.

(1) When the wave spectrum encountered during the S/P trials is measured:
H,, <2.25/L,,/100 (3.2)

(2) When the wave height is derived from visual observations:
H,, <1.50,/L,,/100 (3.3)

(3) When use is made of transfer functions of added resistance from dedicated model tests, the wave
spectrum encountered during the S/P trials is to be measured unless the wave height is less than:

H,,<0.50,/L,,/100 (3.4)

where, in each case:
L,,—Pthe ship’s length between perpendiculars, in m;
H,;— the total significant wave height, in m;
H,,;— the significant height of local wind driven waves, in m;
Hy,;,— the significant height of local swell, in m.

3.3.4.3 The above limits are illustrated in Figure 3.3.4.3. It is recommended that trial sea condition
do not exceed above limits. If the actual value exceeds the upper limit, wave resistance increase is to
be corrected according to upper limit.

M, slm]
6.0

== Measured wave spectrum
Hy 3 £2,25,/Lgp /100

== Observed wave height and period
Hy3 21,50, Lpp /100

Observed wave height and period, combined
with dedicated model tests

o 100 200 300 40 00 H| 3'.0.50,[.'1’.?? 100

Lps[m]

Figure 3.3.4.3 Limits for wave height during S/P trials
3.3.4.4 The directions of the waves and swells may be derived from visual observations in all cases.

3.3.5 Water depth
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3.3.5.1 There are correction methods that compensate for shallow water effects. However, it is
preferable to avoid the corrections by selecting a suitable S/P trial location.

3.3.5.2 If the water depth, 4, in the S/P trial area is not less than the larger of the values obtained
from the following two formulae, it is considered that the water depth requirement is complied with.

2
h=3B-T,, and h=2.75% (3.5)
where: & — wather depth, in m;
B — ship’s breadth, in mm;
T,,— ship draught at midships, in m;
V— ship draught at midship, in m/s;
g — ship draught at midship, in nm/s”.

3.3.5.3 If the above water depth requirement can not be fulfilled, corrections can be made to the
measured speed to compensate for shallow water effects.The value of water depth, /4, to be used for
correction is not to be less than the larger value obtained from the following two formulae:

VZ
h=2B-T, and h=2— (3.6)
. g

For details, see Appendix 6-H.

3.3.5.4 Furthermore, significant variations in the bottom contours are to be avoided. The actual water
depth during each speed run is to be read from the ship’s instruments or the sea chart and recorded in
the trial log.

3.3.6 Current

3.3.6.1 Ideally S/P trials are to be conducted in a location where the current speed and direction are
essentially uniform throughout the trial area. Influence of currents on ship peed is to be avoided as
far as possible.

3.3.6.2 In cases of current time history deviating from the assumed parabolic/sinusoidal trend and
the change of the current speed within the timespan of one Double Run is more than 0.5 knots,
neither of the correction methods in Appendix 6-E are applicable. Areas where this may occur are to
be avoided for S/P trials.

3.4 Tank test information

3.4.1 The quality and accuracy of tank tests play a large role in the outcome of full scale S/P trials.
For some ship types, sea trials are normally carried out in ballast condition, whereas EEDI condition
and contractual condition are normally defined as the design loaded condition. For the conversion
from ballast trial results to EEDI condition and contractual condition, the difference between the
ballast and loaded tank test curves is used. Therefore, an accurate tank test and a validated consistent
method for extrapolation to full scale are required.

3.4.2 The tank tests are to be conducted according to the following criteria:
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(1) Tank tests are to be conducted at the contract draught & trim and the EEDI draught & trim as
well as the trial draught & trim.

(2) Tank tests following the scheme of ITTC Recommended Procedures for Resistance and
Propulsion Tank tests, including load variation tests, are to be conducted.

(3) The same methods, procedures and empirical coefficients are to be used to extrapolate the
model scale values to full scale for all draughts and trims. Where different empirical coefficients
for the different draughts are used, full details are to be recorded in the tank test report, including
justification by means of full scale S/P trial data for the specific ship type, size, loading condition,
tank test facility and evaluation method.

3.5 Basic information

3.5.1 Prior to trial, relevant data in Appendix 6-A is to be recorded and provided to the shipbuilder,
shipowner and verifier (if applicable).

3.5.2 During S/P trial, relevant data on S/P and runs in Appendix 6-A is to be recorded.
3.6 Instrumentation installation and calibration
3.6.1 Measurement of shaft power and shaft speed

3.6.1.1 The shaft power is to be derived from torque and propeller shaft speed. Shaft torque can
be measured by means of a calibrated permanent torque sensor or strain gauges on the shaft,
or in a manner recommended by the manufacturer and approved by the certification authority.
Other methods are allowed upon agreement between shipowner and shipbuilder and approval of
the certification authority. Shaft speed is measured by revolution meter. The instrumentation for
measuring shaft torque and shaft speed is to have synchronous testing function. If there is no such
function, synchronous signal control is to be used for multi-shaft measurement.

3.6.1.2 All measuring instruments are to have calibration or verification certificate issued by national
legal metrological department.

3.6.1.3 The shaft material properties, e.g. the G-Modulus, are to be fully described and documented
by the Shipbuilder. G-Modulus is to be the actual value provided by the shaft manufacturer. If no
certificate based on an actual shaft torsional test is available, the G-Modulus of 82400 N/mm’ is to
be used.

3.6.1.4 The shaft diameter used in the power calculation is to be derived from the shaft
circumference measured at the location of the torsion meter. In the case of controllable pitch
propeller(s), there might be a drilling diameter to be taken into account (to be supplied by
Shipbuilder).

3.6.1.5 When shaft torque/shaft power is measured, the smooth length of measured shaft section is
generally not less than 0.5m, and the radial periphery of shaft is generally not less than 0.2m. Before
shaft torque measurement system is installed, oil stains on shaft segment surface is to be cleaned and
surface paint on the measured shaft segment is to be removed. The measured shaft segment surface
is to be polished by fine sandpaper. Afeter installation is completed, the torsion meter’s zero torque
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readings are to be determined since there is a residual torque in the shaft, which is resting on the
line shaft bearings. The torsion meter zero setting is to be carried out in accordance with its maker’s
instructions. If not specified otherwise, the zero torque value is determined with the ship at rest by
turning the shaft ahead and astern and taking the mean of these two readings as the zero value.

3.6.2 Global positioning system (GPS)

3.6.2.1 The ship’s position and speed are to be measured by a global positioning system such as
GPS. The positioning system is to be operated in the differential mode to ensure sufficient accuracy.
Position and speed are to be monitored and stored continuously.

3.6.3 Ship condition measurement

3.6.3.1 The ship’s draught, trim and displacement are to be obtained immediately prior to the S/
P trials by averaging the ship draught mark readings at the perpendiculars and midships port and
starboard.

3.6.3.2 In the event that reading the draught marks will be unsafe or provide an inaccurate result,
displacement determination is to be conducted either by reading the internal draught measurement
system or by evaluating all tank soundings.

3.6.3.3 Displacement is to be derived from the Bonjean data or using quadratic equations with
hydrostatic data, taking into consideration the hog/sag using the draught data (forward, aft and at half
length) and the density of the water.

3.6.4 Anemometer

3.6.4.1 The ship’s own anemometer is to be used. However, if not available, However, if the on-
board anemometer is not available, a trial anemometer temporarily installed by the test team may be
used. The anemometer is to be as clear as possible from the superstructure.

3.6.5 Wave measurement

3.6.5.1 Preferably, the wave height, wave period and direction of waves induced by local wind
and swell originating from remote wind, are to be measured during the S/P trials. For this purpose,
wave buoys in the S/P trial area or instruments on-board the ship such as wave radar, lidar or wave
scanner may be used. The wave measurement equipment is to be calibrated and the accuracy is to be
validated and documented.

3.6.5.2 If, for the wave correction, use is made of transfer functions of added resistance in waves
derived from model tests for the subject ship, the wave spectrum encountered during the S/P trials is

to be measured unless the wave height satisfies H,,, <0.50,/L,, /100 (see 3.3.4).

3.6.5.3 If use is made of the empirical wave correction methods described in Appendix 6-D
(without specific model tests), and if the wave heights satisfy H,, <1.50, / Ly /100 (see 3.3.4), the

encountered wave heights, periods and directions of both wind waves and swells may be determined
from observations by multiple experienced mariners, including the owner’s representative and the
verifier.
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3.6.6 Density and temperature measurement

3.6.6.1 The local water temperature and density are to be recorded to enable the calculation of the
ship’s displacement and corrections with regard to viscosity. The temperature is to be taken at water
inlet level. Air temperature and pressure are to be measured using a calibrated thermometer and
barometer respectively.

3.6.7 Current
3.6.7.1 Current speed is to be determined as part of the evaluation of each run.

3.6.7.2 When using the ‘Mean of means’ method, after the two (2) Double Runs with the same
power setting, the current speed is calculated from the measured speed at each run and the ‘Mean of
means’ value of those two (2) Double Runs (see Appendix 6-E.3).

3.6.7.3 Alternatively the ‘Iterative’ method may be utilized to establish the current speed (see
Appendix 6-E.2).

3.6.8 Measurement of hull bow vertical acceleration

3.6.8.1 Hull bow vertical acceleration is to be measured by acceleration sensor. The sensor is to have
a certificate of calibration or verification issued by national legal metrological department.

3.6.8.2 Acceleration sensors are to be installed at designated positions which are determined by the
verifier, shipowner and shipbuilder. The sensor shaft is to be parallel with hull shaft as far as possible
and fixed with hull to prevent sensor moving during measurement. When bow vertical acceleration
is measured, acceleration sensor is to be installed on longitudinal midsection. The sensor cable is not
to be too long and high temperature is to be avoided during laying. Appropriate measures are to be
taken to prevent extrusion when passing through door and window.

3.6.8.3 During speed measurement, hull bow vertical acceleration is to be monitored and stored

continuously, and the mean value of all monitored data of each run is to be taken as measured value
of hull bow vertical acceleration of the run.

-90-



Chapter 4 Conduct of the Trial

4.1 General provisions

4.1.1 On the day of and during the S/P trial, a number of pre-requisites are to be met in order to
arrive at reliable trial results. In this Chapter, an overview is given of the minimum requirements.

4.2 Initiation

4.2.1 Prior to the S/P trials, the weather forecast is to be studied.

4.2.2 Where wave height, period or wave directions are derived from visual observation, the
schedule for the S/P Trials is to be arranged such that all speed runs around EEDI power are

conducted by daylight.

4.2.3 The engine plant configuration during the S/P trial is to be consistent with the normal ship
operation at sea.

4.2.4 Prior to the S/P trials, the following actions are to be taken at zero speed through the water:
(1) draught reading and calculation of displacement;

(2) zero setting of shaft torque meter;

(3) measuring water temperature and density.

4.3 Ship’s track during trial

4.3.1 The S/P trial runs are to be conducted over the same ground area. For each base course, each
speed run is to be commenced (COMEX) and completed (FINEX) at the same place.

FIMEX COMEX

f’F =i
Approach
— —— A
—r — —
Approach — /

COMEX FIMEX

Figure 4.3.1 Path of ship during Double Run
4.3.2 Modified Williamson turns or similar types of manoeuver are to be executed between each run
to return the ship to the reciprocal heading on, or parallel to, the trial baseline. Parallel means within

one ship’s length of the trial baseline.

4.3.3 Engine throttles, rpm setting(s) or pitch setting(s) are not to be altered during this period. The
rudder angle used in this manoeuver is to be such that the ship’s speed loss in the turn is minimized.
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4.4 Run duration and timing

4.4.1 The S/P Trial duration is to be long enough to accommodate a speed/power measurement
within the required accuracy. The run duration is to be the same for all speed runs with a minimum
of ten (10) minutes. The speed runs for the same power setting are to be evenly distributed in time.
4.5 Trial direction

4.5.1 The speed runs are to be carried out by heading into and following the dominant wave
direction. Consequently, once the heading for the speed run and the reciprocal heading for the return

run are fixed, the selected tracks are to be maintained very precisely throughout the S/P trial.

4.5.2 It is imperative that extremely tight control is exercised during the execution of the S/P trials,
and the ship heading angle variation for each run is to be strictly limited to +3°.

4.6 Steering

4.6.1 An experienced helmsman or adaptive autopilot will be required to maintain heading during
each speed run. Minimum rudder angles are to be used while maintaining a steady heading.

4.6.2 During the speed run, the maximum amplitude of rudder used is to be not more than 5°.

4.7 Approach

4.7.1 The S/P trial approach is to be long enough to ensure a steady state of ship condition prior to
commencement of each speed run. During the approach run, the ship is to be kept on course with
minimum rudder angles.

4.7.2 In order to verify that the ship reached steady condition, the measured values of propeller shaft
speed, shaft torque and ship speed at the control position are to be monitored. When all three values
are stable, the ship condition is to be deemed steady.

4.8 Number of speed runs

4.8.1 All S/P trials are to be carried out using Double Runs, i.e. each run is to be followed by a
return run in exactly the opposite direction and at the same engine settings.

4.8.2 The number of speed runs required depends on the current correction method to be applied (see
Appendix 6-E), i.e. “iterative” method and “mean of means” method.

4.8.3 The runs at EEDI power are to be conducted in daylight to enable a clear visual observation of the
wave conditions. For trials in which the encountered wave spectrum and the wave direction (both wind
waves and swells) are derived by measurements, these runs may also be conducted without daylight.
4.8.4 “Iterative” method

4.8.4.1 If “iterative” method is used to correct measured data, to determine the speed/power curve

for the first ship of a ship series, a minimum of four(4) Double Runs at three (3) different power
settings are required.
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4.8.4.2 These power settings are to be adequately distributed within the power range of 65% MCR
and 100% MCR and comprise at least:

(1) Two(2) Double Runs for the first ship and one(1) Double Run (at the same power setting) for
sister ships around EEDI / Contract power;

(2) One(1) Double Run below EEDI/Contract power; and
(3) One(1) Double Run above EEDI/Contract power.

If the wave height is around the limiting conditions and significant ship motions are observed, one (1)
additional Double Run at that power setting is to be conducted.

4.8.5 “Mean of means” method
4.8.5.1 If “mean of means” method is used to correct measured data, to determine the speed/power
curve for the first ship of a ship series, a minimum of six (6) Double Runs at three (3) different power

settings are required.

4.8.5.2 These power settings are to be adequately distributed within the power range of 65% MCR
and 100% MCR and comprise at least:

(1) Two(2) Double Runs around EEDI/Contract power;

(2) Two(2) Double Runs below EEDI/Contract power; and

(3) Two(2) Double Runs above EEDI/Contract power.

4.8.5.3 Two (2) Double Runs compensate for the effect of current and second order current
variations. In order to obtain sufficient accuracy, the time intervals between each run at the same
power setting are to be more or less the same (time interval deviation of 25% is allowed).

4.8.5.4 If the results of the S/P trials of the first ship of a series are acceptable, the second and
following sister ships may be subjected to a reduced speed trial program. For such sister ships, it is

sufficient to conduct three (3) Double Runs at three (3) different power settings.

4.8.5.5 These power settings are to be adequately distributed within the power range of 65% MCR
and 100% MCR and comprise at least:

(1) One(1) Double Run around EEDI/Contract power;
(2) One(1) Double Run below EEDI/Contract power; and
(3) One(1) Double Run above EEDI/Contract power.

4.8.5.6 In order to ensure sufficient accuracy for speed correction, if “Mean of means” method is
used, it is recommended that a minimum of two (2) Double Runs at one (1) power setting is required.

4.8.5.7 If the wave height is around the limiting conditions and significant ship motions are
observed, and/or current variations of above 0.2 knots are encountered, one (1) additional Double
Run at that power setting is to be conducted.
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Chapter 5 Data Acquisition

5.1 General provisions
5.1.1 The ship’s speed and power characteristics are extremely sensitive to factors such as hull
and propeller condition, ship displacement, shallow water effects, sea state and wind velocity.

Consequently, these factors are to be monitored and documented to the greatest possible extent.

5.1.3 During the S/P trials, two types of data acquisition are to be used, i.e. automated, by means of
a data acquisition system, and the manual recording of information by means of a log sheet.

5.1.4 In general, data to be acquired maybe divided into general data which are applicable to all
speed runs and specific data that are varying throughout every run.

5.2 Trial measurement operation

5.2.1 In order to obtain speed/power curve, speed, shaft power, shaft torque and rpm at different
engine power are to be measured, and the engine power is to be selected according to the
requirements of Section 4.8, Chapter 4.

5.2.2 Each speed measurement is to keep propeller speed and other engine parameters fixed. When
the ship turns on completion of measurement, in order to avoid too much speed reduction, the
steering number is to be as few as possible and the steering is to be within the scope of £5°.

5.2.3 Speed can be measured by electronic tracking device, GPS or other equivalent methods.

5.2.4 Shaft torque and rpm are to be measured together with speed to determine shaft power.

5.2.5 Shaft torque is to be measured by means of a torsion meter, i.e. shaft torsion deformation is
measured on a shaft with known length. The internal and external diameters of shaft and torsion
modulus of shaft material are to be known during measurement.

5.1.6 Rpm is generally measured by magnetic head method.

5.1.7 Shaft torque and rpm are to be sampled at least once per second and the average value is to be
taken during test.

5.1.8 Shaft power Pq is to be calculated according to following formula:

Po= 0xn/9550 kW

Where: Q
n

torque of real ship, in N-m;
shaft speed, in rpm.

5.3 General data

5.3.1 Prior to the trial, the data specified below are to be recorded, based on measurements where
relevant:
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(1) Area of trial (in latitude/longitude co-ordinates)

(2) Weather condition;

(3) Water temperature and density;

(4) Air temperature;

(5) Vertical position of the anemometer above waterline;

(6) Fore, midships and aft draughts;

(7) Displacement calculated from the draughts;

(8) Trim calculated from the draughts;

(9) Transverse projected area above the waterline including superstructures;

(10) Lateral projected area of superstructures above upper deck (Fujiwara) + height of superstructure;

(11) Lateral projected area above the waterline including superstructures (Fujiwara) + position of
centre of gravity;

(12) Bow acceleration (STAWAVE-1).

5.3.2 In order to verify the wind data measured during the S/P trials, it is recommended to record
the absolute wind velocity and direction at shore based station(s) or as measured directly prior to and
after finalizing the speed trials while the ship is stopped.

5.4 Data on each run

5.4.1 For each trial run, following data are to be measured and recorded:

(1) Date;

(2) Clock time at commencement;

(3) Time elapsed over the speed run;

(4) Ship’s heading;

(5) Measured ship’s speed over ground calculated from start and end position of the run and the
elapsed time of the speed run;
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(6) Propeller shaft speed;

(7) Propeller shaft torque and/or power;

(8) Propeller pitch in case of CPP;

(9) Relative wind velocity and direction by anemometer;

(10) Mean wave period, significant wave height and direction of wind driven seas;

(11) Mean swell period, significant swell height and direction of local swell waves;

(12) Mean water depth.

5.5 Data acquisition

5.5.1 Data acquisition includes automatic acquisition and manual data record.

5.5.2  The acquisition system is to record time histories of the measurements described in 5.5.3.1
in order to assure quality control and to provide information that will allow for the development of
uncertainty analysis.

5.5.3 Record data

5.5.3.1 The following parameters, as a minimum, are to be continuously recorded during each speed
run:

(1) Time;

(2) Propeller shaft torque or power;

(3) Propeller shaft speed;

(4) Pitch of CPP;

(5) Ship’s position;

(6) Ship’s heading;

(7) Measured ship’s speed over ground;
(8) Relative wind direction;

(9) Relative wind velocity.
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5.5.3.2 Above parameters, except for (4), are to be recorded continuously.

5.5.4 System requirements

5.5.4.1 The data acquisition system is to:

(1) Record all available parameters simultaneously;

(2) Perform a time trace recording with a sampling rate of at least 1 Hz;

(3) Display time traces of the trial parameters specified in 5.4.1;

(4) Calculating statistics (mean, minimum, maximum and standard deviation).

5.5.4.2 At the end of each run, the data acquisition system is to display all recorded time histories to
facilitate evaluation of the quality and consistency of the acquired trial data and store the readings for

subsequent graphical presentation.

5.5.4.3 Furthermore, the acquisition system is to present the following statistical values for each of
the measured data:

(1) Trial start time;

(2) Number of samples taken;

(3) Average value;

(4) Maximum value;

(5) Minimum value;

(6) Standard deviation.

5.5.4.4 Filtering of the run data is recommended to avoid “spikes” in the recorded time histories.
Chauvent’s criterion, which provides a ratio of maximum acceptable deviation to precision index as
a function of the number of readings (N), is to be used. Readings are automatically rejected from use
in the data analysis when they fall outside the selected mean value bandwidth.

5.5.5 Location

5.5.5.1 The data acquisition system is to be located on the bridge or other suitable locations.

5.5.6 Manual data collection

5.5.6.1 For those parameters that are not measured and recorded automatically by means of the
data acquisition system or for parameters that need be additionally recorded manually, manual data

collection using a log sheet is required.

5.5.6.2 The log sheet is important from two aspects:
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(1) First, to complete the dataset, and

(2) Second, to provide a backup for the automated measurements and give a written overview of the
measurements.

5.5.6.3 It is important that the parameters that vary with time are to be recorded every few minutes
so that the average can be determined over the run period.

5.5.6.4 An example of a log sheet to be used is shown at Appendix 6-A. The sign conventions to be
used for wind and wave direction are illustrated in Figures 5.5.6.4 and 5.5.6.5.

North
Ywr
Head""gsy/ Yir
Vwr
§ Viw
S
Wind input

Figure 5.5.6.4 Sign convention for wind direction

5.5.6.5 The wind direction is defined as the direction from which the wind is blowing. Zero (0)
degrees on the bow and positive to starboard (clockwise).
Input parameters:

w — ship’s heading, in °;

v, —relative wind direction, in °, 0 means head winds;
V. —relative wind velocity, in m/s;

V,— measured ship’s speed over ground, in m/s.

Computed parameters:

w,,—true wind direction in Earth system, in °;
V.,—true wind velocity, in m/s.

5.5.6.6 The wave direction is defined as the direction relative to the ship’s heading from which the
wave fronts are approaching. Zero (0) degrees on the bow and positive to starboard (clockwise).
Input parameters:

w — ship’s heading, in °;

0,, — angle between ship’s heading and wave direction relative to the bow, in °, 0 means
head waves;

Vs— measured ship’s speed over ground, in m/s.
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North

Wave input

Figure 5.5.6.5 Sign convention for wave direction
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Chapter 6 Trial Data Analysis

6.1 General provisions

This Chapter describes the essential procedures to analyze the results of S/P trials.

The analysis includes corrections to power and speed for environmental influences during S/P trials.
This Appendix offers different methods of correction, details of which are described in corresponding
Appendix.

6.2 Description of the analysis procedure

6.2.1 After completion of the S/P trials, the measured data is to be processed in the following
sequence:

(1) Derive the mean value of power, rpm, torque and speed for each speed run;

(2) The average speed component in the heading direction of each run is found from the DGPS
recorded start and end positions of the run and the elapsed time;

(3) The true wind velocity and direction for each Double Run is calculated;

(4) correction to power for resistance increase due to wind and waves (see Appendix 6-C and
Appendix 6-D);

(5) correction to power for water temperature and water density (see Appendix 6-F);

(6) correction to speed for current effect (see Appendix 6-E);

(7) correction to speed for the effect of shallow water (see Appendix 6-H);

(8) correction to power for displacement (see Appendix 6-G);

(9) Determine the final speed-power relationship at sea trial draught as follows: Use the speed/
power curve from the tank tests for the specific ship design at the trial draught. Shift this curve along
the power axis to find the best fit with all corrected speed/power points according to the least squares
method. When more than three(3) power settings are obtained, it is acceptable to find the best fit with

all corrected speed/power points using the ‘least squares’ method;

(10) Intersect the curve at the specified power to derive the ship’s speed at trial draught in the ideal
conditions;

(11) Apply conversions of speed/power curve from the trial condition to other stipulated load
conditions (see Appendix 6-I).

(12) Apply corrections for the contractual weather conditions if these deviate from the ideal
conditions.
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(13) Submit test results.
6.2.2 Details of data analysis procedure are given in 6.3 of this Chapter.
6.2.3 For power evaluation, direct power method is to be used.

6.2.4 Details of correction methods, including the choice of a suitable correction method, are given
in Appendixes.

[ Preparation & Conduct ]

Measured data
Wave data VGs P Mg

Wind data Correction for Water
resistance increase

temperature,
Current water density
Speed and power
evaluation
Water depth
Displacement Correction of power

for displacement

[ Final performance ]

Figure 6.2.1 Flow chart of analysis
6.3 Data analysis

6.3.1 Resistance data derived from the acquired data
6.3.1.1 The resistance values of each run are to be corrected for environmental influences by
estimating the resistance increase AR as:

AR=R, +R, +R, (6.1)

where: AR — total resistance increase, in N;
R,,— resistance increase due to relative wind, in N (see Appendix 6-C);
R ,,,— resistance increase due to waves, in N (see Appendix 6-D);
R,s— resistance increase due to deviation of water temperature and water density, in N (see
Appendix 6-F).

6.3.2 Evaluation of the acquired data

6.3.2.1 The evaluation of the acquired data consists of the calculation of the resistance value
associated with the measured power value separately for every single run of the speed trials.

6.3.3 Evaluation based on Direct Power Method
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6.3.3.1 To derive the speed/power performance of the ship from the measured speed over the ground
Ve, power P, and propeller shaft speed n,,, the ‘direct power’ method is to be used.

6.3.3.2 The analysis is based on the delivered power. The relationship between delivered power in
the trial condition P,,,, and measured power is described in the following formula:

PDms = BS'ms ’ 775 (62)
where: P,,,.— delivered power in the trial condition, in kW;
P,,,,— measured shaft power , in kW;
n,— shaft efficiency.

or:

P

Dms

= PBms 'UM (63)

where: P,,,,— delivered power in the trial condition, in kW;
P,,..,— measured brake power, in kW;

Bms

n,— transmission efficiency.

6.3.3.3 In this method, the delivered power P, is directly corrected with the power increase AP due
to resistance increase AR in the trial condition.

PDid = PDms —-AP (6.4)

where: P,,,— delivered power in the ideal condition, in kW;
P,,,,— delivered power in the trial condition, in kW,
AP—required correction for power, in kW.

The required correction for power AP is calculated by the following formula:

ARV
AP=""054p (1—Mj (6.5)
Mpia Mpia

where: AP — required correction for power, in kW;
AR — total resistance increase, in N;
V— ship’s speed through the water, in m/s;
P,,,.— delivered power in the trial condition, in kW,
Npms— Propulsive efficiency coefficient in the trial condition;
Npia— propulsive efficiency coefficient in the ideal condition.

6.3.3.4 The propulsive efficiency coefficient in the ideal condition 7,,, is obtained from standard
towing tank test and interpolated to the speed V.

6.3.3.5 The effect of resistance increase on the propeller loading and thus on the propulsive
efficiency coefficient #,,,, s derived considering the load variation effect.

6.3.3.6 The propulsive efficiency is assumed to vary linearly with the added resistance according to:
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AR
Tome — g, = 41 (6.6)

Mpia id

=~

where: #,,,, — propulsive efficiency coefficient in the trial condition;
Npia— propulsive efficiency coefficient in the ideal condition;
&p — derived considering the load variation effect as described in Appendix 6-J;
AR — total resistance increase, in N;
R,,— resistance in the ideal condition, in N.

6.3.3.7 This leads to the expression for the corrected delivered power:

ARV, B,
By = Py —— [1 — cfP] (6.7)
Did Bhia
6.3.3.8 Then, the following quadratic equation is obtained by transforming equation:
ARV, ARV,
PDzid _[PDms - > JPDid - PDms —S§P = 0 (68)
Did Did
. . . . ARV,
Finally, P),, is obtained as follows under the condition p, — 5>0.
Mpia
2
1 ARV, ARV, ARV,
PDid =5 PDms - > +\/(PDms - S] +4PDms—S§P (69)
2 Mpia Mpia Did

where: P,,,— delivered power in the ideal condition, in kW;
P,,,,— delivered power in the trial condition, in kW;
AR — total resistance increase, in N;
V— ship speed through the water, in m/s;
npia— propulsive efficiency coefficient in the ideal condition;
&pis derived considering the load variation effect as described in Appendix 6-J.

6.3.3.9 The correction of the propeller shaft speed is also carried out considering the load variation
effect.

6.3.3.10 With the P,,, found as described above, the correction on propeller shaft speed is:

An PDms — PDid A V

I P — -

e a7 (6.10)
An=n, —n, (6.11)

6.3.3.11 From this follows that the corrected propeller shaft speed n,, is

n

ms

n, =
U BB AV (6.12)
! PDid ' VS
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where: n,,,— measured propeller shaft speed, in rpm;
n;; — corrected propeller shaft speed, in rpm;
P,,,— delivered power in the ideal condition, in kW;
P,,,— delivered power in the trial condition, in kW,
¢,and &, are derived considering the load variation effect as described in Appendix 6-J;
V— ship’s speed through the water, in m/s;
AV — decrease of ship’s speed due to shallow water, determined in Appendix 6-H.

6.3.3.12 The analysis in Apppendix 6-K is useful to deepen the technological knowledge, since this
calculation is based on the full-scale wake fraction.

6.3.4 Correction of the measured ship’s speed due to the effect of current

6.3.4.1 The current effect is corrected by subtracting the current speed V. from the measured ship’s
speed over the ground V; at each run as follows:

Ve =Vo —Ve (6.13)

where: V,— ship’s speed through the water, in knots;

V,— measured ship’s speed over ground, in knots;

V-— current speed, in knots.
The current correction can be applied by two (2) different methods:
(1) “Iterative” method
Based on the assumption that the current speed varies with a semi-diurnal period, a current curve as a
function of time will be created. In the same process, a regression curve representing the relationship
between the ship’s speed through the water (formula 6.13) and corrected power (clause 6.3.3) is
determined. So both current curve and regression curve are created in one process. The regression

curve has no relation with the speed/power curve from the tank tests.

The analysis of the direct power method as described in 6.3.3 is to be repeated after the value of V'
has been derived by the current correction analysis.

(2) “Mean of means” method

Based on the assumption that for a given power setting, the current speed varies parabolically, the
influence of current is accounted for by applying the ‘Mean of means’ method for each set of runs
with the same power setting.

The details of the ‘Iterative’ method and the “Mean of means’ method are given in Appendix 6-E.
6.3.5 Correction of the ship’s speed due to the effects of shallow water

6.3.5.1 The speed correction for shallow water is applied in accordance with Appendix 6-H.

6.3.6 Correction of the ship’s performance due to the effects of displacement
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6.3.6.1 Displacement and trim are, in general, factors that can be adjusted to stipulated values at the
time of the trials. However, there may be significant reasons for discrepancies and small deviations
in displacement i.e. within 2% of the required value, are to be corrected in accordance with Appendix
6-G.

6.3.7 Conversion of power curve from trial condition to EEDI condition and contract condition (if
any)

6.3.7.1 Fors some ships such as dry cargo ships, it is difficult to conduct S/P trials at EEDI condition
and contract condition (if any). For such cases, S/P trials at ballast condition are performed and the
speed/power curve is converted to that of the EEDI condition and contract condition (if any) using
the power curves based on the tank tests.

6.3.7.2 The conversion method from the trial condition to EEDI condition and contract condition is
shown at Appendix 6-1.

6.4 Example of trial data analysis

Example of trial data analysis is shown in Table 6.4.
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6.5 Trial report

6.5.1 In the trial report, an overview is to be given of the trial conditions and all corrections that
have been applied as necessary to arrive at the EEDI condition and contract condition (if any).

6.5.2 The trial report is to contain all relevant information to carry out the data analysis. It is to be
written in such a way that all results can be reproduced.

6.5.3 The trial report is to contain the following sub clauses:

(1) Trial report summary, including ship particulars, propeller details, engine data, details of hull
appendages and rudder(s);

(2) EEDI conditions, including EEDI speed, power and displacement;
(3) Contract condition (if any), including contract speed, power and displacement;

(4) A description of the instrumentation, describing instrument set-up and calibration procedures,
location of sensors (e.g. anemometer), etc.;

(5) Description of the trial site. This gives information on geography, water depth, etc.;
(6) Environmental parameters, listing the measured/observed environmental conditions at the site
during the S/P trials such as wave height and period, wave direction, air pressure, wind direction,
wind velocity, air temperature, water temperature, water density, etc.;
(7) Trial results of each speed run

(D Date and time at start of speed run;

(2 Run number;

3 Ship’s positions;

@ Ship’s heading;

(® Run duration;

® Mean value of measured ship speed;

(D Mean value and standard deviation of torque (per shaft);

(8 Mean value and standard deviation of shaft rpm (per shaft);
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© Mean value and standard deviation of shaft power (per shaft);
Relative wind velocity and direction;
@ Significant wave height, mean period and direction;

@© Water depth;

(8) Analysis and correction methods. The analysis and correction of the measured trial data are to be
conducted in compliance with this Chapter;

(9) Conclusions/recommendations.
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Appendix 6-A General Information and Trial Log Sheet

Before the start of the sea trial, the trial login data are to be filled and submitted to the relevant
parties for confirmation. Among them, the record sheet of primary ship parameters is shown in Table

6-A.1, and the record sheet of speed trial condition is shown in Table 6-A.2.

Record Sheet of Primary Ship Parameters Table 6-A.1
Speed trial log data
Ship name
IMO Nr.
Ship type
Shipbuilder
Main Waterline length L, m Type
scantling Ship’s length between perpendiculars L, m | Main No.
Moulded breadth B m | engine Rated power kW
Moulded depth D m Rated speed rpm
Power for propulsion kW
Reduction ratio
Draught forward dy m Type
Design Draught aft d, m | Auxiliary | No.
loading Mean draught d,, m | engine Rated power kW
condition Volume of displacement \/ m’ Rated speed rpm
Block coefficient C, | | .
Prismatic coefficient C, Type
Midsection coefficient C,, No.
Longitudinal position of buoyant center X Rated power kW
Area of wetted surface of hull S m’ Rated speed rpm
Gross tonnage GT' No. of propellers
Tonnag Deadweight DWT t | Propeller Type(FPP/CPP)
parameter | Diameter D, m
Pitch diameter ratio P/D,
Number of blades Z
Area ratio A4,/A4,
Rated speed pm
Material
Direction of rotation (looking
from aft)
Number of blades
Hull Last date of hull cleaning (mm/yyyy) G modulus N/mm
condition Surface condition of hull Shaft(s) (default = 82400 N/mm)
Surface condition of propeller Diameter(inside) mm
Diameter (outside) mm
Shaft efficiency 7,
Hull Area of wetted surface bilge keels m’
appendages | Area of wetted surface rudder(s) m’
Area of wetted surface other appendages m’
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Record Sheet of Speed Trial Condition

Table 6-A.2

Speed trail log data

Date of trial

Location of trial (longitude, latitude)

Weather(visual observation)

Vertical position of anemometer above waterline m
Water temperature T

Environmental Waer density ke/m’

Condition | Ajr temperature T

Air density kg/m’
Air pressure hPa, mbar
Draught forward PS m
Draught forward SB m
Draught aft  PS m
Draught aft  SB m
Draught midship PS m

Ship condition Draught midship SB m
Trim
Displacement ton
Cross sectional area including superstructures above waterline m’
Lateral projected area including superstructures above waterline(Fujiwara)
mZ
Lateral projected area of superstructures above upper deck(Fujiwara) ~ m’
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The sea trial starts, tests are to be conducted in accordance with the requirements of the sea trial
programme, and data of the runs are to be recorded and submitted to the relevant parties for
confirmation. The record sheet of the trial runs is shown in Table 6-A.3.

Data Sheet of Speed Trial Runs Table 6-A.3

Run Nr. - 1 2 3 4 5 6 7 8 9 10 11 12

Power setting %MCR

Date yyyy-mm-dd

Start time of run hh:mm

Direction: Forward/Return -

Heading °©

Run duration mm:ss

Measured ship’s speed knots
Velocity m/s

Relative wind
Direction °
Signiﬁcgnt m
wave height

Waves Direction °
Period S
Signiﬁcgnt m
wave height

Swell Direction °
Period S
Power kW

Propeller PS | Shaft speed rpm
Pitch of CPP °
Power kW

Propeller SB | Shaft speed rpm
Pitch of CPP ©

Vert. G force at bow (if the

correction method in D.2 is m/s’

used)

Water depth m
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Appendix 6-B Beaufort Scale for Wind Velocity

This table is only intended as a guide to show roughly what may be expected in the open sea, remote
from land. It shall never be used in the reverse way; i.e., for logging or reporting the state of the sea.
In enclosed waters, or when near land, with an off-shore wind, wave heights will be smaller and the
waves steeper. Figures in brackets indicate the probable maximum height of waves.

Wind Scale Table 6-B.1
V.elocity equivalent at a standard ) ) Probable
height of 10 metres above open flat Specifications .
L. wave height
Beaufort | Decriptive ground
nunber term Mean
velocity m/s km/h | m.p.h Land Sea Coast m ft
kn
0 Calm <1 0-0.2 <1 <1 Calm; smoke Sea like a mirror Calm - -
rises vertically
1 Light air 1-3 0.3-1.5 1-5 1-3 | Direction of Ripples with the Fishing smack | 0.1 YVa
wind shown appearance of scales | just has 0.1) | (Y4)
by smoke drift | are formed, but steerage way
but not by wind | without foam crests
vanes
2 Light 4-6 1.6-3.3 | 6-11 4-7 | Wind felt on Small wavelets, of smacks 0.2 Vs
breeze face; leaves still short but more which then 0.3) | (D
rustle; ordinary | pronounced; crests travel at about
vanes moved by | have a glassy 1~2 knots
wind appearance and do
not break
3 Gentle 7-10 3.4-54 | 12-19 8-12 | Leaves and Large wavelets; crests | Smacks begin | 0.6 2
breeze small twigs in begin to break; foam | to careen and (1) 3)
constant motion; | of glassy appearance; | travel about
wind ex- tends | perhaps scattered 3~4 knots
light flag white horses
4 Moderate 11-16 5.5-79 | 20-28 13-18 | Raises dust and | Small waves, Good working 1 3
breeze loose paper; becoming longer; breeze, (1.5 | 9
small branches | fairly frequent white | smacks carry
are moved horses all canvas
with good list
5 Fresh 17-21 8.0- 29-38 19-24 | Small trees in Moderate waves, Smacks 2 6
breeze 10.7 leaf begin to taking a more shorten sail 2.5) | (8%)
sway; crested pronounced long
wavelets form | form; many white
on inland waters | horses are formed
(chance of some
spray)
6 Strong 22-27 10.8- 39-49 | 25-31 | Large branches | Large waves begin Smacks have 3 9%
breeze 13.8 in motion; to form; the white double reef in 4) (13)
whistling heard | foam crests are more | mainsail; care
in telegraph extensive everywhere | required when
wires; umbrellas | (probably some fishing
used with spray)
difficulty
7 Near gale 28-33 13.9- 50-61 | 32-38 | Whole trees Sea heaps up and Smacks 4 13
17.1 in motion; white foam from remain in (5.5 | (19)
inconvenience | breaking waves harbour and
felt when begins to be blown those at sea lie
walking against | in streaks along the to
wind direction of the wind
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Beaufort
nunber

Decriptive
term

Velocity equivalent at a standard
height of 10 metres above open flat
ground

Specifications

Probable
wave height

Mean
velocity
kn

m/s

km/h

m.p.h

Land

Sea

Coast

ft

Gale

34-40

17.2-
20.7

62-74

39-46

Breaks twigs off
trees; generally
impedes
progress

Moderately high
waves of greater
length; edges of
crests begin to break
into the spindrift;

the foam is blown in
well-marked streaks
along the direction of
the wind

All smacks
make for
harbour, if
near

5.5
(7.5)

18
(25

Strong gale

41-47

20.8-
24.4

75-88

47-54

Slight structural
damage occurs
(chimney pots
and slates
removed)

High waves; dense
streaks of foam along
the direction of the
wind; crests of waves
begin to topple,
tumble and roll over;
spray may affect
visibility

(10)

23
(32)

Storm

48-55

24.5-
28.4

89-102

55-63

Seldom
experienced
inland; trees
uprooted;
considerable
structural
damage occurs

Very high waves with
long over- hanging
crests; the resulting
foam, in great
patches, is blown in
dense white streaks
along the direction

of the wind; on the
whole, the surface

of the sea takes on a
white appearance; the
tumbling of the sea
becomes heavy and
shock- like; visibility
affected

(12.5)

29
(41)

Violent
storm

55-63

28.5-
32.6

103-
117

64-72

Very rarely
experienced;
accompanied
by wide- spread
damage

Exceptionally high
waves (small and
medium-sized ships
might be for a time
lost to view behind
the waves); the sea is
completely covered
with long white
patches of foam lying
along the direction of
the wind; everywhere
the edges of the wave
crests are blown

into froth; visibility
affected

11.5
(16)

37
(52)

Hurricane

64 and
over

32.7and
over

118 and
over

73 and
over

The air is filled with
foam and spray;

sea completely
white with driving
spray; visibility very
seriously affected

14

45
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State of the Sea Table 6-B.2

Code Descriptive terms Wavenllneight

0 Calm (glassy) 0

1 Calm(rippled) 0~0.1

2 Smooth(wavelets) 0.1~0.5

3 Slight 0.5~1.25

4 Moderate 1.25~2.5

5 Rough 2.5~4

6 Very rough 4~6

7 High 6~9

8 Very high 9~14

9 Phenomenal Over 14

Note: The bound of the wave height shall be assigned for the lower code figure; e.g. a height of 4 m is coded as 5.
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Appendix 6-C Resistance Increase due to Wind

The resistance increase due to wind is calculated by:

R, =05p,-C,, (l//WRref) Ay 'Vn%Rref -0.5p,-C, (0) Ay 'V02 (C.1)
where: R,,—— the resistance increase due to relative wind, in N;
A,,,—— the transverse projected area above the waterline including superstructures, in m’;
C,,— the wind resistance coefficient;
C,.0) the wind resistance coefficient in head wind,i.e. when the relative wind direction is 0°;
Ve the measured ship’s speed over ground, in m/s;
Virs— the relative wind velocity at the reference height, in m/s;
Wir— the relative wind direction at the reference height, in °;
Pa the mass density of air, in kg/m”.

The evaluation of wind data is explained in detail in C.1 of this Appendix.

The wind resistance coefficient is based on the data derived from model tests in a wind tunnel. In
cases where a database is available covering ships of similar type, such data may be used instead of
carrying out wind tunnel model tests. Alternatively, statistical regression formulae concerning wind
resistance coefficients of various ship types have been developed. The recommended methods are
described in C.2 of this Appendix.

C.1 Evaluation of wind data

By nature wind velocity and direction vary in time and therefore they are defined by their mean value
over a selected period.

For S/P trials it is assumed that the wind condition is steady i.e. that velocity and direction are rea-
sonably constant over the duration of each run. The mean values of direction and velocity recorded
during every run are then used as the ‘actual’ values for that run.

C.1.1 Averaging process for the true wind velocity and direction

Usually, the relative wind velocity and direction are measured by the on-board anemometer, which
is generally located on the radar mast on top of the bridge. Both wind velocity and direction at this
location may be affected by the geometry of the ship, in particular the shape of the superstructure.

The true wind vector for each speed run is found from the ship’s heading and speed over the ground
and the measured relative wind velocity and direction. By averaging the true wind vectors over both
speed runs of the Double Run, the true wind vector for the run-set is found. This run-set averaged
true wind vector shall be used to recalculate the relative wind vector for each speed run of the set.
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Measured

Furg+1)

Figure C.1.1 True wind vectors and relative wind vectors

The true wind velocity and direction at the vertical position of the anemometer are calculated by:

Vir = \/ Vo + V3 =2V, V. cosyy, (C.2)
Vs SIN V, sin
Wyr = tan™ { e S0 (W +) = W) } for Vi cos (W +¥)— Vg cos(y) =0
Vi €08 (W +¥) — Vg cos (i) -
sin V, sin '
Wyr = tan”! { S0 (Ve +) = v) } +180  for Vyy cos (W +¥)— Vg cos(y) <0
Vi €08 (W +¥) — Vg cos ()
where: V;—— the measured ship’s speed over ground, in m/s;
V,yx— the mean value of the measured relative wind velocity at the vertical position of the
anemometer, in m/s;
V,,—— the true wind velocity at the vertical position of the anemometer, in m/s;
7 the ship’s heading, in°®;
wur— the mean value of the measured relative wind direction at the vertical position of the
anemometer, in °;
wyr— the mean value of the measured relative wind direction at the vertical position of

the anemometer, in°.

The true wind velocity and direction are corrected by an averaging process over both runs of the
Double Run.

2 .
VWT(i) b V/WT() + V WT(i+1) COSWyr (i+1) n VWT([) St '//WT( + V WT(i+1) sin V/WT(H-I

! f—
VWT([/[+1) - ) 5 (C4)
' - VWT i Sln‘//WT i + VWT i+l Slnl//WT i+l
Wivr(ijia) = a0 ] 0 0 e CL for VWT(i) COSWyyp(py + VWT(i+]) COSY (i) = 0
V(i) €08W iy T Varr(inn €OV (i) (C.5)
Vigri SINW i + Vigri, SINW. (i+
Wiergie = tan ! MO TV WG T TWIED L4180 forVy, (1 O Wyriy + Vigr(in) €0 Wy <0
Vi) €98W iy T Varr(iny €OV (i)
Virgy = \/va( ot V2 )+ 2V Vo COS(W;VT(:‘) - '//(,-)) (C.6)
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v, sinly . —w.
Vi) = tan”! o (V/WT(I), Yol FOr Vo + gy €05(Virgy =) 2 0
Vot +Virty <05 (Vi =¥
(C.7)
v, sinly),. . —w,.
Yk = tan”' WT([), (V/WT(I), y/([)) +180  for vy, +V. cos(wV',,T(l.) - l//(l.)) <0
VG(i) + VWT(i) COS(V/WT(i) - W(i))
where: V,—— the measured ship’s speed over ground, in m/s;
V,,-—— the true wind velocity at the vertical position of the anemometer, in m/s;
V', —— the averaged true wind velocity at the vertical position of the anemometer, in m/s;
V',,r— the corrected relative wind velocity at the vertical position of the anemometer, in m/s;
v the ship’s heading, in®;
wr— the true wind direction at the vertical position of the anemometer, in°;
v'yr— the averaged true wind direction at the vertical position of the anemometer, in °;
w'»—— the corrected relative wind direction at the vertical position of the anemometer, in °;

the run number.

1

And then true wind velocity V., true wind direction ., relative wind velocity V., and relative
wind direction y,, are replaced by V'yr, ¥iris Vg and @'y

The true wind velocity and directions are to be checked by taking the following into consideration:
(1) The consistency of the curves of true wind velocity and direction with time during each run.

(2) The consistency of the curves of air temperature and atmospheric pressure with time during each
run.

(3) Publicly available weather information.
C.1.2 Consistency of the curves of true

The wind effect on the ship consists of two components: shear flow and uniform flow. Shear flow is
the natural wind. Uniform flow is the relative speed between still air and the ship’s own motion.

To calculate the wind resistance, the wind velocity and direction at the reference height of the wind
tunnel tests on which the wind resistance coefficients are based, shall be used. Therefore the wind
velocity and direction at the vertical position of the anemometer shall be corrected to those at the
reference height.

The difference between the vertical position of the anemometer and the reference height for the wind
resistance is to be corrected by means of the wind velocity profile given by:

1
Z Y
VWTre = VWT [ = j (C'g)
le
where: V), the true wind velocity at the reference height, in m/s;
Vr the true wind velocity at the vertical position of the anemometer, in m/s;
Z,,—— the reference height for the wind resistance coefficients, in m;

Z,—— the vertical position of the anemometer, in m.
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The reference height for the wind resistance coefficients Z,, is selected as the corresponding height
for the wind resistance coefficient from wind tunnel tests.

The relative wind velocity at the reference height is calculated by:

VWRref = \/VW%Tref + V62 - ZVWTrerG cOS(‘//WT - ‘//) (C.9)
The relative wind direction at the reference height is calculated by:

VWTref sin (WWT B '//)
Ve + VWTref COS(V/WT - l//)

VWTrqf Sin(WWT - l//)
VG + VWTref COS(V/WT - ‘/’)

Wipneer = tan” { } for Vg +V,. cos(w,, —w)=0

(C10)

Wipneer = tan”' { } +180 for ¥V, +V,,, cos(w,, —w)<0

Where: V;—— the measured ship’s speed over ground, in m/s;
Virs— the relative wind velocity at the reference height, in m/s;
Vyyrs— the true wind velocity at the reference height, in m/s;
v the ship’s heading, in®;
Wik the relative wind direction at the reference height, in®;

Wr the true wind direction at the vertical position of the anemometer, in°.

C.2 Wind resistance coefficients
The wind resistance coefficients determined by the following methods are to be used.
C.2.1 Wind tunnel test

If wind tunnel test results are available, the wind resistance coefficient evaluated by these tests is to
be used.

C.2.2 Data set on the wind resistance coefficient

A data set of wind resistance coefficients has been prepared by STA-JIP. Data is available for;
Tankers, LNG carriers, container ships, car carriers, ferry/cruise ships, general cargo ships and bulk
carriers as shown in Table C.2.2. The wind resistance coefficients, where C,,= —C,, for each ship
type, are shown in Figure C.2.2(1).

Before making use of these coefficients, the ship type, shape and outfitting are to be carefully
evaluated and compared with the geometry of the ship for which the data set has been prepared, as
illustrated at Figure C.2.2(2). The data provided is limited to the present-day common ship types.
The database is not suitable for special ships such as; tugs, offshore supply vessels, fishery vessels
and fast craft, all of which have very individual geometries.
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Ship types included in the data set

Table 6-C.2.2

Ship type Loading condition Superstructure Test ship
tanker conventional bow laden normal 280kDWT
tanker conventional bow ballast normal 280kDWT

tanker cylindrical bow ballast normal 280kDWT
LNG carrier average prismatic integrated 125k-m’
LNG carrier average prismatic extended deck 138k-m’
LNG carrier average spherical 125k-m’

container ship laden with containers 6800TEU

container ship laden without contan’lers, with lashing 6800TEU

bridges

container ship ballast with lashing bridges 6800TEU

container ship ballast without lashing bridges 6800 TEU

car carrier average normal Autosky

ferry/cruise ship average normal

general cargo ship average normal
bulk carrier ballast normal 350 m bulk carrier
bulk carrier laden normal 350 m bulk carrier
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280 KDWT TANKER CYLINDRICAL BOW

15
10 1 —m— Ballast
05 A //'rr_r.-fa*—-
% 00 —/
(8] 4
05 ] >
!r/./
-10
A5
0 30 60 90 120 150 180
angle of attack[deg]
CAR CARRIER
15
10 1 | —=—Average
] //‘m\l
05 1
s - ] / \./
05 4 —
.01
151
0 30 60 90 120 150 180

angle of attack[deg]

-125-




LNG CARRIER

15 |
1 —— Spherical
10 1 | —=— Prismatic extended deck P
] —&— Prismatic integrated /
05 1 -
1 JV
4 ,”
] &
- 1 i
= 0.0 =4 -/
Q B //'\_‘/
05 /
;v—\:7<lr -7
7 —
-1.0 e
i)-//
51
0 30 60 90 120 150 180
angle of attack[deg]
GENERAL CARGO
1.5
10 ] —&- Average
05 ] /
% 001
051
I\\ l/
10 ]
151
0 30 60 90 120 150 180

angle of attack[deg]

-126-




CRUISE FERRY
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STAWIND table 15
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Figure C.2.2(1) Wind resistance coefficients for representative ship types

a)

Container ship, Laden with containers b)

280k DWT Tanker conventional bow, Laden | d)

280k DWT Tanker conventional bow, Ballast

280k DWT Tanker cylindrical bow, Ballast

f) Car carrier
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g) LNG carrier prismatic extended deck h) LNG carrier prismatic integrated deck

i) LNG carrier spherical
=Ly o Ty
T : (
. | -
1) General cargo ship k) Cruise ferry

Figure C.2.2(2) Ship profiles
C.2.3 Regression formula by Fujiwara et al.

Regression formula based on wind tunnel tests developed by Fujiwara et al.:

. 1. . .
Caa Wyr) =Cppcosyy, +Cyy (Sln Vwr — Esm Vwr cos’ Vwr j SNy COSWyp + Cyp SINW cos’ Ywe (C.11)

with: for 0 <y, <90,

A C
CLF = ﬂlO + ,811 R 1812 HME
Lo B Lo
A A
Cyu = 510 + 511 =+ 512 o
Loy H gy BH
A B
Curr = &0 + & —2 + € L_
LV OA

for 90 <y, <180°,

1820+ﬂ2l +ﬁ22 +IBZ3 AOD +ﬂ24

O O OA

BZ
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A A B A
Cx = 6y + 6, =t O — Oy ——+6, # (C16)
OA BR LV OA BR
Courr = &3 + 86, > (C.17)
LV
for wyg =90°
1
Cya (90)= E{CAA (90— 1) +C,, (90+ 1)} (C.18)
where: C,,,——the wind resistance coefficient;
Vg the relative wind direction, in®;
Lo, the ship’s length overall, in m;
B the ship’s breadth, in m;
A,p——the lateral projected area of superstructures above upper deck, in m’;
A,,,——the transverse projected area above the waterline including superstructures, in m’;
A,,——the lateral projected area above the waterline including superstructures, in m’;
Cuc the horizontal distance from midship section to centre of lateral projected area 4,,

where + means forward from midship, in m;
Hy,——the height of top of superstructure (bridge etc.), in m;
H. the height from waterline to centre of lateral projected area 4, in m;
u the smoothing range, in °, normally 10°.

The non-dimensional parameters f3;, J; and ¢; used in the formulae are shown in Table 6-C.2.3(1).

ijs

Non-dimensional parameters f;, 6; and &; Table 6-C.2.3(1)
' J
1
0 1 2 3 4
1 0.922 20507 1,162 - ;
& 2 L0018 5.091 -10.367 3.011 0.341
1 -0.458 -3.245 2313 - -
% 2 1.901 12,727 -24.407 40.310 5.481
1 0.585 0.906 -3.239 - -
K 2 0.314 1117 - - -

The coordinate system and sign conventions are shown in Figure C.2.3(2).

center of Arv

upper deck

Hc

-
S
Loa n

midship
Figure C.2.3(2) Input parameters for regression formula by Fujiwara et al.
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Appendix 6-D Resistance Increase due to Waves

Irregular waves are represented as linear superposition of the components of regular waves.
Therefore the mean resistance increase in short crested irregular waves R, is calculated by linear
superposition of the directional wave spectrum E and the response function of the mean resistance
increase in regular waves R,

27 po R w,a,V
R, :2.[0 IO %E(w,a)dwda (D.1)
Where: R,,—— the mean resistance increase in short crested irregular waves, in N;
R,...—— the mean resistance increase in regular waves, in N;
¢, the wave amplitude, in m;
@ —— the circular frequency of regular waves, in rad/s;
o the angle between ship’s heading and component waves in rad; 0 means head waves;

V,—— the ship’s speed through the water, in m/s;
E the directional spectrum, in m’s.

If the directional spectrum is measured at sea trials by a sensor and the accuracy is confirmed, the
measured directional spectrum is to be available. If the directional spectrum is not measured, it is to
be calculated by the following relationship:

E=S, (0)G(a) (D.2)
where: S, the frequency spectrum, in m’s, as described in formula (D.3);
G —— the angular distribution function.

The standard form of the frequency spectrum and the angular distribution function are assumed for
the calculation. For wind waves the modified Pierson-Moskowitz type frequency spectrum of ITTC
1978, shown in formula (D.3), is to be applied.

A, B,
S, (a)):a)’—f;”exp[—w—f‘tj (D.3)
H2
4, =173214 (D.4)
‘ T,
o
g (D.5)

For the narrow band wave spectrum (e.g. North Sea), the JONSWAP frequency spectrum shown in
formula (D.6) is generally applied.

S, (@)= %exP(_%Jl;p{_o'{l%“_lj / ”’} (D.6)
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4+ 0.072H},

A =(2r) 2222
s =(27) T (D.7)
0.44
B, =(2x)' = (D.8)
01

o, =0.07 for w<

01

(D.9)
c,=009 for w>
’ 01
m
where: T, =27 — (D.10)
ml
H,; the significant wave height, in m;
1) the circular frequency of regular waves, in rad/s;
m,—— the n™ moment of frequency spectrum.

For the angular distribution function the cosine-power type shown in formula (D.11) is generally
applied; e.g. s = 1 (for wind waves) and s = 75 (for swells) are used in practice.

2% I (s+1)

)

cos™ (-0, Tca-0 <Z D.11
(a-0,)-Z<a-0,<” 1)

where: s the directional spreading parameter;
I——the Gamma function;
o the angle between ship’s heading and component waves, in rad, 0 means head waves;
6,——the primary wave direction, in rad, 0 means head waves.

m

For wind waves and swells R, is calculated for each with different wave height, period and
direction.

—

—
N—

> ship's heading

o

component waves

primary wave direction
Figure D.0 Ship’s heading and wave direction

In calculating resistance increase due to waves, one of following methods is to be used:

In the event that the pitch and heave during a run have been small the “simplified estimation
method”, prescribed in D.1, maybe used.

Otherwise, an “empirical estimation method” for the frequency response function, prescribed in D.2,

may be used for correction. This empirical transfer function covers both the mean resistance increase
due to wave reflection and the motion induced resistance.
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If the C, (longitudinal prismatic coefficient) and C),, (water plane area coefficient) curves are
available, then the “theoretical method with simplified tank tests in short waves”, as prescribed in D.3,
may be used.

The most reliable way to determine the decrease of ship’s speed in waves is to carry out sea keeping
tests, at various speeds, in regular waves of constant height but different wave lengths and directions.
When the transfer functions of sea keeping tests, as prescribed in D.4, are available, they are to be
used for correction of the S/P trials.

D.1 Simplified correction method for ships with limited heave and pitch during the speed runs
(STAWAVE-1)

A dedicated and simplified method to estimate the added resistance in waves with limited input data
has been developed specifically for speed trial conditions with present day ships.

Speed trials are conducted in low to mild sea states with restricted wave heights. In head waves the
encounter frequency of the waves is high. In these conditions the effect of wave induced motions
can be neglected and the added resistance is dominated by the wave reflection of the hull on the
waterline. The water line geometry is approximated based on the ship beam and the length of the
bow section on the water line (Figure D.1).

Formula (D.12) estimates the resistance increase in head waves provided that heave and pitch are
small. The application is restricted to waves in the bow sector (less than +45 deg. off the bow). For
wave directions outside this sector no wave correction is applied.

1 B
Ry :Epnglan Lom (D.12)

where: s the directional spreading parameter;
R,,,—— the mean resistance increase in long crested irregular waves, in N;
Ps the water density in full scale, in kg/m’;
g the acceleration of gravity, in m/s’;
B ——— the ship’s breadth, in m;
H,; the significant wave height, in m;
Ly,,— the distance of the bow to 95% of maximum breadth on the waterline, in m, shown
in Figure D.1.

with the following restriction:
(1) Significant wave height H,;: H,,; <2.25/L,, /100 ;

(2) Heave and pitch during speed/power trial are small; (vertical acceleration at bow < 0.05g);

(3) wave direction is from ahead (within 0 to +45 (°)).
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95%B L

Figure D. 1 Definition for the distance of the bow to 95% of maximum beam on the waterline

D.2 Empirical correction method with frequency response function for ships which heave and
pitch during the speed runs(STAWAVE-2)

An empirical method has been developed to approximate the transfer function R, of the mean re-
sistance increase in regular head waves by using the main parameters such as ship dimensions and
speed (see Figure D.2).

f(Fr, Cp)

£(Er, Cy).

/ S Lpp, B)

/

2 1/2 1/4 1/8

wave length / ship's length
Figure D.2 Parametric transfer function of mean resistance increase in regular waves

This empirical transfer function R, covers both the mean resistance increase due to wave reflection
R ,r, and the motion induced resistance R ;.

R = Ry + Riys (D.13)
The components are calculated as shown in the following formulae.
2 B® —
Ry =4P58¢ L_raw(a)) (D.14)
PP
with:
- —h b —d 1.50
r. (@)= exp d—(l—a) ) a,Fr'* exp(-3.50Fr) (D.15)
1
@3 k
— g V7’ (D.16)
LR
a, =60.3C;™ (D.17)
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110 for w<l1
b, = (D.18)
—8.50 elsewhere
14.0 for w<1
d, = Lo\ (D.19)
-566| == elsewhere
B
and:
1
R m :Epsggj3a1 (a)) (D.20)
7217 (1.5kT,, )
o (@)= ;zzzrf(1.5kTM)+1<f(1.5kTM)f1 (D:21)
V 0.769
£ =0.692| —= +1.81C,%% (D.22)
1 [ '—TMg B
where: pg the water density in full scale, in kg/m’;
g the acceleration of gravity, in m/s’;
{;— the wave amplitude, in m;
L,,—— the ship’s length between perpendiculars, in m;
B the ship’s breadth, in m;

T,,—— the draught at midships, in m;
Cp— the block coefficient;

F, the Froude number;

Vs the ship’s speed through the water, in m/s;

k,,—— the non-dimensional radius of gyration in the lateral direction;
A the modified Bessel function of the first kind of order 1;
K,—— the modified Bessel function of the second kind of order 1;

k the wave number, in rad/m.

With the following restrictions:

(1) Lpp>75m;

b

L
(2) 40<—22<9.0;
B

B
22<—<9.0:
(3) 22<—<90;

M
(4) 0.10<F,.<0.30;

(5) 0.50 < C,< 0.90;
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(6) wave direction is from ahead (within 0 to £45 °).

The method is applicable to the mean resistance increase in long crested irregular head waves R, (see
Formula (D.23)). The application is restricted to waves in the bow section to £45° off bow waves
which are treated as head waves for this method. Waves outside the £45° sector are omitted from the
wave correction in this method.

R = ZJ.:WS” (a))dcu (D.23)
A
where: R,;, —— the mean resistance increase in long crested irregular waves, in N, as substitute for R ;,;
R,...——— the mean resistance increase in regular waves, in N;
¢, the wave amplitude, in m;
@ —— the circular frequency of regular waves, in rad/s;
V,—— the ship’s speed through the water, in m/s;
S, — the frequency spectrum in m’s, for wind waves modified Pierson-Moskowitz type is

known for the expression(see formula (D.3)).
D.3 Theoretical method with simplified tank tests in short waves

The application of this method is restricted to the certain ship types of container ship, bulk carrier,
tanker or ro-ro cargo ship (vehicle carrier), whose length is more than 190 m.

The application is also restricted to waves encountered in the bow sector (within 0 to +45 © off the
bow). For wave directions outside this sector no wave correction is applied.

Applying the theoretical method, the mean resistance increase in regular waves R, is calculated
from the components of the mean resistance increase based on Maruo’s theory R ;,,and its correction
term which is primarily applicable to short waves R ;.

Rwave = RAWM + RAWR (D24)
where: R,;,,—— the mean resistance increase in regular waves based on Maruo’s theory, in N,
which is calculated from the radiation and diffraction components;
R ,;r— the correction term of R ;;,,, in N.

R,z 1s to be calculated with high accuracy because the mean resistance increase in short waves is the
dominant factor for the evaluation of the mean resistance increase in irregular waves.
The expression of R,,,1s given in the following formulae:

2 (m+kyz)’ (m+kcosa)
\/(m + koz')4 -m’k;

R, =47pg (—.[m +J.Do )|Hl (m)|

—00 my

dm for Z'Zi (D.25)

— 0 z(m+k0r)2(m+kcosa)d ; 1
e R AR L e v e i LA IS
0 0
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where:

where:

.V,
r=—t= (D.27)
g
2
[
_o D.28
2 (D.28)
_ &
k, fV—SZ (D.29)
w, =w+kV,cosa (D.30)
k \1-2r++1-4
I ( ‘ ’) (D.31)
¢ 2
. :k0(1—2r—\/1—4z') D32)
b
2
ky(1+27+v1+4
S 0( ¢ T) (D.33)
‘ 2
. :_k0(1+2r—\/1+4r) D34
d
2
Hl(m)=JLa(x)ei”’de (D.35)
Ps the water density in full scale, in kg/m’;
g the acceleration of gravity, in m/s’;
Vs the ship’s speed through the water, in m/s;
@ —— the circular frequency of regular waves, in rad/s;
w;—— the circular wave frequency of encounter, in rad/s;
o the encounter angle of incident waves, in rad, 0 means head waves;

H,—— the function, in m’/s, to be determined by the distribution of singularities o(x)
which represents a periodical disturbance by the ship. The distribution of
singularities o(x) is, as a practical treatment, calculated by the application of
slender body theory, as shown in the following formula, in which the singularity
is concentrated at a depth of C,,7M, and the semi-infinite integration of R, is
calculated paying attention to its convergence.

1. 0
o)== {010 £ |7 ()20 39
4r Oy

B(x) the sectional breadth, in m;

Cp»,—— the vertical prismatic coefficient;

Ty the draught at midships, in m;

X the longitudinal coordinate, in m;

w,— the circular wave frequency of encounter, in rad/s;

Vs the ship’s speed through the water, in m/s;

Z—— the vertical displacement relative to waves in steady motion, in m.
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The expression of R, is given by Tsujimoto et al. The calculation method introduces an
experimental coefficient in short waves into the calculation in terms of accuracy and takes into
account the effect of the bow shape above the water.

1

&ijpﬁﬁ&@%0+qm) (D.37)
where: p_ the water density in full scale, in kg/m’;
g the acceleration of gravity, in m/s’;
g, the wave amplitude, in m;
B the ship’s breadth, in m;
B, the bluntness coefficient, as calculated in formula D.41;
Cy the coefficient of advance speed;
F, the Froude number;
O the effect of draught and encounter frequency, as calculated in formula D.38.
1 (kT )
o = e leep D.38
! ”2112 (keueep ) + I<12 (kereep ) ( )
k,=k(1+Qcosa)’ (D.39)
04
Q=—+ D.40
2 (D.40)
1 . . . .
B, = E{L sin® (o + 8, )sin B, dl + .[11 sin® (a - 3, )sin ﬂwdl} (D.41)
where: /,—— the modified Bessel function of the first kind of order 1;
K,—— the modified Bessel function of the second kind of order 1;
k—— the wave number, in rad/m;
T;— the draught, in m, for a trim condition 7,,,is the deepest draught;

g the acceleration of gravity, in m/s’;

V—— the ship’s speed through the water, in m/s;

@ —— the circular frequency of regular waves, in rad/s;

o the encounter angle of incident waves in rad, 0 means head waves;
S,»—— the slope of the line element d; along the water line, in rad.

and domains of the integration (I & II) are shown in Figure D.3(1). When B, is less than 0, then R
=0 is assumed.

wave

““:-— ““““““ [rasics fore
aft e P ek I
il . il -
N G PAAN RS
____________ waves 1
Y o
¥

Figure D.3(1) Coordinate system for wave reflection
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The coefficient of the advance speed in oblique waves Cy, is calculated on the basis of the empirical
relation line shown in Figure D.3(2), which has been obtained by tank tests of various ship types
following the procedures in D.4. When Cy,, is obtained by tank tests the relation used in oblique
waves is shifted parallel to the empirical relation line, as formulae (D.42) and (D.43). This is
illustrated in Figure D.3(3) for both fine and blunt ships.

C,=-310B,+68  forB, <% (D.42)
C, =10 JorB, =25 (D.43)
v 77310 '

The empirical relation line in Figure D.3(2) was obtained as follows. C,,is derived from the result of
tank tests and R %, as formula (D.44).

1| REY (Fr) =R,y (Fr)

CU - wave _1 (D44)
Fr 1 2pR
EﬁkgéQ O
with: [, the modified Bessel function of the first kind of order 1;
RE" —the mean resistance increase in regular waves measured in the tank tests, in N;
F, the Froude number;

Ry the mean resistance increase in regular waves based on Maruo’s theory, in N, which
is calculated from the radiation and diffraction components;

Ps the water density in full scale, in kg/m’;

g the acceleration of gravity, in m/s’;

¢ wave amplitude, in m;

B ship’s breadth, in m;

B, as calculated in formula (D.41);

Or the effect of draught and encounter frequency, as calculated in formula(D.38).

The aforementioned coefficient C,(a=0) determined by simplified tank tests which is to be carried
out in short waves since R, is mainly affected by short waves. The tank tests are to be conducted
for the specific ship geometry at the trial draughts and trim; and at contractual draughts if required.
The number of wave frequencies is one in short waves. The length of short waves is to be 0.5L,, or
less. The wave height corresponding to a sea state of Beaufort number 6, i.e. incident wave height:
3m, is to be adopted. However, upper or lower limitation of the wave height can be set as the wave
height to the ship’s length ratio (2{,/L,p) being 1/100 when reasonable restraint exists for suitable
reasons, such as deck wetness etc. In any case the wave steepness (a ratio of the wave height to
the wave length) is to be 1/20 or less to avoid non-linear wave behaviour. Incident waves are to be
measured for ten waves or more under steady conditions. The test set-up and procedure are to follow
ITTC 7.5-02 07-02.2.

The coefficient of advance speed C, is determined by the ‘least squares’ method (see Figure D.3(4)).

The tank tests are to be conducted for at least three different Froude Numbers (F,). F. is to be
selected such that the speeds during the sea trials lie between the lowest and the highest selected F,.
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Figure D. 3(2) Relation between the coefficient of advance speed on the added resistance due to
wave reflection and the bluntness coefficient for a conventional hull form above water
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Figure D.3(3) Shift of the empirical relation in oblique waves
(left; for fine ship B, << 58/310, right; for blunt ship B,= 58/310)
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Figure D.3(4) Relation between effect of advance speed (a,=C,F,) and Froude number F,
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D.4 Seakeeping model tests

Transfer functions of the resistance increase in waves (R,,,.) may be derived from the tank tests in
regular waves. The tank tests have to be conducted for the specific ship geometry at the trial draughts
and trim; and at contractual draughts if required. A minimum of two different ship’s speed (V)
covering the speed range tested in the speed/power trials have to be tank tested.

If the trials are not conducted in head seas and following seas, the tank tests shall not only comprise
head and following waves but also the relevant oblique wave conditions. A maximum interval of
incident wave angle shall be 30° for head to beam seas (0°~90°) but may be larger for beam to
following seas (90°~180°).

These tests shall be performed for a combination of circular frequency of regular waves (w), angle
between ship heading and incident regular waves () and ship’s speed through the water (V) based
on the following: A minimum of 5 wave lengths in the range of 0.5L,, and less than 2.0L,,. The test
set-up and procedure shall follow ITTC 7.5-02 07-02.2.
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Appendix 6-E Effect of Current

E.1 General provisions

Considering the nature of currents, the current speed shall be estimated from the measured ship’s
speed at each run.

There are two methods to account for the effect of current.

(1) The ‘Iterative’ method, where the current speed is assumed as a semi durational phenomenon.
(2) The ‘Mean of means’ method, where current speed is assumed to vary parabolically within a
given power setting.

E.2 ‘Iterative’ method

In the ‘Iterative’ method, the current speed is assumed to vary with, inter alia, the semidiurnal period.
A current curve is determined as a function of time as follows:

V.= VC,C cos [i—”tj +Ves sin [?—”t} + VC,Tt Ve (E.1)

C C

where: V.—— the current speed, in kn;
T the period of variation of current speed;
t the time for each run.
and unknown factors V., Vg, Verand Ve,

The most dominant period is the lunar semidiurnal period of 0.51753 day (12 hours, 25 minutes and
12 seconds).

The ship’s speed through the water is derived from a regression curve (E.2) which represents the
relationship between the ship’s speed through the water and its power corrected in accordance with

12.2.3 and is defined as follows:

Stage 1: first approximation of ship’s speed through the water

P(Vs)=a+bVy (E2)
Therefore:
Vs_qP(Vz)“’ (E.3)

where: P(V5) the regression curve;
Vs the ship’s speed through the water in knots;
and unknown factors a, b and q.

The initial value of Vshall be taken as the average of the measured ship’s speeds V', of a Double
Run. As a first approximation of the regression curve representing the relationship between ship’s
speed and power, a mean curve is derived by determining the unknown factors, a, b and ¢ of formula
(E.2) by fitting the formula (E.2) to combinations of the initial value of V' and averaged corrected
power P’ by the least squares method.
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The ship’s speed on the mean curve at the corrected power for each run is calculated as the updated
ship’s speed through the water Vfrom the formula (E.3) applying the coefficients obtained as
described above.

Stage 2: calculation of current velocity

Current speed at the time for each run V' is calculated by subtracting the updated ship’s speed
through the water Vg from the measured ship’s speed over the ground V..

V. =V,—V, (E.4)

A current curve is obtained by determining the unknown factors Ve, Ve, Verand Ve, of formula
(E.1) by fitting the formula (E.1) to the combinations of time and current speed obtained from
formula (E.4) by the ‘least squares’ method.

Stage 3: calculation of ship’s speed through the water

The ship’s speed, corrected for current V', is calculated by subtracting the updated current speed V-
from the measured ship’s speed over the ground V;

Ve=V,

N G

-V, (E.5)

The updated regression curve representing the relationship between ship’s speed and power is obtained
by determining new factors of formula (E.2) by fitting the formula (E.2) to the combination of ship’s
speed obtained from formula (E.5) and corrected power by the “least squares” method again.

The ship’s speed through the water at the corrected power for each run is recalculated as the
updated one from the formula (E.3), and the processes of Stage 2 and Stage 3 are then repeated until

Z(P(VS' ), = Pu )2 is minimized:

VSs Pid) t
v
" ! <
Ve, Pl V=V, -V_.*
2
. q|
P(Vs)=a+bV; P(Vy)-a
* Ve=1
b
Converged? ¢
P, 2 r_
Y (PW),-B, Vi=V.-=V
l Ve =V cos[z—ﬁt] + Ve sin[zil] + Vgt + Ve g—
DPM Te I

v

Refer to Chapter 6, 6.2.1(9)

Figure E.2 Flow chart of the “Iterative”method
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E.3 “Mean of means” method
If two Double Runs, i.e. four runs, are carried out, the “Mean of means” method can be used.

This method assumes that the current speed varies parabolically over the time, and the following
formula is used to account for the current effect:

Vo +3V, +3V Vg,
8
where: V the ship’s speed through the water, in knots;

Vs

(E.6)

Ve the measured ship’s speed over the ground on the first of four runs, in knots;
Vs the measured ship’s speed over the ground on the second of four runs, in knots;
Vs the measured ship’s speed over the ground on the third of four runs, in knots;
Ve the measured ship’s speed over the ground on the fourth of four runs, in knots.

If the current speed varies parabolically, a current curve is defined as a quadratic function of the time.
2
Ve=Veot” =Ve,t + Ve (E.7)
where: V., V¢, and V., are unknown factors.

If two Double Runs, i.e. four runs, are conducted, the following relationship is derived for each run
from formula (E.7).

Vor =Vs + (Ve (1+300)" =V, (14+380) + V| (E-8)

Vor = Vs ={Ven (1+ A1) Ve, (14 A1)+ Ve | (E.9)
Vs =V +{VC,2(t—At)2 -V, (t—At)+VC,O} (E.10)
Vos =Vs = {Vea (1=300)" =V, (1=300)+ V., | (E.11)

where: V the ship’s speed through the water, in knots;

Vi the measured ship’s speed over the ground on the first of four runs, in knots;
Ve the measured ship’s speed over the ground on the second of four runs, in knots;
Vs the measured ship’s speed over the ground on the third of four runs, in knots;
Vs the measured ship’s speed over the ground on the fourth of four runs, in knots;
t the start time of the first speed run of a power setting;

At half of the elapsed time between two successive runs.

The current effect is accounted for by substituting the above four formulae from (E.8) to (E.11) for
the formula (E.6).

The ship’s speed through the water is the “Mean of means” of the two Double Runs.

The current speed for each individual speed run shall be checked by comparing the “Mean of means”
result at one power setting.
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The propeller shaft speed and power shall be averaged over the two runs of each Double Run and
then over the Double Runs for the same power setting.

If a simplied speed trial test procedure as described in 4.7.2 is used, i.e., only one Double Run is con-
ducted for each main engine power setting, the following formula is used to account for the current
effect:

Ve, +V,
y,=-¢——¢ (E.12)
2
where: V the ship’s speed through the water, in knots;
Ve the measured ship’s speed over the ground on the first of two runs, in knots;
V.—— the measured ship’s speed over the ground on the second of two runs, in knots.
The current speed for each run is derived from the following formula:
Ve=V,~V, (E.13)

where: V. the current speed, in knots;
V,—— the ship’s speed through the water, in knots.
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Appendix 6-F Effect of Water Temperature and Water Density

Both water temperature and water density affect the viscosity of the water and thus the ship resistance.

The prediction calculations of S/P trials are usually based on a temperature of the seawater of 15°C
and a density of 1026 kg/m’. For EEDI correction, those base figures shall be used.

The effects of water temperature and water density are calculated as follows.

C
R =R, (&—1}& [—FO—IJ (F.1)
50 Cr
with:
1 2

R, :EpsSVs C, (F.2)

1 2
Ry, = EpSOSVS Cro (F.3)

1 2
R, = EpSOSVS Cro (F.4)

where: R ¢ the resistance increase due to deviation of water temperature and water density, in N;
Cr the frictional resistance coefficient for the actual water temperature and water density,

~ 0.075
F— 25
log Vsbw | _ 2
va

Cry the frictional resistance coefficient for the reference water temperature and water

density, taken from the tank test report;
Cp——the total resistance coefficient for the reference water temperature and water density,

taken from the tank test report;
R,.——the frictional resistance for the actual water temperature and water density, in N;
R,——the frictional resistance for the reference water temperature and water density, in N;
Ry the total resistance for the reference water temperature and water density, in N;
S—the wetted surface area in m’; Vjis the ship’s speed through the water, in m/s;
Ps the water density for the actual water temperature and salt content, in kg/m’;
Pso the water density for the reference water temperature and salt content, in kg/m’;

Vs the ship’s speed through the water, in m/s;
Lpp the ship’s length between perpendiculars, in m;
Viscosity coefficient, in m’/s, can be obtained from the table according to the water

temperature.

Va
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Appendix 6-G Effect of Ship Condition

G.1 Displacement and trim

Generally, displacement and trim are to be adjusted to the required values during S/P trial, but may
vary due to specific reasons.

The difference between the ship’s actual displacement and the required displacement is not to be
more than 2% of the required displacement.

If the displacement of the ship at the S/P trial differs from the required displacement within the limit
of 2%, the following formula is to be applied to the power values of each run:

v 2/3
B - g[ﬂ G.1)

1

Where: P, the power corresponding to displacement volume V, during the S/P trial, in kW;
P, the power corresponding to displacement volume V, used in the tank test, in kW;
Vi the displacement volume during the S/P trial in m’;
V, the displacement volume used in the tank test, in m’.

During the trial, the trim shall be maintained within very narrow limits and normally not
corrected. However, a model test for varying trim with reference to a constant displacement may also
be performed, if the results of the test are available for the hull under consideration.

G.2 Hull and Propeller surface roughness

If the trial is carried out within a reasonable period of time after the final paint of the hull and the
polishing of the propeller, the change of surface roughness should be minimal and its effect on the
ship’s speed may be negligible.

If the trial is conducted after a long interval after undocking, the effect of surface roughness cannot

be ignored, but some of the methods used to correct this effect cannot be proved scientific, so the
resulting correction results cannot be accepted.

-147-



Appendix 6-H Effect of Water Depth

The following formula (H.1) given by Lackenby is to be used to determine the ship’s speed
decrease AV /V, due to shallow water based on the parameters \/4,, /h and V; /(gh) -

NS/S - 0.1242(2—";—0.05)+1—(tanh§—:2’)”2 /;l,_A; > 0.05 (H.1)
where: 4,, —— the midship section area under water, in m’;
g — the acceleration of gravity, in m/ %
h —— the water depth, in m;
V—— the ship’s speed through the water, in m/s;
AV—— the decrease of ship’s speed due to shallow water in m/s.

The value of water depth / to be used for correction is not to be less than the larger value obtained
from the following two formulae:

V2
h=2B-T, and hZZ?S (H.2)
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Appendix 6-1 Conversion from Trial Condition to EEDI Condition or
Contractual Condition (if any)

For ships whose trials are not performed at EEDI condition or contractual condition, the trial results need
be converted to that of EEDI condition or contractual condition (if any) by use of the tank test results.

The speed/power curve for other stipulated condition(s) is obtained from the results of the S/P trials
at ‘trial condition’ by using the speed-power curves predicted by the tank tests. The tank tests are to
be carried out at both conditions: ‘trial condition’, corresponding to the actual condition during the
S/P trials, and any other stipulated condition.

Using the speed/power curve obtained from the S/P trials in the trial condition, the conversion of
ship’s speed from the trial condition to the other stipulated condition is to be carried out by the power
ratio o, defined in formula (I.1).

The adjusted power at full load condition (7, ) is to be calculated by formula (1.2).
P

Trial ,P

o, = bl I.1

: PTrial,S ( )
P,

FPrus = Z”’P (1.2)

P

where: P, ——the power at the trial condition predicted by the tank tests, in kW;
Pr...s——the power at the trial condition obtained by the S/P trials, in kW;
Prup the power at full load/stipulated condition predicted by the tank tests, in kW;
Prus the power at full load/stipulated condition obtained by the S/P trials, in kW;
Op the power ratio.

Figure 1.1 shows an example of scheme of the conversion to derive the resulting ship’s speed at full
load/stipulated condition V7, s at 75%MCR.

Power
Full Load Trial
MCR
75%MCR
—— Tank Test Results
- Q- Seca Trial Results
Adjusted Curve by
the Results of Sea
Trial

V rans Ship’s speed

Figure 1.1 Example of scheme of conversion from trial condition to
other stipulated load condition at 75% MCR
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Appendix 6-J Derivation of Load Variation Coefficients

J.1 Hull and propeller surface roughness

The load variation test includes at least 4 self-propulsion test runs, each one at a different propeller
shaft speed while keeping the model’s speed constant. The propeller shaft speeds are to be selected
such that:

AR
—=~|(-0.1 0 0.1 0.2
x, L ] (3.1)
where:
AR =(F, - F,)2* 25 (J.2)
Pu
where: AR the resistance increase, in N;

R, the full scale resistance at the actual speed from resistance test, in N;

Fy the external tow force measured during load variation test, in N;

F the skin friction correction force same as in the normal self-propulsion tests, in N;
A the scale factor; py is the water density in full scale, in kg/m’;

Pur the water density in the model test, in kg/m’.

The “added resistance” in the load variation test has to be accounted for in the post processing. For
example, if the standard self-propulsion test is carried out and processed according to ITTC 7.5-
02-03-01.4 (1978 ITTC Performance Prediction Method) at tow force F'), the measured data is
processed according to the mentioned procedure, i.e., Cyis replaced by Crg,u

C AR

=Cpy+——
maaa = Crs + g (1.3)

where: pg the water density in full scale, in kg/m’;
AR the resistance increase, in N;
Vs the full scale ship’s speed, in m/s;
S the full scale wetted surface in square metres, the same value as used in the normal
self-propulsion test.

In this way the added resistance is reflected in the propeller load K/, and as a consequence in Jyg,
ns, Pps, 1ps and 17,

J.2 Dependency of propulsive efficiency with resistance increase

The propulsive efficiency coefficient in the ideal condition 7,,,, is obtained from standard towing
tank test and interpolated to the speed V.

The fraction between the propulsive efficiency #,,, from the load variation test and that from the
normal self-propulsion test 7,,, is plotted against the added resistance fraction AR/R,, (with the ideal
condition R,;in the denominator). Each #,,,, is to be treated as well as 7,,, in the verification process.
The variable &, is the slope of the linear curve going through {0,1} and fitted to the data points by the
“least squares” method.
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Figure J.2 Example of the approximate #,,,/#,,, - AR/R,, curve fitted by
the “least squares” method

The propulsive efficiency is assumed to vary linearly with the added resistance according to:

o AR

=8 —+1 J.4

Mpia R, -4
where: 1,,,——the propulsive efficiency coefficient in the trial condition;

npi—the propulsive efficiency coefficient in the ideal condition;
&——derived from the load variation test;

AR——the resistance increase, in N;

R,——the resistance in the ideal condition, in N.

This leads to the expression for the corrected delivered power:

ARV, P,
PDid:PDms_ S‘Ll_PD‘ §P\] (JS)
Did Did
2
1 AR -V, AR -V, AR -V,
PDid:_ PDms_ S+ [PDms_ SJ +4PDms S'§P (J6)
2 Mpia Mpia Did

Where: P,,——the delivered power in the ideal condition, in kW;
P,,——the delivered power in the trial condition, in kW,
AR the resistance increase, in N;
Vs the ship’s speed through the water, in m/s;
np.——the propulsive efficiency coefficient in the ideal condition;
» derived from the load variation test.
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J.3 Dependency of propeller shaft speed with power increase

Similarly, the effect on propeller shaft speed An/n,, is plotted against AP,/P,,, (with the ideal
condition n and P,,, in the denominators). The variable &, is the slope of the linear curve going

through {0,1} and fitted to the data points with “least squares” method.

With the P found as described above, the correction to propeller shaft speed is:

_5 Dm.
n

Ny Did s

An _ P, —P, AV
- = —M+§V7

where:
nms
M=""p P, AV
g 2w Dd L E 4]
P Did VS
A}’l = nm: - nid
and:
n,,——the measured propeller shaft speed, in 1/s;
n; the corrected propeller shaft speed in, 1/s;
P,,——the delivered power in the ideal condition, in kW;
P,,——the delivered power in the trial condition, in kW,

&, Ep derived from load variation test;
Vs the ship’s speed through the water in m/s;

AV——the speed correction due to shallow water, in m/s, determined in Appendix G.

P ST P RIPLPIPOTS e
O Fg=14.0 knots
0 Fs=15.0 knots
0.06[] < Vs=16.0 knots
0051 | P = 14.0 knots : &= 0.25
Vs =150 knots : &,=0.24 : : : : : :
ooal| Vsa=16.0knots : &,=0.25 |.....i......... b d
P I e SRR R S 78R . S
=
&
3 e Ut SO FUUUUE ST 4 SRS SO SO SR
001 e e e e s O ST s
ol
N O S SO N SRR SO SRR SRR
002 i R T RE EERTEEPERE e R T ERTEERETS e e
a ; . : ; :
-0.03 1 1 Il 1 1 1 1 1 J
0.15 0.1 0.05 0 0.05 0.1 0.15 0.2 0.25 0.3

APp/Ppia

Figure J.3 Example of the approximate An/n;, - AP,/P,,,
curve fitted using the “least squares” method
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J.4 Dependency of propeller shaft speed with speed change

The propeller shaft speed n from the load variation test is plotted against the resistance R, +AR. The
corresponding curves for other speeds are assumed to be parallel to this line and go through the point
{ Ry, n} from the calm water self-propulsion test. The intersection of these lines with a constant
resistance gives the rpm dependency of speed. The slope of the An/n -AV/V curve fitted using the “least
squares” method is &,.

R T Tyt Iy R P E R LT PR P ELRUP P LR LR RPRLRED

Load variation, Fs= 14.0 knots
Load variation, 5 = 15.0 knots
Load variation, Vs = 16.0 knots
Calm water curve

RPM dependency of speed

bgeooo

100

n (min'!)

- i i i '. i i i i

3 35 4 45 5 5.5 6 6.5 7
Rid"'AR C‘I) x lﬂb

Figure J.4 Example of the effect of load variation and ship’s speed on propeller shaft speed

In case there is no load variation test available it is allowable that the self-propulsion factors
considering load variation effect are assumed to be equal to the self-propulsion factors for the ideal
condition. This is because deviations of self-propulsion factors due to load variation effect are
negligibly small in comparison with the deviations of the propeller efficiency due to load variation
effect. The variation of 7, may be derived by ITTC 7.5-02-03-01.4 (2011).
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Appendix 6-K Analysis of Direct Power Method

K.1 Propulsive efficiency correction

Propulsive efficiency coefficient #,, is generally calculated using propeller efficiency 7, and self-
propulsion factors 7, t and wy:

1—1¢

1-w,

N

o =MoMr (K.1)

where: 7, the propulsive efficiency coefficient;
No the propeller open water efficiency;
Ng the relative rotative efficiency;

t the thrust deduction factor;
Wy the full-scale wake fraction, which may be calculated according to ITTC procedure
7.5-02-03-01.4, 1978 ITTC Performance Prediction method.

The full-scale wake fraction wy is derived from model wake fraction w,,by taking a scale correlation
factor of the wake fraction e, into account.

1—ws =(1—w,)e, (K.2)

where: wyg the full-scale wake fraction;
Wy the model wake fraction;
e the scale correlation factor of the wake fraction.

The self-propulsion factors 7, ¢ and wg are obtained from the results of model self-propulsion tests.

Each self-propulsion factor for the trial condition #y,,,, ,, and wg, is obtained by adding the
deviation of each factor between the trial and the ideal condition An,, At and Aw,, to each factor for
the ideal condition #,, t,; and w,,, respectively. The deviations Ay, At and Aw,, are derived from the
functions of AR/R,, based on the results of the self-propulsion test with load variation effect using
resistance increase AR and total resistance in the ideal condition R,,.

Mrms = Mria + ATg (AR/Rid ) (K3)
t,. =t, +At(AR/R,) (K.4)
Witns = Wagia + AWy, (AR/ Ry ) (KS )
where: #,,,——the relative rotative efficiency in the trial condition;
t,—the thrust deduction factor in the trial condition;
wym——the model wake fraction in the trial condition;

N rid the relative rotative efficiency in the ideal condition;
t,——the thrust deduction factor in the ideal condition;
w,.——the model wake fraction in the ideal condition;

Anp the deviation of relative rotative efficiency;

At the deviation of thrust deduction factor;
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Aw,, the deviation of wake fraction;
AR the resistance increase, in N;
R,——the resistance in the ideal condition, in N.

The functions of AR/R,, representing the deviations of self-propulsion factors An,, At and Aw,,, are
mentioned in K.2 in detail.

It is permitted that An,, At and Aw,, are set to zero, because these values are negligibly small in
comparison with the deviation of 7, due to the load variation effect.

In applying the above formulae (K.3) to (K.5), the total resistance R, required by the above formulae
is to be derived from the measured data.

Propeller efficiency 7, and full-scale wake fraction wg are determined using propeller open water
characteristics for the ship’s fitted propeller, i.e. curves of thrust coefficient, torque coefficient and

load factor, according to the following procedure.

Thrust coefficient, torque coefficient and load factor are described by the following formulae:

K, =a,J> +b,J+c, (K.6)
K, =ayJ? +b,J +c, (K.7)
z'P=aT+bT/J+cT/J2 (K.8)
where: K the thrust coefficient;
K, the torque coefficient;
Tp the load factor equal to K,/.J°;
J the propeller advance coefficient;

ar, by, c;——the factors for the thrust coefficient curve;
ag, by, ¢y the factors for the torque coefficient curve.

The torque coefficient in the trial condition K, is calculated by the following formula:

Dms

Oms = W’?Rms (K.9)
where: K, ,——the torque coefficient in the trial condition;
P,,,.—the delivered power in the trial condition, in W;
Ds the water density, in kg/m’;
n,,——the measured propeller shaft speed, in 1/s;
D the propeller diameter, in m;
nri——the relative rotative efficiency in the trial condition.

The propeller advance coefficient J,,, is determined by the formula (K.10) using the torque coefficient
K, obtained from formula (K.9).

J b, —\/bé _;“Q (CQ _KQmS) (K.10)
a

0
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where: J,,——the propeller advance coefficient in the trial condition;
K ,,~——the torque coefficient in the trial condition;
ag, by, c,——the factors for the torque coefficient curve.

The thrust coefficient in the trial condition K,
advance coefficient J,

ms*

is obtained by the formula (K.6) using the propeller

Therefore, the propeller efficiency 7, 1s:

_ i KTms
Moms = _Kgms (K.11)
where: 5,,,——the propeller efficiency in the trial condition;
J,——the propeller advance coefficient in the trial condition;
K;,—the thrust coefficient in the trial condition;
K, ——the torque coefficient in the trial condition.
The load factor 7, is:
KTms
Trms = J—”zﬂ (K.12)
where: 7,,,——the load factor in the trial condition;
J,——the propeller advance coefficient in the trial condition;
K;,——the thrust coefficient in the trial condition.
The speed of flow into propeller V, is:
V=it D (K.13)
where: V,——the speed of flow into propeller, in m/s;
J,,—the propeller advance coefficient in the trial condition;
n,,——the measured propeller shaft speed, in 1/s;
D the propeller diameter, in m.

And the full-scale wake fraction is:

l-w, = Ya 14
Sms VS (K )
where: w, ——the full-scale wake fraction in the trial condition;

Vv, the speed of flow into propeller, in m/s;
Vs the ship’s speed through the water, in m/s.

The total resistance in the trial condition R, is also estimated using the load factor in the trial
condition 7,

2
Rms = Tme (1 - tms )(1 - WSms ) pSVS2D2 (K 1 5)
where: R,,——the resistance in the trial condition, in N;
Tpms——the load factor in the trial condition;
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t,—the thrust deduction factor in the trial condition;
w,,——the full-scale wake fraction in the trial condition;
Ds the water density, in kg/m’;

Vs the ship’s speed through the water in m/s;

D the propeller diameter, in m.

The total resistance in the ideal condition R,,is obtained by subtracting the resistance increase AR
from the total resistance in the trial condition R,,:

a = R, —AR (K.16)
where: R,——the resistance in the ideal condition, in N;
R, ——the resistance in the trial condition, in N;

ms
AR the resistance increase, in N.

Using formulae (K.3), (K.4) and (K.5), the self-propulsion factors are calculated.

The load factor in the ideal condition z,,is calculated by the following formula:

T Rid 1
Pid — 2 K.17
(1_tid)(1_WSid) psVsD? ( )
where: 7,,,——the load factor in the ideal condition;
R the resistance in the ideal condition, in N;

t,,——the thrust deduction factor in the ideal condition;
Wi the full-scale wake fraction in the ideal condition;
Ps the water density, in kg/m’;

Vs the ship’s speed through the water, in m/s;

D the propeller diameter, in m.

The propeller advance coefficient J,; is determined by the formula (K.18) using the load factor 7,
obtained from formula (K.17).

_ b =\ —4(a; 70 ) (K.18)

“ 2 (ar ~ Tpia )

where: J,,——the propeller advance coefficient in the ideal condition;
Tpid the load factor in the ideal condition;
ar, by, c;./——the factors for the thrust coefficient curve.

The thrust coefficient K, and the torque coefficient K, are obtained by the formulae (K.6) and (K.7)
respectively using the propeller advance coefficient J,,.

Therefore, the propeller efficiency #,,,1s:

J. )
Mo == (K.19)
T Ko
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where: 5,,——the propeller efficiency in the ideal condition;
Ji the propeller advance coefficient in the ideal condition;
K,——the thrust coefficient in the ideal condition;
K y,——the torque coefficient in the ideal condition.

The full-scale wake fraction in the ideal condition is calculated by the following formula:
I—wg, = (1 — Watia )ei (K.20)

The scale correlation factor of wake fraction included in formula (K.20) is obtained using the full-
scale and model wake fractions in the trial conditions:

1—wy,,
e. Sms

=
1_‘/VMmS

(K.21)

where: wg,——the full-scale wake fraction in the ideal condition;
w,.——the model wake fraction in the ideal condition;
w,,—the full-scale wake fraction in the trial condition;
wym——the model wake fraction in the trial condition;
e the scale correlation factor of the wake fraction.

i

Finally, the corrected propeller shaft speed n,,is derived from the propeller advance coefficient in the
ideal condition and the open water characteristics of the actual propeller.

Vs (1 — Weiq )
ny = J D (K.22)

where: n,,——the propeller shaft speed in the ideal condition, in 1/s;
Vs the ship’s speed through the water, in m/s;
wg,——the full-scale wake fraction in the ideal condition;
J.——the propeller advance coefficient in the ideal condition;
D the propeller diameter, in m.

Applying the analysis process in Figure K.1, the value of V, and thus the values of 7, t,;and w,,,
are known after the analysis of the current velocity.

Additionally, the value of AR/R,,, and thus the values of An,, At and Aw,, are known after the analysis
using the Direct Power Method. Therefore, the analysis by direct power method is to be repeated
after the value of Vis obtained by the current analysis described in 12.2.4.

For the above evaluation by the direct power method, the mean value of V for Double Run or “Mean

of means” value of V for two Double Runs is to be used as the initial value, and the values of Az,
At and Aw,, are set to zero.
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Figure 10.1 Flow chart of evaluation based on Direct Power Method
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K.2 Application of load variation test results

In order to determine each component of propulsive efficiency coefficient 7,, propeller open water
tests, resistance and self-propulsion tests are carried out at trial draught and evaluated according to
the tank’s normal procedures. In addition, a self-propulsion test with load variation effect may be
carried out at the trial draught and, as a minimum, one speed close to the predicted EEDI speed (75%
MCR). This speed is to be one of the speeds tested in the normal self-propulsion test.

The self-propulsion test with load variation effect includes at least 4 self-propulsion test runs, each
one at a different propeller shaft speed while keeping the model’s speed constant. The propeller shaft
speed is to be selected such that:

AR
—=~|(-0.1 0 0.1 0.2
R [ ] (K.23)
where:
AR=(F,-F )2’ L5 (K.24)
Pu
where: AR the resistance increase, in N;

R.,——the full scale resistance at the actual speed from resistance test, in N;

Fy the external tow force measured during load variation test, in N;

F the skin friction correction force same as in the normal self-propulsion tests, in N;
A the scale factor;

Ds the water density in full scale, in kg/m’;

DPus the water density in the model test, in kg/m’.

Each self-propulsion factor obtained from the procedure mentioned above is to be expressed as a
function of AR/R,,as follows:

2
AR AR
An, = — | +<{— K.25)
My = S ( R, J Cr X, (
ARY . AR
At=¢ | — | +¢8— (K.26)
Rid R[d
ARY AR
Aw=¢ | — ¢, — (K.27)
Rid Rid
where:Anp the deviation of the relative rotative efficiency;

At the deviation of the thrust deduction factor;

Aw,, the deviation of the wake fraction;

AR the resistance increase, in N;

R the resistance in the ideal condition, in N; &, &, &,, &, ¢, and ¢, are unknown factors,
and determined with the ‘least squares’ method.
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Appendix 7 Guidelines for Validation of Electric Power Tables for
EEDI (EPT-EEDI)

1 Objectives

The purpose of these Guidelines is to assist Surveyors in the validation of ship’s Electric Power
Tables for Energy Efficiency Design Index (EPT-EEDI). These guidelines will also assist shipowners,
shipbuilders, ship designers, and manufacturers in understanding the procedures for the EPT-EEDI
validation.

2 Definitions

2.1 Validation for the purpose of these Guidelines means review of submitted documents and
survey during construction and sea trials.

2.2 Standard EPT-EEDI-Form refers to the layout given in Annex that contains 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.
2.3 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.
2.4 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.
3 Application
3.1 These Guidelines are applicable to ships as described in 2.3.5.5(4), Chapter 2 of the Guidelines.
3.2 The steps of the validation process include:
(1) Review of documents during the design stage

(D 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 P,; calculation based on the data given in the EPT.

(2) Survey of installed systems and components during the construction stage

(D Check if a randomly selected set of installed systems and components are correctly listed
with their characteristics in the EPT.
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(3) Survey of sea trials

(D Check if selected units/loads specified in EPT conform to the actual condition.
4 Supporting documents
4.1 The applicant is to provide as a minimum the ship’s electric balance load analysis.
4.2 Such information may contain the shipbuilder’s or the ship designer’s confidential information.
Therefore, after the validation, the Surveyor is to return all or part of such information to the
applicant at the applicant’s request.
4.3 A special EEDI condition during sea trials may be needed and defined for each ship and
included into the approved sea trial schedule. For this condition, a special column is to be inserted
into the EPT.
5 Procedures for validation
5.1 General
5.1.1 P, is to be calculated in accordance with the EPT-EEDI in Appendix 2 of the Guidelines.

EPT-EEDI validation is to be conducted in two stages: preliminary validation at the design stage and
final validation during sea trials. The validation process is presented in Figure 5.1.1.
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Applicant
(Primanly shipbuilder or ship designer)

.

Development of electric load
analysis

«

Application for EPT-EEDI
preliminary validation

CCS Surveyor

Preliminary validation
#| Preliminary ship electric load analysis and
supporting documents

!
Issuance of preliminary validation
certificate
Preparation and submission of final
EPT-EEDI
k.
T Check of consistency of preliminary
and final EPT
Modification of final EPT-EEDI

T

Preparation of data for final
validation at sea trials

A4

Final validation at sea trials by
> check of predicted power
requirements

-

Issuance of final validation
certificate

L

Submission of EPT-EEDI
Certificate for EEDI Verification

Figure 5.1.1 Basic Flow of EPT-EEDI Validation Process
5.2 Preliminary validation

5.2.1 For the preliminary validation at the design stage, the applicant is to submit to CCS an
application for the validation of EPT-EEDI together with the application of EEDI verification,
inclusive of EPT-EEDI Form and all the relevant and necessary information for the validation as
supporting documents.

5.2.2  The Surveyor may request from the applicant additional information on top of those contained
in these Guidelines, as necessary, to enable the Surveyor to examine the calculation process of the
EPT-EEDI. The estimation of the ship’s EPT-EEDI at the design stage depends on each applicant’s
experiences, and it may not be practicable to fully examine the technical aspects and details of each
machinery component. Therefore, the preliminary validation is to focus on the calculation process of
the EPT-EEDI.
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5.3 Final validation
5.3.1 The final validation process as a minimum is to include the check of 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.
5.3.2  For final validation the applicant is to 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 is to be defined and the expected
power requirements in these conditions documented in the EPT. Any change within the EPT from
design stage to construction stage is to be highlighted by the shipyard or ship designer.
5.3.3 The preparation for the final validation includes a desk top check comprising:

.1 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.

5.3.4 A sampling check 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.

5.3.5 During the sea trial, the Surveyor will check the data of selected systems and/or components
given in the special column added to the EPT as specified in 4.3 and the predicted overall value of
electric load by means of practicable measurements with the installed measurement devices.

6 Issuance of the EPT-EEDI statement of validation

6.1 The plan approval surveyor is to stamp the EPT-EEDI Form (as Noted) after he validated the
EPT-EEDI in the preliminary validation stage in accordance with these Guidelines.

6.2 The site surveyor is to stamp the EPT-EEDI Form (as Endorsed) after he validated the final
EPT-EEDI in the final validation stage in accordance with these Guidelines.
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Annex 7-A  Electric Power Table Form for Energy Efficiency Design Index
(EPT-EEDI Form) and Statement of Validation

Ship ID:

IMO No.:

Ship’s name:

Shipyard:

Shipyard No.:

Applicant: Validation stage:

Name: Preliminary validation O
Address: Final validation o

Summary results of EPT-EEDI
Load group Seagoing condition Remarks
Continuous load (kW) | Intermittent 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

Pig

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 the EPT-EEDI Guidelines and the review shows a reasonable
confidence for use of the above P,; in EEDI calculations.

The 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 Surveyor
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Appendix 8 Guidelines for Determining Minimum Propulsion Power
to Maintain the Manoeuvrability of Ships in Adverse Conditions

Purpose

The purpose of these Guidelines is to assist in verifying that sea-going ships engaged on international
voyages, complying with Energy Efficiency Design Index (EEDI) requirements set out in regulations
on energy efficiency for ships as specified in chapter 4 of MARPOL Annex VI and CO, emission
requirements as specified in 2.3.2 and 2.3.3 of the Rules for Green-Eco Ships, have sufficient
installed propulsion power to maintain the manoeuvrability in adverse conditions. .

1 Definition

1.1 “Adverse conditions” mean sea conditions with the following parameters:

Significant wave height 4, m Peak wave period 7, s Mean wind speed V,,, m/s

6.0 7.0to 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 L,,, m Significant wave height A, m Peak wave period 7,,s | Mean wind speed V,, m/s
Less than 200 4.5 7.0to 15.0 19.0
200<L,,<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 annex 8-A of this Appendix required to comply with regulations on energy efficiency for ships

according to Chapter 4 of MARPOL Annex VI and the Rules for Green-Eco Ships.

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.
2.4 These Guidelines are applied in maximum summer load condition.
3 Assessment procedure

3.1 The assessment can be carried out at two different levels as listed below:
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.1 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 annex 8-A.
5 Assessment level 2 — minimum power assessment
5.1 The methodology for the minimum power assessment is provided in annex 8-B.
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
6.1 Test documentation should include at least, but not be limited to, a

.1 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.
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Annex 8-A 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.

Parameters a and b for determination of the minimum power line values for

the different ship types Table 1
Ship type a b
Bulk carrier which DWT is less than 145,000 0.0763 33743
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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Annex 8-B 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:

.1 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 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;” in the same conditions:
P <P

4 The required brake power Py is calculated as:

27n,Q
nsngnR

req __
P =

where: n,(1/s)— is the propeller rotation rate in the specified adverse conditions and the specified
forward speed;
O(N-m)—is the corresponding propeller torque;
ns —is the mechanical transmission efficiency of the propeller shaft, approved for the EEDI
verification;
n,— is the gear efficiency, approved for the EEDI verification; and
nz — 1s the relative rotative efficiency.

5 The available brake power P,” 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 n, 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:

K, T

7 pulD:

where: K7 is the thrust coefficient of the propeller, defined from the propeller open-water characteristics;
T(N) is the required propeller thrust;
p(kg/m’) is the sea water density, p =1025 kg/m’;
u,(m/s) is the propeller advance speed; and

D,(m) is the propeller diameter.

7 The corresponding torque of the propeller is calculated as

0=K,pn,D;
where: K, 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 7 is defined from the equation:

X+ X,
1-¢

T

where: X(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.

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:

.1 the calm-water resistance X, defined from the following equation:
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X, =(1+k)C, % pSU”’

where £ is the form factor, C; is the frictional resistance coefficient, p is sea water density,
p = 1025 kg/m’, S is the wetted surface area of the hull and the appendages and U is the
forward speed;

.2 the thrust deduction factor ¢ and wake fraction w at the forward speed and relative rotative
efficiency #,. Default conservative estimate may also be used for thrust deduction factor and
wave fraction; = 0.1 and w = 0.15 respectively; and

.3 the propeller open-water characteristics K(J) and K(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 X, 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:

X, =0.5X,(&)p,v>, A,

wr

where: X’,(¢) is the non-dimensional aerodynamic resistance coefficient;
e(degree) is the apparent wind angle;
p,(kg/m’) is the air density, p, =1.2 kg/m’;
v, (m/s) 1is the relative wind speed, v, = U + v,cosy;
v, (m/s) is the absolute wind speed, defined by the adverse conditions in paragraph 1 of
these guidelines; and
Ar(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 oft-
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 projected area above the waterline of the ship, X', = 1.4 should
be assumed instead of X', = 1.1.

Definition of added resistance due to waves
15 The maximum added resistance due to waves X is defined in accordance with either

.1 expression

0.75
X, :1336(5.3+U)(12dj 2
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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
h, (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

X, =2

-—,

[ (@)Dl e

0

where: X,;/4*(N/m’) is the quadratic transfer function of the added resistance in regular waves and 4
is the wave amplitude;
S.(@") is the seaway spectrum specified as JONSWAP spectrum with the peak parameter 3.3;
D(u-1) is the spreading function of wave energy with respect to mean wave direction specified
as cos’-directional spreading;
o' (rad/s)is the wave frequency of component;
u(rad) is the encountered angle between ship and wave; and
(' (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 =0 to 30 degrees off-bow x=30. The range of peak wave periods 7, applied in the

assessment is from 3.6 /A, to the greater one of 5.0 \/Z or 12 s, with the step of peak wave period

not exceeding 0.5 s.

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-x') is defined as cos” -directional spreading. Alternatively, long-
crested seaway may be assumed with D(u-4') =1; in this case, the maximum added resistance due to
waves X, 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 X,/4°> are defined
from seakeeping tests or equivalent methods verified by the Administrations or the Recognized
Organizations. Alternatively, the semi-empirical method specified in annex 8-C 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 for
practicality in a simplified way as

X,=0.03 - T,,, where T, is the propeller thrust excluding X, from 7.

-172-



Annex 8-C 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
annex 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';= X,/4% in N/m’,
can be calculated as a sum

X=X+ X'

of X', the component of added resistance due to motion (radiation) effect, and X", the component
of added resistance due to reflection (diffraction) effect in regular waves.

The expression of X'y, is given as follows:

B2 by, _~d
Xam = 499L_a1azwbled1(l &)
pp

where:

3 Lﬂ 0111 B (2-cos B)
2.1422[k,, / : [1 o (lnd 1112.75)]—3 (Fr+0.62) for Fr <0.1

w =

21423y, [22[1- S22 (1nf _1n275)| C8B 0183 for pr > 04
B

2 10.87\"+FDCosE B\ ~1 (1 _ 2c0spB)
a; = 60.3C5>*(4kyy) (K) (ln H) —

B {0.0072 +0.1676Fr for Fr < 0.12
@ = FriSexp(—3.5Fr) for Fr>0.12

s
for ES,BSR‘

for Cg > 0.75 for Cg < 0.75
b :{11.0 for <1 b :{11.0 for @ <1
1 —8.5 elsewhere ! —8.5 elsewhere
Lpp —2.66 14.0 for o <1
566 (— foro <1 4 — I
d, = LB Cee ') 566 (?) x 6 elsewhere
—-566 (%) X 6 elsewhere

where: f = 7 - u is the wave direction, f = 7 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
k,, is the non-dimensional radius of gyration of pitch.

The expression of X'z 1s given as follows:
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4
X;iR = ZX:;IRI
i=1

where: X';;' is the added resistance due to reflection/diffraction effect of the S; waterline segment, as
shown in Figure 1.

s
2 0.495B 0.495B

Figure 1 Sketch of the waterline profile of a ship and related definitions

when EisB<sTm

X&Rl = %ngad* Jisinz(lf1 -p)+ %[cosEl cos(E; — B) — cosﬁ]}(

when m-E;SBsm

0.37)(1+W)f(ﬁ)

Cp

, 2 _ 225 . 5 20U _ 0.87\(1+WFT)f (B)
Xar~ == PgBag: Jism (E,+pB)+ p [cosE, cos(E; + ) cosﬁ]} ( o )
when 0< B < m-E>
X&R?’ = —Z'Tzsprad* jisinz(E2 + B) + 2“;”” [cosE, cos(E; + ) — cosB]]

when 0<B<E;

2.25

4 . 2woU
Xar = *TPQB%‘{SIHZ(EZ - ) +=2

g

[cosE, cos(E; — ) — cosﬁ]]

where: w, is the frequency of the incident wave;
o, 18 the draft coefficient, calculated as

A
0 for — > 2.5
Qg = Lop
T 1 4 & @ fi A <25
P\ TN\ T T 251, L,
where for S, and S, segments
d*=d

and for S; and S, segments

d(4+,}|cos[3| )
5

d(2+,# [cosB| )
3

for Cp < 0.75

*

for Cg > 0.75

—cospf form—E, <p<m

f(ﬁ)zlo for B <m—E,
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