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0.0 Introduction.

Thepurposeof this container shipconceptualktudyis to showhow the exhaust gas emissions can be
reducedfor atypical large container ship by usiagpropriatedeveloped and emerging technologies
reduction of exhaust emissions

Thegoalatth@ dzi a S 2F (GKS addzRe gl a G2 | OKASPS SYAaarzy
container ships ofs shown belowThese goals for the reductions wesettled as the overall target for the
LINE 2SO0 aDNBSY: { KAL) 2F (G(KS Cdzii dz2NB ¢

CcQ: -30 %
N[O% -90 %
SQ: -90 %

This container ship study is one of two studies supported by the Danish Maritime Fund and is part of the
YFEye LINRP2SOGa dzy RSN GKS 51 yAakK LINRP2SOG aDNBSyYy { KA

Emission restrictions coming in foritgernationaly or regionaly in ECA"'$ECA= Emission Control Areas

The cominginternational rulesfor sulphur (SOx) content in fuel oilas decided by IM@ill beas showrin
Fig.1below.
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Fig.1: Future IMO requirements for maximum allowadeigphur content in fuel oil.
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GoncerningEmission Control Areag&CA areashereisa tendency to extent thesareasworldwide.

Lately EPAUS Emission Pollution Agenbgs put forward a proposal that will extend the ECA area to 200
nautical miledrom the coast ofCanada and USA. It containgr#nds concerning use of fuels with less

than 0,1%sulphur from 2015 and 80% NOx reduction from 20&teadof usinglow suphur HFO this

LINB LI2al £ OFftfa F2N SEKI dziivihicigdn Eemayé tBel Sgxifrgnitheredauast O S &
gas. This méiod can be beneficias thedemandof low sulplur HFOmost probably will exceed the total
productionworldwidein the future

An EU directivdimits the suphur content of fuels to 0.10% or less in EU ports from January 2010!

California CARB requiremariimit sulplur content of fuels to 0.50% or less in Califomgrts and within
24 nautical miles from the Caliform&oastline from May 2008 i.e. already in force.
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Fig.2 IMO requirements for maximum allowable NOx emissions for diesel engines.

The rules coming in force concerning NOx emissions is internationally controlled by IMO and to some
extent by local national governments stating separate demands for NOx within ECA areas.

CGoncerning Coit is expected, that rules will come in force in thear futurefor ships both as
internationaly and regiondl. As stated by the Marine Environment Protection Committee (MEPC) it is time
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for action A recentstudy ha shown that internationalship trade in 2007 contributed about 2,7% of the
world’s C@emission and also state that emission reductions are feasible through technical and operational
measures including introduction of markkased reduction mechanisms (MEP® §8ssion, July 2009).
Different studieshave statedCQ reduction of10 to 30% ovethe comingyearsunder different
assumptionsWhat is sure is that the G@iill be reduced either by market based instruments or by
introduction of technical requirements for new shipssiipulatedby the introduction of the saalled

Energy Efficiencesign Index (EBQr by a combination of these two measures.

The potential of the Green Ship of Future partnership.

The following companies are partners in this Green Ship of the Fptaject ¢ all participatingare offering
different ways toachiewe the emission reductiogoals.
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Fig.3: Green Ship of the Future partners.
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The following table shosywhat these companies have reported different technologies can offer of

improvements concerning emission reductions if installed on achmmgenerakerms.

Measure/Method Co, NOXx SOx
MACHINERY

Dual/Multi MCR certification -1 t0 -3% -1t0-3%
Turbo charging and variable nozzle ring

Waste heat recovery (WHR systems) -810-10 % -810-10 % -810-10 %
Exhaust gas recirculation (EGR systems) +2 10 3% -70% -19%
Pump and auxiliary systems -1.5 % -15% -1,5 %
Pump- and cooling water systems -1.5% -15% -15%
Automated engine monitoring -1% - -1%
Scrubber systems (- 3 %) -98 %
Optimised control for ship cooling

LNG powering of a fast ferry -25 % -35 % - 100 %
(Water In Fuel emulsion (WIF)) +1 10 2% -30 to -35% +1t0 2%
PROPULSION

Air lubrication system (ACS) -51t0-10 % -510-10 % -510-10 %
Innovative propeller Not yet known | Not yet known | Not yet known
OPERATION

SIMAC GSF Student forum Not yet known | Not yet known | Not yet known
Performance monitoring of silicone antifouling -6 % -6 % -6 %

Lab on a ship 0to-5% 0to-5% 0to-5%

Fig.4: Green Ship of the Future reported emission reduction potentials.

Thetable doesnot showthe effect whenthe measures and methods are combined in a ship.

The effect otombinationsdependon ship type, sizeand finally but not leastfithe actual combination of

technologies used in an actual project

Thisvery point willbe dealt with in this report.
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1.0General.

The container ship study is centered the Maersk Linesso-calledA-type ships; a shiptype which haa
capacity of 800 TEU (TEU = a twenty feet equivalent container Uit type belongs to the group of
ships with 17 container positions across on deck, which comprises ab&atd? the entire pospanamax
containership fleet,in turns of number of ships and the nin@r of TEU positions on boafelxisting and
ordered as of august 2009)

The ships were builit Odense Steel Shipyaird20®-2004 and are typical designs of the time i.e. fast
slender containerships with more or less standard specifications. Most ndedtiere, however, being

that they have completelouble hull proteceéd oil tanks i.e. the oil tanks are separated from the ship side
by a double hull constructiofThe cargo hold design is based on high cube contairersontainers with a
height of 9,5eet.

Below the waterline the ships were coated with atiae self polishing anti fouling coating.

Fig.5:A.P. Mglleg MaerskA-Classontainer shipAnna Maersk.
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2.0 Description of the Alasscontainer ship.

The mairdata for this shigypeis:

Length over all 352.25 m
Length PP 336.90 m
Breadth 42.80 m
Depth 24.10 m
Draught(scantling) 15.00 m
Deadweight(scantling) 109000 tons
ISO container positiongapacity) Approx. &00 TEU
Main engine: Wartsila 12RTA96C
Main engine power outpu(MCR) 63000 kW
Revolutions 100 RPM
Electrical baft motor 6000 kW
Diesel generators: 1 x 2590 kW(e)
3 x 3455 kW(e)

The ship haan 8.9 meter diameter fixed pitch propellewith 6 bladesand a conventional semi spade
rudder.

Thedesignspeed 26. 5 knotsn calm weatherwith a power requirement exceeding the service rating of
85% MCR of the main engirtbe total propulsion power requirement is therefore supplemented by extra
power from an electric shaft motor (PTI = power take in)

To obtan the 26.5 knots the main engine delig&6000 kW and thelectricshaft motor 6000 kW, in total
62000 kW To drive the shaft motor a total of/@1kW auxiliary diesel power is needeaking
transmissiongosses etinto account

Thespecific oil consuntjpns of the main engine and the auxiliariase 165.3 g/kWh and 191.0 g/kWh
respectively under ISO conditignghen using diesel oil with a calorific value of 42.8 MJIkgese are so
called catalogue values otherwise used throughout the report.

Electricbalance show in average a load of 2960 kW(e) at sea.
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The total oil consumption for the 26.5knots is thus:
(56000 x 165.3 §6771+29600,95) x 191.0)*24/1000000 tons/ day =

268 tons diesel 0il24 hoursequal to 283 tons HFO/24 hours

This fuel consumtion will based on heavy fuel oil with typicallphurcontent of 3%givean emission
outlet of, if the engine complied to Tier | requirements

CQ: 878 tons per24 hours
NQ; 26 tons per24 hours
SQ: 17 tons per24 hours

Particulates: 3tons per24 hours

The purpose of this study is now to see, howch these emissions can be redudsdadding energy saving
and emissiomeducingtechnologies.

3.0 Generadrrangement.

Fig.6:A-Class container ghisized for 8500 EU containerg Profile and cross section
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4.0 Machineryarrangement
The machinery arrangement for thecdass container ship is concentrated around the main engine with all

the ancillary systems distributezh the different deckfrom tanktop to casng.
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Fig.7:A-classcontainer ship Shaft tunnebhrrangementwith electricshaft motor to boost

propulsion.

Theelectricshaft motor is installed to supgment thepropulsionpower if high speeds required-(behind

on sailing shedule, bad weatheor fouling on hull and / or propellgr
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Fig.8:A-Clasontainer ship Tankiop arrangement in engine roomith main engineand
misc. ancillary machinery equipment.
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Fig.9:A-Clasontainer ship Auxliary engine declkarrangementwith 3 (out of 4)auxliary
engines.
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