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0.0 Introduction. 

The purpose of this container ship conceptual study is to show how the exhaust gas emissions can be 

reduced for a typical large container ship by using appropriate developed and emerging technologies for 

reduction of exhaust emissions. 

The goal at the ƻǳǘǎŜǘ ƻŦ ǘƘŜ ǎǘǳŘȅ ǿŀǎ ǘƻ ŀŎƘƛŜǾŜ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƻŘŀȅΩǎ 

container ships of as shown below. These goals for the reductions were settled as the overall target for the 

ǇǊƻƧŜŎǘ άDǊŜŜƴ {ƘƛǇ ƻŦ ǘƘŜ CǳǘǳǊŜέ:  

CO2: - 30 % 

  NOx: - 90 % 

  SO2: - 90 % 

This container ship study is one of two studies supported by the Danish Maritime Fund and is part of the 

Ƴŀƴȅ ǇǊƻƧŜŎǘǎ ǳƴŘŜǊ ǘƘŜ 5ŀƴƛǎƘ ǇǊƻƧŜŎǘ άDǊŜŜƴ {ƘƛǇ ƻŦ ǘƘŜ CǳǘǳǊŜ ά 

Emission restrictions coming in force internationally or regionally in ECA´s (ECA = Emission Control Areas). 

The coming international rules for sulphur (SOx) content in fuel oil as decided by IMO will be as shown in 

Fig.1 below:  

 

Fig.1: Future IMO requirements for maximum allowable sulphur content in fuel oil. 
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Concerning Emission Control Areas, ECA areas, there is a tendency to extent these areas worldwide.  

Lately EPA (US Emission Pollution Agency) has put forward a proposal that will extend the ECA area to 200 

nautical miles from the coast of Canada and USA. It contains demands concerning use of fuels with less 

than 0,1% sulphur from 2015 and 80% NOx reduction from 2016. Instead of using low sulphur HFO this 

ǇǊƻǇƻǎŀƭ Ŏŀƭƭǎ ŦƻǊ ŜȄƘŀǳǎǘ Ǝŀǎ ŎƭŜŀƴƛƴƎ ŘŜǾƛŎŜǎ όάǎŎǊǳōōŜǊǎέ) which can remove the Sox from the exhaust 

gas. This method can be beneficial as the demand of low sulphur HFO most probably will exceed the total 

production worldwide in the future. 

 An EU directive limits the sulphur content of fuels to 0.10% or less in EU ports from January 2010!  

California CARB requirements limit sulphur content of fuels to 0.50% or less in Californian ports and within 

24 nautical miles from the Californian coastline from May 2009 ς i.e. already in force. 

 

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. 

Concerning CO2 it is expected, that rules will come in force in the near future for ships both as 

internationally and regionally. As stated by the Marine Environment Protection Committee (MEPC) it is time 

NOx emission limit schedule

according to IMO

(Int. Maritime Organisation)

0

2

4

6

8

10

12

14

16

18

0 400 800 1200 1600 2000

Engine RPM

N
O

x
 l
im

it
 (

g
/k

W
h

)

2000

2011

2016 (ECA´s only)

Tier  I 

Tier II 

Tier III 



 
GSF Container Ship Concept Study                      Odense Steel Shipyard Ltd                                       Page 6 of 74 

     

for action. A recent study has shown, that international ship trade in 2007 contributed about 2,7% of the 

world´s CO2 emission and also state that emission reductions are feasible through technical and operational 

measures including introduction of market-based reduction mechanisms (MEPC 59th session, July 2009). 

Different studies have stated CO2 reduction of 10 to 30% over the coming years under different 

assumptions. What is sure is that the CO2 will be reduced either by market based instruments or by 

introduction of technical requirements for new ships as stipulated by the introduction of the so-called 

Energy Efficiency Design Index (EEDI) or 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 Future project ς all participating are offering 

different ways to achieve the emission reduction goals. 

 

 

 Fig.3: Green Ship of the Future partners. 
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The following table shows, what these companies have reported different technologies can offer of 

improvements concerning emission reductions if installed on a ship ς in general terms. 

 

 

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

 

The table does not show the effect, when the measures and methods are combined in a ship.  

The effect of combinations depend on ship type, size, and finally but not least of the actual combination of 

technologies used in an actual project. 

This very point will be dealt with in this report. 

 

 

 

 

Measure/Method CO2 NOx SOx

MACHINERY
Dual/Multi MCR certification -1 to -3% - -1 to - 3 %
Turbo charging and variable nozzle ring
Waste heat recovery (WHR systems) -8 to -10 % -8 to -10 % - 8 to -10 %
Exhaust gas recirculation (EGR systems) +2 to 3% -70% -19%
Pump and auxiliary systems -1,5 % - 1,5 % -1,5 %
Pump- and cooling water systems -1,5 % - 1,5 % - 1,5 %
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 to 2% -30 to -35% + 1 to 2%

PROPULSION
Air lubrication system (ACS) -5 to -10 % -5 to -10 % -5 to -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 0 to - 5 % 0 to - 5 % 0 to - 5 %
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1.0 General. 

The container ship study is centered on the Maersk Linés so-called A-type ships ς a ship type which has a 

capacity of 8500 TEU (TEU = a twenty feet equivalent container unit). This type belongs to the group of 

ships with 17 container positions across on deck, which comprises about 26 % of the entire post-panamax 

container ship fleet, in turns of number of ships and the number of TEU positions on board (existing and 

ordered as of august 2009).  

The ships were built at Odense Steel Shipyard in 2003-2004 and are typical designs of the time i.e. fast 

slender containerships with more or less standard specifications. Most notable feature, however, being 

that they have complete double hull protected oil tanks, i.e. the oil tanks are separated from the ship side 

by a double hull construction. The cargo hold design is based on high cube containers i.e. containers with a 

height of 9,5 feet.  

Below the waterline the ships were coated with a tin-free self polishing anti fouling coating. 

 

Fig.5: A.P. Møller ς Mærsk A-Class container ship: Anna Maersk. 
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2.0 Description of the A-class container ship. 

The main data for this ship type is: 

Length over all 352.25 m 
Length PP 336.40 m 
Breadth 42.80 m 
Depth 24.10 m 
Draught (scantling) 15.00 m 

Deadweight (scantling) 109000 
 

tons 
 

ISO container positions (capacity) Approx. 8500 TEU 

Main engine: Wärtsilä 12RTA96C  

Main engine power output (MCR) 63000 kW 
Revolutions 100 RPM 
   

Electrical shaft motor 6000 kW 

Diesel  generators: 1 x 2590 kW(e) 
 3 x 3455 kW(e) 

   

 

The ship has an 8.9 meter diameter fixed pitch propeller with 6 blades and a conventional semi spade 

rudder.  

The design speed, 26. 5 knots in calm weather, with a power requirement exceeding the service rating of 

85% MCR of the main engine -the total propulsion power requirement is therefore supplemented by extra 

power from an electric shaft motor (PTI = power take in).  

To obtain the 26.5 knots the main engine delivers 56000 kW and the electric shaft motor 6000 kW, in total 

62000 kW. To drive the shaft motor a total of 6771 kW auxiliary diesel power is needed taking 

transmissions losses etc into account. 

The specific oil consumptions of the main engine and the auxiliaries are 165.3 g/kWh and 191.0 g/kWh 

respectively under ISO conditions, when using diesel oil with a calorific value of 42.8 MJ/kg. These are so-

called catalogue values otherwise used throughout the report.  

Electric balance 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+2960/0,95) x 191.0)*24/1000000 tons/ day = 

 268 tons diesel oil/24 hours equal to 283 tons HFO/24 hours 

 

This fuel consumption will based on heavy fuel oil with typical sulphur content of 3% give an emission 

outlet of, if the engine complied to Tier I requirements: 

  CO2: 878 tons per 24 hours 

  NOx: 26 tons per 24 hours 

  SO2: 17 tons per 24 hours 

  Particulates: 3 tons per 24 hours 

 

The purpose of this study is now to see, how much these emissions can be reduced by adding energy saving 

and emission reducing technologies. 

 

3.0 General arrangement. 

 

 

Fig.6: A-Class container ship sized for 8500 TEU containers ς Profile and cross section. 
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4.0 Machinery arrangement. 

The machinery arrangement for the A-class container ship is concentrated around the main engine with all 

the ancillary systems distributed on the different decks from tank top to casing. 

 

 

Fig.7: A-class container ship: Shaft tunnel arrangement with electric shaft motor to boost 

propulsion. 

 

The electric shaft motor is installed to supplement the propulsion power if high speed is required-(behind 

on sailing schedule, bad weather or fouling on hull and / or propeller). 

 

Electric shaft motor 
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Fig.8: A-Class container ship: Tank top arrangement in engine room with main engine and 

misc. ancillary machinery equipment. 
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Fig.9: A-Class container ship: Auxiliary engine deck arrangement with 3 (out of 4) auxiliary 

engines. 


