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1. INTRODUCTION

 Discussions on  reducing  C02  emissions  by the intemational

shipping  industry are  ongoing  at the international Maritime

Organization (IMO). Tlie basic concept  for regulating  C02

emissions  being advocated  by the IMO  is the irnprovement of

the energy  efficiency  of  ships.  In order  to realize  this concept,

the fo11owing three methods  are  being studied:  
'technical

measures",  
"operational

 measures"  and  
`Lmarket

 based

measures".  Among  these, operational measures  do not

necessarily  need  to be accorrrpanied  by hardware modification

related  technical measures  ancl, therefore, can  be fairly easily

implemented in existing  ships.  The voluntary  implementation

of  these measures  is very  significant  not  enly  from the

viewpoint  of  environmental  protection, but also  from the

viewpoint  of  reducing  fuel consumption,  i.e., operational  cost.

ClassNK  has indqpendently developed a  calculation  and

analysis system  for EEOI  which  is an  indicator foT improving

energy  efficiency  by operational  measures,  and  has been using

this system  for its appraisal  services.

 The  main  functions of  the PrimeShip-GREENfEEOI,  which  is

ClassNK's EEOI  calculation  and  analysis  system,  are

introduced in this report.

2. Improvement  in energy  efficiency  through

   operational  measures

2.1 Operationalmeasures

 Operational measures  are  measures  designed to improve the

energy  efficiency  of  a  ship,  which  are  irrrplemented through

operational  techniques. Tliere are  several  diffbrent types ef

operational measures.  In general, some  measures  depend enly

upon  individual management,  while  others  go beyond the scope

of  independent efforts  of  a ship  management  cempany  and

need  the cooperation  of  many  concerned  personnel. Detailed

examples  are  as  fo11ews:

.
 Optimization of  the operational  plan  of  individual ships

   and  fleets

.  Speedmanagement

.  Weathcrrouting

.  Just-in-time aiTival  at port

.  Hullmaintenance

. Machinerymaintenance

 The IMO  has proposed  the Ship Energy Efficiency

Management  Plan (SEEMP) and  the Energy Efficiency

Operational Indicator (EEOI) as  tools for promoting the

irnplementation ofoperational  measures.  Of these, SEEMP  is a

management  plan whose  objective  is to be prepared for

implementing energy  efficiency  improvements through

operational  measures.  To encouTage  the implementatien of the

operational  measures,  mandatory  possession onboard  of a

SEEMP  will  be required  for al1 ships  begiiming 1 January  2013.

SEEMP  is designed to help implement eperational  measures

that are  suitable  for each  individual ship.  [[he IMO  has issued

guidance (MEPC.lfCirc.683)') that describes the method  for

preparing a SEEMP.

 On  the other  hand, EEOI  is an  indicator expressing  the energy

efficiency  of  the ship  currently  in service;  it is calculated  by the

fo11owingequation:

EEiOl(gltonmile)=

    CQ2  conversionfoctorx  
.fuel

 consumption  (g)
                                             (1)
Actualcargomass(ton)xActualsaileddistance(mile)

 Fig. 1 shows  the encrgy  efficiency  improvement cycle

according  to SEEMP  Guidance. "Planning",

 
"lmplementation",

"Monitoimg"
 and  

"Selfievaluation
 and  improvement" form

one  cycle.  This cycle  is repeated  over  and  over  again  so  that

each  ship,  while  monitoring  energy  efficiency  (selfmonitoring
the EEOI),  appTepriately  implements the planned operational

measures,  and  evaluates  the results.
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      Figure 1 Energy efficiency  improvement cycle

 The SEEMP  Guidance also  makes  mention  of  the voluntary

disclosure of  the selievaluation  results  of  improvement effects

achieved  during the energy  eenciency  improvcment cycle

(Voluntary reponing  and  review).  This is suggested  bearing in

mind  the various  benefits received  by the ship  because of  the

favorable social  evaluation  of  ships  with high energy  efficiency,

For instance, setting  preferential treatment such  as  low harbor

fees for ships  with  high energy  eenciency  at specific  ports may

be considered.  wnen  consumer  preducts companies  transport

their Qwn  products to the market,  transportation procedures that

give more  consideration  to the environment  are  likely to be

demanded. Such EEOI  evaluation  results  may  be disclosed

voluntarily,  but if such  evaluated  results  are  confirmed  by a

third party, their effectiveness  and  trustworthiness is likely to

be further increased.

2.2 EEOIealculationmethod

 Equation (1) is used  for calculating  EEOI. A  detailed

calculation  method  is described in the 
E`Guidelinesfor

Voluntary Use of  the EEOI"  CMEPC.1ICirc.684)2) published  by

the IMO.  To  monitor  EEOI, the transition of  EEOI  calculated

values  for each  consistent  calculation  period (for instance fbr

each  veyage)  that represents  the operating  pattern of  the

relevant  ship  has to be observed.  Therefore, data such  as  the

fuel consumption,  sailed  distance and  cargo  mass  carried

(Table l) in the relevant  calculation  period are  necessary  for

the EEOI  calculations.  The C02  conversion  factor G  necessary

for the calculation  is given in Table 2, and  depends on  the type

of  fuel used.  The cargo  mass  carried  is evaluated  according  to

ship  type using  the units  shown  in Table 3.

         Table l Calculation elements  ofEEOI

Item Exlanation

Fuel'
consumptlonTotalamountoffuelconsumedwithinthe

calculationperiodonboardtheshipbymain

engines,auxiliaries,boilers,incinerators,etc.The

unitusedisthemetricton(t.

SaileddistanceDistanceactuallysailedwithinthecalculation
period.11]eunitusedisthenauticalmi]e,

Cargomass
canied

Cargomasscarriedwithinthecalculationperiod.
Fortheunitsused.refertoTable3.

54

Tal]le 2 C02 cenversion  factor

Ibrpeoffuel ISO8217CarboncontentCF(t-C02ft-fuel)

MDOIMGO DMXtoDMCO.87S 3.206

Lightfueloil
LFO)

RMAtoRMDO.86 3.151

Heavyfueloil
(HFO)

RMEtoRMKO.85 3,114

LPGCpropane) - O,819 3.000

LPGCbutane) - O,827 3.030

LNG ' O.7S 2.750

Table3Caromassearrie'dusedinEEOIcalculation
TYpeofship Cargounits

Drycargoship,tanker,gas
tanker,Ro-Rocargoship, Cargoweight(t)
eneralcaroshi

Containership(exclusive!yforNumberofContainers(TEU)or
containers) Weihtofcargoandcontainer(t)

Fullcontainertakenas1Ot,ernpty
Containership{containersandcontaineras2t,towhichother
othercargoes) cargoweightisaddedtoaniveat

thefmalweit(t)
Passengership(including Numberofpassengersorgross
Ro-Roassenershi tennage

Carferry,carcarrier
NumberofCaroroccupiedlane

metersmNumberofrailwaycarsandfreight

RailwaytRe-Rovessels vehicles,oroccupiedlanemeters

(rn)

 The equation  for calculating  EEOI  may  be expressed  by

equation  (1) above;  however, when  detailed calculations  are  to

be pembrTned, the equation  for calculating  the EEOI  for each

voyage  (Port-to-port voyage)  is given in the fo11owing equation

(2):

                zFq. × cfi.

          EEOi=j.  
.D

 (2)
                   cargo

  To  calculate  EEOI  within  the calculation  period inclusive of

multiple  voyages,  equation  (3) may  be used.

                 ZE  (FCi,･ x  Ce･ )
          

EEOi=Sjm....,,xD,
 (3)

                  i

 Here, FC  is the fuel consurnption,  m..rg.  is the cargo  mass

carried, and  D  is the saiied  distance. The suffix  i expresses  the

number  of  voyages,  while  the suenx  J' expresses  the type of

fuel.

 The  carge  mass  earried  used  in EEOI  calculation  varies

depending upon  ship  type as  shown  in Table 3. Therefore, it is

to be noted  that  the unit  of  EEOI  may  vary  according  to ship

type. Fig. 2 shows  an  example  of  EEOI  calculated  for each

voyage  by the procedure described al]ove. The figure shows  the

EEOI calculated  value  (o) together with  the load index (Q). It

can  be seen  that the EEOI  per voyage  varies  considcrrai]ly,

being infiuenced by the load index at the time  ofthe  voyage.  In
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such  cases,  if the EEOI  moving  average  is detemined using  an

appropriate  periocl such  that the operating  patterns of  said  ship

is averaged,  then the status  of  change  in the average  EEOI  can

be easily  understood.  Fig. 2 shows  the exarnple  of  a  moving

average  value  (z) for every  three voyagcs,  By  taking this

moving  average,  the influence of  change  in the load index can

be averaged  out,  and  trends in EEOI  can  be easily  grasped.
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         Figure2 TransitionofEEOIbyvoyage

3. Introductionto

    PrimeShip-GREENfEEOI

3.1 ConfigurationofPrimeShip-GREEN/EEOI

 CIassNK  developed the EEOI  calculation  and  analysis  system

PrimeShip-GREENIEEOI  in compliance  with  the EEOI

calculation  Guidelines (MEPCICirc.684) described in the

previous  section,  and  released  this system  in April 2011. As

shown  in Fig. 3, this system  has a  very  basic configuration.

Data inputted on  board the ship  and  sent  by e-mail  to the

Society's server  is collected.  Then, EEOI  is calculated  and

analyzed  via  the Internet using  said  collected  data. The user  can

perform the required  operations  easily  through

"EEOI-Onboard",
 which  is special  data input software  on  board

the ship,  and  through  
"EEOI-Web",

 which  is wcb-based

software  that can  perform EEOI  calculation  and  analysis.

ClassNK  has started  EEOI  appraisal  services  using  this systern.

Since all of  the inputted data is stored  on  the Society's server,

prompt appraisal  services  can  be effered by the Society.

xx
Data TransmissionA

User  of  Ship Company

      DD!I!]

lnternet

 [Z ]D]
 D[UM      ).'V...tw ., t.'VAccess

 to the
Service

ClessNK

Figure3 Conceptualdiagramofsystemconfiguration
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 The flow of  operations  and  basic functions are  intreduced

below while  making  refercncc  to the software  screen.

3.2 EEOI-Onboard

 EEOI-Onboard  is software  especially  designed for data input

on  board the ship.  Fig. 4 shows  the main  sereen  of

EEOI-Onboard.

        Figure4 MainscreenofEEOI-Onboard

 Data input using  EEOI-Onboard  starts with  first registering

voyage  information, and  then  entering  the eargo  mass  carricd

for said  voyage.  Next. operating  conditions  such  as  
"Loaded

Voyage", "Ballast

 Voyage" and  
"tn

 Porf' are  appropriately

selected,  and  daily operational  data (fuel consumption,  sailed

distance) are  then entered  for each  operating  condition.  At this

stage,  fuel consumption  is then  basically entered  for each  piecc

ef  machineryfequipment  (main engine,  auxiliary  engine,  boiler

and  other).  EEOI  can  be later calculated  and  assessed  according

to machinerytequipment  andror  according  to operating

eondition  by classifying  the operating  conditions  and  entering

the fuel consumption  for machinerytequipment  here. Moreover,

by entering  the Beaufort  Scale (BF) (optional), calculations  can

be perfbrmed  by excluding  data abeve  BF6. Fig. 5 shows  the

input screen  for daily operational  data. Data entry  can  be done

in two  ways:  manually  using  the input screen  or  in a specific

format using  Excel.
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Figure 5 Input screen  for daily operational  data

3.3 EEOI-Web

 EEOI-Web  is web-based  settware  for EEOI  caiculation  and

analysis.  Fig. 6 shows  the main  screen  ofEEOI-Web.
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         Figure6 MainscreenofEEOI-Web

The  major  functions ofEEOI-Web  are  as  fo11ows:

(1) Tb display trend graphs ofEEOI,  EEOI  rnoving  average

   values,  C02 emissions,  load indices, etc,

(2) EEOI  checking  function for target setting

(3) Comparison among  different ships  in the fieet (EEOI, C02

   emissions,  load indices, etc.)

(4) EEOI  average  chart  (comparison of  average  values  among

   shipsofthesametype)

 Fig. 7 shows  an  example  ofthe  trend graph display. From  the

energy  efflciency  improvement cycle  described in section  3, the

effects  of  the operation  and  effects  of  implemented  efficiency

improvement  measures  should  be valiclated  when  monitoring
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EEOI. By  displaying EEOI  as trend graph as  shewn  in Fig. 7,

the facters that cause  changes  in energy  eenciency  can  easily  be

confirmed  visually.  A  fiag is shown  at  the center  ofthe  graph in

Fig. 7. This position indicates the period of  implementatiQn ef

the energy  efficieney  improvement measures  (ifyou move  the

cursor  to the flag, explanations  of  the efilciency  improvement

measures  will  be displayed). By  displaying the EEOI  trends in

the same  graph, their effects  can  be confirmed  visually.
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 Fig. 8 shows  an  example  of  the EEOI  checking  function

display for a  target  setting.  When  setting  the EEOI  target values

during the planning  stage  ofthe  energy  efficiency  improvement

cycle,  they  can  bc made  by visually  comparing  past records

(trend graphs). The  achieved  status  of  set  targets can  also  be

easilyconfirmed.

1ts-di"tso---ta---psu---tu"ran"--tua,"tav-ntlib-wlh/M"-lekuvt-Ll- -eth.x,/ttmm'iL'.'L',/".'.'a "F.evn.-za1sue.....
 r./-ttur'vet

Vetmp-Wb-dilthrrus

!iII.xi'

 ia"'  u, ag

t"-M  me-#SH,us'  ",
"-tiff"  /

"e...i
        l
''1""-o  f topmaww/Tt"t/NidntEdn/twll

Figure 8EEOI  checking  function for target setting

 Fig. 9 shows  an  example  ofa  fieet comparison  display. A  fleet

comparison  enables  thc comparison  of  the EEOI, C02

emissions,  load indcx, and  so  on,  ofships  ofthe  same  type  that

are  registered  under  the same  management  company.
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Figurc 9 Comparison ofships  within  the fleet

 A  display function for the EEOI  average  chart,  which  is

presently under  development, will  display the average  value  of

EEOI  for each  ship  type out  of  the EEOI  for all ships  that are

registered  as  an  exponential  function of  ship  size  (DWT), and

enables  the comparison  of  the EEOI  of  ships  managed  by the

cernpany  with  the avcrage  value.

4. Conclusions

 In today's world  where  the realization  ofa  low carbon  society

is expected  to respond  to global warming  issues, the

determination ofthe  actuaE  C02  emissions  and  EEOI  value  ofa

ship  to improve energy  ecaciency  is a  very  sighficant

undertaking.  The authors  will  be happy if the

PrimeShip-GREENIEEOI  introduced in this paper is able  to

assist  in achieving  this objective.  This system  is naturally

expected  to be utilized  for the appraisal  of  energy  efficiency

and  C02  emissions.  In the future, a function to analyze  factors

that bring about  changes  in EEOI  will  be addecl,  and  efft)rts

will  be made  to develop this tool as  a  teehnical support  tool that

effectively  assists  in improving  energy  efficiency  of  ships.
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