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INPOAOTI'OX

H mopovoo Odumhopoatiky epyocio ekmoviOnke katd tn Oldpkelo  TOL
axadnuaikov étovg 2010-2011 ot ZyoAn Noavmnydv Mnyovoldymv Mnyavik®v Tov
EBvikov Metoofiov ITolvteyveiov g ABMvac. Aeopun o to B€pa g epyaciog
amotélece M otpoen G llaykoéouog Novtidog 6€ To OKOVOUIKA Pldotpo Kot
QUAKA TTpog 10 TEPPAAAOV TAola, Ta omoia Ba Kvobvtal e YopMAGTEPEG TOYVTNTESG
KOl e TOAD PEYaADTEPN amdOOCT GTY| UETAPOPIKT TKOVOTNTO Kol TNV KOTOVOAMOT)
evépyewnc. H mapodoo SIMA®UOTIKY QmOTEAEGE €V UEPEL EUTVEVOT] Y10 TNV UEAETT] TTOV
exkmovnOnke oe ocvvepyoasio pe tov Kovtpovkn I'edpylo, yoo tqv ovupetoyn tov
EM.IIL. otov odwyovicpd Evpomoikdv Tlovemomuiov EU  STUDENT
COMPETITION 2011 ™Visionary Concepts for ships and floating structures-
VISIONS OLYMPICS” mov dwopydvecav ot opyavicpot WEGEMT wor CESA
(Community of European Shipyards Association). Mg tv kofodnynon kot tnv
enifreyn tov vmevBuvov Kobnynm A. IlomovikodAdov, tov Ap.-Mny, E.
MmrovAiovyobpn ko tov Yroy. Awdktopa I'. Iaratlavéxn n pelén mov ekmovnOnke

alohoynOnke apykd kor mpokpibnke omd Tovg apPUOSIOVG TOL JAYOVIGUOD OTIC
TéVTE KaAVTEPEC. AKOAOVONGE TEPATEP® AELOAGYNOT Ol E101KOVG KOt TPOKPIGT) OTIG
tpelc kohvtepeg. H telkn katdroln Oa yivel yvomoth o€ cuveEdpPLo OA®V TV POPEMV
TOV HETAPOP®V oL Ba AdPet ydpa otig 23 Ampiiiov otnv ABnva. £10 cuvEdPLo avTd
Oa AdPovv pépog dvo yAddeg GVuvedpol amd OAovg Tovg Topeic ™G Blopmyoaviag
Metagopmv.

O va guyoplotio® Bepud Tov gumvevoty TG Tapamave 1éag Kabnynt
Amootoro [MoamavikoAdov apevdg yoo T ovveyn emifieyn kot kabodnynon tov,
OPETEPOL Y10 TV EVKOLPIO TOV OV £OMGE VO GUUUETAGY® Kol Vo SlaKPlO® G Evav
Evpomnaikdo Awyovioud xobong kot tovg, Awddktopo g oyxoing Novmnyov
Mnyavordywv Mnyovikov kot Ermikovpo Kabnynt oto Teyvikd Exmoidevtucd
Topvpa  Abnvov MmovAiovyovpn Evdyyeho kot tov Aumiopoatovyo Novmnyod
Mnyavordyo Mnyavikd, MSc kot Yroynewo Awdktopa Ilaratlavixn I'edpyro yio
mv apéplotn Ponbela Tov Hov TPOCEEPAY GE OMOLUONTOTE OLGKOAIN AVTILETOTICN
Katd v ekndvnon g peAétmg. Emiong Ba MBelo va evyopiomom Oepud tov
ouvédelpo kal eiko Kovtpovkn I'edpylo yu v omodoTiky] cuvepyoacio pHog pe
QPOPUN TNV CLUUETOYY] LOG GTOV doy®VIGHO Kot Yia tn Ponbeio mov pov tpodcepepe
o€ MOALEG SVOKOMEG TTOV AVTILETOTICN OAO AVTO TOV KU1PO.

Téhog BEA® va. EVYOPLOTACM TNV OIKOYEVELD OV Y10, TNV QUEPLOTH OTNPLEN TOVG
oe OAn TN OUWIPKEL TOV CTOLODV MOV KOl VO EKPPACE® TNV EVYVOUOGUVI] OV
AmEVAVTL TOVG KOOMG o€ eKetvovg opeihetan 1 Léypt Tdpa Topeia Lov.

NoéBprog 2011, Abnva
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EIXAT'QI'H

O topéag Tev mhoiwv petapopds E/K yvopilet peydin avantoén otig pépeg pHog.
H e&éMén 1oV ival evTLTOOIOKY KOl TO KIVIITPO Y10l KOVOTOUES KOl TPOTOTOPLOKES
10€eg 010 oyedoopd toug eivar peydro. Olo avtd, 6& GLVOLOGUO LE TNV TOYKOGHLLOL
OLKOVOULKT] VPECT TOL Plrdvouy ot debveig ayopég kot pe Tn ovveXdS owEavouevn
avnovyia yo ™ poéAvven tov mePParloviog, ®Bobv T vavtiMokn Popnyoavia oty
avaltnon AVcemv yia Onpovpyia Ayotepo evepyoBOpwv Kol TO QIMK®OV GTO
nep AoV mAOI®V. AVTIKEIUEVO HEAETNG TNG TOPOVCOS OMMAMUOTIKNG €PYOCIOG
amotedel N peEAETN kot oyediaon mpwTomoplakoh mAoiov petapopds E/K yapning
ToYVTNTOG Kot TEPPAAAOVTIKNG EMPApLVOTG.

210 TPMTO KEPAAO, £yve pia meptypaen g eEEMENG TOV 6TOAOL TV TAOIWV
petapopdc E/K kot €ytve Adyog Yo TIg S10KVUAVOELS GTNV T TOV KOVGIU®OV TOV
emnpedlovy Queca T vouTIAio. TN GUVEYEWD OVOPEPALE TOV TPOPANUATIGUO TOV
VILAPYEL GTOV KOGLO YEVIKA KO GTN VALTIALL €W0KA AOY® TNG GLVEXDSG AVEAVOLEVNG
pomavong tov mePPAALOVTOC Kot KaToANEOUE 6TO OTL OAOL Ol EUTAEKOUEVOL TNG
vouTiAlokng Propnyaviog mpénet va cupuPdAlovv oty tpoctacio Tov neptPEAlovTog.
Onog avapépetor akoroVBwg, o AlebBvig Navtimakog Opyaviopog gival Kovtd otnyv
emPoAn evog deiktn o omoiog Oo avtikatomtpilel TV evepyelakn omdd0om €VOG
mhoiov. Emmpdobeta avagépope pio TokTiky mov givol gupéwg dtadedouévn ot
vavtidio, avt) ¢ ‘Apyng ITAevong’ N odlwg ‘Slow Steaming’, n onoio. cupPdiet
oTN HElwon TV PUTOV Kol 6TV 160ppoTtia LeTaED Tpospopds kot (ntnong. Télog
AVOPEPOLE KATOEG VEEC GYENUCTIKEG PLEAETEG e PAOT TIG LEALOVTIKES OTONTNGELS.

210 dgVTEPO KEPAANLIO £YIVE OPYIKOL O TPOGOOPIGHOG TV KUPLDY SOCTAGEWDV
KOl TOV GUVIEAEGTAOV HOPPTG TOL LITO peAétn mhoiov. Ev cuveyela vmoAoyiotnke n
amoTovpevn) 1ox0g mpOmoNg kot €ywve TPOUTOAOYICUOS TOL  Plpovg TANPWS
eEomMopévou alAd apoptov okdgovg(Light Ship). Akolovbnoe N mpokaTopKTIKA
avéivon tov mpdcOetov Pdpovg DWT ko vmoloyiommke o Aegiktng Evepysiokmg
Amodoong(EEDI). Téhog éywve pia pedétn Puooipndtntog tov vad peAétn mhoiov pe
Baon ta onuepva dedopéva VOHA®V Kol TILAOV TOV KOVGIL®V.

210 1pito Kol TEAELTOIO KEPAAOIO TPOyHOTOMOMGOUE TN oyedlaon TV
VOOTNYIKAOV YPOUU®V KoL TV VOUTOCTEYT OLUUEPION GTO EGMOTEPIKO TOV VIO UEAETN
mhoiov. KoabBopiomkav «atd oepd ot vdatooteyeic ¢@poktés, mn 0éom oL
unyovootaciov, 1 0éon twv defapevav Tov avolooipwv, n 0éon tov degopevav
Epuratog kot TEA0G 1 0€0m TOV YOP®V POPTIOL. TN GLVEXEWD KAVOAUE DTOAOYIGUO TNG
OMKNG YopNTIKOTTOS, PAcm NG Oomoiog KAVOUE KOl TNV OpYyovikn cLVOeECT TOov
TANPOUOTOS, KOU LTOAOYICOUE TOV OeikTn €E0PTIGUOD (DGTE VO TPOCIOPICOVE
Kémolo ypnowa otoryeion tov mAoiov(dykvpeg, kdPovg kAm.). Téhog peietnoape
TEGGEPLS KATAGTACELS QOPTOONG e PAon TOovg KavovIGHoUS Yo TAOIM LETAPOPAS
eUTOPELHOTOKIPOTIOV Ko eAéyEope av To amoteAéonato Tov EAYUE KAVOTOLOUV
TOVG 16YVOVTES KOVOVIGHLOVG.
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KE®AAAIO 1°: Biphoypaoiki ‘Epsovo,

1.1. INoia perapopadc E/K(Containerships)

O vanpeoieg ypapung (liner services) €yovv kevipikd poOAO GTO TAYKOOCULO
diktvo gumopiov, petaeépovtag nepimov 10 60% twv ayabdv mov petapépoviot did
puéoov Bardoonc. Iapéxovv ypnyopn, cvyvn Kot alOMIOTH UETAPOPA Yo, GYESOV
omolodnmote Qoptio o€ GYeddv KAbe TPoopicud Tov KOcuov. Ta mAoio petaPopdig
EUTOPEVLOTOKIPOTIOV OVAKOLV o€ OLTH TN Katnyopia kot ovopdlovior mAoia
YPOLUUNG, EXOVV dNASY| KOVOVIKA, TOKTA dPOLOLOYLL GE dedopéves, Tpokaboplopuéves
Ol POLES.

H petagopd eumopevpatokifotiov dwdpapatilel tov TALov onUavIiKO poAo
0TO TOYKOGUO EUTOPLO, KATL TOV DTOONADVETOL OO TNV GLVEXILOLEVT] AVATTVEN TOL
TOpéd oV Kol PPLOKOUOCTE €V HECH TOYKOOULNG OUKOVOMIKNG VeoNG. Asgiypa g
avantuéng avtg elvar 6Tt 0 otOA0g TV mAolwv petagopds E/K avénbnke xotd
nepinov 9% péoa oto 2010.

21c puépeg poc, to 13% mepimov g HETAPOPIKNG KOVOTNTOS TOV TAYKOGLULOV
otolov amaptileton amd mhoia petagopdc E/K. H cuvolikn petagopikn tkovotnto
TOV TAOlOV avtdv, and v T Tov 11 ekatoppvpiov toveov to 1980 épbace ot
avt v 169 exatoppvpiov to 2010. Xe cvvdvacud pe ta TAoio yevikod poptiov, Ta
omoio. UETOPEPOVY TOAAEG QOPEC KOl EUTOPEVLUATOKIPAOTIO, OVTITPOGMOTELOVY TO
21.3% tov maykoopiov otorlov. To 2009 m péon niwio tov mAolov peTAPOPAS
eumopevpatokifotiov maykoopiog Ntav 10.6 ypdvia, Ty M omoion MTOvV M
xopnAotepn omd OAo To YEVIKOU TOMOL mAoia, oakoAovBolueva amd to mAoia
HeTOQOPEG @opTiov yOdNV pe nAikia 16.6 ypovia, metperaiopopa pe 17 ypdvia, mhoia
yvevikoh @optiov pe 24.6 ypdvio kot to. vwoOlowma pe 25.3 yxpovio. XTn CLVEXEW
napatiBetor oyua mov anewovilel T HETABOAN TOV GTOAOL T®V TAOI®V HETAPOPES
E/K and to 1990 éwg xou to 2014, Bacilopevo G& OTOTIOTIKEG EKTIUNGCELS KO

TpoPALyeELs.

40000
35000 /
30000 /
25000 /\/
20000 /

15000 / = Statistical results

10000 // == Projected profile

5000
0

1985 1990 1995 2000 2005 2010 2015 2020

Yyqpa 1. Maykoopiog 6t6hog Thoimv petagopds E/K yo tnv aegpiodo 1990-2014 [1].
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Ta tehevtoio xpovia, 1 LVIEPTPOGPOPA TV TAoiwV peTagopds E/K €xel cav
OTOTEAECLLO, OL TIUEG Y10 VEOTELKTO 1 LETOYEPICUEVO TAOTOL AVTOV TOL TUTTOV VO EYOVV
néoetl. [ v akpifeta oamd 10 2008 £€wg 10 2009 o1 TIEG TV vESTEVKT®Y TAOIWV
éneoav katd 19-33%, evd yio petayepiopéva dekoetiog Enecav katd 47-69%. To
2009 mopadodnkav amd To voumnyeio A0 GUVOAKNG UETOPOPIKNG KOVOTNTOGC
11.669.000 t6vov. [Tave and to 85% tov TAoiov avtdv yTiotnke omd vavmnyeio g
Kopéag, g Kivag ko g lonoviag pe v Kopéa va katorappdver to 57% tov
10600100 ovtov. Ta vedtevkta mAoia avtng TG Katnyopiog anoteAovv 0 15% g
VEOG GLVOAMKNG YOPNTIKOTNTOS OA®V TOV TOTOV TAOIOV avTd TO XpOvo, Tiow omd To
Aol LETAPOPAS POPTIOL YVAINV Kol TO TETPELOLOPOPO OV amoTeEAOVV T0 28.9% Ko
10 22.6% avtictoyo. 10 oynua mov akoAovbel gppaviCovtor ta mAoio PLETAPOPAS
E/K cav 060610 T0L TayKOGUION EUTOPIKOL GTOAOL.

1
. 100 | Contaimer siips n 2006 shown as @
10 | pereentage of the top market
(Panarme . §63)

Yypa 2. Mioia petagopis E/K cav m060616 TOV TayKOGpHI0V EpmopukoV otérov [1].

H moykéopo owovopkny veeon tov 2008-2009 eiye ocav  oamotéhecpo
neplocdtepo mAoio amd Ot cuvnBioTav va ToAnBovv yu dypnoto pétaiia. To
2009, to moilo peTOPOpds EUTOPELUATOKIPOTIOV OV dOONKAV Yol KATAGTPOPY|,
arotedoboav to 22.6% NG GLVOMKNG YOPNTIKOTNTOS OAMV TOV TAOI®V 7OV
kataotpdonkayv. Iloapd v Tdon ovth, 1 CLVOAIKY] TOYKOGUIN YOPNTIKOTNTO TOVG
pewwdnke povo katd 3%. O pécog 6pog g NAkiog tov mhoiwv mov d6nkav Yo
dyypnota pétoria nTav 27 xpdvio.

Ov vavtiuaxés  etopieg  avtipetonifoov v mAEovALoVGO  LETOPOPIKY
KovOTNTA TOVG e TotkiAovg Tpomovs. [ mapddetypa, otig apyés Tov 2009 Kdamoteg
etoupieg €piEov TOvg VOOAOLG TOVG TOAD YounAd otnv ypouun Acia-Evpomn,
YPEDVOVTOG TOGO MOGTE VO KAADWYOLV Ta AelTovpyikd Tovg £€oda. Emiong peimoav v
TAE0VALOVOO PETOPOPIKT] IKOVOTNTA, EAUTTMOVOVTOS TV TOXVTNTO TV TAOI®V TOVG 1|
naponAilovtag ta. H toktikn avt) empunkove oe peydio Badbud tov ypoévo ta&idton
v ™ ypopuun Evpdmn-Acia, eBdvovtag tig 40 pépec.

H mopovoa katdotacn g oyopds, HE TN OCLVEXDS OLEAVOLEVN TN TOL
neTpelaion, GONCE T TEPIGGATEPES VAVTIAAKEG £TOpieg Le TAoia petapopdg E/K va
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HEIOGOLY TIC TOYOTNTEG TOV TAOIOV TOVG, TOKTIK] 7oL ovopaleton ‘apyn
nmAevon’(slow steaming), mepimov otovg 21 kopuPovg, oe avtibeon pe T £0¢ TOPO
TIUEG OV Kupaivovtay otovg 25 ko dve kKoupovs. ‘Etol ta vedtevkta mhoia Oa
epodtdlovtar pe pikpotepeg punyovég. Evdeiktikd, punyavn mov sival eykatactnuévn
o€ onuepwvo maoio pe petapoptkn tkavotmra 14000 kifotiov Oa sivoal apketd peydin
v TV dnon perAroviikot mioiov 20000 kifwtiwv.

O oyedlaoprdc TV TAOIWV oVTOV omoTeAel o Slapkn TPOKAN o™ KabmG, Omwe
avaeépnke kot Topomdve, e&vanpetovy to eumdplo tov 21 aidve mov omotte
YPNYOPES Kot 0&LOTIOTES LETAPOPES TPOIOVTWV OV E1val SLOOEGILA TTLOL GE TAYKOGLLLO
eninedo. To vyYMAG KOGTOC, 1 TEYVOYVOGIO TOL ATOLTEITOL Yl TNV KOTOOKELY], TO
oYEOIOUO Kot TN Aettovpyion €vOg TETOOL TAOIOL OAAG KOl 1 EMAOYN TV
YOPOKTNPIOTIKOV TOL ond TO VOLAW®TY)/TAOIOKTATN KoO1GTA TOV Topén aTOV TOAD
OTTOLTITIKO Y10 TOLG EUTAEKOUEVOVS POPEIC.

Ta containerships dwaxpivovior ce €t KOpleg Kotnyopieg avaroyo pe 10O
uéyeboc: uikpd tpogodotikd(small feeders), tpogodotucd(feeders), feedermax,
panamax, post-panamax, new-panamax kot Ultra-large Container Vessels. Ztov
nivako Tov okoAovBel avaivovTal To YopaKTNPIGTIKA KAOE Katnyopiog.

Katnyopieg Container Ship pe paon to péyedog

‘Ovopa Xopntkétnroe(TEUS) XopoKTNPIGTIKA

ULCV-Ultra 14,501 TEUs kou Gve | Me pfkog 397[m], mhdtog 56[m], pHboua
large Container 155[m[, o1 yopnrikdémTo TAVEO OO
Vessel 15,000 TEUs, ovAkovv mhoi NG
katnyopiog Tov Emma Maersk.

New panamax 10,000-14,500 Me mAdtog péxpt 43[m], to mhoia avtrg
™m¢ Katnyopiag Oa pmopovv va 01EAHovV
amd 1 owwpvya tov [ovoud otav yiver n
EMEKTOON TIG.

Post panamax 5,101-10,000

Panamax 3,001-5,100 To péyebog tv moiov  oawTOV
nepropiletar amd ta OpLa TG SLOPLYNS TOV
[Mavaud. Eyovv péyioto mhdtog 32,2[m]
Kot péytoto Pudicpa 12,04[m]

Feedermax 2,001-3,000 Mwpd mhoioe mov emyelpovv  peta&d
wKpadv  Apovieov  dwakivinong E/K 1
uetagépovv 1o E/K oe Mpdvie oote va
@opt®OoVV og peyaAvtepa TAoia. ZuvnBwg
£€YOVV O1KA TOVG POPTM-EKPOPTOTIKA LETO.

Feeder 1,001-2,000

Small feeder ITavew oo 1,000

IMivaxoeg 1. Katnyopieg Containership pe paon to péyedog[2].
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1.2. O1 tiuég tv kaveipwy aro to 1998

H tiun tov kavcipov giye moAEG dlakvpaveels amd to 1998 uéypt kot Tic pépeg
pac. To 1998 [3] n tiun yia to Papd netpéhato(BFO) ftav oe younAd emineda, g
16Eemg tv 508 o Tovoc. And ta péoa tov 1999 péypt to 2005 n Twn KopoVOTOY
ueta&y 120 ko 180$/ton. H paydaio avénon tov tiudv Eekivnoe to 2005, eOavovtag
oto VyYNAdTEPa emimeda OV Exovv Kataypaeel mepinov ota pésa to 2008, ayyilovtog
ta 8008/ton. Zta téAn tov 2008 Kot AOY® TG OIKOVOUIKNG Kpiong, ot Tipég Tov BFO
peiddnkav andtopa eBavovtag ta 225%8/ton ot apyéc tov 2009, amnd 6mov Kot
Eexivnoe maA otadiokn avénon yia va ebdcel ta 4508.ton. ‘Evag moAd yovopikog
Kavovag etvar 0t T tov BFO 6g 1d6voug elvan mepimov mévte 1 €61 @opég 1 TN
TOV 0PYOoV TeTpeAaiov o€ Papéita. Lto oynua 3 mov akolovbel paivetal | mopeia TG
TIUNG TOV TTeTpehaiov amd 1o 1998 £wg 1o 2010.

jeure 1: ices 1008 - 2
800 Figure 1: BFO prices 1998 - 2010
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Tyqua 3. Arakdpoven e Tipfqg Tov BFO o€ $ amo 1o 1998 £wg 1o 2010 [3].

Ortav o okt Tng ayopalet £va tovo BFO, ayopalet avarloyikd move amd Tpelg
TOVOUG ekmopuntdv d1o&ediov tov avOpaka(CO,). I'a tov mAoloKTNTY, T0 KOGTOG EVOG
tovov ekmounmv CO, eivor mepimov 10 €va TPiTo TG TWNG TOL KOVGIUOL TOV
ayopalet. To 1998, avtd 10 KOGTOG NTOV Alyo Whve amd 20$/ton CO, eved o 1999
avéPnke ota 50$/ton. Akolovbei oynua oto omoio eaivetal To KOGTOC Yo KGbe TOVO
CO; mov ekméumetot.
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Figure 2: Owner cost of a ton of CO2 emissions

| Owner’s Cost of Emitting a Ton of CO2
Using 3.02 ton CO2/ton fuel

98 99 00 01 02 03 04 05 06 07 08 09 10

Tyqna 4. Kootog yio kG0e tovo skmropming CO2 [3].

Katd ™ odpken avtig g meprodov, 1998-2010, mapomiiotnkav Kot To
tehevtaio mAola pe otpoPriounyavég mov eiyav petvel oty ayopd. Avtd ta mioia
Katoavorovay €0 kot 75% mapamdve KoOolo amd 0Tt to mAolo HE KIVNTNPES
netpelaiov, yw 1010 péyebog ot ida toyvnta. Eva tumikd defopevomiolo pe
otpofrhounyavn, Katackevaopévo tn dekaetio Tov 1970, elye péylom toydINTO
QopTOUEVO Kol og Mpepo vepd mepimov 16 wopPovc. Ta mepiocdTepa mAoia pe
UNYOVEG TETPEAAIOV, TTOV OVTIKATEGTNGAV TO TOAOTEPQ, EMAVAY TO TOAD Ayo Thve
a6 14 kopPoug yia Npepeg oAAE Tpaypatikég cuvonkeg Tagdov. Xe fdbog ypdvov, 1
peimon Tov pHécov 0pov tayvINTOG TV TAOIWV KoTd 2 KOUPove, emépepe peimwon ot
KatavdAwon Kavoipov kdbe mhoiov Katd mepinov 33% evd tavtdypovo avEnce v
anaitnon yw wioia Katd 15% dote vo tkavomomBovy ot avAayKes Yol LETAPOPES ava
TOV KOGLO.

[Mopd 115 Pertidoelc oe mOAAOVG TOoUElc TV MAOlV OmwG oTOV TPOTO
Aertovpylog, oTn UNYOVOAOYIKT EYKATACTACT] Kol 6T oyedioon, 1 0tedvig vovtiiio
eEaxorovBel va emmpedletar dueca amd TG TIWES TV Kavcipwy. Evoswtikd, yio éva
mhoio petapopds E/K to k6010¢ TV Kowsipwy anoterel 1o 50-60% 1OV GLVOAIKOV
AELTOVPYIKOD KOGTOLG OTaV TPV amd pepPKa ypovie Mrav oto 20%. Ta ta
de€apevomiotlo Kot To. TAOl0L LETAPOPES POPTIOL YVONV TO TOGOGTO AVTO UTOPEL Vo
eBdcel axopa kot to 80%.
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1.3. Hepifaltiovtina Oéuata

Emotpoveg mov gpguvoiv Tig HETOPOAEG TOV KAIHOTOG, £Y0VV amodeiel Tmg M
avénon g péong Tung g Beppoxpaciog g I'mg eival amotéhespo oyl GLOIKOV
QOWVOUEVOV aALL TNG avBpodTvng dpactnpiotntoc. [a v axpifeia opeidetan oTic
peydaov peyébovg exmouméc aepiov oy otpuoéceopa petd v Bropmyovikn
Enavéotaon. Xopeova pe tyv AwokvBepvntiky Emutpony yio tqv AAloyn Tov
KX\ipatog(Intergovernmental Panel on Climate Change, IPCC) [4], n mopatnpovuevn
avénon g Oeppokpacioag ™ yng elvor moAv mOBavd vo opeideTon otV
TOPATNPOVUEVT ADENCT TOV AVOPOTOYEVAOV GUYKEVIPOGEWYV TV AEYOUEVODV ‘aepimV
Tov Ogppoxnmiov’(Green House Gases-GHG).

Kotd ™ dbpkela tov mepacuévov awdva 1 Bepuokpacio otny EmEAVELD TG
I'mc avénbnke katd 0.74°C [5]. And 10 1997 kot petd £xovv mapatnpndel ot déka o
LeoTég APOVIES GTO TAYKOGHLO YPOVIKA VA amd To pésa Tig ogkaetiag tov 1970 kot
petd n Oeppokpacio g yng av&dvetar katd péco 6po 0.15°C avda dexoetio. Me
Baon 1t taom avt) Mg Oepuokpaciog Kot a@VovTag OVEEEAEYKTES TIC EKTOUTES
aepiov mov egvBbhvoviar yw ovTd TO QOVOUEVO, YVOOTO ¢ DPavopevo Tov
Oeppoxnmiov, ekepdlovior akdpo Kot EOPOL Yo KATAGTPOPIKEG GLVETELEG GTNV
avOpomvn dmapén. ITo cvyvég kol mo GoPapés PLOIKEG KATAGTPOPES, EVTOVEC
Enpaocieg ko metva mwov Ba pootiler tovg Aoovg, aviavopevog kivovvog yia
KOTOGTPOPY] TOV QPUGIKOV TOPMOV Kol dPAUATIKY OTOAEW TG PromokiAdtnTog eivon
pepkég povo amd avtés. To mio emProfn aépla yuoo v atpoceapo givol Katd
eBivovoa cepd 10 dro&eidio Tov dvBpaxa(COy2), To pebdvio Kot to 6lov.

2OpQove e EPEVVEG EMGTNUOVEOV, Ylo. Vo amo@evyfovv ta yepdtepa, OGOV
aQOpA TIG GLVETELES amd TNV awénon g Beppokpaciog,  Beppokpacio Ba Tpénet va
neploplotel ko vo datnpnBel 10 moAd otovg 2°C dve TtV Beppokpacidv Tov
EMKPATOVGOV TPV TNV Plopunyaviky ETovAcToct. AVTd TPOKTIKA CMUAIVEL OPOCTIKN
peimon tov ekmounov tov GHG. Evdeiktikd, amd téHTE MOV 1M Prounyovomoinon
Eexivnoe, &yovv edevBepmbel oty atpoceapa mepimov 500 dioekatoppdplor TOVOL
dvOpoKa-ta el amd 10 £va TPICEKATOUUDPIO TOVOVS EKTTOUTAOV, TIUT TOVE® omd TNV
omoio pepikoi emotnuoves motedovv 01t elvan mBavy avénon g Beppokpaciog
katd 2°C. Mg v vrdpyovoa tdon adéEnong Tov ekmounmv, 1 ovénon tov 2°C ot
péon Oeppoxpacio g I'mg avapéveton va yiver mpaypatikdmta peéypt to 2040. And
avtd Pyaiver 10 ovumépacpo OtL ypelopacte 30 ypdvia Yo TNV EKTOUTY| TOV
OEVTEPOV GOV TOV €VOG TPIGEKATOUUVPION, OTAV Y10 TO TPMOTO UIGO YPELOCTNKOLE
250 ypdvia.

‘Evag amd tovg Pooikovg ocvvieleotéc tov ekmoundv GHG Adyom g
avOpomTvNG dpactnpldTnTOg Eivor 1 Kahomn TV opukT®OV Kowoipmy. Katd m didpkela
tov 2007 10 ovvoro tv ekmoundv CO, amd ™ vovtidia[6], eyydpla kol diebvy,
avTioToryovce 610 3.3% TV ToYKOGUI®V EKTOUTAOV ard TNV KATOVIAMGT KOVGILOL.
[MpoPréyelg oamd 1o Aebvry  Opyavioud Noavtidiog(International — Maritime
Organization, IMO) kévovv A0y0 Yoo aénon TV EKTOUTOV oepimv amd To Thoia
péypt 1o 2050, oe mepintoon mov de AneBodv péTpo Yoo TV KOTOTOAEUNGT TOV
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npofAnuatog, g taEews Tov 150-250% o oyéon e tig Tipég Yo to 2007 Aoy ™G
ovveyovg avamtuéng g vavtidog. Ev cuveyeio mopatiBetar oynua mov deiyvel tig
exmounég CO, mov opeihovtal otn VouTIAio o€ GOYKPLOT UE TO GUVOAO TWV EKTOUTMV
naykoopimg. AkolovBel debtepo oo mov delyvel v mpoPrenduevn advénon Tov
ekmoundv £0¢ to 2050 Kot TV emMSIOKOUEVT TopEia TOVG o€ TEPITT®ON OV TAPHOHV
HETPO Y10 TNV AVTULETATIGT TOVG.

Global CO2 emissions

M International Awiation Inlemal?onal
1,9 % Shipping
2,7 %
. W Domestic shipping &
ORSa:’lzb fishing

0,6 %

m Other Transport

(Road) Electncity and Heat

Production
0,
21,3 % 35,0 %
Manufacturing
Industries and m Other
i 15,3 %
Construction Other Energy 5
18,2 % )
Industries
46 %

Yyqpe 5. Exropnéc CO2 am6 ™ vouTihia 6€ 60YKPLo1| PE TO 6VVOA0 TOV EKTOUTAV
TOYKOGUIMG[6]

Emission trajectory for international shipping

3000
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2500 /
§ 2000
8
1
E 1500
g
§
£ 1000
}40%
500 L 4 - 80% from 1990 |,
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0 partly based oo MEPC S8TNE 10 ¥|
1990 2000 2010 2020 2030 2040 2050

Tyfqna 6. Mpopreyn ekwopncdv CO2 [7]
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H mpoontikn yia otabepomoinomn tov kAipoatog o Oyl mhve amd 2 Babuoig
Kelolov oe oyéon pe 1o emimedo mpwv v Propnyovikn ovOamtoln, omoitel )
onNuavTIKn peimon tov ekmopummv CO, péyxpt 1o 2050. AveEdptnta Aoutdv amd to
YEYOVOS OTL TO. TAOIOL OMOTEAOVV TO MO QIAKO TPog TO TEPPAALOV Kol TO 7O
Amod0TIKO HEGO UETOPOPAOV, Ol GUINTACELS KOl Ol AVGEIS TOV TPOTEIVOVTOL Y10, TNV
OVTILETMOMIGT QLTOV TOV TOADTAOKOV TEYVOOIKOVOUIKOD KOl TOALTIKOD TPOPANUOTOS
ATOITOVY TNV GLVEPYOSIO OA®V T®V KOPLOV QOPEMV TNG VOLTNYIKNG KOl TOV
EQOTAGLOV KOOMC eMiong Kot TNV avVATTLEN KOTAAANAOL GYESIUGLOV, ETLYELPNCLOKNG
YVOONS Ko epYoreimv a&lOAOYNONG YO TOV EVEPYELNKA OTOJOTIKO GYESIOGUO Kot
Aertovpyio TV TAOIWOV.

H otpoceaipikny pdmavon amd to mlola Aowmdv, €lvol ©T0 EMIKEVIPO T®V
ocu{nmoewv amd TNV TOYKOGUIO VOLTIAOKY KOWOTNTA TOVAQ(IOTOV KOTQ TNV
tehevtaio dekaetio. E&etalovtag tig e&elifelg oto eminedo tov IMO, N péypt topa
TPO0d0o¢ 6Gov agopd To OEpa NG OTHOGEAPIKNG pOTOVONS amd To mAolo €xEl
avapyOet ko eivar pdArov apyn. Kabog o otdyog yia euaikn mpog to mepifaiiov
vautidia gival ynAd oty nuepniowa drdtaén tov IMO, g Evponaikng Emponrg kot
TOAALDV LELOVOUEVOV TOPAKTIOV KPAT®OV, 1 LEIWOT TV EKTOUTTOV aepimv givor Evag
ONUOVTIKOG KOl TPMTELMOV GTOYOC.

Méypt topa o1 ekmounés aepimv and v moyKOGU EUTopPtKn vavTidio sivol
eAevBEPES Kot HEV VIAPYOVY KOVOVIGUOL Y10 TOV TTEPLOPIGHO TOVG [8]. Zdupwva pe to
TpOTOKoALO TOL K1610, 0mtd TOUG GTOYOVLE TOVv Omoiov €xel e€apebel M vavTidia,
npEneL vo. ANeOovV cuykekpipéva pétpa omd Propmyovieg Kot GAAEG dPAGTNPLOTNTES
Yo T HEI®ON TV EKTOUT®OV TOV aepinv Tov Beppoknmiov kot kvuping tov CO, mov
evBvvetar oe peyaAvtepo PBabud yio v avarntvén tov eavopévov. Eivar cogég
Aoy 0T 1 TEPi0O0Gg EALEYNG KAVOVIGUMV GT1 VOLTIAia £ival ToAD KOVTd 61O TEAOG
™G, HE TNV OVOYKAGTIKY] ANym HETPOV Yo TOV TEPLOPICUO NG HEAAOVTIKNG
avantuéng tov ekroundv CO; va gival Tpo TV TLA®V.

oppowva pe épevva tov IMO, ot Tpelg katnyopieg miolwv pe tn peyolvtepn
KOTOVAA®GCT KOLGIH®V KO ApoL TIG LEYOAVTEPES EKTOUTES KOVGOEPIMV Elvar To TAOLN
petapopds epmopevpotokiBotiov pe peta@opikn kavotnta petasd 3,000 mg 5,000
Kipotiov, TAolo HETAPOPAS EUTOPEVUATOKIPOTIOV HE HETAPOPIKN TKAVOTNTO UETOED
5,000 g 8,000 xiPotiov kot téAog ta empPatnyd-oynuatoymyd mAoio pe tayxdnTo
miebong 1o Ayotepo 25 kéupovc. H ambvinon oto ywati avtoi ot tomor mAoimv
TaPAyouV o LEYOADTEPA TOGA Kavcsaepimvy dev gival o peydiog apBpuog toug. Kowdg
TOPOVOLOGTNG KOL TOV TPUOV TOT®V £lvar 01 VYNAES TaYVTNTES TOVG.
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CO2 emissions per vessel category (million tonnes)
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Tyqna 7. Ekropnég CO2, Haykéoprog Xtolog [8]
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[Hopatpovtag 10 mopamdve oynuo mopatnpovpe 0Tt ot ekmounés CO;, v
mAolo LETAPOPAS EUTOPEVUATOKIBOTIOV LE UETAPOPIKT IKOVOTNTO UEYOAVTEPT TOV
4,400 xipotiov elvar ovykpiolueg pe exeiveg Tov cuvolov TV deEapevoTAoimY,
TapoTL To, deEapevomAola ivol TOAD TEPIGGOTEPA KOl TOAD PEYOADTEPOV UEYEOOLG,
AOY® TG HEYOANG S10pOPAG TV TAYVTNTOV.

‘Eva gupd @acpo emAOy®V Yoo TNV ovénom g EVEPYELNKNG OO0 G Kol TNV
pelmon TovV eKToUm®V, oAAALOVTaS TO0 oYedloHd TV mAoiwv Kot emepfaivovrog
OTOV TPOTO AELTOVPYING TOVG, TAPOLGLALETAL GTOV TivVaKO TOPAKAT®. Mg ded0UEVO
OTL 0 KVUPLOG TPOTOG Yo TN Helwon TV ekmoundv dtoéewdiov Tov dvBpaka givorl
avENON NS evePYELOKNG amdOOoNS, AVTEG Ot LEB0dOL epaprolovTal Yevikd o€ OAES TIC
EKTOUTES Kowooepimv amd to whola. Xtn ovvéyewn mopoatifeton mivokog pe TO
exTiuopevo  péyebog Helwong TV EKTOUTOV  YPNOUYLOTOUDVTIONG TPOKTIKEG KoL
TEXVOAOYiO IOV EIVOIL YVOGTY OTIG UEPES LLOG.
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Meiwon
Zx£610 (vedteukta mAola) EKTIOUTIWV Zuvluacpnog | Zuvduaopog
CO,(tévol/pina)

I6€a, TaxUTNTA Kal Lkavotnta 2% £w¢ 50% * 10% €wg 50% | 25% éwg 75%

Faotpa Kal UTIEPKOTACKEUN 2% £wg 20%

loxug katl cuothuota
POWONG
XOoNANG TEPLEKTLKOTNTAG
o€ avBpaka KavoLa

5% £wg 15%

1% €wg 15% **

AvVaveWwoLn eVEpPYELO 1% £wg 10%

Meilwon kavoaepiwv CO, 0%

I Aettoupyia(oAa ta mAoia)
Alaxeiplon otdhou,
logistics & kivntpa

5% €wg 50% 10% £€wg 50%

) ) 1% ewg 10% ,
BeAtiotonoinon tagldlov 10% €wg 50%

I Awoxeiplon evépyelag 1% £weg 10% I

* Meilmon avtod Tov emTESOV amattel Lel®O TG EMYEPNOLOKNG TOYXVTNTOG

** O tipég owtég Paciloviat oty ypnoponoinon Pucsikod Agpiov yio KaOGLO

Mivaxag 2. Extipnon peioong ekmropndv CO2 ApNGLHOTOLOVTAS YVAOOTY]

TELVOLOYIO KoL TPUKTIKES[6]

Ot avavedoyleg TYEG EVEPYELNG, HE TN HOPPN TMAEKTPIKNG EVEPYELNSG, TOV
napdyetol omd NAKES KuyéLeG, Kot @Bnong, mov mopdystar amd tov Gvepo, sivol
TEYVIKA EQIKTEC HOVO YOl UEPIKT €EOKOVOUNGCT EVEPYEWNG AOY® TNG OKOVOVIGTNG
€VTOOTG KOl GUVETADG PEYIOTNG 1GYVOS TOL OVELOV Kot ToL NAlov. Xg BdBog ypdvou
®oTdG0, M YPNON TETOLOV HOPPAOV EVEPYELNS GUVEIGPEPEL GE HeYAAO Pobud oty
YEVIKT TPOCTAOELD Y10 TEPLOPICUO TOL PALVOLEVOL TOL Beprokmmiov.

Kavowo pe yopnin meplektikdmto oe avOpoko Kol GUVETMG UE YOUUNAOTEPESG
exmounég CO, elvar ta Prokavoluo kot 1o LYpomomuévo @uolkd aéplo. H
ypnoonoinon Prokavcipov ota wAolo eivor teyvikd gektr. QotdcO, M YPNON
Bokawoipwv mpdg yevidg Omuovpyel opopéva teyvikd mpoPAnuate kot Oo
pumopovce eniong vo awénoel 1o pioko Yoo amdAE 16006 Ot TPOKANGELS QVTEG
emoKldlovtol and TNV TEPLOPIGUEVT] OLOOEGILOTNTO KOL TNV OTOYOPEVTIKT TLUY| TOVG,
Adyotl Yo Tovg 0moiovg 1 EMAOYN TETOIWV KOLGIH®V QoiveTol omifavo va epaprootel
o€ HEYAAN KAlpoKo oto €yyvg péAlov. Qotdco, moteveTal OTL TO LYPOTOUUEVO
QLoKO 0éplo Ba yivel OKOVOUIKE EAKVLOTIKO KLPIMG O TMEPLOYEG OMOV VTAPYEL
dwbeoipudTTo 0TOTE KoL 1) T Tov B tvan Tpooity.

Xoupwvo pe tov NopPnywd Nnoyvopova(Det Norske Veritas-DNV)[9],
vapyel dvvatotnta peiowong tov ekmounmv CO; xotd 15% pe v avamtvén
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YVOOTNG TeYVorOYiog Kol  Agltovpyiog omodoTik®mv pHefddwv Ommg Pelticon
TPOYPAULOTIGHOL Ta&d100, Peitioon Kotdotaong e yaotpos, PeAtictomoinom
oTOAOL Kot peimon g TayvTToc. Extipdror 6t éva mokéto 25 HETpmV, TEYVIKOV Kot
Aertovpykav, mov 6Aa Pacifovtor otnv vIdpyovsa TexVoAroyin, UTopel GUVOAIKA Vo
EMPEPOVY UEIOT TOV EKTOUTAOV TNG TAEEWS Tov 60% péxpt T0 2030. 10 GYNLO TOV
axolovBei paivetor 1 peimon mov pmopel va emeépel n AMym Kabe pétpov Eexmplotd.

0 50 100 150 200
CO: reduction [million tonnes per year)

B Voyage execution M Fropuksion effidency devices Baseline CO; emissions: 925MT
Il Boiler consumption reduction I Hull condition
Il Engne monitoring Weather routing
B Ausiliary power reduction B Fleet aptimisation and speed reduction
Optimal trim Wind power
Propeller efficency

Yypa 8. AT0d0TIKOTNTA TOV EMAOYAV Y10, NEIMGT] TOV EKTOUTOV [5]
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1.3.1. Agiktys Evepyearaxng Anédoons - EEDI(Energy Efficiency Design Index)

O IMO mpookindnke 1o 2003 and 10 Xvvédpro Tov Hvouévov EBvav yuo v
Khpoatikry AAoyn(United Nations Framework Convention on Climate Change-
UNFCCC) va avtiuetonioet tig eknounéc tov GHG [10]. Zav anotéleoua avéntuée
tov Acgiktn Evepyelokng Anddoong(Energy Efficiency Design Index-EEDI) mov
amotelel £va amodoTIKO, Omd TNV TAEVPA TOV KOGTOVG, TEXVIKO UETPO KoL TPOTEIVETOL
¢ Pdomn vy Evav HEAAOVTIKO LTOYXPEMTIKO KAVOVIGUO peimong tov ekmoummv COs.
H soaywyn tov éxet emrpéyet v a&loAdynon e eIAKOTNTOS TOV TAOI®MV TPOG TO
neptPdAlov and pio mocotikn dmoyn eved afilel va onuewmbel 6tL amotehel éva
TLOTIKO TPOYPOUUD, Eivar okOpo €0EAOVTIKO, TOL TPOTEIVETAL TPAOTH POPA GTOV
TOUEN TV LETOPOPDV.

O EEDI mpoopiletar vo mopéyel £va HETPO TNG EVEPYENKNG ATOSOCTG €VOG
mAolov KOl KVUPLOG GTOXOG TOL givar va wBnoel v vovtiloky Popnyovie. otov
OYEOICO KoL TNV Kataokevn mAoiwv to omoio Ba €yovv pikpOTEPT Omaitnon
EVEPYELOG Ao TO NOT VITAPYOVTA Kot apa o ekméumovy Ayotepo CO,. Mia oMGTIKN
TPOGEYYION Y10 TNV AVTIUETOTICT TOV EKTOUT®V amotteitol [11], n onoio doov agpopd.
tov EEDI 0o otoyevcetl oty kotd 10 duvatov PBEATIoT oyedioon ™G YAGTPOS, TOV
KOADTEPOL dVVATOD GLGTHATOG TPOMOTG KOl AAL®V TEYVOAOYI®V oV Bl BEATIDGOVV
TNV EVEPYELOKN OmAS00T KOt TOV Bol ATOTPEYOVV TN GTPOPT GE TPAKTIKES TOL Uopel
va TeTLYOLY YOUNAES Tiég Tov EEDI ota yaptid adAdd va £xovv apvnTikég emOPAcELS
o6cov agopd Vv evepyelakn amddoon kot T ekmounés CO,. IMa vo otepbel pe
emtuyio pio tétown mpocéyylon Ba mpénel va AneHodv vdyn N dabecudTTa TG
TEYVOLOYLOG, M OVAYKN Y10 OTPOPT GE KAVOTOUES 10EEC GYEIOOUOD Kot AErTovpyiog
TOV TAO10V KaBMDG KOt 1) O1KOVOUIN KOl KATAGTAGT] TOL TAYKOGULOV EUTOPIon.

[Ma v epappoyn pétpaov mov Ba PeAtidvouvy v evepyslakn anddoon kot Ha
petwvouy 11 ekmounés CO,, cuvOLAlovTog TEYVOAOYIKEG KOIVOTOMIEG Kol Yp1iom
KOVGIH®V YopnAng meplektikdttog o avOpaka, Oewpeiton 6T Bo mpémer va
arontnOetl éva vmoypewtkd 6pro tov EEDI yw ta véa mhoia. Me v emPBoin tov
EEDI Mowmdv, ki mov Ba yivelr mbavotata to 2013 [7], o emtevybév deiktng yia Eva
mholo Ba mpémer va eivor KAT® omd pio EVOEIKTIKY YPOUUY], YPOUU OVOQOPAS, M
omoia. Ba elvar O1POPETIKY] Yoo doPoPeTIKOVS TOTOVS TAoiwv. To 6po avtd Ha
kaBopiotel and tov IMO o10 dueco pédlov katl o Baciletar oe dNuUOGLO dedouéva
Kol vToAoyiopovg mov Ba opilovion amd pio katevBvvrnplo ypapun. Ta dpra Tov
EEDI propovv va t1e0o0v otadiaxd pe Pdon v texvoroyikn avdmtuln, kabmg pe
MV TApodo TV Ypovav Ba vapyovv véeg texvoloyieg Kot dAla dedopéva mov Oa
kaBopilouv ek véov ta Opra. Tov Ogiktn. o mapddetypa, oto pHEAAOV M ypNom
EVOALOKTIKQOV TTNY®OV evEPyeLag Umopet va eivol 1660 S10dedopéEV MOTE VO VITAPYEL M
duvatdHTTo. Yoo TEPOUITEP® HEIMON TOV Opldv. XT0 Odypoppe Tov aKolovdet
napovctaleTar €vo TopPAdEyHo oTAdOKNG pelmong tov opiov tov EEDI pe v
Thpodo TV YPOHVOV.
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Example of EEDI limit

== Baseline (fleet average in 2007)
Bulkers 2020 - 0.88 of baseline

\ = = "Bulkers 2050 - 0.53 of baseline

EEDI
O" -

Dwt
Yympa 9. Mapéaosiypa opiov Tov EEDI kot petaforn Tovg pe tnv mépodo tov
1povov[12]

H oyéon mov diver v tun tov EEDI diveton mapaxdto(Préne e&icmon
[1D[13]. Eivor edkoro vo mapatnpioovpe mog eivar dwitepo evaicOntn ortig
HETAPOAEG TG TaYVTNTOG VNPESTOG KAOMG 1 ATULTOVUEV 1oYVG Elval avAAOYN TNG
TOYOTNTOS VYOUEVNG oty Tpitn ddvaun, cOHEOve pe Tov TOMO TOL AYYAKOV
Navapygiov [14].

* Cr * (Pyg " SFCyg + Pap - SFCyi)

EEDI = 0.65-DWT -V

omov: Pve : 1oy0g KVpog punyavig oto iong pe 75% too MCR
Pag : woy0g Pondntikev punyavav ion pe 0.025Pg + 250
sfc: Ewwm katovalmon kavoipov o avth v woyv(specific fuel consumption)
Ct: ypapudpro CO; mov ekmépmovton yio kde ypappdplo Kavsiflov mov
KOTOVOAADVETAL.
V : taydtnto Tov TA0ioL

Evdewctikd, yuo mhoio petapopds E/K peimon mg toyvmrog katd 1 xoépupo
emoépet peioon tov EEDI g 16éewc tov 19-27% evod peiwon 4 kopPov emeépet
peimon 34-42% o6nwg mapovotdletor 610 mapokdto oynua. Eivar cagég Aomdv ot
pétpa ta omoia Bo Exovv cav AUEST CLVEMELD TN Hel®O™N TG ATOUTOOUEVNS 1GYVG,
petwvouv tov EEDI ko dpa av&dvouy v griikdtnta mpog 10 mepifarrov. Ta pétpa
avtd pmopovv va. AneBovv kol ota vrdpyovta mAoia, Oyt UOVO GTO VEOTELKTA,
KAVOVTOG EUQOVT] TO TPAOTO OTOTEAECUATO OE HKPO ¥POVIKO OAoTNUO. XTO CYNUO
nov akoAovBel aivetal 1 enidpacn g TayvTNTOG otV T tov EEDI avdioya pe
TNV UETAPOPIKN IKAVOTNTAL.
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35 Design Speed Variation -4 knots -2 knots Standard
1,000 TEU EEDI,, 14.70 18.37 25.18
iFeederShip) % Ch.we -42% -27% i
20 4 4,500 TEU EEDI,, 11.31 14.15 17.99
(Panamax) % Change -37% -21% —
4,500 TEU EEDI,, 11.34 14.39 18.64
iBabx Neo—Panamaxi % Chanﬂe -39% -23% —
25 1 X 8,000 TEU EEDI 1053 13.07 16.17
(Post-Panamanx) % Change -35% -19% -—
12,500 TEU EEDI,, 9.28 11.40 14.01
TE" 20 Ultra Large) % Change -34% -19% —
< ]
a >2< \
£ X
:_? 15 4 A - %
o ]
- Ad ]
A A
o ]
w 10 A
w —Baseline EEDI
A 4 knot speed reduction
5 4
m 2 knot speed reduction
x Standard Ship Design Speed
0 T T T T T T T 1
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000
Deadweight at Load Line Draft (tonnes)

Yympe 10. Tipég rov EEDI Yo dgdopéva mhoio petapopag E/K [15]

ZOUQOVA PE TN YVOUN TOAGDV HEAMV TNG VALTIMOG, TO OV TO KPITHPLO TOV
YPNOUOTOIEITOL Y10 TO TTO10 TTAO10 gfvat amodoTkd 1 Oy, Paciletor oe pio ecQaApEVN
QOprovAd. AT TN oyéom mov divel Tov delktn mapatnpove OTL N PEATIOTN TN TNG
TayOTNTOG Etvan undév, Kabdg avutn Ba metvyet T kpdTepn duvary Tiun tov EEDI
omoia Ba givor kot owt pNdév. Avtd Ouwg etvor TpokTikd advvato kabmg de Ha
petapépeTol eumdpevpa. Oempntikd, pio avbaipeta yopmAn Ty g ToyvTNTog dtvel
pio eAdylotn Tun tov deiktn aAAG o1 mapevepyeleg amd pio té€tot kivnon umopel va
givan onpovtikég [11].

Ymapyer o @Ofog 6Tt M emPoin pog PEYIOTNG TWNG TOL OgikTn, Umopel va
LETOTOTICEL TO EMIKEVTIPO TNG TPOCOYNG omd v oyediaorn PEATIoTOV HOPPOV
YAGTPOG KOl CUGTNUATOV TPOWGNS GE EPUPLOYN OTAL YOUNAOTEPOV TAYVTNTOV OOTE
va woavoronfel o deiktng. H emPoin evog dve opiov toayvtntog Bo petpibost v
KOTOOKELT] TAOIWV UEWOUEVNG 1oYVG T OTTola, GTNV TPOSTAOELD TOVS VA 10T PT|GOVV
™V ToOTNTO. TOVG G6€ dvopeveic cuvinkeg tagdov, Ba exméumovv dvoavdioya
peydieg moootnteg aepiov. Emiong, kabe andmelpa peimong g toyvtntog o mpémnet
va eappoletol pe pHeyaan mpocoyn kKabmg umopel va vdpyovy GAAES TOPEVEPYEIEG
OT®G Pel®ON TNG SVVATOTNTAG EAMYLMOV KOl TNG AOPAAELNS VOLGITAOTNG, adENCT TV
vavAwv, avénon tov aplfuod Tov TAoIV Yoo KAALYN TV OVOYKOV TOV EUTopiov,
avénon amofepatikod KOGTOVS OKOUO KOl OTPOPN G€ GAAD LEGH UETOPOPDV OTMC
QopTNYA Kot TpEva oL Ba 001 YNGoLY 6 avEnon TV ektoundv Tov GHG.
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1.4. ‘Apyy Il2&bon’ (Slow Steaming)

H ‘Apyn [Tkedon’ i ‘Slow Steaming’, 6mwg eivon 1 d1ebvic oporoyia, givar pia
EMYEPNOIOKN OTPATNYIKN KATA TNV omoia éva mAoio tafldevel oe yapnAdTePEG
TaOTNTEG TOL PEGOV OPOL, GE dAPopa oKEAN evog Ta&idtov. H taxtikn avtr cuvtedel
oe peyoro PBabud ot pelowon e KOTAVOA®ONG KAVGILOV, KATL TOL GLVETAYETOL
LEI®ON TOL AEITOVPYIKOV KOGTOVG TOL TAOIoL Kot peiwon tov ekmounmdv CO, oty
atpoceapa. Amotehel €vav  omodeKTO TPOMO YO TOVG GOYESOOTEC KOl TOVG
KOTOOKEVAOTEG TAOIMV 0TV OOLAELOLV TPOG TNV KATELOLVGN EKTANPMOONG KoL
ovpudpewong pe tig amortfioelg tov EEDI Xduewva pe v Maersk [16],
peyaAdTepT vauTIMOKN toupion otov KOGHO, 1 epapuoyn tov slow steaming ota
mhola, Tovg Ponbdel 6to0 va €yovv peyoAvtepa O0QEAN TOGO GTOV TOUED TG
aglomotiog Tov TPOYPAUUATOS Topddoonc-mapadaPng epmopedaToc(divoviag
duvatodtta og €va mhoio va emtaydvel 1 va emPpadvvel 0mote yperdletar) 6GO Kot
070 TEPPOAAOVTIKO KOUUATL.

H toxtikn tov Slow Steaming &ekivioe to 2008, 6tav 1 T ToV TETPEAAIOD
¢pBace oe emimeda pekdp Kot To Agttovpykd £E0da Twv mAolwv ekToEeONKAY GTO
Y. Ze aTtd MONcE Kot 1 avEavOpevn ovnovyio 6TV VOUTIAOKN KOvOTNTO Yo TV
puoéAvven Tov TEPPAAAOVTOC KOt TIC KAMUOTOAOYIKEG OAAAYEC AOY® TOV EKTOUTMV
aepiwv oV TAVE AVAAOYIKA LE TNV TOCOTNTO KOVGILOL oV Katyetal. Amd ekeivn v
mePiodo Kot PETA, TAola oV Tagidevay pe TayvTNTES 22-25 KOuPoug TAéov v £xouv
pewwoetl 6tovg 18-20 k6pPoug Kot og KAmoleg TEPUTTOOELS 6TOVG 8-12 KOUPOoLG.

Yympo 11, Exidpacn e Tipng Tov meTperaiov 6Tig eTijoreg ekmopunég CO2 [16]
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Xty ékBeon g n Maersk [18] avagépet 6t1 v tpretio and 1o 2007 £mg Kot 1o
2010 ot exkmopméc CO, ota mhola g pewwdnkav katd 14.5% oavd xiPotio
BEATIOVOVTOC TNV AEITOVPYIKT OTOSOTIKOTNTA TOLG KOl KLPIWG LE TNV EQPAPUOYT| TOV
slow steaming, to omoio omd uoévVo ToL €VOVVETAL Yol HEIMOT TOV EKTOUTOV TNG
16Eewg tov 7% péca oe mepiodo 18 unvav. ‘Eva mapddstypo mov @ovepmvel To
uéyeboc g woyds tov slow steaming eivar 6tt évo mhoio upetagopdg E/K pe
yopntikdtta 8000 E/K kot tayvtnta vanpeoiog 21 kopPoug yperdletar 125 tovovug
Kawoipov yia va dtavooet S00 pida. To 1610 mhoio yperaletar 80 TGvovg KavGipov Yo
va SvOoEL TNV 10100 0mdGTAoT HEWMVOVTAG TNV TaxOTNTO TOL 6Tovg 15 KopPovg. O
eknpoéownog g Maersk Cerup Simonsen dqiwoe [19] moc ‘to 0@éAn amd TV
gpappoyn tov slow steaming sivar Eexdbapa. Otav 1 taydTnTa pewdveton katd 20%
N KoTovOAmon peidvetol mepimov kotd 40% avd pid. H eilocaywyn tov otn voutida
€lval 0 o oNUAVTIKOG TapayovTag Yo T peiwon tov eknoundv CO; otig uépeg pHog
KO KOO, OEV EYOVLE GLVEIONTOTOUCEL T OVVOLLIKT] ALTOV TOV EYYEIPTULATOS .

Container ships

—2000 TEU
— 4000 TEU
—— 6000 TEU

240 — 8000 TEU ////
— 10000 TEU
200 il

320

280

5 -
g 160 ///’//
- 80 ,./////
w0 j——f:i/
0‘14 16 18 20 22 24 26

Speed (knots)

Yynpo 12. Zovolki KaTavaloen Koveipov o€ covaptiien pe v toyoryre. [20]

Zoupovo pe tov Noppnywdé Nnoyvopova [9] mepimov 10 80% twv dradpoumdv
and Acia yio Evpdnn wpaypatomroleiton and mhoia mov epapuolovy Ty TOKTIKN TOL
slow steaming. Avto amekovilel o€ peyaro Padbud 6t n Prounyovia Exel aykaidoet
™ péBodo. [MAéov n mAeloymoeio TV VANPESIOV AVTAG TG SOPOUNS YivovTol pe
tayvnteg 17-19 képpouc.

ENUovTiKOg Topdyovtag mTov cuviBaie oty viobétnon tov Slow Steaming amod
TIC VOLTIMOKEG €TOUpiec NTOV KoL 1 TAEOVALOLGO HETAPOPIKY KOVOTNTO OTNV
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vauTiMokn Popnyovia, 1 oroio CUVETECE UE TIC PTOYES EUTOPIKEG GLVONKEG OTIG
ayopéc. Zta ypdvio NG OWKOVOUIKNG avOnong xot svnuepiog péxpt to 2007, ot
VOLTIMOKEG ETOPIES ADENCOV CNUOVTIKA TNV YOPNTIKOTNTA TOVG 6ToV Topéa Tmv E/K
o€ OAEG TIG KVPIEG O1AOPOUEG DOTE 1) TPOCPOPE TOV TAOIMV VO IGOPPOTNGEL LE TN
Mrnon. Avt 1 av&avopevn yopnTIKOTNTO OUOS 0modeiyTNKe TS elvarl SVGKOAO va
Jwxelptotel omd TN OTIYUN TOV CUVENEGE UE TN UEYOAVTEPT OUKOVOUIKT VPEGT OV
yvopioe 0 koouog puetd tov 2° Maykdouo Idrepo. Amotédeoua g Theovalovoag
HETOPOPTKNG IKAVOTNTOG NTAV TOALA TAOLN VO TOPOUEIVOLV TOPOTAICUEVA. ZOUPOVA
ue to Toppovio BaAtikng ko Aebviig Novtidiag( Baltic and International Maritime
Council-BIMCO) [21], vroroyildtav 611 mepiocodtepo. amd 300 mAoio o arocvpHovv
TPOGMPIVA aTd TNV 0yopd MGTE 1 TPOGPOPA VO 1I0OPPOTNGEL e TN {RTNom Kot va
amoTPanEl 1| TEPALTEP® TTMOON TOV VOA®V. Telkd 140 mhoio mapépevay adpavn e
amotéAeso, ot vaviol va wécovv 10-11% amd tote. Me ™V gpoppoynq tov slow
steaming Lowtov o aplBpdg TV adpavov mloiov peindnke kabng o xpovog Taidiov
avéNOnke Kot amontoHvTol TAEOV TEPLGGOTEPQ TAOIO YO TNV KAALYN TOV OVOYK®OV
TOV gUTOPioV, KATL TOV AMEWOVICETOL KOl GTO GYTLLOL TOV 0KOAOVOEL.

GLOBAL CONTAINERSHIP CAPACITY

Total liner fleet (m teu) Idle fleet {m teu)
15 1.6

13

1.2

11
0.8

0.4

BOXLINE SLOW DOWN

6]

L S T g |
04 ©5 06 07 08 09 10 11 09 10 il

Source: Alphaliner

Xyfqpa 13. Xopntikotnta mhoiov peragopds E/K ywa v nepiodo 2004-2011 kan
néye0og maporiiopivov thoimv amo to 2009 ko perd(os ekatoppdpro E/K). [17]

Onwg oe 6ha o Oépata, €161 Ko Yo v €pappoyn tov slow steaming dgv
oLLE®VOLY OA0L 01 eumAekOpevol. Kdamotot dnidvouy mtmg to slow steaming dev givar
VIEP TOV GLUPEPOVIOV TMOV 1OOKTNTOV TOV QOpPTiv KaOdg M Tapddocn Tovg
kabvotepei. H Maersk amoppinter avtég tic xpitikég [18] onAdvoviag mmg 1
YOUNAGTEPN TaxOTNTO OEV ouLvETmAyeTOn omopaitnta Kobvotepnuévn moapddoot).
Avtifeta Befardvel mog pe to slow steaming emtvyydveton peyolvtepn axpipela 6to

YelMda | 19



YPOVO TOPAGOoNC TOV POPTION YlOT ATOPEVYETAL 1] KUKAOPOPLHKT CLUPOPNON EVTOG
TOV AUOVIOV KOl BEATIOVETOL O TPOYPAUUATIGHOS Tov Tasdov. Kdamotot maAt
oyvpilovior Tmg ta. 0PEAN oL onueOnkay Kot Bo onuewbodv kotd TV TEPiodo
epapuoyng tov slow steaming, Oa dacparicovv 4Tt o1 Popeic g vovTidiag g Oa
EMAMEOVY VO, EMGTPEYOVV GTO TPONYOVUEVA GEGOUEVO VYNADV TAYLTATOV OTOV M
ayopd opBomodonoetl. Avtifeto pe avtiv v dmoym, pepida avlpomwv £xst TV
nemoifnon OtL 6Tav M oyopd OVOKAUWEL Kot 1) TAEOVALOVGO LETAPOPIKY] TKOVOTNTO
nelwbet, Bo eMOTPEYOVE OTIG VYNAEG TOYDTNTEG TOV TOPEABOVTOG.

Eivar cagég 0Tt 01 €poTAMOTEG £XOVV TEPAGTIO OPEAT LE TNV EQOPLOYN TOL Slow
steaming kabhg N eEowkovounon ota Kavola givar peyoldtepn and 1o mpdoHeTo
KO0TOG AOY® TG ypnowuonoinong emmAéov mhoiwv [9]. Eivar omiBavo, wabdc
eoivetal, 1 T Tov TETpEAaiov va pelwbel pe v TAPodo Tov YPOVOL GE TETOL0
Boabud dote to slow steaming va ivatl avtiotkovopko yio avtovg. ' Tovg opTOTES
T pdrypata dev gival 16co Eexkdbapa. Otav 1 TIU) TOV EUTOPELLATOG ElvaL YOUNAN,
N epapuoyn tov slow steaming ,aAAd Oyt ce mOAD yaunAég ToybTNTES, UTOPEL VL
EMEEPEL YOUNAOTEPO OLVOAMKO kOoTOG ava TEU o6tav mepilapfdveton kot to
amofepatikd k6otog. Aviifeta, 0Tav T0 KOGTOG TOV EUMOPEVLATOS ivar peydAo, To
OLUVOMKO KOGTOG aLEAVETOL GTIG TOAD YapnAEg tayvtntes. o Tovg oKt TEG TV
eoptiov, tOo KvLpOTEPO Bépa etvar 6Tt TO YOUNAO KOGTOG UETOPOPES Oev
avTIKOTOTTPILETOL AmOPAiTNTO GTO VOOAO TOL TPEMEL VO, TANPDOGOVY KOOMOS 0 VOOAOG
kaBopiletar omd v mpocpopd kot T (RTNom, Kot peE 1o v EMPpadtvovv
EAATTMOVOLV TNV TPOocPopd. Amd v GAAn, to Slow steaming sivol gvuepyetikd yia
tovg liner operators 6co n {\tnon eivol og YaunAotepa enineda amd TV TPOGPOPA.
Ortav ot vavrot pBdcovv og éva opiopévo eninedo, Oa gival emkepdég yio toug liner
operators n avénon g tayxdTag Yo 660 Koupd to. mhoio pmopovv va Ppickovv
EUTOPEVLOL VO LLETOPEPOLV.

Yrdpyet évo vekpd onueio oty tiun tov netperaiov [22], kdtw and v omoio 1
otpotnyikn tov slow steaming dgv eivon Bubown og Pdbog ypdvov. H peimon tov
ekmouncddv tov CO; ota eninedo mov £yovv PBAceL onuepa, umopei va datnpnbet yio
TIUN Kowoipov mov kvpoivetor oto 350-400%/ton. 'Etot edv ot Tipéc Tov Kovoipmv
TEGOVV EVAD Ol VOAol Ko 10 amofepatikd kdotog avénbovv, 1o xivntpo vy va
1a&10€0el éva mhoio og péytotn tayvtnto. Oa avénbei. Oco ot vavrotl Téetovy, to slow
steaming Oa mapapeivel BLOGIHO €6V O TIHEG TOV KOVGIL®OV TOPAUEIVOLY DYNAEC 1)
€QV EQOPUOGTOVV OLVOUIKEG ADGES OTMG M EMPOAT, QPOPOLOYIKMDV EIGPOPADV Kot
oplmV EKTOUTOV POTTOV.

Amd ™ vovtihokn etopio Maersk [23] kot 616 otopoTog TOv Sevddvovta
ocvupovrov g Eivind Kolding, onAdvetar 6t to slow steaming 6o moapapeivel oav
OTPOTNYIKN] OTO GTOAO TNG Y 000 Owdotnua €ivor Aoywd 7y OAOVLE TOVG
EUTAEKOUEVOLS, KOOMDG €lvol KAADTEPO Y100 TOV TEAATY, Y10 TOV TAOVITI KOl Yl TIG
EMYEPNOELG TOVC.
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1.5. Néeg oyeoraotikés ueléreg ue faon Tic HEALOVTIKES OTAITHGEIS

H avéyin yo Bedtioon tng mepBalAovTikng omodoTikOTNTOS TOV TAOIMV mOEel
™V vavuTiAekn Bropnyoavio oty avdrtuén wog véag yevidg mioiwv to omoio O
ocuppadifouv pe Tig HEALOVTIKEG amotTloElS Kat B tkovomolovv ) vopobesio. Néeg
10€€C O1EPELVAOVTOL KOl KOTOUGKEVOOTIKEG KALVOTOUIEG TPOTEIVOVTAL (DOTE TO. ETOUEVQ,
mAoio Tov B KATACKELAGTOVV VO TANPOVV TIC TPOSLOYPAPES KO VO EIVOL TKOVA VL
tag1oevouy yu to emopeva 25-30 ypovia. Eivor oto y€pt TV TAOIOKTNTOV Ko TV
VOLTNYEIOV Vo ovoTTUYOo0V 01 AETTOUEPEIC TPOOLAYPAPESG TTOV ¥PeLdlovion Yo Vo
TpoxwpNoel OAN N Propnyavia Eva frpa LTpooTd.

e QUANTUM

Mia kovotopog wwéa mioiov petapopds E/K, mov avantiybnke and tov DNV,
etvon To Quantum [24]. H yevikn 18éa Eexivoe pe o Epeuva MGTE Vo, SIEVKPIVIGTOVY
ot Pacwég peAloviikég avaykeg g Pounyaviag. Ta amoteAéopata avtng £dei&av
TOG YL TOVG TAOLOKTNTEG Ol TEVTE ONUAVTIKOTEPOL Tapdyovteg Otav ytilovv &va
Kavovplo mhoio givorl: owovopia Kawcipov, a&lomotio TPoyPAUIITOS, GUUUOPP®ON
pHe TOLG UEAAOVTIKOUG KAVOVIGLOVUS, Helmon — emyelpnolokod  KOGTOLS Kot
neptParlovtikdg aviiktuomoc. Me Bdon avtiv v épgvva, 1 opdda tov DNV enéreée
va avortoéel 1o ox€o10 evog mhoiov petapopds E/K pe yopntikdtnra 6,000 kot 9,000
KIp®OTI0, T0 omoio Ba KoAvTTEL GUVOALAYEG HETOED Eupdnng kot avoToAMkig aKkTmg
g Notwog Apepikng.

To Quantum pe yopntikotnta 6000 E/K epodidleton pe t€66EpIG UNyYovES mov
umopovv vo Agtrtovpyohv pe 000 €0MV KOV, TETPEAOO KOl QUOIKO 0EPLo,
TOPEYOVTOG EVOL UNYAVOAOYIKO GUGTNUO TTOL £XEL TN OLVATOTNTO VO TOPAYEL 1GYD Vi
éva guplh @dopa toyvtnteov. H taydmmta vanpeciog tov sivor 21 képPor pe
duvatdHTTo GONONG PKETOV KOUPOV TOPATAVED GE TEPIMTOOTN TOL YPENGTEL, GALG
Kot dvvorotnta yioo slow steaming oe Ayotepo omd 10 koppovg. Me v kavon
QLOIKOV 0EPIOV GTIG TOPAKTIES TEPLOYES, Ol OMOLTIOELS OTIC MEPLOYES EAEYXOV TMV
ekmoundv (Emission Control Areas-ECAS) wavorotovvtor. T'a v mpdmon tov
TA010L YPNGYLOTOOVVTOL dVO TTPOTEAES TOToBETNUEVES GE AoPOoVC, O1 0Ooiol PrTopovv
va otpépovtol mpog KdaBe opildvtia kotevBuvon, eadeipoviag v ovaykn yuo
TMOGMO Kol TPOTEAD EAIYUDV otV Tpouvn. AvEdvetor pe TovV TPOTO OVTO M
duvaTOTNTO EAIYUDOV G€ AUAVIOL TTOV €Y0LV ovENUEVN Kivnom Kol EMTLYYAVETOL
LELOWIEVOGS YPOVOG TOPUUOVIG EVTOG TOV AUEVOV.

To devpovpévo mAaToc Tov mAoiov, 42.5 pétpa otV IGOA0 TAELONG, PEATIOVEL
Vv €votdfela Kou eEaeipel v avaykn v €ppo. Me v adénon tov TAATOVG GTo
VYOG TOL KOTAGTPMUATOG 6Ta 49 pétpa, avédvetal 1 xyopnTikoTTa o€ KIPdTIO Y0pig
va avéavetar n Katovaioon kavcipov. To Pvbicpa tov mhoiov givor ota 12 pétpa
EMTPEMOVTOG TOV Vo TaEOEVEL 68 pnyd vepd. H Eexympiom) popen e mAmpng e tov
aePOdLVAUIKO KOPATOOPAHGTN LEIDVEL TV OVTIGTACT) TOL AEP EVM 1) XPNCLLOTOIN G
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OLVOETIKOV DMK®OV TOTOV GAVTOLITS Yol TNV KOTOGKELN TNG YOAOTPOS LEUDVEL TO
Bapog g petalAikng Kataokevwng kotd 1,000 tovoug.

O DNV o1t ovvéyeta mapovoiaoe o eEghypévn €kdoon tov Quantum 6000, to
Quantum 9000 [25]. H Baocikn dtapopd éxel va kavel e 10 cOoTNUA TPO®ONG KAODS
&xel Tov oLUPaTIKd eMKoPOpo GEova, VA 1 KupLoL unyavi xpnoonotel kot Puoikod
Aépro yio xavowo. Xe avtd ovvéfare m etapic MAN Diesel & Turbo, pe v
avAmTLEN TEXVOYVOGIOG Y10 KATOOKELY] UNYOVOV Tov koive elte metpéAoto eite
(QULGIKO OEPLO EMTLYYAVOVTOG UEIDMON TOV EKTOUTAOV. X& OVTO TPOCTEOMKAV KATOIES
OAAOYEG OTOL YOPOKTNPIOTIKG TNG YAGTPOG KOl GTNV YPNOCLUOTOINCT T®V YDOPWOV TO
omoio. cvpPdrovv otnv avénon ¢ yopntikommtag katd 3000 E/K kot ot
EUAKOTNTO TPOC TO TEPIPAALOV.

Olo avtd tar yopaktplotikd tov Quantum eivor 6HGKOAO Vo TAPOLGLUGTOVY
KOl VO €POPUOGTOVV GTO GUVOAO TOVG GE €va TAOI0, KOOl OU®G amd avtd ivon
BéPato 6tL Ba BpebBovv ota peAloviikd oyédia mAoimv. Mmopel 1 KEQOAOOVYIKY
damdvn Yy kamoleg amd ovTéG TIG Kowvotopieg va givor peydAn wotoco Oa
avtiotafpiotel and 10 PeAtiopévo emyelpnolokd kOGTOg Kot TV gveMéio o
JloKivnon EUTOPELUATOV.

e VISIONS NTUA-E*

To E* givon piia kavotépog 18éa mhoiov petagopdc E/K 1 onoia mapovoidotnke
oto. mAaicla tov dlayovicpov Evponrdikdv Ilavemompiov EU STUDENT
COMPETITION 2011 ™Visionary Concepts for ships and floating structures-
VISIONS OLYMPICS” mov dwopydvecav ot opyavicpoi WEGEMT xor CESA
(Community of European Shipyards Association). ‘Eywve oe cvvepyacio pe &vav
OKOLOL TPOTTLYLOKO GOITNTH TNG 6YO0ANS Noavmmydv Mnyoavoldywv Mnyavikov, tov
Kovtpovkn Tewdpylo, £Exovrag v  emifreyn tov vmedOBovov  kabnynt
A.IlamoavikoAdov kar v apépiotn Ponbeie tov MmovAiovyovpn Evdyysiov. H
peAétn mov ekmovnOnke afloloyndnke amd TOLG aPUOSIOVS TOL JSYWVIGHOD Kot
TpoKpiOnKe apykd oTIG TPELG KOAVTEPES, e TNV TEMKN KoTATAdN Vo YivETol YVOGTY|
Tov ATtpiAn o€ cuvédplo OAV TV popémv ¢ Blrounyaviag Metagpopdv.

H éa tov E* eivar e andvinon om C(fmon yw slow steaming. e Padog
YPOVOL 1M TN TOV TETPEAOIOV AVAUEVETAL VO, TOPOUETVEL LYNAT Kot 1] TEPIPAAAOVTIKY
avnovyio Ba avEdvetar otadtakd. OLlo cuvnyopohV 6TO YEYOVOS OTL EVAG POPOG GTIC
exmounég vOpaxka mbavov va epapuootel. Me v paydaio avdmtuén peydiwmv
ayopav ommg ¢ Kivag kot g Ivdiag, peyaivtepn {Rmmon yuo Tig HETAPOPES TOV
ayafav Epyetat amd TV avoToAn. Metd v avayvdpion OAmV auT®dV TV 0E00UEVEOV
OV TPOGOOPifovV TNV ONUEPIVI] KOTAGTAGN Kot TPOPAETOVTOG TV €MOUEVN HEPQ
oyedidoape 1o E* 10 omoio eivan evieyopévac pion kakf Aoom kot propei vor mapéyet
pio KoAN amavTnon yuo TG LEAAOVTIKEG amantioels. X Eva koopo afefotdtntog ivot
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OUVETI OTPOTNYIKN VO EIHOOTE TANPOG TPOETOUAGHEVOL VO TPOGUPUOCTOVUE OTIG
aAAaYEG TNG aryopdiG Kat TV TePPaAAovTikn vopobeaia.

To E* givau TPOTOTOPO Y10 TV KAGOT TOV KabdG 1 OAN GYEOUGTIKN 10€0 TOV
ocvvtoviletol yop® omd pio younidtepn toydTTO TG TAEEMS TV 16 KOpPwv( Avt)
N T g taxvTTag pmopel va aArdéel og kamolo Pabuo, oe éva gvpog +/- 10 e
15%, yopig amoAieln ™G YEVIKOTNTAG Yo TO EMTEVYOEVIO OMOTEAEGUOTO KO
gVPNUOTO.), 1| omolo TOPLALEL AmOAVTO LE TIC OMOLTHCELS TNG EMOYNG Y10 LELOUEVN
TayvtTTo. Y100etdvtag ototyeio amd Tig TapadoGlokes AETTOYPAUUES YOOTPES Kot
amd TIG O TANPELS LOPPES TOV TAOTI®V HETAPOPES POPTIMV YOINV Kol TOV TAVKEP, TO
E* eivan HOVOOIKO GE GUYKPLON [E 0molodNmoTe GAA0 mAoio petagopag E/K. O kbprog
o6TOY0C TOV E* eivon va avénoel ™V amodoTIKOTNTA TOv HEG® PeEATIoTOTOINONG TNG
YaoTpoG. Mio GEPA KOWVOTOU®V YOPOKTNPIOTIKOV GTO GYESCUO TApEXOLV TN
duvaTdTTo. 6TO0 TAOI0 VO PETOPEPEL TEPIGCOTEPO EUTOPEVHO EVA KOTAVOADVEL
MYOTEPO KAVGIHO, KAVOVTAG TO £TGL O PLMKO 6TO TEPPAAAOV.

To 6vopa E* EUTVEDGTNKE a0 TIG AEEELG:

-Erawmtiko(Elliptic). To kuping yapoktmpiotikd g yaotpag givor 1 EAAENYOEIONG
péon toun mov eivar kvplopyn o€ OAo 1O OxE010 Kot TOPEYEL 6TO TAOIO TOAAY
TAEOVEKTNULATO OGOV 0.popd TO TEPPAALOVTIKO KOUUATL.

-Anodotikotnta(Efficiency). Avtdé 10 mloio oyedldoTNKe YOO VO UETAPEPEL
neplocotepa E/K o oxéon pe ta GAla copPatikd thoia, pe xouniod vavlo.

-E€owovopunen evépyerwag(Energy saving). Eivor evepyelakd otkovouikd yuoti
oYEAGTNKE VO TAELOEVEL LE YAUNAOTEPT] TOYVTNTO KO ) CNUAVTIKOTEPT) TPOHECT] TOV
elvar va petmBel n amoartovpevn 1oyvg pEcw g PeAtiotomoinong g YAoTpog.

-Ovuako6 wpog to mepifairov(Environmental friendly). Adyo tov exhentvopévov
oXEOOGLOV EYEL TOAD HKPO TEPIPAALOVTIKO OVTIKTUIIO TOV AOTVIAOVETHL GTOV TOAD
yopunAo EEDI ko éxel ehdyiotn anaitnon ya éppa.

To E* givar éva mhoio LE YOPOKTINPIOTIKA TO OToie. UTOPOVV VO YTIGTOVV UE
Baon v vrdpyovca teyvoroyia. H £Eumvn d1dtaén TV YOP®V TOVL EMTPETOVY TNV
HEALOVTIKY] EYKOTACTOON CLOTNUATOV eVEPYELNG oV Pacilovtol e vEEG TEYVOLOYiEG
OT®MG YPNOYWOTOINGN QPUOIKOV 0EPIOV 1| KEAMMV KOLGIHov ywpic vo omorteiton
EMOVOGYEIOGLOG TOL UNYOVOCTOGIOV.

o JINOIO ITAPOYXAX MEAETHX

Agopun v TV TopovGH TPOKATOPKTIKY] HEAETN €VOG TPOTOTOPLOKOD TAOIOV
petapopds E/K otabnke n otpoer| ™ Ilaykdouoag Novtihiag 6€ o okovopka
Budoipa kot erkkd Tpog 1o TePPaiiov mhoia, To omoia Oa KivodvTon e YopUNAOTEPES
TOYVTNTEG Kol UE TOAD HEYUADTEPN amOOOGT OTN WUETAPOPIKY] KOVOTNTO Kol TNV
katavdiwon evépyelag. H mapovoa perétn mponyndnke g perég yio to VISIONS
NTUA-E, 10 omoio amotedei tyv e£EMEN KoTG KAmOW TPOTO NG BEUC Yo &vol
KovoTtopo mAoio petapopdg E/K.
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H 6\n oyxedwootikn wéa Paciletor Ko €dd yOpw amd pio toydtnTo TG TaEEmC
tov 16 k6pfov. H emloyn g toydmtog avtg €yve pe PBaomn T omaitoels Tic
EMOYNG YO HEIWUEVT KOTOVAA®OT Kot mepPailoviiky emPdpovvon. Avtifeta Opmg
am6d to vrorowma mhoia petagopds E/K, ta omoia yapoktnpiler n Aemtdypopun
vYaotpa, omopaciotnke pe tov emiPAémovro Kabnynty A. Ilomavikoddov vo
Kivnbovpe ot oyediaon evog mAoiov GTa TPATLTTO TOV POPTNYDOV TAOIOV KOl TV
deapevomiolwy, pe ToO TANPN Hopen Ydotpag,  HE okomd vo  avéndel 1
OmOdOTIKOTNTO HEC® NG adENONG TNG HETAPOPIKNG KOVOTNTAS. TO YOpaKTNPIOTIKO
ovTO T0 KOO1TA PoVvadtKd HeTalh TV TAOIWV oVTOV TOL TOHITOV.

H pedémm ko oyedioon tov vmd peAétn mAoiov eivor pion amdvinorn otnv
wpoPrendpevn avénon g {Tnong yu evepyelokd omodotTikd mAoia, ta. omoia Oa
ocuppadifovv pe Toug deBvng KaVoVIGHOVG Yol TNV TPOCTAGia TOL TEPPAAAOVTOC Kot
napdAinia Oa gival kepdo@dpa Yo Tov 110kt ToVG. H kataockevn tov Paciletaon
0€ VIAPYOLCA TEXVOYVMOGCIO EVA EMITPEMETOL KOL 1) EYKATAGTACT] VEMV TEXVOAOYIDV
Y®pig mBavog va yperdletor aAAaYEG 0T O1ATOEN TOV UNYOVOGTAGIOV.
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KE®AAAIO 2°: Kafopiopog Koprov Avactaccov & Mpopehétn

2.1. KaBopiouos kopiwv o1a6Tdeemv KAl GOVTEAEGTOV HOPPHS

H apywm 10éa elxe oav otdyo 10 oxedooud evoc containership to omoio Oa givan
og Béom va petogépel mepimov 5.000 TEUs(Post-panamax class), va ta&idevetl pe 16
KOUPovg kot va €yl uéyioto mAdtog 44m. ITholo pe térola YopakIPloTIiKA oev €xel
KOTOOKELOOTEL OTTOTE OV LIAPYEL Pdon dedOUEVOV e AOYOVS KOPL®V OCTACEDY
ov Bo fonbovoav GtV TPAOTN EKTIUNGCT TOV SOGTACE®V TOV VIO PEAETN TAOLOL.
Q061660 Y10 GOYKPION TILOV, TEPIGGOTEPO YO TV AVAAVGCT] TOL VEKPOL BAPOovg Kot
Tov  vroloyloud tov  Papovg  mAnipovg  eomAiopévov  aAAG  dpopTov
okagovg(Lightship-LS), ypnowomomocope 6pot0 mloio He GUVOAMKN XOPNTIKOTNTO
éw¢ kot 5388 TEUS, nepartépm otoryeia tov onoiov divovtar oto [Mapdaptnua I

To mpdTo PriHa Yoo TV €TAOYT| TV KUPI®V S100TAGEDV NTAV 1 dnpovpyio dSVo
OKOPIONUAT®V, HECTG TOUNG Kol TAGYL0G OynGe, Le 6Komd va yivel pio TpoKaTapKTIKN
EKTIUNON TOL UNKOLG Kol TOV KOIAOL £TGL MGTE VA EMTOUYOVUE TNV OTOLTOVUEVT|
petagopiky| wavotta. Extiundnke 6t to vmd pedén mioio Oa pmopovce va €xet
ukog yopw oto 230 [m] ko koido mepimov 19.8 [M] dote vo umopel vo petapépet
kovtd ota 5.000 TEUs. To Pubioua oyedioong emréytnke oto 10.5 [m] petd amod
KUKMKOVG €AEYYOUG ®ote vo emtvyovpe PéAtiomn avtictoon, &votabsio Kot
KOVOTIOUTIKT] LETOPOPIKT tKavotnTa avé TEU.

To emdpevo Prpo Nrov 1 eaymyn TV CLUVIEAESTOV HOPONG HECH TOV
VIOAOYIGHOD  TOoV adtdotatov aplBpod Froude [26], yio dedopévn taydTnTa Kot
J€00UEVO UNKOG.

Ap19udc Froude
% 8.2304 M/

Fn = =
VgL J9.81 m/ ,-230m
S

Fr=0.17327

2VVIEAECTNC YOOTPOC

Co =K, — Ky E, —K3-F,> =1.08 — 1.68 - 0.17327 — 0.244 - 0.17327% =
Cz =0.76

2uvieAeotnc uEoNC TOUNG
Cy=1/01+1-Cp)?*H=1/1+(1-0.76)3) = Cy = 0.993
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IIpopotikdc GLVIEAEGTNC

_tp_ 076 Cp =0.765
T Cy 0993 P=

Cp

Ot K0Opteg Aowmdv SlOGTAGELS KOl Ol GLUVTEAESTEG YAGTPOG TOL VO peAétn Post-
Panamax Containership givat ot akdlovbeg :

Lgp=230[m] B=44[m] Tq=105[m] D=19.8[m] Cg=0.76 Cpy=0.993
Cp=0.765 Lgp/B=523 B/T=42

Mapatpnon: Ot Adoyot Lgp/B kot B/T tov vod pedétn mhoiov dgv avikovv ota dpio
TOV TIUOV 7OV OVIIPOocmTEHoOLY To. cvpPatikd containership [26], kdtt mov
KOTAOEIKVVEL TNV HOVASIKOTNTA TOV peTall Tmv GAA®V TAoinv TG idtag katnyopiog.
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2.2. IIpokatopKTIKY TPOGEYYIGH 1GYXVOS TPOWGHS

Mo v TPOKOTOPKTIKY TPOGEYYIoT TG 16YV0G TPO®GONS XPNOHOTOMmONKE 1
uébodog Holtrop [29]. Adym g éAdetyng dpolmv mAoimv yio yprion AOymv Kot HEGO
opwv mov Ba Bonbodoov oty ektipnon g oyxbog, ypnowonomoape tm pHEHodo
OLTH TTOV OIVEL IO TKOVOTTOINTIKY EKTIUNOT TNG OAMKNG OVTIGTAONG KO KAT® ETEKTOON
™G omoutobuevng oyvoc. [ peyoAdtepn  okpifele TOV  amoteAecpdToV
YpPNooTOmONKaY oToLYElN OO EMOUEVO EPMOTNUOTO, TO, OTOI0 GE OLTO TO GTAGIO TNG
TPOUEAETNG NTOV OLVATOV VO, LITOAOYIGOOVY LOVO KoTd mpocEyyion. [a mapdderypa
oV KOt 0pyLKa YpNoLonomdnke n oyéon mov divel n néBodoC yio Tov VITOAOYIGUO TNG
Bpexopevng emeavelag, oTotyelo oNUOVTIKO Y10 TOV VTOAOYICUO TNG AVTIGTAONG, OTN
OULVEYELD YPNOOTOONKE 1 TN oL PBYNKE 0md TOLG VIPOGTATIKOVG VITOAOYICUOVE
ue yprion tov vavmnykov rpoypaupatoc AVEVA M12 INITIAL DESIGN - Calc &
Hydro.

2T oLVEXEW TOPOLGLALOVTAL Ol TIUES Yo TIG OLAPOPES OVTICTACELS OV
emdpovv o610 mhoio kaBmg Kot ot Tiég Ioyvog dnmwg vroloyiotnkav and ™ pébodo.
AVOAVTIKT TEPLYPOPT TV VTTOAOYIGUOV Topatifetar oto [lapdptnua A.

Avrtictaon Tpifinc: R =609 [KN]
Avrtictaon [oapeikduevov: Rapp = 16.5 [KN]
Avtictaon Kvpatiopov: Rw =72 [kN]
[pbécbetn Avtictoon Adyw Yrapéng BoABov: Rg = 9.0 [KN]
Avtictoon Yvoyeticenc: Ra =133 [kN]
OMxn Avrtictaon: Riotal = 1003 [KN]
Ioybg Pupodiknong: Pe = 8373 [kKW] #j Pe = 11228 [PS]
Ioy0g otov dEova g unyavig: SHP =11162 [kW] 5 SHP = 15176 [PS]
Méywotn Ovopaotikiy Ioyvg: MCR = 14445 [kW] 5 MCR = 19640 [PS]
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2.3. Ilpoimoloyicuss Bapovg INypws ESomiicuévov alia Apoprov I oiov-Light
Ship (L.S.)

Mo tov vroloyopd tov PBopmdv g petorhikng katackevng (Wsr - Steel
Weight), ¢ evdwitnong kot e€omhiopov (Wor — Outfit Weight) kot g
unyavoroyikng eykotdaotoong (Wy — Machinery Weight) tov vrnd pelétn mhoiov
ypnoponomdnkay ot pébodot Tpoperétng [26]. H dwadikacio vroroyiouov tov L.S.
KOl TOL KEVIPOL PAPOLG TOL TPAYUATOTOMONKE apyIkd Yio TO OO0 TAOI0, DGTE vV
EYOVUE EVOEIKTIKEC TIUEG Kol VOl GLVIEAEDTH oLOYETIOEMS(O10pOWTIKO GLVTELESTN)
OV YPNOUYLOTOMCAUE 6TO VIO HEAETN TAOTO Yo peyaAvTepTn axkpifela TV TEAMK®OV
TILOV. AVOALTIKN TEPLYPOAPT TOV VTOAOYICUMV Y10l TO VIO PEAETN TAOIO KoL Yio TO
opoto mapovoidlovian oto Moapdpnua A kot I' avtictoyo. Akorovbel mivakag ctov
01010 avoAVETOL TO BAPOG TOV KEVOL GKAPOVG LE TIC TPOUYUATIKES TIUES KAOE Opadog
Bapovg, peTd TV EQOPUOYT TOV GLVIEAEGTI] GUGYETIONG KOl TEAOG Ol TPOYUOTIKEG
TIWES TOV KEVTPOL BAPOVG TOVL.

Hivakag 3.

I\/IT[txm] ML[txm]
181785.6 1676211

61639.96 365725.9

11568.81 76264.89
254994.4 2118202

Bapoc Metorrunc Kotaokevnic:

Wst = 15380 [tons]

Bapoc evowaitnonce kou EEomhouon:

Wor = 3428 [tons]

Bapoc Mnyovoroywkne Eykoatdotaonc:

Wort = 1206 [tons]
Ko’ Ywoc ®éon Kévrpov Bapove L.S.:

KGLs. = 12.74 [m]

Awopnkne ®éon Kévrpov Bapovg L.S.:

LCGLs = 105.84 [m]
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2.4. Ilpoxarapxtixy Avalven IlpocOstov Bapovg DWT

Bdpoc Kovoinov — Heavy Fuel Oil

Apyun amaitnon yuo TV aktive evEPYELNg TOL VIO UEAETN TAOTOL Ogv ElyapLe.
Mo to Adyo avtd t Bewproope ion pe ot tTov TOTPKOV TAOIOL. Metd amd
VTOAOYIGHOVE Yl TO TATPIKO 7TAoio, oL Tapovcldlovial GE TAPAPTNUL OTN
ovvéyela, Ppébnke Ot 1 Aktiva Evépyeiag tov eivon 18792 [sm] kot o ypodvog
avtodvvouiag tov 783 [hours] 1 32.625 [days]. 'Etol yio 10 vnd perétn mhoio
Bewpodpue A.R. = 18000 [sm] kot £xovpe:

Xpovog avtodvvouiog:

AR=txVi=>t= % = 1810600 = t = 1125 [hours] # t = 47 [days]
S

Omnov Vs: tayvtnta vanpeoiag og [knots]

Me Bdon to ypdévo mAedong tov mhoiov Kot yvopiloviag v 1oyxd TEMG ™G
KOPLOG UNYaViG, UTOPOVUE VO VTOAOYIGOVILE TNV OMOLTOVUEVT] TOGOTNTO KOVGILOL.
Méoa ce autd TPEmMEL VO GLVLTOAOYICOVUE Kol €va GUVTEAESTN €Pedpeiog Yo
VIEPKOTAVAA®MOT], AOY® doAAoyng mopelag, ampOPAENTNG OVOLOVAGC, OPOYN OF
TEPIMTOON AVAYKNG Kol KATOAOITOV oTIG deEapevec, 0 omoiog emiéyetal petalhd Tmv
opiov [1.2 — 1.4] [26].

loyi¢ I1eonc: Pg = 11162 [KW] 5 Pg = 15176 [PS]
2VOVTELETTHS EPEDPELG: C=1.2
E1d01xn karavoiwon opyootpopmy unyovoy: b, =170 [gr/kWh]

‘Etot éyovpe :
Wpo =Py Xb, xtXCx107°=11162%x 170 X 1125 x 1.2 x 107° =
WEe o = 2562 [tons]

Bdpoc xavoiuov — Diesel Oil

INo tov vmoloyiopd tov Papovg tov Diesel Oil Oo mpémer apywd va
kaBopicovpe TV 16Y0 TOV NAEKTPOYEVWNTPLOV. AVTd Oa yivel yio kaBe pia Eeympiotd
CUUPMVO, LE TN GYXECT TOL OKOAOVOET :

P, = 100 + 0.55 x P27 = 100 + 0.55 x 11162°7 = P, = 475[kW]
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Me Bdon ™ T ovTh, EMALYOVLUE TPELS OUOLEG MAEKTPOYEVVNTPLEG, OVO GE
Aerrovpyion kot pion epedpikr, pe 500 [KW] wyd n kabepio. Oswmpodue Pobuod
AmAO00NC TV NAEKTPOYEVVITPLOV 100 L€ : ng = 0.98

E101kn karaviiwon niektpoyevvnipiav:
b,=181 [gr/kWh]

To Bapog Tov Diesel Oil yia tig nAekTpoyevviTpleg 1600TAL UE:

P, X by Xt xCx107® 2%500 %181 1125+ 1.2+ 107°
ng B 0.98

Wh.o.) = =

Wpo.q = 299[tons]|

[Iépa and v TOGOHTNTA TOL AMOLTEITOL Y10 TIG NAEKTPOYEVVI|TPLES, XPNOLLOTOLEITOL
npdobeto Diesel Oil, yua v ekxivnon g Koprog Mnyavig kat yua eltypovg, ico pe
5 — 7 % tov Bapovg tov Fuel Oil. Exopévac éxovpe:

WD-O-(M.E.) = 0.05 X Wgo = 0.05 x 2562 = Wpo. =128 [tonS]

(M.E.)

Yvvohkd to Diesel Oil tov vo perétn mhoiov givar:

Wpo.=Wpo.e +Wno. gy, =299 +128=

Wp.0.=427 [tons]

Bdapoc Awmovtikdv - Lubricating Oil

To Bépog TV Mmavtik®dv 1oovtot pe 0 5 — 7 % TV anottodUeEVOV KOuoiptov
Yo T pnyovn Tpdmong Kot Tic nAektpoyevvnples. Emopévog:

W, 0. = 0.05%X (Wry + Wpp) = 0.05 X (2562 + 427) = W, o= 150 [tons]

Bdapoc ®péoxov Nepov — Fresh Water

["a tov vmoloyiopnd Tov Papovg Tov Ppéckov vepol ypetdletar va yvopilovpe
oV aplOud TOV TANPAOUOTOC. XE EMOUEVO KEPAANLO TOPOLGLALOVTIOL Ol VITOAOYIGHOL
KaTauETpnong ot omoiot £dwoav tov akpin opdud tov TANPOUATOS, TO OToio
amoteieiton amd 25 dropa. ‘Etot amotteiton

1) ITéoyo Nepo (10 — 20 kg/avOpomonuépa) [26]
I1) Nepo Kabapromrog (200 kg/ avOpomonpépa, yio evolarthioelg pe Aovtnpeg)[26]
Me Bdomn avtd Exovpe:
Wew. = F.W.X Days X Crew = 0.020 X 47 X 25+ 0.20 X 47 X 25 =
Wew,_= 259 [tons]
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Bdapoc Eoodiov & Tpooiuwv - Provisions

To Bdapog twv epodimv vroloyiletar oe 7 — 16 kg/avOpomonuépa. Xe owtd
ovvumoloyiletal pe TNV MUEPNOLN KATAVAAWMGCT Kol Ol EPEdpeieg mov ypetdlovial o
nepintwon Kabvotépnong tov TaEWod, GALOIDCES TPOPIL®V, KoBLGTEPNGELS
ave@odacpob [26]. Oswpovpe nuepfiola atopuky katoviiwon 16kg/avOpomonuépa.
Enopévag :

Wpr = Provisions X Days X Crew = 0.016 X 47 X 25 =

Wpr = 18.8 [tons]

Bapoc IThnpouatoc & ATockevdv

Oewpodpe :
I) Empareg: 75 kglempParn
IT) Amookevég: 60 kg/empParn

Apa: Weg = Zvvolmé% x Crew = (0.075 + 0.060) X 25 =

Wcr = 3.375 [tons]
Bdpog Stores
Oswpovpe Bapog stores i6o e : W = 30 [tons]

Bdpoc Awwopdpov - Miscellaneous

Oswpodpe Papog miscellaneous(amdPinto KAm), mov de GLUTEPIAAUPAVOVTOL GTIC
dAAeg Katnyopiec, 160 pe avtd Tov TOTPLKoL TAOiOL:

Wwisc. = 683 [tons]

Bdapoc Qoéhuov Popriov - Payload

I'vopilovtag to Light Ship tov vd pekétn mhoiov, apkel va vwoAoyicovpe to
ektomopa ®ote vo Bpovue to [Ipodcheto Bapog(DWT) kan gv cuveyeio to payload.
‘Etot épovpe:

A=C,XCg XLXBXT =1.027 x0.76 X 230 X 44 X 10.5 =
A = 82938 [tons]
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[oyvel dpwg:
A=DWT+LS = DWT =A4—-LS =82938 — 20014 =
DWT = 62924 [tons]
Apa TeEMKE
DWT = Payload + Wr o + Wpo + W, o + Wryw. + Wpp + Wep + Wy + Wyise =
Payload = DWT —Wpo —Wpo. —Wio. = Wpw. — Wpr. — Wep — Wse = Wiygse =
= 62924 — 2562 — 427 — 150 — 259 — 188 — 3.375 - 30— 683 =
Payload = 58791 [tons]

‘Exovtag v mpokatapktikn ektipnon tov DWT kot v omoutodpevn HeETOQOpPIKN
wavoTNTo. pmopovue va kévoovpe pia extipnon yia to Ilpdcsbetro Bapog ava TEU, o
DWT/TEU, 10 onoio &ivat ico pe :

DWT/TEU = 62924/5000 =
DWT/TEU = 12.59 [tons/TEU]

AMG ko yia o Payload/TEU:
Payload/TEU = 58791/5000 =
Payload/TEU = 11.76 Jtons/TEU]
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2.5. Yroloyiouog Acixty Evepyeraxic Anédoons - EEDI

Xpnowonowwvtag ™ oxéon mov mapotifetor oto Kepdhowo 1.3.1 yw tov
vroroyiopd tov EEDI kot v Tyun tov DWT 6nwg v anpope omd Tig KotaoTdoelg
@optwong oto [Hapaptnua B, Exovpe :

Cr - (0.75 - MCRyroputsion * SFCug + (0.025 - MCRyyopuision + 250) - SFCag)
0.65- DWT -V =
170 -3.1144 - (0.75 - 14445 + (0.025 - 14445 + 250))
=
0.65 - 62986 - 16

EEDI =

EEDI =

EEDI =9.236

Onwc avaeépape kot oto Kepdiawo 1.3.1, o EEDI amoteAel éva pétpo g
QUMKOTNTOG TTPOG TO TEPIPAALOV Tov Kdbe mAoiov. Oco pikpdTepog elvar o deiktng,
1660 mo QKO TPog 1o TMEPPAAAOV glval To mAolo. XT0 oynuo. TOL oKoAovOel
anewoviCetar o EEDI yia Containerships avaioya pe to DWT tovg. Eivor gavepod
¢ yo ogdopévn anaitnon DWT o EEDI pmopel va dwapépet onpavtikd avaioyo pe
10 péyebog tov mhoiov.

MEPC 60/4/14

-
-

0 20000 40000 60000 80000 100000
DWT[tons]

Xympoe 14. EEDI ywe Containerships [27]

Onwc propovpe e0koAn VoL SOTIGTOGOVLE, TO VIO HEAETN TAOIO £YEL CNUOVTIKA
wkpotepo EEDI amod ta cuppatikd Containership to onoia yo idto DWT £yovv EEDI
v tov 18(pe koxkivn PBovia onueio v vd pekétn mhoio). Avtd opeiletar otV
yopunAn toyvnta kot ot xopmAn Iloyo [pdwong.
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2.6. Meléty Biwowuotyras — Economic Feasibility Study

Ye autd 10 oTAd0 OavoTTUYXONKE €vo OKOVOUIKO HOVTEAO Y10 TIG LANPEGIEG
YPOUUNG TV containerships, pe ckomd vo eEETAGOVIE TOV OIKOVOULKO OVTIKTUTTO TOV
VO peAétn mAoiov. I Tig avdykeg g peAétng emdé€ape v S1adpoun HETAED TG
dutikng axtrg Tov H.ILA kot g avatolkng Aciog péow tov Epnvicod oxeavov. H
oLYVOTNTO TOV VINPESIOV gival gfdopadtaio kot vdpyovy epTd Apdvia ota onoia
OTONOTAEL TO TAOTO 0€ €va KuKAKO Tadiol Eexvavtag amd To Xevidn g lanwviag, pe
npoopiopd o Mudvia: Oakland kot Long Beach otv Kolieopvia, Nagoya ko Kobe
omv lorwviog, Shanghai oty Kiva kot Tokvo oty lormvia.

Load Discharge

Sendai Oakland 4,800 9.3 1 10.3
Oakland Long Beach 450 0.9 1 1.9
Long Beach Oakland 450 0.9 i 1.9
Oakland Nagoya 4,800 9.3 1 10.3
Nagoya Kobe 450 0.9 0.5 1.4
Kobe Shanghai 783 1.5 0.5 2.0
Shanghai Kobe 783 1.5 1 25
Kobe Nagoya 450 0.9 0.5 1.4
Nagoya Tokyo 400 0.8 0.5 1.3
Tokyo Sendai 600 1.2 1 22
Total 13,966 271 8.0 35.1

Av. speed (knots) 21.5 *distance in nautical miles

Yympo 15, Meprypaen g Swadpopng [28]

O1 &1 Khpleg CLVIGTAGEG TOL KOGTOVG TMV VIINPECLAOV YPOUUNG Elvat:

o Ilpdypappa vanpecidv

e Kodotog mhoiov

o Awevikd TéAN cuuTEPIAAUPOVOIEVOL TOV POPTOL EPYUGTOG
e Agttovpyia tev container

e Kobotoc tov container

e Awyeipion

Avtd dev elvan pio ta&voumon 1 omola epeoviletal 6Tovg AOYOPlOCUOVS TV
Novtimokov Etopiov Tpoppng, oAdd elvor évoag emmeeAng tpdmog yo v
KaTNyoplomoinom Tov dpopwv e£0dmv ®ote va yvopilovue ) Papdttd Tovg 6TV
emyeipnon. Zopewvo Aowdv pe dAa avtd mov gimape Koy aktiva evépyetag 14000
HMoV KataAnEope oto €ENG -
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6.9 miolo omoutovvion o€ gfdopadiaic faon Yo TNV TAPNON  TOL
TPOYPELLUOTOC.

INo avt) ™ ypopun, n TAnpoTTa ToL TAoiov givor 90% kotevBuvopevo
avatoAka kot 40% katevBuvopevo duTikd.

Ol avTd avTIITPOGMOTEVOLV ETHOLO. LETAPOPIKT TKAVOTNTA OVA TAOL0 TTEPTTOL
49132 TEUSs.

Agrtovpyika £€oda OswpnOnkay 7700 $/day.

Koéotoc dwyeipiong avé ta&idt extipdton tepimov 611205 §$.

To cuvolikd k6oTOC TOL TAOIOL ava Taidt eivor 2579055 $.

To cvvoAikd kdoTOG T™V containers ava ta&iol sival 306249 §.

To péoo kdéotog ava TEU eivon 1049 $.

Oewpdvtoc vavro 1750$/TEU dtav katevBovetor avatoikd ko 7508/ TEU
Otav Katevfovetatl SuTIKG, To GLVOAKA 6000 ToV Ta&dtov eivar 93750008.
Telkd, to kabopod kEpdog and to tatidt eivor 25574908 (to 27% mepimov tv
GUVOAKADV EGOOMV).
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KE®AAAIO 3°: Tyediaon Novanykdv Fpappdv, Yoatooteyig
Awpépron & Yopootatikol Yroroyiopoli vio Merétn Ihoiov

3.1. Zyeoiaon Navanyikov I pouucv vro Meiéty IThoiov

H oyedlaon tov voummykov Ypoupoy tov vtd pehétn mAloiov £ytve HEC® TOV
oyednotikov mpoypappatoc AVEVA M12 INITIAL DESIGN - Lines. Mg dgdopévo
ot dev €yel katackevaotel Containership pe avtd o YopOKTNPIOTIKA OV BéAovpE
Y. T0 VIO UHEAETN TAOI0 emALEQUE YPOUUES, OV TIG ElYOUE TEPAGUEVEC GTO
TOPOTAV® AOYIGHIKO, €VOG (OPTNYOD TAOIOL KaBmg M popen mov BEAovpe Yo To
mAoio pog mANGLalel apKETA TNV LOPOY| TOV GOPTNY®OV. AVTO TOL TPOGEEULLE NTAY VO
£YOLV KOVTIVO GUVTEAEGTI] YAGTPOG KOl KOVTIVY TN TNG Olpikng B€omg tov KEvipov
avtoong (LCB) pe ™ dwopnkn 8éom tov kévrpov Papovg Tov extomicpotog otnyv Full
Load Departure Condition. 'Exovtag Aowmdv Tig VOOTNYIKES YPOUUES EVOG GOPTNYOD
mAoiov, Kavape pécw tov mpoyphupotog scale (aliayn kiipokoc) pe okomd va.
TPOKLYEL pio YAoTPO e TIHEG KOPLOV SOGTAGEMV KOl GUVTEAEGTAOV HLOPONG IowV HE
aVTEG TOV VITOAOYIoTNKAY otV Topdypago 2.1. Emiong pog diveton 1 duvatdtnto va
opicovpe 10 LCB ¢ ydotpag, £to1 wote ot Full Load Departure Condition mov 6a
KOVOLLLE GTN GLUVEXELD VO UMV EYOVUE HEYOAN dtapnkn KAlon(Stoymyn).

‘Exovtag Aowmdv v apyikn HLOPON TOV VOLTNYIKOV YPOUL®OV TOL Lo HEAET
mAoiov mpoympnoope oty eéopdivuvon tovg kabmg petd to scale n popen Tovg
aAlowwOnke. To oyedlaoTIKO TPOYPOLLLL HOS TAPEXEL TN SLVATOTNTO , EMAEYOVTOG
pio icorko N éva vopéa, vo PAETOLUE TNV KAUTVLAGTNTO TOVG UEG® €VOG TAEYHLOTOG
dwvvopdtov. ‘Etolr pmopovpe va BeAtidcovpe TtV KOUTLAOTNTO  pEXPL  Eva
KOVOTIOMNTIKO ONUElD, HETAKIVAOVTOG OmAd Ta onpeio mov ypewdletar. Akolovbei
OYNUOL LE TOPBEOELY O VOULEN GTO EVOLAUEGO GTAO0 EEO0UAAVVOTNC.

Yyqpe 16. Avavicpato Kaproiétntog katd 1o 61010 €opdivveng vopéa.
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Me avtd tov Tpdmo £ytve pia KUKAKTY dadikacio eEopdivvong, Hetalh vopémy
KOl I6AA®V, OGOV TEMKA GOdcapEe o€ Lo BEATIOT KATAGTOOT 1 OTOld OV ETOUPVE
GAleg dlopHdoels. e avtd to onueio oyedidooue Kot Tic drounkelg topég(buttocks),
T omoieg efopoAdvope pe tov O tpdémo. Katd v efopdivvon  tovg
TPOYUATOTOmONKE TAA KUKAKY] dtodikacio eE0pdAvVoNG, oVt T POpE OPKETH O
ovvtoun, HeTaED VOUEMV-IGAAMV-OOUK®OV TOUMY. XTO OCYNUO 7OV OKOAOLOET
ToPoLGIALeETaL TO 0XE010 VOUE®MY TOV LITO PEAETN TAOIOV OTMG TPOEKLYE UETH TIC
eCoparvvoels. Me pio Tpd™ poTid PETAED TOL OYESIOL VOUE®MV TOL LIO HEAETN
mAoiov pE aVTO TOL OUOIOV TAOIOV, TOV TAPOVGLALETOL GTO TEAOG TOVL TOPOPTNHLOTOG
I', etvan e0koA0 va TapATNPNGOVLE TNV d1APOPE TNG VOOTPOTTiOG 0TN GYediaon Kabmg
10 6L010 TAOT0 givar oeONTA TO AETTOYPOLLLLO.

fZa

[/
/[ //
[ 1]/

f‘

Ty
//f//

o T NN 2 I g Il I o el

Yyfqua 17. Zyxédro Nopémv vd perétn whoiov — Body Plan

To oyedootikd TPOYpPApUpO, €YOVIOS TIC VOLTNYIKES YPOUMES, divel
duvaTdTTo Yoo oYESIOoN TNG EMPAVELNG TNG YAOTPOS TOL LIO PEAETN TAolov TNV
omoia Oa YPNOLOTOU|GOVLLE apyIKA Yo mv Yoatooteyn
Awpépion(Awopeptopatonoinon) oto Surface & Compartment kot v cuveyeio yia
TOVG VOPOOTATIKOVS VITOAOYIGHOVE KO TIG SLAPOPES KATAGTAGES pOpTmong oto Calc
& Hydro. Axolovbei oynua mov @aivetol  Hopen TG YAoTpag 0Tmg avt e&dyOnke
amd T0 oYedoTIKO TPOYypappo Lines kor agov mepdotmke oto Surface &
Compartment. ZEgywpiovv 610 KOTASTPOUO TO TPOGTEYO KOL TO KOAVUUOTO TOV
OTOUIMV KVTOV EVA TOPATNPEITOL KOl 1] TANPOTNTOA KoL TO UEYOAO TOPAAANAO TU LA
™G Ybotpog o€ avtibeon pe ta cvpPotikd containerships.
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Xyfqpna 18. Ave mhgvpikn 6yn g em@davelag Tov mhoiov.
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3.2. Yoaroorepis Aiauépion vro Meiéty I[lioiov

H véartooteync dwapépion tov vd peAétn mAoiov £yve HEG® TOV GYEIACTIKOD
npoypaupoatog AVEVA M12 INITIAL DESIGN - Surface & Compartment, pe
oTOX0 TNV €0MTEPIKN OWITOEN TOV OeEOUEVAV, TOV OWUNK®V Kol £YKAPCI®V
PPOKTOV, TOV KOTAoTPpOUAToV kabng Kot Tov TEUS ota k0T Kot 6T0 KATAsTpmU.
Avtd €ywve kor pe t Ponbela tov Xyediov Xopnrikdétnroag AgEopevov Kot
Kvtdv(Capacity Plan) kat tov Zyediov IN'evikng Ardraéng(General Arrangement) tov
opotov mhoiov.

To mpwto PAua Ntav o  «aBoPIOHOG TV  EYKAPCIOV  LOATOGTEYDV
opaktov(Transverse Bulkheads), n omoéctaon tov omoimv emAéytnke €161 MOTE
peta&d 000 @poktdv va emrpénetor M otopacio tecodpwv TEU (Twenty foot
Equivalent Unit) 1 600 FEU (Forty foot Equivalent Unit) katd to didunkec, ektdg
amd 10 mpupvaio KOTog oto omoio ctofalovior 6vo TEUS 1 éva FEU. Xvvoiikd
oxedldoTnKav eVVid £yKdpoleg OPaKTéG ol BEcElC TV omolwv, PETPOVTOS ond TNV
npupvaio kaOeto, etvat:

11.52[m], 25.8[m], 54.43[m], 74.66[m], 101.54[m], 130.1[m], 158.6[m],
187.22[m], 215.49[m]

¥ ovvéyela kabopiotnkov ot Oécelg tov Kotaotpoudtov(decks) mov
oproBetovv to dmvbueva. Yrmdpyet pia oyéon mov kabopilel 10 eAdyloTo VWYog TOL
dumHOuevov pe Pdon T amaltnoelg TV Kavoviopoy Tov ['eppavikod Nnoyvopova, n
omnoia givon [14]:

hpg =32+B+190 VT = hpg > 3244 + 190 - V10.5 =

Me Bdon Aowmoév v amaitnon v eddyioto vyog drvbuevov(Double Bottom),
ocvvumohoyiloviag Kot TNV ovayKn Yy emapkelg yopovs Baldooiov €ppatog,
emAéEape Vyog dumvbuevov hpgi= 2.5 [M] yia 10 KOppATL TOV PNYOVOGTAGTIOV £MG KO
™V TpOpoic. PPOKTH GLYKpovoems. o to Tuqua TpopvNnBey ToL PNYAVOGTAGIOV
emé€ape Dyog hpga=5[mM]. Ady® TOV OTL O KATM TPEMEL VL VILAPYEL EXAPKNG YDPOG
Yo ToV EMKOQOpO G&oval.

Endpevo Pruo Ntav m tomofétmon TV  OTEYOVAOV  QPAKT®OV KOTH TO
dtdpnkec(Longitudinal Bulkheads). Opiotnkov pe 1€1010 TpOTO OGTE VO EYOVUE
KOVOTIOUTIKOVG  YMPOLG TAELPIK®V deCapevav, ot omoiec Ba ypnoipevav yio
de€apevég €puatog, o€ cLVOLOCUO e TNV €UKOAN KOl £pYOVOKT oTtolacio Tmv
TEUS péoa ota koutn. [pémel va onpetwdel €dd 6Tt 01 SIOUNKES QPAKTEG TOV VIO
peAétn mholov &ivor MO OMAEG OTNV KOTOOKELN] OO OVTEC TOV CLUPATIKOV
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Containerships, xafdc Aoym ¢ Mo TANPNS MOPONG TNG YAOTPAS KOl TOL
UEYOADTEPOV TOPAAANAOL TULOTOG €ivan peyoldTEPO TO KOTAKOPLPO TUNIATO TWV
QPOKTMOV OmoPedyovTag To. ‘okaiomatia’(steps), pe Ot oavtd cvvendyetal yuo. TO
¥POVO Kol T0 KOGTOG KaTaokeLs. Akolovbel oynua oto omoio @aivetar 1 didtaln
TOV ECOTEPIKDOV YDPOV KOL 1] ATAITNTA TG KATAGKELNG TWV SOUNK®V QPOKTMV.

Yypa 19. Ecotepikn dwaraén vao Merétn IThoiov.

[Na mv dueon obykpion 6cov agopd T0 OEHa TG EVKOAOG KOTOUGKELNG
TOPOTIOETOL KO OYNLLOL LE TOVG ECMTEPIKOVG YDPOVG TOL TAOIOV E*, 6mov avaeépOnke
GTO TPATO KEPAALO, TO OTTOI0 £YEL CNUOVTIKA LUKPOTEPO GLVIEAEGTN YAGTPOS OO TO
Vo pedétn mhoio. H peydin dtapopd evromileton 610 Tpwpaio TUNRHO 6T0 0moio AOY®
NG AETTHG YPOUUNG TOV amortodvTon ToAAG Steps yio v otolacio Twv containers.

Zyipa 20. Ecotepuci dSiaraén E.

Aol oplomkav ot €yKApoleg QPAKTEG, Ol SIOUNKELS KOl TO, KOTOCTPMUOTO
Eexwvnoope ™ dnuovpyio tov defapevav tov avalooiuov, dniadn tov Fuel Oil,
tov Diesel Oil, Tov Lubricating Oil, tov Fresh Water ko1 tov Miscellaneous. H el
emAOYN TS BEoMG TOVG Eyve LE GTOYO TNV KATA TO dVVATOV ELVOIKOTEPT] LY YN KO
KAon o1 ddpopeg kataotdoelg Poptmons. Ocov agopd 1o péyebog tovg, ovTod
EMAEYTNKE HE PAOT TIC OMOLTOVUEVES TOGOTNTEG OMMOG OVTEG LIOAOYIGTNKAV GTO
Kepdhawo 2.4, ®ote va €govpe tov embBountd Oyko. Xto GYNuo. TOv oKoAovOel
ameovilovtal ot 0eCOUEVES TOV OVOAMGIUL®OV 6T TEMKT TOVG Lopen. To peyorvtepo
TOCOGTO TV JEEAUEVOV aVTOV PPIoKETOL GTO YDPO TOL UNYOVOOTOGIOV KOl GTO
durvdpuevo avTov.
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Yymno 21. Agapevéc Avarooipoy.

Emopevo PAuo frav o kabopiopdc tov dséapevov épuatog(Ballast Water
Tanks). H koatackevr] toug €ywve pe Pdon tov €Ay IoTO OTOUTOOUEVO OYKO 7OV
yperdletar, O owtodg vmoAoyiotnke oto Ilapapmmua A. AxoAiovbel oynuoa mov
aneikoviCovtat o1 0eSapeVEG EPULATOS OTIMG OPICTNKOV GTO GYEOUGTIKO TPOYPOLLLLAL.

Yympo 22. Asgopevég 'Eppoatog.
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3.2.1.KabBopiouoc Oéonc Xapwv Poptiov

Televtaio pépog TG dopepiopaTOnOinoNg NTav o kabopiopuds e Béong twv
YOPOV PopTiov, dnAadn TV ydpwv mov Bo otolPaldviovcay To containers, site uéoo
oto. kutn(in holds) gite oto xatdorpopa(on deck). Xwpicape tov 0yko mov fTav
dwbéopog v To poptio og 13 k0N, Tpia TPOUVNOEV TOL PUNYOVOCTAGIOV KOl OEKM
TpOPadeV. TN CLVEKELD TOPOLGLALOVTAL TO YOPAKTNPIOTIKA KAOE Ydpov @opTtiov,
Ao TNV TADPY TPOG TNV TPVUV).

Hold 1: Exteivetan amd tov vopéa(frame) 250 éwg tov vopéa 270 pe ovuvolkn
uetapopikn wavotnto 75 TEUS. Amoteheiton amd 600 @paktec(Bays) E/K. e avtd
10 hold, 6mw¢ ka1 og 6Aa o holds Tpdpabev tov pnyavootaciov, vVIapPYOLY QT
otpmoelg Kipotiov kad’ vyog. To bay 1 amoteleitar and 28 TEUS ko to bay 3 amod
47 TEUs. AxolovBodv gykapoieg Topég Tmv 6vo bays, mov ameikovilovv v didtaén
TOV KIPOTIOV 6TO0 GUYKEKPLUEVO KOTOG POPTIOL.

Yympoe 23. Eykapore topn Tov whoiov ato frame 270, Bay 1.

Tyfqua 24. Eykdpoira Topr) Tov thoiov oto frame 261, Bay 3.

Hold 2: Exteiveton amd 1o frame 230 émg to frame 250 pe cuvoliky peTapopikn
wavotnta 135 TEUs. To bay 5 aroteleitan amd 60 TEUS evd 1o bay 7 amd 75 TEUS.
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AxolovBolv eykapoieg Topéc mov ameikovifovv v didtaén kor twv 6vo, oto frame
250 kou oto frame 241 avtictouya.

Tyfqna 25. Eykdpoiro Top Tov thoiov oto frame 250, Bay 5.

Tyfqua 26. Eykdpoira Top tov mhoiov oto frame 241, Bay 7.

Hold 3: Exteivetar amd 1o frame 213 éwc to frame 230 pe cuvolkn HETOQOPIKN
wavotnto, 171 TEUs. To bay 9 anoteleiton and 82 TEUs eved to bay 11 and 89
TEUSs. AkoAovBovv gykdpaoieg TopéEG mTov anetkoviovv v dtdtaln Kot Tov 600, GTOo
frame 230 ka1 670 frame 222 avtictoyyo.

Tyfqua 27. Eykdpoira Top) Tov thoiov oto frame 230, Bay 9.
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Yyqna 28. Eykdapoia Topr] Tov whoiov oto frame 222, Bay 11.

Hold 4: Exteiveton amd to frame 196 émg to frame 213 pe cuvolky peTOQOPIKN
wavotnto 199 TEUs. To bay 13 anoteieiton amd 96 TEUS evod to bay 15 arnd 103
TEUs. AkoAovBobv eykdpoieg Topég mov ametkovilovv v dtdtaén kot Tov 600, GTO
frame 213 ka1 oo frame 205 avtictoyo.

Yyfqna 29. Eykdpoia topr] Tov whoiov oto frame 213, Bay 13.

X

Yyfqua 30. Eykdpoia topr] Tov whoiov oto frame 205, Bay 15.
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Hold 5, 6, 7, 8, 9, 10: Exteivovtal amd TV mpopoic. QPOKTH TOV UNYOVOCTAGIOV,
otov vopéa 96, émg to vopéa 196. H xatavoun tov kipotiov kot oto €€ avtd holds
elvarl 1010, pe ovvolkn petagopikn kavotnro 206 TEUS 1o kabéva. AxolovOel

oyfue mov anekovilel v ddtaén tov Kipotiov og avtd ta holds.

N

/

Yynpo 31. Eykaporo top Tov whoiov oo frame 196, Bay 17.

Hold 11: Ekteiveton omd to frame 52 g tnv mpuuvaio ¢pokt ToOV UnNyovooTtaciov,
oto frame 70. AmoteAgiton amd 600 bays kifwtiov pe ida ddtaln Kot el GLVOAKNY
petapopiky| wavotnta 180 TEUS. AkorovBel oynpa mov amekovilel T ddTaén TV
Kipotiov og avtd to hold. TTapatnpodue ™ dtopopd 6To VYOG Tov SuTHOUEVOL BOTE

VoL VTAPYEL ETOPKNG YDPOG Y10 TOV EMKOPOPO AEOVAL.

N

!

Tyfqua 32. Eykdpoira Top tov mhoiov oto frame 70, Bay 41.
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Hold 12: Ekteiveton omd to frame 35 émg to frame 52. Amoteleitan amd dbo bays
Kipotiov kot £xel cuvolikn petagopikn kovotnta 170 TEUS. To bay 45 anoteleiton
a6 88 TEUs evd 1o bay 47 and 82 TEUS. Akolovbobv oyfuoto mov aneikovilovv
™ didtaén Twv dvo bays oe avtd to hold.

Yympoe 33. Eykapore topn Tov Thoiov 6o frame 52, Bay 45.

Tyfquna 34. Eykdpoira Top) Tov mhoiov oto frame 44, Bay 47.
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Hold 13: Ekteiveton omd to frame 18 éwg to frame 35. Amoteleitan amd dbo bays
Kipotiov kot £xel cuVoOAKN uetagopikn kovotnta 122 TEUS. To bay 49 aroteleitan
amd 66 TEUs evod 1o bay 51 and 56 TEUS. Akolovbobv oyfuate mov aneikovilovv
™ didtaén Twv dvo bays oe avtd to hold.

Yympoe 35. Eykapore topn Tov whoiov ato frame 35, Bay 49.

Tyfquna 36. Eykdpoira Topn tov mhoiov oto frame 22, Bay 51.

210 oynua mov akoAovBel @aivetar 1 GuVOAKN Katavoun tov Kipotiov péca ot
kOtn. H cuvolkn petagpopikn woavotnto Tov Kutav givol 2286 TEUS.

Yympo 37. Katavopn tov kipotiov in holds.
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Mo v xoatavop| tov KPoTiov TEve 6TO0 KATASTPOUO ElY0UE TEPLOPIOUOVS
10060 LOyw g amartovpevng I'papung Opatodtnrag(Visibility Line) amd v yépupa
OV TAOIOV, OGO Kol OO TOVG KOVOVIGHOVG €LOTADENG TOV TPEMEL VO TANPOVVTAL.
‘Eto1, evd Tpmdpobev TV LIEPKATAGKELMOV 1 KOTAVOUN EEKIVAEL LE EQTO CTPMGELS
Kipotiov, katornyel 6to mo npwpaio epdaxktn(bay) kifotiov va éovue téooepig
OTPOGCEIS. ZVUVOMKG ©T0 Kotdotpopo otofalovrar 2693TEUS. Ztn ouvvéyewn
nopatifevral oyfpota Tov eaivetat 1 Katavou Tv Kipotiov on deck kabmg kot m
GLVOAIKY| Kotavoun tov 4982 TEUS.

Yympo 38. Katavopn tov kipotiov on deck.

Yympo 39. Zvvoliki) katavopt] KIfoTtiov 610 v perétr mioio.
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3.3. Epapuoyn Kavovicuov Katauétpnyons — Opyaviky XovOeon Iypouaros

3.3.1. Yroloyiouoc Oliknc Xwpntixotnroc GT

2oppova pe Toug 01ebvig kavoviopovg n oAkn yopntikotnta GT vroloyileton
amd v oxéon [14]:

GT =k XV
Onov:

V: 0 ovvolkOg OyKoG OA®V TOV KAEICTOV YOPWOV TOV TAOIOL CE [mg]. Eivon 1o
aBpoioua Tov GYKo OAMY TOV KAEIGTOV YOP®V UEXPL TO KOTAO, TIUY TNV OTTO10 T POLE
a0 TOVS VOPOCTATIKOVS VTOAOYIGHOVS TOV TTAPOLGLALOVIOL 6€ GAAO KEQAANLO, WE
TOV OYKO T®V VTEPKAUTACKEVMV KOl TOV TPOGTEYOV OMMG METPNONKAY amd TO GYEJ0
Ievucg Atdtaéne. O {ntovpevog Aomdv 0YKOG VITOAOYIGTNKE 160G UE:

V= 179384 [m?]
Ko
ki =0.2+40.02 X log,oV = 0.2+ 0.02 X log17(179384) = ki =0.305
AVTIKOOIGTOVTOG GTNV GYEGT TTOL SIVEL TNV OAIKT] YOPNTIKOTNTO EYOVLLE:
GT = ky XV =0.305 % 179384 =
GT =54712 [RT]

3.3.2. Opyovikn 2ovBeon [ npouozoc

opeova pe v woybovso eAAnvikn vopobesio IIA 238/1987, n opyaviky| chvOeon
TOV TANPOUOTOG POPTNYOD TAOIOL OAIKYG ywpnTikdtTog dve Tov 3000 kOpwv
kaBopiletar cuvapTnoet g oAMkng YopnTiKOTNTag GT (TPOCOMTIKS KOTASTPMOUATOS)
Ko NG 1o0og g unyoeving BHP (mpocmmikd unyovic) g akorlovbwmg [31]:

o Ilpocomxké Karaotpopartog:

GT = 54712[RT] —» Katnyopia: 40000 k6pov¢ kat Avw
o Tlpocomxé Mnyavig

BHP = 19640 [PS] - Katnyopia : 15000[PS]kat dvw
o Ilpocomxké I'evikdv Ynnpeoiwov:

GT = 54712 [RT] - Katnyopia : 40000 k6pov¢ kat Gvw
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Iivakog 4: Opyovikn ZovBeon ITinpopatog

Ipocwmiko Koatactpouotog

[Mioiapyog A

[TAoiapyog B

[Mhotapyog I’

Aoxpog IThotlapyog

NavkAnpog

Navteg

N/dgg

R gl B R N R e

20volo

[EEN
N

Ipocwmixo Mnyoavic

Mnyovikog A

Mnyovikog B

Mnyovikog I

Ab6K1og Mryovikog

Mnyav/yog A

Mnyav/yoc B

Hlektpordyog

20volo

o R R R R N R e

Ilpocwmiro I'svikav Yanpeciav

Mayepag

OoropnmoOL0g

PadomAeypaontc A

20volo

al = N DN

2vvolikog Ap1Buog llinpouarog
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3.4. Aeixtnyg Eéapticuov Ey— Equipment Number

O deiktng e&opTIoHoD Yo LETPIKEG HoVAdec, divetar amd tnv oyéon[14]:

2
Ey=43+2-B-h+0.1-4

Onov:

A : ektOmopO YAOTPOC GE UETPIKOVS TOVOLG o1n Ogpviy éugoptn icoro, T =
Tro(BOOiopo I'papung ®optwong), ico ue A=113496 [tons]
Tnv Ty ovt v Tpape omd 10 YOpooTatikd AdypopLiLoL.

B : ®@sopntiko mhdtog, ico pe B =44 [m]
h:a+h1+h2+....
a : 1o Hyog e&dhv uéypt ™ Bepvn Eupoptn icaro, a = 5.84 [m]

hi : dyoc otov kevipikd daunkn GEovo kabe 0pOPOL VIEPGTEYACUATOG UE TAATOG
ueyavtepo and B/4 =11 [m], dpa

h =23.24 [m]
A : guPadov oe m? ™m¢g mhve ond v OBepivi) {000, TAEVPIKNG EMPAVELNG TOVG
OKAPOVG, TOV VIEPCTEYACUATMOV KOl TOV VIEPKOTACKEVADV KAODS Kol TNG ETPAVELNG
TV  gumopevpatokifotiov mov eivar otofayuéva oto katdotpopo. o tov

vroAoyiopd tov A ypnowomomoape 10 Xxéoto 'evikng Atdtaéng mov mapotifeton
070 TéA0G NG OMA®UATIKNG. [IpocBétovtag OAeg OVTEC TIC EMPAVEIEG EYOVLLE :

A=4320 [m?]

AvtikofiotdvTog TIc TIRéEG avTéc oty oxéon tov Agiktn EEapticpov mpokdntet:
2
Ey = 1134963 + 2-44-23.24 4+ 0.1-4320 =
En=4821
Xopupova pe tovg wivakeg E&apticpod AvtompowmBovpevov Qkeovomndpwv
[Mioiov [14] emAéyovue Aeiktn E&opticpod U49 pe apiBud eoptiopod Ex = 4800,

ONAadn Tov apéoms PIKPOTEPO aO OVTOV TOV VIOAOYIGALE, KOt ToL Aol LeYEOT oL
e€apTOVTOL 0o QVTOV TOPOVGLALOVTaL GTOV TIVOKO TOV 0KOAOVOET
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Iivakog 5: Asiktng E€aptiopod

EQUIPMENT NUMBER = A?® + 2Bh + A/10

113496 [tons] AN2/3) 2344
44.m] 2Bh 2045
23.24 [m] AJ/10 432
4320 [m?]
EQUIPMENT NUMBER CALC. 4821
PNUMBERILETTER | 48001049
STOCKLESS ANCHORS

Bower Anchors Number (one as spare)

Three (3) High Hold Power Type

Weight per Anchor 14700 [kg]
CHAIN CABLE
Stud Link Bower Chain Length 742.5 [m]
Diameter (gradel) 122 [mm]
Diameter (grade2) 107 [mm]
TOW LINE
Minimum Length 300 [m]

Breaking Strength

150000 [kg]

MOORING PARTICULARS

Number of Mooring Lines 7
Minimum Length of Each 200 m
Minimum Breaking Strength 70000 [kg]
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3.5. Yopooratikoi Yroloyiouoi — Kataocrdoeis Poprwong

AoV oAokAnpacape Tn SOIKAGI0 THG SOUUEPIGLOTOTOINGNG TOV VIO UEAETN
mAoilov kot £yovtag TAEOV Opioel TIG OeCAUEVEG TV dOPOP®Y OUAdWV PBapdv KoM
Kot T 0écelg Tov eumopevpatokifortiov, nepdoope ™ yaotpo and to Surface &
Compartment oto Calc & Hydro. Méow ovtod 1oL AOYIOUIKOD KAVOUE TOVG
VOPOCTATIKOVG VITOAOYIGHOVG KOt TOV EAEYY0 Yoo TNV GOkt €votdbeior Tov TAoiov
oTI¢ T€00EPIS PootkOTEPES KaTaoTaoelg poptwong, Tnv Full Load Departure, v Full
Load Arrival, tnv Water Ballast Departure ko tnv Water Ballast Arrival.

O1vOpOcTATIKOL VTTOAOYICUOL KOl 01 KOTAGTAGELS POPTOONG TOPOoVStdlovial 6To
[Mopapmua B kot €ywvav pe Baon tovg Kavoviopovg Evotdbeiag Abiktov Thoiov
TOL 1GYLOLV Y1 OAO. TOL TAOTM, Ol 0Toiot £xovv optotel amd tov IMO [29]. Qotdc0 Yo
to Containerships Adym g @OONG TOVG VO UETAPEPOVY UEYOAO TOGOGTO TOV
EUTOPEVLLLATOC TAV® OO TO KATACTPWOLO, TOV £YEL GOV GLVETELD TO DYNAO KEVIPOL
Bapovg pe O6tL awtd cvvemdyetar oto Bépato gvotdbelag, kot Ady®m g VmapEng
LEYOA®MV aVOIYUAT®V OTO KUPIOG KATACTPOUN, KATL TOv KoBoTd TO eUmOpELLLQ
extefeylévo oTov Kopo Kot SoTpéyel LEYAAOS KIVOUVOG OMMAELNS TOV, LIAPYOLV
Kavovicpoi Evotdbeiag amoxieiotikd ywo to mAoio avtig tng koatmyopiag. Ot
Kavoviopol autol 6mmg yivetol avTIANTTO €ival ouoTNPOTEPOL OO TOVS AVTICTOLYOVG
OV 1GYVOVV Y10, OAM TO TAOICL.

210 onueio awtd Ba yiver Ba yiver €leyyog g GOk gvotabelog Tov VIO
HeAETN TAolov Yo TIG O1APOPES KATAGTACELS POPTMOONG EPUPUOLOVTAG TO. KPLTHPLLL
gvotddelag mov oyvovy yia to. Containerships, kKabdc 10 oyedaGTIKO TPOYPApLA OE
pog otvel T dvuvaTdTNTA VoL TO KAVOLUE 0VTO. LT GLVEXELN TapoTifevTal T KpLTHpLaL
Kot 0KOAOVO®G 0 €AeYY0S TOVG.

"o Containerships avo tov 100 [M] mpénet va woydet

GZ,, SV
/*\ ~
& \
\ .'H.
W g, 400 boeas
— 0042
® GZmax = T
0,033
° GZ =Z—,¢ = 30°
0.009
. (area)o—>30 2 c
0.016
° (area)o—>40,qoﬂoodmg ="c
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0.006

° (area)30_’40r‘/’flooding = C

0.029

* (area)30_>wflooding = I

C_dB d (CB)Z 100
" B2 |KG

d : péoo Pudiopa [M]

D' = (220 (22)

D : I[Thevpcd vyog

B : [TAdtog tov mAoiov

KG : Kaf’ tyog Béom tov kévipo Bapovg
Csg : Zvvteheotn|g YaOTPOG

Cw : ZuVTEAEOTNG IGAAOD EMPAVELNG
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3.5.1. Full Load Departure Condition

And to IMapdptnua I', otovg mivaxeg yio t Full Load Departure kou amd 1o
2xéo10 Xopnrikodtntog AeCapevav kot Kutov, maipvovpe:

KG = 16.54 [m], d = 10.5 [m], Cg = 0.76, I,y = 88 [m], b = 37.46 [m],
Bm = Bp = 44 [m], Cw = 0.84, h = 0.8 [m]

XPNOIUOTODVTOG VTES TIG TIESG Y10 TOV VITOAOYIGHO TV CYEGEMV TOL TOPUTEONKAY
TOPOUTAVE® TPOKVTTEL:

C=0.047186 wou D'=20.23019

"Eieyyoc Kpunpiov Evotdfeiwoc — IMO 749 Intact Stability Criteria for
Containerships:

¢ GZygy = 2.256[m] = == = 0.89009 — 0.K.

o GZ,=2256[m] > @ = 0.699356 — 0.K.
o (area)y_zp0 = 0.587[m X rad] = @ = 0.190734 — O.K.

o (area)o 4o = 0.952[m x rad] = = = 0339082 — 0.K.

o (area)s_se = 0365[m x rad] > *5° = 0.127156 — 0.K.
o (are@)ogum, = 1.02[m x rad] 2 22 = 0.614586 — 0.K.

Hapatnpnon: Ta dikd avtd kpreypo ywo To. containerships avo twv 100 [m] dev
elval amoapaitnro amd Tovg KOVOVIGHOUS Y10, TOV EAEYY0 NG €VoTdbelng £vOg TAOiOL
Kol oamAd amoteAobv €vav emmAéov €Aeyyo. ‘Exovv mapatnpnfel pdiioto moAAEC
TEPIMTMOGELS GTIG OTMOIES VILAPYOVTA TAOIL AVTOD TOV TUTOL OEV GLULOPPADVOVTOL LLE
TOVG KOVOVIGHOVG, OVEEOPTNTMOS TNG TOCOTNTOS EPHOTOS TOL £XOVV GTO OTVOUEVO.
Q061660 610 VIO PEAETN TAOIO TTOPATNPOVUE OTL TO KPITHPLLL OVTO IKOVOTOL0VVTOL
Yopic peydAn amaitnon oe £ppa ovorloyikd pe To péyehog Tov, YoPaKINPIGTIKO TOV
0QelAETOL GTO HEYAAO TOV TAATOG KOl TTOL GLUVTEAEL GTNV HEYOADTEPT] OTOOOTIKOTNTA
Tov(avENoN TG HETAPOPIKNG TOL tKovoTnTag — Payload).
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3.5.2. Full Load Arrival Condition

Avtiotorya pe ) Full Load Departure, étot kau otn Full Load Arrival amd toug
nivaxkeg oto [apdptua I' ko amd to Lyédo Xopntikomtag Aeapevav kot Kutov,
TOiPVOLLE:

KG =17.109 [m], d = 10.029 [m], Cg = 0.755, Iy =88 [m], b = 37.46 [m],
Bn=Bp=44 [m], Cw=0.83,h=0.8 [m]
"Etot mpoxvntet:

C =0.043777 wou D'=20.23019

"Elevyoc Kpumpiov Evotdfsioc — IMO 749 Intact Stability Criteria  for
Containerships:

¢ GZypg, =2.174[m] = =2 = 0959415 — O.K.

e 6Z,=2174[m] 22> = 0.753826 — O.K.

o (area)o s = 0.567[m x rad] = == = 0.205589 — 0.K.

o (area)ospe =0.915[m x rad] = == = 0.365492 — 0.K.

o (area)z 0 = 0.348[m x rad] > 2= = 0137059 — 0.K.

o« (are@)o g, = 0.9405[m x rad] = 2 = 0.662454 — 0.K.
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3.5.3. Water Ballast Departure Condition

MV KatdoTtacn ovth o TAoio TaEldeoVV G€ KOTACTOON EPLOTICUOV, YMPIg
Kabolov @optio. Qotdéco to Containerships, mov eivar kvpiog mAoia ypopungs,
Ta&10€00VV GTMOVIMG G KATAGTACT GTNV 0Toia dev HeTapEPoLV KaboAov eoptio. ['a
10 AMOyo avtd, Katd tov éreyyo g ABwtng Evotdbeiog tov vd pedétn mioiov otig
V0 KATAGTAGELG EPUATIGHOV, DemPNCaE TOG HETOPEPEL AdEL0L CoNtainers og Ola. ta
KOt Tov. [ vo epapupoOcovE TO KPITHPLOL €VOTAOEG TOL 1oYhOLY Yo T
containerships epyalOpacte OTMG TAPATAVE :

KG =9.572 [m], d = 10.04 [m], Cg = 0.74, Iy = 88 [m], b = 37.46 [m],
Bm = Bp = 44 [m], Cw = 0.8267, h = 0.8 [m]

"Etol mpoxvntet:

C =0.060713 waz D=20.23019

"Eieyyoc Kpunpiov FEvotdfewoc — IMO 749 Intact Stability Criteria for
Containerships:

0.042

¢ GZyax =7477[m] 2 222 = 0691781 — O.K.

« 6Z,=7477[m] 22> = 0543542 — O.K.

o (area)o.yp = 1.962[m x rad] = “2= = 0.148239 — 0.K.
o (area)osp =3.232[m x rad] = “2° = 0.263535 — 0.K.
o (area)sp.sp = 1.269[m x rad] = === = 0.098826 — 0.K.

o (Area)o g, = 5-1164[m x rad] = =2 = 0477658 — 0.K.
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3.5.4. Water Ballast Arrival Condition

Avtiotorya pe tnv Water Ballast Departure, étot kot ywo tqv Water Ballast
Arrival epyalopaocte pe tov 610 TpomO :

KG = 10.170 [m], d = 6.922 [m], Cs = 0.730, Iy; = 88 [m], b = 37.46 [m],
Bm = Bp = 44 [m], Cw = 0.824, h = 0.8 [m]

"Etot mpoxvntet:

C =0.030882 wau D=20.23019

‘Eleyyoc  Kpunpiov  Evotdfsiag — IMO 749 Intact Stability Criteria for
Containerships:
¢ GZpg, =7.619[m] = === = 13600005 — 0.K.
e 6Z,=7.619[m] 2> = 1.068575 — O.K.
o (area)y,3pc = 2.057[m X rad] = @ = 0.29143 — 0.K.
o (area)osp =3.352[m x rad] = “= = 0.518097 — 0.K.
0.006

o (area)sp.so0 = 1.294[m x rad] = =2 = 0.194286 — 0.K.

C
o« (are@)ogom, = 5-2158[m x rad] 2“2 = 0.939051 — 0.K.
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EIITAOI'OX

H ayopd tov IThoiov Metagpopdc E/K Bpioketon oe cvveyn avamtvén kot
amoTeAEl EAKLOTIKO TPOTO HETOPOPAS TOV ayoddv, KATL 7OV OVOPEVETOL VO
ovveylotel kot 6to péAov. To péddov wotdco sivar aféfato Aoyw g aykdopog
OLKOVOULKNG VPECNC KOl TN YEVIKNG aoTdfelag twv ayopdv. e 1o Adyo avtd m
vavtimokn Pounyavio o mpémer vo Pper tpdémOLG dote Vo glval £Tolun vo
avtaneEEOel oe omoldNToTE AmPocdOKNTN e&EMEN. Ot moMég KaAég uépec Oa
Qovtalovy £€vo HoKPVO Kol OVTOTKO CEVAPLO GE MEPIMTOON 7OV Ol KLPLOL
EUMAEKOUEVOL GUVEXIGOLV TIG ATOAUEG KOl OIOTOKTIKEG KIVNOELS, (POPOVUEVOL TO
peydio Prpo. H av&avopevn avnovyio yio m poivven tov tepifailovtog mbel tovg
TAOLOKTNTES GTN CLUUOPPMOOT TOV TAOIWV TOLG HE OO Kol TO OVGTNPOVS VOLOLS
EVD 1 OLVEYMG OLENVOUEVT TIW| TOV KOLGIHOV KOVEL TNV YpNoipomoinon
EVOALOKTIKOV LOPO®V EVEPYELNG VO YIVETOL EMTAKTIKN aVAYKT), ETEVOLGT OGTOGO M
omoio. Topopével akOpHo GE amayopevTika emineda TH@V. Ot VEEC OVOTTUGGOUEVES
ayopég TG AvaToANG Teitvouy va aALAEOLV TIG 1IGOPPOTHES.

To vo peiétn mholo petapopdg E/K amotedel pa mpdToon yio mo amodoTikd
Kot o PIAMKE Ttpog to mePIPUAiov mAoia Le PaciKn TOPAUETPO OTL 1] KATOGKEVT] TOL
Boaciletar oe vmapyovoa teyvoroyio. O Asgiktng Evepyeiaxng Amoddoong Tov,
VIOYPEMTIKO Oplo TOL omoiov avapevetonr vo, emiPAndel cdvtopa amd tov IMO,
vroAoyiotnke mepimov 9.2 kan aviikotonTpilel Tov youniod mepPailoviikd avTikTumo
tov. Ot duapopeg avaroyeg Epevveg HEYAA®V 0pYavicU®V 0w o NopPrnywog kot o
Ieppavicdg Nnoyvopovag @avepdvovv T1 GNUOVIIKOTNTO TOV TPOSTOHEIDV Yio
KOvoTOpeG AVGES oTOV TOpéd NG VOuTIAMog Kot €Wkd o6tov KAGOO TV
containerships mov amotehobv ta mo gvepyofopa mAoia.

To vrd perétn mhoio dVvATOL YO TEPULTEP® EPELVAL KOl OVAAVOT] MGTE VoL Yivel
aKopo mo amwodotikd. To E*, mov amotelel ovolaoTikd eEEMEN TOoV VIO peAdT
TAo{oV, E1GAYEL OPIGUEVO KOVOTOLO YOPOKTNPIOTIKA TTOV UITOPOLV VO TPOGEAKVOGOLV
TOVG OYEQOOTEG KOl UTOPEL VO OTTOTEAEGEL £VOL ATOPAGIOTIKO PriL0l GTOV TOREN TNG
voavtidoc. EAmiCovpe m mopodoo SmAmpatikn epyoacio kot 1 10€d TOV E* va
OTOTEAEGOVV EUTVELGN YO TOVG GYEONOTEG KOl EQPOATIPLO Y10 MO OMOJOTIKG KO
QUMKd Tpog To TEPPALAOV TAOTN.
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http://www.maersk.com/AboutMaersk/News/Pages/20100901-145240.aspx

Hapaptyuo A

IHAPAPTHMA A: Avaivtikoi Yroloyicuoi L.S. & Kévtpov Bapovg tov, ‘Elcyyos
I'popuis ®optwaons, loyvog llpowens & Elayierov Arourovusvov ‘Epuarog e
Kataoraon Epuatiouov vro Meiéty Ilioiov

1) Bapoc IImpwc E€onionévov arld Agoptov IThoiov L.S

Bapoc Merairikng Karooreons (Wst)

Apywcd Ba vmoloyiotel 10 BAPOC TG HETOAMKNG KOTAGKELNS TOL LTO UEAETN
mAoiov. "o to okomd avtod Ba epappoctovv ot pébodor Schneekluth pe Muller-Koster
kot Watson [26].

e Mé00dog Schneekluth

Me ™ pébodo avtr Ba vrwoloyicovpe o PAPOC NG METAAMKNG KOTOOKEVNG
Kdtwhev TOoV KVPIOL KATAGTPONOTOS, 6T0 omoio Ba mpootebel petd To Papog TV
VIEPKATACKEVOV TOL B vToAoyicovue pe ™ pnéBodo Muller-Koster.

O 6yKkog KAT®OBEV TOV AVAOTUTOV GLVEXOVG KATAGTPMOUATOG SIVETOL Ad T GYECT :
Vy=Vp + Vs +V, +Vy

omov :

Vp: 6ykog puéypt to Koitho

Vs: avénon Oykov Adym cluodttog

Vp: adénomn dykov Adym KupTOTNTOG KOTAGTPMUATOG

Vi avénon 6ykov Adym otopiov Kutdv

Eivon :

D-T (1—C)) = 0.76 4 0.25 19.8 — 10.5
T Br = ' 10.5

CBD=CB+Cl' (1—076):

Cgp = 0.813143
6mov C; = 0.25 yio mhoia pe pikpo avotypo vouémy vIepave 164A0v.
Vp=L*B-D-Cgp =230-44-19.8-0.813143 =

vV, =162934 m*

Onwc kot 6t0 MOTPIKO TAO10, €161 KO 6T0 VIO peAétn emiégape va un Pdiovpe
CLOTNTA KOTAGTPOUOTOG. [0 To Adyo avtd:

VS :0 m3
To 1310 oyvet kat yo v kKvuptdTNTO. ‘ETo1 é)ovpue :

Vbz 0 m3
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210 VO perétn mAoiov, GOUEMOVO Kol PE TO 6YE010 XwpnTikoOTnTag Aggopevay Kat
Kvtav, &povpe dexatpio oTOHO €K TOV OTOI®V T £VIEK £XOVV TIG 101€G O10CTAGELS.
AxolovBel mivakag e TIG S10GTAGELS TV CTOUI®V.

X1épmo

IMAéTog [M]

Mnkog [m]

"Yyog [m]

‘Oyxog [m3]

Hatch 1

19.9

12.65

0.8

251.735

Hatch 2

27.38

12.65

346.357

Hatches 3 - 13

37.46

12.65

473.869

Enopévac : V= 251.735 + 346.357 + 11 x 473.869 =
Vy= 464852 m®

AvTiKoOoTOVTOG TIC TIMEG Yo TOVG €Ml HEPOVG OYKOVLG OTN GYECT TOL Oivel TO
GUVOAIKO OYKO £XOVE :

Vy=Vp + Vs + V) 4+ V= 162934 + 0 + 0 + 4649 =

V,;=167583m*

‘Exovtag v T Yo 0V OLVOMKO OYKO KAT®OEV TOL OVATATOL GLVEXOLG
KOTOGTPOUATOC, VITOAOYILOVUE TO PAPOG TG LETAAMKNG KOTAGKEVNG O TN GYEON:

WS’T.I:VU'CS,T'CI'CZ'CB'C4'C5'C6(1)

OOV :
C; =|1+0.002-(L—120)?-1073| = |1+ 0.002 - (230 — 120)?-1073| =
C,=1.0242

C, = |1 + 0.057-(%— 12)| - |1 + 0.057-(%— 12)| N

C, =0.97812121
Cs = |(30/(D + 14))1/z| = |(30/(19.8 + 14))1/2| N
Cs=0.94211144
C,=|1+0.1-(B/D—21)2=|1+0.1-(44/19.8 — 2.1)?| =
C, = 1.00149383
Cs=|1+0.2-(T/D—085)| =|1+02-(10.5/19.8 — 0.85)| =

YeModa | A-2



Hapaptyuo A

Cs = 0.93606061
Cs = 10.92 + (1 — Cpp)?| = 10.92 + (1 — 0.813143)?| =
Cs = 0.95491559

Cer = 0.090 + 0.100 ywo containerships, enthéyovpe Csp = 0.090

Avtikabiotdvtag oty (1) éxovpue:

WS’T_l = 167583-0.090-1.0242-0.97812121-0.94211144 - 1.00149383
+0.93606061 - 0.95491559 =

Wp ,=12743[tons]

v T avt €govpe pio Tpooavénon 4% Adyw g PorPogdng mAdpng. Emiong
Oewpovpe otabepic Koyédes otolfaciog yio ta KIBOTIO péca ot KOTT, TO BAPOC TMV
onoimwv givor 0.7 [tons] n kabepio. Apa TEAMKA TO BAPOC TG UETAAAIKNG KOTOOKEVLNG
HEXPL TO OVATOTO GLVEXEG KATACTPMULA gfvat:

Wer = 0.004 - Wep; + 2289 - 0.7 = 0.004 - 12743 + 2289 - 0.7 =
W = 14396[tons]

e  M:00d0g Muller-Koster

Me ) péfodo avtn Ba vroroyicovpe To PAPOG TOV VIEPKATACKEVDOV KOl TMV
VIEPGTEYASUATOV. [0 TNV €DPEST] TOV OOGTAGEMY TOVG YPTCLOTOGOUE TO ZYES0
Xopntuwomrag Aegapevov kar Kutov.

Bapoc IIpocteyov

To oyxopetpikd Bépog evoc mpdoteyov etvan :

Ceack = 100kp/m® yia L > 140 m

[Na tov vmoloyiopd tov gupadod TOoL TPAGTEYOL YPNOWOTOmoaue T HEB0JO
Simpson. Mg Bdomn ot TpoEKvye:

Elpiseeyor=241.82 m?
O 6yxog tov TpodGTEYOL £ivan :

Vﬂpéa‘rsyov = hﬂpéo‘reyov 'Eﬂpéo‘rsyov =3-24182= V”Pé0733’002725'46 m3

Apa telMkd 10 Bépog Tov TPOGTEYOL Eivat:
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Wipsoreyor = Vipéoreyov * Ciipéorsyor = 72546 - 100 = Witpssrepon=12.55[tONS

Bépoc vrepoteyaoudtov

O vmoAoyIoHOS TOL BAPOVE TOV VIEPCTEYUSUATOV YiveTal HEGH TOL 0aKOAOLOOL

Tivaxo, :
Ocon | I 1 \Y, \Y VI | VIl | OIAKIZTHPIO
CTEYOGNATOG
A, [m? | 444.7 | 519.5 | 5135 | 511.4 | 511.4 | 483.4 | 148.3 107.84
Ay[m? | 444.7 | 281.6 | 391.5 | 391.5 | 319.5 | 319.5 | 301.0 119.1
AdAy 1 |1.845]1.311|1.306 | 1.600 | 1.513 | 0.493 0.906
I An[m? | 444.7 | 400.5 | 4525 | 451.4 | 415.4 | 401.5 | 224.7 1135
Conlkp/m®] | 0.057 | 0.081 | 0.065 | 0.065 | 0.073 | 0.065 | 0.053 0.04
h [m] 3 3 3 28 | 28 | 28 | 36 2.6
1.008 | 1.008 | 1.008 | 1.008 | 1.008 | 1.002 | 1.02 1
I k. 1 1 1 1 1 1 1 1
Wy [tons]
XWpy [tons]

ABpoilovtog ta Bdpn mov vroloyiotnkav pe Tic pebodovg Schneekluth kow Muller-
Koster &yovpe teMKd :

WST.Schn = WSIT + Wﬂp()a‘rsyov + SWDH = 14396 + 72.55 + 616.9 =>
Wst schn = 15086 [tons]

e Mé0odog Watson

Xoupova pe ooty t pEBodo to PAPog TG UETOAAIKNG KOTOGKELNG UITOPEL va
vroloylotel pe Paon tov deiktn eEomhopuov En katd Lloyds Register. Apkei vo
TPOCOOPIGOVE TOV aplBld, TO PUNKOG KOl TO VYOG TMV LIEPKATACKELMY KOl TMV
VIEPGTEYACLATMV.
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ITINAKAY YITEPXTEI'AAMATQON

Mijxog |3i [m] "Yyog hyi [m] lii X hyi [m°]

Upper Deck 17 3 51
Deck A 17 3 51
Deck B 17 3 51
Deck C 17 2.8 47.6
Deck D 17 2.8 47.6
Deck E 10 2.8 28
Deck F 10 3.6 36

Nav. Bridge 8 2.6

Z(l1i X hyj)

ITINAKAX YIIEPKAXTAXKEYQN

Mnjog |y [m] "Yyoc hyi [m] l1i X hyj [M?]

Mpocteyo 19.2 3 57.6

2(hai X ) 57.6 [m?]

O d¢eikng eEomMopov Oa eivan :
Ey=L-(B+T)+08-L-(D—-T)+0.85-Yhy; l;; +0.75-XY hy; " l,; =
Ey =230-(44+ 10.5) + 0.8-230-(19.8 —10.5) + 0.85-333 + 0.75-57.6 =

En = 14573
IMo v T avt Tov deiktn e€omhMopol emdéystal: Wsr = 14100 [tons]
Eniong :
1-C)-(08-D—-T 1-0.76)-(0.8-19.8 —10.5
Gy =y + L) ) _ 076+ ) ( ),

3-T ' 3-10.5
C; = 0.8167

H tehucy tyunq tov Papovg g UETOAAIKNG KOTOOKELNG GOUP®VO He TN HEOOJO
Watson divetot amod ) oyéon :

Wer watson = Wer - [1+0.5-(Cz — 0.7)] = 14100 - [1 + 0.5-(0.8167 — 0.7)] =
Wer watson = 14923 [tons]
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IMa v el T tov BApove g HETOAMKNG Kataokeung Bo whpm to uéco 6po
tov nebddwv Schneekluth koaw Muller-Koster pe tv Watson.

WST.Schn + WST.Watson _ 15086 + 14923 N

Wer = =

Wst = 15005 [tons]

Bdpog Eéordiopod (Wor)

o tov vmoloyiopd tov Papovg €£OMTAMGHOD ¥PNGILOTOMONKE 1 OVOALTIKY
uébodog Opadwv Bapov katd Schneekluth [26]. Zougpwvoe pe ™ pébodo avth to
Bapog eEomMopod ywpiletor o€ TEGOEPLG OUAOES : KOADUUATO GTOM®V KLTMV,
(POPTOEKPOPTMOTIKG LEGA, evolaitnon kot Aowwd Bapn.

1) KaAduupoto otopiov Kutov.

Onwg avagépnke kot Topandve, 6To VIO LeALT TAOIO vIdpyovv dekatpia
KOADULOTO GTOUI®V KUTOV €K TOV OToimV T £vieka ivot 1ota.

Ytomo IMAdrog [M] Mnjkog [M] Wh/Ly Bapog Wy [tons]

Hatch 1 19.9 12.65 5.68923 72

Hatch 2 27.38 12.65 9.43306 120

Hatch 3 - 13 37.46 12.65 15.27831 193.3

TOTAL 2317.3

Apa: W, = 2318.3 [tons]

1) ®oproskpoptmtikd uEoa.

Agv VTLAPYOVY POPTOEKPOPTOTIKE HEGH GTO VTG PEAETT TAOT0. Apa :

Wiu=0 [tonS]

III) Evdwitnon.

Mo @opmyd pikpov N pecaiov peyébovg 1o €101kd Papog eivar 160-170 kp/m?
Yy TV avtiotoyyn emedavelo evolaitnong n onoia avépyetal oe 2568 m?. Tnv T
LT TNV TPOUE OO TOV TIVOKO YL TOV VTOAOYISHO TOv  PApovg TV
VIEPGTEYOGUATOV Ko avTiotolyel oto dbpoiopa tov Ay. Emiéyovtag 10ko Bdpog
160 kp/m? &xovpe: Wi = 410 [tons]
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1IV) Aoutd Bapn

Ao mpooeyylotikd Tomo Ko emiéyovtag C; = 0.18 éxovpe:
Wy =(L-B-D)/3-¢; =(230-44-19.8)/3-0.18 =
W,y = 616 [tons]
[IpocHétovtag ta avotépw Papn Ppiokovue:

Wot = 3343.3 [tons]

Bdpoc Mnyavoroyikic Eykoraotaons (Ww)

Mo tov vmoAoyopud Tov Papovg TG UNXOVOAOYIKNG €YKOTAGTOONG TPEMEL VO,
yvopilovue v 1oyd T1€0ng g Kdplag Mnyavig. Avt vroAdoyiotnke pe tn pnéBodo
Holtrop, n omoia mopotifetar ot cLVEXEID TOL TOPOPTHLOTOS, LE TKOVOTOMTIKA
axkpipela ion pe:

Pg = 11162 [KW] # Pg = 15176 [PS] #j P = 14969 [HP]

Yoppova pe t oxéon tov Watson — Gilfillan to Bdapog g umyavoroyikng
gyKotdotaong divetar and t oyéon [26] :

Wy = Cup - Ps*% = 0.3-11162°%° =
W1 = 1201 [tons]
6mov Cyp = 0.3 — 0.5 ya apydotpoeeg Diesel unyavéc.

To Bapog ™G HUNYOVOAOYIKNG €YKOTAGTOONG WUTOPEL VO VTOAOYIOTEL Kot e
TPOGEYYIGTIKO GLUVTEAEGTI O 0m010G eKAEYETOL OO Tivoka oL divel To €101KO Papog
™G UNXOVOAOYIKNG eyKaTdoTaong yio containership oe oyéon pe v 1oyv[14]. ‘Etot
eMAEYETAL:

wym = 0.077 kg/HP
apa : W2 = wpm X Pg(HP) = 0.077 x 14969 =>
W2 = 1153 [tons]

Yav teEMKO BApoc TG UNYXOVOAOYIKNG EYKATACTAONG EMAEYOVUE TOV HEGO OPO TWV
Bapov towv 600 pebodwv. OmoTe Exovpe :
_ Wya+ Wy, 120141153

w,
M 2 2

=

Wy = 1177 Jtons]
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YuvolMkd Yo To Bépog tov L.S. tov vid perétn mhoiov €yovpe:
L.S.onon. = Wst + Wor + Wy = 15005 + 3344 + 1177 =>
L.S.,m2 = 19526 [tons]

Avt n i Tov L.S. givon n Ty wov vroAoyicape amd T1g ddpopeg peboddovs. Amo
Tov vIoloyiopd ouwg tov L.S. tov motpikoy mAoiov Pydlope Evav GLVIEAESTY|
ovoyeticemng peta&h g TPOYUATIKAG TWNG, L.S.real, Kot TG LVTOAOYIGHEV TIUNG,
L.S.vzon, O OTO10G €lvon ic0G Le:

A=0.9755947

"Etol ) mpaypatikn Ty tov L.S. tov vd perétn mhoiov sivat:

L.Somon. 19526 N
A 0.9755947

L'S'REAL =

L.S.real = 20014[tons]

KOLL Ol TTPOYLLOTIKEG TIUES TV ETL LEPOLS Popdv:
Wsr = 15380 [tons]

Wor = 3428 [tons]
W = 1206 [tons]
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1) Yrohloyiwopnoc Kévrpov Bapove Tov L.S. Tov vrd Mehétn Hhoiov

Apykd Tpoypotomofnke vToAoyIopog Tov Kab’ HYOoUg Kot SIUUNKOVS KEVTPOU
Bapovg Tov matpikod TAoiov dnwg tapovsialetor oto [apapmua I'. Avtd to Kavape

vy TNV €EAY®YN GLVIEAESTN GLGYETIONG OV TOV EPUPUOGALE EV GLVEYXEID GTO VTTO
perétn mhoio yio to omoio €yovpe Tov akdiovho mivaka:

?szziff [tons] | KG/D *[f] [tor'\lg;m] LCG/Lgr | LCG’ [tor'::;m]
Wsr | 15380 | 059 | 11.7 |179957.7| 047 | 108.1 | 1662523
Wor | 3428 | 090 | 17.82 |61086.96| 0.46 | 1058 | 362709
Ww | 1206 | 048 | 951 | 114723 | 0.272609 | 62.7 | 75637.59
LS. | 20014 | 0.6372 | 12.62 |252503.8 | 0.456389 | 104.96 | 2100870

INa v ebpeon tov LCG tov Wy ypnoomomcape 10 X610 XmPnTIKOTNTOC
Ag&apevav kar Kutav evéd toug Adyovg KG/D ko LCG/D tovg mipope amd mivoka

7OV JiVEL TIG TIUES OVTEG Yo OXa TaL €101 TThoiwv [26].

O1 6VVTELEGTEG GLGYETIONG TTOL VTOAOYIGTNKOV GTO OO0 TAOTO givat:

Ak = 0.99017139 ko M_ce = 0.991757

Apa TEMKA 01 TEAKEC TILEG TOV KEVTPOL PBdapovg tov L.S. elvat:

KG,s = KG - Age = 12.62/0.99017139 =

LCG,g = LCG - A,; = 104.96/0.991757 =

KG  s=12.737 [m]

LCG, s=105.84[m]
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111 "Eleyyoc Kavoviopuov ®éptmonc

Baoixo dwoc elalwv

2OUQoVa e Toug Kavoviopovg e AteBvoig ZvpPdacemg I'poppung Poptdoemg
®¢ UNKog Tov mAoiov Bewpeitarl to 96% tov oAkol punkovg ¢ 1odiov oto 85% Tov
TAELPIKOD VYOVS TOL TAOIOV, N 1 ATOGTACT) TNG TPOPOINS AKUNG TG TADPNS Ao TO
péso tov d&ova tov TOaAiov oty Bl IGOA0, OTOLOONTOTE gival PEYAAVTEPO OO
avtd [14]. Ao 1o Zyédo Xwpntikdtrag Asgoapevav kot Kutdv Bpiokovpe 01t 0
devTEPO UNKOG glvar peyolvtepo, apa:

Lre =232.3 [m]

To v6d pelétn mhoio etvan TOmov “B” emopévag yio 10 Bacikd vyog eEdiwmv, Kot pe
YPOUKY TTopEUPOAT] HETAED TV pnKoOV 230 ko 235, mpokdntet:

B.Y.E. =3768.58 [mm]

A16pBwaon B.Y.E. yio unkoc mAoiov

Agv voiotatar ddpbwon yoo mThola KAT® TOV EKOTO HETP®V, KOOMG TO VIO
pelétn mhoio eivo 230 [m].

A10pBwan yio to ovvTedeoty] YAoTPOC

m Awbvq Zoppoon [pappng POptwong ¥pNOYOTOLEITIL O GLVIEAEGTNG
YAoTPOG TOV avTIoTolXEL o€ fuBiopa ico pe 85% tov Koikov tov mhoiov. ‘Etot:

Cﬂ_l @_1
c c (0.85DF> Cp ; (0.85 . 19.82)0-76
= . = | =
Cgo.gsp = 0.798781 > 0.68
Apa kavovpro Dyog eEGhmv gtvar :
Cpogsp, + 0.68 0.798781 + 0.68
Y.E, =B.Y.E.X = .58 X
2 ( 136 ) 3768.58 ( 136 )

Y.E; =4097.7 [mm]

omov Df : 10 koido tov TAoiov cuv To ThYOG EAACUATOC TTOL TO BE®POVUE OIS GTO
Tatpiko Kot ico pe t=0.02 [m]

A16pOwan yia. whevpiko dyog De

To mevpkd Vyog eivor De = D +t=19.8 + 0.02 => Ds = 19.82 [m]

Enewdn : Dp > L/ e = 2323/ ¢ = 15.49

10 dropBopévo vyog eEdAwv Ba etvar :
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Y.Es =Y.E; + (Dp — ) X R =4097.7 + (19.82 - 22%) x 250 =

Y.E; = 5181.1 [mm]

6mov R=250 y1a mhoio pe pirog ave tov 120 [m].

A10pBwan Y10, VTEPKATATKEVEC KOL TVPYWTC DTEPKATOCTKEDATUOTO,

Amo Zyédo Xopnrikdmrog Aeapevov kot Kutov tov vnd pelétn mAioiov
Bpiokovpe OTL M TAELPA TNG VIEPKATOOKEVNC AMEYEL OO TNV TAEVPE TOL TAOIOV
neplocotepo and 0.04B=1,76 [m]. o v oakpifeia anéyer 8.1 [m] dpa Bewpeiton
TUPYOTO vrepKatackevaopo. ['a va Anebel vwdyn 61OV LIOAOYIGUO TOV VWYOLG
eEalmv Oa mpémel va £xel mAdtog TovAhdytotov 0.6B=26.4 [m]. To mAdtog ™G OpU®C
givor 32.2 [m] épa to Aappdavovpe vroyn oto Hyog eEGAmY.

2OUPOVA [LE OVTA EXOVUE TOV TOPAUKATO TIVOKAL ©

Hpaypatikd | Hpoaypatiké | Kavoviké | ITAarog HM‘TOG A‘,) ov
, , . IThoiov | Mikog
piKog S Yyog H vyog hs B
Bs E
I MvpyeTté 17.00 3.00 2.30 3220 | 4400 | 1244 I
Ipéoteyo 13.10 3.00 2.30 44.00 44.00 7.21
Total 30.10

Eivon E/L=0.8542 dpa. £xovpe 0600t peimong oto Dyog eEdhmv katd 4.271% tov
1070 [mm]. Emopévac :

Y.E,=Y.E3—4271%-1070 = 5181.1 — 45.7 =

A10pBwan yio. c1U0TNTO. KOTOOGTPWUATOC

Y.E,=5135.4 [mm]

Oewproape 0Tl TO TAOI0 TOV PEAETOVLE KOTAGKELALETAL e PUNOEVIKT GLUOTNTA
emopévag Ba vapyel EAdetyn odtroc. YmoAoyiloope ) o10pObwon pe Pdon v
KOVOVIKT] G1udtnTo Yoo tnv omoio maipvovpe Tov €GO Opo NG TPpmPoiog Kot TG
TpLUVOig GIUOTNTOG.

H xavovum mpopaio cypudtta eivat:

L 232.3
Myp = 16.6750 - (§ + 10) =16.6750 (——+10) =

Mg = 1457.95 [mm]
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AvTicTor o 1 KaVOVIKT Tpupvaio GlLotnTo gtvor :
L 232.3
My, = 8.3375 - (§ + 10) = 8.3375" (T +10) =
Mpna = 728.98 [mm]

Enopévmg n péon kavovikn cypudtnta sivat :

My =1093.5 [mm]

‘Eyxovpe éMeypo opdmrag omdte yivetar mpooavénon tov vyovug e&dimv. To
dropbopévo vyog eEdAwv Ba etvar

Y.E-=Y.E,+ M (0 75 S ) 5135.4 + 1093.5 (0 75 3010 )
. = . - . - = . . ' . - =
> 4 TN 2L 2-232.3

Y.Es = 5884.6 [mm]

To Bubiopa g I'popung dptwong Ba sivon :
Tre = De— Y.E5 = 19820 — 5884.6 =>
Tre=13935 [mm/ 4 Tre = 13.935 [m]

To Pubiopa avtd wavomotel tov Kavovioud g Ipappung @dptmong kabag sivar
peyoAvtepo amod to Pubiopa oyediaonc.

Elayioto Ywoc [lpwpac

To eldyioto amartovpevo Hyog TPpmPag N EAGYL0TO Vyog eEGAmV otV Tpwpaio
Kk@0eT0 elval cLVOPTNGEL TOL PUNKOVS TOL TAOTOL Kot LIToAoYileTan amd ™ oyéon :

L 1.36
EY.01.=56-L <1 - 500) "Crossp + 0.68
232.3 1.36
=56:2323: (1 ~ 500 ) '0.798781 + 0.68

E.Y.II. = 6405.5 [mm]
To vrdpyov Vyog Tpdpog eiva :
Y.Y.IL = Y.Es + Yrpsoreyor = 5884.6 + 3000 =>

Y.Y.II. = 8884.6 [mm]

Emopévog kaAdmteton 1) amaitnon yio EAAYIGTO VYOS TPMOPOC.
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IV) Mé0odoc Holtrop ywa tov Yroloyiwonod tne Ioyvoc Hpdmwonc

H pébodoc Holtrop poc mapéyer t dvvatdtnto yioo pion Koté mTPooéyylon
mpoPreyn ¢ 1oyvog mpdéwong [29]. Tn ypnowomomocape apyikd ywo pio
TPOKATUPKTIKY EKTIUNOT TNG 16YVOG Kol LE TNV TPOO0OO TNG OUTAMUOTIKNG EPYOCIOG TN
BeATidVapE YPNOLOTOLDVTOG KPS TILES Yo O1Apopa LLEYEO.

Ta kOplo yopakploTikd Tov TAOlOV OV YpPNCIHOoTOMONKAY KOOMG Kol KATOLES
otabepég NTav ot akOAOVOEG :

Mnjkog peta&d kabétmv: Lpp = 230.00 [m]

Mnkog wedrov : L =236.90 [m]

[MAdtog : B =44.00 [m]

Boubiopa : T=10.50 [m]

Extéomopa : V= 83180.328 [m3]

Alopnkng 0éom kévipov dvtoong : Ich = -0.7[m] mpopvnBev péong toung
Eyképota emaveto BoAPov : Agr = 32.00 [m?]

Kévtpo g empavetog Tov foArfov : hg = 5.00 [m]

Yvvteheotig péong toung : Cw = 0.993

Yuvteheotng 1odAov emeavelag : Cywp = 0.84

[Ipiopatikdc cvvieleotg : Cp = 0.7653575

Empbvela tpopvng : Ar = 0.10 [m?]

Bpeyopevn emoedveia mapeikopevov : Sapp = 219.078 [m?] (Tn bswpnroape ion pe 1o
0.018 ¢ Bpeyduevng empdvelog g YAoTpOg)

[Mopaperpog oynuatog Tpopuvng : Cserm = 10.00

Awdpetpog élkag : D = 7.00 [m]

ApBudg mrepuyiov Eakog : 2 =4

Toayvnta tov Thoiov: V = 16 [knots] 1 V =8.2304 [m/s]

Bpeyopevn emopdvela ydotpag : S = 12171 m? (i amd VEPOSTATIKO SLAYPOLLLLOL)
[vkvotnro Hadacovod vepo : p = 1025.9 [kg/m?]

T/L = 0.0443225

B/L = 0.18573238

L/B = 5.38409091

21 ouvvéyeln mopovclalovTol OVOALTIKG Ol LTOAOYIGHOT TOL KOVOUE DOTE Vi
@OAooVLE OTO TEAKO OMOTEAEC L.
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Hapaptyuo A

Ap1Budc Froude
Vv 8.2304
= = =
\/g L  +/9.81-236.9

Fn Fr=0.1707277

lch
4-Cp—1

Le=(1-Cp+006-Cp- )-L=(1-0.7653575 + 0.06 - 0.7653575 -

-0.7

4-0.7653575 —1) $236.90 >

Lr =51.892695

Ciz = 48.20 - (T/L — 0.02)%978 + 0.479948
= 48.20-(10.5/236.9 — 0.02)%%78 + 0.479948 =

C12 = 0.5012869

2VVIEAETTHIC LOPPTIC TPOUVHC

Ci3 = 1+0.003Cstern => Ci3=1.03

20VTEAETTHIC LOPPHIC YATTPOC

0.22284 B 0.92497
5
(Z) (1.7+6-C3°)

10 5 0.22284 44 0.92497
=1-0.07+—— o —— (1.7+6:0.76°) =
+ (236.9) (236.9) 1.7+ )

1+k =1+ _0'07+(Z)

1+ ky =1.268992

Ap1Budc Reynolds

V-L 8.2304 - 236.9
= = =
1.18831-10"¢ 1.18831-107°

Re

Re = 1640802282

oo 0075
s ™ (logRe — 2)?

Crs = 0.0014407

Avtiotaon tpifnc

1 1
Rp=>p- Cps"V2-S = > 1025.9 - 0.0014407 - 8.2304% - 12171 =

Re = 609291.34 [N] 7 R = 609.29 [kN]
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Hapaptyuo A

2VVTEAEOTHC QVTIOTOONC TOPEAKOUEVWYV

1+k, = 1.5

Avtiotaon moapeikousvwy

1
Rapp =§'p'SAPP V2 (1 + ky) - G
1
= E 1025.9-219.078 - 1.5 - 8.2304% - 0.0014407 =

Rapp = 16450.866 [N] 17 Rapp = 16.45 [KN]

C; =B/L=44/236.9 => C;=0.1857324

T wvia eic0d0v 100l0v oty TAdpn

L
ig = 1+89expi—(3) %% (1= Cyp)*30* - (1 - Cp — 0.0225 - 1ch)* ¥

) (LR/B)0.34574 - (100 ,%)0.16302} N

ie =34.9625 [degrees]

C, = 2223105 - C378613 . (T /B)1.07961 . (9( — j,)~137565
= 2223105 - 0.1857324378613 . (10.5 /44107961
- (90 — 34.9625) 137565 =

C; =3.4249081

ABTl'5
{B-T-(031\/Apr + T — hy}
56 3217 =
~ {44-10.5-(0.31-V32 + 10.5 — 5}

C; = 0.56

C3=0.0302493

2ovredeotiic yia tn UElwan TS aVTioTaonC KOUOTIOUOD AOYw THC DIopinc tov foiBod

C; = exp(—1.89-,/C3) = exp(—1.89 - V0.0302493) =

C,=0.719848
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Hapaptyuo A

Ar 0.1
— T —-1-08- =
B-T-Cy 44-10.5-0.993

Cs=1-08-
Cs = 0.9998256

Ci1 = 8.07981 - Cp — 13.8673 - C3 + 6.984388 - C}
= 8.07981 - 0.7653575 — 13.8673 - 0.7653575 + 6.984388

+0.76535753% =
C16 =1.192142

m, = 0.0140407 - /. — 1.75254 - V'"*/, —4.79323 B/, — ;4
= . 236.9 _ .83180.3281/3
= 0.0140407 /10_5 1.75254 /236_9

— 479323 - 44/,0 g — 1192142 =
my = -2.088546

3
C15 = —1.69385 y10. — < 512

my = Cy5 - C5 - exp(—0.1-Fn™2)
= —1.69385 - 0.76535752 - exp(—0.1- 0.17072777%) =

my = -0.03211

236.9

L
A=1.446-Cp —0.03 3= 1.446 - 0.7653575 — 0.03 " 24.00 =

A=0.9451842

Avrtiotaon Koyotiouod

Ry=C-C,-Cs-V-p-g-exp{my-Fn®+m,- cositi - Fn=2)}
= 3.4249081 - 0.719848 - 0.9998256 - 83180.328 - 1025.9 - 9.81
- exp{—2.088546 - 0.1707277%9 — 0.03211 - cosi{0.9451842
-0.170727779)} =

Rw = 0.0716489 [N] 5 Rw = 71.64887 [kN]

Seido, | A-16



Hapaptyuo A

2vvreleotic yio vy vropln tov BoALod

_ NV Apr _ \/ﬁ/
Py = 0.56 (T —15-hy) = 026" "/ 105 -1.5-5) 7

Pg = 1.0559461

Ap1Budc Froude oe oyéon ue tn fo0ion tov BolBod
|74

\/g (T — hg —0.25 - JAgr) + 0.15 - V2

8.2304
= =

\/9.81 -(10.5 -5 —0.25-+/5) + 0.15 - 8.23042

Fni=

Fni =1.1611421

llpocbstn avtictoon Aoyw tnc mapovaioc tov LolLod

_0.11-expi-3-Pp %) Fy’ - A p-yg

- (1+Fy?)
_0.11 - expi—3 - 1.055946172) - 1.1611421° - 321° - 1025.9- 9.81
B (1+1.16114212)

B

=

Rg = 9064.03 [N] 7 Rg = 9.064 [kN]

Hpoobstn avtiotoon Aoyw LoBionc tne mpouvnc
Rrr=0 [Kn]

C4=0.04

2vvredeotiic ovoyétionc

C, = 0.006 - (L + 100)~°%1¢ —0.00205 + 0.003 - /L/7 5 Cp* - Cy - (0.04 —Cy)

= 0.006 - (236.9 + 100)7%16 — 0.00205 + 0.003 - /236-9/7_5

+0.76* - 0.719848 - (0.04 — 0.04) =
Ca =0.0003146

YeMoa | A-17



Hapaptyuo A

Avtiotoon ovoyetioewe

1 1
Ry=5:p-V?-S-C; =5-10259-82304° - 12171 0.0003146 =

Ra =133030.83 [N] 17 Ra = 133.03 [kN]

2vvolixn avtiotoon Tov Vo usAéty Thoiov

Rrorar = Ra + Rrg + Rp + Ry + (1 + k1)  Rp + Rypp
= 133.034+0+9.064 + 71.64887 + 1.268992 - 609.2913
+ 16.45087 =

RTOTAL = 1003.3807 rkN] ﬁ RTOTAL =102316.4 rkP]

Cy = (1 +kq) G + C4 = 1.268992 - 0.0014407 + 0.0003146 =
Cv =0.0021428

B:-S 44-12171
C8 = = =
L-D-T 236.9-19.8-10.5
Cs=10.87325
Cg = Cg =10.87325
c T B 10.5
17 p 198

C11 = 0.530303

Cpy = 145 Cp — 0.315 — 0.0225 - lch = 1.45 - 0.7653575 — 0.0225 - (—=0.7) =
Cp1 = 0.8105184
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Hapaptyuo A

Hoocooto ouopov W

L
W =Cqy-Cy T (0.0661875 + 1.21756 - Cy4 - ) + 0.24558

__v
(1—Cp1)

B 009726 011434 . c
L-(1—Cp;) 095—Cp 095—Cy stern =V

+0.002 - Cyropn

= 10.87325 - 0.0021428 2369
I ' 10.5
(0 0661875 + 1.21756 - 0.530303 0.0021428 ) + 0.24558
' ' ' (1 —0.8105184) '
44 0.09726 s 0.11434

236.9- (1 — 0.8105184) 0.95 — 0.7653575 = 0.95 — 0.76

+0.75-10-0.0021428 + 0.002 - 10 =

W = 0.3928835
c B 44
107 7 2369

C10=0.185732

2vvredeotnc usiwonc wong

2

L
t =0.001979 - ————+ 1.0585 - C;o — 0.00524 — 0.1418 - + 0.0015

B—B'CP1 BT

* Cstern

236.9
= 0.001979 - 41 — 2408105184 + 1.0585-0.185732 — 0.00524

2

0.1418 198 +0.0015-10
J— . B e— . . :>
44-10.5

t=0.1422633

Aroutoducvy won likac

;- _ Rrora 1003.3807
= = =
1-t 1—-0.1422633

T = 1169.8 [kN]

Aoyoc exretouévnc empaveiac EMkac

T
D2-(pp+p-g-h—p,)

AE/AO —K+(134+03-2)-

1169.8
=
72-(10200 + 104.6-9.81- 6.8 — 175.7)

=02+ (13+03-4):

A/, = 0.5579649
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Hapaptyuo A

Babuoc amddoonc oystikc mepiotpoenc

ng = 0.9922 — 0.05908 - AE/A0 +0.07424 - (Cp — 0.0225 - Ich)

= 0.9922 — 0.05908 - 0.5579649 + 0.07424
-(0.7653575 — 0.0225 - (—0.7)) =

ng = 1.0172249

Mnyovikoc Babuoc arddoonc

ns =0.99
Babuoc amodoanc élikoc
no =0.52
loyic popodlxnonc
RTOTAL " V 1023164 " 82304‘
PE = = =
75 75

Pe = 11228.1 [PS] # Pe = 8372.9 [KW]

Shaft Horse power — loyic otov dlova the Mnyovic (SHP)

Py 11228.1
= =
ng -ng-ng-ny  1.0172249-0.99 - 0.52 - 1.412804

SHP = 15176 [PS] s SHP = 14969 [HP] # SHP = 11162 [KW]

SHP = Py =

Maximum Continuous Rating - Méyiotn Zoveync Ioyd (MCR)

MCR Calculation

Shaft power on propulsion motors PS [kW] (10%SM

sk
included)- Engine power for propulsion PB1 [kW] [1.1%Pb] | 12278.4

Total engine power demand [kW] [1] 12278.4

Total engine power installed PB [kW] [51/[10] 14445
Loading of engines (assumed) 0.85

MCR = 14445 [KW] # MCR = 19371 [HP] #§ MCR = 19640 [PS]
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Hapaptyuo A

V) Mpokatapktiky) Extiunon ELdyietov Arortovuevov ‘Epnatoc

Amd 1ovc kavoviopovg g MARPOL(Marine Pollution) oe oOkec Tig
KOTOOTACELS EPUOTICUOD TPEMEL VAL TANPOVVTOL KATOIEC OOUTIOELS TPOPOIOL Kot
mpopvaiov Pudicpatog [14]. Tov VTOAOYIGUO TOV EAGYIOTOL £PUATOC TOL OTOLTEITAL
vy TV emitevén tov emtBovuntov Pubicuatoc Ba Tov KAvovpEe Yo TV dLoYEPESTEPT
Katdotaon mov umopel va taldéyel to mAoio. Avty eivar m Full Load Arrival
Condition, otnv onoia £yovpe 10 10% TV ovaA®Gitwy.

Emléyovtag diapetpo éhkag D =7 [m] n oxéon mov divel to eAdyioto TpLVaio
Bodopa etvon :

Ty >D+06=7+06= T, >7.6[m]

Avrtictoya yuo 10 Tpopaio PHdiopa elvat:

Tp > 0.027 * Lgp = 0.027 X 230 = 6.21[m] = Tr > 6.21[m]

Apa 1o péco PHOcpa elvan ico pe:
Ty =6.905 [m]
O ocvvtELEDTNG YAOTPOG GTNV KATAGTACT) EPUOTIGHOD Elval:

T—T, 10.5 — 6.905

Cgg =0.727131

CBB=CB—CX(1—CB)X

Kol T0 avtiotolyo ektomoua o mpénet va givar ico pe:

A=C,XLXBXT, XCgp =1.027 X 230 X 44 X 6.905 X 0.727131 =
A =52183 [tons]

Emopévmg, o gldytoto amontovuevo épua otny Full Load Arrival Condition 6o givou:

W.B.pin =4 — L.S. —crew — miscellaneous — 10%avaiwoiuwv
= 52138 —3.375 - 683 — 10% X 3416 =

W.B.min = 31111 [tons]

KOl 0 amaToVEVOG GYKOG TV de&apevav Epuatog Ba mpémetl va etvat:

W.B.... 31111
= = =
1.025 1.025

V = 30352 [m°]
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Hapaoptyuo B

IHAPAPTHMA B: Yopoorartikoi Yroloyiouoi — Karoaoctdoeis Poprwons

» Yroioyicuoi Yopootatikav MeyeOmv

Hydrostatics

Draft
(m)

Displt LCB
(t) (m)

VCB WPA
(m) (m"2)

LCF
(m)

KML
(m)

KMT
(m)

WSA
(m"2)

1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00

6446.76 114.248
13646.12 114.689
21217.29 114.940
29014.39 115.095
36975.10 115.165
45066.00 115.144
53270.73 115.022
61581.18 114.800
69997.99 114.475
78541.70 114.026
87225.39 113.457
96060.18 112.788

13.00 105026.30 112.108
13.94 113751.04 111.515
14.00 114097.56 111.493
15.00 123269.55 110.967
16.00 132538.16 110.533
17.00 141899.33 110.184
18.00 151349.47 109.914
19.00 160885.81 109.715 10.004 9345.58 106.934
19.80 168576.26 109.602 10.433 9411.35 107.562

0.515 6764.24 114.870 2639.022 129.862

1.038 7240.17 115.255 1428.820

1.561 7513.95 115.506
2.082 7695.91 115.532
2.603 7835.02 115.314
3.123 7951.15 114.785
3.644 8057.04 113.932
4.164 8157.82 112.822
4.686 8267.40 111.345
5.210 8404.10 109.334
5.736 8543.95 107.216
6.267 8690.93 105.268
6.799 8799.50 104.469
7.311 8894.69 104.310
7.332 8898.17 104.307
7.865 8996.60 104.563
8.399 9087.38 104.951
8.934 9177.30 105.550
9.469 9261.34 106.165

998.658
773.049
634.264
541.053
474.740
425.354
388.935
363.684
343.784
328.417
311.673
297.370
296.828
284.171
272.742
262.711
253.524
245.508
239.711

6862.81
7549.16
8128.42
8666.44
32.133 9186.60
27.923 9701.56
25.048 10220.75
23.018 10746.90
21.568 11292.42
20.545 11876.10
19.801 12470.81
19.272 13068.44
18.899 13613.58
18.656 14124.04
18.648 14144.10
18.501 14673.29
18.429 15201.92
18.427 15733.18
18.479 16264.97
18.580 16801.54
18.689 17232.79

70.872
49.509
38.601
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Hydrostatics

Hapaoptyuo B

Draft CB CM CP CW
(m)

BML
(m)

BMT TPC MTC

(m)

(t/cm) (t-m/cm)

1.00 0.621 0.945 0.658 0.668 2638.506 129.347
2.00 0.658 0.967 0.680 0.715 1427.782

3.00 0.682 0.978 0.697 0.742
4.00 0.699 0.984 0.711 0.760
5.00 0.713 0.987 0.722 0.774
6.00 0.724 0.989 0.732 0.786
7.00 0.734 0.991 0.741 0.796
8.00 0.742 0.992 0.748 0.806
9.00 0.750 0.993 0.755 0.817
10.00 0.757 0.993 0.762 0.830
11.00 0.764 0.994 0.769 0.844
12.00 0.772 0.995 0.776 0.859
13.00 0.779 0.995 0.783 0.870
13.94 0.785 0.995 0.789 0.879
14.00 0.786 0.995 0.789 0.879
15.00 0.792 0.996 0.796 0.889
16.00 0.799 0.996 0.802 0.898
17.00 0.805 0.996 0.808 0.907
18.00 0.811 0.996 0.814 0.915
19.00 0.816 0.997 0.819 0.923
19.80 0.821 0.997 0.824 0.930

997.098
770.966
631.660
537.930
471.096
421.189
384.249
358.474
338.048
322.151
304.874
290.059
289.496
276.306
264.343
253.778
244.056
235.504
229.278

69.834
47.948
36.519
29.530
24.800
21.404
18.854
16.882
15.336
14.065
13.005
12.100
11.344
11.316
10.636
10.030

9.493

9.011

8.576

8.257

69.33
74.21
77.02
78.88
80.31
81.50
82.58
83.62
84.74
86.14
87.58
89.08
90.19
91.17
91.21
92.22
93.15
94.07
94.93
95.79
96.47

739.56

847.12

919.81

972.57
1015.47
1054.01
1091.12
1127.71
1169.42
1224.14
1282.01
1345.47
1392.17
1434.54
1436.12
1480.87
1523.28
1565.69
1605.99
1647.36
1680.47
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Hapaoptyuo B

» Yopootatiko Aigypauua

18

16
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\ \ \ I \ \ T
20000 40000 60000 80000 100000 120000 140000
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800 1000 1200 1400 1600
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[ I [ I I
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» Iapauerpixéc Kaunivies Everaberag (Cross Curves)

KN's in metres

Hapaoptyuo B

Heel 5.0
Draft

10.0

12.0

15.0

30.0 40.0

75.0 90.0

1.000 9.511 13.026 13.807 14.648 16.103 15.814 15.439 13.710 12.011 10.823
9.206 10.533 14.095 15.000 15.205 15.125 13.584 10.832
8.146 12.753 14.444 14.995 15.119 13.564 10.856
6.590 11.831 13.849 14.392 14.603 13.277 10.851
5.708 11.116 13.060 13.578 13.920 12.887 10.819
5.234 10.294 12.135 12.660 13.165 12.444 10.766

3.000 4.276
5.000 2.802
7.000 2.188
9.000 1.885
11.000 1.729
13.000 1.651
13.940 1.630
15.000 1.616
17.000 1.609
19.000 1.516
19.800 1.268

8.084
5.578
4.387
3.783
3.469
3.311
3.268
3.239
3.153
2.673
2.266

6.651
5.271
4.549
4171
3.980
3.928
3.892
3.707
3.081
2.647

4.991
4.924
4.821
4.445
3.665
3.204

9.343 11.086 11.640 12.372 11.998 10.721
8.857 10.538 11.113 11.975 11.786 10.717
8.328 9.923 10.519 11.533 11.554 10.720
7.303 8.745 9.351 10.649 11.100 10.741
6.228 7.653 8.277 9.765 10.625 10.762
5.759 7.233 7.888 9.478 10.453 10.764

YeAida | B-4



> Awaypapupa Cross Curves

Hapaoptyuo B

10 deg 12 deg 15 deg 30 deg 40 deg 45 deg 60 deg

5deg

>

14

12

10

Draft - metres
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> Karaxivewa Miyxny (Floodable Lengths)

Permeability 63%

Hapaoptyuo B

Lost LCB of FL Floodable Centre of FL Mean Trim
buoyancy from Origin Length from Origin draft by head
cu.metres  metres metres metres  metres metres
19660.28 29.846  52.713 26.357 14.626 -10.168
21379.56 37.890 50.941 35.609 14.835 -9.750
23158.33 45.604  50.991 44.472 15.053 -9.318
25014.68 52411 53.151 51.872 15.277 -8.871
26861.25 58.455 56.120 58.260 15.508 -8.411
28776.53 63.824  59.555 63.861 15.746 -7.938
30838.73 68.645  63.405 68.849 15.989 -7.452
32882.68 72995 67.214 73.318 16.239 -6.955
34927.98 76.936  71.028 77.309 16.493 -6.448
37080.05 80.539  74.871 80.980 16.753 -5.931
39254.93 83.834  78.630 84.323 17.017 -5.404
41502.40 86.868  82.440 87.365 17.285 -4.869
43783.28 89.668  86.138 90.169 17.557 -4.327
46119.88 92,259  89.817 92.739 17.832 -3.778
48499.72 94.674  93.448 95.111 18.110 -3.224
50924.92 96.914  97.004 97.300 18.391 -2.664
53297.81 99.028 100.327 99.343 18.673 -2.101
55810.91 100.992 103.770 101.227 18.957 -1.534
58230.32 102.905 106.963 103.030 19.242 -0.965
60590.28 104.682 110.094 104.679 19.527 -0.394
61466.05 105.967 111.250 105.884 19.645 0.177
59274.08 107.285 108.439 107.150 19.392 0.748
56726.03 109.007 105.119 108.778 19.140 1.318
54091.43 110.858 101.567 110.542 18.888 1.886
51531.53 112.865  97.995 112.483 18.637 2.451
48987.74 115.058  94.327 114.611 18.388 3.012
46447.11 117.449  90.494 116.957 18.141 3.569
44010.70 120.082  86.708 119.557 17.896 4.120
41520.72 122.966  82.637 122.434 17.654  4.665
39117.00 126.161  78.559 125.648 17.415 5.202
36682.30 129.679  74.291 129.191 17.179 5.732
34384.82 133.589  70.147 133.158 16.947 6.253
32055.34 137.933  65.813 137.595 16.720 6.764
29886.88 142.768  61.755 142.558 16.497 7.265
27659.85 148.182  57.602 148.136 16.279 7.755
25618.29 154.198  53.959 154.386 16.066 8.233
23638.68 160.998  50.695 161.554 15.859 8.698
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Hapaoptyuo B

Lost LCB of FL Floodable Centre of FL Mean Trim
buoyancy from Origin Length from Origin draft by head
cu.metres  metres metres metres  metres metres
21634.98 168.586  48.021 169.600 15.657 9.150
19875.40 177111 47544 178.592 15.462 9.588
18055.48 186.901  49.444 189.517 15.274 10.011
16319.99 195.709  56.971 201.514 15.092 10.419

0.000 230.000

» Kounvin Karoaxiveuwv Myxov
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Permeability 85%

Hapaoptyuo B

Lost LCB of FL Floodable Centre of FL Mean Trim
buoyancy from Origin Length from Origin draft by head
cu.metres  metres metres metres  metres metres
18624.97 22.768  40.427 20.214 14.500 -10.419
20365.70 32,986  36.654 31.489 14.714 -9.992
22264.62 41.644  36.268 40.947 14.937 -9.549
24119.79 49.187  37.660 48.876 15.166 -9.091
26084.88 55.823  40.022 55.720 15.403 -8.620
27968.16 61.675 42533 61.725 15.647 -8.135
30002.82 66.874  45.414 67.019 15.896 -7.638
32087.11 71536  48.346 71.760 16.152 -7.129
34206.12 75.733  51.323 75.991 16.413 -6.609
36411.40 79.541  54.300 79.843 16.679 -6.079
38686.99 83.016 57.316 83.330 16.949 -5.540
41042.31 86.193  60.333 86.511 17.224 -4.992
43313.43 89.124  63.092 89.443 17.502 -4.437
45718.06 91.818 65.924 92.130 17.784 -3.875
48180.08 94.328  68.730 94.618 18.069 -3.307
50651.57 96.643  71.432 96.900 18.356 -2.733
53067.03 98.828  73.938 99.045 18.645 -2.156
55613.67 100.851  76.524 101.016 18.936 -1.575
58166.17 102.813  79.023 102.916 19.228 -0.992
60588.55 104.644  81.361 104.662 19.520 -0.408
61461.07 105.967  82.175 105.930 19.645 0.177
59207.34 107.325  80.095 107.249 19.386 0.762
56594.61 109.095 77.624 108.951 19.127 1.346
53959.96 110.999  75.027 110.803 18.869 1.928
51330.79 113.073  72.318 112.832 18.612 2.507
48645.28 115.343  69.386 115.073 18.357 3.081
46045.50 117.827  66.469 117.525 18.104 3.652
43498.65 120.570  63.485 120.249 17.853 4.216
41013.93 123.587  60.401 123.284 17.605 4.774
38601.07 126.943  57.384 126.617 17.360 5.325
36034.65 130.651  53.977 130.336 17.119 5.868
33742.30 134.800  50.803 134.537 16.881 6.402
31330.57 139.418  47.442 139.181 16.648 6.926
29096.96 144.610  44.258 144.451 16.420 7.439
26936.22 150.419  41.215 150.377 16.196 7.941
24716.53 156.955  38.220 157.084 15.978 8.430
22752.86 164.382  36.003 164.755 15.766  8.907
20723.41 172.696  34.427 173.327 15,559 9.370
18851.05 182.231  34.308 183.253 15.360 9.819
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Hapaoptyuo B

Lost LCB of FL Floodable Centre of FL Mean

buoyancy from Origin
cu.metres  metres

Trim

Length from Origin draft by head
metres metres

metres metres

17056.69 193.304
15183.04 202.974

37.307 195.088 15.166 10.253
45.962 207.019 14.980 10.671

0.000 230.000

» Kounvin Karoxiveuwv Myxov
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permeability 95%

Hapaoptyuo B

Lost LCB of FL Floodable Centre of FL Mean Trim
buoyancy from Origin Length from Origin draft by head
cu.metres  metres metres metres  metres metres
18671.70 20914 37.321 18.660 14.500 -10.419
20353.58 32,986  31.985 32.033 14.714 -9.992
22192.17 41.644  32.040 41.152 14.937 -9.549
24114.91 49.187 33541 48.950 15.166 -9.091
25980.77 55.823  35.499 55.777 15.403 -8.620
28028.72 61.675  38.048 61.726 15.647 -8.135
30083.22 66.874  40.658 67.006 15.896 -7.638
32187.35 71536  43.325 71.730 16.152 -7.129
34326.01 75.733  46.004 75.963 16.413 -6.609
36513.58 79.541  48.667 79.798 16.679 -6.079
38793.73 83.016 51.394 83.273 16.949 -5.540
41072.33 86.193  53.970 86.465 17.224 -4.992
43449.40 89.124  56.589 89.393 17.502 -4.437
45813.96 91.818 59.097 92.069 17.784 -3.875
48054.03 94.328 61.318 94.562 18.069 -3.307
50684.38 96.643  63.940 96.853 18.356 -2.733
53102.38 98.828  66.186 99.004 18.645 -2.156
55639.52 100.851  68.483 100.986 18.936 -1.575
58200.61 102.813  70.717 102.901 19.228 -0.992
60496.27 104.644  72.647 104.663 19.520 -0.408
61497.24 105.967  73.520 105.939 19.645 0.177
59242.30 107.325  71.687 107.260 19.386 0.762
56630.87 109.095  69.483 108.978 19.127 1.346
53877.28 110.999  67.009 110.842 18.869 1.928
51335.13 113.073  64.689 112.882 18.612 2.507
48755.01 115.343  62.213 115.122 18.357 3.081
46083.91 117.827  59.510 117.582 18.104 3.652
43540.81 120.570  56.834 120.314 17.853 4.216
41097.77 123.587 54.161 123.331 17.605 4.774
38433.90 126.943  51.104 126.680 17.360 5.325
36135.07 130.651  48.376 130.405 17.119 5.868
33628.52 134.800  45.298 134.565 16.881 6.402
31327.55 139.418  42.392 139.216 16.648 6.926
29174.18 144610 39.621 144.472 16.420 7.439
26900.80 150.419  36.725 150.368 16.196 7.941
24777.68 156.955  34.161 157.045 15.978 8.430
22654.55 164.382  31.964 164.652 15.766  8.907
20728.62 172.696  30.681 173.187 15.559 9.370
18935.35 182.231  30.726 182.999 15.360 9.819
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Hapaoptyuo B

Lost LCB of FL Floodable Centre of FL Mean Tri

buoyancy from Origin
cu.metres  metres

m

Length from Origin draft by head

metres metres

metres met

res

17037.57 193.304
15335.29 204.627

32.563 194.808 15.166 10.253
42.078 208.961 14.980 10.671

0.000 230.000

» Kournvin Keroxiveuwv Mykov
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» Full Load Departure

Key

Key Name Density

(t/m3)
WwB  1.0250
FW  1.0000
FO 0.9500
DO  0.8400
LO  0.9000
MISC 1.0000

Intact State

Hapaoptyuo B

Title Cargo % full SG Weight LCG TCG VCG FSM
(tm3) (1) (m (m (m)  (t-m)

NO.3 W.B.D.B.TK. WB 100.0 1.025 815.8 180.75 0.00 1.26 0.0
NO.7-8 W.B.D.B.TK: WB 100.0 1.025 946.7 11582 0.00 1.25 0.0
NO.5-6 W.B.D.B.TK.: WB 100.0 1.025 2310.9 14438 0.00 1.25 0.0
NO.4 W.B.D.B.TK.(P): WB 100.0 1.025 355.0 166.35-11.05 1.25 0.0
NO.4 W.B.D.B.TK.(S): WB 100.0 1.025 355.0 166.35 11.05 1.25 0.0
NO.1 W.B.S.TK.(P): WB 33.0 1.025 258.3 207.77 -7.87 4.08 180.8
NO.1 W.B.S.TK.(S): WB 33.0 1.025 258.3 207.77 7.87 4.08 180.8
FORE PEAK TANK: WB 100.0 1.025 2230.2 221.4 0.00 9.25 0.0
Total WATER 7530.2 17396 0.00 3.82 361.6
BALLAST

F.0.D.B.TK. NO.1: FO 98.0 0.950 337.8 20795 0.00 1.29 1619.5
F.O.D.B.TK. NO.2 FO 98.0 0.950 635.0 19389 0.00 1.26 9486.5
F.0.D.B.TK. NO.7-8(P) FO 98.0 0.950 619.5 115.82 -11.36 1.22 1905.8
F.0.D.B.TK. NO.7-8(S) FO 98.0 0.950 619.5 11582 11.36 1.22 1905.8
F.O.SERV.TK.(P): FO 98.0 0.950 76.9 60.98 -17.00 14.86 17.6
F.O.SETTL.TK.(P): FO 98.0 0.950 75,5 69.06 -20.30 8.97 9.4
F.O.SETTL.TK.2(P): FO 98.0 0.950 58.3 71.79 -20.30 8.97 7.3
F.O.SETTL.TK.(S): FO 98.0 0.950 75,5 69.06 20.30 8.97 9.4
F.O.SETTL.TK.2(S): FO 98.0 0.950 58.3 71.79 20.30 8.97 7.3
F.0.S.TK.No.11(P): FO 98.0 0.950 169.2 47.26 -20.30 14.86 43.8
F.0.S.TK.No.11(S): FO 98.0 0.950 169.2 47.26 20.30 14.86 43.8
F.0.D.B.TK.No4: FO 98.0 0.950 480.5 166.64 0.00 1.23 2847.9
F.O.SERV.TK.(S): FO 98.0 0.950 76.9 60.98 17.00 14.86 17.6
Total FUEL OIL 3452.1 13357 0.00 3.78 17921.7
CYL.OIL TK.(P&S): LO 98.0 0.900 799 5212 0.00 1.23 1217.0
L.O. AUX.TK.(S): LO 98.0 0.900 715 59.82 20.30 7.04 17.8
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Hapaoptyuo B

Title Cargo % full SG Weight LCG TCG VCG FSM
(tm3) (1) (m) (m) (m) (t-m)

L.O.STOR. TK.(P): LO 98.0 0.900 715 59.82 -20.30 7.04 17.8
Total LUB OIL 2229 57.06 0.00 4.95 1252.6
D.O.SETTL.TK.(P): DO 98.0 0.840 69.7 65.21 -20.30 10.20 12.5
D.0.D.B.TK.(P): DO 98.0 0.840 190.8 63.71 -845 1.22 168.8
D.0.D.B.TK.(S): DO 98.0 0.840 190.8 63.71 -845 1.22 168.8
D.O.SERV.TK.(S): DO 98.0 0.840 69.7 65.21 20.30 10.20 12.5
Total DIESEL OIL 521.0 64.11 0.00 3.62 362.6
FRESH WATER(P&S): FW 100.0 1.000 319.0 80.96 0.00 14.90 0.0
Total FRESH WATER 319.0 80.96 0.00 14.90 0.0
C.B.W.TANK: MISC 98.0 1.000 1479 5058 0.00 1.22 0.0
DIST. WATER TK.(S):  MISC 98.0 1.000 79.5 59.82 20.30 10.99 0.0
DIST. WATER TK.(P): MISC 98.0 1.000 79.5 59.82 -20.30 10.99 0.0
F.O.OVERFLOW TK.: MISC 98.0 1.000 782 6756 4.40 122 0.0
L.O.CIRC. TK.(S): MISC 98.0 1.000 89.1 6371 100 122 0.0
L.O.CLEAN.TK.(P): MISC 98.0 1.000 89.1 63.71 -1.00 122 0.0
PRIMING TK.(P&S): MISC 98.0 1.000 29.0 7382 0.00 122 0.0
SLUDGE TK.1: MISC 98.0 1.000 33.8 70.64 -440 122 0.0
SLUDGE TK.2: MISC 98.0 1.000 33.3 6598 -4.40 122 0.0
SLUDGE TK.3: MISC 98.0 1.000 11.1 6290 -440 1.23 0.0
Total 6705 6122 0.00 354 0.0
MISCALLANEOQOUS

TEUs ON DECK 271459 100.49 0.00 28.52 0.0
TEUs IN HOLDS 23072.7 116.61 0.00 11.76 0.0
Total Cont Set 0 50218.6 107.90 0.00 20.82 0.0
stores 30.0 23.79 0.00 19.80 0.0
Total stores 30.0 23.79 0.00 19.80 0.0
prov.dep. 18.8 67.40 0.00 21.30 0.0
Total Provisions 188 67.40 0.00 21.30 0.0
crew 34 6740 0.00 21.30 0.0
Total CREW 34 6740 0.00 21.30 0.0
Lightweight 20014.0 105.84 0.00 12.74 0.0
Deadweight 62986.3 11597 0.00 17.44  19898.2
Total Displacement 83000.3 113.53 0.00 16.30  19898.2
Buoyancy 83000.4 113.52 0.00 5.48 1218430.8
Total Buoyancy 83000.4 113.52 0.00 5.48 1218430.8
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Hapaoptyuo B

Drafts at equilibrium angle

Draft at LCF 10.516 metres
Draft aft at marks 10.653 metres
Draft fwd at marks 10.361 metres
Draft at AP 10.653 metres
Draft at FP 10.361 metres
Mean draft at midships 10.507 metres

Hydrostatics at equilibrium angle

Density of water  1.0250 tonnes/cu.m

Heel No heel

Trim by the bow ~ 0.291 metres
KG 16.30 metres
FSC 0.240 metres
KGf 16.54 metres
GMt 3.621 metres
BMt 14.680 metres
BMI 349.920 metres
Waterplane area  8495.77 sg.metres
LCG 113.528 metres
LCB 113.515 metres
TCB 0.000 metres
LCF 108.090 metres
TCF 0.000 metres
TPC 87.082 tonnes/cm
MTC 1262.762 tonnes-m/cm

Propeller Immersion

Propeller tip immersion 7.153 metres
Required percentage immersion  0.000 %
Actual percentage immersion  202.180 %
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Hapaoptyuo B

FULL LOAD DEPARTURE: Intact State

S 1y
0 10 20 %0 40 50
Heel - degrees
Righting Lever (GZ) Curve
Heelto Stod GZ  Slope Trim WLrad Freeboard Wind
(deg) (m) (m/rad) (m) (m) (m) (m)
0.00 0.0000 3.6448 -0.291 10.507  9.29[0] 0.0870
5.00 0.3214 3.7749 -0.223 10.459  7.35[0] 0.0870
10.00 0.6642 4.2002 -0.030 10.316  5.36[0] 0.0870
15.00 1.0542 4.9330 0.261 10.075 3.36[0] 0.0870
20.00 1.5159 5.8979 0.619 9.733  1.35[0] 0.0870
25.00 2.0232 4.8760 1.014 9.284 -0.64[0] 0.0870
30.00 2.2497 0.8216 1.377 8.775 -2.63[0] 0.0870
35.00 2.1358 -2.9454 1.746 8.189 -4.59[0] 0.0870
40.00 1.7576 -5.3537 2.067 7.546 -6.52[0] 0.0870
45.00 1.2148 -6.9024 2.318 6.847 -8.40[0] 0.0870
50.00 0.5601 -7.9778 2.509 6.098 -10.22[0] 0.0870
55.00 -0.1708 -8.6881 2.659 5.308 -11.97[0] 0.0870
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Hapaoptyuo B

IMO Wind heeling

Property Value Units
Length WL 236.900 metres
Profile area above WL 5337.438 sq.metres
Areato leeward (Areab)  1.08590 m-radians
Area to windward (Areaa) 0.00104 m-radians

GZc 0.087 metres
Gust angle 1.367 degrees
Rollback angle 18.333 degrees
Steady state angle 0.912 degrees
Max. angle to leeward 50.000 degrees
B/d' 4.188

X1 0.800

Cb 0.758

Ar 0.000

K 1.000

Og 6.009 metres
r 1.073

T 16.937 seconds

IMO 749 Intact Stability Criteria non - passenger

# Criterion Actual Critical

Value Value
1 Area under GZ curve up to 30 degrees > 0.055 0.587 0.055
2 Area under GZ curve from 30 to 40 deg. or downflood > 0.03 0.365 0.030
3 Area under GZ curve up to 40 deg. or downflood > 0.09 0.952 0.090
4 Initial GM to be at least 0.15 metres 3.645 0.150
5 GZ to be at least 0.20m at an angle > 30 degrees 2.256 0.200
6 Max GZ to be at an angle > 30 degrees 30.823 30.000
7 IMO Weather Criterion ( Maximum Initial Angle Of Heel ) 0.912 16.000
8 IMO Weather Criterion ( Areas ) Indeterm.  1.000

Condition complies with the regulations
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> Full Load Arrival

Key

Key Name Density

(t/m3)
WB  1.0250
FW  1.0000
FO  0.9500
DO  0.8400
LO  0.9000

Intact State

Hapaoptyuo B

Title Cargo % full SG  Weight LCG TCG VCG FSM
(tm3) (1) (m  (m) (m) (t-m)

NO.3 W.B.D.B.TK. WB 100.0 1.025 815.8 180.75 0.00 1.26 0.0
NO.7-8 W.B.D.B.TK: WB 100.0 1.025 946.7 11582 0.00 1.25 0.0
NO.5-6 W.B.D.B.TK.: WB 100.0 1.025 23109 14438 0.00 1.25 0.0
NO.4 W.B.D.B.TK.(P): WB 100.0 1.025 355.0 166.35 -11.05 1.25 0.0
NO.4 W.B.D.B.TK.(S): WB 100.0 1.025 355.0 166.35 11.05 1.25 0.0
NO.1 W.B.S.TK.(P): WB 33.0 1.025 258.3 207.77 -7.87 4.08 180.8
NO.1 W.B.S.TK.(S): WB 33.0 1.025 258.3 207.77 7.87 4.08 180.8
FORE PEAK TANK: WB 100.0 1.025 2230.2 2214 0.00 9.25 0.0
Total WATER 7530.2 173.96 0.00 3.82 361.6
BALLAST

F.O.D.B.TK. NO.1: FO 10.0 0.950 345 207.11 0.00 0.19 1050.6
F.0.D.B.TK. NO.2: FO 10.0 0.950 64.8 193.72 0.00 0.16 6709.5
F.0.D.B.TK. NO.7-8(P) FO 10.0 0.950 63.2 115.82 -11.36 0.12 1905.8
F.0.D.B.TK. NO.7-8(S) FO 10.0 0.950 63.2 115.82 11.36 0.12 1905.8
F.O.SERV.TK.(P): FO 10.0 0.950 7.8 60.98 -17.00 13.19 17.6
F.O.SETTL.TK.(P): FO 10.0 0.950 7.7 69.06 -20.30 5.49 9.4
F.O.SETTL.TK.2(P): FO 10.0 0.950 6.0 71.79 -20.30 5.49 7.3
F.O.SETTL.TK.(S): FO 10.0 0.950 7.7 69.06 20.30 5.49 9.4
F.O.SETTL.TK.2(S): FO 10.0 0.950 6.0 7179 20.30 5.49 7.3
F.0.S.TK.No.11(P): FO 10.0 0.950 17.3 47.26 -20.30 13.19 43.8
F.0.S.TK.No.11(S): FO 10.0 0.950 17.3 47.26 20.30 13.19 43.8
F.O0.D.B.TK.No4: FO 10.0 0.950 49.0 166.64 0.00 0.13 2847.9
F.O.SERV.TK.(S): FO 10.0 0.950 7.8 60.98 17.00 13.19 17.6
Total FUEL OIL 352.3 133.46 0.00 2.42 14575.8
CYL.OIL TK.(P&S): LO 10.0 0.900 8.1 5212 0.00 0.13 1217.0
L.O. AUX.TK.(S): LO 10.0 0.900 7.3 59.82 20.30 5.30 17.8
L.O.STOR. TK.(P): LO 10.0 0.900 7.3 59.82 -20.30 5.30 17.8
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Hapaoptyuo B

Title Cargo % full SG  Weight LCG TCG VCG FSM
(tm3) (1) (m) (m) (m) (t-m)

Total LUB OIL 22.7 57.06 0.00 3.44 1252.6
D.O.SETTL.TK.(P): DO 10.0 0.840 7.1 65.21 -20.30 7.78 12.5
D.0O.D.B.TK.(P): DO 10.0 0.840 195 63.71 -845 0.12 168.8
D.0.D.B.TK.(S): DO 10.0 0.840 195 63.71 845 0.12 168.8
D.0.SERV.TK.(S): DO 10.0 0.840 7.1 65.21 2030 7.78 12.5
Total DIESEL OIL 53.2 64.11 0.00 2.17 362.6
FRESH WATER: FW 10.0 1.000 32.0 80.96 0.00 13.19 40.4
Total FRESH WATER 32.0 80.96 0.00 13.19 40.4
C.B.W.TANK: MISC 98.0 1.000 1479 5058 0.00 1.22 0.0
DIST. WATER TK.(S): MISC 98.0 1.000 79.5 59.82 20.30 10.99 0.0
DIST. WATER TK.(P): MISC 98.0 1.000 79.5 59.82 -20.30 10.99 0.0
F.O.OVERFLOW TK.: MISC 98.0 1.000 78.2 6756 440 1.22 0.0
L.O.CIRC. TK.(S): MISC 98.0 1.000 89.1 6371 1.00 1.22 0.0
L.O.CLEAN.TK.(P): MISC 98.0 1.000 89.1 63.71 -1.00 1.22 0.0
PRIMING TK.(P&S): MISC 98.0 1.000 29.0 73.82 0.00 1.22 0.0
SLUDGE TK.1: MISC 98.0 1.000 33.8 70.64 -440 1.22 0.0
SLUDGE TK.2: MISC 98.0 1.000 33.3 6598 -440 1.22 0.0
SLUDGE TK.3: MISC 98.0 1.000 11.1 6290 -4.40 1.23 0.0
Total 670.5 61.22 0.00 354 0.0
MISCALLANEOUS

TEUs ON DECK 271459 100.49 0.00 28.52 0.0
TEUs IN HOLDS 23072.7 116.61 0.00 11.76 0.0
Total Cont Set 0 50218.6 107.90 0.00 20.82 0.0
stores 30.0 23.79 0.00 19.80 0.0
Total stores 30.0 23.79 0.00 19.80 0.0
Prov arrival 19 67.40 0.00 21.30 0.0
Total Provisions 19 67.40 0.00 21.30 0.0
crew 34 6740 0.00 21.30 0.0
Total CREW 34 6740 0.00 21.30 0.0
Lightweight 20014.0 105.84 0.00 12.74 0.0
Deadweight 589145 115.84 0.00 18.31 16633.1
Total Displacement 78928.5 113.30 0.00 16.90 16633.1
Buoyancy 789285 113.31 0.00 5.23 1210997.9
Total Buoyancy 78928.5 11331 0.00 5.23 1210997.9
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Hapaoptyuo B

Drafts at equilibrium angle

Draft at LCF 10.045 metres
Draft aft at marks 10.332 metres
Draft fwd at marks 9.726 metres
Draft at AP 10.332 metres
Draft at FP 9.726 metres
Mean draft at midships 10.029 metres

Hydrostatics at equilibrium angle

Density of water ~ 1.0250 tonnes/cu.m

Heel No heel

Trim by the stern 0.606 metres
KG 16.898 metres
FSC 0.211 metres
KGf 17.109 metres
GMt 3.468 metres
BMt 15.343 metres
BMI 363.168 metres
Waterplane area  8454.09 sq.metres
LCG 113.303 metres
LCB 113.314 metres
TCB 0.000 metres
LCF 108.837 metres
TCF 0.000 metres
TPC 86.654 tonnes/cm
MTC 1246.274 tonnes-m/cm

Propeller Immersion

Propeller tip immersion 6.832 metres
Required percentage immersion  0.000 %
Actual percentage immersion  197.603 %
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Hapaoptyuo B

FULL LOAD ARRIVAL: Intact State

S
0 10 20 20 40 50
Heel - degrees
Righting Lever (GZ) Curve
Heelto Stod GZ  Slope Trim WLrad Freeboard Wind
(deg) (m) (m/rad) (m) (m) (m) (m)
0.00 0.0000 3.5003 -0.606 10.029  9.77[0] 0.0932
5.00 0.3088 3.6332 -0.535 9.983  7.82[0] 0.0932
10.00 0.6394 4.0731 -0.332 9.845 5.83[0] 0.0932
15.00 1.0180 4.8196 -0.024 9.613  3.82[0] 0.0932
20.00 1.4671 5.7101 0.353 9.282  1.80[0] 0.0932
25.00 1.9576 5.3350 0.767 8.831 -0.18[0] 0.0932
30.00 2.1723 0.4340 1.171 8.286 -2.14[0] 0.0932
35.00 2.0372 -3.2403 1.550 7.649 -4.05[0] 0.0932
40.00 1.6272 -5.7704 1.897 6.958 -5.93[0] 0.0932
45.00 1.0431 -7.3859 2.182 6.216 -7.77[0] 0.0932
50.00 0.3456 -8.4695 2.395 5.425 -9.55[0] 0.0932
55.00 -0.4293 -9.1959 2.559 4.597 -11.26[0] 0.0932
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Hapaoptyuo B

IMO Wind heeling

Property Value Units
Length WL 236.900 metres
Profile area above WL 5450.107 sq.metres
Areato leeward (Areab)  1.01339 m-radians
Area to windward (Areaa) 0.00124 m-radians

GZc 0.093 metres
Gust angle 1.526 degrees
Rollback angle 18.599 degrees
Steady state angle 1.018 degrees
Max. angle to leeward 50.000 degrees
B/d' 4.387

X1 0.800

Cb 0.755

Ar 0.000

K 1.000

Og 7.048 metres
r 1.152

T 17.499 seconds

IMO 749 Intact Stability Criteria non - Passenger

# Criterion Actu

al Critical

Value Value

1 Area under GZ curve up to 30 degrees > 0.055 0.567
2 Area under GZ curve from 30 to 40 deg. or downflood > 0.03 0.348
3 Area under GZ curve up to 40 deg. or downflood > 0.09 0.915

4 Initial GM to be at least 0.15 metres 3.500
5 GZ to be at least 0.20m at an angle > 30 degrees 2.174
6 Max GZ to be at an angle > 30 degrees 30.48
7 IMO Weather Criterion ( Maximum Initial Angle Of Heel ) 1.018
8 IMO Weather Criterion ( Areas ) 816.0

0.055
0.030
0.090
0.150
0.200
7 30.000
16.000
79 1.000

» Condition complies with the regulations
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» Water Ballast Departure

Key

Key Name Density

(t/m3)
WB  1.0250
FW  1.0000
FO  0.9500
DO  0.8400
LO  0.9000

Intact State

Hapaoptyuo B

Title Cargo %full SG Weight LCG TCG VCG FSM
(tYm3) (V) (m (m (m)  (tm)

AFTER PEAK TANK: WB 100.0 1.025 2070.6 446 0.00 13.74 0.0
NO.7-8 W.B.D.B.TK: WB 100.0 1.025 946.7 11582 0.00 1.25 0.0
NO.5-6 W.B.D.B.TK.: WB 100.0 1.025 2310.9 14438 0.00 1.25 0.0
NO.9-10 W.B.D.B.TK.: WB 100.0 1.025 21749 88.10 0.00 1.25 0.0
NO.4 W.B.D.B.TK.(P): WB 100.0 1.025 355.0 166.35-11.05 1.25 0.0
NO.4 W.B.D.B.TK.(S): WB 100.0 1.025 355.0 166.35 11.05 1.25 0.0
NO.13 W.B.S.TK.(P): WB 100.0 1.025 753.7 19.56 -13.34 10.60 0.0
NO.13 W.B.S.TK.(S): WB 100.0 1.025 753.7 19.56 13.34 10.60 0.0
NO.3 W.B.S.TK.(P): WB 100.0 1.025 674.5 180.60 -16.55 8.77 0.0
NO.3 W.B.S.TK.(S): WB 100.0 1.025 6745 180.60 16.55 8.77 0.0
NO.4 W.B.S.TK.(P): WB 100.0 1.025 893.5 166.52 -18.91 8.29 0.0
NO.4 W.B.S.TK.(S): WB 100.0 1.025 893.5 166.52 18.91 8.29 0.0
NO.10 W.B.S.TK.(P): WB 100.0 1.025 696.6 80.96 -19.61 5.76 0.0
NO.10 W.B.S.TK.(S): WB 100.0 1.025 696.6 80.96 19.61 5.76 0.0
NO.5 W.B.S.TK.(P): WB 100.0 1.025 874.7 151.84 -19.69 7.77 0.0
NO.5 W.B.S.TK.(S): WB 100.0 1.025 874.7 151.84 19.69 7.77 0.0
NO.6 W.B.S.TK.(P): WB 100.0 1.025 1024.1 137.63 -19.74 7.55 0.0
NO.6 W.B.S.TK.(S): WB 100.0 1.025 1024.1 137.63 19.74 7.55 0.0
NO.7 W.B.S.TK.(P): WB 100.0 1.025 917.8 123.38 -19.74 7.49 0.0
NO.7 W.B.S.TK.(S): WB 100.0 1.025 917.8 123.38 19.74 7.49 0.0
NO.8 W.B.S.TK.(P): WB 100.0 1.025 10325 109.10 -19.74 7.49 0.0
NO.8 W.B.S.TK.(S): WB 100.0 1.025 10325 109.10 19.74 7.49 0.0
NO.9 W.B.S.TK.(P): WB 100.0 1.025 975.1 94.40 -19.74 7.49 0.0
NO.9 W.B.S.TK.(S): WB 100.0 1.025 975.1 9440 19.74 7.49 0.0
FORE PEAK W.B.T WB 85.0 1.025 1895.7 221.39 0.00 8.08 2149.3
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Hapaoptyuo B

Title Cargo %full SG  Weight LCG TCG VCG FSM
(Ym3) (1) m (m (m  (tm)
Total WATER 25793.8 118.20 0.00 6.78 2149.3
BALLAST
F.0.D.B.TK. NO.1: FO 98.0 0.950 337.8 207.95 0.00 1.29 1619.5
F.0.D.B.TK. NO2 FO 98.0 0.950 635.0 193.89 0.00 1.26 9486.5
F.0.D.B.TK. NO.7-8(P) FO 98.0 0.950 619.5 115.82 -11.36 1.22 1905.8
F.O0.D.B.TK. NO.7-8(S) FO 98.0 0.950 619.5 11582 11.36 1.22 1905.8
F.O.SERV.TK.(P): FO 98.0 0.950 76.9 60.98 -17.00 14.86 17.6
F.O.SETTL.TK.(P): FO 98.0 0.950 755 69.06 -20.30 8.97 9.4
F.O.SETTL.TK.2(P): FO 98.0 0.950 58.3 71.79 -20.30 8.97 7.3
F.O.SETTL.TK.(S): FO 98.0 0.950 755 69.06 20.30 8.97 9.4
F.O.SETTL.TK.2(S): FO 98.0 0.950 58.3 71.79 20.30 8.97 7.3
F.0.S.TK.No.11(P): FO 98.0 0.950 169.2 47.26 -20.30 14.86 43.8
F.0.S.TK.No.11(S): FO 98.0 0.950 169.2 47.26 20.30 14.86 43.8
F.O0.D.B.TK.No4: FO 98.0 0.950 480.5 166.64 0.00 1.23 2847.9
F.O.SERV.TK.(S): FO 98.0 0.950 76.9 6098 17.00 14.86 17.6
Total FUEL OIL 3452.1 13357 0.00 3.78 17921.7
CYL.OIL TK.(P&S): LO 98.0 0.900 79.9 5212 0.00 1.23 1217.0
L.O. AUX.TK.(S): LO 98.0 0.900 715 59.82 20.30 7.04 17.8
L.O.STOR. TK.(P): LO 98.0 0.900 715 59.82 -20.30 7.04 17.8
Total LUB OIL 2229 57.06 0.00 4.95 1252.6
D.O.SETTL.TK.(P): DO 98.0 0.840 69.7 65.21 -20.30 10.20 12.5
D.0.D.B.TK.(P): DO 98.0 0.840 190.8 63.71 -8.45 1.22 168.8
D.0.D.B.TK.(S): DO 98.0 0.840 190.8 63.71 845 1.22 168.8
D.O.SERV.TK.(S): DO 98.0 0.840 69.7 65.21 20.30 10.20 12.5
Total DIESEL OIL 521.0 64.11 0.00 3.62 362.6
FRESH WATER: FW 100.0 1.000 319.0 80.96 0.00 14.90 0.0
Total FRESH WATER 319.0 80.96 0.00 14.90 0.0
C.B.W.TANK: MISC 98.0 1.000 1479 5058 0.00 1.22 0.0
DIST. WATER TK.(S): MISC 98.0 1.000 79.5 59.82 20.30 10.99 0.0
DIST. WATER TK.(P): MISC 98.0 1.000 79.5 59.82 -20.30 10.99 0.0
F.O.OVERFLOW TK.: MISC 98.0 1.000 782 6756 440 1.22 0.0
L.O.CIRC. TK.(S): MISC 98.0 1.000 89.1 6371 1.00 1.22 0.0
L.O.CLEAN.TK.(P): MISC 98.0 1.000 89.1 63.71 -1.00 1.22 0.0
PRIMING TK.(P&S): MISC 98.0 1.000 29.0 7382 0.00 1.22 0.0
SLUDGE TK.1: MISC 98.0 1.000 33.8 70.64 -4.40 1.22 0.0
SLUDGE TK.2: MISC 98.0 1.000 33.3 6598 -440 1.22 0.0
SLUDGE TK.3: MISC 98.0 1.000 11.1 6290 -4.40 1.23 0.0
Total 670.5 61.22 0.00 3.54 0.0
MISCALLANEOUS
TEUs IN HOLDS 57225 116.61 0.00 11.76 0.0
Total Cont Set 1 57225 116.61 0.00 11.76 0.0
stores 30.0 2379 0.00 19.80 0.0

YeMoa | B-23



Hapaoptyuo B

Title Cargo %full SG  Weight LCG TCG VCG FSM
(Ym3) (1) m (m (m  (tm)
Total stores 30.0 23.79 0.00 19.80 0.0
prov.dep. 18.8 67.40 0.00 21.30 0.0
Total Provisions 18.8 67.40 0.00 21.30 0.0
departure
crew 3.4 67.40 0.00 21.30 0.0
Total CREW 3.4 67.40 0.00 21.30 0.0
Lightweight 20014.0 105.84 0.00 12.74 0.0
Deadweight 36753.8 116.79 0.00 7.25 21685.9
Total Displacement 56767.8 11293 0.00 9.19 21685.9
Buoyancy 56768.2 112.59 0.00 3.87 1157522.8
Total Buoyancy 56768.2 11259 0.00 3.87 1157522.8

Drafts at equilibrium angle

Draft at LCF

Draft aft at marks
Draft fwd at marks
Draft at AP

Draft at FP

7.424 metres
8.010 metres
6.816 metres
8.010 metres
6.816 metres
Mean draft at midships 7.413 metres
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Hapaoptyuo B

Hydrostatics at equilibrium angle

Density of water ~ 1.0250 tonnes/cu.m

Heel No heel

Trim by the stern 1.195 metres
KG 9.19 metres
FSC 0.382 metres
KGf 9.572 metres
GMt 14.786 metres
BMt 20.390 metres
BMI 455.435 metres
Waterplane area  8145.96 sq.metres
LCG 112.930 metres
LCB 112.593 metres
TCB 0.000 metres
LCF 112.877 metres
TCF 0.000 metres
TPC 83.496 tonnes/cm
MTC 1124.097 tonnes-m/cm

Shell thickness 0.000 mm

Propeller Immersion

Propeller tip immersion 4.510 metres
Required percentage immersion  0.000 %
Actual percentage immersion  164.433 %
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Hapaoptyuo B

WATER BALLAST DEPARTURE: Intact State

\
30
Heel - degrees

Righting Lever (GZ) Curve

Heel to Stbd GZ  Slope

Trim WLrad Freeboard Wind

(deg) (m) (mirad) (m) (m) (m)  (m)
0.00 0.0000 14.7371 -1.195 7.413 12.39[0] 0.1417
5.00 1.2894 14.7628 -1.135 7.375 10.43[0] 0.1417

10.00 2.5972 15.2075 -0.957 7.260  8.42[0] 0.1417
15.00 3.9299 15.3854 -0.676 7.061  6.37[0] 0.1417
20.00 5.2115 13.8862 -0.309 6.759  4.33[0] 0.1417
25.00 6.2328 10.0945 0.135 6.252  2.40[0] 0.1417
30.00 6.9666 7.4504 0.620 5.547  0.60[0] 0.1417
35.00 7.4584 3.7742 1.109 4.680 -1.08[0] 0.1417
40.00 7.6168 0.6555 1.524 3.748 -2.72[0] 0.1417
45.00 7.5462 -1.9577 1915 2.758 -4.31[0] 0.1417
50.00 7.2657 -4.0818 2.290 1.740 -5.87[0] 0.1417
55.00 6.8247 -5.7249 2.641 0.702 -7.37[0] 0.1417
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Hapaoptyuo B

IMO Wind heeling

Property Value Units
Length WL 236.900 metres
Profile area above WL 6018.637 sq.metres
Areato leeward (Areab)  4.46885 m-radians
Area to windward (Areaa) 0.00068 m-radians

GZc 0.142 metres
Gust angle 0.551 degrees
Rollback angle 23.946 degrees
Steady state angle 0.367 degrees
Max. angle to leeward 50.000 degrees
B/d' 5.936

X1 0.800

Cb 0.735

Ar 0.000

K 1.000

Og 2.110 metres
r 0.901

T 9.345 seconds

IMO 749 Intact Stability Criteria non - passenger

# Criterion Actual Critical

Value Value
1 Area under GZ curve up to 30 degrees > 0.055 1.989 0.055
2 Area under GZ curve from 30 to 40 deg. or downflood > 0.03 1.292 0.030
3 Area under GZ curve up to 40 deg. or downflood > 0.09 3.281 0.090
4 Initial GM to be at least 0.15 metres 14.737 0.150
5 GZ to be at least 0.20m at an angle > 30 degrees 7.622 0.200
6 Max GZ to be at an angle > 30 degrees 40.972 30.000
7 IMO Weather Criterion ( Maximum Initial Angle Of Heel ) 0.367 16.000
8 IMO Weather Criterion ( Areas ) Indeterm.  1.000

» Condition complies with the regulations
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» Water Ballast Arrival

Key
Key Name Density
(t/m3)
WB  1.0250
FW  1.0000
FO  0.9500
DO  0.8400
LO  0.9000

Intact State

Hapaoptyuo B

Title Cargo % full SG Weight LCG TCG VCG FSM
(tm3) (1) (m)  (m (m)  (t-m)

AFTER PEAK TANK: WB 100.0 1.025 2070.6 4.46 0.00 13.74 0.0
NO.7-8 W.B.D.B.TK: WB 100.0 1.025 946.7 11582 0.00 1.25 0.0
NO.5-6 W.B.D.B.TK.: WB 100.0 1.025 23109 144.38 0.00 1.25 0.0
NO.9-10 W.B.D.B.TK.: WB 100.0 1.025 21749 88.10 0.00 1.25 0.0
NO.4 W.B.D.B.TK.(P): WB 100.0 1.025 355.0 166.35 -11.05 1.25 0.0
NO.4 W.B.D.B.TK.(S): WB 100.0 1.025 355.0 166.35 11.05 1.25 0.0
NO.13 W.B.S.TK.(P): WB 100.0 1.025 753.7 19.56 -13.34 10.60 0.0
NO.13 W.B.S.TK.(S): WB 100.0 1.025 753.7 19.56 13.34 10.60 0.0
NO.3 W.B.S.TK.(P): WB 100.0 1.025 674.5 180.60 -16.55 8.77 0.0
NO.3 W.B.S.TK.(S): WB 100.0 1.025 6745 180.60 16.55 8.77 0.0
NO.4 W.B.S.TK.(P): WB 100.0 1.025 8935 166.52 -18.91 8.29 0.0
NO.4 W.B.S.TK.(S): WB 100.0 1.025 893.5 166.52 18.91 8.29 0.0
NO.10 W.B.S.TK.(P): WB 100.0 1.025 696.6 80.96 -19.61 5.76 0.0
NO.10 W.B.S.TK.(S): WB 100.0 1.025 696.6 80.96 19.61 5.76 0.0
NO.5 W.B.S.TK.(P): WB 100.0 1.025 874.7 151.84 -19.69 7.77 0.0
NO.5 W.B.S.TK.(S): WB 100.0 1.025 874.7 151.84 19.69 7.77 0.0
NO.6 W.B.S.TK.(P): WB 100.0 1.025 1024.1 137.63 -19.74 7.55 0.0
NO.6 W.B.S.TK.(S): WB 100.0 1.025 1024.1 137.63 19.74 7.55 0.0
NO.7 W.B.S.TK.(P): WB 100.0 1.025 917.8 123.38 -19.74 7.49 0.0
NO.7 W.B.S.TK.(S): WB 100.0 1.025 917.8 123.38 19.74 7.49 0.0
NO.8 W.B.S.TK.(P): WB 100.0 1.025 1032.5 109.10 -19.74 7.49 0.0
NO.8 W.B.S.TK.(S): WB 100.0 1.025 1032.5 109.10 19.74 7.49 0.0
NO.9 W.B.S.TK.(P): WB 100.0 1.025 975.1 9440 -19.74 7.49 0.0
NO.9 W.B.S.TK.(S): WB 100.0 1.025 975.1 94.40 19.74 7.49 0.0
FORE PEAK W.B.T WB 85.0 1.025 1895.7 221.39 0.00 8.08 2149.3
Total WATER 25793.8 118.20 0.00 6.78 2149.3
BALLAST
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Hapaoptyuo B

Title Cargo % full SG Weight LCG TCG VCG FSM
(tm3) (1) (m)  (m) (m)  (t-m)

F.0.D.B.TK. NO.1: FO 10.0 0.950 345 207.11 0.00 0.19 1050.6
F.O.D.B.TK. NO.2: FO 10.0 0.950 64.8 193.72 0.00 0.16 6709.5
F.0.D.B.TK. NO.7-8(P) FO 10.0 0.950 63.2 115.82 -11.36 0.12 1905.8
F.0.D.B.TK. NO.7-8(S) FO 10.0 0.950 63.2 115.82 11.36 0.12 1905.8
F.O.SERV.TK.(P): FO 10.0 0.950 7.8 60.98 -17.00 13.19 17.6
F.O.SETTL.TK.(P): FO 10.0 0.950 7.7 69.06 -20.30 5.49 9.4
F.O.SETTL.TK.2(P): FO 10.0 0.950 6.0 71.79 -20.30 5.49 7.3
F.O.SETTL.TK.(S): FO 10.0 0.950 7.7 69.06 20.30 5.49 94
F.O.SETTL.TK.2(S): FO 10.0 0.950 6.0 71.79 20.30 5.49 7.3
F.0.S.TK.No.11(P): FO 10.0 0.950 17.3 47.26 -20.30 13.19 43.8
F.0.S.TK.No.11(S): FO 10.0 0.950 17.3 47.26 20.30 13.19 43.8
F.0.D.B.TK.No4: FO 10.0 0.950 49.0 166.64 0.00 0.13 2847.9
F.O.SERV.TK.(S): FO 10.0 0.950 7.8 6098 17.00 13.19 17.6
Total FUEL OIL 352.3 13346 0.00 2.42 14575.8
CYL.OIL TK.(P&S): LO 10.0 0.900 8.1 5212 0.00 0.13 1217.0
L.O. AUX.TK.(S): LO 10.0 0.900 7.3 59.82 20.30 5.30 17.8
L.O.STOR. TK.(P): LO 10.0 0.900 7.3 59.82 -20.30 5.30 17.8
Total LUB OIL 227 57.06 0.00 3.44 1252.6
D.O.SETTL.TK.(P): DO 10.0 0.840 7.1 65.21 -20.30 7.78 12.5
D.0.D.B.TK.(P): DO 10.0 0.840 195 63.71 -7.40 0.12 168.8
D.0.D.B.TK.(S): DO 10.0 0.840 195 63.71 7.40 0.12 168.8
D.O.SERV.TK.(S): DO 10.0 0.840 7.1 65.21 20.30 7.78 12.5
Total DIESEL OIL 53.2 64.11 0.00 217 362.6
FRESH WATER: FW 10.0 1.000 32.0 80.96 0.00 13.19 40.4
Total FRESH WATER 32.0 80.96 0.00 13.19 40.4
C.B.W.TANK: MISC 98.0 1.000 1479 5058 0.00 1.22 0.0
DIST. WATER TK.(S):  MISC 98.0 1.000 79.5 59.82 20.30 10.99 0.0
DIST. WATER TK.(P): MISC 98.0 1.000 79.5 59.82 -20.30 10.99 0.0
F.O.OVERFLOW TK.:. MISC 98.0 1.000 78.2 6756 440 1.22 0.0
L.O.CIRC. TK.(S): MISC 98.0 1.000 89.1 63.71 1.00 1.22 0.0
L.O.CLEAN.TK.(P): MISC 98.0 1.000 89.1 63.71 -1.00 1.22 0.0
PRIMING TK.(P&S): MISC 98.0 1.000 29.0 73.82 0.00 1.22 0.0
SLUDGE TK.1: MISC 98.0 1.000 33.8 70.64 -4.40 1.22 0.0
SLUDGE TK.2: MISC 98.0 1.000 33.3 6598 -440 1.22 0.0
SLUDGE TK.3: MISC 98.0 1.000 11.1 6290 -440 1.23 0.0
Total 6705 61.22 0.00 3.54 0.0
MISCALLANEOUS

TEUs IN HOLDS 57225 116.61 0.00 11.76 0.0
Total Cont Set 1 57225 116.61 0.00 11.76 0.0
stores 30.0 23.79 0.00 19.80 0.0
Total stores 30.0 23.79 0.00 19.80 0.0
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Hapaoptyuo B

Title Cargo % full SG Weight LCG TCG VCG FSM

(tm3) (1) (m)  (m) (m)  (t-m)
Prov arrival 1.9 67.40 0.00 21.30 0.0
Total Provisions 19 6740 0.00 21.30 0.0
arrival
crew 34 6740 0.00 21.30 0.0
Total CREW 34 6740 0.00 21.30 0.0
Lightweight 20014.0 105.84 0.00 12.74 0.0
Deadweight 32682.0 116.66 0.00 7.55 18420.8
Total Displacement 52696.0 11255 0.00 9.52 18420.8
Buoyancy 52696.7 112.18 0.00 3.62 1147702.4
Total Buoyancy 52696.7 112.18 0.00 3.62 1147702.4

Drafts at equilibrium angle
Draft at LCF 6.933 metres

Draft aft at marks 7.608 metres
Draft fwd at marks 6.237 metres
Draft at AP 7.608 metres
Draft at FP 6.237 metres
Mean draft at midships 6.922 metres
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Hapaoptyuo B

Hydrostatics at equilibrium angle

Density of water ~ 1.0250 tonnes/cu.m

Heel No heel

Trim by the stern 1.371 metres
KG 9.52 metres
FSC 0.650 metres
KGf 10.170 metres
GMt 15.920 metres
BMt 21.779 metres
BMI 482.550 metres
Waterplane area  8096.26 sq.metres
LCG 112.550 metres
LCB 112.181 metres
TCB 0.000 metres
LCF 113.261 metres
TCF 0.000 metres
TPC 82.987 tonnes/cm
MTC 1105.599 tonnes-m/cm

Propeller Immersion

Propeller tip immersion 4.108 metres
Required percentage immersion  0.000 %
Actual percentage immersion  158.680 %
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Hapaoptyuo B

WATER BALLAST ARRIVAL: Intact State

I
0 10 20 30 40 50
Heel - degrees

Righting Lever (GZ) Curve

Heelto Stbd GZ  Slope Trim WLrad Freeboard Wind
(deg) (m) (m/rad) (m) (m) (m) (m)

0.00 0.0000 15.1727 -1.370 6.922 12.88[0] 0.1554
5.00 1.3619 15.6903 -1.313 6.886 10.92[0] 0.1554
10.00 2.7403 15.9851 -1.147 6.773  8.91[0] 0.1554
15.00 4.1308 15.8172 -0.882 6.577  6.85[0] 0.1554
20.00 5.4136 13.2050 -0.529 6.255  4.83[0] 0.1554
25.00 6.3585 9.1813 -0.093 5.733  2.91[0] 0.1554
30.00 7.0128 6.5514 0.386 5.010 1.14[0] 0.1554
35.00 7.4679 3.9587 0.873 4.113 -0.51[0] 0.1554
40.00 7.6179 0.2552 1.319 3.138 -2.11[0] 0.1554
45.00 7.5300 -2.0308 1.703 2.106 -3.66[0] 0.1554
50.00 7.2353 -4.3025 2.096 1.043 -5.17[0] 0.1554
55.00 6.7678 -6.0391 2.482 -0.038 -6.63[0] 0.1554
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Hapaoptyuo B

IMO Wind heeling

Property Value Units
Length WL 236.900 metres
Profile area above WL 6132.136 sq.metres
Area to leeward (Areab)  4.52484 m-radians
Area to windward (Areaa) 0.00078 m-radians

GZc 0.155 metres
Gust angle 0.572 degrees
Rollback angle 25.036 degrees
Steady state angle 0.381 degrees
Max. angle to leeward 50.000 degrees
B/d' 6.356

X1 0.800

Cb 0.730

Ar 0.000

K 1.000

Og 2.901 metres
r 0.981

T 9.306 seconds

IMO 749 Intact Stability Criteria non — passenger

# Criterion Actual Critical

Value Value
1 Area under GZ curve up to 30 degrees > 0.055 2.057 0.055
2 Area under GZ curve from 30 to 40 deg. or downflood > 0.03 1.294 0.030
3 Area under GZ curve up to 40 deg. or downflood > 0.09 3.352 0.090
4 Initial GM to be at least 0.15 metres 15.573 0.150
5 GZ to be at least 0.20m at an angle > 30 degrees 7.619 0.200
6 Max GZ to be at an angle > 30 degrees 40.434 30.000
7 IMO Weather Criterion ( Maximum Initial Angle Of Heel ) 0.381 16.000
8 IMO Weather Criterion ( Areas ) Indeterm.  1.000

Condition complies with the regulations
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1) Bépoc [MApwc EEommouévou aiid Aooptov [Thoiov— Light Ship

Kopia Xaporxtnpiotie Ouorov IT.oiov:

Lep [M] 259.32
B [m] 32.20
KYPIEZ AIAXTAXEIZ
I D [m] 19.80 I
Ta[m] 10.15
TEU Capacity 5388
BAPH DWT [tons] 53325
I WI/TEU [tons/TEU] 13.83 I
Vs [knots] 22.80
Ps [KW] 34962
YTOIXEIA ITIPOQZHE
RPM 98

I Engine Type B&W 121.90 GBE I
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Bapoc Meraiiixic Karackevrc (Wst)

Apyikd Bo vmoAloyiotel to PApog TG HETOAMKNG KaTookevnc. o To oKomod
avto Oa epappootovv ot péBodor Schneekluth pe Muller-Koster kon Watson [26].

e Mzé00dog Schneekluth

Me 1 pébodo avtn Ba vroroyicovpe 10 PAPOC TG UETOAMKNG KOTOOKEVNC
KéTmBev TOV KLPIOL KATAGTPOUOTOS, 6T0 omoio Oa mpootebel petd 1o Pdpoc TV
VIEPKATACKEVOV 1OV B vToAoyicovpe pe ) pébodo Muller-Koster.

O 6yKkog KAT®OEV TOV AVAOTATOV GLVEXOVG KATAGTPOUATOS OIVETOL A0 TN YoM :
Vy=Vp + Vs +V, +Vy

Omov :

Vp: 0yKog puéypt 1o Koiho

Vs: adénon dykov Aoym cudtrag

V. avEnom dykov Ady® KupTtOTNTOG KOTACTPMUATOS

Vy: adénon dykov Adym ctopiov KuTdV

Eivon :

D-T 19.8 — 10.15

(1-0.641) =

Cgp = 0.725985
6mov C; = 0.25 yio mhoia pe pikpod avotypo vouémy vIepave 164Aov.
Vp=L-B-D-Cgp =259.35-32.20-19.8-0.725985 =

v, =120028.5m*

Onwg mapoatmpovpe amd 10 Zyédo evikng Atdra&ng tov motpikov mAoiov, Ogv
VILAPYEL GLOTNTA KATAGTPOUATOS. [t To AdYo avTd:

VS =0 m3
To 1010 woyvel Ko yro v kuptodTTO. 'EToL €Y0vpe :

Vb: 0 m3

And 10 oyédo Xopnrkomrog Agéapevov kot Kvtdv tov matpucod mioiov,
TOPOTNPOVUE OTL EYEL OEKATEVTE GTOULN KVTMOV €K TOV OTOIWV T dEKA £YO0VV TIG 1O1€C
dwotdoels. AkoAovBel Tivakag Le TIC O10TAGELS TMV GTOUI®V.
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Ytopo IMAdrog [M] Mnkog [m] “Yyog [M] Oykog [M’]
Hatch 1 11.29 13.695 14 154.62
I Hatch 2 23.30 13.695 1.4 319.09 I
Hatch 3 28.22 13.695 14 386.64
Hatches 4 - 11 27.94 13.695 14 382.64
Hatch 12 16.98 13.695 14 232.54
Hatch 13 - 14 27.94 13.695 14 382.64
Hatch 15 23.35 13.695 14 319.78

Emopéva : Vy= 154.62 + 319.09 + 386.64 + 232.54 4+ 319.78 + 10 x 382.64 =
Vy=7334.44m?

AvtikoBotdvTog TIC TIHEG Yot TOVS €ml HEPOVG OYKOVLG OTN GYECT MOV Oivel TO
GUVOMKO OYKO EYOVLLE :

Vy=Vp + Vg +V, + V= 1200285+ 0 + 0 + 7334.44 =
V,=127362.95m°

‘Exovtag tv T Yy 0V oLVOMKO OYKO KAT®OEV TOL OVAOTATOL GLVEYXOLG
KOTOGTPAOUATOS, VITOAOYILOVE TO PAPOS TNG LETAAAIKTG KOTAGKELNG O TN oYEoN:

Werq =Vy - Cop - Cp-Cy-C3-Cyq-Cs - Co (L)

OTOV :
C; =11+0.002-(L—120)?-1073| = |1+ 0.002-(259.32 — 120)?-1073| =
C, =1.03882012

259.32
19.8

CZ=|1+O.057-(%—12)|=|1+O.057-( —12)|=>
C, =1.06252727
C3 = |(30/(D + 14))1/2| = |(30/(19.8 + 14))1/z| =

C3=0.94211144
C,=1]14+01-(B/D—-21)*=|1+0.1-(32.2/19.8 -2.1)?| =
C4=1.02244271
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Cs=11+0.2-(T/D—0.85)| =|1+0.2-(10.15/19.8 — 0.85)| =

Cs = 0.93272727
Co =10.92 + (1 — Czp)?| =10.92 + (1 — 0.725985)?| =

Ce = 0.99508449

Cer = 0.090 + 0.100 ywo containerships, emthéyovpe Csp = 0.090

Avtikafotavtag oty (1) €ovpe:

WS,T.l = 127362.95-0.090 - 1.03882012 - 1.06252727 - 0.94211144
1.02244271 - 0.93272727 - 0.99508449 =

Wr ,=11311.55[tons]

v i avt €govpe pio wpooavténon 4% Adyw g PorPogdng mAdpng. Emiong
Bewpovpe otabepéc xoyéreg otoaciag yoo too TEUS kon yuo ta FEUS péoca ota
K0T, T0 Bapog Twv onoimv givar 0.7 [tons] ko 0.45 [tons] avtiotoya 1 kKobepio. Apa
TEMKA TO BAPOG TNG UETAAAKNG KOTAGKELNG UEYPL TO AVATATO GLVEXEG KOTAGTPMLLN
etvau:

Wep = 0.004 - Wep; + 224 - 0.7 4 644 - 0.45
= 0.004 - 11311.55 + 224 - 0.7 + 644 - 0.45 =

W, = 11804 [tons]

e M:00d0g Muller-Koster

Me ) péfodo avtny Ba vroroyicovpe T0 PAPOG TOV VIEPKATACKEVDOV KOl TMV
VIEPGTEYASUATOV. [0 TNV €DPECT] TOV OOGTAGEDY TOVG YPTCLOTOGOUE TO ZYES0
I'evucn g Adtaéng tov maTpikov TAoiov.

Bapoc IIpocteyov

To oyxopetpkd Bépog evoc mpdoteyov etvan :

Ceack = 100kp/m® yia L > 140 m

INa tov vmoloywopd tov epPfadod Tov TPOGTEYOL YpPNOooTomacapne T HéEH0SO
Simpson. Mg Bdomn ot Tpogkvye:

Epioreyor=356.72 m?
O 6yxog tov TpodGTEYOUL £ivan :

Vﬂpéorsyov = hﬂp(’)o‘rsyov ) Eﬂpéorsyov =4.1-356.72 = V”PO'GTSJ’OU:1462'56 m3
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Apa teMkd 10 Bépog Tov TPOGTEYOL Eivat:

Wﬂp(mrsyov = Vﬂpéarsyov ) Cﬂpéa‘[syov = 1462.56 - 100 =

Witpssreron=146.26[toNs]

Bdapoc vrepoteyaoudtov

O vroAoYIGHOG TOL PAPOVE TV VIEPCTEYUSUATOV YiveTol HECH TOL OoKOAOLOOL

TVOKO :

9‘6““‘ | 11 1 v Vv VI VIl | OIAKIZETHPIO
6TEYAoNOTOC
A, [m?] |444.7[5195|5135(511.4 |511.4 | 483.4 | 1483 107.84
Ay[m? | 4447]281.6|3915]391.5 31953195 [ 301.0 119.1
I AdAy 1 |[1.845[1.311]1.306 | 1.600 | 1.513 | 0.493 0.906 I
An[m? | 44474005 | 4525 | 451.4 | 415.4 [ 401.5 | 224.7 1135
Conlkp/m®] | 0.057 | 0.081 | 0.065 | 0.065 | 0.073 | 0.065 | 0.053 0.04
h [m] 3 |2785]2785|2.785]2.785 | 2.785| 35 2.6
I ke 1.008 | 1.008 | 1.008 | 1.008 | 1.008 | 1.002 | 1.02 1 I
k, 1 1 1 1 1 1 1 1
Ks
Woy [tons]
YWy [tons]

ABpoilovtog ta Bapn mov voroyiomkov pe T pueBddovg Schneekluth kar Muller-
Koster £yovpe teMKa :

WST.Schn = WSIT + Wﬂp()a‘rsyov + SWDH = 11804 + 146.26 + 5994 =
WST.Schn = 12550 [tOﬂS]

e Mé0odog Watson

Xoppova pe avt ™ pEBodo to PApog TG UETOAMKNG KOTAOKEVNG UTOPEl vo
vmoloylotel pe Paon tov deiktn eEomhopov En katd Lloyds Register. Apkei vo
TPOCIOPIGOVIE TOV aplBld, TO PUNKOG KOl TO VYOG TMV LIEPKATACKELMY KOl TMV
VIEPGTEYACLATMV.

Yeada | I'-5



ITINAKAY YIIEPXTEI'AZAMATQON

Hapaptyuo I'

Mijkog |y; [m] "Yyog hy; [m] l1i X hy; [m?]
I Upper Deck 17 3 51 I
Deck A 17 2.785 47.345
Deck B 17 2.785 47.345
Deck C 17 2.785 47.345
I Deck D 17 2.785 47.345 I
Deck E 10 2.785 44.56
Deck F 10 3.5 51.8
Nav. Bridge 8 2.6 31.2
I 2(l1i X hyj) 367.9 [m?] I

ITINAKAX YIIEPKAXTAYXKEYQN

Mnkog l3i [M]

“Yyog hyj [m]

l1i X hyj [M?]

IIpooteyo

39.10

4.1

160.31

Z(hZi X |2i)

160.31 [m?]

O d¢eikmng eEomhopov Oa eivan :

Ey = 259.32-(32.20 + 10.15) + 0.8+ 259.32- (19.8 — 10.15) + 0.85-367.9
+ 0.75-160.31 =

En = 13418.2
Mo v Ty awtn Tov deiktn eE0MMG 0D EMAEYETAL: Wsr = 12400 [tons]
Eniong :

(1-Cp)-(08-D—T) (1-0.641) - (0.8-19.8 — 10.15)
= 0.76
3T + 3-10.15 =
C; = 0.73165

CEZCB‘F
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H telkn i tov Bapovg g MHETOAMKNG KOTACKELNG SOU@ovVo pe TN HEB0do
Watson diveton amd tn oyéon :

Werwatson = Wi - [1 4 0.5+ (C; — 0.7)] = 12400 - [1 + 0.5 - (0.73165 — 0.7)] =
W or watsan = 12597 [tonS]

Mo v el T tov Pépovg g HETOAMKNG KOTAoKEVNG Oa TApw TO HEGO OPO
v nebddwv Schneekluth kot Muller-Koster pe v Watson.

WST.SChn + WST.Watson 12550 + 12597
WST = 2 = 2

Wst = 12574 [tons]

Bdpoc Eéomlicuot (Wor)

Mo tov vmoloyiopd tov Papovg e£omAoUOD ¥PNGOTOONKE 1 OVOAVLTIKY
uébodog Opadmv Bapov katd Schneekluth. Zouewve pe ) pébodo avtn to Papog
eComhopod  yopiletor o€ TEGOEPLG OMASEC :  KOADUUOTO OTOMI®MV  KLTOV,
(POPTOEKPOPTMOTIKG LEGA, evOlaitnon Kot Aowwd Bapn.

1) KaAdupoto ctopiov Kutov.

Onwg avagépbnke kol Topandve, 6To VIO HeAET TAOIO vIdpyovv dekatpia
KOAVDULLOTO GTOHH®OV KUTOV €K T®V OTO1V Ta £vieka gival idta.

Xtomo IMAétog [M] Bapog Wy [tons]

Hatch 1 11.29 29.147

Hatch 2 23.30 100.288

Hatch 3 28.22 135.399

Hatch 4 - 11 27.94 133.32

Hatch 12 16.98 60.036

Hatch 13 - 14 27.94 133.32

Hatch 15 23.35 100.628

1759

Apa: W, = 1759 [tons]
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1) ®oproskpoptmtiKd LEca.

Agv VTAPYOVY POPTOEKPOPTMTIKA LEGH GTO OO0 TAOT0. Apa :
W), = 0 [tons]
1) Evdwitnon.

T @opTY6 Kpov 1 Heoaiov peyédoug to eded Papog sivonr 160-170 kp/m?
YL TV avtioTtoyn emeavelo evolaitnong n onoio avépyetal og 2568 m?. Tnv T
LT TNV TNPOUE OO TOV TIVOKO Y10, TOV VTOAOYIGUO TOL PApovg TV
VIEPCTEYAGUATOV Ko avTlotolyel oto dbpotopa twv Ay. Emiéyovtag 1d0ko Bdpog
160 kp/m? &yovpe: Wi = 410 [tons]

1V) Aowutd Bapn

Am6 mpooeyylotikd Tomo kot emdéyovrag Cq = 0.18 €yovpe:
Wy =(L-B-D)/3-¢, = (259.32-32.20-19.8)°/3-0.18 =
W,y = 543 [tons]

[IpocBétovtag ta avotépm Papn Ppickove:

Wor = 2712 Jtons]

Bdpoc Mnyyavoioyikiic Eykardoracns (\Wwm)

H woy0¢ g kdplag unyavng tov dpotov mioiov eivar cOppova pe to XxE010
Xopnrikdémrog Aeapevav kat Kutov :

Pg = 34962 [KW] 4 Pg = 46885 [HP]

oupwva pe ™ oyéon tov Watson — Gilfillan to Bdépog g pnyavoroywknig
gyKatdoTaong etvar :

Wy = Cup - Ps*% = 0.3-34962°%° =
W1 = 3318.5 [tons]
6mov Cyp = 0.3 — 0.5 ya apydotpoeeg Diesel unyavéc.

To Bapog g HUNYOVOAOYIKNG €YKOTAGTOONG WTOPEL VO VTOAOYIOTEL Kot e
TPOGEYYIOTIKO GLUVTEAEGTI O 0m010G eKAEYETOL OO Tivoka oL divel To €101KO Papog
™G UNXOVOAOYIKNG eyKatdoTaong Yo containership oe oyéon ue v 1oyv[14]. ‘Etot
EMAEYETAL:

wwm = 0.077 kg/HP
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apa : W2 = wy X Pg(HP) =0.077 x 46885 =>
W2 = 3611 [tons]

Yav 1eMkd PBApog TG UNYOVOLOYIKNG EYKATACTAONG EMAEYOVUE TOV UEGO OPO TOV
Bapadv Tmv 600 pnebddwv. Ondte Exovpe :
Wy1+ Wy, 3318.5+ 3611

W = 3465 [tons]

>uvoMkd Yo To Bapog tov L.S. tov vid perétn mhoiov £yovpe:
L.S.vmor. = Wsr + Wor + Wy = 12574 + 2712 + 3465 =>
L.S.,m2 = 18751 [tons]

Tn mpaypotiky Ty tov L.S. tov moatpikod mAoiov v maipvovpe and to Zyéd10
Xopntkomrog AsEapevav kot Kutav kot eivan ion pe :

L.S.reaL = 19220 [tOﬂS]

Me Bdon v mpaypotiky Ty kot v vroroyioBév, Pydlovpe €vav cvvieleotn
OLOYETICEMG MOTE Vo O0VUE TNV 0pHOTNTO TOV VTOAOYIGUOV Kol TV HeBOOWV TOL
akolovOnoape, kabng eniong Bo TOV YPNGYLOTOMGOVLE KO Y10 TOV VITOAOYIGUO TNG
TPOYUATIKNG TUNG Tov L.S. Tov vt pedétn mhoiov.

L.S.ms. 18751
= = =
L.S.ppar 19920

A

A=0.9755947

KOl O TPOYLOTIKEG TIES TOV €l PEPoLG Papmv:
Wst = 12889 [tons]
Wort = 2780 [tons]
Wy = 3551 [tons]
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Hapaptyuo I'

Apykd Tpoypotomofnke vToAoyIopog Tov Kab’ HYOoUg Kot SIUUNKOVS KEVTPOU

Bapovg Tov TATPIKOL TAOIOL Kol €V CLVEYEID VTOAOYICUNE GUVIEAEGT] GLGYETIONG
HeTaED VITOAOYIGOEY TIUAG KO TPAYUOTIKAG, TNV omoia mhipape amd to Stability
Booklet. T'io. to vrohoyiopd tov Kévipov Papovg Tov TATPIKOD TAOIOL EYOVUE TOV

okoAov00 Tivako:

?szziff [tons] | KG/D '[f] [tor'\lg;m] LCG/Lgr | LCG’ [tor'::;m]
Wsr | 12880 | 059 | 11.682 | 150564 | 047 | 121.88 | 1582325
Wor | 2780 | 090 | 17.82 | 49536.8 | 0.46 |119.2872 | 334379.5
Ww | 3551 | 048 | 9504 |33752.73 | 0.303563 | 78.72 | 2795245
LS. | 19220 | 0,6369 | 12.19 |233853.6| 044 | 113.33 | 2196229

o v ebpeon tov LCG tov Wy ypnoomomcape 10 Xx€010 XmpNTKOTNTOS
Ag&apevav kar Kutav evéd toug Adyovg KG/D ko LCG/D tovg mipope amd mivoka
7OV divel aVTEG TIG TIES Yo OAa Ta €101 Thoiwv [26].

Ot mpaypatikég Tég Tov kévepov Bapovg tov L.S. tov matpucov mholov givat:

KGREAL: 12.311 [m] Ko LCGREAL: 104272[m]

O1 6VVTELEGTEG GLOYETIONG TTOL VTTOAOYIGTNKAY TEMKA GTO TATPIKO TAOTO ivar:

ke =0.99017139 kot A_ce = 0.991757
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I1II) Yroroyioudc Axtivac Evépysioc Ouotov IThoiov

Amo 10 Xyéoro Xopnrikomtog Aeopevov kour Kvtdv tov opotov mhoiov
Bpickovue 6T1 T0 cuVvoliko Bapog Tov Fuel Oil otig de€apevéc kavoipov giva :

Weo = 5582 [tons]
I'vopilovtag v 1oy g Kvprag Mnyavig tov dpotov mhoiov kot Bewpdvtog tnv
KOTAVAA®GN TNG UTOPOVLE VO VITOAOYIGOVLE TOV XpOVo eV TA®. Etot £ovpe :
Wro 5582 - 10°
= =
Pg-b-c 34962-170-1.2
t =783 [hours] # t = 32.625 [days]

WFOZPB'b't'C:>t:

Apa n Axtiva Evépyetog Tov 6potov mhoiov givon :
AR =txV; =783 x24=
A.R. =18792 [sm]
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Abstract: Recent International Maritime Organization (IMO) decisions with respect to mea-
sures to reduce the emissions from maritime greenhouse gases (GHGs) suggest that the colla-
boration of all major stakeholders of shipbuilding and ship operations is required to address
this complex techno-economical and highly political problem efficiently. This calls eventually
for the development of proper design, operational knowledge, and assessment tools for the
energy-efficient design and operation of ships, as suggested by the Second IMO GHG Study
(2009). This type of coordination of the efforts of many maritime stakeholders, with often con-
flicting professional interests but ultimately commonly aiming at optimal ship design and
operation solutions, has been addressed within a methodology developed in the EU-funded
Logistics-Based (LOGBASED) Design Project (2004-2007). Based on the knowledge base devel-
oped within this project, a new parametric design software tool (PDT) has been developed by
the National Technical University of Athens, Ship Design Laboratory (NTUA-SDL), for imple-
menting an energy efficiency design and management procedure. The PDT is an integral part
of an earlier developed holistic ship design optimization approach by NTUA-SDL that
addresses the multi-objective ship design optimization problem. It provides Pareto-optimum
solutions and a complete mapping of the design space in a comprehensive way for the final
assessment and decision by all the involved stakeholders. The application of the tool to the
design of a large oil tanker and alternatively to container ships is elaborated in the presented

paper.

Keywords: greenhouse gases, holistic design approach, LOGBASED Project, ship systems
optimization, parametric design tool

1 INTRODUCTION

It is today a well-established fact that human activi-
ties have a significant impact upon the levels of
greenhouse gases (GHGs) in the atmosphere, i.e.
those gases that absorb and emit radiation within

*Corresponding author: Department of Naval Architecture,
Faculty of Technological Applications, Technological
Educational Institute of Athens, St. Spyridonos Street, Athens
12210, Greece.

email: vboulg@teiath.gr

the thermal infrared range. The gases with the most
important release to the atmosphere are, in des-
cending order, water vapour, carbon dioxide (CO,),
methane, and ozone. The Intergovernmental Panel
on Climate Change released in 2007 a report stating
that ‘most of the observed increase in global average
temperatures since the mid-20th century is very
likely due to the observed increase in anthropogenic
greenhouse gas concentrations’ [1].

One of the main contributors of the emissions of
GHGs due to human activity is the burning of fossil
fuels. The total CO, emissions from shipping

Proc. IMechE Vol. 225 Part M: J. Engineering for the Maritime Environment
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(domestic and international) amounted to about
3.3percent of the global emissions from fuel con-
sumption during 2007, according to Buhaug et al. [2].
The central estimates in the Second International
Maritime Organization (IMO) GHG Study (2009) is
that, if no policy for the reduction in the GHG emis-
sions is implemented, the growth of shipping will
result in an increase by 150-250 per cent of the ship
emissions relevant to their 2007 levels.

Climate stabilization by 2100 at no more than
2°C warming over the pre-industrial levels will
require significant reductions in the CO, emissions
by 2050, and the international shipping industry
needs to participate in this process. Although mari-
time transport is the most efficient mode of trans-
port and least pollutant in terms of GHG emissions,
present discussions and expected regulatory mea-
sures suggest that the collaboration of all major
stakeholders is required to address this complex
techno-economical and highly political problem
efficiently (see, for example, Document MEPC 57/4/
5 [3]). The list of stakeholders embraces both ship-
builders and ship operators. The actions to be taken
include the development of proper design, opera-
tional knowledge, and assessment tools for the
energy-efficient design and operation of ships. More
recently, an IMO study team emphasized that (see
reference [2], p. 61)

‘...Ships’ lifetimes may exceed thirty years, and
the operating and business environment may
change significantly in the course of this time.
Flexibility to allow upgrades and efficient operation
in different scenarios should be considered at the
design stage. It is thus critical to build the right ship
for the job, which provides sufficient flexibility in
operation. Specifying a ship and subsequently
designing to that specification is a highly complex
task. Estimating the potential for saving energy at
this stage is equally complex; however, the influence
of choices that are made at this stage of the
design process is very significant and should not be
under-estimated.’

This is exactly the field of application of the
approach elaborated in this paper which is based on
the EU-funded Logistics-Based (LOGBASED) Design
Project.

2 BACKGROUND

The type of effort coordination required by many
maritime stakeholders with often conflicting inter-
ests and ultimately aiming at optimal ship design
and operation solutions has been addressed within
the LOGBASED methodology, developed in the

recently completed LOGBASED Project [4, 5]. The
approach has a modular structure where the various
modules can be utilized to various extents pertain-
ing to the specific case in question (Fig. 1). The vari-
ous modules guide the business developer and/or
designer through a systemic process. This provides
decision-making support to the development of a
transport system and the pertinent integrated ship
design solution within the specific business devel-
opment context in question. Thus, the LOGBASED
method can be used not only for the design of a
single ship but also for the management of a whole
fleet of ships. The project focused on roll-on-roll-off
(ro-ro) ships, but the methodology developed can
be easily extended to other ship types, such as oil
tankers, bulk carriers, and container ships.

3 THE PROBLEM

In most cases the development of a transport sys-
tem has many stakeholders: commercial, opera-
tional, economical, technical, and social. In this
business environment, the optimization of the
design of the tailor-made ship for the particular
trade is the ideal situation that reduces the risk and
maximizes the returns of the investment. This is
well known among ship operators. The problem is
how to define the ‘perfect ship’ given the following:

(a) the fluctuations in the market (i.e. the cargo
demand);

(b) the flexibility of the competitors (i.e. the cargo
capacity);

(c) the uncertainty in the behaviour of the rest of
the stakeholders (cargo owners, port authori-
ties, international regulatory bodies, financial
investors, etc.);

(d) the uncertainty in the environmental factors.

The above uncertainties lead many shipping
companies to be conservative [6] and sometimes
result in the loss of good opportunities due to the
lack of proper decision support tools. These compa-
nies prefer to use ships in a similar way to their
competitors under the assumption that in this way
they minimize their risk. Therefore, when they
decide to build a new ship, they usually suggest a
set of owner’s requirements that resemble those of
existing ships. These requirements are mandatory
for ship designers, who rarely have the capability or
the opportunity to question their rationality. This
has been addressed within the LOGBASED Project
which attempts to provide designers, shipbuilders,
and ship operators with better guidance to develop
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Fig. 1 The LOGBASED methodology (from reference [5] with permission): module 1, business
concept definition; module 2, performance expectations; module 3, competitive position;
module 5, risk assessment; module 4, transport system and design solution development;
module 6, decision-making support; module 7, ship functions; module 8, ship systems;

module 9, performance evaluation

effective ship designs for business opportunities.
The difference between the old approach and the
new approach is shown in Fig.2. In the new
approach the designer and the owner are working
side by side, using the available market mapping in
order to rationalize the ship requirements. The mar-
ket is captured using advanced forecasting tools
such as artificial neural networks (ANNSs), trained
according to the existing historical data. The
designer creates a parametric ship model that is
optimized using state-of-the-art tools such as genet-
ic algorithms (GAs) and the owner’s preference is
captured using multi-attribute decision-making
(MADM) methods, such as the analytical hierarchy
process (AHP) and utility functions (utilité additive
(UTA)). It is obvious that the impact of this
approach is maximized when it is used early in the
business case development phase.

As part of the knowledge base developed within
LOGBASED, a parametric design tool (PDT) has
been developed by the National Technical
University of Athens, Ship Design Laboratory
(NTUA-SDL). The PDT facilitates the interaction of

the novel LOGBASED approach with the traditional
ship design methods accommodated in modules 7
and 8. The PDT is an integral part of module 4 (i.e.
transport system and design solution development
(see Fig. 1)). Its aim is to provide the user with the
capability to develop different design solutions and
to exploit the feasible design space very rapidly.
Furthermore, the PDT tool is also used to bench-
mark or calibrate heuristically selected system
design parameters for extreme values or outliers.
Traditionally the environmental impact of a ship
(except in the cases of the oil spills of tankers) or a
fleet is taken into account in a qualitative way, i.e.
through compliance with a set of rules requiring
some sort of system to exist (i.e. scrubber) or a pro-
cedure to be followed (i.e. water ballast manage-
ment). Thus, even if for the decision maker the
maximization of the environmental friendliness is of
top performance expectation (module 2), this would
be achievable only through the proper selection of
the systems in module 8. The introduction of the
CO; index or energy efficiency design index (EEDI)
of the attained new ship design has permitted the
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Fig. 2 Comparison of the old approach and the new approach (from reference [7] with permission)

evaluation of the environmental friendliness from a
quantitative perspective. Thus, the minimization of
the EEDI has been introduced as an objective into a
multi-criteria design-making (MCDM) problem.

4 HOLISTIC DESIGN OPTIMIZATION

Most design problems are formulated on the basis
of the determination of a set of design variables
(e.g. the number of ships and the individual ship
size and speed in fleet optimization) that provide a
design solution that satisfy certain relations
between, and restrictions of, these variables (e.g.
physical, technical, legal, and economical). In case
there are a number of combinations of design vari-
ables that satisfy all these conditions, a measure of
merit is selected (e.g. the weight, cost, or yield)
which creates a ranking, resulting in the selection
of the optimal combination [8]. The number of
design variables is always constrained by efficiency
considerations [9].

Since the mid-1960s with the advance of computer
hardware and software more and more parts of the
design process have been taken over by computers,
particularly the heavy calculatory and draughting ele-
ments of ship design. Simultaneously, the first com-
puter-aided preliminary design software systems

were introduced, dealing with the mathematical
parametric exploration of design space on the basis
of empirical and simplified ship models for specific
ship types or the optimization of design variables for
specific economic criteria by gradient-based search
techniques [10, 11]. Also, computer-aided studies on
optimization of the ship’s hull form for least resis-
tance and best seakeeping behaviour (hydrodynamic
design optimization) or of the ship’s midship section
and structural design for least steel weight (structural
design optimization) started to be introduced to the
naval architectural scientific community until they
led to mature results in more recent years [12, 13].
With the further and faster advance of computer
hardware and software tools, together with their
integration into powerful hardware and software
design systems, the time has come to look at the
way ahead in ship design optimization in a holistic
way, namely by addressing and optimizing several,
and gradually all, aspects of the ship’s life (or all ele-
ments of the entire ship’s life cycle system), and at
least the stages of design, construction and opera-
tion; within a holistic ship design optimization,
herein this means exhaustive multi-objective and
multi-constrained ship design optimization proce-
dures even for the individual stages of the ship’s life
(e.g. conceptual design) with least reduction in the
entire real problem [14]. Recently, the scientific
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Fig. 3 Ship design optimization procedure (from reference [13] with permission)

disciplines introduced in the general framework of
‘design for XXX', namely ‘design for safety’ (15, 16],
‘design for efficiency’, ‘design for production’,
‘design for operation’, etc., indicate the need for
approaches and the availability of mature methods
and computational tools to address holistically the
ship design optimization problem.

The use of GAs, combined with gradient-based
search techniques in microscale exploration and with
a utility functions technique for MADM, provides the
means for a generic type of optimization technique,
producing and identifying optimized designs through
effective exploration of the large-scale non-linear
design space and a multitude of evaluation criteria.
Several applications of this generic multi-objective
ship design optimization approach by use of NTUA-
SDL'’s design software system, integrating the naval
architectural software package NAPA [17], the optimi-
zation software modeFRONTIER (18], the PDT, and
various other application software tools, as necessary
for the conceptual design, the evaluation of the stabi-
lity, the resistance, the seakeeping, etc., may be found
in the listed references. A sketch of the approach to
generic ship design optimization is shown in Fig. 3.

In this paper, the holistic ship design approach
will be implemented for the classical design prob-
lem of large tankers for a given deadweight (DWT)
with the following objectives:

(a) minimization of the EEDI;
(b) minimization of the ideal ship price (ISP);

(c) minimization of the displacement of the ship;
(d) maximization of the ship’s speed.

Additionally, the holistic ship design approach
will be implemented for the investigation of the
benefits of designing slow-speed container ships in
order to minimize their environmental footprint.

5 THE TOOLS

It is true that in the context of the holistic design
approach there are more advanced methods and tools
for treating the above problem. For example, hull opti-
mization can be performed by the integration of NAPA,
SHIPFLOW, and modeFrontier [13]. Nevertheless, they
require the skills of a well-trained naval architect and
also they are time consuming for the conceptual design
phase. In that respect, the PDT is the ideal tool that
can be easily used by all stakeholders (i.e. designers,
builders, owners, and operators).

The PDT has been developed in MS EXCEL 2003
and recently upgraded to MS EXCEL 2007. It con-
sists of four main functional elements:

(a) element I, a database of existing ship designs
and their main particulars including the ship’s
type, size, and other special features;

(b) element II, a query tool for the analysis of the
database and the extraction of useful relation-
ships between the various design parameters;
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(c) element III, a tool for the design and the trade-
off analysis around a design point;
(d) element IV, the ISP calculator.

The database of element I was recently extended
to include the following:

(@) ro-ro cargo ships [19] and other ship data from
partners of the LOGBASED Project;

(b) container ships [19];

(c) oil tankers built after 1995 with a DWT larger
than 70 000 ton;

(d) bulk carriers with a DWT capacity from 500 ton
up to 33 000 ton;

(e) bulk carriers built after 1995 with a DWT from
55000 ton up to 322 000 ton;

(f) general cargo ships with a DWT from 500 ton
up to 52 000 ton.

Element II is a query tool for filtering the design
database. Three-stage filtering has been introduced
on the basis of feedback from end users. In the first
stage the user selects the subset of ships according
to their date of build. In the second stage this subset
is refined according to the speed range. The last fil-
tering of the data set (i.e. the third stage) is achieved
according to the cargo-carrying capacity, i.e. the
DWTs for tankers, bulk carriers, and general cargo
ships or the lane metres for ro-ro ships. Thus, at the
end a subset of ‘similar designs’ according to the
designer’s requirements is created. The statistical
values of the main particulars and regression analy-
sis formulae resulting from the selected subset are
used for initiating the feasible alternative designs.

Element III is a simplified model of the traditional
design spiral in the preliminary design stage.
Starting from the basic requirements for the cargo-
carrying capacity (DWT or lane metres), the speed,
and the endurance and utilizing the information
extracted from the database subset, an iterative pro-
cess is used to balance the resulting main dimen-
sions, the weights, and the installed horsepower of
each design.

Element IV is a tool that calculates the ISP. The
need for the development of such a tool was trig-
gered by the large fluctuations occurring in the
ship’s price market and the confidentiality of actual
ship price data. Instead of estimating the actual
building cost plus profit (a function of both the
shipyard location and country and the time of
building), the following methodology has been
developed. Given the market’s freight rate (FR), the
ISP is calculated by reversing the procedure method
for the required FR calculation, namely on the basis
of the zero net present value (NPV) of the

investment; in other words, the ‘ideal’ ship price
that will zero the NPV for the given required FR is
found. The feasibility of a project is evaluated by
comparison of the resulting ‘ideal price’ designs
with current market prices. The viability of an
investment in purchasing a new building or an
existing ship can also be assessed according to the
preferred difference from the ISP.

The tool can also calculate the required FR if the
ship price is given as the input from existing market
data. The ISP is practically a special case of the zero
NPV of Buxton’s [20] ‘permissible price’ concept.
The ISP proves to be a very handy indicator for esti-
mating very rapidly the feasibility of a business case
according to the magnitude of the required invest-
ment and its profitability given the actual market
prices.

The core of the PDT is element III. Standard naval
architecture methodologies are used in order to cal-
culate the various lightship weight groups (struc-
ture, machinery, and outfitting). For ro-ro ships,
Watson’s [21] methodology and adjusting relevant
semiempirical coefficients based on a verification of
up-to-date designs recorded in databases of the
LOGBASED design team are utilized. The machinery
weight is estimated on the basis of the installed
main engine’s horsepower while the outfit weight is
based on the main deck’s area [8].

The resistance is estimated according to the
method described by Holtrop and Mennen [22] and
Holtrop [23] using appropriate margins for appen-
dages, design, and sea conditions according to the
usual contract specifications. The method is consid-
ered very accurate for the types of hull forms of
interest herein, and it is quite sensitive in capturing
hull design alternatives. Transom sterns and bul-
bous bows are taken into account. Thus, the
employed method allows the definition of hull form
variables in the form of a number of parameters
which are used for minimization of the resistance
and powering. It is worth noting that engine manu-
facturers are using this method to estimate the
required engine type for similar ship types [24].

The cargo-carrying capacity for ro-ro ships is esti-
mated in lane metres based on approximate empiri-
cal formulae taking into account the lane width, the
utilized deck length, the margins from the side
walls, and the number of decks. For bulk carriers
and tankers the cargo capacity in cubic metres is
calculated on the basis of empirical coefficients
resulting from the analysis of real designs. Finally,
the approach for container ships is based on an
assumption for the number of 20 ft equivalent con-
tainer units (TEUs) on and under deck, depending
on the vessel size or class, and the calculation of the
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number of carried TEUs by approximate empirical
formulae accounting for the vessel's main
dimensions.

5.1 Energy efficiency design index

The EEDI is calculated herein on the basis of the
IMQ'’s interim guidelines on the method of calcula-
tion of the EEDI for new ships [25].

Using the procedure and the assumptions
described in the interim guidelines an initial estima-
tion of the EEDI for the ships in the PDT database
was performed. The specific fuel consumption
(SFC) was assumed to be 170g/kW h for the main
engine(s) and 190 g/kW h for the auxiliary engine(s).
The results for bulk carriers are shown in Fig. 4
while the relevant graph for the tankers is shown in
Fig. 5. In Fig. 6 the EEDI for container ships, using
65 per cent of their DWT as a measure for their utili-
zation, is shown.

What is interesting to observe in Fig. 4 is that
almost the entire existing fleet of bulk carriers
(except for a few outliers) is above the baseline for-
mula proposed in Document GHG-WG 2/2/7 [26],
even though a reduced SFC has been used in com-
parison with the values of 190 g/kW h and 210 g/kW
h proposed in Document GHG-WG 2/2/7 [26]. This
provides additional verification of the comments
made by several delegations at the 60th session of
the Marine Environment Protection Committee
(MEPC) of the IMO [27].

In generating data for Fig. 5 (tankers), the same
assumptions as in Document GHG-WG 2/2/7 [26]
were used, i.e. an SFC for the main engine of 190 g/
kWh, an SFC for the auxiliary engine of 210 g/kW h,
and Cg=3.13 g CO,/g fuel, where G is a conversion
factor between fuel consumption and CO, based on
the fuel's carbon content. The sample set within the
PDT database fits the proposed baseline very well.

In Fig. 6, using the same assumptions as above,
the sample set of container ships within the PDT
database verifies the baseline for the container ships
proposed in reference [28].

From the graphs in Figs 4 to 6 it is obvious that,
for a given DWT requirement, the EEDI may vary
significantly, in terms of both the ship size and the
ship type, emphasizing the fact that there is room
for improvement in the efficiency of many represen-
tatives of these types of ship.

The optimization procedure adopted herein
employs the commercial software modeFRONTIER®
(18] as the optimization scheduler and NAPA® for the
naval architectural calculations and ship design. The
important features of modeFRONTIER are as follows.

1. It is written 100 per cent in Java, making it com-
pletely portable.

2. It offers a menu of several optimization algo-

rithms: GAs, conjugate gradient method, quasi-

Newton method, sequential quadratic program-

ming, and simplex. Algorithms can be com-

bined, e.g. GAs for a global search and another
algorithm for a local search (refinement).

It can handle both real and integer variables.

4. It can integrate software on different platforms
in networks, e.g. a hull description in NAPA
under MS Windows XP and a computational
fluid dynamics code under UNIX on another
computer.

5. It allows the boundary conditions to be checked
first before an objective function is evaluated.
This is important if the objective function
requires far more central processing unit time
than the (violated) boundary condition.

6. It runs on parallel architectures.

w

The data flow between the applications is shown
in Fig. 7.

6 CASE STUDIES

6.1 AFRAMAX tanker

The application of the above optimization proce-
dure to the conceptual design of an AFRAMAX tan-
ker with a DWT capacity of around 112000 ton was
selected for the first case study. This work is com-
plementary to previously published research work
[14, 29], where the internal subdivision of a fixed-
hull AFRAMAX tanker was optimized with respect to
the carrying capacity and the oil outflow. In the
present study, the internal subdivision was kept
fixed, whereas the ship’s hull form was varied. Thus,
the main dimensions of the hull form (i.e. the
length, the breadth, the depth, and the draught) and
the buoyancy distribution (i.e. the longitudinal cen-
tre of buoyancy and the areas of the bulbous bow
and transom) were varied herein, as they were con-
sidered as the design variables. The speed and the
range were kept constant.

The PDT output variables include a large number
of different design features such as the displace-
ment, the lightship, the installed horsepower, the
initial intact stability, the daily bunker consumption,
the consumables, the payload, and the cargo capac-
ity. Four of these output values were used as objec-
tives for minimization in the present case study as
follows:
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the total transportation cost per unit of cargo
(in US dollars per ton);

the EEDI;

the lightship;

the specific gravity of the cargo at the homoge-
neous full-load condition as a measure to max-
imize the carrying capacity for the same
required DWT.

DWT[tons]
il tankers with a DWT greater than 65000 ton built

The total transportation cost per unit of cargo is
calculated by subdividing the annually delivered
cargo (millions of tons) by the total costs (millions
of US dollars). The total costs include the annual
voyage costs, the non-voyage operating costs, and
the capital costs.

A number of constraints were used in this optimi-
zation as follows:

Proc.

IMechE Vol. 225 Part M: J. Engineering for the Maritime Environment

YelModa | A-8



Hapaptnuo A

250 E K Boulougouris, A D Papanikolaou and A Pavlou
45.0 S
o
400 +-gRsp---- o
35.0 +-G1%5
o o
=<2 o
30.0 -+ Og—l—oo
od® @ Q
5 250 |- SCHLY . i
“ feli=2 9 % 0@
g = oP 2 MEPC60/4/14
200 +--0g" 3w oL o VEPCOO/AAR |
o, Qo & 9@2 : 5 < —_::: —_—
16,0 +---=------8 8.2 89 o m}
o]
o]
10.0 N—
5.0
0 20000 40000 60000 80000 100000
DWT[tons]
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(a) the metacentric height uncorrected for the (b) the maximum value of the cargo’s specific
free-surface effect; gravity;
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(c) the minimum and maximum block coefficients
in order to create valid tanker designs;

(d) the adequacy of the capacity of the segregated
ballast tanks to meet the relevant MARPOL
requirements;

(e) the maximum draught according to the Load
Line Convention (LLC) which should not be
exceeded.

The range of variance of the design variables was
selected on the basis of the available PDT database
(element II) for a DWT range =5 per cent around the
required DWT. The data for the engines were taken
from an engine database.

In the optimization procedure, 4000 different
designs were generated. The scatter diagram of the
total transportation cost in US dollars per ton versus
the EEDI is shown in Fig. 8. In Fig. 9 the estimated
lightship versus the cargo’s specific gravity for the
homogeneous full-load condition is shown.

Based on the above results, the Pareto (non-dom-
inated) designs could be identified. In order to
select the optimum design, the preference of the
decision maker should be taken into account. Using
modeFrontier's MCDM GA and requesting that the
objectives should be ranked in descending order of
importance, namely (herein as a demonstration
example), first, the EEDI, second, the transportation
cost, third, the lightship, and, finally, the maximum
specific gravity of the cargo, a ranking of the Pareto
designs was produced. The algorithm assists the
decision maker in finding the best solution for a
set of Pareto alternatives. It verifies the coherence of
the expressed preferences and, if all pairwise
comparisons are valid, it generates a valid utility
function and ranking [18]. In the present case it
resulted in the utility functions shown in Fig. 10.

Using these functions the Pareto designs can be
ranked and the optimum can be identified.

The optimum design identified herein was design
number 917 with the main dimensions and charac-
teristics shown in Table 1.

Given the outcome of the conducted optimiza-
tion, the decision maker has a comprehensive
understanding of the physical and economic con-
straints of the design problem in hand; the range of
the variance of the objectives and the compromises
that have to be made may be systematically
explored in order to obtain the best design solution
fulfilling the initial expectations.

The results of the present PDT tool can be easily
fed into modules 7 and 8 of the LOGBASED metho-
dology, where the traditional design process takes
place. For instance, a design software platform, such
as NAPA, can be used in order to produce the ship’s
hull form and the arrangement with the required
characteristics as shown in Fig. 11. Optimization of
the internal subdivision is a feature of the holistic
design concept that has already been demonstrated
[14]. Verification of the weight estimations and
especially of the weight of the steel structure is a
more tedious task, requiring the integration of struc-
tural design software tools in the optimization, e.g.
of classification-scanning software tools. This has
also been addressed recently by NTUA-SDL in the
framework of multi-objective tanker design optimi-
zation, in which, together with the structural weight,
the oil outflow and the internal subdivision were
optimized [30].

6.2 Slow-steaming container ship

The growing practice of slow-steaming container
shipping services coincided with an unexpected
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Table 1 Main dimensions of the optimum design

Length 241.00m
Breadth 45.05m
Depth 19.50m
Draught 14.67m
Block coefficient 0.827
Deadweight 116000 ton
Lightship 18877 ton
Main engine power 13407 kW
EEDI 3:95.
Payload 112550 ton
Transportation cost 9.54 US$/ton
Maximum specific gravity 0.935t/m®

deterioration in the on-time arrivals of vessels (see
the latest Container Shipper Insight report by
Drewry Shipping Consultants). Of nearly 1600 ships
tracked in the 3 months between 1 October 2009
and 31 December 2009, Drewry’s report found that
only 53 percent arrived either on the scheduled
day of arrival or a day prior to the scheduled day of
arrival [31].

In order to investigate the impact of resetting the
design point of future container ships with respect
to the speed of service, a case study for the design
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of two container ships with a carrying capacity of
about 5000 TEU, but with different reductions in the
speed, was launched. The first reduced the speed by
4kn, namely from 25kn to 21kn, while the second
corresponds to an even more radical speed reduc-
tion by 9kn, i.e. to 16 kn. Valuable relevant informa-
tion was retrieved from the Quantum project of Det
Norske Veritas (DNV) [32]. A container ship data-
base with ships built after 1995 up to 2007 was used,
including 2535 different ships of various capacities.
Relationships and charts in the NTUA-SDL ship
database were updated to account for the influence
of the TEU cargo capacity on the main particulars of
the vessels. Energy efficiency indices, such as the
Heickel coefficient and the specific resistance (SR)
[33] or the specific tractive force (STF) were intro-
duced, when comparing different modes of trans-
portation [34]. The SR or the STF is defined as the
fraction of the installed power divided by the prod-
uct of the weight multiplied by the speed. The for-
mulation given by Akagi and Morishita [35] was
used with the power expressed in kilowaits, the
weight in tons-force, and the speed in kilometres
per hour. Finally, the semi-empirical weight estima-
tion formulae were updated to account for the con-
tainer ship calculations.

In order to examine the impact of the design
changes, module 4 (i.e. the transport system and
design solution development) was updated with an
economic model for the container liner service. The
data used were deduced from the work of Stopford
[36]. The trans-Pacific route was selected for the
case study. The model includes the following:

(a) the service schedule based on a weekly sched-
ule with seven port calls on the round voyage
(e.g. Shanghai, Kobe, Nagoya, Tokyo, Sendai,
Oakland, and Los Angeles);

Fig. 11 Optimum AFRAMAX tanker hull form

(b) capacity utilization, 90percent for the east-
bound leg and 40 percent for the westbound
leg, recognizing the fact that there is much
more cargo moving east in the selected route;

(c) ship costs per day including operating
expenses (OPEX), capital costs, and bunker
costs;

(d) port charges;

(e) the cost of containers and their handling includ-
ing transhipment, inland transport, inter-zone
repositioning, and cargo claims;

() the administration cost of running a global
container service.

Thus, the updated module 4 includes all eight
building blocks of liner costs [36] as follows:

(a) the ship and its characteristics;

(b) the service;

(c) the capacity utilization;

(d) the daily ship costs (OPEX, capital costs, and
bunker costs);

(e) the port charges;

(f) the deployment of the containers;

(g) the cost of containers and container handling;

(h) the administration cost.

Given that the liner pricing is based on the cost per
TEU, comparison of the economic efficiency of the
designs in the following case studies was based on the
average cost per TEU, i.e. the cost that the company
should charge on both the eastbound leg and the
westbound leg in order to cover all voyage costs.

6.3 The 21 kn container ship design

In this case, the implementation of the PDT as a fast
decision support tool was investigated. Instead of
performing a full optimization, the goal was to
improve an existing design, producing radical
changes in a short timeframe. In real life this could
be accomplished during one or two executive meet-
ings in a shipping company, with or without a major
cargo owner.

The analysis of the database revealed that most of
the existing designs are located around the (G,
Fn) =(0.65, 0.25) operation point, where G, is the block
coefficient and Fn is the Froude number (Fig. 12).
Additionally, using the reciprocal transport efficiency
as a metric of the transport efficiency of the design
[33], it is obvious that, in the 4000-6000 TEU range, a
larger capacity is not directly linked to a higher effi-
ciency (Fig. 13). The resemblance of the plot of the
reciprocal transport efficiency versus the TEU capacity
to the plot of the EEDI versus the DWT capacity
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Fig. 12 The block coefficient G, versus the Froude
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Fig. 13 The reciprocal transport efficiency versus the
TEU capacity

(Fig. 6) is remarkable. The reciprocal transport effi-
ciency is defined as

BHP (kW)

Reciprocal transport efficiency = m
S

1)

where BHP is the brake horsepower, 4 is the displa-
cement, and V; is the service speed.

A subset of the database was used with designs
having a TEU capacity of between 5000 and 6000
boxes. A reference ship was selected for verification
of the PDT weight formulae. The general arrange-
ment of the ship is shown in Fig. 14 and her main
particulars are given in Table 2.

Based on only the TEU capacity, the PDT will
normally design a typical post-Panamax ship, simi-
lar to the reference ship. Hence, the design goal
herein will be to design a slower and wider ship with
the required capacity. The TEU capacity of a cellular
box-type ship, such as a container ship, is a function
of the cross-section capacity and of the cargo hold
length (Fig. 15).

Table 2 Main dimensions of the reference container

ship
Length 263.00m
Breadth 40.00 m
Draught 14.00m
Block coefficient 0.61
TEU 5500
Speed 25kn
BHP =~ 55000 kW
EEDI 24.05
Average cost per TEU Us$1124
Number of ships for the schedule 4.9
Capital value US$89 x 10°

The design goal herein is to increase the capacity
per section in order to reduce the length of the ship,
noting that this may eventually reduce the structural
weight and increase the payload capacity. The refer-
ence design DWT is a function of the weight of the
TEUs plus the weight (8670 tonf) of the bunkers. If
the number of TEUs remains the same, then the
number of bunkers is expected to be significantly
reduced. It is assumed that the payload remains the
same and the breadth of the ship is increased from
40m to 45.6m. This creates two additional rows
both in the hold and on deck and will increase the
capacity per hold by 72 TEUs. Therefore, one hold
can be omitted, reducing the required length by
29.68m to 233.32m. This may be expected to lead
to a reduced structural weight, in view of the
reduced longitudinal bending and torsional
moments.

Using the data from the reference design, its voy-
age cost was calculated and its breakdown is shown
in Fig. 16.

Using the PDT a systematic evaluation of differ-
ent designs was performed. Given the constraints in
the main dimensions, only a small subset of the
design variables was altered. This quick investiga-
tion resulted in an improved design with the follow-
ing particulars. The resulting design is very close to
DNV’s Quantum project design, with a reduced
block coefficient. From Table 3 it is obvious that a
significant reduction in the installed power was
achieved (—48 per cent). This resulted in a reduction
of 33 percent in the EEDI, although the utilization
was reduced. The capital value was also reduced
owing to the smaller required main engine. A factor
of 250 €/kW was assumed for the machinery costs.
All the above resulted in a reduction of 5 percent in
the average cost per TEU for the given ship. The
problem, however, is that by operating this ship the
company will have to put one more ship into service
in order to maintain a weekly liner service. In
Fig. 17 the reason for the small overall cost reduc-
tion is obvious; the total ship costs were reduced for
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Fig. 15 The total TEU capacity as a function of the cross-section capacity

Total cargo handling
cost, $3 653 100,00

Administration Cost,
$673 551

Total ship costs,
$3 426 054.64

Total container cost,
$285 185.68

Fig. 16 Reference ship voyage cost breakdown

the improved design, but the rest of the cost items
are more or less inflexible.

6.4 The 16 kn container ship design

An even slower design travelling at 16kn with a
capacity of about 5000 TEUs was also investigated.
This resulted in a ship with the particulars given in
Table 4. It is an extreme container ship design, com-
ing closer to slow cargo ship designs. Employing
the traditional naval architecture methodology, the

design specifications and the owner’s requirements
were transformed into requirements for the lines
plan. The hull design was developed using data
from the well-known FORMDATA Series [37, 38].
The preliminary body plan of the design is shown in
Fig. 18, and the corresponding capacity plan in
Fig. 19. The capital cost in this case was reduced
both for the reduction in the machinery cost and for
the reduction in the steel cost. The latter was
assumed to be reduced by a factor of 3.5 x 10° US$/
ton, resulting in a reduction of US$9 X 10° on top of
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Table 3 Main dimensions of the 21 kn improved

Table 4 Main dimensions of the 16 kn improved

design design

E 233 m L 230m
B 45.6m B 44 m
T 13.5m I 13.0m
TEU 5500 TEU 4978
Speed 21kn Speed 16kn
Displacement = 87000 ton Displacement ~105000 ton
Gy 0.59 Cu 0.78
Lightship ~22200ton Lightship ~20 600 ton
BHP ~29 000 kW (-48%) BHP ~17 200kW (-69%)
EEDI 16.30 (-33%) EEDI 9.725 (-60%)
Average cost per TEU US$1056 (-6%) Average cost per TEU US$1086 (-3%)
Number of ships for the 5.6 (instead of 4.9); thus + 1 ship Number of ships for the 6.9 (instead of 4.9); thus + 2 ships

schedule schedule
Capital value US$82 x 10° Capital value US$71 x 10°
Depreciation time 20 years Depreciation 20 years
Interest rate 8% Interest rate 8%
OPEX 7700 US$/day OPEX 7700 US$/day

Total cargo handling
cost, $3 653 100.00

Total ship costs,
$3019444.13

Total container cost,
$302 686.76

Administration Cost,
$675 292

Fig. 17 21kn improved design voyage cost breakdown

the machinery cost savings. The 16kn improved
design voyage cost breakdown is shown in Fig. 20.
The results of this case study show that the dras-
tic reduction in the EEDI does not correspond to
drastic changes in the average cost per TEU. On the
contrary, the significant fixed cost of cargo handling,
the reduced number of round trips per year, and
the reduced TEU capacity by almost 9percent
diminishes the gains made by a reduction in the
speed (-3 per cent). In addition, two more ships are
now required in order to maintain the schedule,
which means a higher capital investment to provide
the same liner service. However, it should be noted
that herein the probable reductions in the outfitting
weight and the related cost, in view of the reduced
ship length and capacity, could not be exactly
accounted for and were assumed conservatively
with marginal impact on the ship’s capital cost. The
same applies to consideration of the reduction in
the machinery costs, noting that the reduction in
the speed by 9kn, or 36 per cent with respect to the
reference ship’s speed of 25kn, led herein to a
reduction in the powering by merely 69 percent,

although further reductions could be achieved with
detailed hull-form optimization. Thus, the above
conclusions will be conservative in general but show
the techno-economic limits of slow steaming. In
Table 5 the Quantum design developed by DNV, the
reference ship, and the two designs developed by
SDL are compared. All designs have adequate bal-
last tank capacities and their maximum draughts
meet the LLC requirements.

7 THOUGHTS ON THE EEDI

Using the EEDI in the above studies as a merit func-
tion for design optimization, it is inevitable that a
few remarks should be made on this new environ-
mental footprint index. The proper definition of the
EEDI may be disputed. One main contradiction in
the definition of the EEDI is that, although the aim
is fundamentally to maximize the efficiency, the
index in its present form should be minimized.
Although this may be easily corrected by consider-
ing the reciprocal value of the EEDI, another

Proc. IMechE Vol. 225 Part M: ]J. Engineering for the Maritime Environment

ZeAda | A-15



Energy efficiency parametric design tool in the framework of holistic ship design optimization

Hapaptyua A

257

Table 5 Comparison of the designs

Parameter (units)

Value for the following

DNV Quantum design

Reference ship

21kn SDL PDT design

16 kn SDL traditional design

Length (m) 272.3 (overall) 263 (bp) 233 (bp) 230 (bp)
Breadth (maximum/WL) (m) 49.0/42.5 40.0/40.0 45.6/45.6 44.0/44.0
Draught (m) 12.0 14.00m 13.5m 13.0m
TEU 6210 5500 5500 5000

Gy 0.57 0.61 059 0.78
BHP (kW) 23 000* 55000 29000 17200
Speed (kn) 21 25 21 16
DWT/TEU 8.78 12.36 11.76 16.96
*Installed 33 MW.
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Fig. 18 Body plan of the 16kn container ship design (from reference [39] with permission)
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Fig. 19 Capacity plan of the 16 kn container ship design (from reference [39] with permission)
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Totalcargo
handling cost
$3306 387.60

Administration
$611

Totalship costs
$2804620.09

Totalcontainer

Cost cost
205.32 $304901.72

Fig. 20 16 kn improved design voyage cost breakdown

drawback cannot be remedied, namely that the phy-
sics of the ship’s powering are not properly reflected
in the EEDJ; thus, the impact of the size of the vessel
and the installed power are not taken into account
in the existing formulation. It could be argued that
for the naval architect there are some very tradi-
tional and reliable measures for the assessment of
the hull and propulsion efficiency, such as the well-
known British Admiralty constant or the related
Heickel coefficient defined as

1/3
K= <@> u @
Py

where A is the displacement, Py is the engine power,
and U is the ship’s trial speed. Either the Admiralty
constant or the Heickel coefficient could be modi-
fied accordingly to take into account any improve-
ments regarding the fuel consumption savings or
the use of fuels that emit less CO, (i.e. have a lower
Cp). In this case an alternative EEDI* definition
could be in the form

EEDI" = hull efficiency index X energy efficiency
index X fuel CO; efficiency index 3)

Another effective way to assess the efficiency of
transport vehicles (of any type, ie. land-borne, air-
borne, and waterborne vehicles) is the well-known
Gabrielli-von Karman (GK) [33] diagram. The diagram
shows the required power per tonne of weight at a
given speed of transport. The lower this ratio is for a
given speed, the higher the efficiency. The GK diagram
depicts the physical and technological limitations of
the various means of transportation. In Fig. 21 the
design points of the reference container ship and of
the 21kn improved design are plotted. It is obvious
that, from the GK transport efficiency point of view,
the improved design proves to be not better than the

initial design, although it demonstrates an improved
EEDI, which is not considered herein.

8 CONCLUSIONS

The work presented herein demonstrated the applic-
ability of a holistic ship design approach using a PDT
to optimization at the conceptual design stage. The
PDT developed initially for the implementation of the
LOGBASED methodology in ro-ro ship design has
been further enhanced to facilitate the design of other
ship types, such as bulk carriers, tankers, and container
ships. The tool can help the decision maker to assess
the ship design space of the transportation system
rationally in its business concept and to estimate the
environmental impact and the economic incentives.
Case studies of an AFRAMAX oil tanker, two 5500 TEU
container ships, and one 5000 TEU container ship were
presented herein to demonstrate the developed con-
cept. The tool can also be used to assess the operating
CO; index of a ship in a given trading scheme, using
the existing methods in the LOGBASED module 4. This
is a further step in the initial LOGBASED methodology,
thereby improving the interaction between vyards,
operators, and other market stakeholders when search-
ing for optimal ship design solutions.

FUNDING

This work was partially supported by the NTUA-DNV
Bilateral Gift Project (2007-2010) on Ship Design
Optimization (grant number NTUA-63/16 66).

ACKNOWLEDGEMENTS

The authors are solely responsible for the contents
of the paper and the expressed opinions, which do
not necessarily represent the opinion of DNV.

© Authors 2011

Proc. IMechE Vol. 225 Part M: J. Engineering for the Maritime Environment

YeMoa | A-17



Energy efficiency parametric design tool in the framework of holistic ship design optimization

Hapaptyua A

259

10 1
Stbmers bk Cibe
(Lewk® Ll
R .
2 s g
B
2 = 2
] Lift-Support
1 ;83 . s Kamarts UnlI (DD
.
&3 o 'B727 (Ff'}o
nyereton G L
5 ,-u%n Z % = Vg 40
1 - =4
- " Desticyer 'L O'O_t o o o /'. 5767 et
E { o' y Qe camn
> 2 Ciutser Ox'x
H 4
e Buoyancy WAGLEV
041 Support Trick ¥
Pazmrger @ ’ +:\ TGV-A
N /
o
SIOW u‘:,: 3 Galliesttp T k5 ( ALV
x = Land Support
Steamlng = coranyt Y9 ——I] & Catamaran
o 2 Ty A
deSIQn FMV Database < 0 Conventional Hydrofoil
0.01 su / ~ NTUA-SOL « Planing Mono hul
- Careler -
/8 Reference design <sEs
5 | nha \ -wec
(LatesDh
3 . NTUA-SDL { o Conwventional Mono hull
2 Buoyancy Land-Support Lift-Suppornt
Support
0.001 l
10 20 50 100 200 500 1000 2000 5000 10000
Speed V [Km/h]

Fig. 21 Design points of the reference and the 21 kn improved designs on the GK diagram (from
reference [40] with permission): (ACV, air cushion vehicles; TGV-A, Train a Grande
Vitesse-Atlantique; SES, surface effect ships; WPC, wave-piercing catamarans)

REFERENCES

1 Solomon, S., Qin, D., Manning, M., Chen Z.,
Marquis, M., Avery, K. B., Tignor, M., and
Miller, H. L. (Eds) Intergovernmental Panel on Cli-
mate Change. Summary for policymakers. In Cli-
mate change 2007: the physical science basis.
Contribution of Working Group I to the Fourth
Assessment Report of the Intergovernmental Panel
on Climate Change, 2007 (Cambridge University
Press, Cambridge).

2 Buhaug, ©., Corbett, J. J., Eyring, V,
Endresen, 0., Faber, J., Hanayama, S., Lee, D. S,,
Lee, D., Lindstad, H., Markowska, A. Z,
Mjelde, A., Nelissen, D., Nilsen, J., Palsson, C.,
Wu, W., Winebrake, J. J., and Yoshida, K. Second
IMO GHG study 2009. Report, International Mari-
time Organization, London, UK, April 2009.

3 IMO Marine Environment Protection Committee,
Prevention of air pollution from ships, Report of
the Intersessional Correspondence Group on
Greenhouse Gas Related Issues. Document MEPC

57/4/5 (Australia and The Netherlands), Interna-
tional Maritime Organization, London, UK, Decem-
ber 2007.

4 DG Research, Logistics-based (LOGBASED) Design
Project STREP in the Sixth Framework Programme
of the European Commission, 2004-2007.

5 Brett, P. 0., Boulougouris, E. Horgen, R,
Konovessis, D., Oestvik, I, Mermiris, G,
Papanikolaou, A., and Vassalos, D. A methodology
for logistics-based ship design. In Proceedings of the
Ninth International Marine Design Conference (IMDC
06), Ann Arbor, Michigan, USA, 16-19 May 2006, pp.
856-869.

6 Johnsen, T. A. V. and Vabe, T. J. Strategic planning
for the Norwegian Rhine Line by use of operations
research. Master Thesis, Norges Teknisk-Naturvi-
tenskapelige Universitet, Trondheim, Norway, 2006.

7 Boulougouris, E. K., Gohari, C., and
Papanikolaou, A. D. Ship design optimization in
the multimodal logistics framework. Harbin Gong-
cheng Daxue Xuebao (J. Harbin Engng Univ.), 2007,
27(Suppl. 2), 150-159.

Proc. IMechE Vol. 225 Part M: J. Engineering for the Maritime Environment

Seida | A-18



260

Hapaptyua A

E K Boulougouris, A D Papanikolaou and A Pavlou

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Schneekluth, H. and Bertram, V. Ship design for
efficiency and economy, 2nd edition, 1998 (Butter-
worth-Heinemann, Oxford).

Erikstad, S. O. Introduction to marine systems design
models and methods. Lecture Notes, University of
Trondheim, Trondheim, Norway, August 2003.
Murphy, R. D., Sabat, D. J., and Taylor, R. J. Least
cost ship characteristics by computer techniques. J.
Mar. Technol., 1965, 2(2), 174-202.

Nowacki, H., Brusis, F., and Swift, P. M. Tanker
preliminary design — an optimization problem with
constraints. Trans. SNAME, 1970, 78, 357-390.
Papanikolaou, A., Kaklis, P., Koskinas, C., and
Spanos, D. Hydrodynamic optimization of fast dis-
placement catamarans. In Proceedings of the 21st
International Symposium on Naval hydrodynamics
(ONR 96), Trondheim, Norway, June 1996, pp. 697-714.
Boulougouris, E. and Papanikolaou, A. Hull form
optimization of a high-speed wave piercing mono-
hull. In Proceedings of the Ninth International
Marine Design Conference (IMDC 06), Ann Arbor,
Michigan, USA, 16-19 May 2006, pp. 559-581.
Papanikolaou, A. Holistic ship design optimization.
Computer-Aided Des., 2010, 42(11), 1028-1044.
SAFEDOR, Design, operation and regulation for
safety, Integrated Project 516278 in the Sixth
Framework Programme of the European Commis-
sion, Annual Public Report Year 1 and Annual Pub-
lic Report Year 2, 2005-2009, available from http://
www.SAFEDOR.org.

Vassalos, D. Risk-based design: passenger ships. In
Risk-based ship design — methods, tools and appli-
cations (Ed. A. Papanikolaou), 2009 (Springer).
NAPA Oy, NAPA software, 2008, available from
http://www.napa.fi/.

ESTECO, modeFRONTIER software v.2.5.x, 2003,
available from  http://www.esteco.com/home/
mode_frontier/mode_frontier.html.

Register of ships, CD-ROM, 2007 (LR-FAIRPLAY
Ltd, Coulsdon, Surrey).

Buxton, 1. L. Engineering economics and ship
design, 1976 (The British Ship Research Associa-
tion, Wallsend).

Watson, D. G. M. Practical ship design, Elsevier
Ocean Engineering Book Series, 2002 (Elsevier Sci-
ence, Oxford).

Holtrop, J. and Mennen, G. G. J. An approximate
power prediction method. Int. Shipbuilding Prog.,
1982, 29, 166-170.

Holtrop, J. A statistical reanalysis of resistance and
propulsion data. Int. Shipbuilding Prog., 1984, 31,
272-276.

Propulsion trends in bulk carriers. Report, MAN
Diesel A/S, Copenhagen, Denmark, 2007.

IMO Marine Environment Protection Committee,
Interim guidelines on the method of calculation of
the energy efficiency design index for new ships.
Circular MEPC.1/Circ.681, International Maritime
Organization, London, UK, 17 August 2009.

IMO Greenhouse Gas Emissions Working Group,
Recalculation of energy efficiency design index
baselines for cargo ships. Document GHG-WG 2/2/

27

28

29

30

31

32

33

34

35

36

37

38

39

40

7 (Denmark), International Maritime Organization,
London, UK, 4 February 2009.

IMO Marine Environment Protection Committee,
Comments on the EEDI baseline formula. Docu-
ment MEPC 60/4/15 (Greece), International Mari-
time Organization, London, UK, 15 January 2010.
IMO Marine Environment Protection Committee,
Consideration of the energy efficiency design index
for new ships — recalculated baseline for container
vessels. Document MEPC 60/4/14 (Denmark, the
Marshall Islands, and the World Shipping Council),
International Maritime Organization, London, UK,
12 January 2010.

Papanikolaou, A., Tuzcu, C., Tsichlis, P., and
Eliopoulou, E. Risk-based optimization of tanker
design. In Risk-based ship design — methods, tools
and applications (Ed. A. Papanikolaou), 2009
(Springer).

TANKOPT: optimization of AFRAMAX tankers. Ger-
manischer Lloyd-National Technical University of
Athens Bilateral Project, 2008-2009.

Baird Maritime, Drewry: slow-steaming no guaran-
tee of service reliability, 17 March 2010, available
from http://www.bairdmaritime.com/index.php?
option=com_content&view=article&id=5945:drewry-
slow-steaming-no-guarantee-of-service-reliability&cat
id=111:general-shipping-news&Itemid=205&q=drewry
+slow + steaming.

DNV Container Ship Update No. 1, Det Norske Ver-
itas (DNV), Hovik, Beerum, Akershus, Norway, April
2010.

Gabrielli, G. and von Karman, T. What price
speed? Specific power required for propulsion of
vehicles. Mech. Engng, 1950, 72(10), 775-781.
Young, J., Smith, R., and Hillmansen, S. What
price speed - revisited. Ingenia, 2005, 22, 46-515.
Akagi, S. and Morishita, M. Transport economy-
based evaluation and assessment of the use of fast
ships in passenger-car ferry and freighter systems.
In Proceedings of the Sixth International Confer-
ence on Fast sea transportation (FAST 2001),
Southampton, UK, 4-6 September 2001, vol. 1, 16
pp. (RINA, London).

Stopford, M. Maritime economics, 3rd edition, 2009
(Routledge, London).

Guldhammer, H. E. FORMDATA III, hydrostatic
data for tanker and bulbous bow series, wetted sur-
face, comparison with other series and existing
ships, 1967 (Danish Technical Press, Copenhagen).
Guldhammer, H. E. FORMDATA 1V, hydrostatic
data transom stern series of various stern breadths,
1969 (Danish Technical Press, Copenhagen).
Pavlou, A. Conceptual design of a slow steaming con-
tainer ship. Diploma Thesis, School of Naval Architec-
ture and Marine Engineering, National Technical
University of Athens, Athens, Greece, 2010.
Papanikolaou, A. Review of advanced marine vehi-
cles concepts. In Proceedings of the Seventh Inter-
national Symposium on High speed marine vehicles
(HSMV 2005), Naples, Italy, 21-23 September 2005,

8 pp.

Proc. IMechE Vol. 225 Part M: J. Engineering for the Maritime Environment

Seido | A-19



Hapaptyua A

YeModa | A-20



Hopaptyue E

'(e'
(¢p

‘Glymp

2011 VISIONS-OLYMPICS COMPETITION

Idea Number: | L2-08

Project Related to: | RA1 — Green Shipping- Safety at sea D
RA2 - Green Shipping- Green logistics &

RA3 - Green Shipping- Energy efficient ship

Project Title:

THE E4- CONTAINERSHIP

n ceEesaZ

COMMUNITY OF ELROPCAN SHIFYARDS ASSOCIATIONS

F

TeMida | E-1




Hopaptyuao E

Introduction

Container transportation by ships

Liner services play a central part in the global trading network, carrying about 60 per
cent of the value of goods shipped by sea. They provide fast, frequent and reliable
transport for almost any cargo to almost any foreign destination at a predictable
charge.

Container transport has obtained such a central role in world trade that the
significant growth continues even through economic crises, as we have seen with
the recent global financial crisis the last 3 years.

As of 2010[1], container ships made up 13.3% of the world's fleet in terms of
deadweight tonnage. The world's total of container ship deadweight tonnage has
increased from 11 million DWT in 1980 to 169.0 million DWT in 2010. The combined
deadweight tonnage of container ships and general cargo ships, which also often
carry containers, represents 21.8% of the world's fleet. As of 2009[update], the
average age of container ships worldwide was 10.6 years, making them the
youngest general vessel type, followed by bulk carriers at 16.6 years, oil tankers at
17 years, general cargo ships at 24.6 years, and others at 25.3 years [1]. According
to [2] a chart with the change in world TEU container fleet for period 1990-2014 is
presented based on statistical estimation and a projected profile (see Zxnua 1).
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Figure 3. World TEU container Fleet for Period 1990-2014

In recent years, oversupply of container ship capacity has caused prices for new and
used ships to fall. From 2008 to 2009, new container ship prices dropped by 19—
33%, while prices for 10-year-old container ships dropped by 47—-69% [3]. In 2009
11,669,000 gross tons of newly built container ships were delivered. Over 85% of
this new capacity was built in the Republic of Korea, China, and Japan, with Korea
accounting for over 57% of the world's total alone. New container ships accounted
for 15% of the total new tonnage that year, behind bulk carriers at 28.9% and oll
tankers at 22.6%. In the Xxrjua 2 [2] are shown the container ships as a percentage
of the top market.
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Figure 4. Container ships as a percentage of the top market

The global economic downturn of 2008-2009 resulted in more ships than usual
being sold for scrap [4]. In 2009 364,300 TEU worth of container ship capacity was
scrapped, up from 99,900 TEU in 2008. Container ships accounted for 22.6% of the
total gross tonnage of ships scrapped that year. Despite the surge, the capacity
removed from the fleet only accounted for 3% of the world's containership capacity.
The average age of containerships scrapped in 2009 was 27.0 years.

Liner companies responded to their overcapacity in several ways. For example, in
early 2009, some container lines dropped their freight rates to zero on the Asia-
Europe route, charging shippers only a surcharge to cover operating costs. They
decreased their overcapacity by lowering the ships' speed (a strategy called "slow
steaming") and by laying up ships. Slow steaming increased the length of the
Europe-Asia routes to a record high of over 40 days.

In the present market situation, main engines will not be as much of a limiting factor
for vessel growth either. The steadily rising cost of fuel oil has prompted most
container lines to adapt a slower, more economical voyage speed, of about 21
knots, compared to earlier top speeds of 25 or more knots. Subsequently, new-built
container ships can be fitted with a smaller main engine. Engine types fitted to
today's ships of 14,000 TEU are thus sufficiently large to propel future vessels of
20,000 TEU or more.

Environmental issues

Considering the staggering percentages of world trade vessels transport (80%), it is
remarkable to note that shipping is already the most environmentally friendly mode
of transport and that emissions emitted from ships are small (3%). Operational
pollution has been reduced to a negligible amount. MARPOL 73/78 is the most
important set of international rules dealing with the environment and the mitigation of
ships pollution. However, there have also been considerable improvements in the
efficiency of engines, ship hull designs, propulsion, leading to a decrease of
emissions and increase of fuel efficiency. The environmental footprint of shipping
has been significantly improved through inputs from the marine equipment industry,
which adopts a holistic approach when looking at the maritime sector. The
equipment suppliers are a valued contributor and innovator within the maritime
cluster. The shipbuilding sector encompasses the shipyards and the marine
equipment manufacturers including service and knowledge providers. The European
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marine equipment industry is the global leader in propulsion, cargo handling,
communication, automation and environmental systems [5].

Air pollution from ships has been at the center stage of discussion by the world
shipping community at least during the last decade. Looking at developments at the
International Maritime Organization (IMO) level, thus far progress as regards air
pollution from ships has been mixed and rather slow. As the goal of environment-
friendly shipping is high on the agenda of the IMO, the European Commission and
many individual coastal states, reduction of emissions, both from greenhouse gases
(GHG) such as CO2 , and also from SOx, NOx , and other gases, is an important
and urgent target.

Emissions from commercial shipping are currently the subject of intense scrutiny by
the world shipping community and society at large. According to the Kyoto protocol
definite measures to reduce CO2 emissions are necessary in order to curb the
projected growth of greenhouse gases (GHGs) worldwide. Shipping has thus far
escaped being included in the Kyoto global emissions reduction target for CO2 and
other GHGs. But it is clear that the time of non-regulation is rapidly approaching its
end, and measures to curb future CO2 growth are being sought with a high sense of
urgency. CO2 is the most prevalent of these GHGs, and it is therefore clear that any
set of measures to reduce the latter should primarily focus on CO2. Various
analyses of many aspects of the problem have been and are being carried out and a
spectrum of measures is being contemplated [6].

According to the results of IMO, the three most fuel consuming categories of ships
(and thus, those that produce most of CO2 emissions) are Container vessels of
3,000-5,000 TEUSs, Container vessels of 5,000-8,000 TEUs and RoPax Ferries with
cruising speed of less than 25 knots.

The answer to why these three categories produce that huge amount of CO2
emissions is not the large number of ships — obviously not for the case of container
vessels. Their common denominator is their high speed.
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CO2 emissions per vessel category (million tonnes)
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Figure 5. CO2 emissions, world fleet (Psaraftis and Kontovas, 2009a)
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Selection of research area

With the significant improvement of the global market situation and the important
shipbuilding capacity consolidation that took place during the past two years in
Europe the major challenges that need to be faced during the next years are on the
one hand the increased legislative pressure towards CO2 and NOx reduction, as
well increasing fuel price requiring alternative fuels and reduction of fuel
consumption. On the other hand the European shipbuilding companies need to meet
financing challenges in a world of increasing trade which consequently results to
higher transportation capacities.

European shipping industry is on the search for opportunities and ways out of the
crisis but to do that, an overview of the current situation has to be done.

In a world where the population is growing fast, the trading blocks, together with new
economies in countries like India, China and Brazil will increase in importance.

Many issues come up regarding energy sources, environmental impact and
business trends [7].

e The energy-related threats that the world is facing are the inadequate secure
supplies of energy and the cost of them. In addition, concern should be taken
about the environmental damage which is caused by the increased energy
consumption.

e Environmental issues are highly ranked and humanity must prepare for the
consequences of the ongoing climate change and work together to slow
down and reverse these adverse effects.

e The growing numbers of consumers in emerging economies will have a great
impact on global market and is a factor of uncertainty for the future.

The research areas that have been agreed by the VISIONS-Olympics-Team enclose
all these concerns and expect feasible solutions and proposals that could have a
positive influence on these matters.

The E* Container Ship anticipates being an efficient ship that can increase the
position of the European market and on the same time focuses on the minimization
of its environmental impact.

The research area that have been selected are the Green Logistics(RA2) and the
Energy Efficient Ship (RA3).

Green Logistics (RA2)

There is growing concern over the impact of discharges to sea and ballast water
management will be stricter, with new international requirements. Ship owners will
be obliges to use Ballast Water Treatment (BWT) units on their vessels and that
mean energy consumption and reduction of the payload.

The E * container ship, based on its innovative hull form design requires a minimum
amount of ballast water, almost 1/3 compared to a typical container ship.

Energy Efficient Ship (RA3)

As a consequence of increased fuel cost and the introduction of environmental taxes
and legislation, shipping must become more efficient. In addition, stricter
environmental regulations are pushing the shipping industry towards more
environmentally-friendly designs and operations. Incentives for emission reduction
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for shipping, including emission trading schemes and tax mechanisms, will
increasingly be deployed and a CO2 Emission Indexing Scheme is under
preparation by IMO.

Taken all the above mentioned into_account an innovative container ship design
concept _is proposed that achieves to reduce fuel consumption and emissions
through ship design and optimization.
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Literature Survey

Slow Steaming

Most container ships trading today, and on order, were designed for a world of
relatively low energy prices. Nearly all of the world's shipping lines are using slow
steaming at least part of the time. Companies are more focused on reducing costs,
not speed of delivery and the trend will continue even after the global economy
comes back.

Slow steaming sees vessels pare back their cruising speeds from 22-25 knots to 18-
20 knots, or in the case of extra slow steaming, as low as 8-12 knots. The practice
caught on in 2008 when oil prices hit record levels and shipping operators’ bunker
bills skyrocketed. When the global financial crisis soon followed, and oil prices
dropped, slow steaming survived, helping shipping lines to manage overcapacity as
demand fell.

According DnV [8] about 80% of the loops from Asia to Europe are currently slow
steaming and that illustrates to what extent the industry has embraced the concept.
The majority of the Asia—Europe services are running at speeds of 17-19 knots.

Maersk Line [9] reported that from 2007 to 2010 they reduced their CO2 emissions
per container moved by 14.5 per cent by improving their operational efficiency, most
importantly through the application of slow steaming, which alone has cut CO2
emissions by approximately 7 per cent in just 18 months. Slow steaming began as a
cost-saving initiative in 2008 but is now a core operating principle of Maersk Line, in
spite of the market turn-around in 2010. A typical 8,000-container ship traveling at
21 knots will burn 125 metric tons of fuel to go 500 nautical miles. The same ship will
need just 80 metric tons of fuel to travel the same distance if the speed drops to 15
knots.

As the industry continues a sluggish recovery, slow steaming practices are here to
stay because it cuts costs and lowers CO, emissions and that is where the pressure
is going to build on ship operators in coming years.

According to the Lloyd’s Register [10], there are technical considerations, when
reducing speeds to below 20 knots, which means running at reduced power outputs.
To ensure reliable operation from engines designed to run optimally at higher
outputs, closer surveillance of engine performance and operating parameters, fuel
quality, lube oil consumption and power-speed conditions will be required. For
example, a relatively straightforward calculation demonstrates that, for a large
container ship designed for 25 knots at 70,000kW main engine power, speed
reduction to 20 knots would require just 50% power. Given that voyage time will
increase as a consequence of the reduced speed, the fuel saving will be somewhat
less, about 40%. So slow steaming can offer a large saving in fuel consumption;
however, it can be calculated that total NOx emissions increase - by up to 40 tonne
per voyage — when steaming between 20 and 25 knots.
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NOx INCREASE (tonne)
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Figure 6. NOx emission increase in tonnes per Voyage at reduced power compared to full power [8]

In addition it is a waste of capacity and a capital cost penalty to carry unused power
potential. Factors to be taken also into account are:

Possible loss of effectiveness of heat recovery systems.
Loss of turbocharger efficiency.
Loss of propeller efficiency.

Fouling of hull and propellers due to reduced ship speed.

Increased compensatory fuel consumption of auxiliary engines to supplement

loss of heat recovery capability.
Increased lubricating oil consumption.

Possible increased vibration levels and detrimental effects.

Ballast Water Treatment

When dealing with ballast two are the main unwanted effects [5]:

Ballast water contains organisms that can cause damage when released to
different ecosystems; Invasive organisms can bring about changes to the
marine flora and fauna and cause damage to marine industries such as
fishing — this is a concern not only of environmentalists, but also of

international society (recent IMO regulations)

the additional fuel to carry the ballast water, while it is not part of payload —

this is concern of the ship operator.

A conventional 90k DWT Containership in lightship condition will typically float with a
mean draft of 3-4 meter- with the bow and propeller almost out of the water. For this
reason ballast water is needed in order to increase displacement; besides, any
conventional containership with a significant number of deck-containers will need to
carry a substantial amount of ballast water as part of her deadweight in the design

Final Project
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condition for keeping the vertical position of ship’s mass centroid (and of GM) at
acceptable levels.

According to the current legislation all ships have to be fitted with ballast water
treatment systems [11]. There are various technologies currently available
employing different methods such as, chemical treatment, heating, filtration,
ultraviolet light, etc. The International Convention for the Control and Management
of Ships’ Ballast Water and Sediments also allows for the adoption of prototype
technologies in certain ships if agreed upon by the IMO. There are effective
technologies already in existence with the scope for further innovation and research.
Removing organisms from ballast water goes a long way to ensuring that alien
species do not invade fragile marine ecosystems [12].

The aim is to clamp down the transfer of organisms in ballast water —and the
subsequent damage potentially caused by alien species entering unfamiliar regional
ecosystems- by specifying that each tone of ballast water should contain less than
10 living organisms larger than 50 microns(um) and that each tone must contain
less than 10 such organisms of between 10-50um per milliliter of ballast water.

The shipping industry will have to comply with these new regulations in the near
future and that could happen in two ways. The first and more direct one is the ship
owners to purchase ballast water treatment (BWT) systems for their fleet. That
would mean a considerable initial capital for retrofitting and in the long terms great
operational cost for maintenance and extensive energy consumption.

The second, more delicate solution —but still hard to apply on the spot- is to build
vessels that require less or even no ballast. Efforts have already being done e.g.
from the Shipbuilding Research Centre of Japan with remarkable results. The NOBS
(non-ballast water ship) and MIBS (minimum ballast water ship) are the proposed
designs and have been taken into consideration throughout this project. It is
intended to design a vessel that could maintain adequate draft while in the unloaded
condition in order to prevent bow slamming and propeller racing (immersion) without
or with minimum use of ballast water .

The NOBS design contains a few flaws. In essence, the NOBS would employ a
slanted V-shaped ship bottom but it was found that the design would result in a
vessel with a far greater breadth and a narrow keel than conventional ship designs,
raising queries about the practicality of building and operating such a vessel type-
amounts of cargo would have had to be drastically slashed, making an unprofitable
venture to say the least, while the narrow keel would have required special
measures to be taken during construction and docking.

The innovative MIBS design that substituted the SRC’s NOBS concept will reduce
the amount of ballast water required by approximately 60-80% while increasing
overall propulsion efficiency and reducing horsepower output by some 10% [10]. By
cutting the amount of ballast water stored onboard, the MIBS design will also require
fewer BWT units or at least the installation of smaller and less powerful units
capable of thoroughly treating water while consuming less shipboard energy.

Energy Efficiency Design Index (EEDI)

The Energy Efficiency Design Index (EEDI) is conceived as a future mandatory
instrument to be calculated and made as available information for new ships. EEDI
represents the amount of CO2 in gram emitted when transporting one deadweight
tonnage of cargo one nautical mile [13].

For container vessels, the EEDI value is essentially calculated on the basis of 65%
of the maximum cargo capacity in dwt, propulsion power, ship speed, SFOC and
fuel type. However, certain correction factors are applicable, e.g. for installed Waste
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Heat Recovery systems. To evaluate the achieved EEDI, a reference value for the
specific ship type and the specified maximum dwt cargo capacity is used for
comparison. The final calculation method of the EEDI and how to award compliance
(or penalize non-compliance) has not yet been determined.

The main engine’s 75% SMCR (Specified Maximum Continuous Rating) figure is as
standard applied in the calculation of the EEDI figure, in which also the CO2
emission from the auxiliary engines of the ship is included.

According to the rules under discussion, the EEDI of a new ship is reduced to a
certain factor compared to a reference value yet to be decided. Thus, a ship built
after 2025 is proposed to have a 30% lower EEDI than the reference line. This new
regulation will compel ship owners to take the energy saving issue more seriously.

There has been an increasing interest in waste heat recovery systems and other
systems to recover energy in order to reduce the CO2 footprint which will be a factor
of great importance especially in the years to come considering also the
continuously rise of fossil fuels price. Thus, EEDI is still at a very early stage so it is
still under discussion and new proposals are rising up every day in order to result in
a reliable energy efficiency index.

DNV’S QUANTUM

Innovative concepts for future containerships are envisaged in DNV’s Quantum
projects. Namely the Quantum 6000 and 9000 propose many novel features and
some of them will certainly be found in future commercial designs. As a container
ship of the future, it strives to achieve the aim of transporting more cargo with less
fuel for a low impact on the environment. DNV follows the trend of slow steaming by
reducing the speed and implements gas fuel combined with hull optimization
resulting in high efficient designs.

NOBS-MIBS-QUANTUM

Our proposed E* containership concept is targeting similar goals like the NOBS-
MIBS and QUANTUM concepts in designing an efficient ship with minimum
environmental impact; however, in achieving the set goals we explored and
implemented a variety of new ideas, which will be elaborated in the following. The
Quantum and NOBS-MIBS projects should be used as good reference points
(yardsticks) for our proposed E* designs.
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Proposed Solution-Description of Idea

E4 Concept

E* is an innovative containership with a view to the future of container shipping. It is
the answer to the demand for slow steaming. In the long term the oil price is
expected to remain high and there is also a steadily increased environmental
awareness. Everything points to the fact that a tax on carbon emission will be
probably introduced. With the rapid development of huge markets like China and
India, a greater demand for transportations of goods comes from the East. After
recognizing all these factors that define the current situation and foresee the next
day we designed the E* containership which is hopefully a good solution and may
provide an answer for the future demands. In the world of uncertainty it is a prudent
strategy to be fully prepared to adapt to market changes and environmental
legislation.

The E* container ship is a pioneer for its class since the whole design concept is
tuned around a lower design speed of 16 knots(The specified speed may change to
a certain degree, in the range of +/- 10 to 15%, w/o loss of generality for the
obtained results and findings.), perfectly matching the slow speeding era
requirements. Adopting elements from traditional slender monohulls and from full
designs of bulkcarries and oil tankers, E* is unique compared to any other existing
container ship. The main goal of the E* project is to gain efficiency through hull
optimization. A number of innovative design elements enable this vessel to transport
more cargo while using less fuel, thus reducing its environmental impact.

4y

The name of the project “E™ stands for the words:

-Elliptic. Main characteristic of the hull is the elliptic midship section that is
dominating the whole design and provides the ship with many green advantages.

-Efficiency. This ship is designed to carry more boxes than a conventional ship at a
low freight rate.

-Energy saving. It is energy saving because it is designed to steam slower and the
leading scope of this concept is to reduce the power needed via hullform
optimization.

-Environmental friendly. Due to sophisticated design it has a very low carbon
footprint identified on a very low EEDI and has a minimum need for ballast water.

The E is a ship with features that are likely to be built based on current technology.
The intelligent arrangement of the E* allows the future installation of power systems
based on new technologies such as LNG or fuel cells without redesigning the plant.

An economic model has been developed in order to examine the impact of the
design on the market.

Slow Steaming

Slow steaming is already established among the global fleet and as mentioned
above it comes together with a number of complications. The E* tends to cover the
possible future demand for slower ships and introduces some new concepts that can
be adapted to future designs. This containership has been designed completely out
of the typical speed range for its capacity, which is between 22 and 26 knots. The
design speed of 16 knots has been selected as adequate speed at which the ship
can be considered a “slow steamer”. At this speed the EEDI is definitely below the
reference line, which means that it has a satisfactory CO2 footprint and also the liner
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can easily keep up with the schedule and remain competitive in the containership
market.

Ship’s resistance is typically divided into viscous and wave-making resistance.
Wave-making resistance becomes important when the speed and the ship’s Froude
number increases. Since the design regards to a slow ship (Froude number 0.15)
more emphasis should be given on the reduction of frictional resistance that
dominates the total resistance (about 80-85%) and that leads consequently to
minimization of the wetted surface through optimization of the hull shape. For this
reason an investigation has taken place in order to find a midship section that
reduces the submerged area for given volume. Finally, the ellipse seemed (and
could be expected) to include all these characteristics and in addition, the elliptic
section has excellent characteristics in ballast conditions since it provides less
volume at low draughts.

Elliptic Section

For slow ships the aim should be to minimize the wetted surface as mentioned
above. In this case the optimum midship area coefficient Cy, is approximately 0.80.
Going back to the basics, it is obvious that the circle is the plane curve enclosing the
maximum area for a given arc length (Cy=0.780). But the circle’s ratio B/T equals to
2, something that is not feasible at least among large containerships. The next best
option is the ellipse. In the following paragraphs a brief description of the ellipse will
be presented.

An ellipse (from Greek éA\epig - elleipsis) is a smooth closed curve which is
symmetric about its horizontal and vertical axes. The distance between antipodal
points on the ellipse, or pairs of points whose midpoint is at the center of the ellipse,
is maximum along the major axis or transverse diameter, and a minimum along
the perpendicular minor axis or conjugate diameter [14].

The semi-major_axis (denoted by a in the figure) and the semi-minor_axis
(denoted by b in the Figure 7 ) are the half beam and the draught of a ship,
respectively in the language of naval architecture.

PFi1+PF2=2a b e=f/a

P
0<e<1 b e=PF2/PD

-_-_-['::1 _____

Figure 7. Ellipsis definition

The eccentricity of an ellipse, usually denoted by ¢ or e, is the ratio of the distance
between the two foci, to the length of the major axis or e = 2f/2a = f/a. For an ellipse
the eccentricity is between 0 and 1 (0<e<l). When the eccentricity is 0 the foci
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coincide with the center point and the figure is a circle. As the eccentricity tends
toward 1, the ellipse gets a more elongated shape.

Eccentricity should be carefully investigated since it can conclude in opposite results
than expected regarding the minimum perimeter for specific enclosed area. In this
project an eccentricity of 0.79 has been decided after the optimization process which
gives remarkable results as it seems in the following comparisons.

The area enclosed by an ellipse equals to m*a*b and the circumference C is:
C=4*a*E(e) , where again e is the eccentricity and the function E is the complete
elliptic integral of second kind. In this project though, the circumference of the ellipse
is calculated automatically from the design program.

Figure 8. E4-Conventional. Same Area and Same Beam

Figure 9. E4-Conventional. Same Are and Same Draft

In Figure 8 and Figure 9 the elliptic section is compared to the conventional. As can
be seen it has reduced arc length for the same enclosed area. The transverse
center of buoyancy is higher and that means that for low drafts less volume of water
is displaced.
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Figure 10. For same Area and same Beam

As seeing in Figure 10 the NOBS cross section dominates regarding ballast water
requirement but for same enclosed area it has definitely larger arc length. In the
case of containership the smooth ellipse permits a better distribution of cargo.
Elliptic section has also lower center of buoyancy (VCB) than the NOBS and that is
significant in the case of containerships where stability issues are high ranked.

The MIBS cross section can be considered almost identical to an ellipse
approaching the min length for constant area enclosed. Nevertheless ellipse
incorporates more efficiently the box-shaped settlement of cargo allowing lower KB.

At low draughts the elliptic hull displaces less water than conventional which means
that the ship spends less energy on carrying ballast when travelling unloaded. In
addition, less Water Ballast Treatment (BWT) units are needed in order to comply
with ballast water requirements.

Ellipse seems to be a good combination of the known V- and U-shaped midship
sections

Nevertheless -nothing can be flawless- the ellipse as a main choice for hull design
has some drawbacks too. It is common sense that a box-shaped hull facilitates the
placement of the boxes utilizing the most possible space. But in this case the
beamer design compensates the loss of TEU’s in holds since more cargo can be
loaded on deck. In addition the speed of loading/unloading is higher because it takes
less time to deal with the containers on deck rather than in holds.

Another disadvantage of the elliptic section is the reduced damping ability along the
longitudinal axis rendering it vulnerable to rolling motions. However, there are ways
to address this issue using anti-rolling tanks, bilge keels, or even retractable anti-
rolling fins.

Ellipse seems to be a promising feature and therefore it has been selected for the
current design.

Final Design

Figure 11. 3D-Renderings from FS
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[Global System]

z-axis

Figure 12. 3D-Renderings from FS

[Global System]
inverted y-axis

Figure 13. 3D-Renderings from FS
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Figure 14. 3D-Renderings from FS

Figure 15. 3D-Renderings from FS
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Figure 16. 3D-Renderings from FS
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Figure 17. 3D-Renderings from FS

Figure 18. 3D-Renderings from AVEVA

Figure 19. 3D-Renderings from AVEVA
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Figure 20. 3D-Renderings from AVEVA
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Address potential technology gaps

The E* proves its feasibility throughout this report. Although there are still some
important issues that are unsolved or may cause trouble in the whole design.

As mentioned, ellipse is a basic element of the E* containership and is considered to
have many advantages. There still exists though the problem of seakeeping that is
undiscovered by this project. Because of the fact that so big vessels of this shape
are not yet manufactured we cannot tell to what extend the ellipse affects negatively
the seakeeping. It is a matter of facts that the vessel cannot damp so efficiently to
roll movements but the anti-rolling tank system that is installed reduces the impact to
great degree.

Anti-roll tank systems operate on the principle that a fluid, usually water, moves from
one tank to another and generates a moment on the ship that counteracts the
motion. These two tanks are located as far out on the beam of the ship as possible
to give the largest moment arm possible.

They are preferred because of their great efficiency and furthermore because they
are not increasing the wetted surface of the hull —like fins and bilge keels do- and
this is something crucial for our survey.

The active anti-rolling tank, nevertheless consume energy in order to operate. But
the characteristic elliptic section may proof beneficial regarding the energy demand
of this system.

If we install the active anti-rolling tanks along the parallel body where the hull shape
is_clearly elliptical, the transverse moving water will flow in an elliptic orbit which
means that there will be reduced energy losses. We may take advantage of this
smooth flow by adjusting a double pole hydroelectric pump on the bottom of the ship
in the midway of the anti-rolling tank so that we can regenerate a part of the energy
used to activate the system.

Another disadvantage of the E*is the big amount of curved surfaces. Because of the
lack of flat sides more manufacturing work has to be done. And that is translated
also into building cost raise.

On the other hand the E* has a long parallel body in contrast to a typical
containership which means that for 1/3 of the vessel only one design pattern will be
needed. In addition there is a lack of skeg which takes normally a long time to
shape.

There should definitely be a further investigation in this design but on a first glance
the E* containership seems to be very promising.
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Detailed design description

The investigation of the E design was thorough using state-of-the-art design tools.
Parametric ship design tool Friendship-Frameworks developed by FS was used in
the preliminary phase [15]. Within a holistic ship design framework the most
advanced optimization environment was used. Different tools predicting propulsion
power, stability and box stowage were integrated, namely Friendship-Framework,
FLOWTECH’s Shipflow [16], AVEVA-TRIBON [17] and MS-Excel 2010. Parametric
modeling has been proven essential, giving the opportunity to create and vary
thousands of designs quickly and efficiently. The use of a simulated annealing (SA)
algorithm provided the means for a generic type optimization technique, producing
and identifying optimized designs through effective exploration of the large-scale,
nonlinear design space and a multitude of evaluation criteria. Related design
parameters were systematically varied and approximately 2,000 design variants
were generated via a global multi-objective and a local single-objective optimization.
Based on Pareto analysis the results were assessed and an optimal selection
depending on designer’s choice took place [18, 19].

AVEVA-Tribon was used for the watertight subdivision of the design and the
verification of its compliance with the applicable hydrostatic criteria.

Designing the E4-Containership

Due to the fact that a containership like E* has never been designed before, it was
impossible to estimate its main particulars based on similar vessels. For this reason
the investigation of the hull shape should start from the scratch. The modeling
technique is based on parametric curve generation and automated optimization of
bare hull.

As a basis for our conceptual design a maximum beam at the new Panama
dimensions was assumed, namely 49 m and a design speed at 16 knots. Moreover
the contemporary trend of moving the superstructures forward was taken to the
limits by placing it over the fore peak providing the design with many advantages,
like the increased and homogenously distributed cargo on deck and better visibility.
The design speed determines definitely the fullness of the hull, the shape and the
main dimensions. The task is to obtain the best possible combination of them. The
elliptic section was adopted and a number of parametric curves were created. To
name some of them, the DWL, Deck line, submerged Sectional Area, Flare at DWL
and Deck line, all these reflect the properties of the sectional shape of the ship at
any longitudinal position[figure 19]. A major difference of the designed hull
compared to other ships is the lack of flat of bottom and flat of side as a
consequence of the elliptic midship section.
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Figure 21.
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Figure 22.

In figure 20 we can see the water line and the deck line as also the center of
buoyancy (black) and the center of flotation(blue) too.

Resistance and Power Calculation

To determine the E* resistance and powering Holtrop-Mennen [20] semi-empiric
method was used. Appropriate margins for appendages, design, and sea conditions
according to usual contract specifications were applied. The method is considered
very accurate especially for estimation at early stages of the design procedure.
Transom sterns and bulbous bows are taken into account.

The CFD software Shipflow is also integrated in order to have a more accurate
estimation to verify the results of resistance and to visualize the wave pattern.
Screenshots from these results are shown in the following figures.

A comparison of the wave patterns created by E* and a typical container ship with
the same capacity is shown in Figure 29.
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Figure 23.
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Figure 25.
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Figure 26.
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Figure 27.
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Figure 28.

In the following illustration the wave pattern of E* compared to a typical slender
containership of almost same characteristic is presented. The comparative ship has
the following particulars:

Table 1. Main particulars of COSCO Ningbo, Quantum9000 and e

NAME APL FINLAND
TEU 8102
LBP(m) 304
BEAM(m) 46
DRAFT(m) 14.5
DEPTH(m) 24.9
A(ton) 120577
Cb 0.59
SPEED(kn) 25.5
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Figure 29. Wave patterns comparison between E4 and conventional containership

From the figure we can assume that the full shaped E* has very fine response aside
—even better compared to APL FINLAND- but is inferior regarding the fore- and aft
wave pattern. Moreover the pressure distribution is smoother on the body of E*,

Weight and Stability Calculation

To estimate the weight of the vessel, Schneekluth’s method [21] for container ships
is adopted which has proven accurate for the preliminary design. A parametric box
stowage tool is also developed in order to monitor the number of boxes and to
retrieve information about stability. All these estimations are conducted using
calculation sheets and are parametrically incorporated to Friendship-Frameworks via
COM:-Integration in order to have a holistic view over the whole design process.

Propulsion and Machinery

The propulsion of E* is provided by an azimuth podded system. Due to the
azimuthing propulsion its maneuverability is excellent; it saves space inside the
vessel hull because of the lack of an axial system and gives a lot of freedom for ship
design and inside arrangement. The installation of azimuth propulsors means
simpler hull form and structure and far easier machinery installation. Fewer sub-
suppliers, less parts and large saving in weight and space are all elements that have
significant effects on construction time and cost. This system eliminates the need for
aft thrusters and a rudder, thus it contributes to the minimization of wetted surface
and additionally improves the performance in shallow draught conditions.

For the E* container ship two Azipods of series XO2100 by ABB are selected [22].
The diameter of each propeller is decided to be the larger one offered by this type,
namely 6.4m. This decision is based on the fact that a large propeller diameter with
low blade area ratio and fewer blades, give a high efficiency.
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Figure 30. ABB’s Azipod [22]

Diesel-Electric Power Plant

The electrical-driven Azimuth Pods are powered by a diesel-electric plant. In general
the advantages of diesel-electric propulsion can be summarized as follows [23]:

o Lower fuel consumption and emissions due to the possibility to optimize the
loading of diesel engines / gensets. The gensets in operation can run on
high loads with high efficiency.

e High reliability, due to multiple engine redundancy. Even if an engine /
genset malfunctions, there will be sufficient power to operate the vessel
safely. Reduced vulnerability to single point of failure providing the basis to
fulfill high redundancy requirements

e Reduced life cycle cost, resulting from lower operational and maintenance
costs.

¢ Improved maneuverability and station-keeping ability. Precise control of the
electrical propulsion motors controlled by frequency converters.

e Increased payload, as diesel-electric propulsion plants take less space.

o More flexibility in location of diesel engine / gensets and propulsors. The
propulsors are supplied with electric power through cables. They do not
need to be adjacent to the diesel engines / gensets.

e Low propulsion noise and reduced vibrations.

o Efficient performance and high motor torques, as the system can provide
maximum torque also at slow speeds, which gives advantages for example
in icy conditions.

EEDI calculation

In the EEDI framework, ships with diesel electric propulsion systems are not
included yet. The main reason is that the formula is based on the installed
propulsion power, which cannot be determined in a straightforward manner for
diesel electric propulsion systems. The generator sets are designed to provide
power to a number of applications with varying demand of electric power, including
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the ships main propulsion. Therefore the power of these generators may not be
taken as equivalent to the main engine power in the calculation of the EEDI.

For E* the EEDI was estimated using the following procedure:

The power needed for the propulsors is considered as the main engine power and
the power for auxiliary is computed separately. At the end though a gen-set is
selected covering all power needs.

cepy _ 1 SFC (075 MCR +(0.025-MCR 00 + 250)
V -0.65- DWT
where
. MCR __R

b
propulsion 0.85
e Loading of engines is assumed 0.85.

. Paux :O-OZS’MCRpropulsion +250 s assumed the needed power for the

consumers.
PS

®* P,is the required power for propulsion and equals to: R = EL

e Ps is the shaft power including 10% sea margin and is based on powering

estimation

e Electrical transmission efficiency of the electric plant is assumed 0.91 [23].

Optimization procedure

The capacity of E* is between 7,000 and 9,000 TEU’s. Thousands of designs were
evaluated using the design of experiments (DoE) and varying the main dimensions.
This range was as a highly competitive containership market sector involving post-
panamax vessels which are the workhorse of container shipping and have the larger
environmental impact as seen in figure 3.

The process took place in two steps. Initially a global optimization was performed
using MOSA (Multi-Objective Simulated Annealing) design engine. It determined the
global parameters such as length, beam, draft, height, the length and position of
parallel body, the block coefficient Cb and the longitudinal center of buoyancy LCB.
Then a single-objective optimization follows regarding the minimization of wetted
surface —which is also the main target-and focuses on local characteristics of the aft-
and fore body.

The main objectives that are monitored and optimized during the optimization
procedure reflect clearly the scope of this project. The holistic design approach is
implemented to this design problem with the following objectives:

e Minimization of the wetted surface

e Maximization of the number of TEU'’s

e Minimization of the EEDI

e Minimizations of the required ballast water in ballast condition

Several constraints should be introduced in order to get feasible designs. The main
constraints used were:
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e Stability
¢ Maximum stowage factor in full load condition
¢ Maximum beam restriction

e Maximum draft restriction in ballast condition according to the requirement
for propeller immersion.

Figure 31. Optimization Flowchart

The optimization process resulted in 600 designs with 83% feasibility and it is up to
the designer which one to choose by prioritizing his demands and weighting the
benefits and the drawbacks of every design.

In figures [30],[31] the results of the multi-objective optimization are illustrated and
the Pareto-Frontier is visible.
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Figure 32. TEU capacity vs. Wetted surface
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Figure 33. TEU number vs. EEDI
The final design is selected based on prioritized criteria. Minimum wetted surface is
the first demand. Then a reduced EEDI is of great importance and of course a
sufficient number of TEU’s. The hydrostatics and loading conditions of the E* are
computed with the help of the naval architecture program AVEVA Tribon.
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The Stability criteria applied were those of IMO 749 Intact Stability Criteria for non —

passenger ships[24].

The main particulars of the E* are shown in the following table:

The powering diagram for lower and higher speeds than the design speed are

illustrated in the following table:

Table 2. Main particulars of COSCO Ningbo, Quantum9000 and e

4

NAME E DWT(ton) 90,220.70
LOA(m) 287.7 Lightship(ton) 28,207
LBP(m) 281.7 Container Total 8,012
BEAM(deck)(m) 47.5 Container Max 8,449
BEAM(draft)(m) 47.2 Engine Power(kW) 18,045
DRAFT(m) 14.25 Tiers on Deck 7 (max.8)
DEPTH(m) 25 Tiers in Hold 9
A(ton) 118427.7 Rows on Deck 19
Cb 0.596 Rows in Hold 17
SPEED(kn) 16 Bays 67
Speed-Shaft Power (Sea Margin incl.)
25000
20000 /
$ 15000 /
=
a 10000 >
5000
D T T T T T 1
12 13 14 15 16 17 19

Speed (knots)

Figure 34. E¥s Shaft power vs. speed

Resistance as mentioned before, is calculated based on Holtrop and Mennen
methodology. The resulted rest resistance (wave, pressure, correlation resistance) is
compared to the corresponding resistance, calculated in Shipflow. Since the results
are converging, the Shipflow’s estimation is preferred to be added to the frictional
and appendages resistance that was calculated with the semi-empirical method.

Engine Selection:

For the diesel-electric propulsion system the following Marine Gen-Sets by MAN are selected:

Final Project

Page 33

Teida | E-33



Hopaptyuao E

e 2 MAN 14V32/40 to be installed in the after engine room serving the main load of
power needed for propulsion.

MAN V32/40
BORE:320mm, STROKE:400mm
Speed r/min 750

Frequency Hz 50
14V32/40 Eng. kW | Gen. kW
7,000 6,790
LENGTH mm 11,710

e 2 MAN 8L32/40 to be installed in the fore engine room under the deck house serving
mainly the consumers need and powering the retractable bow thruster. These
engines are also contributing to the main propulsion system.

MAN L32/40
BORE:320mm, STROKE:400mm
Speed r/min 750

Frequency Hz 50
Eng. kW | Gen. kW
8L32/40
4,000 3,860
LENGTH mm 11,035

The total amount of supplied power is 22000kW and covers all the energy demand
of the vessel while maintaining a safety margin.

In case of an accident of malfunction of any of the four diesel-electric engines the
rest can substitute it avoiding many problems.

Lightweight summary:

Based on Schneekluth’s method and considering the specific characteristic of the E*
container ship we estimated the lightship weight, longitudinal and transverse center
of gravity as follows:

Table 3. Lightweight Summary
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ITEM Weight(t) LCG(m) VCG(m)

Lightship 28207 152.88 15.863

It is obvious that container ships almost never run in ballast condition because as
liners are always carrying cargo. The ballast required in ballast condition though is
the maximum ballast that the ship will ever need in order to be seagoing. It is worth
to examine three remarkable conditions which are distinguished and presented (all
refer to homogenous cargo distribution):

Max loading of TEU'’s.
e TEU=8,449
e Payload/TEU=8.8ton/TEU

e Ballast required=10006ton

e Max Tiers on deck=8

Baseline Condition.
e TEU=8,012
e Payload/TEU=10ton/TEU

e Ballast required=7510ton

e Max Tiers on deck=7

Non Ballast Condition.
e TEU=7,062
e Payload/TEU=12ton/TEU

e Ballast required=0

e Max Tiers on deck=6

Economic Feasibility Study

An economic model for the liner container service was created in order to examine
the impact of the E* container ship. According to Stopford [25], the liner service
costs can be estimated based on the following method.

The transpacific route was selected. The service frequency is weekly and there are
seven port calls on the round voyage (Sendai, Oakland, Long Beach, Nagoya, Kobe,
Shanghai and Tokyo)

The six components of liner service costs are:
e Service schedule;
e Ship costs;
e Port charges (including cargo working);

e Container operations;
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e Container costs;
e Administration.

This is not a classification which appears in the accounts of any liner company, but it
is a useful way of grouping cost variables to discuss their role in the business.

For a range of 14,000sm and 7 port calls according to the selected route:
e 6.9 ships are required in weekly string in order to keep the schedule .
e For this liner the capacity utilization is 90% eastbound and 40% westbound.
e All that form an annual transport capacity per ship of about 78,730 TEU’s.
e Operational expanses per day were assumed to be $7,700 per day.

e Moreover, the administration cost per voyage are estimated about
$984,279.

e The total ship costs on voyage are $3,069,093.

e The total container cost on voyage is $490,701.
e Finally, the average cost per TEU is $947.2.

e The total voyage revenue results in $15,022,500.

e Concluding, the voyage profit is $5,156,855.75 (34% of total revenue).

AR

3 SRR
Load Discharge Distance* Sea days Portdays Total
Sendai Oakland 4,800 9.3 1 10.3
Oakland Long Beach 450 0.9 1 1.9
Long Beach Oakland 450 0.9 1 1.9
Oakland Nagoya 4,800 9.3 1 10.3
Nagoya Kobe 450 0.9 0.5 1.4
Kobe Shanghai 783 15 0.5 2.0
Shanghai Kobe 783 1.5 1 2.5
Kobe Nagoya 450 0.9 0.5 1.4
Nagoya Tokyo 400 0.8 0.5 13
Tokyo Sendai 600 1.2 1 2.2
Total 13,966 271 8.0 35.1

Av. speed (knots) 21.5 *distance in nautical miles
Figure 35. Route description [25]

Discussion over E4

Geometry

The E* differs from any other container ship of its range because of specific
characteristics. It is a beamer vessel and has a comparatively low Block Coefficient
(Cb). The smoothly curved hull and the lack of flat surfaces as a result of the elliptic
midship section improve the ship hydrodynamic response. In addition the large
parallel body which is almost 1/3 of the ship’s length overall and can hardly be found
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in any other containership enables it to carry more cargo. The long parallel body has
a positive impact on manufacture ease issues since 1/3 of the ship is build based on
the same pattern. The capacity is increased even more by the location of the
deckhouse at the fore peak. This feature provides better visibility and gives freedom
to a better distribution of the containers on deck in order to control also the trim of
the ship without the necessity of ballast water. In untrimmed condition the
longitudinal center of buoyancy is located near the middle of the vessel.

As a consequence of the increased and the high waterplane coefficient (Cwp)
stability is considered to be fine. The large area under the GZ-curve tends to prove
the same.

[Global System]
inverted y-axis

. . . . 4
Figure 36. Side view and cross section area curve of E

Powering and Arrangement

The power administration is benefited by the creation of two engine rooms located
near the aft and fore peak respectively. The after engine room is mainly responsible
for the propulsion and the fore engine room, that is placed under the deckhouse
supplies the several consumers with power as also the fore pod.

The after peak extends in a 20 meter length allowing in this way the future
installation of innovative energy systems such as fuel cells or LNG plant.
Furthermore the spacious arrangement gives also the chance of integrating NOX,
SOx and particulates treatment systems such as exhaust gas recirculation, CRS,
scrubbers and particulate filters. In this way the emissions will be eliminated and the
E* may prove a more efficient solution with very little environmental impact.

Comparisons

In order to have a clear picture of the existing ships compared to the E*, a database
of containerships is formed. Ships of the range between 8,000 and 12,000 TEU'’s
were collected and put together creating the design space of the existing designs.

With elaboration of the results a table is created that illustrate the features of E*
compared to the conventional container ships and to the innovative Quantum 9000.

The calculation of the wetted surface is based on the reliable empirical formula that
Holtrop-Mennen proposed.
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Figure 37. Comparison of Wetted surface vs. DWT for E*, Q9000 and conventional designs
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Figure 38. Comparison of Wetted surface vs. TEUs for E*, Q9000 and conventional designs

From figures[35,36] it can be concluded that the target of minimizing the wetted
surface has succeeded. The E* has about 12% less wetted surface that the
conventional vessels and a comparatively increased capacity. That is mainly due to
the large beam, the long parallel body and the translation of the deckhouse close to
the fore peak.

In the table [4] a more detailed comparison between COSCO Ningbo, Quantum9000
and E* is presented.
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Table 4. Main particulars of COSCO Ningbo, Quantum9000 and e

ITEM Cosco Ningbo | Quantum 9000 E4
Lbp(m) 350 297.7 281.7
B(Td)(m) 42.8 48 47.2
B(deck)(m) 42.8 48 47.5
Td(m) 14.52 13.5 14.25
D(m) 27.3 26.4 25
Cb 0.679 0.58 0.596
WS(m~2) 18010 15600 14800
A(ton) 144227 115587 118427.7
DWT(ton) 107277 81155 90220.7
LS (ton) 36950 34432 28207
TEU 9469 8708 8012(max. 8449)
Speed(kn) 25.4 22 16
EEDI 17.55 8.5 (approx.) 9.04
DWT/TEU 11.33 9.3 11.3
BHP(kW) 74800 40590 18045
Ballast(ton) 30900 25300 11471

The following table illustrates the EEDI for containerships, using 65% of their
deadweight as a measure for their utilization. From this table it is obvious that for a
given deadweight requirement, the EEDI may vary significantly in terms of ship size.
The E* appears also in this graph(red point) and is much lower than the reference
line proposed by MEPC.1/Circ.681.
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As it seems, E* has significantly lower EEDI and that because of the lower speed
and the reduced propulsion power. The ballast of E* is estimated at the worst
condition, namely the arrival ballast condition and though is radically reduced
compare to a typical container ship. Nevertheless, the hull still spares void space in
the double sides and double bottom. The DWT/TEU index reveals the feasibility and
efficiency of E* regarding the cargo capacity. The EEDI of Quantum9000 is retrieved
from a diagram [ref.8] and is very low due to the efficient LNG plant that has a very
low carbon footprint.

Conclusions

The container ship market is an increasingly important and attractive transport
market segment, which may be expected to become of even greater importance in
the future. The future although is very fog and the European shipping industry
should be ready to adapt to any unexpected evolution. The global economy has
proven unstable during the last year. The return to the good old days seems difficult
if the contributing component continue to be unwilling to do the big step forward. The
increasing concern about environmental issues pushes the ship owners to comply
with more strict legislation. The continuously increasing oil prices make the
alternative energy sources even more tempting but the new technologies are still too
expensive. The new markets that boom in the East tend to change the balance.

The E* containership is an effort for greener, more efficient ships and the big
advantage of it is that it is ready to be build based on available and proven
technology. The importance of the issues that concerns the E* design may reflect on
the fact that significant organization like the DNV and the GL are already involved in
the investigation of these research areas.

The European market may expect a lot from this design since it is in compliance with
the high expertise of local industry. Products of significant manufacturers of the
Europe like MAN or ABB are incorporated in the design revealing their unique
advantages. The innovative design of E* may contribute to the maximization of the
European fleet in the competitive range of post PANAMAX containerships because
of the comparatively low rates of it.

In this project a feasibility study took place that showed that E* can be definitely
considered as a green ship because of the low environmental impact that reflects on
the low EEDI (about 9) and because the optimized design offers efficiency regarding
the capacity (max. TEU’s 8,445) and the powering needed. Its sophisticated design
permits to sail with a little need for ballast water (almost 60% reduced compared to
typical container ships) and this is very important especially now that new legislation
regarding water ballast treatment is about to come. The convenient arrangement of
the E* with the two spacious engine rooms gives the ability for installation of more
efficient energy systems, for example an LNG-plant since there is enough room for
the LNG-tanks to fit in. This simple retrofit would provide even better efficiency and
a much lower environmental impact.

A further investigation could conclude to remarkable features that could be also
adopted by other ship types, like oil tankers and bulkcarriers. The minimum ballast
characteristic of the E4 may prove very effective in the case of oil tankers that use to
sail in ballast condition very often.

We hope that the E* design may constitute a springboard for more delicate and
efficient design since it has introduced many innovative features that could inspire
the designers.
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Appendices
Trim & Stability Booklet

FULL LOAD DEPARTURE
Intact State

SRR

Bay4Bay4y Bay1Bay17 BaylBay14 Bay1Bayd BayBayH Bay®B:

TP NOS W-E: w«t‘\

Bay4Bay: Bay1Bay17 BaylBay14 BaylBayd BayBayd Bayd
1 2 Y

Deck at 14.25 metres

Key
Key Name Density
(t/m3)
WB  1.0250
FW  1.0000
FO 0.9700
LO 0.9000
MISC 1.0000
Intact State
Intact State
Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (1) (m)  (m) (m) (t-m) M

WATER BALLAST

NolW.B.D.B.: No1 W.B.D.B. = 287-305 WB  100.0 1.025 745.2 242.47 0.00 2.68 0.0
No2W.B.D.B.: No2 W.B.D.B. ~ 253-287 WB  100.0 1.025 2111.2 220.12 0.00 2.57 0.0
No3W.B.D.B.: No3 W.B.D.B.  219-253 WB  100.0 1.025 2324.2 192.37 0.00 2.53 0.0
No6W.B.D.B.: No6 W.B.D.B. 117-151 WB  100.0 1.025 2329.9 106.73 0.00 2.54 0.0

Total WATER BALLAST 7510.5 178.57 0.00 2.56 0.0
FUEL OIL

IFO.TANK2: I.F.O.TANK2 117-119 FO 100.0 0.970 1327.5 93.28 0.00 14.95 0.0
IFO.TANK3: I.F.O.TANK1 253-255 FO 100.0 0.970 1217.7 207.52 0.00 15.14 0.0
IFO.TANK4: I.LF.O.TANK4 287-289 FO 100.0 0.970 978.2 236.08 0.00 16.10 0.0
IFO.TANKS5: I.F.O.TANK4 305-307 FO 100.0 0.970 713.7 251.13 0.00 16.70 0.0
Total FUEL OIL 4237.1  185.67 0.00 15.57 0.0

FRESH WATER

DRINK WATER: DRINK WATER 67-83 FW  100.0 1.000 150.9 57.72 -16.25 11.25 0.0
WASH WATER: WASH WATER 67-83 FW  100.0 1.000 150.9 57.72 16.25 11.25 0.0
Total FRESH WATER 301.8 57.72 0.00 11.25 0.0
LUB OIL
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Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (t) (m)  (m)  (m) (t-m) M
LUB OIL(P): LUB OIL(P) 67-83 LO 100.0 0.900 135.8 57.72 -12.50 10.00 0.0
LUB OIL(S): LUB OIL(S) 67-83 LO 100.0 0.900 135.8 57.72 12.50 10.00 0.0
Total LUB OIL 271.6 57.72 0.00 10.00 0.0
MISCELLANEOUS
MISC(P): MISC(P) 67-83 MISC 100.0 1.000 226.4 57.72 -10.00 8.75 0.0
MISC(S): MISC(S) 67-83 MISC 100.0 1.000 226.4 57.72 10.00 8.75 0.0
Total MISCELLANEOUS 452.8 57.72 0.00 8.75 0.0
Cont Set 0
Bayl 755.0 246.25 0.00 16.70 0.0
Bay10 1101.2  217.69 0.00 33.50 0.0
Bayll 1178.5 211.39 0.00 15.14 0.0
Bay12 1101.2  211.39 0.00 33.50 0.0
Bay13 1284.8 203.41 0.00 14.95 0.0
Bayl4 1101.2  203.41 0.00 33.50 0.0
Bay15 1284.8 197.11 0.00 14.95 0.0
Bayl6 1101.2 197.11 0.00 33.50 0.0
Bay17 1284.8 189.13 0.00 14.95 0.0
Bay18 1101.2  189.13 0.00 33.50 0.0
Bay19 1284.8 182.83 0.00 14.95 0.0
Bay2 1101.2  246.25 0.00 33.50 0.0
Bay20 1101.2 182.83 0.00 33.50 0.0
Bay21 1284.8 174.85 0.00 14.95 0.0
Bay22 1101.2 174.85 0.00 33.50 0.0
Bay23 1284.8 168.55 0.00 14.95 0.0
Bay24 1101.2  168.55 0.00 33.50 0.0
Bay25 1284.8 160.57 0.00 14.95 0.0
Bay26 1284.8 160.57 0.00 34.75 0.0
Bay27 1284.8 154.27 0.00 14.95 0.0
Bay28 1284.8 154.27 0.00 34.75 0.0
Bay29 1284.8 146.29 0.00 14.95 0.0
Bay3 946.7 239.95 0.00 16.10 0.0
Bay30 1284.8  146.29 0.00 34.75 0.0
Bay31 1284.8 139.99 0.00 14.95 0.0
Bay32 1284.8  139.99 0.00 34.75 0.0
Bay33 1284.8 132.01 0.00 14.95 0.0
Bay34 1284.8 132.01 0.00 34.75 0.0
Bay35 1284.8 125.71 0.00 14.95 0.0
Bay36 1284.8 125.71 0.00 34.75 0.0
Bay37 1284.8 117.73 0.00 14.95 0.0
Bay38 1284.8 117.73 0.00 34.75 0.0
Bay39 1284.8 111.43 0.00 14.95 0.0
Bay4 1101.2  239.95 0.00 33.50 0.0
Bay40 1284.8 111.43 0.00 34.75 0.0
Bay41l 1284.8 103.45 0.00 14.95 0.0
Bay42 1284.8 103.45 0.00 34.75 0.0
Bay43 1284.8 97.15 0.00 14.95 0.0
Bay44 1284.8 97.15 0.00 34.75 0.0
Bay45 1284.8 89.17 0.00 14.95 0.0
Bay46 1284.8 89.17 0.00 34.75 0.0
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Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (t) (m)  (m)  (m) (t-m) M
Bay47 1284.8 82.87 0.00 14.95 0.0
Bay48 1284.8 82.87 0.00 34.75 0.0
Bay49 1284.8 74.89 0.00 14.95 0.0
Bay5 1024.0 231.97 0.00 15.68 0.0
Bay50 1101.2 74.89 0.00 33.50 0.0
Bay51 1284.8 68.59 0.00 14.95 0.0
Bay52 1101.2 68.59 0.00 33.50 0.0
Bay53 975.7 34.29 0.00 17.24 0.0
Bay54 1284.8 34.29 0.00 34.75 0.0
Bay55 850.1 27.99 0.00 18.27 0.0
Bay56 1284.8 27.99 0.00 34.75 0.0
Bay57 618.2 20.01 0.00 20.16 0.0
Bay58 1284.8 20.01 0.00 34.75 0.0
Bay59 598.9 13.71 0.00 20.28 0.0
Bay6 1101.2  231.97 0.00 33.50 0.0
Bay60 1284.8 13.71 0.00 34.75 0.0
Bay62 1284.8 5.85 0.00 32.75 0.0
Bay64 1284.8 -0.57 0.00 32.75 0.0
Bay66 1284.8 59.98 0.00 32.75 0.0
Bay68 1284.8 51.51 0.00 32.75 0.0
Bay7 1178.5 225.67 0.00 14.98 0.0
Bay70 1284.8 43.04 0.00 32.75 0.0
Bay8 1101.2  225.67 0.00 33.50 0.0
Bay9 1178.5 217.69 0.00 15.14 0.0
Total Cont Set 0 77397.5 130.48 0.00 25.58 0.0
STORES
STORES 30.0 270.00 0.00 24.00 0.0
Total STORES 30.0 270.00 0.00 24.00 0.0
PROVISIONS DEPARTURE
PROVISIONS 16.0 250.00 0.00 25.50 0.0
Total PROVISIONS DEPARTURE 16.0 250.00 0.00 25.50 0.0
CREW
STORES 3.4 270.00 0.00 25.50 0.0
Total CREW 34 270.00 0.00 25.50 0.0
Lightweight 28207.0 152.89 0.00 15.86 0.0
Deadweight 90220.7 136.32 0.00 23.01 0.0
Total Displacement 118427.7 140.26 0.00 21.31 0.0
Buoyancy 118427.3 140.26 0.00 8.55 1993670.1

Total Buoyancy

118427.3 140.26

0.00

8.55 1993670.1

Intact State

Drafts at equilibrium angle

Hydrostatics at equilibrium angle

Draft at LCF 14.254
Draft aft at marks 14.257
Draft fwd at marks 14.250
Draft at AP 14.257
Draft at FP 14.250

Mean draft at midships 14.253

metres
metres
metres
metres
metres
metres
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Density of water 1.0250

tonnes/cu.m

Hopaptyuao E

Heel No heel
Trim No trim
KG 21.309 metres
FSC 0.000 metres
KGF 21.309 metres
GMt 4.071 metres
BMt 16.835 metres
BMI 573.015 metres
Waterplane area 11869.39 sq.metres
LCG 140.263 metres
LCB 140.263 metres
TCB 0.000 metres
LCF 127.989 metres
TCF 0.000 metres
TPC 121.661 tonnes/cm
MTC 2408.625 tonnes-m/cm
Shell thickness  0.000 mm
Intact State
FULL LOAD DEPARTURE: Intact State
<
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\ \ \ \ \ \
0 10 20 30 40 50
Heel - degrees
Righting Lever (GZ) Curve
Heel to Stbd GZ Slope Trim WoLrad Freeboard Unprotected Wind
(deg) (m) (m/rad) (m) (m) (m) (m) (m)
0.00 0.0000 4.0709 -0.008 14.253 9.75[0] 12.95[0] 0.1027
5.00 0.3515 3.9437 0.021 14.181 7.67[0] 11.08[0] 0.1027
10.00 0.6830 3.6551 0.130 13.954 5.58[0] 9.13[0] 0.1027
15.00 0.9836 3.3051 0.323 13.558 3.52[0] 7.15[0] 0.1027
20.00 1.2511 2.9618 0.587 12.985 1.50[0] 5.15[0] 0.1027
25.00 1.4906 2.7133 0.903 12.229 -0.45[0] 3.18[0] 0.1027
30.00 1.6160 0.2228 1.257 11.327 -2.34[0] 1.22[0] 0.1027
35.00 1.5189 -2.5062 1.580 10.351 -4.23[0] -0.76[0] 0.1027
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Heel to Stbd GZ Slope Trim WoLrad Freeboard Unprotected Wind
(deg) (m) (m/rad) (m) (m)  (m) (m) (m)
40.00 1.1844 -4.8666 1.894 9.343 -6.13[0] -2.77[0] 0.1027
45.00 0.6771 -6.5270 2.194 8.300 -8.02[0] -4.81[0] 0.1027
50.00 0.0483 -7.6901 2.490 7.221 -9.87[0] -6.83[0] 0.1027
55.00 -0.6649 -8.4860 2.783 6.106 -11.67[0] -8.83[0] 0.1027
IMO Wind heeling
Property Value Units
Length WL 290.192 metres
Profile area above WL 7516.592 sqg.metres
Area to leeward (Areab) 0.51758 m-radians
Area to windward (Area a) 0.00130 m-radians
GZc 0.103 metres
Gust angle 1.447 degrees
Rollback angle 19.018  degrees
Steady state angle 0.964 degrees
Max. angle to leeward 33.113  degrees
B/d' 3.333
X1 0.833
Cb 0.603
Ar 0.000
K 1.000
Og 7.055 metres
r 1.027
T 15.296  seconds
Intact State
IMO 749 Intact Stabilty Criteria non - passenger
# Criterion Actual  Critical
Value  Value
1 Area under GZ curve up to 30 degrees > 0.055 0.488 0.055
2 Area under GZ curve from 30 to 40 deg. or downflood >0.03 0.087 0.030
3 Area under GZ curve up to 40 deg. or downflood > 0.09 0.576  0.090
4 Initial GM to be at least 0.15 metres 4.071 0.150
5 GZto be at least 0.20m at an angle > 30 degrees 1.617 0.200
6 Max GZ to be at an angle > 30 degrees 30.434 30.000
7 IMO Weather Criterion ( Maximum Initial Angle Of Heel ) 0.964 16.000

8 IMO Weather Criterion ( Areas) 399.237 1.000

Condition complies with the regulations

Intact State

Immersion Particulars
State of Openings = X-ray: Normal condition
Unprotected Openings

Point X position Y position Z position Ht. above Flood Downflood
# (m) (m) (m) WL (m) Angle (deg) Compartment
0 255.000 21.000 27.200 12.950 33.113
1 255.000 21.000 27.200 12.950 33.113
Deck Edge
Point X position Y position Z position Ht. above Flood
# (m) (m) (m) WL (m) Angle (deg)
0 140.870 23.600 24.000 9.747 23.862
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Point X position Y position Z position Ht. above Flood

Hopaptyuao E

# (m) (m) (m) WL (m)  Angle (deg)
1 140.870 -23.600 24.000 9.747 Not immersed
Intact State
Longitudinal Strength
g g
Q J o g
=4 g
3 S |
o g
3 3 g
— | 8 E
~ 9 _
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8 2
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o o
g S
© @7 |
T \ \ \ \
0 50 100 150 200 250
Position from Origin - metres
Shearing Force and Bending Moments
Distance Shearing % of Max Bending % of Max
from Origin Force allowed Moment allowed
(m) (kN) (kNm)
8.88 -- 265315 --- 183212.0 ---
16.74 - 39848.7 --- 430234.2 ---
23.04 -- 50959.1 --- 7151079 ---
31.02 -- 57883.6 --- 1131609.3 ---
37.31 -- 65540.1 --- 1517913.8 ---
91.63 -- 0.0 - 2911439.2 ---
92.90 - 0.0 2909891.8 ---
100.18 - 11340.8 -- 2963974.7 ---
106.47 -- 13777.7 --- 3033515.6 ---
114.46 - 10239.2 - 3096240.6 ---
120.76 - 12864.1 -- 3158539.5 ---
135.31 -- 0.0 - 3193127.9 ---
179.80 #221 -42477.4 --- 2207488.0 ---
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Distance Shearing % of Max Bending % of Max
from Origin Force allowed Moment allowed
(m) (kN) (kNm)

186.10 -- -40786.5 --- 1936594.0 ---
194.08 #238 -44764.9 --- 1602371.8 ---
200.38 -- -42716.6 --- 1317220.7 ---
214.66 -- -31692.4 --- 760532.3 ---
222.64 #272 -32681.6 --- 507901.6 ---
228.94 -- -26995.0 --- 309841.7 ---
243.22 -- -7209.9 --- 37280.2 -
247.48 -- 0.0 - 15639.1  ---
249.28 -- 3391.7 --- 16314.2  ---
251.90 #307 7244.1  --- 23516.6  ---
259.60 -- 0.0 39438.0 ---
270.00 - -2773.8 - 10729.3 -
278.00 -- 0.0 - -6462.5 -
281.70 #353 22454  --- -3790.8 -
Maximum BM

134.02 3193596.8 ---
Maximum SF

37.31 65540.1 ---

Damage Case Summary Table
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FULL LOAD ARRIVAL CONDITION
Intact State

N7 N " ~ - TP NOIWE
=

FORE PEAK; FOREBEAK
EE N )

Bay4Bay: Bay1Bay17 BaylBay13 BaylBayd BayBays Bayd
| 2 7

Deck at 14.25 metres

Key
Key Name Density
(t/m3)
WB  1.0250
FW  1.0000
FO 0.9700
LO 0.9000
MISC 1.0000
Intact State
Intact State
Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (1) (m)  (m) (m) (t-m) M
WATER BALLAST
NolW.B.D.B.: Nol1 W.B.D.B. 287-305 WB  100.0 1.025 745.2 242.47 0.00 2.68 0.0
No2W.B.D.B.: No2 W.B.D.B. 253-287 WB  100.0 1.025 2111.2 220.12 0.00 2.57 0.0
No3W.B.D.B.: No3 W.B.D.B. 219-253 WB  100.0 1.025 2324.2 192.37 0.00 2.53 0.0
No6W.B.D.B.: No6 W.B.D.B. 117-151 WB  100.0 1.025 2329.9 106.73 0.00 2.54 0.0
Total WATER BALLAST 7510.5 178.57 0.00 2.56 0.0
FUEL OIL
IFO.TANK2: I.F.O.TANK2 117-119 FO 10.0 0.970 132.8 93.28 0.00 4.68 2767.7
IFO.TANK3: I.F.O.TANK1 253-255 FO 10.0 0.970 121.8 207.52 0.00 4.78 2079.4
IFO.TANK4: I.F.O.TANK4 287-289 FO 10.0 0.970 97.8 236.08 0.00 5.20 449.2
IFO.TANKS: I.F.O.TANK4 305-307 FO 10.0 0.970 71.4 251.13 0.00 5.98 411.7
Total FUEL OIL 423.8 185.67 0.00 5.05 5708.0
FRESH WATER
DRINK WATER: DRINK WATER 67-83 FW  10.0 1.000 15.1 57.72 -16.25 10.13 125.8
WASH WATER: WASH WATER 67-83 FW 10.0 1.000 15.1 57.72 16.25 10.13 125.8
Total FRESH WATER 30.2 57.72 0.00 10.13 251.6
LUB OIL
LUB OIL(P): LUB OIL(P) 67-83 LO 10.0 0.900 13.6 57.72 -12.50 7.75 14.1
LUB OIL(S): LUB OIL(S) 67-83 LO  10.0 0.900 13.6 57.72 12,50 7.75 14.1
Total LUB OIL 27.2 57.72 0.00 7.75 28.2
MISCELLANEOUS
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Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (t) (m) (m) (m) (t-m) M

MISC(P): MISC(P) 67-83 MISC 100.0 1.000 226.4 57.72 -10.00 8.75 0.0
MISC(S): MISC(S) 67-83 MISC 100.0 1.000 226.4 57.72 10.00 8.75 0.0
Total MISCELLANEOUS 452.8 57.72 0.00 875 0.0
Cont Set 0

Bayl 755.0 246.25 0.00 16.70 0.0
Bay10 1101.2 217.69 0.00 33.50 0.0
Bayll 1178.5 211.39 0.00 15.14 0.0
Bay12 1101.2  211.39 0.00 33.50 0.0
Bay13 1284.8  203.41 0.00 14.95 0.0
Bayl4 1101.2  203.41 0.00 33.50 0.0
Bay15 1284.8 197.11 0.00 14.95 0.0
Bayl6 1101.2 197.11 0.00 33.50 0.0
Bayl7 1284.8 189.13 0.00 14.95 0.0
Bay18 1101.2  189.13 0.00 33.50 0.0
Bay19 1284.8 182.83 0.00 14.95 0.0
Bay2 1101.2  246.25 0.00 33.50 0.0
Bay20 1101.2  182.83 0.00 33.50 0.0
Bay21 1284.8 174.85 0.00 14.95 0.0
Bay22 1101.2  174.85 0.00 33.50 0.0
Bay23 1284.8  168.55 0.00 14.95 0.0
Bay24 1101.2  168.55 0.00 33.50 0.0
Bay25 1284.8 160.57 0.00 14.95 0.0
Bay26 1284.8 160.57 0.00 34.75 0.0
Bay27 1284.8 154.27 0.00 14.95 0.0
Bay28 1284.8 154.27 0.00 34.75 0.0
Bay29 1284.8  146.29 0.00 14.95 0.0
Bay3 946.7 239.95 0.00 16.10 0.0
Bay30 1284.8  146.29 0.00 34.75 0.0
Bay31 1284.8 139.99 0.00 14.95 0.0
Bay32 1284.8 139.99 0.00 34.75 0.0
Bay33 1284.8  132.01 0.00 14.95 0.0
Bay34 1284.8 132.01 0.00 34.75 0.0
Bay35 1284.8 125.71 0.00 14.95 0.0
Bay36 1284.8  125.71 0.00 34.75 0.0
Bay37 1284.8 117.73 0.00 14.95 0.0
Bay38 1284.8 117.73 0.00 34.75 0.0
Bay39 1284.8 111.43 0.00 14.95 0.0
Bay4 1101.2  239.95 0.00 33.50 0.0
Bay40 1284.8 111.43 0.00 34.75 0.0
Bay41 1284.8  103.45 0.00 14.95 0.0
Bay42 1284.8 103.45 0.00 34.75 0.0
Bay43 1284.8 97.15 0.00 14.95 0.0
Bay44 1284.8 97.15 0.00 34.75 0.0
Bay45 1284.8 89.17 0.00 14.95 0.0
Bay46 1284.8 89.17 0.00 34.75 0.0
Bay47 1284.8 82.87 0.00 14.95 0.0
Bay48 1284.8 82.87 0.00 34.75 0.0
Bay49 1284.8 74.89 0.00 14.95 0.0
Bay5 1024.0 231.97 0.00 15.68 0.0
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Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (t) (m)  (m)  (m) (t-m) M

Bay50 1101.2 74.89 0.00 33.50 0.0

Bay51 1284.8 68.59 0.00 14.95 0.0

Bay52 1101.2 68.59 0.00 33.50 0.0

Bay53 975.7 3429 0.00 17.24 0.0

Bay54 1284.8 34.29 0.00 34.75 0.0

Bay55 850.1 27.99 0.00 18.27 0.0

Bay56 1284.8 27.99 0.00 34.75 0.0

Bay57 618.2 20.01 0.00 20.16 0.0

Bay58 1284.8 20.01 0.00 34.75 0.0

Bay59 598.9 13.71 0.00 20.28 0.0

Bay6 1101.2  231.97 0.00 33.50 0.0

Bay60 1284.8 13.71 0.00 34.75 0.0

Bay62 1284.8 5.85 0.00 32.75 0.0

Bay64 1284.8 -0.57 0.00 32.75 0.0

Bay66 1284.8 59.98 0.00 32.75 0.0

Bay68 1284.8 51.51 0.00 32.75 0.0

Bay7 1178.5 225.67 0.00 14.98 0.0

Bay70 1284.8 43.04 0.00 32.75 0.0

Bay8 1101.2  225.67 0.00 33.50 0.0

Bay9 1178.5 217.69 0.00 15.14 0.0

Total Cont Set 0 77397.5 130.48 0.00 25.58 0.0

PROVISIONS ARRIVAL

PROVISIONS 1.6 250.00 0.00 25.00 0.0

Total PROVISIONS ARRIVAL 1.6 250.00 0.00 25.00 0.0

CREW

STORES 34 270.00 0.00 25.50 0.0

Total CREW 3.4 270.00 0.00 25.50 0.0

Lightweight 28207.0 152.89 0.00 15.86 0.0

Deadweight 85846.8 134.53 0.00 23.36 5987.9

Total Displacement 114053.8 139.07 0.00 21.51 5987.9

Buoyancy 114053.8 139.03 0.00 8.34 1976394.7

Total Buoyancy 114053.8 139.03 0.00 8.34 1976394.7

Intact State

Drafts at equilibrium angle

Draft at LCF 13.894 metres
Draft aft at marks 14.267 metres
Draft fwd at marks 13.443 metres
Draft at AP 14.267 metres
Draft at FP 13.443 metres

Mean draft at midships 13.855 metres

Hydrostatics at equilibrium angle

Density of water 1.0250  tonnes/cu.m
Heel No heel
Trim by the stern 0.824 metres

KG 21.508 metres
FSC 0.053 metres
KGf 21.560 metres
GMt 4.104 metres
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Intact State

Density of water 1.0250

BMt 17.329
BMI 586.960
Waterplane area 11803.79
LCG 139.071
LCB 139.032
TCB 0.000
LCF 127.363
TCF 0.000
TPC 120.989
MTC 2376.127
Shell thickness  0.000

tonnes/cu.m

metres
metres
sg.metres
metres
metres
metres
metres
metres
tonnes/cm

tonnes-m/cm

mm

FULL LOAD ARRIVAL: Intact State

Hopaptyuao E

1.0

0.5

0.0

-0.5

Downflood Point #0Rt 34.93 degrees

0 10 20 30 40 50
Heel - degrees
Righting Lever (GZ) Curve
Heel to Stbd GZ Slope Trim WoLrad Freeboard Unprotected Wind
(deg) (m) (m/rad) (m)  (m)  (m) (m) (m)
0.00 0.0000 4.1040 -0.824 13.855 10.15[0] 13.68[0] 0.1082
5.00 0.3525 3.9239 -0.793 13.782 8.07[0] 11.81[0] 0.1082
10.00 0.6788 3.5605 -0.677 13.555 5.98[0] 9.86[0] 0.1082
15.00 0.9673 3.1352 -0.470 13.160 3.91[0] 7.87[0] 0.1082
20.00 1.2161 2.7242 -0.186 12.589 1.89[0] 5.86[0] 0.1082
25.00 1.4292 2.4030 0.158 11.836 -0.06[0] 3.88[0] 0.1082
30.00 1.5612 0.0124 0.525 10.921 -1.94[0] 1.92[0] 0.1082
35.00 1.4742 -2.2968 0.842 9.924 -3.80[0] -0.03[0] 0.1082
40.00 1.1514 -4.7989 1.148 8.888 -5.67[0] -2.02[0] 0.1082
45.00 0.6454 -6.5558 1.447 7.820 -7.54[0] -4.02[0] 0.1082
50.00 0.0104 -7.7880 1.747 6.717 -9.37[0] -6.03[0] 0.1082
55.00 -0.7142 -8.6298 2.051 5.581 -11.15[0] -8.01[0] 0.1082
IMO Wind heeling
Property Value Units
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Hopaptyuao E

Property Value Units
Length WL 290.192 metres
Profile area above WL 7629.029 sqg.metres
Area to leeward (Area b) 0.54348 m-radians
Area to windward (Area a) 0.00143 m-radians
GZc 0.108 metres
Gust angle 1.513 degrees
Rollback angle 18.784  degrees
Steady state angle 1.008 degrees
Max. angle to leeward 34.926  degrees
B/d' 3.428

X1 0.814

Cb 0.597

Ar 0.000

K 1.000

Og 7.706 metres

r 1.064

T 15.338  seconds

Intact State
IMO 749 Intact Stabilty Criteria non - passenger

# Criterion Actual  Critical
Value  Value
1 Area under GZ curve up to 30 degrees > 0.055 0.476  0.055
2 Area under GZ curve from 30 to 40 deg. or downflood >0.03 0.132  0.030
3 Area under GZ curve up to 40 deg. or downflood > 0.09 0.608 0.090
4 Initial GM to be at least 0.15 metres 4104 0.150
5 GZto be at least 0.20m at an angle > 30 degrees 1.561 0.200
6 Max GZ to be at an angle > 30 degrees 30.043 30.000
7 IMO Weather Criterion ( Maximum Initial Angle Of Heel ) 1.008 16.000
8 IMO Weather Criterion ( Areas) 380.905 1.000

Condition complies with the regulations

Intact State

Immersion Particulars
State of Openings = X-ray: Normal condition
Unprotected Openings
Point X position Y position Z position Ht. above Flood
# (m) (m) (m) WL (m)  Angle (deg) Compartment
0 255.000 21.000 27.200 13.679 34.926
1 255.000 21.000 27.200 13.679 34.926

Downflood

Deck Edge

Point X position Y position Z position Ht. above Flood
# (m) WL (m)
0 140.870 10.145
1 140.870 10.145

Angle (deg)
24.855
Not immersed

(m)
24.000
24.000

(m)
23.600
-23.600

Intact State
Longitudinal Strength
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0 50 100 150 200 250
Position from Origin - metres
Shearing Force and Bending Moments
Distance Shearing % of Max Bending % of Max
from Origin Force allowed Moment allowed
(m) (kN) (kNm)
8.88 -- 26503.8 --- 182820.0 ---
16.74 - 39901.6 --- 430190.8 ---
23.04 - 511314 --- 716263.0 ---
31.02 -- 58281.6 --- 1136138.2 ---
37.31 - 66176.1 --- 1527075.1 -
92.25 -- 0.0 - 2935397.3 ---
94.12 #119 -5590.4 --- 2930106.7 ---
100.42 - -2130.5 --- 2910455.8 ---
103.58 -- 0.0 - 2907628.1 ---
106.47 -- 1985.5 --- 2910794.7 ---
107.05 - 0.0 29113729 ---
108.40 #136 -4687.2 --- 2908469.9 ---
114.70 -- -1226.4 - 2893732.0 ---
116.40 - 0.0 2892970.0 ---
120.76 -- 3189.2  --- 2900568.1 ---
121.57 -- 0.0 - 2901994.4 ---
138.24 - -14096.7 --- 2798065.5 ---
143.26 -- -15048.5 --- 2728168.7 ---
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Distance Shearing % of Max Bending % of Max
from Origin Force allowed Moment allowed
(m) (kN) (kNm)
151.24 #187 -22807.8 --- 2602733.0 ---
157.54 -- -23449.9 --- 2461318.1 ---
179.80 #221 -40422.7 --- 1801259.2 ---
186.10 -- -37198.2 --- 1561108.9 ---
194.08 #238 -39155.9 --- 1280661.0 ---
200.38 -- -35460.3 --- 1049934.3 ---
208.36 #255 -35155.9 --- 788159.3 ---
214.66 -- -30718.8 --- 584630.7 ---
222.64 #272 -29541.1 --- 3662745 ---
228.94 -- -22179.1 --- 206710.8 ---
236.92 #289 -15949.8 --- 72001.7  ---
243.22 - -5489.5 --- 6903.6
246.15 -- 0.0 - -406.6 -
249.28 -- 6416.3 --- 9630.7 -
257.35 - 0.0 33464.8 -
265.00 -- -32404 --- 20502.3 -
277.96 -- 0.0 - -9389.2 -
281.70 #353 22476 --- -5159.1 -
Maximum BM
92.19 2935445.4 ---
Maximum SF
37.31 66176.1 ---
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BALLAST ARRIVAL CONDITION

Intact State

[ 11\

RE PEAK: FORE|

‘FT

Rrofile View

m . =m = 2w =

TIPY NOZ W ENESWES T(P): NO 3 W-E

T NOSWE

Deck at 14.25 metres

Key
Key Name Density
(t/m3)
WB  1.0250
FW  1.0000
FO 0.9700
LO 0.9000
MISC 1.0000
Intact State
Intact State
Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (1) (m)  (m) (m) (t-m) M
WATER BALLAST
NO7W.B.D.B.: NO7 W.B.D.B. 83-117 WB 100.0 1.025 1950.9 79.43 0.00 2.71 0.0
NolW.B.D.B.: No1 W.B.D.B. 287-305 WB  100.0 1.025 745.2 242.47 0.00 2.68 0.0
No2W.B.D.B.: No2 W.B.D.B.  253-287 WB  100.0 1.025 2111.2 220.12 0.00 2.57 0.0
No4W.B.D.B.: No4 W.B.D.B. 185-219 WB  100.0 1.025 2331.0 163.84 0.00 2.54 0.0
No5W.B.D.B.: No5 W.B.D.B. 151-185 WB  100.0 1.025 2331.2 135.28 0.00 2.54 0.0
No6W.B.D.B.: No6 W.B.D.B. 117-151 WB  100.0 1.025 2329.9 106.73 0.00 2.54 0.0
No8WBDB: No8W.B.D.B 41-51 WB 100.0 1.025 3739 35.85 0.00 6.55 0.0
No8WBDB.b: No8W.B.D.B.b 34-41 WB 100.0 1.025 534.5 2837 0.00 8.61 0.0
Total WATER BALLAST 12707.8 139.67 0.00 2.95 0.0
FUEL OIL
IFO.TANK2: I.F.0.TANK2 117-119 FO  10.0 0.970 132.8 93.28 0.00 4.68 2767.7
IFO.TANK3: I.LF.O.TANK1 253-255 FO 10.0 0.970 121.8 207.52 0.00 4.78 2079.4
IFO.TANK4: I.F.O.TANK4 287-289 FO 10.0 0.970 97.8 236.08 0.00 5.20 449.2
IFO.TANKS: I.LF.O.TANK4 305-307 FO 10.0 0970 71.4 251.13 0.00 5.98 411.7
Total FUEL OIL 423.8 185.67 0.00 5.05 5708.0
FRESH WATER
DRINK WATER: DRINK WATER 67-83 FW  10.0 1.000 15.1 57.72 -16.25 10.13 125.8
WASH WATER: WASH WATER 67-83 FW 10.0 1.000 15.1 57.72 16.25 10.13 125.8
Total FRESH WATER 30.2 57.72 0.00 10.13 251.6
LUB OIL
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Title Frames Cargo % full SG Weight LCG TCG VCG FSM S
(t/m3) (1) (m  (m)  (m) (tm) M
LUB OIL(P): LUB OIL(P) 67-83 LO 10.0 0.900 13.6 57.72 -12.50 7.75 14.1
LUB OIL(S): LUB OIL(S) 67-83 LO 10.0 0.900 13.6 57.72 1250 7.75 14.1
Total LUB OIL 27.2 57.72 0.00 7.75 28.2
MISCELLANEOUS
MISC(P): MISC(P) 67-83 MISC 100.0 1.000 226.4 57.72 -10.00 8.75 0.0
MISC(S): MISC(S) 67-83  MISC 100.0 1.000 226.4 57.72 10.00 8.75 0.0
Total MISCELLANEOUS 452.8 57.72 0.00 8.75 0.0
STORES
STORES 30.0 270.00 0.00 24.00 0.0
Total STORES 30.0 270.00 0.00 24.00 0.0
PROVISIONS ARRIVAL
PROVISIONS 1.6 250.00 0.00 25.00 0.0
Total PROVISIONS ARRIVAL 1.6 250.00 0.00 25.00 0.0
CREW
STORES 34 270.00 0.00 25.50 0.0
Total CREW 3.4 270.00 0.00 25.50 0.0
Lightweight 28207.0 152.89 0.00 15.86 0.0
Deadweight 13676.7 138.37 0.00 3.29 5987.9
Total Displacement 41883.7 148.14 0.00 11.76 5987.9
Buoyancy 41883.8 148.12 0.00 4.31 1068530.6
Total Buoyancy 41883.8 148.12 0.00 4.31 1068530.6
Intact State
Drafts at equilibrium angle

Draft at LCF 7.119 metres

Draft aft at marks 7.501 metres

Draft fwd at marks 6.743 metres

Draft at AP 7.501 metres

Draft at FP 6.743 metres

Mean draft at midships 7.122 metres

Hydrostatics at equilibrium angle

Density of water 1.0250  tonnes/cu.m
Heel No heel
Trim by the stern 0.759 metres

KG 11.757  metres
FSC 0.143 metres
KGf 11.900 metres
GMt 17.918 metres
BMt 25.512  metres
BMI 902.091 metres
Waterplane area 8764.54 sg.metres
LCG 148.145 metres
LCB 148.124 metres
TCB 0.000 metres
LCF 141.969 metres
TCF 0.000 metres
TPC 89.837  tonnes/cm
MTC 1341.060 tonnes-m/cm

Shell thickness  0.000 mm
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Intact State

WATER BALLAST ARRIVAL: Intact State

Hopaptyuao E

Downflood Roint #0 at 52.66 degrees

0 10 20 30 40 50
Heel - degrees
Righting Lever (GZ) Curve
Heel to Stbd GZ Slope  Trim WLrad Freeboard Unprotected Wind
(deg) (m) (m/rad) (m) (m) (m) (m) (m)
0.00 0.0000 17.9177 -0.759 7.122 16.88[0] 20.39[0] 0.3637
5.00 1.5491 17.4687 -0.670 7.021 14.83[0] 18.52[0] 0.3637
10.00 3.0145 16.2006 -0.408 6.720 12.82[0] 16.59[0] 0.3637
15.00 4.3266 14.3140 0.010 6.228 10.85[0] 14.61[0] 0.3637
20.00 5.4416 12.1137 0.563 5.560 8.92[0] 12.59[0] 0.3637
25.00 6.3494 10.0154 1.218 4.729 7.05[0] 10.55[0] 0.3637
30.00 7.0774 8.3011 1.946 3.743 5.24[0] 8.52[0] 0.3637
35.00 7.6631 6.9841 2.722 2.611 3.51[0] 6.52[0] 0.3637
40.00 8.1471 6.0929 3.517 1.342 1.87[0] 4.57[0] 0.3637
45.00 8.5776 5.7362 4.289 -0.062 0.35[0] 2.71[0] 0.3637
50.00 8.9297 3.9041 5.054 -1.578 -1.07[0] 0.93[0] 0.3637
55.00 9.0810 1.3915 5.850 -3.155 -2.41[0] -0.81[0] 0.3637
IMO Wind heeling
Property Value Units
Length WL 290.192 metres
Profile area above WL 9468.403 sq.metres
Area to leeward (Area b) 4.63543 m-radians
Area to windward (Area a) 0.00369 m-radians
GZc 0.364 metres
Gust angle 1.164 degrees
Rollback angle 20.422  degrees
Steady state angle 0.776 degrees
Max. angle to leeward 50.000 degrees
B/d' 6.669
X1 0.800
Cb 0.427
Ar 0.000
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Property Value Units

K 1.000

Og 4.777 metres
r 1.132

T 9.013 seconds

Intact State
IMO 749 Intact Stabilty Criteria non - passenger

# Criterion Actual Critical
Value Value

1 Area under GZ curve up to 30 degrees > 0.055 2.120 0.055
2 Area under GZ curve from 30 to 40 deg. or downflood > 0.03 1.334 0.030
3 Area under GZ curve up to 40 deg. or downflood > 0.09 3.454 0.090
4 Initial GM to be at least 0.15 metres 17.918 0.150
5 GZto be at least 0.20m at an angle > 30 degrees 9.081 0.200
6 Max GZ to be at an angle > 30 degrees 55.000 30.000
7 IMO Weather Criterion ( Maximum Initial Angle Of Heel ) 0.776 16.000
8 IMO Weather Criterion ( Areas) Indeterm. 1.000

Condition complies with the regulations

Note

Term Meaning

Indeterm. The value cannot be determined, although the ship passes the test. The reason may be that the value
has some very large value. Another reason may be that no profile has been defined, and thus the wind
moment cannot be calculated.

Intact State

Immersion Particulars

State of Openings = X-ray: Normal condition
Unprotected Openings

Point X position Y position Z position Ht. above Flood Downflood

# (m) (m) (m) WL (m) Angle (deg) Compartment
0 255.000 21.000 27.200 20.385 52.662

1 255.000 21.000 27.200 20.385 52.662

Deck Edge

Point X position Y position Z position Ht. above Flood

# (m) (m) (m) WL (m) Angle (deg)

0 140.870 23.600 24.000 16.878  46.215

1 140.870 -23.600 24.000 16.878 Notimmersed

Intact State
Longitudinal Strength
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0 50 100 150 200 250
Position from Origin - metres

Shearing Force and Bending Moments

Distance Shearing % of Max Bending % of Max
from Origin Force allowed Moment allowed
(m) (kN) (kNm)

43.21 -- 36792.1 --- 904926.7 ---
94.12 #119 17059.3 --- 2307941.1 ---
138.04 - 0.0 - 2661551.1 ---
206.68 #253 -36979.2 --- 1762519.1 ---
280.49 -- 0.0 -3225.1 -
281.70 #353 11511  --- -2572.6 -
Maximum BM

138.37 2661586.5 ---
Maximum SF

206.68 -36979.2 ---

Damage Case Summary Table
Case Displ. Draft Draft LCG TCG VCG Range Max GZ Heel Area Open- Pass?
AP  FP ings
(t)  (m) (m) (m) (m) (m) (degs) (m) (degs) (m-rads)

Final Project Page 63

Telida | E-63



Hoapaptyue E

8
o
S
g 3
g ©
£ A
g T
4 8
TR
£ ® A A A A A A A A A AY s
o 9
0 0 (HHHHHHHHH]
@
E 7
o
e o0
S 2
]
Eﬁg QZ A =)
o T 3
S
8 <
5 Y
3¢
mfg;# 1
sl T T ﬁ;
< 5]
0n m <
o
: ¢
S8
=5
E
s 0V
g« o
= o
: 55
S8
~ 5
1S
g v
-
50 100 150 250
Distance from Origin - metres
SECTIONAL AREA CURVES
Final Project Page 64

Teida | E-64



Hopaptyuao E

20 deg 30 deg 40 deg 45 deg 50 deg

12 deg

i ~
©
o
e {3 {3 {3 {3 {3 1 113 {3 {3 ]
5 10 15 20 ‘
Draft - metres
CROSS CURVES
Final Project Page 65

Telido | E-65



Hopaptyuao E

Q&
n
- _]
3
w_|
I I T I
50000 100000 150000 200000
—{ I Displacement
%0 60 80 100 120
—/x— TPC
500 1000 1500 2000 2500
—— MTC
130 135 140 145 150 155 160
—/LCB {}LCF
5 10 15 20 25 30
—/x— KMT ——VCB
HYDROSTATIC CURVES
Final Project Page 66

Telido | E-66



