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Beyond Alternative Fuels:
A 30-Minute Guide for Sustainable
Vessel Systems

A fast tour of today's retrofit tech with real fuel-savings ranges, CAPEX vs
OPEX, and payback paths across tankers, bulkers, and boxes

Presented by: Angelica Kemene Head of Market, Climate, & ESG Strategy
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Scope for today OD@MQ
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-> Retrofit technologies (avapaBuion texvoAoyiag) you can apply to

existing ships

Reputation

=> Their real-world fuel-savings ranges il

CAPEX vs OPEX: what costs upfront vs what saves every day

-> |
=> Payback paths across bulkers, containers, and tankers ﬂ?\

Cost Efficiency

Mini OpIou6G - «evepyelakn atrddoaon oTn vauTIAia» (] «EVEPYEIOKN

aTTODOTIKOTATAR ). ’.’n/ll'

4
Market
Positioning

2nuaivel: TTéon evépyela/kauoiuo xpelddetal Eva 1rAoio () oTOAoG) yia va
EKTEAEOEI Eva OEDOUEVO PETAPOPIKO EPYO—TT.X. avVA TOVO-VAUTIKSO WiAl (t-nm).
Ooo AiyoTepo Kauoluo ava t-nm, Tooo upnAdTEPN N EvEPYEIOKT atTddoon.

2 uvnBeIg deikTeS: KaTavaAlwaon kauaipou ) gCO:2 avd t-nm.
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How much connected is Energy Efficiency to ]
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Deca rbon ISatlon? SHIPPING SERVICES

H Z0vdeon cival dueon:

NIyoTEPO KaUaIuo = Aiyotepo CO:. - O1 EKTTOUTTEG TTPOKUTITOUV OTTO:
ExtToutTég = KaUoIo TTOU KaiyETal X ZUVTEAEOTNG EKTTOUTTWY. Apa N EVEPYEIOKT aTTOd00N PEIWVEI TO KAUCIPO avd
TOVO-vauTIKG WiAl — pelwvel Tnv éviaon avBpaka (gCO:/t-nm).

KavovioTiKA cuppopewon: KaAutepn ammédoon BeATiwvel deikteg CII/AER/EEQI kail BonBad va “mrepdoel” 1o EEXI.
KboTog atmo-avBpakotroinong: Kaiyovtag AiyoTepo Kauoluo, MEIWVEIS KOOoTog avBpaka (EU ETS) kai kaveig o
Biwaoiun Tnv petdBaon oc akpiBéTEpa Kauaolua (e-methanol, e-ammonia, Blokauoiua), yiati xpeidleoal Aiyotepn

EVEPYEIQ yIa TO idI0 €pyO.

Apbuog mpog net-zero. H e€oikovounon evépyelag ival 1o «TpwTo 50%» TNG atroavBpakoTroinong: 0,1l dev
KaTavaAwvelg dev XpeladeTal va avTikataoTabei atrd mpdoivo Kauaoiuo.
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The Cost of Delay — Financial and Operational Risks ksl
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*O1 UTTOXPEWOEIC AVOPAKA CUCOWPEUOVTAl JE TNV AVABOAN: N KaBuoTEPNUEVN
OUPuOpPwan TTOANaTTAaOIACEl TO KOOTOG retrofit, TIC atTwAgIeg Kepdoopiag Kal TovV
KivOuvo dIGAuong.

» Ta «mTapdBupa» retrofit eival Tremepacuéva: ol B€oeig oTa vauTrnyeia, n dlaBeoipoTnTA
TEXVOAOYIAG KOl TO «OTEVAY» O€ ECEIOIKEUNEVO TTPOCWTTIKO UTTOPOUV VA APIOOUV TOUG
KaBuoTepNUEVOUG UIOBETOUVTEG XWpPIG Auon.

* MeTaBAAAETAI N Agia TWV TTEPIOUCIOKWY OTOIXEIWV: TTOAQIOTEPA Kal EVEPYOPROPA TTAOIA

QTTOMEIVOVTAI TAXUTEPA O€ agia KaBwg augaveTal o KivOuvog Jn CUPPOP@WOnNG.
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Carbon Costs >

oPTIMMA
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Dry Bulk Carrier 2021 BLT - Compliance Costs to Compliance Costs
theoretical end of life
Fuel $ 88,825,911
$15,000,000
EU ETS $ 38,933,409
$10,000,000 IIIIIII Fuel EU $ 32,853,768
$5,000,000 ..l
Total $160,613,088
$0 - . . A .
2025 2027 2029 2031 2033 2035 2037 2039 Source Data: Optima Shipping Services, Sustainable Ship, Tonnedge

Fuel @EUETS @ FueltU @ IMO Net Zero
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Carbon Costs

Crude Oil Suezmax 2013 BLT - Compliance Costs to
theoretical end of life

$30,000,000

N IIII

$0
2025 2027 2029 2031 2033 2035 2037 2039

Fuel @EUETS @ FueltU @ IMO Net Zero
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-a]
oPTIMMA
SHIPPING SERVICES
Compliance Costs

Fuel $ 172,112,000
EU ETS $ 74,753,163
Fuel EU $ 62,716,595
Total $309,581,758

Source Data: Optima Shipping Services, Sustainable Ship, Tonnedge



Practical Pathways — When to Retrofit, When to bl
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Ta retrofits gival o amodoTikd yia TAoia KATW Twv 10-15 £TWyV, 18iWg yia 6ca éxouv oxedlaoTei e§apxnNg ME apOpwThH

(modular) Aoyiki f/kai duvardérnTta dual-fuel. ESDs don’t add linearly to energy efficiency;

* 210 VEOTEUKTA TTPpOTEPaIOTNTA OTO “future-proofing”: TTARPWG «TTpAcivn» TTPOwaon f TouAdxioTov eToiuéTnTa dual-fuel, kai
TTPORAEWN XWPOU KATACTPWHATOC yia aloAikr) uttoforenon ry/kail carbon capture.

» EuBuypdpuion pe KUKAoug degapeviopou: Ta TTpoypdupaTa retrofit va KoupTTwvouv GToug TTPOYPANUATIOMEVOUG
oe€apeviopoUs WOTE va EAaXIOTOTTOIEITAI N BIAKOTTA Kal va PeyioToTrolEiTal n ammodoTtikotnta CAPEX/OPEX.

* H emAoyn TexvoAoyiag eival case-by-case: e¢apTaTal atrd TIC YPAPUES/OIadPONES, TOV TUTTO TTAOIOU, TIC OTTAITACEIC TOU charter
party Kal TOV XPOVIKO opidovTa PEXPI TNV EQAPHOYI TWV KAVOVIOUWV.

* 'Eykaipn eUTTAOKNA €vOIAPEPOPEVWV: Ol IBIOKTATES Va auvePyAalovTal atrd VwpIg HE TTPOUNBEUTES TEXVOAOYIAG, vauTInyEia Kal

VNOYVWHOVEG YIa a&loAdynon €QIKTOTNTAG KAl TIPOYPANMPATIONO Twv Ke@aAalakwy datravwy (CAPEX).
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Progress In The Fuelling Transition
21NV apxn aAAG ue Tpdodo: Ta BpaxutrpdBeopa uérpa tou IMO 2030 evioxuouv Ta EST

retrofits.

Environmental Technology Uptake: % Fleet (GT)

50% .

EST-Fitted

45% | ====SOX Scrubber Fitted
=== Alt. Fuel Capable

40% =Fco-Modern Fleet

35%

30%
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Maykéouia xwpnTikoTnTa (apxés NoguBpiou 2025):

31% ue scrubber ; 37% “Eco” ; 9% pe duvatdétnTa
EVAANQKTIKWY KAUTiWV

45% pe Toulaxiotov 1 EST (Energy-Saving Technology)
EYKATEOTNMEVN

88% pe BWMS (Zuotnua Alaxeipiong ©@aAaccépuaTtog)
Bdoel Tou TpéxovTog oTOAoU, TTEP. 36% TNG XWPNTIKOTNTAG
oe deCapevotTAola, bulk carriers kai containerships 8a
AauBave BaBuohoyia Cll D ) E éwg 10 2026.

H péon nAikia Twv oTOAWY {npou @opTiou Kal
deapevotThoiwy ouveyilel va augavetar (bulk: ~12,9 €1n
évavtl ~10,4 Trpiv 5 xpovia / tankers: ~14,1 évavti ~11,4),
EVW OTA TTAOIO PETOPOPAG EMTTOPEUPATOKIBWTIWY N Péon
nAIKia £xel apXioel va uttoxwpei, aAAG TTapapével upnAoTepn
ato mpiv 5 xpovia (~14,2 évavt ~12,8).

OMo kai TTI0 “OIa0TPWHOTWHEVES” ayopES (TTOAAATTAWY
TAXUTATWV).



Today’s retrofit families vl
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Operational: speed/ETA, weather routing, trim, cleaning, autopilot tuning

Hull & Propulsion: coatings, propeller devices (PBCF/ducts/fins), bulbous bow, air
lubrication

Machinery & Electrical: variable frequency drive - VFDs, Shaft Generator
PTO/PTI, engine de-rating/variable speed, Waste Heat Recovery - WHR, Shore
Power

Energy Harvesting: wind-assist (rotors/wings); solar for hotel loads

Digital & M&V: monitoring, decision support, crew enablement
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Today’s retrofit toolkit by equipment group >
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Equipment . . Fuel Savings Vessels Equipped
Technologies Example Projects % A
Group 9 P ) (Marketing claim) (Fleet & Orderbook)
Waste Heat Recovery Climeon, Alfa Laval, ABB, Hanwha, Calnetix Hydrocurrent 3-8% >186
Generator

Higte e Variable Compression Ratio WinGD 3-8% >72
Fuel Emulsifier FOWE, IPCO, Kawasaki 3-10% >187
Propeller Duct Becker Mewis Duct, NMRI WAD, Kawasaki, other in-house shipyard designs 3-8% >3,627

. Becker BTF, Tsuneishi MT-FAST, DSME Pre-Swirl, CMES-Tech, SDARI, Wartsila
Pre-Swirl Stator EnergoFlow 4-6% >4,472
Becker, MMG, Kongsberg Promas, SDARI, Imabari Hybrid-Fin, Wartsila o
Propeller Rudder Bulb Energopac, other in-house shipyard designs sadi 2060
. MMG escap, CMES-Tech, MOL Techno-Trade, SDARI, ERMA FIRST FLEXCAP, Shin

Propeller Boss Cap Fin Kurushima Turbo Ring 2-5% >3,708

Wake Equalizing Duct Schneekluth WED, CMES-WID 6-10% >800

Flettner Rotors Norsepower, Anemoi, CMES-Tech 7-10% >72

Wind Suction Wing Econowind, Bound4blue, Oceanbird 10-30% >51

in
Rigid Sail BAR Technologies, DSIC, OceanWings, MOL Techno-Trade 8-30% >40
Wind Kite Airseas Seawing, Beyond the Sea SeaKite® Up to 20% >5
Air Lubrication System Silverstream, DSM ALS, Samsung SAVER Air, Alfa Laval, Mitsubishi MALS, Armada 5-10% >623
Bow Enhancement Ulstein X-Bow, Damen Sea Axe, Kawasaki SEA-Arrow, Hanwha Windshield, other
. = = % g A : 4-10% >4,944
Hull (including Windshield) in-house shipyard designs
Elogrid Elomatic 2-3% >15
s Oshima Advanced Flipper fin, Namura NCF™™ , Sanoyas Tandem Fin™, Japan s
Hull Fin Marine United A.LV Fin e 2 f20
Source: Clarksons Research, 1# November 2025. Data coverage is not comprehensive and may underestimate total uptake
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Waste Heat Recovery ]
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Kipia XapakTnpIoTIKA

== H WHR BeATiwovel TV evepyeiakn ammodoon HETATPETTOVTAG TV ATTOPPITITOMEVN

[ ] . [ ] BepudTNTa TOU KIVNTAPA O NAEKTPIOUO 1 BepudTnTa XPAoNGS (service heat).
/ — 3 3
/ / | Avo Baoikoi TUTrOL:
I ' O e D | - Exhaust WHR (Zuotipata YynAng Ospuokpaciag)
: XpnaolPoTTolEl Ta KAuoaépIa Tou KUPIOU KIVATHPA HECW ATHOGTPORIAOU (KUKAOG
Rankine).

KatdAAnAo yia peydAa containerships, LNG carriers, de€auevotrioia.

- WHR XaunAng Oeppokpaciag (Zuothpara ORC)

Main electrical grid ACloTroiei vepd TTepIfARuaTog (jacket water), aépa adpwaong (scavenging air) kai
I XOUNANG BepPokpaciag kKauoagpia.
Nosbo B Baagiletal otov Opyavikd Kukho Rankine (ORC) pe WUKTIKG pEUCTA.

KataAAnAo yia kpouadiepdtrAola, TTAoia TTou Kaive LNG, peoaiou peyéBoug TTAoia.

Kuplsg TTPOKAROCEIG
Ta Exhaust WHR atraitolv pey&Aeg TTnyEG BepuOTNTAG KOl OOMIKES
TPOTTIOTTOINCEIG.
- Ta ORC eival eukoAdTEpa oTNV eyKaTdaTaon, aAAd AlyodTeEPO aTTOOOTIKA
Kal euaiodnTa oTIg JETABOAEG POopTiOU TOU KIVNTAPA.

Main engine o '~ o
Waste heat recovery
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Waste Heat Recovery vl
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Vessel type suitability

— I Small (o . =
| | % Bulk carriers Medium € , == E PCTC All ¢
) 3 3 large  « wpm
— Small q =
- =\
b Tankers Medium e« § S Cruise vessels All C
1 =3 I . =
Large « e
- — <5kTEU € e
A
% Gas carriers % Containerships <15k TEU ¢
Others € ) — % -
SISKTEU « mp
Main electrical grid Vessel age (years) Impact on CAPEX
_— WHR: 1,500-9,000 kUSD per unit
5 F -y EEDI/EEXI v/ ORC: 0.05-0.5 kUSD per unit
- Efficiency gain
10 « yo— e WHR: 5-12%
ORC: 1-4%
o EUETS v
15 a kel OPEX
20 q - FuelEU* 2-5%
GE™ v Implementation
Applicability 18 months after order
* Does not help towards compli- Retrofit level
Newbuilding ¢ Sace bk eag tacice perty Significant off-hire and dry-docking
** To be decided/adopted by the These figures are general estimates based on past D'\!V pr?jects and
Retrofit < - T e e b e e

should be verified on real operations.
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Pre-Swirl Devices

Pre-Swirl Devices: top left, Pre-Swirl Stator (PSS); top right, Pre-
Swirl Duct (PSD, e.g. Backer Mewis Duct), bottom; Becker Mewis
Duct Twisted (BMDT, specifically suited for container vessels)

'!Z'. OPTIMA SHIPPING SERVICES
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2uokeuég NMpooTpofiAou (PSD)
Apxég Asitoupyiag

- 01 PSD totroBeTouvTal TTpoaTa atrd TNV TTPOTTEAA yIa va BEATILWTOUV TN
pON Kal VA PEIWOOUV TIG EVEPYEIOKES OTTWAEIEG.

- Eival 1o ammoTeAeOPaTIKEG O€ TTAOIO UE UYPNAG CUVTEAEDTH TTANPOTNTAG
(Cb), 11.x. de€apevotThoia kai bulk carriers.

- Eival Aiydtepo atmoTeAEOUATIKEG O€ AETITOYPAPMES YAOTPES, OTTWG
containerships 1 LNG twin-skeg.

- H ouokeun kai n TTpoTTéAa TTPETTEl VA GUV-BEATIOTOTTOINBOUV LWOTE VA
dlaTnpouVTal Ol CWAOTEG OTPOYEG Kal To light running margin.

FFITNV TPAEN, Ta KEPSN gival ouvnBwS 64—77% TwV TTPORAETTOPEVWV.

O1 PSD ptropouv va au¢Acouv To QOpTIio TNG TTPOTTEAAG KOl VA JEIWCOUV TO
light running margin.

Mrtropei va uttdpéel pikpr) auénan TaxuTtntag, aAAG evOEXETaI €TTIONG VA
augnBei oplakd n kaTavdAwaon Kauaigou.



Pre-Swirl Devices ]
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Vessel type suitability

Small € = n =
I% Bulk carriers Medium € e E PCTC All q =
Ly
Large « e
Small €« e .
E— Tankers Medium ¢ g» [y Cruise vessels All X
Large « e
" — <SkTEU € e
@ Gas carriers D = @ Containerships <15k TEU e jumm
>15kTEU e jumm
Vessel age (years) Impact on CAPEX
T 200-500 kUSD per unit
5 e B | EEDI/EEXI v/ Efficlency gali
10 ¢ -y cli v 2-9%
EUETS v s
15 e No operational costs
20 ¢ FuelEU* 7 Implementation
GEI** v 12 months after order
T > - 2 A licabil. TS e IS Retrofit level
Pre-Swirl Devices: top left, Pre-Swirl Stator (PSS); top right, Pre- £ Y .
* Does not help towards compli- Docki ng

ance, but can reduce penalty

Swirl Duct (PSD, e.g. Becker Mewis Duct), bottom; Becker Mewis Newbuilding O | : Thbee 5t il et D s P DO et
Duct Twisted (BMDT, specifically suited for container vessels) L e Y O T
Retrofit e q (MEPC 82). 5 should be verified on real operations (Methodology described in DNV

RP-D675).
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High-efficiency rudder
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MnddAia YynAng Amédoong ota MAoia

O oxedlaopog TTndaAiou oTOXEUEl OTN MEIWOT TNG ATTAITOUHEVNG IGXUOG
mPOWONG Kal OTNV aTroTPoTrf) oTrnAdiwong (cavitation), €idikG o€ TTAoia
UWNAWYV TaxUTATWV.

Kdpiol oTtoxol oxediaong:

o

Zuv-oXedIOOUOG pe TNV TTPoTTéAa (1I0iwg OTa VEOTEUKTA).
KaAR 1kaveTnTa oTpo@ng (onuavTikn yia short-sea peta@opég).

Etrapkng euoTdBeia eKTPoTTAG (Yaw) ; Kpioiun yia TTAoia upnAouU
ouvteAeoT TTANPOTNTAG OTTWG deCapevoTTAola Kal bulk carriers.

Ag161TIoOTN B10TAPNON TTOPEIag O I0XUPOUG TTAEUPIKOUG OVEHOUG —
ONMAVTIKN yia TTAOIO e HEYAAN TTPOCPEPOEVN ETTIPAVEIO OTOV
avepo (containerships, car carriers, kpoualiepoTrAoia)

H amédoaon e€apTtdrtal atmd Tov TUTTOo, T0 MEYEBOG Kal TO AEITOUPYIKO TTPO@IA
TOU TTAOIOU.



High-efficiency rudder -
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Vessel type suitability
Small SN o [
i i C P
% Bulk carriers Medium e | E CTC All ¢ mp
Large € o=y
Small €« = e
= .
Ib Tankers Medium € p [ Cruise vessels All € p
Large C =y
<5k TEU ¢
, LNG © : : iy
@ Gas carriers Containerships <15k TEU ¢ g
Others € y
>15kTEU e g
Vessel age (years) Impact on CAPEX
— 250-1,500 kUSD per unit
EEDI/EEXI
5 - = v Efficiency gain
10 ¢« g cll v 2-4%
OPEX
15 ¢« g EUETS V 2
No operational costs
20 q = FuelEU* Implementation
GFI** 12 months after order
Applicability _— Retrofit level
* Does not help towards compli- Docking
ildi ¢ ance, but can reduce penalty
Newbuilding - iy These figures are general estimates based on past DNV projects and
= To be decidsd/adopasd by the ity . Actunlrumbers depend on vessel speciications and
IMO, n existing pre techn . Efficien in: , size, conditions, an
Retrofit - - MEPCEZ) e should ba verified oo real bptatiops (Methclogy descibed DNV
RP-0475).
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Wind-assisted propulsion systems
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Kipia XapakTnpioTIKA

Ta WAPS a€lotroioUv Tnv aloAIKr EVEPYEIQ yIa TNV
TTPOWaN Tou TTAoIoU, TTPOCPEPOVTAG €wg Kal 40%
MEIWON KAUGIUOU Kal EKTTOUTTWV.

O Gvepog gival TTNYA eVEPYEIAS MNSEVIKWYV EKTTOPTIGV, ®
XWPig KOOTOG KAUCIUOU KAl AVOEKTIKN OTO HEAAOV. o
Ta ouyypova WAPS xpnaoigoTroloUv TTponyuévn
agPOBUVANIKA, UAIKA, QUTOPATOTTOINGN Kl

OPOUOABYNON, UTTEPEXOVTAG TWV TTAPAdOTIOKWY IGTiWV.

>
oPTIMA
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Kipieg TpokARoelg

AopIKA eVOwWPATWOoN: atmaiTei
ONMOVTIKEG HETATPOTTEG OTO TTAOIO.
Agitoupyiki ac@dAsia: xpeidlovTai
oTIBapOG oxedIOTPOG Kal vEQ
TTPWTOKOAAG acPaAEiag.

NAipevikég AeiToupyieg: evOEXETaI va
atrairouvTal aAAay€EG oTov TPOTTO
avAaTTTUENG/XEIPIGHOU.

KavovioTIKR GUPNOp@Wao: Ol
I0XUOVTEG VAUTIKOI KOVOVEG UTTOPEI va
pnv uttooTtnpifouv TARpwg Ta WAPS.
NauoitrAoia: xpeidletai
emavagioAdynan opatdTNTAG, GWTWV KAl
XEIPIOTIKOTNTAG.

Evowpdtwon pe pnxavi:
BeATioTOTTOINON UBPIBIKAG TTPOWOCNG.
Exkraideuon mAnpwHATOG: VEES
01adIKOTiEG KAl pOUTIVEG TUVTHPNONG.
Oo6pupog/kpadaocpoi: Moavég
EMTITWOEIG OTNV AVESN TTANPWHATOG KAl
aTnNV aKePAIOTNTA TOU TTAOIOU.



WAPS technologies

Rotor sail

A rotor sail is a cylindrical structure rotating
around its own axis. The generated lift per sail
area is large, but it also produces relatively
large drag per sail area. The rotor does not
need trimming against the wind, making
operation relatively simple.

Suction wing

The suction wing is an oval-shaped vertical
structure. An electric-powered suction
system delays flow separation, increasing the
generated lift and reducing drag.

Wing sail

A wing sail is a foil-like structure, usually with
high-lift devices such as flaps to increase the
generated lift force. Aerodynamic efficiency

is relatively high. Rigid wing sails are made of
hard shells, while soft and hybrid wing sails
are made of modern textile material. This
gives some different characteristics in terms of
weight, for example.

Soft sail

A soft sail is a flexible fabric, flying
between a supporting mast and

a boom, often stabilized by sail battens.

Kite

A kite is a tethered sail made of lightweight
material, guided by ropes and flying in high
altitudes. Often, aerodynamic performance is
enhanced by dynamic motion.

'ﬁ" OPTIMA SHIPPING SERVICES

Vessel type suitability

Wind-assisted propulsion systems

EpTreipia Biopnxaviag (éwg lav. 2025)
~50 eutTopikd TTAOiIa e€OTTAIOCUEVA [E

WAPS.

Tayeia avaTTuén amd 1o 2020, pe 1Ioxupn
TTpoodokia JEAAOVTIKAG UI0BETNONG.
Katavopun TexvoAoyiwv:

O

Potopeg (rotor sails): 48%

Mrépuyeg avappopnong
(suction wings): 31%

loTiomrTépuyeg (rigid/soft wing
sails): 19%

Acroi (kites): 2%

Impact on
EEDI/EEXI
el]]

EUETS
FuelEU

GF *

* To be decided/adopted by the

v
v
v
v
v

IMO, based on existing proposals
).

(MEPC 82).

*
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CAPEX

~500-3,000 kUSD per vessel*
Efficiency gain

5-40%

OPEX

2-5%

Implementation

12 months after order for retrofits
Retrofit level

Docking

* Total cost per unit is generzlly lower for newbuild than for retrofit.
These figures are general estimates based on past DNV projects and
industry data. Actual numbers depend on vessel specifications and
technology. Efficiency gains vary by vessel type, size, conditions, and
should be verifled on real operations (Methodology described in
DNV RP-0684 and DNV RP-0675).

Vessel age (years)

Small e ¥ a — 5 « e |
&Hj Bulk carriers Medium ¢ ¥ o E PCTC All ™ 10 z =
Large - 15 =
—
Small « e | o
E—7  Tankers — sa ak b St
ankers Medium « -y [r— Cruise All ¢ -
LS e Applicability
e - <5k TEU ¢ ¥ ad
@ Gas carriers ok % Containerships  <15kTEU e umm Newbuilding ¢ _—
" r
ers o SISKTEU e 4 mm Retrofit ¢ e




Bulbous Bow ]
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Metaokeun BoABoegIdoug TAwpPNGg o€ TAoia
Kipia XapaKTnpIoTIKA

° H oxediaon Tng BoABoeIdoUg TTAWPNG TTPOCAPUOLETAI EEATOUIKEUPEVA OTO OXAUA TOU
TTAOIOU Kall OTO AEITOUPYIKO TOU TTPOWIA.

° O1 apyikég oxedidoeig oToxeuav o€ uPnAég TaxuTnTEG Kal peydAa Bubiopara.

° >Auepa Ta TTAoia Asitoupyoulv e XapunAOTePEG TaXUTNTEG Kal EAa@puTepa Bubicuara,
KOBIOTWVTAG TIG HETAOKEUEG 101AITEPT WPENIMEG.

° H 1Tpocappoyn TNG HOP®RG TNG TTAWPNG BEATIWVEI TRV USPOBUVAHIKA aTTédoaon uTTo
TIG TTPOYUOTIKEG OUVOAKEG AeIToupyiag.
Kupieg rpokAnoeIg

° Mpémer va AauBaveral uTTown oAGKANPoO To €UPOG AEITOUpyiag TOU TTAOIOU WOTE N
amdédoaon va gival aTiapn.

e  AmaitouvTal TpoXwpenuévol aAyopifuol BeATIOTOTTOINONG, TTOPOAMETPIKNA
HovTeAotroinon kal upnArn uToAoyIoTIKR 10XUG.

° H akpifeia oxediaong cival Kpioiun yia OUCIAOTIKE £§0IKOVOMNON KAUGIMOU Kal

BeATiwon emdocEWV.
rz’. OPTIMA SHIPPING SERVICES
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Vessel type suitability

Small X 8 —
% Bulk carriers Medium X E PCTC All € g
Large X
Small X _
ey Tankers Medium X [ Cruise vessels All e =
Large X
e <S5k TEU & g
« e
@ Gas carriers : @ Containerships <15kTEU e g
Others ¢« =
>15k TEU ¢ e |
Vessel age (years) Sopacton CATEX ;
T 500-1,500 kUSD per unit
EEDI/EEXI v/
g € T Efficiency gain
10 Cll v 2-15%
C
- OPEX
15 - EU ETS v .
— No operational costs
20 ¢ jme FuelEU* Implementation
GR** 4-9 months after order
Applicability = Retrofit level
* Does not help towards compi- Docking
idi , but edut
NQWbu‘ldmg 2 A NACHIRGE Pty These figures are general estimates based on past DNV projects and
** To be decided/adopted by the industry data. Actual numbers depend on vessel specifications and
Retrofit « q IMO, based on existing proposals technology. Efficency gains vary by vessel type, size, conditions, and
(MEPC 82). should be verifled on real operations (Methodology described in DNV
RP-0475).
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Air lubrication system

Schematic illustration of an air lubrication system

Io
[}

===

compressors

Air bubbles
Vessel type suitability
Small « =
% Bulk carriers Medium ¢ J= PCTC All T
Large q -
Small ¢ g
b Tankers Medium == Cruise vessels All « =p
Large q -
<5kTEU € ju»
: LNG « - :
@ Gas carriers Containerships <15k TEU ¢ e
Others « e
>15k TEU ¢ F ol

'!5'. OPTIMA SHIPPING SERVICES

Impact on

EEDI/EEXI v/

(al]] v

EU ETS v

FuelEU *

GF1**
* Does not help towards comph-

ance, but can reduce penalty

** To be decided/adopted by the
IMO, based on existing proposals
(MEPC 82).
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Vessel age (years)

5 €
10 e |
15 ¢ -
20 q
Applicability

Newbuilding € o
Retrofit ¢ =

CAPEX

500-3,500 kUSD

Efficiency gain

0-8%

OPEX

<1%

Implementation

12 months after order

Retrofit level

Docking

These figures are general estimates based on past DNV projects and
industry data. Actual numbers depend on vessel specifications and
technology. Efficiency gains vary by vessel type, size, conditions, and

should be verifled on real operations (Methodology described in DNV
RP-0695 and DNV RP-0675).



Air lubrication system bl

Types of technologies

Unlike an air chamber system (ACS), a method that
attempts to maintain air in fixed compartments, an air
lubrication system (ALS) provide a constant flow of air
bubbles to lubricate significant parts of a vessel's hull
(typically the flat bottom area).

There are active and passive ALS. There are different
type of air release units / injector nozzles and different
concepts for the arrangement (A-shaped, A-shaped, in
one row and in multiple rows).

'!5'. OPTIMA SHIPPING SERVICES
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ZuotAuarta AgpoAitravong MNaoTpag (ALS)
Kopia XapaKTnpIoTIKA

° Ta ALS peiwovouv Tnv TPIRIKA avTioTaon Tou TTAOIOU, TTOU €ival TO KUPIOPXO HEPOG TNG GUVOAIKAG
avTioToong oTO VEPO.

° Eyxéouv ouvexn pon Quoalidwyv aépa KaTd PAKOG Tou ETTITTEdOU TTUBPEVA TNG YAOTPOG.

° Meiwvouv Tnv omio0éAkouoa (drag) TPOTTOTTOIWVTOG TO OTPORIAWSEG OPIOKO OTPWHA UETALU
yaoTpag Kal vepou.

° KaBap6 6@elog 10XU0Gg = uciwaon 10XU0G oTov GEova — ATNon 1I0XU0G TOU CUNTTIEDTH.

Kupieg mpokARoeig

° Ta o@éAN Kaugoipou €EapTwvTal aTTd TOV TPOTTO TTAPOXNG I0XUOG OTOV CUNTTIECTH (YEVVATPIN dSova
vs BonBlnTikA pnxavn).

° Agv gival katdAAnAa yia 6Aoug Toug TUTTOUG TTAOIWV (TT.X. car carriers Pe MIKPK ETTITTESN €mMIQAVEIA
mUbpéva).

° H amédoon e€aptdral atré BUBICHA, TAXUTNTA KAl KATOVAAWGOT KAUGIIOU G€ HEPIKO POPTIO.

° Ta ammoteAéopaTa sea trials pTropei va UTTEPEKTIMOUV TO OPEAN GE TTPAYUATIKEG OUVOAKEG.

EuTreipia fiopnxaviag

° 2¢€ Agitoupyia, Ta USPOBUVAMIKG KEPSN CuyVA ival XOUNAGTEPA ATTO TA AVAUEVOUEVA.

° Ta ALS pTTopoUv va JEIWOOUV TOV PUTTOPOPO ETTOIKITUO Tng ydoTpag (biofouling),
amroTpémovtag BaAdooia mmkabion (11.x. barnacles, GAyn).

° >upBaAAouv o€ HEYOAUTEPO MECOBIACTAHATO OESANEVIOUOU KAl HEIWHEVEG OVAYKEG
ouvThApNONG.



Other Systems: Shore Power/Cold Ironing a]
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HAekTpodo6TnOon amé tnv =npd (Shore Power / Cold Ironing)

Kipia xapakTnpioTikd

XpnoipoTrolei NAEKTPIKA evEPYEIA aTTO TNV ENPA Yyia TNV TPOPodATNCN TWV
OUCTNUATWY TOU TTAOIOU OTaV €ival OEUEVO (QWTIOHOG, POPTOEKPOPTWUTEIC).
Katapyei Tn Acitoupyia Twv yevvnTplwy o010 AIAVI, BEATILOVOVTAG TNV EVEPYEIOKI)
atroedoaon.

Meiwvel eKTTOUTTEG Kal 00puUB0 GTIGC AIUEVIKES TTEPIOXEG.

Y1mrootnpidel @OPTION MTTATAPIWY VIO UBPIBIKA/NAEKTPIKG TTAOIO.

210 FuelEU Maritime, n nAekTpIKnA evépyela atmod Tnv Ened avTIJETWTTICETAI WG
HNndevikwyv ekmroptTrwy (well-to-tank).

Kipieg rpokAfoelg

To uwnAS NAeKTPIKO QopTio PTToPEi va emiIfapuvel Ta SikTua TWV AIJAVIWY: Ol
avafabuioeig eival datravnpég kai xpovoRopeg ; MoAUTTAOKN XwpoBEéTnon
UTTO0OHWYV O€ TTAoIa KAl TEPUATIKOUG OTABOUG.

‘EAA&1ign TuTrOoTroinOoNng o€ Tdoeic/ouvdioeig, €10IKA oTa bulk carriers, duoxepaivel
TNV epapuoyn. ; H Tutrotroinon Ba eméTpette amrpdokoTrTn diIacuvdeon, Heiwon
KOOTOUG €101KOU £EOTTAICOU Kal UTTOOTAPIEN HEIWONG EKTTOUTTWY KATA TNV
TTAPAPOoVH GTO AIJAVI.

*O kavoviouég FuelEU Maritime ei0dyel €TTiong uTTOXpEWaON MNOEVIKWY EKTTOPTTWV KATA TOV EAAIMEVIONO yia Ta idIa TTAOIQ, TTOU anuaivel 6T aTTo
10 2030 KOl METE TTPETTEI VO XpNolPoTIolEiTal shore power (i GAAN TexVOAOYia UNJEVIKWV EKTTOPTIWYV) OTAV TO TTAOIO TTApapEVEl TTAVW aTré dUO0 WPEG
Oepévo o€ Aipéva TEN-T.
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ance, but can reduce penalty

** To be decided/adopted by the
IMO, based on existing proposals
(MEPC 82).

Vessel type suitability
Small e _
I% Bulk carriers Medium € = | 6= ) PCTC All ¢ o
Large € s v
Small ¢« = .
IE:)Y Tankers Medium ¢ o [ Cruise vessels All e omp
Large «
s <5k TEU ¢ =p
L P
@ Gas carriers % Containerships <15k TEU ¢ P
Others ¢« =
>15k TEU ¢ E
Vessel age (years) Impact on CAPEX
50-3,500 kUSD per unit
5 — EEDI/EEXI — . . .
= Efficiency gain (Aux. engine)
=3 c v 25-50%
45 ; - OPEX
— . EUETS )
— No operational costs
Applicability FuelEU * Implementation
GEI ** 6-12 months after order
NEnibling - = Retrofit level
Retrofit —— * Do ot heks towsds romplis In operation

These figures are general estimates based on past DNV projects and
industry data. Actual numbers depend on vessel specifications and
technology. Efficiency gains vary by vessel type, size, conditions, and
should be verified on real operations.
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Simplified illustration of subsystems in an onboard carbon capture system

based on their functionality K(J pl a quq KTn p IC0TI Kd

H OCC decopevel CO: artreuBeiag atrd Ta kauoaépia TTpIv EKAUBET TNV aTHOCPAIPA.
o il ) ------% e  Mrropei va eapuooTei ge ac@daAcia oTa TTAoIA, aAAG aTTAITE TTEPAITEPW AVATTTUEN
e ka1 BeATioTOTTOINON.
Onboard storage

" amEm [m [ ] H O-KOT”“éTnTG EEGpTdTGI GTT(")
o

Méye0@og 1rAoiou, AsiToupyIkd TTPOQIA Kal poTif3o

O st ‘ —‘_a;;’:-" SpopoAdéynong/amacxoAnong.

_ o AlaBéoiun 1I0XU Kal OEpUIKA IKAVOTNTA TWV UNXavwyv/BondnTikwy.
BEEERIL) Eogine o AlaBéoipo Xwpo yia povadeg déopeuong Kal Se§apevéG aTToBRKEUONG.

Kuopieg TrpokAnoeig

e Ataiteital aAucida agiag CO:: Aipevikég eykaTtaoTdoelg TrTapaAafig Kal BIWCIPES
H€B0BoI TEAIKRG Sid0song/atrodnkeuong.

o MéyeBog deCapevwyv Kal TTITITWAON 0To Tagidl; iCwg XpeIaoTOUV EVOIAUETEG
TTPOOEYYioEIG.

e [oivA Kaucipgou: TTPOCOETN KATaVAAWON yia TN AEITOUPYia TOU CUCTHHOTOG
0éopeuoNG.

e  PuBuioTiKA aBeBaidTNTA: ACOQPES TTWG EVIACTETAI OE OXIUATA EKTTOUTTWY KOl
avaAuon kKukAou Jwrg (LCA).

3&" OPTIMA SHIPPING SERVICES e  Kivduvog ammwAeiag gopTiou Aoyw Xwpou/Bapoug Tou e€otrAicpou OCC.



Other Systems: On- board Carbon Capture

simplified ill ion of subsy in an onboard carbon capture system
based on their functionality
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Vessel type suitability
Small q@ =
l% Bulk carriers Medium € , = | 6o J PCTC All «
Large €
Small ¢
= e .
b Tankers Medium ¢ e S | Cruise vessels All q =
Large € amp
<5k TEU € o
el s inershi
Gas carriers Containerships <15k TEU ¢ e
Others € T=p
>15k TEU « A\
Vessel age (years) Impact on CAPEX
1-15 mUSD per installation
5 ¢ ey EEDI/EEXI* = ) Ny
CO; reduction potential
L === &= = 10.40% (=t
15 q = OPEX machinery space, tanks size, and fuel penalty
EUETS™ V 2
0 Note: 15-30% additional FuelEx,
2 S 20-40% buteOPEX ism:re :hgnathi:e :
FuelEU ***  — i
Applicability Implementation
GE| #wawx - 12 months after order
Newbuilding s= Retrofit level
Retrofit s | * No provision yet from IMO In operation, off-hire, or docking

** No provision yet from IMO

No point in including OCC in newbuilding *** only if proven permanent storage

today because of regulatory and infrastructure ****to be discussed from 2027
uncertainty. However in future newbuildings it ***** as per MEPC 82, postponed for
is very relevant. next MEPC

These figures are general estimates based on past DNV projects and
industry data. Actual numbers depend on vessel specifications and
technology. Efficiency gains vary by vessel type, size, conditions, and
should be verified on real operations.



Worked Payback example - Kamsarmax 34t/day

Assumptions
Fuel $600/t; EUA €80/tCO:; FX 1.07 $/€; ETS coverage 60%; phase-in 40%; EF 3.114 tCO./t; LHV 41 GJ/t; FuelEU penalty

€58.5/GJ; FuelEU deficit 2%; 240 sea-days. - NB Kamsarmax burns 20t/day of conventional fuel

Scenario

S1: Mainstream

S2: + Pre-swirl +
HE rudder + Bulb
bow

S$3: 82 + WAPS

S4: S2 +ALS

Measures Combin
ed
saving
%

High Performance Coating - HPC, Propeller Boss Cap 8.8
Fin - PBCF, Variable Frequency Drive - VFDs
HPC, PBCF, VFDs, Pre-swirl stator, High-efficiency 19.3
rudder, Bulbous bow retrofit
HPC, PBCF, VFDs, Pre-swirl stator, High-efficiency 29
rudder, Bulbous bow retrofit, WAPS
HPC, PBCF, VFDs, Pre-swirl stator, High-efficiency 24.2

rudder, Bulbous bow retrofit, ALS

New
burn
(t/day)

31.02

27.43

24.14

25.78

Gap to
newbuild
(t/day)

11.02

7.43

4.14

5.78

Annual
fuel saved

(t/yr)

716

1577

2367

1972

Fuel $
saving
(USDl/yr)

429453

946000

1420000

1183000

ETS €
saving
(EURVyr)

42794

94267

141500

117884

FuelEU €
saving
(EUR/yr)

34335

75633

113529

94581

“Which package would you pick—and why? Hint: weigh CAPEX vs payback vs absolute gap to 20 t/day.

Retrofits + operational discipline can meet near-term intensity targets on many trades and lower ETS/FuelEU exposure, but deep cuts (and

2050) need newbuild design + low-/zero-carbon fuels.

r&" OPTIMA SHIPPING SERVICES

Total $
saving
(USDl/yr)

511980

1127793

1692881

1410337

izj
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CAP
EX

(Us
D)

6200
00

2370
000

4370
000

4370
000

Simple
payback
(yrs)

21

3.1
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