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Development of a Framework to Estimate the EEOI of a Ship Considering
the Hydrodynamic Characteristics and Engine Mode
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Since IMO has discussed the effectuation of the EEDI, EEOI and SEEMP, each country, shipping company, shipbuilding company
and research institute have been requested to prepare the design, construction and operation of the efficient ship, From the
shipbuilding company’s point of view, it was necessary to develop a method based on the maneuvering equations of motion in
a bid to estimate the EEQI considering the design, model test results and the calculation results of the ship, In this paper, the
estimation method of RPM, power and fuel consumption proposed in the previous research was developed to construct a
framework that helps in the estimation of the EEQI, It was possible to estimate the EEQI from the estimated ship speed (distance),
LNG cargo mass, fuel consumptions and emission factors according to the type of fuel, The rapid increase of the evaluated EEQI
was observed when the LNGC with ME=GI engine executing the course changed with a large difference, This prompted the
comparison of the type of fuel on the estimated EEOI by considering HFO, LNG fuel and MGO properties,

Keywords : EEQI(O|UX|ES2SX|4), Hydrodynamic(FAISES!), Fuel(@=), Maneuvering(x25), ME-Gl engine(ME-GI!IE)

1. M B2 A=E 135io{, Cfigtal=olM Resks MullM viE=s
2N HiERS FHSIQUCE Lee and Lee (2016)= F4t
AR RMO) S LA ESMARSERD), oixia  HE 7IESR 2011HERE 2470 o &2 Heie] Hofe|
S2SXHEED!), olLiXIZS LRI (SEEMP)Sl &igo g S =HSI0T diel SRl e} sivlzinol] 2R 7K 2
Bl0] SIRMAL TN, MT Sef 7|@at olskn glond (Bal  B==(NOx, SOx, CO, PM, HC, VOC, CO)el HiEgs
et al., 2015), 5,000 ZE4(gross tonnage) OJAF Alto| of|L ZMs5IRICL Shao (2016)= ol= &4E74=2| NON-ROAD
X Zene|Hee| oAlS RAIS Bt 2k (MO, 2016). o, =EE 018slot to i X 2A=E S SEh vt okt
IHFIAP | T ofL{x|2 SRR A Bl 2stoz Byt 9 v} Rakke (2016)& MLASAEYA|(AIS)0l +H== et
DT Y= ol|LX|ES2EK |4 22A5l0], STt X|5E AHlA oF Mol REV|E &M, olix|gaEed & 2HEH HiE
SH=r 0|REl £AIT} o|ABBIERS A S(emission factor) S FESHE 22 FMAISIICE Smith et al. (2013)2 2
£ HMa|st v} ok (MO, 2009). 0|} 2+ =H|7|e| of|HX|& &F ol Mulo| oX|28Md X 2ATIA HiEZS SHXC
41 2 FXUoll tiSsk| flstod, FF 7|2 shRAAL gHo 2 FHSP|T siRct Caughpan et al. (2016)2 M
ML, Ma, A7 SolM ciet ATE Sstl ok glof ouix|zEMat aeE Y, dAes S8 FElges
Choi et al. (2010)2 Mt F2o| M7F +5 X HIE M, E84E £0l= M Yeks BMSP|T SIICh
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Glol&, 7|’é!E1|0|E1H1|0|_ S5 X0, RERIE Mol 2
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al. (2018b)2 OIX Q7oA JHU=AH 28 Fol Mufol
e e 2 38 5N g R4 3 HEHATIA
(LNG) st=2&el Y JtAo| ddaks 7|z 2EH|&8S
et 7, 2|xe| REEEE Mol sIict

= AFoIME that Mete| FoMY S SEHE, ME, A
g DAY 2 =F AREE ZEAE 2 2 g B 21}, =Z KR DAY 2, i o £5 AL 2t
T AL HIE J|Hez REEel MUt o x| g8 E = M#oAToIM 7|=Eh Bt V| mhEo| 2 ==ollME ZH2EQ
TE FYSIE 7IHE Mok, FHE olUxgs2eRlse Lfg2t 7|&3iAct (You, 2018; You and Choi, 2017).
Exg EM5ke AS 2E 2 5I9Ct (You and Park, 2018).
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HEE 5oz 2 K0l MEe| 35 Mol olxle SEACIMS] M4zt g BRZL v, s Rl S5 4
Y¥sks af5idch ME-GI 2IZRIe] AR g2 SR(HFO)E L izl gt 4, = TiEe| wake 217t Jl2f7ic
MBS Rt AR & S8 BRMGO)IS 286 gy el zz g2 4 (1)2 olslel AN A
M ARBSIE RE2 TEY = ot 22 28 AlLRR(200M 2t (1)ollM me Aete] B 7 = Mulo| Rk pM@HlE,
Zfo| QT ==of mat 28 B0 Mufel ofuX| g eIt

ol Hslsl=x| AnEl Zols b
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2%, T BR B A AE Olgsiol golol gt Ay 1 VE A HESHE mish SISE Tk, 4 @)
0l okl B FFsHe W FAsIEC s Tl o
BAIE Ol3iol, AIEPHOIARE] 21l HRje) FE 4]
£ iz 5850 MY AAE & 3lg 2R Tleet

£ oF0l|M= Fig. 10ilM 2ol= ME-GI YITIS Efx|sh M
SiHA7IA %H._FAJ% a2 oX|zg2ekls &8 ¥ &
Mg st
AN ZAZ==|o], S8 28 Fol Muks tiAlo=Z o7 E f4list
7= R 22 Mule| MM 23IH0[E{E S SR 2]ICt
ChAl MEIKISAIE AR 25t Hlo[E{ol| 7|58 Ch2 HskoizA
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m(ﬁ—vr—mGTQ) =X (1)
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Ly+mz(vtru) =N

X=X+ Xp+ X+ Xyt Xy 2
Y=Y,+ Yo+ Y+ Yy,
N: NH+NH+NVI"Y+NI'VA

ZE2SI™YAD]| MA|, FED|, Efe] SEMS T12{5t 5t 2
2 M3 AT FHE2E T[==0o] ATt (You, 2018; You
and Choi, 2017). x|} Ejof| 25t fxlSist 2= AAlS
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Fig. 3 The thrust and torque coefficients obtained from
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Xp= (1 *t)P"%ORTD;‘)KT(JR P()RT) )
+ (1= 1) prippDp K (T sp)
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Fig. 5 The recorded sea route obtained from the AIS
data of an LNGC
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A)Ca.m.mma.m| ‘ Cortangineea |

7
Fig. 6 Flow chart how to calculate the EEOI

Table 1 The steps to estimate the EEOI during the
simulation

Step Role

Initial setting at initial location (speed,

1 heading angle, RPM etc.)

Solving the maneuvering equation of motion

2
((1), (2), (3), (4), (5), (6))
Estimating the fuel consumption (7), (8), (9)
Calculating the EEQI (10)
5 Finishing the simulation
FHe £ Qo AR FHE FHES 02510, 4

(7), (8), (9)E Attsto] et siEA T A== dRO
w2t ARSeict ofttaleks BiEATE 7, AsHAVIA

-,

siaE HRE 3.1144, 2.7500, 3.2060 t-CO2/t-Fuel&

7FEsIRiEt (IMO, 2009). of Al TFEE AIZIRIX[of MFE
TARIZIZIA] ghEeich (B ALPEoIM ~2E ARof| e
Hi=r3el Mek= glck ZHYSIGIct).

Fig. 72 2¢& AlZaold Sof theh Meto] eHgH Higte|
&reb folufiol AAZolct 5~6Y X sY=S Snfst
= Algol 71 2 2 SkS0l TR, ofE FlolME o
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V .;'. ll .l..l ..l

Wind speed [knots]
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01 23 456178 9|0H12|£|141516171319202|222321250

Time [day]

0

Fig. 7 The time series of the environmental conditions
during the voyage
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S| ZE H2lsI9ct (You et al., 2018b)
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Fig. 8 The time series of the simulated speed along the
longitudinal and transverse direction during the
voyage
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Fig. 10 The time series of the simulated RPM and power
during the voyage
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Nomenclature

Abbreviation Full meaning

IMO International maritime organization

EEDI Energy efficiency design index

EEOI Energy efficiency operational indicator

SEEMP Ship energy efficiency management plan

MARPOL The international convention for the prevention
of pollution from ships

NOx Nitrogen oxides

SOx Sulphur oxides

CO Carbon monoxide

PM Particulate matter

HC Unburned hydrocarbons

VOC Volatile organic compounds

CO; Carbon dioxide

AlS Automatic identification system

LNG Liguefied natural gas

ME-GlI Main engine electronic control gas injection

ECMWF European centre for medium-range weather
forecasts

HFO Heavy fuel oil

MGO Marine gas oil

LNGC Liquefied natural gas carrier

FOC Fuel oil consumption

FGC Fuel gas consumption

FPOC Fuel pilot oil consumption

SFOC Specified fuel oil consumption

SGC Specified fuel gas consumption

SPOC Specified fuel pilot oil consumption

GCU Gas combustion unit

DLNGC Daily LNG consumption

DMGOC Daily MGO consumption

DHFOC Daily HFO consumption
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