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1. INTRODVCTION

 Secial interest on  globai warming  issues has  grown

increasingly in recent  years, and  topics relaCed  to energy

eonsen)ation  and  reduclion  in C02 enijssiens  is omnipresent.

Stringent demands for measures  against  glebal warming  are

heing made  in t[ie irrternational shippjng  trrena  a]so.

DiscL]ssions are  being held in the Internatiolla] Mariti]ne

Organization <IMO) rela{ed  to reduc:ing  greeuhouse gas

eln]sslons.

 This article  gives aii  introctuetion of  the discussions that  have

been  held at  the  TMO  ujllil  noxvL  as  well  as  an  overview  of  the

Society's approach  towards  impleriientins, EEOI  appraisal

servi"es  undjeint  R&D  pTe.iects with  the  indusuy.

2. TrendsindeliberationsattheIMO

2.1 Discussiens  related  te metheds  for reducing

     greenhouse gas emissions

 Discussions related  to reducj"g  greenhouse  gas emissions  aTe

being held b>' the Marine Environmental Protection Cotnmittee

(ME?C'} at  the IMO.  Methods fbr reducing  greeithouse gas

einissions  discussed at  the  MEPC  until  naw.  ag}d  instruments

fbr pronioting these melhods  are  fitst discussed in this section.

C02  accoLmts  for a  major  part ef  the greenhouse ga.ses cmiitted

frotn ships.  For tliis reasa",  C02 has beeonie a  target for

reduction  in the inte]mational shipping  arena.  I" tllis docuinent,
`'greenhouse

 gtis" is assumed  to be thc sanie  as  CO:

The emission  of  C/02 from  ships  is prepertienal to the quan{ity

of  l'uel actua]ly  biLnied on  the ship  and  depeiids ett  the  type oi'

t'uel vsed,  Therefore. in order  tt') reduce  CO,  eitlter the  amount

of  fuel Ltsed  has to be reduced  or  the energy  eff"iciency  oi'  the

ship  (fuei censumption  per activity)  hus to be improved. Since

the amount  ol'  activity  is c]osely  linked to the  economic  growth

of  the  whole  ",orld,  ine]uding that of  deve]oping countvies,

discussions are  being held at  the IMO  with  the focus on

                C02EEDI  (s, ,'ton  mile)  -com'el:sionfatfur
× f

enhancing  the energy  etMcieney  of  ships  considel'ing  a  proper

balance  between  the  roductien  in CO? emissions  and  economic

developnient.

 
`'Tec]injca]

 measures",  
`:operati"nal

 measures':  and  
L`economic

instrum{mts" ai'e  being studied  as  methods  E'or Teclucing  C02

emissions  according  to reeent  discussions at the IMO. Tlte

:ecl]nical  and  operationa]  measNres  mentioned  here are  direct

measures  for improi.jng the energy  ei'fieiency  of  a  ship.  Tlie

fomier a]'e implemented  by impr(}v]ng the  ship's  hardwttre

Cequiprnent}. while  the !atter are  inip}emented  by improvements

or  innovations in the  opertLticm  bf  !he ship.  In contrast.

econoniic  instrusnents are  not  meant  to reduce  COi  emission

diTeetly; they  may  be consiclered  as  instr-ments thaE offer

ecenomic  incentives to promote  implementution  of  tlie

technica] tneasuTes  or  the operational  measures  tnenlioned

aboye.

2.1.1 Discussiens  related  to metheds  for

       reducing  greenhouse gas emissions

 Technieakneasu;'es aim  to enhance  the energy  efticiency  by

hurdware  (equipment) improvements  ofthe  ship  as  nlentioned

earliev.  Sorne specific  examples  of  the  tecimiea]  measures  are

aiven below,

e Modit-ieti hnll foitn {Teduction in propnlsion resistance)

e  Modified  propeller Cenlianccd propulsion efticiency}

-  Energy-saN,ing apperrdages  on  hull

-  Increase in deadweight capucjty  by incTeasing ltie hull sSze

e  Use  ofenergy  from  exhaust  heat recovery

e  Lj se  "S' renewable  energy  (willd powev oi' sotar  poweT, etc.>

 IMO  has  pTeposed  tlic Energy  Ei'ficiency Design  Index

CEEDI) as rhe index t'o,r evflluating  the lechnieal  measui'es.

EEDI  is an  index expressing  the etiergy  efficieney  ofnew  ships,

and  is estimated  by  {he  equatSon  below,

iaei consumptioyi  (glkWh>x engine  ot,{iput {kXN' )
c"apacitJ･ten)x ,weed <mileth
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 in the eguation  above,  the EEDI  is a value  cajcu]ated  taking

design values  as  parameters, and  il expTesges  the C02  emission

reductien  potential. EEDI  is likely tb be required  to satisi'v.  the

IMO  standard  N,alue (set accotding  to DWT  of  efich  {ype of

ship)  for new  ships  to be built henceforth.

2.12 Operationalmeasures

 Ope,ratienal measw'es  aim  to enhance  the energy  ediciency

through itnprovemeiits or  iTmovatians in {he operation  of  the

ship.  as  mentioned  earlaer. The operatienal  measures  are

applicable  to individuai ships.  There are  vari'ous  kinds of

opevratjonal  measui'es  including those that  go beyond the scope

c)f  effoits  of  individual ship  managernent  cotnpanies  anct

necessitate  eoordination  with  relevant  personnel, Specific

exfimples  of  the gperational  tneasures  are  given below.

-  eptimization of  operational  plan of  individual shjps  and

    fleets

e  Operation at reduced  speed

e  "ieather reuting

-  just-ita-time e"tyy  into pwt

-  .Hull maintenance  (fer instance. reductien  in pvepulsion

    resistance  by cleaning  the  hull)

e  Macliinerymaintenance

 IMO  has proposed the Energy Ecaciency Operational

Indicator <EEOD and  the Ship Enetgy Efliciency Managernornt

P}an  CSEEMP) as  toels tbr prometing the implernentation of

operatienal  measures.

 Of  the two, the EEOI  is an  indiicator expressing  the energy

eiliejemcy  of  the ship  iu operation,  and  Jt is estimatcd  by the

eqmationbelow.

 Tl]e EEOI  also  expresses  the CO-, ernissioll  rate  of  the ship,

 similar  to the llEDI, However, it differs from the EEDI  in that

 it is ca]culated  from values  measured  during an  actual  voyage

 (the EEDI  is calculated  tiorm the desigri vajue.  as  shewn  in

 2.].1), As  seen  ftom the equation  aboye.  the EEO[  readily

 varies  aecording  to the diiference in operution  <route. Ioad, etc,)

 and  thns it is not  alrpropriate  generaHy to  llse the obLained  value

 for compai'ison with  the  EEOI  values  ofother  ships.  It should

 be  used  us  mi  indicator to  evaluate  energy  effieiency

 ilnprovernent ill t]le same  ship.

  On  the c}tiier hallid, the SEIi.MP is a  nianagement  plan that

 shoitld  be used  foF itnplemeriting irnprovemornts in energy

                        EEoi  (gttonmiie>- A.tu.g?v2igo weigftt

com,erston

ecaciency  by  operatioma]  measures,  The  plan to  implemorit

{}perationaE  measures  approp]'iate  for one's  ewn  ship  is

describedherc,

 The  EEOI  and  SEEMP  are  both effkctive  t'ools that can  be

veluntarily  used  by ship  operators  to  impreve the emergy

efficiency  ef  thejr ships  Cthat js, reduee  specific  fue]

consumption}.  During  the aetual  implcmentation ef  the

opcrational  measures,  each  ship  tnonitors  the energy  efileiency

ef  t]ie ship,  that is to say,  self-rnonitors  the  EEOI,  and

implcmients the pluJyied operatiolla]  measures  according  to the

SEEMP.

2.1.3 Eeonomicinstruments

 Economic  instmments offe;' ecenemic  incentives te promote

tlie implementatien  of  the technical measiires  or  the operationaE

measures  as  mentioned  above,  Severul dilfuenit methodologies

have been proposed  by IMO  for the eco"omic  instruments; the>,

may  be bToad]y divided into twe  groups,

(1) Fuel pricing system  (ptoposed by Denmark)

{2) Emissions  trading systeul  (proposed by N'orwuy, Gerinany.

    andFrance)

 A  fixed amount  is chargod  and  autonvatically  ce]lected  when

purchasing fuel oil in the fuel pricing system.  The cQllecicd

fund is used  tbr prejects for reducing  greenhouse  gases in

deveioping eountries  and  se  on.  Based  on  the fuel pricing

system,  Japan has prapesed tltat a part of  !he fuAid collected  be

reimbursed  to sliips in which  excellent  efficieney

improvements have been niade.  so  that the incentive for

mttking  etflciency  {mprovements will  be fturtlier strenigtiiened.

On  the other  hand, the tetal C02  emission  mnount  for the

maTitime  industxy }s regtilated  in the emiss,iens  tradi,ng system.

From  this total. the  di'Efkirence in the cgedit  aricl  the actual  CO:

einission  aniatmt  assignied  to eaeh  ship  wi]1  be tracled with

other  ships  or  other  secters,

22  Flowofintroductlonefregulations

  Tlig measures  to reduce  C02  emissivns,  namely  the tecimicaA

and  operational  measures,  atict the eeonomic  instiuments are

 1ikely to be incorporated gradually in the 

'fMO's
 regulatery

 frarnewerk in the fuiure. Altho'ugh the specfic  timing  for

 int'reductien ofregulatiens  in the future is not  decided, the fiow

 shown  in Table 1 is generally expected  to take plaee.

  jlrctorx.filei consztneption  (g)
ton)x a('tual  voynge  cfiStanc'e (mjie
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Tab]e1Floive['exectedintrodiuctionofreulations

Firstgeneratiofi

regulatlons

Mafidatg"JEEDIrequirements:Ne)Nbuildlngswillberequlredtosatisfy
rovisionalrulessetforeachsh]Ihep ptypeorshipsize.

MandatorySEEMPrequirements:Shipswillberequiredtoprepareand

ossessanSEIg{NfP

Secondgeneratien
reoi}lations

IntroductionofeconomicinstrLiments

2.3 Recenttrendol'deliberations

 Guidelints and  guidanee  mentiened  below  re]ated  to the

technical and  operational  measures  were  adopted  at the

MfiPC59  held in Ju]y 2009,

(l ) Interim guidiclincs on  rhe  inethod  ofealculation  ot'  the  EEDI

    <MEPC.1/Circ,681)

<2) tntei'im guidetines for voluntaiy  vctifieation  efthe  EEDI

    (MEPC.]ICirc,682)

(3) Guidance for the development o{'  a  SEEMP

    <MEPC.liCirc.683)
{.4) Guidelinesforvo]-ntaryuseoftheEEOI

    (MEPC.1,'Ch'c.684)
 At the ).･IEPCr60 he]d in March 2010. discussions vL'ere  held on

the mandatory  requirements  for the Ell･DI and  lhe SEHMP.

Studies bes,un o-  the proposal to aniend  the provisions of

MARPOL  ANNEX  VI. Meetiiigs a{tended  by experts  wcre  hclct

to  evu]uate  the impact of  the economic  instruments on  the

maritime  indtistr}J and  the possibilities of  implementing the

metltods  prepesed  unlil now,

3. !mprovement  in energy  eff;ciency  by

    operational  measures

 Although a  reduction  in C02  emissions  of  ships  ha}' not  yet

become  mamdatory  as  ot' this moment,  lhe voluntury

impletnentation has deep significance  not  only  fi'om t]ie

vie"point  of  environmental  protection but alse  from the aspect

of  reducing  fiLel consuniption.  thftt is to say,  reducing  the

eperational  cos!s.  The  {mprevement in energy  efi"iciency  by  the

operational  measures  does  "ot  accompany  imprevement  in the

hardw't'Lre (eguipnieriO aspect  as  in case  of  the technical

mensttres:  theret'ore, many  ineasures  can  be udopted  n"t  onty

fot new  ships  but  also  for existing  ships,  An  ovenFiew  of  rhe

procedure for improving  enerty  eff:iciency  by  the  operational

nieasiires  according  to the 
'`GiLidance

 for the deve]opment of  a

SEEMP"  chereaCter ca]lect 
"S}.ifl

 MP  Guidanice') is descTibed in

tbis section.

3.1 Energyefilciencyimprovcmenteycleusing

     the  SEEMP

 The  items show]i  in fable 2 fortn one  cycle.  By  implementjng

these  iterms rcpetitively,  eners,y  eillciency  can  be iinproved

uceording  to the SEE)L4P E,uidance Cthis repetitive  procedure  is

calted  the  
"eners,y

 etficiency  iniprovement cyele"  hereafter).

Fig. 1 shows  a model  oi'  the  energy  efficie.ncy  improveJlient

cycle  <voluntary reporting  aiid  review  in the  figure are

descvibed ]ater in Sec. 3.2),

Tuble2EE!iMPbased]'ocedLirestbrimrovingenerL,'eillcienc'
Item Overview

Planning Decideenerg)'efilcieneyimpr"vementmeasuresafteT
understandingtheusee ±

'energyinthepresentstateot'the

ship,andsettheenergyefi-iciencv.iniproyernentgoal.

DecidetheproceduresandpeTsottinchargeof

inip]enientingtheeners,yei'ficiencyimprovements,asad
establjshtheseasasystern.

Implementation Implementtheener.gycfficiencyimprovementmeasures

accordingtoIheplan,

Monitoring Monitortheenergye(Iicieticyoftheshipquantitfllively.

Monitoi'ingrnustbeperl'onnedcontinuouslyu.ginga
consistentmethod.

Selfevaluationlimproverne"t}lvttluatetheirnpactot'theenergyeff'icitmcyii]iprovctnent

measuTes!hathai,ebceniniplementedbasedonthe

rnonitoredresultsl';eedbacktheeva]uutedrosultstothe

nexteneTgyet'ficiencyimpreveinentcycle,andairnfbr

fut{]lerimrovementinefficiency.

CIassNK  TECIINICAL  BULLFJI'IN  2010
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Table3Examlesot'enecfficiencimrovementmeasuresmentionedintheSEk'MP
Efficiency
in1rovementmeasureImplementalionmethod(tncludingdayefstarO

ResponsiblePersoll

'
Weatherroutmg

Concllideacentractfortheuseofweatherrouting
syh'temwithserviceproviderA.Startusingthe

svstemfrom1july2012.

MasterisresponsibleforseleL'tingthe

optimumroutebasedentheinfermation

fromserviceroviderA.

g.peedoptimization
Plannectspeed(85"xoMCR)isi9,eknots,butthe
maximumspeedissetat17.0kiiots.Starrfrom1

July2012.

TheMasterisresponsiblefor'maintaining

thespeed.

Entsinlhelobooktebecheckeddail

::. ::. ::.

 Tlie SEEM?  is a  managernent  plan t'or jmplementing the  items

shown  in Thble 2. The  following items are  to be written  down

according  to the  plan. Tltese items ate  to be studied  at the

'`planning"stuge.

(1) Energy effi¢ ienc'ytmpi'(wernentmeasuresdeemed

    appropriate  for each  ship

C2) Description ofmeiii[oring  tool

(3) C'iGai (nieasurabie energy  efflciancy  improvement  goal)

C4) Seleevaluationprocedure

 Best  practice guidance  for <1.} the eneigy  efiicjency

iniprovement measures  inentloned  abcve,  is included in the

SEEMP  guidance. IYpical examples  are  given below. Tbble 3

shows  exarnp]es  ef  energy  efflc{ency  improvement rneasures

mentioned  in the SEEMU

 Comprehensive exatnples  for items (2) to (4) have not  been

given  in t]ie SEEMP  Guidance; however, exumples  using  EEOI

as  evaluation  indicater are  given Hs  a  (2) inonitering  tool, The

measurement  niethod,  fi'equency, person  in charge  and  so  oiL

related  to data rneasured  for monitoring  (cargo quantity. fuel

cansumption.  voyage  distance, and  so  on}  should  be clearly

indicatedi. De{aiIed va]ues  relaled  to the goal in (.3). such  ms

anmial  mean  EEOI, should  be entered.  Detailed proeeduTes

related  to {he evaluation  procedwre in (4) sheuld  also  be entered.

incJuding validation  of  effects  of  enetgy  eMciency

improvomentmeasuresandevaIuationoftherealizedgoal.

I04

 By  
'`inip]ementing'i

 the energy  efficiency  impl'ovemeTit

measures  sequentia]ly  according  to tlie plarmed schedule  in the

energy  ecaeiency  improvenient cycle,  and  by refoning  te the
"monjtering"

 results  of  EEOI,  the realization  level of  the set

goal can  be 'Lself-evuluatedi"

 finally, However, in practice. jt is

prefer-ble to validate  the effk cts of  the impiemented efficiency

irnprovement maeusures  and  the effktcts due to the Qperation  b)1

analyzing  the monitored  results  periodically eyen  during one

cyc]e.  The factors for variation  in energy  eMciency  can  be

coitfiimed  visua]ly  and  easily  by pletting the EEOI  for each

voyage  as  a  trend  gTaph, as  shown  in Fig. 2 for iiistance, in case

efperiodic  monitering.  In the example  shewn  in lg"ig, 2, the said

efEect  can  be cenfirrned  by superiinposing  the period of

imp]emetited  e"ergy  efficicncy  impreveinent measures  (hull
c]eaning)  anri the EEOI  trend.

 EEOI  varies  easily  becaise of  the  efi'eel  of  cat'go  volLLme  or

sea  conclitioms.  Therefore, the 
['interim

 guidelines on  the

method  ofcalculatjon  of  the EEel':  alsQ  touches  on  the usct ofa

i'olling averae.e  value  fot' a fixed period as  an  evaluation

jndicator. in the example  of  Fig, 2, the  EEOI  per voyage  varies

consitierably  depending ott the effect  of  the load index at  thRt

tinie. The roillng  averugc  for every  3 voyages  evens  out  this

effect,  1igwever, and  makes  it easy  to understand  the  t'rend of

the  energy  efficiency,  as  seen  from tlie figure.

             C]assNKTECHNICALB(TLLETIN2010
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3,2 Publishing the results  ofselFevaluatien  verify  the resttlts ot'  pub]islied energy  eilMiciency.

 The Sl/lgMP GuJdance mentions  voluntarily  publishing the star(ed  therefore te oder  partial appraisal  serviccs

selflevaluatioti  resLLIts ot' the impyevements achieved  in the enengy  eraciency  indicator as  tyi}jfied  by the

eners,y  efilciency  improvemerit  cycle  (volLurttary reporting  afid  qp})roach of  ClassNK  to appraisal  services  is

review}.  1/1tis is suggested  bearing in mind  the yarious  benefits folloiving section.

reeeived  by the ship  becsuse of  the Society's al)prova]  of  ships

with  high  energy  efiiciency.  Fer  instance, t'averable treatrnent

in port us`rtge charges  may  be set for ships  with  his,h energy

efficiency.  that is to say.  i'or sllips that are  environmenta11y

friencUy, especia}ly  in ports and  harbors. A  siniilar example  ig

thal recently,  in some  of  the  per{s, measuTes  have  been  adopted

to red{ice  the pert enitry fees for ships  with very  ]i!tle emissions

uf  NOx  or  SOx. Moreover, because of  the helghteiied interest

et' the society  toward eni,ironmenta]  pi'otecti{m. transportation

means  that  give adequate  considerations  to the environment  is

like]y lo be denutnded  ",hen  coinpanies  manufacturine

consumeT  produc!s carry  their pruducts to the  market.

 In view  of  this background. it is prcfk)rable that a  third pariy

ClassNK  has

relaled  to the

 EEOI,  The

given  in the

4. Implementatioll  ofEEOI  appraisal
         .
    servlces

 Tb offer  niore  complete  EEO}  appraisal  services,  C]assNK is

plaiming to ofTer  a  support  systeni  for ealculating.  analyzing

and  preparing reperts  relaled  to EEOI,  The  dex,elopment of  this

system  hus ttlready  started.

 Thc data required  for EI:,Ol calcu}atien  is being accumulated

in the  Seciety's sen'er  either  by input of  data frem tke ship

through  Inteniet or  by connecting  to  the exlsting  electronic

ABI.OG  system  used  by ship  management  conipanies.  The

calculated  results  can  be ou{pul  when  required.  The  conceptual

system  cont"!guration  is shown  jn Fig. 3.

Send nfivjgation  data

                     tt. ,,./ t.. .t ,t,t.. t. =.....  t.,t ..s.                ttt ttttt
                l-l.l. 

,li･/
                 t. ...,. .. t. ... .. ,t . ..

                                 Ftgure 3
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 Procedures  required  for app]'aisal  sers,ices  can  be simplii-ied,

and  faster services  can  be  offered  by llsing  this system.

 Vatious support  funetions 'for imp]ementing energy  e.ancieney

imprevernents te the systetri  are  plHixned to be added,  In

addition  to the  EEOI  calculation  fuictiens ki va rsion  1. other

functions scheduled  to be added  are  as  foIlews:

-  EEOItrendgraphdisplay

-  Support  for setting  energy  ehiciency  improvernent goals

e  Benchmarks (cetnparison with  meaii  vaiues  within  the

   saine  ship  type group)

-  EEOIeomparisonwithin{leet

-  Suppert  forpreparing various  reports,  etc.

 Fig. 4 shows  the i]lustratien o£ the output  screen  for a purt of

the ftmctions, 1'unctions for analyzing  caLises  for the variatien

in EEOI  ai'e 1ikely to be  added  hencefort1i, The gystem will  be

designed  such  that it can  be used  as  a mere  efi}ctive  sLrpport

tool  for implemellting imprevemenis in enetgy  eificieney.
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5. Joint R&D  projects with  industry  en

    technica) developments to reduce  GHG

 CIassNK  has been implernenting many  R&D  projects joint]y
with  the industry. The  Soejety has also  been participating in

many  prejects stich  as  thnse  related  to the  
"'Suppert

 for

lbclmology Development for Cuitailing. CO?  i'rom Marine

Nlessels" (four-year program thal started  from 2009), meant  for

assisting  the Ministrlr' of  Land, tnfi'astructere. Transport und

iburism. The said  support  preject is classified  as  show,n  in

Ilab]e 4 and  extends  ovef  e wide  ramge  of  fields. The  Society is

participatine in 1 9 of  the 20- projects. Rtb]e 5 giv'es un  overview

of  these 19 prejects.

Tlable 4Support  foi' teehnology  developrnent foT curtailing  CO:. frem marine  yessels

      and  number  of  prQiects with  ClassNK participatien

TechriicalFie]d Ne.ofprojectsNo.oi'projectswith
ClassNKparticipation

<1)Developrnenlufhullforniwithmi"imumresista"ceandhigh

propulsienefficiency
4 z

<2)Developmentofleeltnolog.ytoreducefi6ctionalresistaneeofhu}1 3 3

C13)Improvingpropellerefiiciency 3 3

<4)lmprovingtiiee[l"icieAcyofdieselellgine,exliaiLstheatrecovery4 4

{5)Moveeft'icicmtoperati{}nandmanoeuvringofships 5 5

{6)DevelepmentofhybridpropulsionsysEem 3 2

Total 22 19

Table5Overview  ofi'Support  t'or Technology  Development  for Curtailing C02

   (onlypro.iectswithClassNKparticipation)

fi'om Aaatine Vessels"

No,Pro.iectName

lmp}cmentedbyC`Co,,Ltci."or`'lnc.':omitted)

Oyen,icu,

u'!)-!Researchafiddevelopmentofltullfo]inss"ikibgeforCRPi'orredueingGHG

IHIMU.IHI

Contra-rotatins,propeller(CRP)hassjgnificantenereysavingeffects,Thisprojtxtaimstottevelopductandhull

foTmt'orenhancingtheeft'ectsofCRP.i)

(.D-2Reseai'chanddeveloprnentofmegacontaiiiercarriercapableel'saytngenet'gyandred[LeingGIJG

IHIMU,(HIDieselUnited

InrecenLyears,mes,acontainercaTriershavingveryhighengineoutputareanticipaledtocensen,eenerg>,and

reducefuelconsumption{reduceGHG}.Theaimot'thisprojecti}j,gtodevelopanenergy-savingconlainevcan'ier

capal)leofconseiTi.ingenergymoivesignitV!cantlythaninfhepaslUiroughprototypetestingandpcffeiniance

cheeksoftwjn-skeghullfot'tns,basjcstudiesonhighefi'lciencymainengines,alldsludiesonexhaustheat

recaveTvtechnelogv,- Ltt

g,)-]Researchanddevelopme"to['energy-ts'avingteclmolbgyforocean-s,oins,shipsbyairk{biicationmethod

OshimaShipbui!dnig,IHIMU,ImabariShlpbtiildints).MTI,KttwasakiShipbuildins,,SumitomoHeavy,

Enginees'ing,TsuneishiHo]dins,s,MitsuiEngineeringandShipbuSlcti]ig,Mjtstibib'hiHeaNsiIndustries.U!iiversal

Shiphuilding

Thisprojectaimstova]idatetheapplicationofaiTlubricationmethodteoeean-goingshipsaseff'ective

energy-savinglechneloey,andtoestablisbadesignine;hodforshipsusingtheairlvbricalienmethetl.

Togetherwith(hedevelopmen{ot'tlieairlubrjcationmethod,adesi.o.iisLLpportsystem(designtob])forshipsisio

bedeve]opedusints.thetameteelmelogy.A-airsupplysyslem<ga.gscavengingsystem)usingtLturbochurgeras

themainengineistilsetobedeveleped,Individiba]tectuiicaltopicsaretobeh'electecft'orrealizingtheaSr

]ubviuation]methodandselutiensferthisinethedaretobest"djcd.'])
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Source/ Kaji Press l2 Nov. 2009

ksts t'o demonstrate the technolegy  to reditce  ftictional resistartce  of  large sha]iow  draft twin-screw vessels

Mitsnbishi HeaNas( Indusnics, NYK,  MTI

In this preject, tests are  to be conducted  to demonstrate  the air  lubrieation system  by  blowing  ajr en  to the ship's

bottom using  blowers. For the first time, this system  will  1)e permanently installed on  a ship,  und  C02  emissions

ure  expeeted  to  reduce  by  approxlmately  lO %.

IMie tests  are  to  be eondttcled  on  a  module  caiTier, The main  features of  the modute  caffier  are  wide beam  and

sha]]ovv  draft among  large ships.  Thus, tlie ux,ater  pressure is comparatively  small,  anti the amourit  of  pbwer

tequired  by a blower to sevrtci air  to the ship's  bottorn is srnall. Since the ship's  bottom is fiat anid its wMtli  is lmge,

air  is Iikely to reside  at the bottom part ef  the ghip.  The  effeet  ef  red'mction  in CO! emissions  can  be validated

easiiy  throus.h demonstration  tesEs.4/'

                  vkwtrcrn  tindgt em wt"ctsee ceJfiet

Sourcc/ MI'II  News  Release, 24 Feb. 201 O

Researeli and  development of  amti-foul.i ig  paint for bottom leatlSng to very  low fuel eonsLLmption

Nippon  Pajht, Nippon Paint Mttrine, Mitsuj OSK  Lines
'I'he

 evo]ving  type low-fuel coiis"!nption  bottom  aati-fouJing  paint 
"LF-SEAT'

 developed by Nippon Paint und

Nippon  Paint Marine will  be fillther develeped and  pTomoted in this preject. The C02  ernitted  frorn a ship  is

because of  fuel consumed  dvring voyage.  A  majer  pait of  the  fuel js eoiisulned  when  frictional resistaiice  is

generated when  the hLtll is in contact  with  sea  waler,  Frictio]ial resistance with  sea  water  accounts  for SO-80 %  of

the  tota1 resistattce  ot' a  s}iip  when  unde]MJay.  Rediucing the sea  water  friction ivi)l  directly conlribute  to red-cing

the fue] consuinption.

The aim  is to reduce  C.02 emissions  by more  than 10 %  compared  to that  of  conventiotTat  anti-fouling  paints

through  thc development of  very  lew-fuel consumpiion  type bottem attti-fouling  paint in which  the low itictitm

propenies  Clow fuel consumption)  of'`LF-Sea"  hffve been further improvect and  developed. The effects  on  ships  in

sen'ice  will  also  be analyzed  at the same  time,S)
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Research  and  development oflimited  small  b]ade-arca non-hub  vortex  cNHV)  propellers

Nakashima  Propellers

Accovding to recent  researeh,  ifthe blacle shape  near  the blade tips is desi...:ned ])roperly. the bladc surf'ace  area  can

be reduced  aiid  at  the same  time, cavitation  erosio]i  and  increase in steim  vibrations  can  be  avoided.  Such

conc]usions  have been obtained  froin Lhe resitlts  of  tnodel  tests. Morenver, the non-1iub  voTtex  (NHV) pTope]}er has

been developed already.  which  leads to a reduction  and  elimimation  o{' hub vortex  cavitation  because  of  improved

propel]ereemciency.
'CSma]l

 blaae area  NHV  prepeller" will  be  designed  afier  theoretical  calcL]ialions  and  model  tests for demonstrating

the  energy-saving  effects  et' beth srnall  b]ade surface  area  and  NHV  when  iitted to t'eur ships  for the purpose of

verification  in this prQject. Afier manufactun'e  amd  conversien  of  actua]  prope]lers, cernparatjve  tests w'ill  be

conducled  on  propellers fitted on  actium1  ships  te demonstrate that the new  propet]et' has abollt  3 
Ofh

 enet'gy-saving

cffect  conrpan'ed  to  the  ex.isting  high perforniance propeller.

Research  and  diex,elopment o  {' energy-saving  appondages  us]ng  effects  ol' interferencc betwween blades

Shin Kirmshinia Dockyard

,Ex{sting energy-saviiig  appendages  htive been devefoped with  the  purpose of  energy  conservation  by  recovering  the

prope]Ie,r rotatienal  energy,  However,  in this prQject, deve]opment  is being ca]Tied  aiming  to enhance  propel]er
efiiciency  by mutual  hydrodymamic  interi'erence elik]cts  between  propeller blades itnd  appendages.  This kind of

teclmolo.g.>' is being activety  pursued for improving ISfi using  tlxe effects  of  interference betu'een blades in the

aerenaLLtical  t`ield, suclt  as  by using  a  blade with  flap.

The  number  ofblades  in an  energy-saving  appendage  is tlie same  as  the number  oi'prope]ler  blades, -ie diamcter is

assurned  to be about  5e %  that of  the pr{>pe]]er d{atneter, and  it is secured  to the propeSler bess by bo]ts, The

pTepeller eificieney  is increased by fitting the appendage  and  by redLtcing  the prope]ler torqlle (jncrease in propel]er

lhrLisO. The  target is enengy  savings  ofabout  3 %.di

Development  ofioad  tluetLLation stabilizer  tbr pariodic disttrrbanee frem weather  and  seH  conditions

NYK,  MTI, Terasaki lllectstic, ,Kawasaki Heavy Indusnies

The  fue] eensumption  oi' a ship  \aries  atie to the rnain  engine  beittg ail'ected  by vveftther alld  sea  conditions.  The

pr{tievt aims  to  reduce  fuel censumption  Qf  the rviuin engine  by equalizing.  Ioad fiuclLvations, and  deve]oping a new

contro]  system  for veriuble  piteh prope]]ers and  shafi  motor  gellerators.i)

Resettrch and  deve]oprnent ofCO?  reduction  technology  for lai'ge low-speed  marine  dgesel engines

Mitsui Engiiieering and  Shipbuilding

C07. emjssions  are  usually  reduced  usjne  an  exhtiust  heat reec}very  systern  cotnbined  with  tt 1iigh and  low

teniperatvie exliaust  separatioll  system  fbr large low-speeti diesel engines  (e]ectronically-centrolled {ngines),

More  speci  fic,ally. 4-cy]inder test engines  (cy]inder inside diamete= 50e min)  wi"  be manufac{ured  and  varieus  lests

caiTied  out,  The new  engine  is likely to be simi]ar  to the actual  engine,  and  huve simitar  specitleutions  as  (hese of

rnamllfactured  15 >,ears earlier.G)

Research  and  developnient  ofex  liaust keat recovei'y  syxtem  in marine  diesel engines

YILntnai'The

 exhaust  11eut recovery  system  hi large diesel erigines  is already  in use  on  land Emci  on  ships.  S{eam is g.enerated

froni the exliaust  heat e[' the  engine,  and  power is Tecovefed  by a steam  tL-'bjne. However, in smull  eiigines,  the

efiTiciency  of  tl]e steam  ttiTbine drops co!isiderably,  a-d  cost  alse  increases: so  such  a system  has not  bcc!i practically

used  in sJ]]al] engines.

Researcin aiid develo}}nient ef  highly eewcienl  and  ecenemical  steatn  exvander  and  exhaust  heat recover),  system

will  be cairied  out  in this pr{tiect for nse  in small  diesel engines  usedi  as  auxi]lary  ents,ines  for power genera{io- and

as  niain  engines  in coasta)  i,essels.  Thc aitn  is to reduce  the anioant  of  CO!  generatecl in the  engine  cameLmt  of

energy  censumed)  by approximateiy  6 `V".ti'
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Resea  rch  aiid cleveloprnent of  next  generation dual tUel erigines  for ship  propulsien

Niigata Power Systems

European manufhcturers  have already  developed tlie znarine  duai fuel (DF) diesel engine.  Such  engines  have 1)een

used  for power generation in large LNG  ships,  but 1iave not  yet been used  in general cargo  ships.  The  engine  to be

devel{lped as part of  this prejeet is ]nainly  for coastal  vessels  i]i which  tUel taiiks (gas) are  ensui'ed.  The  tatget is to

tnanufacture  medium  speed  engines  with  output  up  to lO,ooO HP, Cempai'ed  to conventional  engines;  the tai'get is te

Teduce  C02  by approxirnately  1 S %.S)

Deve]opment of  hybrid turbocharger techno]ogy  applieable  te  matiiie  vessels

NYK,  MTI, Utiiversal Shipbuilding, Mjtsubishi Heavy Indusnies

The  project involves eguipping  a (1･apesize bulk  cartier  <to be compieted  in 2et1) wilh  a  hybrid turbocharb.er power

generating system  and  proves its effbctiveness.  This power  generating system  consists  of  a  small  high speed

generator ancl  a power freqLiency converter  within  the turbocliarger, which  is insta11ed on  a low speed  diesel niain

engine.  The systein  can  supply  all  the power  needed  on  the ship  during a normaS  voyage.  The  diesel pewer

generator need  not  be operated  during a  normal  voyage:  therefore, reduction  in CO! emissions  may  be anticipated.Z

Source, MHI  Reps)rt llo1.44. No.1 <2e07)

Research aud  development of  voyage  suppt'}rt  system  with  lhe aim  of  reducing  C02  emissSons  by  optimized

operatlonUniversalShipbuilding

The  voyage  sLippertsystem  
'`Sea-Navi"

 that searehes  for the optimum  route  of  a  ship  has functiens to search  for the

eptimum  route  for a  voyage  with  the shortest  distance and  smallest  fuel ct'}nsumption,  based on  the sea  and  weather

data, and  based on  the features of  the hul1 and  the main  engine.  An  enei'gy-saving  eilbot  through CO! reduction  of  5

te 8 %  appinxirnately  may  be anticipated.  Besides the above,  it also  contains  a  moniteriiig  imction tliat colleets

data ofvoyage  coiiditions  of  the ship.  a function to analyze  the fatigue strength  of  the huli frum the voyage  datu,

and  maintenance  and  matiagement  functions to  estimute  tlte structural  life of  a  ship.

Tlie develepment og' this software  is alvnosl  complele,  but cternenstration tests wi]l  be can'iecL  out  as  part of  th.is

project by  insta11ing the system  en  many  more  vessels.g)

Developnient  ef  intemational naviga{iQn  contro1  gygtefn

NYK,  MTI

Efficient navigation  is a  prerequisite for reducing  CQi  emissions.  In th{s preject, develepmerit has started  of  a

worldwide  time-reservation  system  for berth wjndow  and  canal  passage. The  introcluctien ef  an  intemational port

control  system  will  enable  vessels  to fuither rednce  their time at ports and  te navigate  at  lovver speeds.  aniis pro.ject

wM  also  make  use  ef  inteirriational services  when  the system  is irnplernented. and  ptopose future roles  foT

internationalnavigationcontrols.9)
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Researeh  anci  development related  to operat'iona)  performamce t}f' vessels  as  they  increase in size

M'K,  MTI. Japan Marine Science

Currently, mosL  pure  car  caniers  in. Japtm have  an  overall  lellgth below 200  m.  However, by making  these  vcssels

iai'geg the C02 entissions  per car  (COz emitled  for trEnsporting a  single  car)  can  be reduced.  Jn this preject, the

ahility et'  pure cur  can'jers  of  ]ength above  2eO m  to nai,igate  by keeping out  of  the way  ef  other  vessels  Cability {o

avojd  ce]lisions)  wM  be validated  using  simulution  techriology,  Based on  fajs research,  tlte projeet wi]]  propose

requisite  technologies for ]arge vessels  so  as  to achieve  the samc  level ef  operational  perfonmance  as  that ef'

conventionalvessels.9)

Regearch find  development of  
"navigation

 support  system"

Oshimu  Shipl)ujlding, Kyushu  Liniversity, l'luid Techno.  C}shmia  EngineeFing

This project aims  to give support  Lo the navigator  tbr sc]ecting  the optimum  route  based on  weatlier  anrf  sea  clata. At

the same  tiJne, a  nayigat'ion  suppert  systeni  is to be developed to suppoT!  optimum  navigatioll  in rough  seas  and  in

restricteclareas.iO)

Developnient  of  a  system  E'or monitoring  ship  perl'ot'munce

NYK.  MTI. NYK  Trading. Kawasaki Techllolos,y

Am",igalien monitoring  systein  tliat will  become lhe basic system  for etfective  navigation  fealuring comprehenslve

integration between vessels  and  jand eperations  will be develeped in this pro.1'eet, This system  accLu'at ¢ ly monitors

the c"rre]]t  conditiens  ofthe  vcssels  i'rom ianid. and  suggcsts  an  appropriate  specd  ft}r tlie vessel  based  on  a speciiied

stand-'d.  Tlie preject tLlso  aims  to measllre  waves  and  ship  motions  mofe  aceurately,  and  to eslimate  theii' effects  on

thepreplllsionpert'oiniaiiceo['ships,7"

Research and  developmornt of  ttpplicatjon  {'eclmology  t'or secondary  batteries c}n  ecean-going  vesse]s  using

large-capacity nicke] hydrog{m batteries

Kawasak!  Shipbuilding. Kawasaki  Heavy  IndL±stries. NYK  MTI

This prQiect aiius  to develop a ltybi'id power supp]y  system  by combining  an  existing  diesel ])o-'er generalor and  a

new  t>,pe of  large capacity  nickel  hydrogen battery (Gigacell @  by KtiLwasaki Heavy IndustrSes). Nk]r!fication {esl

devi¢ es  wi]]  be installed on  car  earriers  and  tests witl  be canried  etht in the actuAl  p]ying area.7)

Sour'ce: Kmvasaki }{eavy ind. WEB  SIIII Gigthceli ,ge

Research  aiid development ofCO!  emissiens  reductioo  technology by  hybridization ot'power  syste"is  in car  carrier

Mitsui OSK  Lines. Mitsubishi Heavy  Industries, Sanyo  Electric

This prQiect ainis  to  develep  a  lb,brid power  supp]y  system  fermed by eodmbining  tL solar  power generatine systetn

and  Iithjum ion batterjes. The aim  is to tise naltiral  energy  meTe  efllictively, acc-rnulate  the electricity  generated in

ihe solar  power  generating system  duri]ig voyages  in the lithium jcm batteries, tmd  use  these barteries while  the  shjp

is ttt anehor,  so  that the diesel engine  can  be stopped  ]'esulting  in zero  emissiens  while  at  ancher.

The  
"hybrid

 car  cars'ier" equipped witli  this systern  will  be constr!Lcted  (scheduged to be cenipleted  in 2012), aiid  the

effects  of  CI02 emissjons  reduction  wi]1  bc va]idated  and  assessed  by actLva1  operation,  with  the aim  ofestablishine

effective  C02  reduction  tee]uielogy in the fature.in
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 ClassNK  is alse  participating in severaJ  jeint R&D  projects

with  the industry besides the suppert  prajects of  the Ministb' ofLand,

 Infrastnicture, Transport and  Tourism, Table 6 shoivs  t]ie

typicalprojccts.

                        fable 6 Exainples  ofjoint  R&D  projects with  the industr},

            <Other than the suppt}rt  prejects ofzhe  Mhtistry of  Land Infi'astructure, liansport  and  lburism)

REFERENCES

<1) The  Nippon  Foimdation website>List  ofprejects>Research

   and  development esfhll11 t'oitrns sultable  for contra-rotating

   propeller for' GHG  rednctien  1-2 (in Japanese)

(2 } [Mie Nippon Foundation  website>List  ofprojects>Research

   a"d  development of  niega  centainer  ships  conserving

   energy  by GHG  reduction  1-3 (in Japanese)

(3) Kaiji Press, 12 Neveniber  2009

(4) MitsubisEli Heavy  Industries. Ltd., News  Release,

   24  Febniary  2010  (in Japsnese)

(5} Nippon Paint, 2{}1O News, January' 25

<6) Kalji Press, 30 NevenibeT 2009
1!2

(7} NYK  Line. News  Re]ease, 21 December  2009

(8) Kaijj Press, 11 December 2009

(9) NYK  Line, News  Release, 1 5 Jume- 2009

(10)TlteNipponFoundation",ehslte>Listot'pTejects>ReseaTch

   and  clevolopmcnt ofnavigation  support  system  1-4

   {i Japanese)

<ll) Mitsui OSK,  Press Release, 14 January  201e

cl2} University ef  lbkye website>'Inforniation>Press  Release

   >Interview  
`'Development

 efnew  motor  assist'ed wind

   dri ven  vessel  for ]ow  C02 eperatien  and  inauguration of

   the "ijnd Cha]lellger Pregram"

ClassNK  TECIINICAL  BM.LE･TIN  2010


