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Abstract

The paper deals with the problem of energy demand for the main propulsion as a function of deadweight
and speed for general cargo vessels built in the 60-ties, multi-purpose general cargo vessels built In the 80-ties
as well as recently built container vessels. Changes in power of the main propulsion and trends observed in the
matter are defined. In the same way the analysies of electric power and boilers capacity are carried out. In the
summary conclusions and prognosis concerning energetic plants of general cargo and container vessels are
expressed.
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1. Introduction

General cargo vessels built in the 60-ties were designed for carriage of general cargo i.e.
industrial goods counted in number and packed in boxes, drums, bales, bags or other similar
packages. Such vessels were usually provided with cargo handling equipment (deck cranes,
cargo booms) to make possible cargo operation without aid of harbour cargo facilities. Cargo
space of the vessel was divided by bulkheads and twin decks to optimise the space utilisation
and to separate different kinds of cargo as well as to separate cargo of different destinations.
The speed of these vessels was 16 +17 knots. At the turn of the 60-ties and the 70-ties a new
kind of general cargo vessels fitted for container carrying named universal or multi purpose
general cargo vessels were built. They achieved service speed of 18+20 knots. In the mid of
70-ties traditional general cargo as well as multi purpose general cargo vessels were almost
entirely replaced by containerised cargo and ships named container vessels.

Container vessels are the ships equipped with special guides to freight vertically loaded
and unloaded containers. The first ship adapted in 1956 from tanker for container transport
was Ideal-X. Nowadays, the biggest container vessels can carry above 10,000 TEU and can
hardly be situated in panamax class dimensions. The number of those ships is bigger than
panamax class and they are used on routes excluding Panama Canal passing e.g. China — USA
West Coast. Today the biggest container vessel is MS EMMA MAERSK with carrying
capacity of 11,500 TEU shown in fig. 1.To ensure quick transport of containers all around the
world and to minimise transport expenses large container vessels travel overseas calling at a



number of big ports called hubs. Containers are delivered from smaller ports to hubs by small
container vessels (200-500 TEU) named feeders. A number of small container vessels (below
3000 TEU) is equipped with cargo handling facilities (deck cranes or bridge cranes), so they
are able to call at ports not equipped with cargo facilities. Bigger container vessels have to use
harbour equipment. Regarding vessel dimensions and weight of containers a special goliath
gantry cranes are used. Container vessels are the quickest freighters. They achieve service
speed of 24-26 knots.

Fig.1. M/S EMMA MAERSK at sea

An initial analysis shows as follow:

- the main propulsion is executed by low speed diesel engines; in case of modern
container vessels steaming with high speed very large and powerful diesel engines of
100,000 HP and bigger shaft power are used,

- three diesel generators create onboard power station on general cargo vessels;
sometimes an additional shaft generator is used; in case of container vessels the
onboard power station is considerably bigger due to the necessity of bow thrusters
and refrigerated containers supply,

- a boiler room usually consists of two auxiliary steam boilers one fuel fired and the
second one heated by main engine exhaust gases; capacity of boilers 2000-3000 kg/h
and considerably higher on big container vessel.

The aim of this paper is an analysis of the trends in development of main propulsion
power, electric power and auxiliary boiler capacity on general cargo and container vessels by
means of statistics.

2. Analysis of main propulsion plants development

To determine main propulsion power of general cargo vessels built in the 60-ties the data
of 287 such ships was taken to considerations [3]. The result of statistic calculations is the
formula (1) [3] [5] which shows the dependency of main propulsion power on deadweight and
ship service speed:

Nn= 0,039 - D %% .y 298 Tkw], 1)

where: N, [KW] - shaft power of the main engine,
D [tons] - deadweight,



v [knots] — ship service speed.
Statistic researches of container vessels built in the last years gave formula (2) [2]:

N, = (0,99179 + 0,00003412 - D) -v® [kW], )

On the basis of formulas (1) and (2) the dependency of main propulsion power on deadweight
and different service speed for general cargo vessels is shown in figure 2 and the same for
container vessels is shown in figure 3. To enable the comparison of main propulsion plants
development in last years for both cases, the approximation of both formulas was done by
means of linear functions. An example of the final analysis concerning main propulsion
power of both types of vessels for given speed v=18 knots is shown in figure 4.
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Fig. 2. Dependency of general cargo vessels main propulsion power on deadweight for different speed
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Fig. 3. Dependency of general container vessels main propulsion power on deadweight for different speed

N, = (0,9179 + 0,00003412 * D) * v* [KW]
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Fig. 4. Comparison of main propulsion power of general cargo vessels and container vessels
at service speed 18 knots

As the largest built general cargo vessels achieved deadweight of about 20,000 tons to
make it possible to compare with container vessels an extrapolation of power describing
function was executed as a prognosis. The result of comparison (fig. 4) shows that for vessels
larger than about 15,000 tons the main propulsion energy demand of general cargo vessels is
much bigger than the same of contemporary built container vessels. It is probably possible
due to the improvement in hull construction. General cargo vessels built in the 60-ties and the
70-ties did not have bow bulb and modern stern construction thus the resistance of ship hull in
motion was higher and the same for main propulsion power demand. On the other hand, a
high main propulsion power of container vessels is the result of high service speed because
container vessels are the fastest merchant vessels.

3. Analysis of onboard power station development
The total electric power of general cargo vessels onboard power station can be

approximately estimated from formula (3) elaborated by Centrum Techniki Okrgtowej in
Gdansk [4]:

% Ng =23 +0,1088 N, [kW], 3)
where: X Ng [KW] - total electric power,
N, [KW] - main propulsion power (main engine shaft power).

Next, the total electric power of container vessels power station is given in formula (4)
described in method [1]:

% Ng=1077 + 0,1580 N,, [kW], 4)

The dependencies of total electric power on main propulsion shaft power for general cargo
vessels and container vessels from formulas (3) and (4) are compared in figure 5. It is possible
to observe much bigger demand of electric power for container vessels than for general cargo
vessels. However some general cargo vessels were equipped with cargo handling facilities
which increase electric power demand, container vessels have bigger electric power demand
due to installation of bow thrusters and the necessity of power supply for a big number of
refrigerated containers.



Nel [kW]
14000 -
Cont. vsl

12000 /.

10000

8000 / — Gen.c.vsl

6000 /
4000 /ﬁ
2000 L

o e
O .'.. T T T T T T T 1

0 10000 20000 30000 40000 50000 60000 70000 80000
Nn [KW]

Fig. 5. Comparison of total electric power installed on general cargo vessels and container vessel
as a function of main propulsion power

4. Analysis of auxiliary steam boilers development

To determine total auxiliary boilers capacity on general cargo vessels formula (5) given in
[2] was used:

Dy = 0,075045 N, + 1054,5 [kg/h], ©)

where: Dy [kg/h] — total boilers capacity,
Nn [KW] - main propulsion power (main engine shaft power).

In turn total auxiliary boilers capacity on container vessels is given in formula (6)
described in [1]:
Dy =0,0657 N, + 2536,6 [kg/h], (6)

Dependency of total boilers capacity on main propulsion power for general cargo vessels
and container vessels calculated according to formulas (5) and (6) is compared in figure 6.
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Fig. 6. Comparison of total boilers capacity on general cargo vessels and container vessel
as a function of main propulsion power



Much bigger heat energy consumption on container vessels (fig. 6) is the result of a
considerably higher heavy fuel oil consumption. Heavy fuel oil system is the biggest heat
energy consumer on board up to 70% of produced energy. On the other hand powerful
engines of container vessels produce more exhaust gases which are used in gas heat boilers.

5. Summary

Obviously contemporary container vessels belong to ships with the biggest energetic plants
i.e. main propulsion plant, electric power station and steam boilers. An example of these is the
biggest container vessel in the world MS EMMA MAERSK built in 2006 with loading
capacity 11,500 TEU and service speed 25 knots (fig.1). The main propulsion of the vessel is
low speed diesel engine Wartsila Sulzer 14RT-flex 96C nominal shaft power 80,080 kW.
Onboard power station consists of 5 diesel generators of total power 20,700 kW and
additional 8,500 kW steam turbo alternator using steam from main engine exhaust gases heat
auxiliary boiler. Thanks to high waste heat utilisation the energetic efficiency of engine room
achieves 70% during sea passage. Economic analysis show that even bigger container vessels
are expected. However there is a limitation in the maximum power of the main engine. The
main engine mounted on MS EMMA MAERSK is the biggest diesel engine offered up till
now by diesel engine producers. Today, the only alternative is double engine propulsion the
same as used on modern biggest liquefied gas tankers. Other possibilities are turbine
propulsion, COGES propulsion system and V-type slow speed diesel engines which have not
been constructed yet.

References

[1] Giernalczyk, M., Gérski, Z., Method for determination of energy demand for main
propulsion, electric power production and heating purposes for modern container
vessels by means of statistics. Marine Technology Transactions. Marine Technology
Commity of the Polish Academy of Sciences. Gdansk 2004

[2] Michalski, R., Ship propulsion plants. Preliminary calculations. Szczecin Technical
University. Szczecin (1997).

[3] Nowakowski, L., Obliczenie przyblizonej mocy napedu drobnicowcow w zaleznosci od
nosnosci i predkosci (Calculation of approximate proulsion power of general cargo ships
relation of deadweight capacity and speed). Budownictwo Okretowe 1X/1970,

[4] Unification of ship engine room. Part V. Ship power plant. Study of Ship Techniques
Centre (CTO). Gdansk 1978.

[5] Urbanski, P., Gospodarka energetyczna na statkach. Wydawnictwo Morskie. Gdansk
1978.



	Zygmunt Górski, Mariusz Giernalczyk
	83 Morska Street, 81-225 Gdynia, Poland
	Nn =  0,039 ( D 0,435  ( v 2,918    [kW],                     (1)
	Nn =  (0,99179 + 0,00003412 ( D) (v3    [kW],                    (2)
	Fig. 3. Dependency of general container vessels main propulsion power on deadweight for different speed





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



