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4  Ivica Kuzmanić: From Editor-in-Chief

From Editor-in-Chief
Ivica Kuzmanić

Dear Readers,

After a very good acceptance of the first two issues, in front 
of you there is the third issue of the internationally reviewed 
scientific journal “Transactions on Maritime Science“ published 
by the Faculty of Maritime Studies of the University of Split. The 
Journal is published in the electronic, open access and paper 
form. It is our wish that the readers can access it as easily as 
possible and with minimum expense.

In this issue we provide eight papers. The scientific areas 
of nautical studies, maritime engineering, maritime satellite 
communications, marine power engineering, environment 
preservation, maritime law and economy are presented. The authors 
presenting their papers in this issue come from Croatia and abroad.

We have made a few steps further in giving our Journal 
both an international and scientific profile. We have introduced 
three reviews of the double blinded type! Also there has been an 
increase in the number of scientific bases to reference the Journal 
as well as in the number of regional editors.

We have remained faithful to the decision of publishing in 
each issue a paper to let our readers promote their knowledge of the 
English language. There is no need to emphasize how important it is 
to people involved in maritime affairs. This paper is also interesting 
for its ever provoking topic: politically correct speech.

We have also remained faithful to the other area that we 
wish to promote, i.e. preservation of our cultural heritage. Again, 
there is a poem written in the dialect spoken by the inhabitants 
of the town of Vis on the island of Vis. A careful reader will 
notice that this is not the same vernacular as presented by the 
poem in the previous issue. It was the vernacular spoken by the 
inhabitants of the place called Komiža on the same island. But it 
is by no means the same! This is the only contribution presented 
in two languages: the vernacular of the author Line Blažević and 
the inspired English translation by Mirna Čudić. The poetess 
Lina Blažević, born in 1941, draws inspiration from her love and 
affection for the island of Vis, invoking it through poetry which 
absorbs all her deepest emotions. Her happiness is enhanced 
by the fact that the island reciprocates her love, also becoming 
her best friend, never ceasing to present her with its beauties. 
For almost 20 years Lina Blažević has been acting at the “Ranko 
Marinković“ Amateur Theatre in the town of Vis. The audience 
loves her, and she has been praised and awarded by the critics.

I would like you to pay particular attention to “News from 
IMO“ provided by our London collaborator Tatjana Krilić, as well 
as to the news from the maritime world among which I would 
certainly recommend the 61st anniversary of the cult radio show 
“Seafarers’ Evening”. 

We still hope that the papers we are publishing will urge 
you to cooperate.

Ivica Kuzmanić

From Editor-in-Chief

Article Digitale Bibliothek Braunschweig
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The Use of Horizontal 
and Vertical Angles in 
Terrestrial Navigation

Zvonimir LušićThe Use of Horizontal and Vertical 
Angles in Terrestrial Navigation
Zvonimir Lušić

The methods of determining a ship’s position in terrestrial 
navigation by using vertical and horizontal angles are nowadays 
rarely used. The reason is the relative complexity of the procedure 
and the lack of accuracy of some methods. Different methods of 
using horizontal and vertical angles to obtain the line of position 
(LOP) will be presented in this paper, as well as the occurring 
errors and recommendations for use. In this paper, the sextant 
will be considered a basic instrument for measuring horizontal 
and vertical angles. The sextant allows a very precise measuring 
of angles from which very accurate lines of position can be 
obtained.

KEY WORDS
 ~ Horizontal angles
 ~ Vertical angles
 ~ Terrestrial navigation
 ~ Sextant

1. INTRODUCTION

A horizontal angle can be obtained as a difference between 
two bearings or two relative bearings. The bearing(1) and relative 
bearing(2) of a ship are usually measured using a pelorus(3) or 
radar. A better solution for obtaining a horizontal angle is the 
use of a sextant (Figure 1). The sextant is a primary instrument 
for celestial navigation, i.e. instrument designed to measure 
the altitudes of celestial bodies above the visible sea horizon. 
However, the sextant also allows us to measure the vertical angle 
of terrestrial objects (the angle between the top of the object 
and the visible sea or shore horizon) as well as horizontal angle 
between two points.

Generally speaking, the marine sextant measures the angle 
between two points by bringing the direct image from one point 
and a double-reflected image from the other into coincidence, 
and can usually measure angles up to approximately 120˚ 
(Bowditch, 2002).

The main advantage of the sextant compared to other 
angle measuring instruments is its precision. For example, the 
pelorus can measure up to a maximum of 1/10 of a degree (in 
practice the bearing is usually rounded to a whole degree), while 
the marine sextant normally measures 1/10 of a minute (Figure 2).

Figure 3 shows a gyro compass repeater and Figure 2 a 
sextant with micrometer drum and varnier, that reads a fraction 
of a minute.

1 The true bearing of an object is the clockwise angle in degrees from the north 
line (000°) to a straight line drawn from the ship to the object.

2 The relative bearing of an object is the clockwise angle in degrees from the 
heading of the vessel to a straight line drawn from the ship to the object. 
Heading is the direction in which a ship is pointed at any given moment. 

3 Pelorus-compass or compass repeater, with sighting vanes or a sighting 
telescope attached.

University of Split, Faculty of Maritime Studies, Split, Croatia

e-mail: zlusic@pfst.hr
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Figure 3. Gyro compass repeater
Source: http://www.flickr.com

Figure 2. Micrometer drum sextant set at 29°42.5’. 
Source: Bowditch, 2002, p. 265.

Figure 1. Sextant. Source: Coolen, 1987, p. 494.
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Figure 5. LOP from a horizontal angle ( α ) - 
determination of the radius (r).

Figure 4. Bearing sight (diopter)
Source: http://www.compassmuseum.com

The mounting of a bearing sight (Figure 4) on top of a 
compass makes it possible to measure bearings.

Therefore, although the sextant makes the obtainment 
of very precise vertical and horizontal angles possible, the final 
accuracy of the associated line of positions will be different. 
Generally, since the line of position obtained by vertical angles 
is more complex than the one obtained by horizontal angles, the 
probability of error is bigger. The main reasons are: the influence 
of the dip of the sea (or shore) horizon, error in the height of the 
observer’s eye and error in the height of the observed object. 
These errors have to be taken into consideration during the 
measurement of the vertical angle. The obtainment of a line of 
position from a horizontal angle only requires the existence of a 
horizontal angle between the two charted objects. Knowing the 
corresponding graphical or numerical methods, it is relatively 
easy to construct a circle as a line of position on a navigation map 
(Figure 5 and 6). 

In case the vertical angle of a terrestrial object is known, the 
vertical angle alone is not enough. The height of the observer’s 
eye and the height of the object observed both need to be 
known. In addition, there is yet another problem with vertical 
angles of terrestrial objects of known height. The base of the 
object (shore horizon(4)) can either be visible (shore horizon 
within the observer’s visible sea horizon) or not (shore horizon 
beyond sea horizon). Consequently, the resolution of this 
problem requires the application of different methods. There are 
also methods for obtaining the line of position by using a vertical 
angle if the height of the objects is unknown. These methods will 
also be explained in further text.

4 Shore horizon-line that separates sea from land.

2. LINE OF POSITION FROM A HORIZONTAL ANGLE

The line of position from a horizontal angle is a circle. To 
draw a circle, its radius must be known. In this case the radius (r) 
can be determined either mathematically (Figure 5) or graphically 
(Figure 6).

2 sin
AB

r
α

=
⋅

 (1)

Figure 6 shows how to graphically obtain LOP from a 
horizontal angle ( 90α < ° ). If a horizontal angle is greater than 90˚ 
the observer lies on the minor arc of a position circle. It means that 
the auxiliary lines should be plotted under the angle ( 90α < ° ) on 

Figure 6. LOP from a horizontal angle ( α ) - graphical 
construction of LOP.
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Figure 9. Distance from a horizontal angle knowing the 
length of base (B) and length of object (L).

the opposite side of the base AB in Figure 6.
In some circumstances, the distance from the object 

observed can also be obtained from the horizontal angle (Figures 
7 and 8) (Kos et al., 2010).

Distance D can be calculated from the known length of the 
base (B) and the parallax angle α  (triangle A, P1, P2 - Figure 7):

tan
B

D
α

=  (2)

This principle uses optical rangefinders.
A similar approach is described in Figure 8. Distance D can 

be calculated from the known length of the base (between two 
positions or two observers; points A and B) and the corresponding 
horizontal angles ( ,α β ):

180γ α β= − −

: sin : s n’ iD D β γ=

’ sin
sin

D
D

β
γ

⋅
=  (3)

Another approach to determining the distance from an 
object of known length involves the comparison of two triangles; 
the first enclosed by endpoints of a distant object and a reference 
point placed between the base and the object, and the second 
enclosed by endpoints of the base and the reference point 
(Figure 9). If the length of the base (L) and the distance (d1) from 
the base to the reference point (or distance of angle α at the 
reference point from the base) are known, the distance from the 
reference point to the object (d2) can be obtained.

Figure 7. Distance from a horizontal angle ( α ).

Figure 8. Distance from a two horizontal angles.

B - distance between two observer positions,
L - length of the object,
d1 - distance from the base to the reference point,  
d2 - distance from the reference point to the object.
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L d
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⋅

=  (4)
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3. LINE OF POSITION FROM A VERTICAL ANGLE

The vertical angle can be measured on a terrestrial object 
of known or unknown height. Likewise, the shore horizon of the 
observed object can either be visible or beyond the sea horizon. 

3.1. Distance by vertical angle of the object if the height 
of the object is known

a) Visible shore horizon
If the height of the object is known and shore horizon 

visible, the problem of determination of distance from a vertical 
angle can be solved by a simple right triangle (Figure 10). In this 
simple case, the impact of the dip of the shore horizon and the 
height of the observer’s eye will not be taken into account.

- the error due to waterline not being below the peak of the 
object does not exceed 3% of the distance (D) when the 
height of the eye is less than 1/3 of the object’s height and 
the offset of the waterline from the base of the object is less 
than 1/10 of the distance (D),

- the errors due to the curvature of the Earth and atmospheric 
refraction are generally considered negligible for practical 
use.

A more accurate line of position by vertical angle requires 
that the height of the observer and the dip of the shore horizon 
(Figure 11) be taken into consideration.

Figure 10. Distance from a vertical angle.

α  - vertical angle,
H - height of the object,
D - distance to the object. 

tan
H

D
α

=  (5)

or (Simović, 2001):

3438 13
1.86

tan1' 1852 7
H H H H

D
α α α α

= = = =
⋅

 (6)

Equations (5) or (6) provide the solution based upon the 
following assumptions:
- the eye of the observer is at sea level,
- the sea surface is flat,
- atmospheric refraction and the dip of a shore horizon are 

negligible, and
- the waterline by the object is vertically bellow the observed 

peak of the object.

Also, some additional facts about this method (Bowditch, 
2002):
- the error due to the height of the eye does not exceed 3% 

of the distance (D) for sextant angles under 20˚and the 
height of the eye less than 1/3 of the object’s height,

Figure 11. Distance from a vertical angle-visible shore 
horizon.

D - distance to the object,
α  - vertical angle,
H - height of the object above sea level,
Dipsh - Dip of the shore horizon,
Dipsea - Dip of the sea horizon,
DipT - True dip.

The distance to the object can be calculated by the 
following equation (Benković et al., 1986): 

1.86
' sh

H h
D

Dipα
−

=
+

 (7)

In equation (7), h and H can be expressed in meters (or 
feet), vertical angle α  (corrected for index error of the sextant) 
in minutes and Dip of the shore horizon (always negative) in 
minutes.

Most of nautical tables contain tabulated values of the Dip 
of the shore horizon(5). The Dip of the shore horizon can also be 
calculated by equation (Coolen, 1995):

[ ]
2( ')

'
2 '
sea

sh
Dip D

Dip
D
−

=  (8)

where D’ is the distance from the observer to the waterline at the 

5 For example: (Norie’s, 1991), (Nautičke tablice HHI, 1999), (Bowditch, 2002), etc. 
These same tables offering the calculated distances from the vertical angles. 
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Figure 12. Impact of the Dip of shore horizon on the 
Distance to the observed object. Results obtained in 
accordance with Equation (7): 30'α = ; (H - h) = 50m; 
100m and 150m.

object and Dipsea is (Benković et al., 1986):

[ ]1.77 'seaDip h=  (9)

The True Dip (Benković et al., 1986):

[ ]1.93 'TDip h=  (10)

and the Distance of sea horizon:

[ ]2.08 . .Dsea h n m=  (11)

Equation (7) gives approximate results just like equation 
(6), although it takes into account a larger number of parameters. 
Equation (7) does not take into consideration: the influence of 
refraction, the different distance of observer-top of the object 
and observer - shore horizon, tides, error in the Dip of the shore 
horizon, etc. One of the biggest problems in equation (7) is 
establishing the Dip of the shore horizon. To establish the Dip of 
the shore horizon (equation 8) the distance of the shore horizon 
is required, i.e. the distance that is basically the same as the 
variable required. The application of equation 7 (and 8) requires 
that the distance of the shore horizon be:
- empirically estimated by the observer,
- calculated via equation (7) (without taking into account the 

Dip),
- calculated via equation (7) with assumption that Dipsh is 

same like the Dipsea, or
- calculated via equation 5 or 6.

All of the above mentioned methods of estimation 
(calculation) of the distance of the shore horizon will generate 
unreliable Dip and accordingly unreliable LOP by vertical angle. 
Figure 12 shows an example of the impact of Dip on LOP error.
dD - change of Distance (n.m.); dDip - change of Dip(’)

The Dip of the shore horizon has a significant impact on the 
error of the LOP from a vertical angle. Even a few minutes’ error in 
Dip can cause an error of more than one nautical mile in distance. 

b) Shore horizon beyond the sea horizon
When the shore horizon is beyond the sea horizon, i.e. 

when the shore horizon is invisible to the observer, the Dip of the 
sea horizon should be taken into account. Figure 13 illustrates 
the situation when the shore horizon is beyond the sea horizon.

Figure 13. Distance from a vertical angle-shore horizon 
beyond of the sea horizon.

Distance D (Benković et al., 1986):

2( ) ( ) 3.7126( )sea eaD dep deps H hα α= − + + + + −  (12)

In this case there is no problem establishing the Dip, 
because the Dip of the sea horizon (equation 9) is in function only 
at the height of the observer’s eye (for standard atmosphere(6)).

3.2. Distance by vertical angle of the object if the height 
of the object is unknown

Without knowing the height of the observed object, the 
distance from a vertical angle cannot be determined directly. 
Further text will present several methods of indirectly obtaining 
the distance from a vertical angle when the height of the object 
is unknown. All methods will be based on a simple case, i.e. the 
surface of the Earth will be considered flat, the eye of the observer 
at sea level and the impact of the atmospheric refraction and the 
Dip negligible.

a) Distance from a vertical angle - two observations at two 
different times
If the course towards the object is maintained, with two 

observations of the same object and if the distance between the 
observation points is known, the distance to the object can be 
calculated (Figure 14).

6  Standard atmosfhere: +10°C, 1013hPa (Benković et al., 1986).
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Figure 15. Distance from two vertical angles with use of 
height of own vessel - height of object unknown.

Figure 14. Distance from two vertical angles in two 
observations - height of object unknown.

Procedure (Figure 14): At point A measure the angle α . Move 
the ship a known distance D’ (point B) and measure the angle β  
(Ifland, 2002). From the triangle ABD:

sin
'' '

sin( )
d D

α
β α

=
−

 (13)

From triangle BCD distance d is equal:

sin
' cos
sin( )

d D
α β

β α
= ⋅

−
 (14)

and height of the object is:

sin
' sin
sin( )

H D
α β

β α
= ⋅

−
 (15)

In case that ship is not on course towards the object, 
distance d is: 

sin
' cos cos

sin( )
d D L

α β
β α

= ⋅ ⋅
−

 (16)

L - relative bearing on the object.
This method is almost the same as the method calculating 

the distance of an object by two bearings, for which there are 
tables with final results(7). The only difference is that the situation in 
Figure 14 is placed in the vertical rather than the horizontal plane.

b) Distance from a vertical angle – use of height of own vessel
Basically, this method requires the use of a sextant with 

artificial horizon.
Procedure (Figure 15): At the ship’s deck (lower level) measure 

the angleα . Climb to the top of the mast (upper level), a known 
height, and measure angle β  using an artificial horizon (Ifland, 2002).

7  Nautical table 8 (Nautičke tablice,1999), Table 18 (Bowditch, 2002). Result for 
distance abeam, from these tables, corresponding to the height of the object 
(equation 15).

tan
DH
D

β =   and  tan
h DH

D
α +

= .

Accordingly,

tan
(tan tan )

h
H h DH h

β
α β
⋅

= + = +
−

 (17)

To determine distance D, equation (5) can be used.
A simplified solution can be reached if we use the height of 

our own ship to determine the angle of parallax π  (Figure 16).

Figure 16. Distance from vertical angles with use of 
height of own vessel and parallax angle π .

From triangle ABC (Figure 16):

tan
h
D

π =

and finally (see equation 2):

tan
h

D
π

=

c) Distance from a vertical angle – two observations with the 
same vertical angle
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Two observations of the same object, each with the same 
vertical angle (or ship in movement with the same vertical angle 
on the object), allow the easy establishment of distance to the 
object (Figure 17).

, ,α β γ  - horizontal angles,
ε   - vertical angle,
 D(A)  - distance to the object from ship A,
 D(B)  - distance to the object from ship B,
 D’  - distance between ship A and ship B,
 H  - height of ship A.

Solution I (Ifland, 2002)
Ship B measures the vertical angle of ship A ( ε ), knowing 

the height of ship A. Also, ship B measures the horizontal angle 
β  (between ship A and the object), while ship A measures the 

horizontal angle α  (between ship B and the object). Using the 
vertical angle ( ε ) and the height of ship A (h), ship B calculates 
the distance D’. Knowing the horizontal angles ( , ,α β γ ) and the 
distance D’, equation (3) can be used to obtain distances D(A) or 
D(B) (see Figure 8).

Solution II
Ship B may be considered the second position of ship A. 

Provided there is mutual exchange of information between the 
ships, the situation can be considered the same as in 3.2. a) (see 
figure 14), and accordingly, equation (16) can be applied.

4. LOP ERROR

Navigational errors are usually divided into three main 
types (Benković at al., 1986): 
- mistakes,
- systematic errors, and
- random errors.

A mistake is a blunder of the observer, for example: 
incorrect reading of an instrument, data entry error, wrong 
calculation, etc. Systematic errors are those which follow some 

Figure 17.
Two observations with the same vertical angle.

Figure 18. Distance from a vertical angle-use of two 
ships.

α  - horizontal angle (L2 – L1),
β  - vertical angle, 

 L - relative bearings.

Situation in Figure 17 can be described as special case of 
situation in Figure 14. 

Distance to the object D:

'

2sin
2

D
D α=  (18)

or (in case of sailing under the same vertical angle and under the 
assumption that D’ is equal to the arc of the circle having radius 
D): 360 : 2 ’:D Dα π= .

360 ’
2

D
D

π α
⋅

=
⋅ ⋅

 (19)

d) Distance from a vertical angle – use of two ships
Instead of making two or more observations from one 

ship, distance to the object can also be obtained from two or 
more ships (Figure 18). One of the requirements is that the ships 
communicate with each other.
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rule and which can be predicted, for example: index error of the 
sextant, chronometer error (CE - difference between GMT and 
chronometer time), error of the compass that is the same in all 
directions, etc.

Random errors are unpredictable and follow the laws of 
probability. Due to random errors, navigational measurements 
are usually normally distributed around a mean, or average, value 
(Bowditch, 2002).

If it is assumed that mistakes of the observer and systematic 
errors occur with the same frequency when determining the 
different types of LOPs, the random error will have the greatest 
importance in defining the accuracy of these LOPs. Figure 19 
shows how random errors cause the shift of LOP for bearing and 
distance.

dA - distance from observer to the object A,
dB - distance from observer to the object B,
AB - distance between object A and B,
m - standard error.

Figure 19. Shift of LOP for bearing ( ω ) and distance (D).

Figure 20. Shift of LOP for a horizontal angle.

Figure 21. Comparison of shift of of LOP for  bearing, 
distance and horizontal angle (for horizontal angle: 
distance AB = 5 n.m., dA = dB).

Example: Let’s take a bearing accuracy of +/- 0.5˚ and 
distance accuracy of +/- 0.5% of the distance (MSC.192) and let 
these limits represent standard errors. Also, let the standard error 
of the sextant be +/- 1’, for measuring horizontal angles. Figure 
21 shows the result.

 m - standard error, 
n∆  - shift of LOP, 

ω  - bearing,
 D - distance.

Shift of bearing ( n∆ ), in function of the distance (d) to the 
object, can be calculated by the following equation (Benković et 
al., 1986):

'
57.3 3438
m d m d

n
⋅ ⋅

∆ = =




 (20)

while the Shift of distance ( n∆ ) is equal to the standard error (m).

LOP for a horizontal angle (or vertical) is a circle, i.e. same 
as for distance. Shift of LOP for a horizontal angle (Figure 20) can 
be calculated by the following equation (Benković et al., 1986):

'
57.3 3438

m dA dB m dA dB
n

AB AB
⋅ ⋅ ⋅ ⋅

∆ = =
⋅ ⋅





 (21)
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All of the above confirms that the line of position from a 
horizontal angle (measured by sextant) is more accurate than the 
line of position from distance or azimuth.

Vertical angles theoretically have the same advantages 
as horizontal angles. However, in practice the situation is quite 
different. As already mentioned in section one, the main reasons 
for the lesser accuracy of the LOP from a vertical angle in relation 
to the LOP from a horizontal angle are: the influence of the Dip 
of the sea (or shore) horizon, the height of the observer’s eye and 
the height of the observed object. The influence of the Dip of the 
shore horizon on LOP error has already been explained (section 
3.1., Figure 12). Even a one minute error in Dip can cause an error 
in distance greater than one nautical mile. The Dip of the shore 
horizon has the function of distance to the shore, and since the 
distance is unknown to the observer, an error in Dip is inevitable.

The Dip of the sea horizon is much easier to calculate 
(equation 9). However, the occurrence of errors can also be 
expected and the main reasons are: error in the height of the 
observer’s eye and empirically taken influence of refraction (for 
example: in the Croatian nautical table the Dip of the sea horizon 
is 8% lower than true Dip) (Nautičke tablice, 1999).

The height of the observer’s eye above sea level can be 
precisely determined, but the height of the observed object 
above sea level is questionable. The main reason is that the 
actual sea level is different than the one in the navigation map 
(correction for height of tide is required). Also, some facts to keep 
in mind (Coolen, 1987): the charted height of an object can be 
given above Mean High Water Spring, Mean High Water Neap 
or Mean Sea Level; for lighthouses, charted height is measured 
from the chosen level to the centre of the focal plane of the light; 
in publication ‘’List of lights’’, the ‘’Height’’ of a light refers to the 
height of the structure measured from the top of the structure to 
the ground, although the action of natural or artificial forces may 
cause the actual height to differ from that on the map, etc.

Even the sextant has error, and an index error is usually 
synonymous with several errors that can be determined and 
taken into consideration. In all situations when distances are 
calculated from a vertical angle (and horizontal angle), the 
observed angle should be taken into account instead of the 
sextant angle. The sextant angle is the actual angle, i.e. the angle 
read from the sextant. The observed angle is the sextant angle 
corrected for index error.

Due to all these facts, generally, the distance from a 
vertical angle will not have the same accuracy as distance from a 
horizontal angle. However, this does not diminish the importance 
of the vertical angle and its usefulness in terrestrial navigation. A 
good navigator will be able to use it just as well as the horizontal 
angle, or as radar bearing and distance.

5. CONCLUSIONS

Although the establishment of LOPs from horizontal and 
vertical angles requires certain additional skills, the methods of 
establishing LOPs are, in the end, not that complicated. These 
methods can also be considered a part of the basic know-how 
and skills of navigators. The availability of modern navigational 
aids and present-day simplicity of determining one’s position at 
sea do not mean that traditional knowledge should be forgotten 
and not used in practice. Among other things, the sextant is still 
a mandatory instrument on board and should be used daily or at 
least occasionally to maintain the skills of handling it. The line of 
position obtained from a horizontal angle using sextant can be 
very accurate, much more so than azimuth and distance. On the 
other hand, the line of position obtained from a vertical angle 
may be less reliable, not because of the sextant, but due to other 
errors mainly resulting from the curvature of the Earth and the 
existence of the Earth’s atmosphere. At small distances from the 
coast and if the height of the eye of the observer is low, these 
errors are negligible. Finally, we can say that the importance of 
vertical and horizontal angles in terrestrial navigation is much 
greater than appears at first glance, and that those who don’t 
have a sextant on board (or don’t know how to use it) do not 
know how much they are losing.
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1. INTRODUCTION

Generally, circular orbits of satellites are categorized as 
Geosynchronous Earth Orbits (GEO), Medium Earth Orbits (MEO) 
and Low Earth Orbits (LEO). The main difference between them is 
their attitude above the Earth’s surface (Richharia, 1999; Roddy, 
2006; Maral and Bousquet, 2002).

The Sun synchronization feature is typical for LEOs. Sun 
synchronized low Earth orbits have a very wide application in 
scientific missions based on photo imagery, like weather, Earth 
observation and space exploration (Oberright, 2004).

The specific application of LEO satellites is related to 
location determination in case of maritime distress. The satellite 
system is designed to raise distress alert and provide location 
data to assist in search and rescue operations. A satellite detects 
and locates distress beacons (406 MHz) activated at a distress 
location. The system calculats the location of a distress event 
using Doppler processing techniques (Cakaj et al., 2010).

A natural phenomenon like nodal regression effect enables 
orbital Sun synchronization (Chobotov, 2011). The satellite’s 
position in space is defined by space orbital parameters, briefly 
described in the second section. The mathematical background 
of nodal regression is also provided. Finally, the last section 
deals with the defined conditions for sun synchronization to be 
attained at different orbital attitudes. The paper ends with the 
inclination window determination for sun synchronization of low 
Earth orbits.

2. SPACE ORBITAL PARAMETERS

The path of a satellite’s motion is an orbit. In order to 
describe the satellite’s movement within its orbit, the space 
orbital parameters need to be defined. These space orbital 
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LEO (Low Earth Orbit) environmental satellites provide 
continuous coverage of Earth, supplying meteorological and 
oceanic observation data which are important in aerospace and 
maritime. The missions of such satellites are mainly based on 
photo imagery. For photo imagery, it is also important that the 
area observed from the satellite is treated under the same lighting 
conditions. This can be achieved by keeping the orbital plane 
position constant relative to the Sun due to the Earth’s motion 
around the Sun, defined as orbital Sun synchronization. The line 
of nodes defines the orientation of the satellite’s orbital plane 
in space. Nodal regression is defined as the shift of the orbit’s 
line of nodes over time, as Earth revolves around the Sun. Nodal 
regression is caused by the Earth’s oblateness. Nodal regression 
is a very useful feature, especially used to synchronize low Earth 
circular orbits with the Sun. Nodal regression depends on orbital 
attitude and orbital inclination angle. This paper provides an 
inclination window calculation for different attitudes in order to 
maintain orbital Sun synchronization.
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Figure 1.
Space orbital parameters.

parameters are schematically presented in Figure 1 and defined 
under items a), b), c) and d) (Cakaj and Malaric, 2007; Cakaj et al., 
2007).
a) The position of the orbital plane in space.

This is specified by means of two parameters - inclination 
i and right ascension of the ascending node Ω. Inclination i 
represents the angle of the orbital plane with respect to the 
Earth’s equator. The right ascension of the ascending node Ω 
defines the location of the ascending node. The ascending and 
descending orbital crossing nodes make a line of nodes, with 
respect to a fixed direction in space. The fixed direction is the 
Vernal equinox. The Vernal equinox is the direction of the line 
connecting the Earth’s center and the Sun on the first day of 
spring (Richharia, 1999; Roddy, 2006; Maral and Bousquet, 2002).
b) Location of the orbit in orbital plane.

An infinite number of orbits can be laid within an orbital 
plane. Thus, the orientation of the orbit in its plane is defined by 
the argument of perigee ω. This is the angle, taken positively from 
0º to 360º in the direction of the satellite’s motion, between the 
direction of the ascending node and the direction of the perigee 
(Richharia, 1999; Roddy, 2006; Maral and Bousquet, 2002).
c) Position of the satellite in orbit.

The position of the satellite in orbit is determined by the 
angle θ called the true anomaly, which is the angle measured 
positively in the direction of the satellite’s movement from 0º to 
360º, between the direction of the perigee and the position of the 
satellite (Richharia, 1999; Roddy, 2006; Maral and Bousquet, 2002).
d) The shape of orbit.

The shape of orbit is presented by the semi-major axis a 
which defines the size of orbit and the eccentricity   which defines 
the shape of the orbit.

3. NODAL REGRESSION

The Earth rotates towards the East to West. This is known as 
the eastward direction, while the opposite is called the westward 
direction. An orbit in which satellite moves in the same direction 

as the Earth’s rotation is known as prograde or direct orbit. The 
inclination of a prograde orbit always lies between 0º and 90º. 
Most satellites are launched in a prograde orbit because the 
Earth’s rotational velocity provides part of the orbital velocity 
with the consequent saving of launch energy (Richharia, 1999; 
Roddy, 2006; Maral and Bousquet, 2002).

An orbit in which the satellite moves in direction opposite 
to that of the Earth’s rotation is called retrograde orbit. The 
inclination of a retrograde orbit always lies between 90º and 180º.

The Earth is not a spherical homogeneous body. The Earth is 
characterized by a bulge at the equator, and a slight flattening at 
the poles. The terrestrial potential at a point in space (in our case 
the point indicates a satellite) depends not only on the distance r to 
the Earth’s centre but also on the respective longitude and latitude. 
This terrestrial potential is expressed through geo-potential 
coefficients nJ , so called zonal harmonics. Zonal harmonics nJ  
reflect the potential dependence on the latitude. The 2J  term due 
to the flattering of the Earth dominates all other terms. The values 
of these coefficients are given by different models. Based on GEM4 
model it yields (Maral and Bousquet, 2002):

3
2 1.0827 10J −= ⋅  (1)

The potential generated by the non-spherical Earth 
causes variations of the orbital elements. The most affected 
orbital elements are the argument of the perigee and the right 
ascension. Only the effect on the right ascension is considered 
in this paper. Under this effect, the right ascension of ascending 
node Ω  is shifting. The line of nodes lying in the equatorial plane 
drifts about the center of the Earth; consequently the orbital 
plane shifts.

Nodal regression refers to the shift of the orbital plane over 
time, as the Earth revolves around the Sun. Nodal regression is 
a very useful feature especially utilized for circular orbits which 
it provides with Sun synchronization. An approximate expression 
for the nodal rate regression of Ω  due to time is expressed as 
(Maral and Bousquet, 2002):

r θ
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Figure 2. Nodal regression [°/day].

Table 1. Nodal regression [°/day].0 2

3
( ) cos
2

d
n AJ i

dt
Ω

= −  (2)

where:

2

2 2 2(1 )
ER

A
a e

=
−

 (3)

and 6378ER =  km is Earth’s radius, e  is orbital eccentricity, i  is 
the inclination, a  is a semi-major axis of a satellite’s orbit and 0n  
is mean movement of the satellite:

0

2
n

T
π

=  (4)

whith T  being orbital period. For circular orbits 0e =  and a r= , 
where r  is the orbital radius of a circular orbit. Orbital period for 
circular orbits is expressed as:

3

2
r

T π
µ

=  (5)

where 143.986005 10µ = ⋅ m3/s2 is the Earth’s geocentric 
gravitational constant. For circular orbit yields:

2

2
ER

A
r

=  (6)

Substituting (4), (5), and (6) at (2) and then considering values 
of ER , µ and 2J , finally stems nodal regression expressed by 
inclination i and orbital radius r . The nodal regression expressed 
in [ ]/ day°  is (Basics of space flight, 2011; Tewari, 2007):

[ ]14
7 2

cos
2.06474 10 /

i
day

r
∆Ω = − ⋅ ⋅ °  (7)

It follows from (7) that the nodal regression for circular 
orbits depends upon the orbit inclination and orbital altitude 
(radius). The nodal regression is zero if the inclination angle is 90°. 
Since when the orbit inclination angle is 90i < ° , the deviation is 
negative, according to (2) the satellite orbital plane rotates in the 
direction opposite to the direction of the Earth’s rotation. When 
the orbit inclination angle is 90i > ° , the deviation is positive, 
so the satellite orbital plane rotates in the same direction as the 
direction of the Earth’s rotation. Thus, if the orbit is prograde, 
the nodes slide westward, and if it is retrograde, the nodes slide 
eastward. This means that due to the above effect, the nodes 
(line of nodes) move in the direction opposite to the direction of 
satellite motion; hence the term nodal regression. When the rate 
of change is negative, the regression is westward and when the 
rate is positive the regression is eastward.

The nodal regression effect is typical for LEO orbits. For 
higher orbits this effect is negligible. The aim of this paper is to 
conclude the range of nodal regression for different LEO orbit 
attitudes under different inclination angles. Considering the Van 
Allen belt effect (above around 1400 km) (Van Allen radiation 

Inclination
[ º ]

Orbital radius [km]
7000 7200 7400 7600

20 - 6.74 - 6.12 - 5.55 - 5.06
30 - 6.21 - 5.64 - 5.12 -4.66
40 - 5.50 - 4.99 - 4.52 - 4.13
50 - 4.61 - 4.19 - 3.78 - 3.46
60 - 3.59 - 3.26 - 2.95 - 2.69
70 - 2.45 - 2.22 - 2.02 - 1.84
80 - 1.24 -1.13 - 1.02 - 0.94
90 0 0 0 0

100 1.24 1.13 1.02 0.94
110 2.45 2.22 2.02 1.84
120 3.59 3.26 2.95 2.69
130 4.61 4.19 3.78 3.46
140 5.50 4.99 4.52 4.13
150 6.21 5.64 5.12 4.66
160 6.74 6.12 5.55 5.06

belts, 2012), attitudes from 600 km up to 1200 km are considered 
for simulation purposes. The eccentricity of LEOs is too low, and 
can be expressed as 0e ≈  and a r=  Thus, for attitudes between 
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600 km and1200 km, if the Earth’s radius is rounded to 6400ER ≈
km, the orbits’ radius range of between 7000 km and 7600 km is 
obtained. Considering (7), for such orbits’ radius range the nodal 
regression [°/day] is calculated for different inclination angles i 
and given in Table 1 and Figure 2.

The above results confirm that nodal regression for 
attitudes between 600 km and 1200 km may range from 0° up to 
6.7° depending on the inclination angle. Lower inclination causes 
higher deviation. If inclination is 90° there is no nodal deviation. 
Figure 2 illustrates that for eastward regression, inclination 
i  must be greater than 90°, consequently, the orbit must be 
retrograde. This enables the orbital plane to keep a constant 
angular relationship with the Sun throughout all the year’s 
seasons. If the nodal regression causes a satellite’s orbit to shift 
for about one degree per day throughout the year, the satellite’s 
orbit will be aligned with the Sun. If this condition is met, the 
orbit is Sun synchronized.

4. ORBITAL SUN SYNCHRONIZATION

LEO satellites have a very wide application, e.g. for astronomical 
purposes, remote sensing of oceans, Earth’s climate changes or 
Earth’s imagery with high resolution (NOAA web page, 2012).

LEO environmental satellites are a part of the international 
Search and Rescue Satellite Aided Tracking (SARSAT) system. 
Ships and vessels must be equipped with an appropriate beacon 
which sends a signal to the satellite in case of distress. Each 
satellite pass transmits information about distress location. In 
cases of aircraft, marine or individual distress, the accuracy of 
location determination and the time required to alert rescue 
authorities depends on the reliability of communication between 

the ground terminals and satellites.
In order for the observed area to be treated under the same 

illumination conditions during satellite photo imagery missions, 
the position of the observed area relative to the Sun is very 
important. This could be achieved by keeping a constant Sun 
position related to the satellite’s orbital plane. The angle between 
the normal orbital plane vector and normal Sun vector must be 
kept constant, as in Figure 3 (Zee and Stibrany, 2002).

A fixed orbital plane with respect to the Earth effectively 
makes a 360º rotation in space in one year (about 365.25 days), 
since the Earth itself rotates around the Sun by 360º. This rate 
is equivalent to the rotation of the orbital plane of about 0.986
[ ]/ day°  (Zee and Stibrany, 2002). By choosing a pair of particular 
values of i and r , an orbit the nodal regression of which varies 
each day by a quantity equal to the rotation of the Earth around 
the Sun may be obtained. Mathematically this is expressed as:

0.9856 /
d

day
dt
Ω

=   (8)

[ ]14
7 2

cos
2.06474 10 0.9856 /

i
day

r
∆Ω = − ⋅ ⋅ = °  (9)

The angle between the line of nodes of the orbits and the 
mean direction of the Sun obtained in this way remains constant 
throughout the year as presented in Figure 4 (Cakaj et al., 2009). 
Thus, the normal vector of the orbit and the vector of the Sun keep 
the same angularity during the year. The orbits which fulfill this 
condition are known as Sun synchronized orbits. This is a very useful 
application for observation of the Earth because the satellite always 
views a given location on the Earth under similar Sun illumination.

From Figure 2 it is obvious that (6) and (7) are fulfilled only 
for i1  90° respectively for retrograde orbits. By solving the (9) for 

Figure 3.
Orbital Sun
synchronization
concept.

Figure 4.
Sun synchronization
through seasons.
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Table 2. Nodal regression [°/day].

orbital attitude of 600 km, consequently for a = r = 7000 km under 
no eccentricity (e = 0), the inclination for Sun synchronization will be:

i1 = 97.9° (10)

and for orbital attitude of 1200 km, consequently for
a = r = 7000 km under no eccentricity (e = 0) the inclination for 
Sun synchronization will be:

2 100.5i = °  (11)
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Inclination
[ º ]

Orbital radius [km]
7000 7200 7400 7600

97 0.876 0.793 0.721 0.656
98 1.001 0.906 0.824 0.750
99 1.125 1.018 0.926 0.843

100 1.248 1.131 1.028 0.936
101 1.372 1.242 1.129 1.028

Considering these values of inclination, as well as the range 
of lower and higher orbital attitudes, the nodal regression for the 
inclination range between 97° and 101° is presented in Table 2 
and Figure 5. From Figure 5, for nodal regression of 0.986°/day for 
LEO attitudes of between 600 km and 1200 km (radius between 
7000km and 7600km), the inclination range between 97.9° and 
100.5º is obtained, and consequently the inclination window 
having the width of 2.6°.

5. CONCLUSIONS

Nodal regression is a very useful feature, especially utilized 
to synchronize circular orbits with the Sun. Sun synchronized 
orbits are used for satellites the missions of which are mainly 
based on photo imagery, also having application in maritime.

Sun synchronization feature is typical for LEOs. At medium 
and high orbits (MEO or GEO) the nodal regression effect is 
negligible, and such orbits cannot be Sun synchronized. 

Sun-synchronization for circular orbits depends on attitude 
and inclination and is retrograde. The orbital Sun synchronization 
is achieved through inclination angles ranging between 97.9° 
and 100.5° for LEO attitudes between 600 km and 1200 km. The 
inclination window for sun synchronization has the width of 2.6° 
for attitudes ranging between 600 km and 1200 km.
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Figure 5. Inclination window.
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Operational Reliability of the 
Rotary Cup Burner Type Saacke - 
SKV 60 of Marine Boiler
Joško Dvornik, Srđan Dvornik

1. INTRODUCTION

There are four sources of data for predicting the reliability 
of a system in the stage of development: 
• manufacturer;
• experience in using similar systems;
• adequate statistical methods;
• technical literature.

The system as a whole is the starting point when gathering 
the information necessary for reliability forecasting. If the 
data referring to a system are not available, it is necessary to 
decompose the system to the levels for which the data are 
available. It is neither necessary nor recommended to go any 
further, even in the event of stopping at the first level below the 
system level. 

However, it is sometimes necessary to reach the most 
elementary components of the system as it is at this level that the 
data required can be gathered.

When predicting the operational reliability of a marine steam 
boiler rotary cup burner (Vujanović, 1987), it is necessary to:
• define the rotary cup burner as a system;
• define faults;
• define operational and maintenance conditions;
• set the algorithms for calculating the reliability;
• determine the failure rates for separate components of the 

rotary cup burner;
• modify the fault indexes for the burner components;
• calculate the reliability of the rotary cup burner.

When defining the rotary cup burner as a system, it is 
necessary to determine its components and their relationships. 
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One of the steps in predicting the reliability of a system 
includes determining the failure rate of the system’s components. 
The latter is obtained on the basis of the data available to the 
manufacturer, experience in using similar systems, using statistical 
methods and technical literature. In practice, the starting point in 
the process of foreseeing the reliability of any technical system is 
the assumption of constant failure rates. The system components’ 
failure rates which are determined in this way represent the 
so-called nominal values. This value is commonly modified by 
taking into account operation loads and environment conditions 
under which the observed system component is supposed 
to operate. In most cases the quantitative values of these two 
factors result from the engineering assessment that is based on 
the data available to the manufacturer or the user and takes into 
account the inevitable effect of a number of subjective factors. 
Predicting reliability is a process of determining numerical values 
which show the probability that machinery or engine will meet 
previously set requirements. The basic objective of reliability 
prediction is to ensure timely maintenance. This paper discusses 
predicting the operational reliability of the rotary cup burner 
type SAACKE - SKV 60 in the marine steam boiler TPK/VIC 8.5/7.
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The components represent the subsystems of the rotary cup 
burner. A fault is defined as an occurrence of conditions that 
impede the rotary cup burner’s operation. The operational 
conditions determine the rotary cup burner’s working conditions. 
The maintenance conditions affecting the reliability of the rotary 
cup burner must be known before reliability prediction. The 
block diagram of reliability presents the functional connection 
of the system or the blocks within the system. The rotary cup 
burner’s reliability is obtained by introducing the values of the 
failure rates of the system components into the algorithm for 
calculating the reliability in a defined period of time.

2. CONSIDERING THE ASSUMPTION ABOUT THE 
CONSTANT FAILURE RATE

The above mentioned procedure for predicting the 
reliability does not assume that the failure rate has to be constant. 
It is known that the failure rate for most electronic components 
is constant, i.e. not dependent on time. Although the failure rates 
for other components depend on time, it has been found out that 
these changes are small considering the long period of operation 
of these components.

In both cases a minor error is made by introducing the 
assumption about the constant failure rate. If the failure rates 
of components are independent of time, then the reliability of 
a system comprising such components could be calculated 
by applying the exponential distribution (Vujanović, 1987), 
therefore:

g t
gR e λ−=  (1)

where gR  is the reliability of the system – the rotary cup burner, 
and gλ  is the failure rate of the system.

In the case of sequence configuration gλ  is calculated from 
the equation:

1

n

g i
i

λ λ
=

= ∑  (2)

where iλ  is the failure rate of the i component of the system – 
the rotary cup burner. 

It should be noticed that in this case the mean time 
between failure of the system – the rotary cup burner gM  can 
be calculated from:

[ ]1
g

g

M h
λ

=  (3)

Even in the event of major changes in failure rates 
dependent on time, minor mistakes result from using the so-
called stable failure rate in foreseeing the reliability of a system 
over a certain period of time provided that the period of time 
corresponds to the period for which the value of the stable failure 

rate has been determined. 
This is in line with the renewal theory since the application 

of preventive maintenance to the components having a growing 
failure rate accelerates the renewal process and helps achieve the 
so-called state of balance faster. In this case it can be assumed 
that the system fails according to the law of the exponential 
distribution (Vujanović, 1987).

2.1. Using the c2 distribution for establishing the 
confidence limit in the exponential distribution

Quite often there are no available data on any failures for 
some of the system components but we do know the time that 
component was in service. If we assume that the exponential 
distribution can be applied to the given component, it is possible 
to establish the lower confidence limit of the failure rate both 
for the situation where there was no failure and for the situation 
where there was one or more failures according to (Ivanović and 
Stanivuković, 1983).

The lower confidence limit for the mean time between 
failures θ̂  for the confidence interval 1 α−  is given by the time, 
(Vujanović, 1987):

2

2ˆ
,2 2

rt
rα

θ
c

≥
+

  (4)

where:

rt  - total time of operation of the system (rotary cup burner);
r   - number of failures of the system (rotary cup burner);

2 ,2 2rαc +  - random changeable value belonging to the
2c  distribution.

In this case the upper value of the failure rate ĉ  for the 
confidence interval 1 α−  is calculated from the equation:

2 ,2 2ˆ
2 r

r
t

αcc +
=  (5)

For a given value of the confidence interval 1 α−  and 
the known number of failures r, the value of 2 ,2 2rαc +  can be 
determined according to Table 1 (Pavlić, 1985).

3. RELIABILITY PREDICTION FOR THE SAACKE SKV 60 
ROTARY CUP BURNER IN THE MARINE STEAM BOILER 
TPK/VIC 8.5/7

The task of the fuel oil system devices is to prepare and 
ensure the combustion of fuel oil in the most efficient way and in 
line with the requirements of the plant. Combustion is a complex 
process occurring in multiple stages through which oil particles 
pass before they burn completely. 

When using liquid fuel oil the combustion process involves 
several stages: mixing with air, heating, evaporating, thermal 
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atomization, creation of combustible mixture, ignition and 
combustion. Each stage considerably affects the combustion 
process, and if one of the stages is not met, the fuel oil will burn 
incompletely (Levit, 2000).

One of the essential prerequisite for the complete 
combustion is a good atomization of fuel oil (Prelec, 1990), the 
quality of atomisation depending on:
• way of atomization;
• design features of the atomization nozzle;
• viscosity of fuel oil;
• surface tension of fuel oil.

Atomization is converting the liquid fuel oil into fine spray 
in order to facilitate the most efficient oil-air mixing in a given 
period of time under actual combustion conditions within a 
furnace. The rotary cup burner type SAACKE – SKV 60 providing 
the rotational fuel oil atomization is used for observing the fuel 
combustion, see Figure 1, according to (Instruction book, 2003).

The operational principle involves the entrance of 

Table 1.
Probability values for the c2 

distribution.

n c2 0.50 c2 0.30 c2 0.25 c2 0.20 c2 0.10 c2 0.05 c2 0.025 c2 0.01 c2 0.005 n

1 0.455 1.074 1.323 1.642 2.706 3.841 5.024 6.635 7.879 1

2 1.386 2.408 2.773 3.219 4.605 5.991 7.378 9.210 10.597 2

3 2.366 3.665 4.108 4.642 6.251 7.815 9.348 11.345 12.838 3

4 3.357 4.878 5.385 5.989 7.779 9.488 11.143 13.277 14.860 4

5 4.351 6.064 6.626 7.289 9.236 11.070 12.832 15.086 16.750 5

6 5.348 7.231 7.841 8.558 10.645 12.592 14.449 16.812 18.548 6

7 6.346 8.383 9.037 9.803 12.017 14.067 16.013 18.475 20.278 7

8 7.344 9.524 10.219 11.030 13.362 15.507 17.535 20.090 21.955 8

9 8.343 10.656 11.389 12.242 14.684 16.919 19.023 21.666 23.589 9

10 9.342 11.781 12.549 13.442 15.987 18.307 20.483 23.209 25.188 10

11 10.341 12.899 13.701 14.631 17.275 19.675 21.920 24.725 26.757 11

12 11.340 14.011 14.845 15.812 18.549 21.026 23.337 26.217 28.300 12

13 12.340 15.119 15.984 16.985 19.812 22.362 24.736 27.688 29.819 13

14 13.339 16.222 17.117 18.151 21.064 23.685 26.119 29.141 31.319 14

15 14.339 17.322 18.245 19.311 22.307 24.996 27.488 30.578 32.801 15

16 15.338 18.418 19.369 20.465 23.542 26.296 28.845 32.000 34.267 16

17 16.338 19.511 20.489 21.615 24.769 27.587 30.191 33.409 35.718 17

18 17.338 20.601 21.605 22.760 25.989 28.869 31.526 34.805 37.156 18

19 18.338 21.689 22.718 22.900 27.204 30.144 32.852 36.191 38.582 19

20 19.337 22.775 23.828 25.038 28.412 31.410 34.170 37.566 39.997 20

Figure 1. Rotary cup burner type SAACKE - SKV 60
Source: Operator’s manual of the rotary cup burner SAACKE, type 

SKV 60.150, 2003.
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Figure 3.
Light oil igniter.

pressurized fuel oil into the channels of whirling boxes where 
it gains rotary motion. After that, it passes through the cone-
shaped nozzle and is atomized in the burner with the aid of 
primary air, see Figure 2  (Instruction book, 2003).

The motion of the rotary cup burner is ensured by 
electromotor drive that is connected to the cone-shaped cup by 
means of the belt. Oil enters the cone cup through the central 
channel. Due to the rotation of the cone cup, the fuel oil gains 
rotary and axial motion and is directed to the open part of the 
cup towards the burner.

An independent fan drives the combustion primary air around 
the rim of the cup. The combustion air intersects the film of fuel 
oil, increasing its atomization and allowing for the initial burning. 
The amount of the primary air makes 15% of the air needed for 
combustion. The remaining air is brought through separate channels 
across the secondary air damper, according to (Solberg et al, 2008b).

Levers connect the dampers to the fuel oil flow control 
component – the oil compound regulator, as shown in Figure 
2. The fuel oil pressure in the rotary cup burner is ensured by 
the supply pump and ranges from 2.5 – 5.0 bar. Efficient oil 
atomization is achieved at the kinematic viscosity of 13 mm2 and 
fuel oil temperature of about 130° C.

Figure 2. Rotary atomization of fuel oil and the oil 
compound regulator Source: Operator’s manual of the rotary 

cup burner SAACKE, type SKV 60.150 2003.

Burner swing-out assembly/
Rotary atomizing cup and 

primary air fan with the 
common drive/Gas-electric 
or light oil-electric ignition.

SAACKE Compound 
regulation system/Actuating 

of rotary oil valve, gas 
control damper, primary - 

and secondary air dumpers.

13, 14 5

A

1 1.3

Air

11

24, 25
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Fuel oil

L
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27-35

2 3

28 Ø
 5

2

High-voltage
connection

3

1 - igniter tube unit,
2 - ignition electrode unit, left-hand,
3 - ignition electrode unit, right-hand,
5 - nozzle stock body,
11 - flexible tube,
13 - oil burner nozzle,
21 - fuel oil entrance,
24,25 - high-voltage connection
1.3 - butterfly damper
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The rotary cup burner components are serially 
interdependent. Given the requirement that the rotary cup 
burner should be able to operate 600 hours before overhaul 
at the reliability value of 0.75, the failure rate can be calculated 
according to (1):

5ln ln0.75
47.95 10 /

600
g

g

R
failures hour

t
λ −= − = − = ⋅

where:

gR  reliability of the rotary cup burner;

gλ  failure rate of the rotary cup burner;
t  required time of reliable operation of the rotary cup burner.

The mean time between failure, according to (3) is:

5

1 1
2085.5

47.95 10g

Mg hours
λ −= = =  

⋅
 

3.2. Determining the failure rate for the basic 
subsystems

3.2.1. Rotary cup atomizer SKV 60

The rotary cup atomizer SKV 60 consists of 15 basic parts 
shown in Figure 5 (Vujanović, 1987). Each basic part may be 
composed of a number of elements,  where:

Figure 4. Block diagram of the rotary cup burner type 
SAACKE - SKV 60.

A CB D

The rotary cup burner features a wide range of efficiency 
and automated operations of the functions (Solberg et al., 
2008a), such as:
• ventilation of the furnace;
• ignition of the mixture;
• load regulation.

Initial oil ignition is performed by the light oil igniter. This 
light oil igniter is used for automatic ignition of the SKV rotary cup 
burner. It atomizes the light oil at 14 bar. The light oil is atomized 
through the nozzle and is ignited by a high-voltage spark that is 
created between two electrodes (10000 V). The air that is needed 
for combustion is brought from the central register and the 
necessary amount of air is achieved by the integrated butterfly 
damper, see Figure 3 (Instruction book, 2003).

On the basis of the data available from the engine log 
and the technical references supplied by the manufacturer, it is 
necessary to predict the operational reliability of the rotary cup 
burner. 

In addition, it should be ascertained whether the predicted 
operational reliability meets the previously set requirements and 
then, on the basis of the findings gathered, we should be able to 
conclude whether it is necessary to take adequate measures for 
increasing the reliability. 

The basic requirement that is set for the rotary cup burner’s 
reliability refers to the number of operation hours during the 
ship’s time in port. It is required that the rotary cup burner 
operates for 600 hours before overhaul with reliability of no less 
than 0.75. Twenty rotary cup burners are used for examination of 
reliability.

3.1. Block diagram of the rotary cup burner type 
SAACKE - SKV 60

If the level of complexity of the rotary cup burner’s 
components is determined, the components may be presented 
as separate blocks of the subsystem, as shown in Figure 4 
(Vujanović, 1987), where:
A rotary cup atomizer SKV 60;
B light oil igniter;
C oil compound regulator;
D combustion air fan.

Figure 5. Block diagram of the rotary cup atomizer SKV 60.
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e number of elements;
A1 system for directing the primary air;
A2 rotary cup;
A3 shaft;
A4 primary air fan;
A5 electromotor;
A6 poly- V belt;
A7 strap-wheels;
A8 ball bearings;
A9 primary air regulation damper;
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A10 safety cover;
A11 seal;
A12 studs;
A13 nuts;
A14 shims;
A15 fuel line.

The rotary cup atomizer SKV 60 subsystem experienced 
failures of the basic part A2 after 100 hours of operation, the part 
A6 failed after 530 hours, whereas the part A11 failed after 586 
hours of operation. 

The total number of the rotary cup atomizer SKV 60 
elements is 141, which makes 2820 elements in 20 burners.

The failure rate function gλ  is equal to the ratio of failure 
occurrences in the time interval t∆  to the number of functioning 
elements in the system at the end of the interval.

The failure rate functions gλ  for  parts A2, A6, A11 are:

6
2

1
3.547 10 /

2819 100
A failures hourλ −= = ⋅  

⋅

6
6

1
0.669 10 /

2819 530
A failures hourλ −= = ⋅  

⋅

6
11

1
0.605 10 /

2819 586
A failures hourλ −= = ⋅  

⋅

The failure rate of the rotary cup atomizer SKV 60 subsystem, 
according to (2) amounts to:

6
2 6 11 4.821 10 /A A A A failures hourλ λ λ λ −= + + = ⋅  

3.2.2. Light oil igniter

The light oil igniter is a subsystem comprising 14 basic 
parts which are shown in Figure 6 (Vujanović, 1987). Each basic 
part may consist of a number of elements, where:
e number of elements;
B1 electrodes;
B2 nozzle;
B3 filter;
B4 butterfly air damper;
B5 high-voltage cables;
B6 high-voltage point;
B7 electromagnetic valves;
B8 fuel oil pump;
B9 nuts;
B10 shims;
B11 fuel oil line;
B12 flexible air line;
B13 seals;
B14 studs.

The light oil igniter subsystem experienced failures in basic 
parts: B2 after 149 hours and 450 hours of operation, B3 after 160 
hours, 325 hours and 550 hours of operation, B7 after 495 hours of 
operation, B11 after 580 hours of operation.

There were altogether 7 failures of 4 basic parts of the light 
oil igniter. The total number of the light oil igniter parts is 56, i.e. 
this makes a total of 1120 parts for 20 burners.

The failure rate functions gλ  for parts B2, B3, B7, B11 are:

6
2

2
5.962 10 /

149 450
1118

2

B failures hourλ −= = ⋅  
+

⋅

6
3

3
7.784 10 /

160 325 550
1117

3

B failures hourλ −= = ⋅  
+ +

⋅

6
7

1
1.805 10 /

1117 495
B failures hourλ −= = ⋅  

⋅
6

11

1
1.54 10 /

1119 580
B failures hourλ −= = ⋅  

⋅

The failure rate of the light oil igniter subsystem, according 
to (2), amounts to:

2 3 7 11 17.091 10 /B B B B B failures hourλ λ λ λ λ= + + = ⋅  

3.2.3. Oil compound regulator

The oil compound regulator is a subsystem comprising 
12 basic parts. Each of these parts may consist of a number of 
elements, as shown in Figure 7 (Vujanović, 1987), where:
e number of elements;
C1 servomotor;
C2 control disc;
C3 rotary valve;
C4 micro-switch;
C5 levers;

Figure 6. Block diagram of the light oil igniter.
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Figure 7. Block diagram of the oil compound regulator.
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Figure 8. Block diagram of the combustion air fan.
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C6 slide bearings;
C7 fuel oil lines;
C8 nuts;
C9 shims;
C10 shafts;
C11 studs;
C12 round wedges.

During 600 hours of operation of the oil compound 
regulator two failures occurred in the basic parts: C7 failed after 
530 hours of operation due to fuel oil leaking in the return fuel 
oil line, while C5  failed after 597 hours of operation due to the 
broken lever for regulating the primary air damper.

The overall number of the observed elements of the oil 
compound regulator subsystem is 237, i.e. there are 4740 such 
elements in 20 oil compound regulators.

The failure rate functions gλ  for parts C7 and C5 are:

6
5

1
0.353 10 /

4739 597
C failures hourλ −= = ⋅  

⋅
6

7

1
0.398 10 /

4739 530
C failures hourλ −= = ⋅  

⋅

The failure rate of the oil compound regulator subsystem, 
according to (2), is: 

6
5 7 0.751 10 /C C C failures hourλ λ λ −= + = ⋅  

3.2.4. Combustion air fan

The combustion air fan is a subsystem comprising 6 basic 

parts, and each part may consist of a number of elements, as 
shown in Figure 8 (Vujanović, 1987), where:
e number of elements;
D1 ball bearings;
D2 impeller;
D3 shaft;
D4 safety cover;
D5 electromotor;
D6 studs.

During the observation period there was only one failure 
that occurred after 593 hours of operation due to the seizure of 
one of the electromotor ball bearings. The total number of the 
observed elements in the combustion air fan is 15, which makes 
a total of 300 elements in 20 combustion air fans.

The failure rate of the combustion air fan subsystem is:

61
5.639 10 /

299 593
D failures hourλ −= = ⋅  

⋅

3.3. Determining the confidence limit of the rotary 
cup burner’s operation in the case of the exponential 
distribution of failures

A total of 20 burners were observed over a period of 600 
hours of operation. According to the engine log data the overall 
operation time of the rotary cup burners amounted to 8,900 
hours. During that time there were 8967 functional elements.

The lower confidence limit for the confidence interval 
(1 ) 0.75α− =  is obtained according to (4).

2
0.25;2

2 2 8900ˆ 6419.04
2.773

rt
hours

x
θ ⋅ ⋅

≥ = =  

The value 2
0.25;2x  is obtained from Table 1.

The upper failure rate value for the functional elements 
during the confidence interval (1 ) 0.75α− = according to (5), is:

51 1
15.5786 10 /

6419.04
failures hourλ

θ
−= = = ⋅  





If the obtained value is divided by the number of functional 
elements, the upper value of the failure rates for each separate 
element in the given confidence interval:

5
-515.5786 10

17.37325 10 /
8967EL failures hourλ

−⋅
= = ⋅  



3.4. Determining the operational reliability of the rotary 
cup burner SKV 60

Calculation of failure rates for individual parts of the rotary 
cup burner SKV 60 can be performed using the obtained upper 
failure rate in the given confidence interval:

For the rotary cup atomizer SKV 60:
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6 9

6

4.821 10 2817 17.37325 10

        53.7614 10 /
uk

nA A A

failures hour

λ λ λ − −

−

= + + = ⋅ + ⋅ ⋅ =

= ⋅  



 

For the light oil igniter:
6 9

6

17.091 10 1113 17.37325 10

        36.4274 10 /
uk

nB B B

failures hour

λ λ λ − −

−

= + + = ⋅ + ⋅ ⋅ =

= ⋅  



For the oil compound regulator:
6 9

6

0.751 10 4738 17.37325 10

        83.0655 10 /
uk

nC C C

failures hour

λ λ λ − −

−

= + + = ⋅ + ⋅ ⋅ =

= ⋅  



For the combustion air fan:
6 9

6

5.639 10 299 17.37325 10

        10.8336 10 /
uk

nD D D

failures hour

λ λ λ − −

−

= + + = ⋅ + ⋅ ⋅ =

= ⋅  



The prediction of the failure rate values for the rotary cup 
burner SKV 60 components amounts to:

( ) 6

6

53.7614 36.4274 83.0655.10.8336 10

     184.0879 10

gλ −

−

= + + ⋅ =

= ⋅

The mean time between failures of the rotary cup burner 
SKV 60, according to (3), is:

1
 5432.187 g

g

M hours
λ

= =

The overall operational reliability of the rotary cup burner 
SKV 60 is:

0.11045274 0.8954
tg

gR e e
λ− −= = =

4. CONCLUSION

The obtained operational reliability of the rotary cup 
burner type SAACKE - SKV 60 is higher than the reliability that is 
required, amounting to 0.75. The analysis of the failure rates of 

the rotary cup burner subsystems and the elements within the 
subsystems results in the conclusion that the light oil igniter is 
the most sensitive component of the SAACKE SKV 60 burner. 

The most common reasons for failure in this subsystem 
include:
• fuel oil filter clogging due to impurities in fuel oil;
• contaminated electrodes;
• due to vibrations during the operation of the system, a 

change in the distance between the electrodes may occur, 
so that the electric arc intended for oil ignition cannot be 
produced between them.

This implies that it is necessary to undertake further research 
on new technological and design solutions in manufacturing the 
burners.
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In this paper the majority of research refers to the optimal 
configuration of hybrid system that uses renewable energy 
and wind energy and solar radiation in association with diesel 
aggregate and batteries. These independent energy systems 
(hybrid systems) are becoming popular due to increasing energy 
costs and decreasing prices of turbines and Photo-Voltaic (PV) 
panels. But the only drawback is that their outputs depend upon 
the climatic conditions. The main goal to optimization a hybrid 
system is necessary to obtain the configuration of the system as 
well as the control strategy that minimizes the total cost through 
the useful life of the installation to meet the desired consumption 
and/or the pollutant emissions. The HOGA (Hybrid Optimizations 
by Genetic Algorithms) program was used to simulate the system 
operation and calculate technical economic parameters for each 
configuration. The system configuration of the hybrid is derived 
based on the data of wind and solar radiation which are related 
to the southern Croatian coast, as on a theoretical annual load 
at an observed location. Also, technical data for components 
are taken from the manufacturer’s specifications (datasheet). 
In this paper the advantages and disadvantages of commonly 
used types of generators (synchronous and asynchronous 
generators) are presented. Results show that the hybrid systems 
have considerable reductions in carbon emission and cost of the 
system.

KEY WORDS
 ~ Simulation
 ~ Optimization
 ~ Hybrid system
 ~ Renewable energy
 ~ HOGA

1. INTRODUCTION

Today one cannot imagine life without some form of energy 
such as electricity. The main source of energy has been fossil fuels, 
which provide 85-90 % of energy. Oil is the most important with 
35 %, and coal and natural gas are equally represented. Almost 
13.5 % of energy is derived from nuclear power plants, and only 
9.8 % of energy comes from renewable sources (Energy Markets 
in the European Union in 2011).

Still, in the world there are many places that have no 
access to electricity. Industrial plants, ACY marinas, lighthouses, 
mountain lodges, which are far from the power grid should also 
have their own stand-alone systems. Today, renewable energy 
is increasingly being considered as one of the key factors in the 
development of planet Earth.

Renewable energy sources can be divided into two main 
categories: 

Traditional renewable energy sources like biomass and 
large hydropower installations, and the “new renewable energy 
sources” like solar energy, wind energy, geothermal energy, etc. 

A renewable resource is a natural resource with the ability 
to reproduce through biological or natural processes and 
replenished with the passage of time they will never run out. This 
fact shows us that we should exploit renewable sources much 
more and that we do not have to worry about the energy after 
fossil fuels cease to exist. Development of renewable energy 
sources (especially from wind, water and sun) is important 
because of  a couple of reasons:
• Renewable energy sources have major role in decreasing 

emissions of the carbon dioxide (CO
2) into atmosphere.

• Increased proportion of renewable energy sources enhances 
energetic viability of the energy system. It also helps to 
enhance energy delivery security by decreasing dependency 
on importing energetic raw materials and electrical energy.
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• It is expected that renewable energy sources will become 
economically competitive to conventional energy sources 
in a medium-term to long-term period.

Off grid renewable energy technologies satisfy energy 
demand directly and avoid the need for long distribution 
infrastructures.

A combination of different but complementary energy 
generation systems based on renewable energies or mixed (with 
a backup of Liquefied Petroleum Gas /diesel/gasoline generator), 
is known as a hybrid power system. Hybrid systems capture the 
best features of each energy resource. 

Hybrid systems can provide a steady community-
level electricity service, such as marine, village or lighthouse 
electrification, offering also the possibility to be upgraded 
through grid connection in the future. Furthermore, due to their 
high levels of efficiency, reliability and long term performance 
these systems can also be used as an effective backup solution 
to the public grid in case of blackouts or weak grids, and for 
professional energy solutions such as telecommunication 
stations or emergency rooms in hospitals.

When designing a hybrid system it is important to choose 
a good combination of components, their dimensions and to 
determine a good strategy to manage the system that would 
be reliable and economical for a long time. A large number of 
resources will result in large investment costs, while a system 
with a small number of components can result in the interruption 
of electricity supply in the electricity system.

Climatic conditions may affect the choice of renewable 
energy sources. For example, PV hybrid systems are ideal in areas 
with warm climates and in areas where there is large number of 
sunny hours.

In this paper the hybrid system is defined as a combination 
of components (PV generator, wind turbine, batteries, diesel 
generator and electrolyzes) and control variables. HOGA, the 
program used in this article (Dufo-López et al., 2006), simulates 
and optimizes the hybrid PV-Diesel system using Genetic 
Algorithms (GA). The program calculates the optimum system 
design and allows the user to evaluate the electro-economic 
and technical feasibility of a large number of technologies. The 
basic principle is to minimize the total Net Present Cost (NPC) of 
the system. GA researches combinations of resources which can 
satisfy the load with the lowest cost (Dufo-López et al., 2005).

2. SIMULATION AND OPTIMIZATION

The hybrid renewable energy system adopted in this paper 
is shown in Figure 1. It consists of wind turbines and solar PV 
panels. A generator (diesel or petrol) with a battery bank and an 
inverter are added as part of the back-up and storage system. 

The main advantage of hybrid PV-Wind systems is that 

they make use of two different renewable sources of energy. 
PV panels are able to generate electricity whenever there is 
solar illumination, while the wind turbines are able to generate 
electrical power when the wind speed is greater than the cut-
in speed until furling speed vf is reached, at which point the 
machine shuts down. 

The main task of designing independent power system 
using renewable energy resources is the correct selection 
of system components to satisfy the economic demands of 
consumers.

System components must be determined so as to:
• Reduce the cost of production of electricity (€ / kWh)
• Ensure reliable meeting the needs of energy consumers.

The mathematical design problem (sizing and control of the 
hybrid system) involves a significant number of variables (Dufo-
López et al., 2005). When the number of variables and possible 
solutions is very high, the classic optimization techniques are not 
able to obtain good results. In such design problems heuristic 
techniques have been successfully applied (Dufo-López et al., 
2007). One of the most commonly used heuristic techniques 
is based on Genetic Algorithms (Goldberg, 1989). The design 
of the PV-Diesel system in Figure 1 has been done with HOGA.   
Optimization of the system will be based on the component 
sizing and the operational strategy. Genetic algorithm (GA) is 
used to evaluate both conditions in minimizing the total net 
present cost for optimum configuration. GA searches for the 
optimum system configuration which involves deciding on the 
mix of components that the system should contain, the size or 
quantity of each component, and the control strategy the system 
should use (see Figure 2) (Sopian et al., 2008).

2.1. Dispatch Strategies

During this operation of the hybrid PV/wind system  
different situations may appear:
1. The total current generated by the PV and wind generators 

is greater than the current required by the load. In this 
case the energy surplus is stored in the batteries and the 
controller puts the battery in charge condition. When the 
battery SOC (State of Charge) reaches the maximum value, 
the control system stops the charging process.

2. The total PV and wind generators’ current is less than the 
current required by the load, the energy deficit is covered 
by the storage and the controller puts the battery in the 
discharge condition. If the battery charge decreases to 
its minimum level, minimum state of charge, the control 
system disconnects the load and we have the situation with 
energy deficit.

3. In case of inverter input and total power equality, the stored 
energy (charge of the battery) remains unchanged.
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Figure 1. Renewable energy hybrid system.

2.2. Objective Function

The aim of this study is to achieve a stand- alone hybrid 
system, which should be optimally designed in terms of economic 
and environmental measures subject to physical and operational 
constraints and strategies. 

In HOGA the best possible, or optimum system configuration 
is the one that satisfies the user-specified constraints at the 
objective function.

In this project the objective function is the lowest total Net 
Present Cost (NPC). NPC includes:
• Capital costs of the different components Ck(€), where ‘‘k’’ 

stands for each of the components of the system: the PV 
generator (k=PV), the wind turbines (k=W), the battery 
bank (k=B), the inverter (k=INV), the electrolyser (k=E) and 
the diesel generator (k=DG).

• Costs of replacing the components throughout the system 
lifetime, NPCr_k(€), where ‘‘k’’ means each of the components.

• Costs of operation and maintenance of components 
throughout the lifetime of the system. These costs are 
calculated as in (1)

( )
=& , & ,

1
*

,o m k O M kNPC C
CRF ir R

 (1)

where R is the useful lifetime of the project (here 25 years); ir is the 
real interest rate (here 6%) which is a function of nominal interest rate 
(irnominal) and annual inflation rate (fr), defined by (Yang et al., 2008):
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Figure 3. Monthly load data of the region.
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CRF is capital recovery factor (Yang et al., 2008) which is 
defined as (2):
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CRF ir R
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 (3)

• Cost of the fuel consumed throughout the lifetime of the 
system, Fc

Therefore, the objective function is defined as follows:

( )= + + +∑ , & , min k r k o m k c
k

NPC C NPC NPC F  (4)

3. CASE STUDY

The system is located on the island of Hvar (Croatia). The 
average daily irradiation and average wind speed for each month 
for the island of Hvar is shown in Table 1 (Fowler et al., 2006). The 
island of Hvar is famous for its pleasant Mediterranean climate. 
The island is characterized by mild winters, warm summers and 
many hours of sunshine (2,718 hours a year) with the average 
daily solar irradiation of 4.13 kW/m2. The climatic conditions on 
the island of Hvar are favourable for the development of solar 
energy due to abundant sunshine.

The minimum average annual wind speed at which it is 
profitable to build a wind farm is between 4 and 5 m/s. Since the 
mean annual wind speed for the island is 5.5 m/s (see Table 1), it 
can be concluded that the island of Hvar is a favorable location 
for the construction of PV / wind energy system.

The system has a 48 V DC voltage and a 230 V AC voltage. 
The maximum allowed unmet load is 1%. The study involves 
AC load demands as shown in Figure 3. The factors which have 
influence on the energy consumption of the island Hvar are 
number of tourists and heating season. The renewable energy 
supplied is based on hourly basis as the fluctuation of parameters 
involved in wind turbine and solar PV.

3.1. Hybrid System Components

The proposed hybrid renewable energy is shown in Fig. 4. 
Chosen PV panels that produce 1,000 W of power cost 5,600 €.

The nominal voltage is 12 V. The lifespan is 25 years and the annual 
O&M cost is 40 €/year for the whole PV generator. The batteries 
employed in the project are specially designed for deep cyclic 
operation in consumer applications like the hybrid solar-wind 
systems. In this project there are two different battery banks. 
Table 2 shows their specifications. For both batteries the nominal 
voltage is 4 V, floating life is 12 years and the annual O&M cost 
is 20 €/battery bank/year. The depth of discharge (DOD) for the 
batteries is currently set at 80 % to protect the battery from over 
discharge.

The minimum SOC is 40 %, the self-discharge coefficient is 
3 % monthly, and the cycles to failure depend on the depth of 
discharge.

The minimum number of batteries is 0 and the maximum is 
32,750. The number of batteries in series is 12 (48 V DC/4 V battery 

Table 1. Average monthly daily irradiation and wind speed for the island of Hvar.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average

Average daily irradiation (kWh/m2) 1.74 2.61 3.86 4.77 6.01 6.85 7.08 6.05 4.53 2.84 1.74 1.42 4.13

Average wind speed (m/s) 6.50 6.50 5.20 5.70 4.60 4.40 4.20 4.70 5.60 6.00 6.20 6.50 5.51

Table 2. Specifications of the batteries.

Rated 
capacity

(Ah)

Nominal 
voltage

(V)

Charging 
efficiency

(%)

Min state 
of charge

(%)

Float 
life
(yr)

Cost
(€)

1,000 4 80 30 12 640

1,900 4 80 40 12 700
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Figure 4. The system to be simulated by HOGA.
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= 12 batteries in series). These twelve battery cells are called a 
string. The number of strings is one of the decision variables and 
it will be optimized in the following process. 

Five different sizes of converter (2, 3, 100, 8,000 and 11,333 
kW) are taken in the model. The lifetime of a unit is considered to 
be 15 years with an efficiency of 90 %. 

There are 4 possible different Diesel generators: 7.9; 
13; 14.5 and 20 MVA. The lifespan is 150,000 h, the minimum 
output power is 30% and the hourly O&M cost ranges from 
19 €/h to 24 €/h. The Diesel fuel consumption curve (l/h) is: 

⋅ + ⋅0.08415 ( ) 0.246 ( )rated outputP kW P kW  (Bernal-Agustín, 2006; 
Dufo-López, 2005).

With the respect to the generator there are two types of 
wind turbine:
- synchronous generator,
- asynchronous generator.

The wind turbine generator converts mechanical energy 
into electrical energy. Wind turbine generators are a bit unusual 
because the generator has to work with a power source (the wind 
turbine rotor) which supplies very fluctuating mechanical power 
(torque). 

Synchronous generator:
Synchronous generator belongs to the alternating current 

machines. Its speed is closely connected to the frequency of the 
voltage and the number of poles.

= ⋅60
f

n
p

 (5)

where: 
n is the rotation speed of the rotor [1/s];
f is frequency [Hz];
p is the number of pole pairs.

The generator can be magnetized electrically or by 
permanent magnets. Two types of synchronous generators 
have often been used in the wind turbine industry (see Figure 
5): the wound rotor synchronous generator and the permanent 
magnet synchronous generator. Synchronous generators are 
usually applied when the wind speed is constant (when mounted 
system for rotating blades). The big advantage of synchronous 
generator is that they do not need a reactive magnetizing current 
because it can be created by using permanent magnets or with a 
conventional field winding as shown in the Figure 5.

It is connected to the grid using a power electronic 
converter which has two primary goals: to act as an energy buffer 
for the power fluctuations and to control the magnetization 
and avoid problems by remaining synchronous with the grid 
frequency. Wound rotor synchronous generator (WRSG) does 
not need any further reactive power compensation system. 
The speed of the synchronous generator is determined by the 
frequency of the rotating field and by the number of pole pairs 
of the rotor. PMSG has self-excitation which allows an operation 
at a high power factor and high efficiency. The magnetic material 
must be controlled by cooling system because those magnetic 
materials are sensible to temperature.

Asynchronous generator:
It is essentially an induction three-phase motor 

characterized by synchronous speed which   depends on the 
number of poles and on the network frequency. If the mechanical 
torque acting on the rotor shaft is motive instead of resistant and 
makes the rotation speed increase and exceed the synchronous 
speed, the asynchronous machine stops working as a motor and 
starts working as a generator, thus putting electrical energy into 
the grid. The relative difference between the synchronous speed 
and the effective rotation speed is called slip (s), which is negative 
when the machine is operated as a generator and the slip is:

−
= s

s

n n
s

n
 (6)

In traditional asynchronous generators with squirrel cage 
rotor (short-circuit rotor), the slip is about 1 % so that such 
devices are actually considered as having constant rotation 
speed. The magnetizing current of the stator, which generates 
the rotating magnetic field in the air-gap is supplied by the grid. 
Besides, such generator consumes a certain amount of reactive 
power which shall be supplied by compensation systems such 
as capacitors. When a gust of wind hits a wind turbine equipped 
with a rotor asynchronous generator under short circuit, as the 
rotation speed is constant, there is a sudden variation of the 
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Figure 5. The system to be simulated by HOGA.

torque and the consequent quick variation of the power output. 
If the short circuit power of the grid to which the wind turbine is 
connected is low, voltage fluctuations may occur on the electrical 
devices connected nearby and these fluctuations may cause 
malfunctioning of these devices. Moreover, it is possible to notice 
the quick variation of the luminous flux emitted by the lamps 
generating that disturbing “fluttering” known as flicker. 

For this reason too, research has gone towards the 
development of variable speed systems which allow also the 
“torque pull” on the rotor to be reduced and the rotor to work at 
the point of maximum aerodynamic efficiency over a wide range 
of wind speed. Variable speed solutions realized with induction 
generators are obtained by interposing a frequency converter 
between the stator of the generator with squirrel cage rotor and 
the grid, or by using a wound rotor asynchronous generator in 
which the rotor is supplied by an independent alternating current 
delivered by a frequency converter: thus, the synchronous 
speed results to be a function of the difference between the 
grid frequency and the frequency of the rotor current and it is 
possible to reach 30 % speed variation. Both synchronous and 
asynchronous generator are used as wind generators although the 
latter are most preferred. Asynchronous generators (Mohammad 
et al., 2008) do not require synchronization between rotor and 
stator rotating fields but they are characterized by smaller power 
range. The control techniques at the asynchronous generator are 
quite different from those of synchronous generators because of 
the absence of the excitation circuits. They are easy to maintain 
because they require only periodic replacement of bearings. In 
this analysis two wind turbines were chosen:
- Scenario 1: ENERCON E-48 810 kW turbines, rotor diameter 

48 m, hub height 57 m with price 223,000 € and the annual 
O&M cost is about 42 €/year.

- Scenario 2: GAMESA G58 850 kW turbines, rotor diameter 

58 m, hub height 60 m, price 263,000 € and the annual O&M 
cost is about 46 €/year. The lifetime is 20. Maximum number 
of wind generators is 40, minimum is 1.

The Power curve of a wind turbine is an important parameter, 
describing the relation between the wind speed on site and 
the respective electrical energy output. Several manufacturers 
are thus providing power curves which are calculated from the 
results of several measured ones; the performance of these 
calculated power curves might be contractually guaranteed by 
the manufacturers. The power curve of the Enercon E-48 wind 
turbine is such a power curve while the power curve of the Gamesa 
G58 is a non-measurement based calculated power curve. During 
the calculation of the energy yield the power curves, given for the 
standard conditions of air density = 1.225 kg/m3 are adapted to 
the air density of each individual turbine location at hub height. 
Figure 5 shows their components’ characteristics in use. Wind 
turbine Gamesa G-58 generates more energy when the wind 
speed is between 5 m/s and 12 m/s, and the main cause is the 
larger rotor diameter compared with Eracon E-48 wind turbine.

4. RESULTS AND DISCUSSION

HOGA provides the simulation results in terms of optimum 
system and optimum control strategy. The optimization results 
of the renewable hybrid system (Figure 4) are shown in Figures 7 
and 8. HOGA posts a list of configurations which it noted feasible 
for this project. Figure 7 shows the evolution of the best Total 
Net Present Cost found with HOGA as a function of the genetic 
algorithm in an optimization, where the number of generations 
in the genetic algorithm is 20. The combination at the bottom 
in Figure 8 gives the optimum solution. It can be observed that 
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Figure 6. Power curves of the wind turbines under 
consideration for an air density of = 1.225 kg/m3.
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Figure 8. Optimization result of the hybrid system of 
renewable energy.

Figure 7. Evolution of the total Net Present Cost in an 
optimization.

the minimum Net Present Cost is 288,505,344 €. It is the global 
minimum because after 20 tests with the same parameters of the 
algorithm a better result has not been achieved.

Figure 9 shows the best combination of components of the 
system from Figure 4. This optimum configuration is composed 
of 4 PV Panels series x 748 Panels parallel with nominal power of 
1,000 Wp, 12 Batteries series x 2,206 Bat. parallel, Cn = 1,900 A·h and 
Etotal = 201,39 AC Wind Turbines with nominal power of 848,700 
W at 14 m/s; AC Generator with rated power of 7,961 kVA; Inverter, 
11,333,000 VA; Battery Charge Regulator, current = 667,740,1 A; 
Rectifier, 7,200,384 W. The high wind speed on the island of Hvar is 
the reason for the high power selected for the wind turbines in the 
best solution of each profile. The investment cost is 166,675,104 
€, cost of fuel consumed by AC generator during the 1st year: 
793,840 € and the total project cost is 288,505,344 €. Unit cost of 
electrical energy per kWh is 0.22 € while the entire energy in use 
was satisfied by renewable energy resources.

According to the power of selected wind turbine, it can 
be concluded that the selected type of wind turbines are 
Gamesa G58 that use asynchronous generator. Only in the 6th 
generation of the evolution process GA selected wind turbines 
with synchronous generators. A feature of such system is large 
emissions of CO2 gas (2,355,076 kg CO2/yr) and a large amount 
of unmet load; 11,140.9 kWh/yr (0.02 % of the demand load). 
After 20 optimizations we observed that only two optimizations 
obtained the local optimum solution with E-48 turbines with 
synchronous generators as selected for the wind generator. 
Therefore, the use of asynchronous generators seems more 
logical and economically justifiable for this region. In the period 
of January 10 to January 14 (winter time) in the production of 
energy there is a significant contribution of wind turbine (wind 
speed equal to 6.5 m/s) and the battery (see Figure 10).  In this 
period the contribution of solar energy is minimum (smaller 
amount of solar radiation). In the summertime the situation is 
different because the solar radiation has more significant impact 
(see Figure 11). When the wind speed and the solar radiation 
are low, the load is supplied by the battery bank (night time). If 
batteries cannot supply the whole load, the rest will be supplied 

by the diesel generator. The surplus of energy produced by the 
diesel generator and the renewable energy sources (variation 
of the climatic data) is stored in the battery bank. The storage 
batteries are a key factor in a hybrid system of renewable energy, 
allowing to minimize the number of starting/stopping cycles of 
the diesel generator, which reduces the problem of its premature 
wear and to satisfy the request of the load in spite of renewable 
sources fluctuations.

5. CONCLUSION

The paper determined the optimum configuration of 
the hybrid PV-wind-battery power in terms of reliability and 

Figure 9. The components of the best system 
configuration.
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cost effectiveness. It also shows the influence of climate on 
the momentary load demand in the power of a system. The 
simulations’ results prove that the combination of a diesel 
generator as a back-up source with the hybrid wind-PV-battery 
system is the best solution to guarantee the reliable supply 
without interruption of the load under the climatic data change.

Stand-alone systems will be able to compete with the 
interconnected systems in the future because of advances 
in technology, decreases in costs and developments in wind 
turbine and photovoltaic panel. The use of renewable energy 
sources is present in all industries. In the pre-accession period to 
EU membership Croatia committed for 3 X 20 % to 2020: 20 % 
higher energy efficiency, 20 % of energy needs from renewable 
energy sources, 20 % lower greenhouse gas emissions.

Shipping industry is no exception and is constantly 
adopting new technologies to develop along with the global 
economy and legislation. In subsequent papers we shall try 
to present some of the options for reducing greenhouse gas 
emissions, use of renewable energy sources and increasing 
energy efficiency in ship power systems.
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Figure 10.
The Simulation 
of daily values of 
electricity required 
by the load – 
winter time.
Source: Made by 

authors in the 

computer program 

HOGA.

Figure 11.
The Simulation 
of daily values of 
electricity required 
by the load – state 
of batteries.
Source: Made by 

authors in the 

computer program 

HOGA.
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The paper discusses the influence of transportation 
costs on the delivery of liquefied natural gas (LNG) by sea. The 
research part of the project was carried out by using a dedicated 
LNG Moss type carrier with the capacity of 205,000 m3 and by 
taking into account the price of the propulsion engine fuel, LNG, 
as one of the most important factors of the final cost of LNG 
transportation. The fluctuation of the final costs also depends 
on the price of construction of a new vessel, the vessel’s design, 
sufficient number of the vessels required for transportation, and 
the amount of cargo to be shipped from a load port to the import 
terminal. The port of Murmansk, possibly one of Russia’s largest 
LNG load terminals, was used as port of departure, i.e. port of 
load. The final destinations, i.e. import terminals, included the 
ports of Zeebrugge, South Hook, Cove Point, Chiba and Fujian. It 
should be noticed that this study involved two sailing routes, the 
Suez Canal and the North East Passage, taking into consideration 
the harsh weather conditions the vessels might encounter during 
navigation.

KEY WORDS
 ~ Transport costs
 ~ Fuel
 ~ LNG
 ~ Moss type ship

1. INTRODUCTION

This paper deals with the formation of the final price of an 
energy-generating product, in this particular case the liquefied 
natural gas (LNG), delivered to the consignee, i.e. to the import 
terminal. One of the most important items affecting the costs of 
transportation of this product is the price of propulsion engine 
fuel which, in this case, is LNG. When determining the final price 
of the delivered LNG, all the parameters which should be met by 
the shipping operation have been taken into account, from the 
load port to the port of discharge. The Moss type ship with the 
capacity of 205,000 m3 appears as the logical choice for exporters 
or shippers wishing to deliver the contracted amount of cargo 
on time, while keeping the transportation cost to the minimum, 
because this type of vessel is more cost-efficient than any other 
vessel of the same capacity and employment. The price of a 
Moss type ship is about USD 408 million. However, due attention 
should also be paid to its design.

The port of Murmansk was used as departure port, i.e. the 
load terminal. It is possibly Russia’s largest LNG load port. There 
are two possible sea routes for shipping LNG: through the Suez 
Canal and the North East Passage. The final destinations, i.e. 
import terminals, include the ports of Zeebrugge, South Hook, 
Cove Point, Chiba and Fujian. 

This study took into consideration the harsh weather 
conditions the vessels might encounter during navigation.

2. FUEL COSTS

In this research a Moss ship having the capacity of 205,000 
m3 uses LNG as her primary source of energy. In the event that 
natural LNG boil-off is insufficient to feed the propulsion unit, 
induced heating of LNG is performed. When the main engine 
runs on LNG, the quantity of consumed LNG has to be taken into 
account when calculating overall transportation costs and the 
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final price of the delivered LNG per ton (USD/ton). Estimated fuel 
gas consumption is based on daily consumption under various 
operating conditions. It is provided in Table 1.

are regularly testing and examining new models of ship hulls 
capable of meeting all the requirements of sailing through ice-
ridden sea. Ship’s speed is an important aspect of navigation 
and financial economy in the shipping business. Hence all losses 
occurring during navigation are compared to the speed of an 
average ship. It is well known that speed may vary up to 30% 
when navigating under ice conditions. Such navigation affects 
the overall LNG transportation costs between the load terminal 
and the port of discharge.

Table 2 presents the costs occurred during the voyage of an 
LNG Moss type carrier with the capacity of 205,000 m3, at reduced 
speed due to ice conditions. The carrier’s speed is considerably 
reduced, up to 30% of the contracted speed. 

It is important to point out that actual shipping costs also 
involve the overall quantity of delivered cargo and its value that 
is calculated on the basis of the shipping costs per ton of cargo 
ton, i.e. per ton of liquefied natural gas (LNG) in this case. The 
assumed or, in other words, theoretical cost would be the cost 
under ideal conditions. This cost occurs when the calculation 
includes the overall amount of the cargo, i.e. liquefied natural 
gas (LNG), to be shipped with regard to the actual ship’s capacity. 
The comparison of these two values, the actual and the assumed 
or theoretical cost, does not depend on the exploitation of the 
fleet (the size and number of the available vessels). When using 
the maximum efficiency of ship’s capacities, the theoretical or 
assumed cost is always lower than the actual cost.

3.2. Navigation costs affected by ship’s design and size 

The assessment of costs related to fuel consumption is 
based on the drag that the hull creates when moving through 
water and the efficiency of the prime mover. Modern LNG carriers 
are fitted with bulbous bows designed to break through the ice 

Table 1. Fuel prices included in the costs.

Fuel gas (natural or forced boil-off) 310 USD/ton

MDO pilot fuel 680 USD/ton

HFO not used in the study

The cost of LNG fuel gas consumed by the vessel’s 
propulsion unit is based on data gathered from shippers.

The cost of diesel fuel is based on present-day average 
three-month consumption. 

3. SHIP’S SPEED AND THE ESTIMATION OF COST 
FACTORS

Given the fact that the costs of building a new Moss type 
ship carrying 205,000 m3 amount to approximately 408 million 
USD, this type of vessel is considered a cheaper type of LNG 
carrier. Therefore further analysis includes the estimation of costs 
of longer voyages of these types of vessels.

3.1. Costs related to navigation in harsh weather 
conditions

One of the factors of assessment of seaworthiness of 
a vessel is her ability to navigate in harsh weather and in ice 
conditions. Navigation under such circumstances is a key issue 
and a major challenge in modern shipping. Maritime institutes 

Figure 1.
Price of the diesel fuel in Singapore during the period 
August-November 2010.
Source: www.bunkerworld.com

Figure 2.
LNG Carrier (Moss Type) Source: http://www.hoeghlng.com/

shipping/fleet/Pages/Arctic-Princess.aspx
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more efficiently. However, the advantages of these designs in ice 
conditions have been neutralised by certain shortcomings that 
such hulls presented offshore in ice-free conditions. One of the 
drawbacks is the reduction of a ship’s speed. In offshore navigation, 
this disadvantage implies the increase in fuel consumption by 10 %, 
which consequently results in increased shipping cost of liquefied 
natural gas (LNG), as the delivered amount is considerably lower 
than expected. Table 3 shows the changes in the final price of the 
delivered LNG carried by this type of vessels.

4. SHIPPING COSTS dependant on PRICE OF FUEL GAS 
(LNG)

The price of fuel (LNG) strongly affects shipping costs. 
The basic price of LNG, as pointed out at the beginning of this 
study, is 310 USD/ton. As this research deals with vessels that 
carry this energy-generating product, the shipper uses part of 
the cargo to feed the propulsion unit. It should be noticed that, 
when unloading cargo in the final port of discharge, the shipper 

Table 2. 
Transport costs for the Moss type ship with the capacity of 205,000 m3 at the speed reduced by 30 %.

ROUTE NUMBER OF 
VESSELS

AMOUNT OF CARGO
(ton)

ACTUAL COST
USD/ton

THEORETICAL COST
USD/ton

Murmansk Zeebrugge 10 16 187 111 62.39 61.83

Murmansk Zeebrugge 10 16 200 110 62.08 58.79

Murmansk South Hook, UK 11 16 163 027 68.39 64.54

Murmansk South Hook, UK 10 16 177 615 62.62 61.43

Murmansk Cove Point, USA 16 15 851 162 103.79 101.39

Murmansk Cove Point, USA 16 15 864 928 103.42 98.15

Murmansk Chiba, Japan, Suez 35 14 734 635 333.49 328.68

Murmansk Fujian China, Suez 31 14 924 009 292.14 292.07

Murmansk Chiba, Japan, NSR 25 15 525 069 163.63 160.92

Murmansk Fujian, China, NSR 28 15 319 381 187.36 187.41

Table 3. 
Costs induced by the increase in fuel gas consumption by 10% in the offshore navigation of the Moss type vessel with the 
capacity of 205,000 m3.

ROUTE NUMBER OF 
VESSELS

AMOUNT OF CARGO
(ton)

ACTUAL COST
USD/ton 

THEORETICAL COST
USD/ton

Murmansk Zeebrugge 9 16 182 905 57.07 54.35

Murmansk Zeebrugge 9 16 191 566 56.87 52.56

Murmansk South Hook, UK 9 16 157 557 57.67 57.11

Murmansk South Hook, UK 9 16 166 781 57.45 55.25

Murmansk Cove Point, USA 15 15 813 419 99.27 94.64

Murmansk Cove Point, USA 14 15 824 002 93.45 92.69

Murmansk Chiba, Japan, Suez 34 14 585 329 331.80 323.55

Murmansk Fujian, China, Suez 30 14 787 997 289.50 287.72

Murmansk Chiba, Japan, NSR 20 15 611 275 132.85 129.84

Murmansk Fujian, China, NSR 23 15 384 980 156.68 156.41
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retains a part of the cargo to serve as fuel gas on the way back to 
load port. This results in the reduced amount of delivered LNG. 
Taking these aspects into consideration, LNG exporters stipulate 
the prices for amounts actually delivered to import terminals. The 
price of LNG intended to be used as propulsion engine fuel is 60 
USD/ton, which considerably reduces transportation costs. Table 
4. shows the changes in LNG transportation costs, i.e. the price of 
propulsion engine fuel affecting transportation costs.

5. FLUCTUATION OF SHIP PRICE

It is well known that the initial price of construction of a 
new Moss ship with the capacity of 205,000 m3 is USD 408 million. 
However, when calculating the costs presented in the preceding 
tables, it is evident that these costs considerably influence the 
final price of delivered liquefied natural gas. If the costs arising 
from shipping LNG from load port to import terminal were 
included in the initial price of construction of a new vessel, 

Table 4.
Costs of the Moss type carrier with the capacity of 205,000 m3 with the included price of LNG fuel of 60 USD/ton.

ROUTE NUMBER OF 
VESSELS 

AMOUNT OF CARGO
(ton)

ACTUAL COST
USD/ton

THEORETICAL COST
USD/ton

Murmansk Zeebrugge 9 16 220 028 50.27 47.51

Murmansk Zeebrugge 9 16 227 888 50.21 45.87

Murmansk South Hook, UK 9 16 197 021 50.44 49.82

Murmansk South Hook, UK 9 16 205 393 50.37 48.13

Murmansk Cove Point, USA 15 15 884 079 85.92 81.27

Murmansk Cove Point, USA 14 15 893 783 80.31 79.50

Murmansk Chiba, Japan, Suez 34 14 767 552 292.04 283.84

Murmansk Fujian, China, Suez 30 14 951 894 254.65 252.83

Murmansk Chiba, Japan, NSR 20 15 700 111 115.67 112.57

Murmansk Fujian, China, NSR 23 15 494 424 135.10 134.70

Table 5.
Cost of the delivered LNG with regard to a 10 % increase in price of building a Moss ship with the capacity of 205,000 m3.

ROUTE NUMBER OF
VESSELS 

AMOUNT OF CARGO
(ton)

ACTUAL COST
USD/ton

THEORETICAL COST
USD/ton

Murmansk Zeebrugge 9 16 220 028 59.13 56.25

Murmansk Zeebrugge 9 16 227 888 58.95 54.39

Murmansk South Hook, UK 9 16 197 021 59.68 59.08

Murmansk South Hook, UK 9 16 205 393 59.48 57.14

Murmansk Cove Point, USA 15 15 884 079 102.38 97.49

Murmansk Cove Point, USA 14 15 893 783 96.27 95.47

Murmansk Chiba, Japan, Suez 34 14 767 552 335.87 327.37

Murmansk Fujian, China, Suez 30 14 951 894 293.38 291.54

Murmansk Chiba, Japan, NSR 20 15 700 111 137.00 133.82

Murmansk Fujian, China, NSR 23 15 494 424 161.14 160.84
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the price of Moss type carrier would increase by around 10 %, 
eventually amounting to 449 million USD.

6. CONCLUSIONS

Since transportation costs are the basis for defining the 
overall price of liquefied natural gas (LNG) delivered at import 
terminals, it is obvious that both shippers and exporters strive 
to decrease these costs. By projecting and reducing costs, 
the energy-generating product, in this particular case LNG, 
becomes an easily available and competitive product on the 
market. Naturally, not all parameters affecting the costs of LNG 
transportation can be eliminated, but serious efforts aimed at the 
reduction of these costs have been made. 

The paper has made it clear that the hull design of Moss 
type carrier affects the formation of LNG price in different ways, 
depending on whether the vessel passes through the Suez Canal 
or the North-East Passage, and whether the vessels sails under 
harsh weather conditions or not, through the ice passages or ice-
free offshore areas. The construction of new LNG ships that meet 
all the requirements of navigation under complex conditions lead 
to the conclusion that such vessels also have minor shortcomings 
that can not be eliminated but can be compensated for.

The increase in the number of vessels has been aimed at 
reducing the factor of time loss during navigation but this, in 
return, increased shipping costs and, consequently, the price of 
the energy-generating product. As the just-in-time delivery of 
energy-generating products is essential for both the exporters 

and buyers of LNG, their efforts to control the costs have lead 
to a decrease of the price of LNG as propulsion engine fuel 
used onboard ships designed and employed to carry LNG. It is 
evident that an increase in ship’s speed by 10 % results in higher 
consumption of fuel gas which subsequently reduces the amount 
of LNG delivered to import terminals.

Based on this study, it can be concluded that by 
properly selecting the ship’s design and capacity the shipper 
may contribute to the reduction of costs related to fuel gas 
consumption and control the price of construction of a new ship 
which is included in the final price of LNG, thereby eventually 
decreasing the overall price of liquefied natural gas.
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Marine accident of the Maltese tanker Erika is the biggest 
environmental disaster ever to hit France. 12th of December 
1999, on the way from Dunkerque (France) to Livorno (Italy), 
Erika broke in two and sank near the French coast, spilling around 
20.000 tons of heavy fuel oil into the sea. About 11.000 tons of 
dangerous cargo, trapped inside the sunken wreck, presented 
a danger to the environment. Severe weather conditions 
prevented any offshore clean-up operations. Oil trapped inside 
the wreckage was pumped out, while the on-shore clean-up 
operations lasted for another two years. This accident had a 
direct impact on the economy of affected regions and resulted 
in numerous lawsuits against the ship owners, charterers and 
classification societies. This paper aims to provide an overview of 
oil spill pollution clean-up methods and technologies after the 
accident of tanker Erika.
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 ~ Oil spill
 ~ Offshore clean-up operations
 ~ Oil pumping
 ~ On-shore clean-up operations
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1. INTRODUCTION

The Maltese tanker Erika was 24 years old. From the 
economic point of view her old age was an advantage, i.e. her 
chartering cost was 50 % lower than that of a newer tanker. In 
December 1999 the ship left Dunkerque (France) for Livorno (Italy) 
with 31,000 tons of heavy fuel oil (N°6).

On 11 December 1999 in the Bay of Biscay Erika  faced 
extremely heavy weather conditions (westerly wind, force 8 
to 9 according to Beaufort scale) and suffered constructional 
damages. A day after, on December 12, 1999 the ship started 
breaking in two, and French authorities immediately started 
the salvage operation. The crew were evacuated from the ship 
in naval helicopters. At 8:15 local time Erika finally broke in two 
some 30 miles south of Penmrach’ in the county of South Brittany. 
According to some estimation in that occasion between seven 
and ten thousand tons of cargo were spilt into the sea.

Figure 1. Trajectory of the Erika.
Source: http://www.digitaljournal.com/image/126501(14/05/2012)
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The bow sank the following night not far from the place 
where the tanker broke in two. In order to prevent floating of the 
stern towards the island of Belle – Ille, the French authorities ordered 
her towing, but it also sank a day later about 2:50 local time. Parts 
of the wreck sank at the distance of 10 km from each other. In 
the bow that sank there were still 6.400 tons of cargo, and in the 
stern 4,700 tons. One of the priority tasks was finding the separate 
parts of the wreck. After they were located using underwater ROW 
(Remotely operated vehicle), the recovery procedure started. 
The French Naval Command in Brest was in charge of response 
operation at sea according to the French POLMAR Plan.

The recovery of oil spilt in the accident of the tanker Erika in 
the first days after the accident was thwarted by severe weather 
conditions that had lasted for several weeks then. Surveys from 
the air helped to confirm that oil stains were floating eastward 
at the speed of 1.2 knots. New air surveys carried out in the 
following few days confirmed that the stain broke into a series of 
smaller ones 5 to 8 cm thick that continued floating parallel with 
the coast line. Heavy wind and bad conditions at sea continued 
breaking the stain into smaller ones, however, smaller stain were 
heaping as soon as short calming down of conditions occurred. 
Ships equipped for this type of accident and pollution were 
brought, according to the regulations of the Bonn Convention, 
from several European states with the aim of preventing further 
expansion and allow later recovery from pollution. After 12 days 
of floating in the open sea and exposure to different physical 
and chemical processes in the sea, stain went aground the coast 
in the county of Finistère. About 400 km of the coast was struck 
by pollution. Thousands of volunteers and firemen joined the 
recovery operation. Due to the heavy wind and high waves, bits 
of oil reached deep into the mainland and polluted even the cliffs 
above the inlets. Oil clean-up operations from the shore lasted 
for years, and some areas even nowadays feel the consequences 
of the accident. TotalFina group was in charge of pumping the oil 
from the wreck, treatment and disposal of collected oil, clean-up 
of the coastal areas and the recovery of the affected coastline. 
TotalFina expenses were estimated at USD 99 million.

2. CHARACTERISTICS OF SPILLED OIL

Heavy fuel oil, transported by Erika, was a mixture of 
10 % of light fuel oil, 30 % of heavy fuel oil and 60 % of vacuum 
distillation products.

Due to the fact that at 10° C viscosity is equal to 20,000 
cSt and that the oil had to be heated during transport, chemical 
dispersion could not be used to clean-up this kind of oil.

After 80 days only 11 % of the oil was biodegraded. 
The chemical composition of the oil and large quantities of 
ingredients such as resins, asphaltenes, and polycyclic aromatic 
components are the main reasons of low biodegradability. The 
laboratory analysis confirmed that spilled heavy oils tend to be 

very stable in the environment.

3. CLEAN-UP PROCEDURES AT SEA

Immediately after the accident of the tanker Erika, many 
questions were raised related to the identification of oil, its 
behaviour in the water column, physical features, potential 
toxicity and various countermeasures of pollution treatment. 
Several French laboratories simultaneously started an 
investigation, and the analysis and studies that were conducted 
of the samples of oil spilt from the tanker Erika were used to select 
optimum strategies of clean up operations after the accident. An 
impressive fleet of ships that were supposed to take part in the 
oil clean up operations.

Vessels which participated in clean-up operations were 
chosen due to their characteristics, equipment-wise and design-
wise. All of them had to:
- be able to cope with unfavourable weather conditions like 

rough sea, 
- be rapidly available at clean-up sites,
- have sufficient storage capacity to collect oil, and
- be fitted with equipment suitable for storing and 

discharging collected oil.

Table 1. Characteristics of heavy fuel oil N°6.
Source: Guyomarc’h , J., Merlin, F.: The Erika Oil Spill: Laboratory 

Studies Conducted to Assist Responders, IOSC 2001.

Characteristics
Density 1,0025
Pure point 30 C

Viscosity
38cSt (1000 C)
555cSt (500 C)

20.000cSt (100 C)
Sulphur 2,28 %
Vanadium 82,7 ppm
Nickel 45 ppm
Asphaltenes 3,78 %

Table 2. Chemical composition of oil.
Source: Guyomarc’h , J., Merlin, F.: The Erika Oil Spill: Laboratory 

Studies Conducted to Assist Responders, IOSC 2001.

Chemical composition of oil
Saturated hydrocarbons 22 - 30 %
Aromatic hydrocarbons 42 - 50 %
Resins and asphaltenes 21 - 36 %
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These vessels arrived to the place of the accident on 
December 13, 1999, however, at sunset the waves exceeded 
the height of 6 metres which prevented any possible use of 
the collecting equipment. Characteristics of the oil, such as 
slickness and high viscosity, complicated the clean-up process 
furthermore.

skimmer cassette is used for recovering high-viscosity oil slicks. 
The head of the skimmer is connected to a hose lifting arm by a 
floating hose with integrated hydraulic lines, electrical cable and 
cargo hose. The Transrec 250 system has the maximum capacity 
of 400 m3/h. The hose of the Transrec 250 skimmer has an internal 
diameter of 5 inches and is approximately 80 m long. These 
two characteristics were the main reason for constant pressure 
losses hindering oil recovery operations. Also, the skimmers 
were not successful due to the thickness of the oil stain and its 
characteristics (30-50 % of water).

Finally, on December 16, 1999 all further use of the Transrec 

The TRANSREC 250 is a combined oil recovery and transfer 
system with self-containing abilities, used to contain spilled 
oil, in oil recovery operations and to offload oil from grounded 
vessels. It is equipped with portable offloading hydraulic pumps 
capable of transferring fuel oil to recovery vessels or any other 
type of storage facility available at the clean-up site. The pump 
is used primarily to offload oil trapped inside a damaged vessel. 
The recovery unit of Transrec 250 is a combination of free-
floating weir skimmer and subsidiary disc and belt cassettes. Disk 
cassettes are used for recovering thin oil slicks, while the belt 

Figure 3.
Setting up booms.
Source: http://www.cedre.fr/

en/spill/erika/sea.php

The first clean-up attempts were made on December 
15, 1999, but were disturbed again by extremely bad weather 
conditions and due to break up of booms for the control of 
pollution. By December 19, 1999, five rescue vessels were on 
standby due to severe weather conditions. All clean-up attempts 
were discontinued by December 23, 1999. Immediately after the 
spill, the crewmembers of the pollution recovery vessels set up 
300 metres of booms (Figure 1) and attempted to collect the oil 
using Transrec 250 skimmer.

Figure 2. Heavy fuel attached to the deck of a vessel.
Source: Peigne, G.: Offshore Operations Following the Erika Oil 

Spill, IOSC 2001.

Figure 4. Transrec 250 skimmer.
Source: Peigne, G.: Offshore Operations Following the Erika Oil 

Spill, IOSC 2001.

system ceased in favour of the beginning of utilization of the Foilex 
TDS 250 weir skimmer fitted with a screw pump - oil collecting 
equipment of lower capacity than the Transrec system (up to 
70 m3/h). The Foilex TDS 250 consists of a skimmer, hydraulic 
powerpack and hose package. The skimmer collects the oil into 
the collecting tank. The deployment of the Foilex system was a 
risky move, but the salvage 
crew hoped that unpolluted 
water would be pumped 
out together with the oil, 

Figure 5.
Foilex 250 skimmer.
Source: Peigne, G.: Offshore

Operations Following the Erika

Oil Spill, IOSC 2001.
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Table 3. Rescue vessels and their equipment. Source: Peigne, G.: Offshore Operations Following the Erika Oil Spill, IOSC 2001.

thus enabling the pumping process. Unfortunately, even with 
unpolluted water, the thickness of the oil stain made pumping 
impossible. 

The crew of one of the ships taking part in the clean-up 
operations started using grippers, but even this attempt failed due 
to problems in removing the sticky content from the grippers and 
transfer of the content from grippers to the  deck tank. Due to high 
waves and heavy wind the crew could not control the hanging 
grippers and their use became highly dangerous. On December 
18, 1999 the booms set up broke and working conditions were so 
bad that in order to ensure safety there could not be any further 
attempts of collecting the oil. The last step was to use collectors in 
the form of arms sweeping the spilt oil. Weather conditions were 
not favourable for the use of any kind of booms. Twelve days after 
the accident, on December 23, 1999 the oil clean-up operations 
at the open sea were interrupted because the oil stain reached 
the French coast. Of all the vessels that participated in rescue 
operations, most oil was collected by the crew of vessel Arca. 
Arca was equipped with a pair of sweeping arms, 400 meters of 
containment booms and a Marflex pump.

Despite the efforts of the crews aboard all ships, due to 
unfavourable weather conditions persisting during oil clean-
up operations at open sea, only about 3 % of the oil spilt was 
collected. A total of about 1.100 m3 of oil were collected, which 
is negligible in comparison with the total quantity of the oil 
spilt. Due to the large quantities of oil trapped inside the wreck 
(about 11 000 t), the selection of the most appropriate method of 
pumping the oil out of the wreck became paramount.

Vessel Flag state Length (m) Storage capacity Heating Oil recovery equipment

Ailette Alcyon FRA 57 500 yes
- Transrec 250 skimmer
- Foilex 250 skimmer
- 300m booms

Neuwerk GER 79 1000 yes

- 2x sweeping arms
- Suction pumps (320 m3/h)
- Gripper
- 2x200 m booms
- Deck storage tank

Arca NED 83 1000 yes
- 2x sweeping arms
- 400 m booms
- Marflex pump (450 m3/h)

British Shield UK 98 3800 yes

- 400 m booms
- Terminator skimmer
- Sea Devil skimmer
- Two work boats
- 3 screw pumps (385 m3/h each)
- CCN 150 pump

Alonso de Chaves ESP 64 - - - booms 

4. PUMPING OUT OIL

The wreck of the tanker Erika lied at the distance of about 50 
miles west of the island of Belle - Ile on a sandy bottom. The bow 
lied upside down directly on the sea bottom, at the depth of 114 
metres. It did not suffer major damages to the outer construction, 
except at the place of breaking up at its most rearward point. 
The after part, 10 kilometres distant from the forward part, lied 
on the keel at the depth of about 125 metres. Around it there 
were plates and fragments torn off the tanker at the instant of 
its breaking in two. The outer structure of the hull and deck was 
mostly intact, except at the place of breaking up at the forward 
part. Shortly after it sank the French Navy began the mission of 
searching for parts of the wreck. Information on the position of 
both the forward and after parts was extremely accurate. The 
first photos of the bow were taken using the remotely operated 
vehicle. The photographing was additionally made difficult 
by poor visibility and the size of the wreck compared to the 
robot’s field of vision. A more detailed investigation was carried 
out with the research ship Marianos chartered by TotalFina 
company. The information gained on the state of the wreck 
was greatly helpful in selecting the method of neutralizing the 
oil remaining in the wreck. For the preparation of both parts of 
the wreck and participation in the operation of pumping out the 
oil an impressive fleet was mobilized that included three ships 
equipped with dynamic positioning devices. During pumping out 
operations, at the place where works were carried out there were 
all the time present several salvage ships equipped with various 
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oil collecting devices in order to prevent any further accidents. In 
the operation a certain number of divers took part having at their 
disposal underwater units for collecting minor oil stain below the 
surface of the water. Except the ships that were at the place of the 
accident, there was a whole series of ships standing by, some of 
which were summoned from the neighbouring countries (Figure 
6). The French Navy determined the zone of exclusion extending 
to the distance of two NM around the parts of the wreck. Two 
aircrafts for pollution surveillance continuously flew over the 
traffic lanes around the coasts of Brittany.

was the short time period available for completing the pumping 
out operation – by the end of summer 2000 in order to avoid the 
threat posed by the oil within the wreck for the environment. All 
the challenges mentioned above were successfully overcome 
and in June 2000 the pumping out of oil from the tanker Erika 
wreck started. The pumping out operation started with a 
relatively long-lasting interval of fair weather in June 2000, and 
it was successfully completed in the course of three months. 
The pumping out process (Figure 3) consisted of getting out 
hydrocarbon components based on the differences in hydrostatic 
pressures between the wreck and the spare tank that was on the 
seabed, and in which relative under-pressure was continuously 
maintained. In the suction hoses, that were taking the oil out of 
the wreck, a constant under-pressure was also maintained. Each 
litre of oil taken out of the wreck was automatically replaced by 
sea water entering the tanks by free flow. The under-pressure 
was strictly limited and controlled in order to avoid damaging of 
the tank construction in the wreck. The oil viscosity was reduced 
so as to decrease the loss of pressure in the hoses taking the 
oil out of the tanks, and to enable pumping the oil out using 
double-screw pumps. To facilitate the transfer of the oil, during 
flow it was mixed with an environmentally friendly dilutant – a 
biodegradable “green gas”, a derivate of rapeseed. Mixing was 
performed using static mixer, and it was done at the moment of 
the outflow of oil from the wreck, but before it reached the spare 
tank. At the moment the oil reached the spare tank, the mixture 
of oil and dilutant was directed to the surface by a continuous 
flow through the double-screw pumps. The experts designed 
a special underwater module that allowed the functioning of 
the pumps below the surface of the water. The flexible risers 
stretched from the ships located at the surface to the underwater 
module, taking the environment-friendly dilutant, hydraulic 
power and nitrogen towards the pressure valve (regulator)  on 
the spare tank and taking towards the surface the mixture of 
oil and dilutant, as well as various signals that informed the 
personnel at the surface about the conditions below. Such a 
working operation allowed collecting all the oil located in parts 
of the cargo tanks without any obstructions. The inner walls of 
the cargo tanks in tankers are not flat surfaces. Therefore, inside 
tanks steel girders are mounted, and tanks thus form series of 
compartments that are not entirely separated from each other, 
but still have the possibility of keeping the oil whose viscosity is 
too high. To remove the oil remaining in the tanks environment-
friendly bio-degradable oil was also injected because such oil is 
lighter than heavy fuel oil and escapes towards the top of the tank 
pressing heavy fuel oil below the steel girders. When the heavy 
fuel oil gets below the girders, it can be pumped out through 
rear pumps, until only biodegradable oil remains in the tanks. The 
final step was pumping out of biodegradable oil. Suction pump 
rose towards the top of the tank so that bio-oil, due to its fluidity, 
was escaping through the existing openings towards the suction 

Figure 6. Positioning of the ships around the Erika 
wrecks. Source: http://www.cedre.fr/en/spill/erika/pumping.php 

In the middle of May 2000 the phase of reconnaissance 
and installing new equipment started the preparations of 
both parts of the tanker Erika wreck. In early June with the use 
of remotely operated vehicle the hull drilling equipment and 
the system for connecting the pumping device was installed. 
In areas where the approach to the wreck was difficult divers 
were employed. First the equipment was installed at the bow, 
and then at the stern because the deck that was 30 meters 
above the seabed represented an obstacle and affected the 
complexity of the procedure. The procedure of oil pumping 
out aimed at eliminating the threat that the remaining cargo 
of the tanker Erika represented for the environment posed 
four challenges. The first challenge was the depth of the sea in 
the Bay of Biscay - about 125 meters, and the bay had already 
been famous for heavy storms and long-lasting periods of bad 
weather conditions. The second challenge was the condition the 
tanker Erika wreck was. Since the construction of the ship at the 
point of breaking was weakened, during the operations around 
the wreck strict precautionary measures had to be kept to. The 
third challenge referred to possible difficulties in the process of 
pumping out oil due to fuel oil viscosity at the temperature of 
100 at the seabed where the wreck lied. The fourth challenge 
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points at a higher-level. Upon reaching the high-level points, it 
was pumped out.

The phase of fine cleaning of the wreck consisted of 
removing the greatest possible quantity of the oil that remained 
in the tanks and was carried out by injecting the dilutant. After 
having completely removed the cargo from the wreck, various 
nutrients were introduced into all tanks before their sealing. Their 
function was speeding up the process of natural biodegradation 
in case traces of bio-oil or lighter fractions of the cargo that had 
been carried remained in the wreck.

4.1 Achievements of the pumping-out process

To prepare both parts of the wreck an impressive fleet was 
mobilised that included three ships equipped with dynamic 
positioning devices. The pumping-out project was carried out 
smoothly and there was not a single incident registered. The 
wreck preparation process was carried out according to the 
schedule provided so that the activities were terminated 25 days 
before the scheduled date. Taking into consideration the quantity 
of the oil pumped out and the short time period for carrying 
out works, the project Erika was carried out in an impressive 
way and demonstrated that despite challenges it is possible to 
achieve satisfying results. In the course of the main pumping-out 
operations approximately 10 000 tons of heavy oil were taken 
out. By fine cleaning-up another 1,200 tons were removed.

5. ON-SHORE CLEAN-UP OPERATIONS

A heavy storm and south-westerly wind on December 24 
and 25,1999 stranded the oil that poured out of the tanker Erika 
onto the coasts, dunes and rocks (Figure 4). Even earlier booms 
had been installed in the most endangered areas. In other areas 
new booms were urgently installed. However, heavy weather 
conditions made any clean-up operations impossible.

Thousands of volunteers joined the on-shore oil-clean-
up teams, but it caused problems because the volunteers were 
unprepared and did not have sufficient knowledge about 
procedures to be followed. After several weeks, due to calming 
down of the weather a progress in the clean-up operations could 
finally be seen. By the end of the January the teams for pollution 
removal worked uninterruptedly on all the areas struck. The first 
clean-up operations were organised on beaches and in rocky 
areas as soon as the oil stain reached the coast (Figures 5 and 6). 
More than 5,000 professionals and volunteers participated in the 
tiring on-shore pollution clean-up operations.

Figure 7. The pumping system principle.
Source: http://www.cedre.fr/en/spill/erika/pumping.php

Figure 8.
Oil strandings in
Loire Atlantique.
Source: http://www.cedre.fr/en/

spill/erika/shore.php 

Figures 9. & 10.
Clean-up of the rocks
and sandy beaches.
Source: http://www.cedre.fr/en/

spill/erika/shore.php 

High viscosity of the oil made it impossible to use various 
devices so that manual pollution removal remained the only 
appropriate solution in many areas. Screening belts proved 
extremely effective in collecting oil beads stranded on sandy 
beaches. Heterogeneous rocks were cleaned by hoses under high 
pressure while waste waters produced by flushing   rocks and by 
natural flushing of pebbles in sea-water were filtered through 
fishing nets and nets from building sites. In the areas that were less 
affected by pollution absorbents were used. To remove the oil beads 
buried 25 – 30 centimetres in the sand on the beaches processing 
devices and screening belts were used. After completing the 
operations of initial i.e. rough clean-up, fine clean-up of beaches 
and rocks could begin. Unfortunately, the oil started to reappear in 
many areas and it polluted again some already cleansed areas. In 
the areas of Loire Atlantique and Vendee heavy wind and currents 
buried the oil under several tens of centimetres of sand in stratified 
deposits that were afterwards exposed to phases of erosion and 
in-growing, and expanded as high-water level increased. Despite 
extensive clean-up operations carried out in the spring of 2000, 
in the northern and southern parts of the Bay of Biscay the oil 
concentration in sea-water (500 ng/l) and among bivalves (2.5 
mg/l) was still at the high level. The content of polycyclic aromatic 
hydrocarbons was systematically higher than allowed (15 ng/l for 
sea-water and 0.5 mg/l among bivalves) that resulted in closing 
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Figure 13. Removal of contaminated sand; a) Two 
suction dredgers used for sand removal, fitted with 
the hose system for delivering contaminated sand to 
disposal beach b) Pumping of contaminated water-sand 
mixture to disposal beach ; c) Disposal and filtration 
pools at Pen Bron beach.
Source: Le Guerroué,P., Cariou, G., Poupon, E., and F. Merlin: 

Recovery of Sunken and Buried Oil in Coastal Water During the 

Erika Spill, IOSC 2003.

Figure 12. Oil content in the treated sand.
Source: Le Guerroué,P., Cariou, G., Poupon, E., and F. Merlin: 

Recovery of Sunken and Buried Oil in Coastal Water During the 

Erika Spill, IOSC 2003.

Figure 11. Dredging the centre of the slick where the oil 
concentration was the highest; a) Mechanical dredger 
fitted on a floating pontoon; b) Refinement filter.
Source: Le Guerroué,P., Cariou, G., Poupon, E., and F. Merlin: 

Recovery of Sunken and Buried Oil in Coastal Water During the 

Erika Spill, IOSC 2003.

down the oyster beds and salt pans in the area affected. Since new 
oil strandings were continuously reported in the area of Pen Bron 
the Government realised that at the entrance to the bay in Pen Bron 
Channel there was an unremoved underwater oil stain causing 
chronic pollution. The area polluted extended on more than 
10,000 m2 while the oil stain varied from 0.15 metres in diameter 
to the oil beads. At the centre of the stain there was an area sized 
700 m2 where there was a high concentration of sediment and oil 
mixture. Since the area polluted is subject to strong currents great 
attention had to be paid to remove even the least possible amount 
of sediment in order to facilitate the subsequent transport and 
removal operations. The clean-up operation was divided into two 
phases. The first phase included dredging of the central part of the 
oil stain where the oil concentration was highest using mechanical 
dredgers with filters mounted on pontoons.

The second phase included removal of the sediment 
polluted from the edge of the stain using suction dredger with 
pump system to take the content to the beach for disposal (Pen 
Bron beach). On the beach the water, sediment and oil were 
separated in the settling and filtering basin. The water filtered 
and sand were taken back to the place previously polluted, and 
the polluting contents were sent for clean-up (sand also, if not 
cleansed in the basin).

a) b)

This clean-up operation was carried out in ten subsequent 
days, but only at the time of low water. 800 tons of highly 
polluted sand was removed from the depth of 30 centimetres. 
This technique proved to be extremely fast and efficient.

a) b) c)

The process consisted of five stages:
- Recovery of polluted sand by suctioning and moving of 

polluted material to nearby treatment facilities,
- Separation of sand and pollutant
- Primary filtration of dredged out water,
- Secondary filtration of dredged out water,
- Restoration of cleaned water and sand to contaminated 

area.

After cleaning operations, oil concentration in seawater was 
reduced to 12 ng/l and oil concentration in shellfish to 0.2 mg/
kg. Soon it became apparent that the waste gained, its storage, 
transport and disposal would represent a serious problem. For 
this reason a series of temporary and four large disposal sites 
were opened. TotalFina Company, with the assistance of a board 
consisting of a number of experts in the field, managed the waste 
disposal, and the operation was supervised by experts familiar 
with Polmar (engl. Pollution Maritime) plan in case of spill. For 
storage of the waste gained temporary and large disposal sites 
were opened. The collecting teams stored waste at about 33 
temporary disposal sites. These areas were along the coast, in 
the vicinity of the beaches affected. They consisted of a hole dug 
directly in the soil. Plastic membranes were used as protection 
for underground soil. When there was no need for temporary 
disposal sites any longer, they were dismantled, and any polluted 
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soil was removed and sent to large disposal sites in order for the 
temporary disposal site to return to its original state and thus be 
considered an unpolluted area. Large disposal sites were in the 
vicinity of Elf Antar France Donges refinery, 30 km from Nantes. 
Four such disposal sites were opened all together in which by 
September 2000 about 220,000 tons of waste were collected.

6. CONCLUSION

The accident of the tanker Erika pointed to a number of 
problems with which the International Maritime Organisation 
had to cope so as to prevent similar incidents in the future. Due 
to her economic cost effectiveness (ratio between the age of the 
ship and the charter price), Erika was a favourite to many shipping 
companies that aimed at achieving the maximum profit, not 
paying much attention to possible safety or technical drawbacks. 
Certainly, one of the most frequently asked questions referred 
to the fact that the ship, that had already been well-known for 
her technical defects, possessed all the necessary certificates 
allowing her operating in the maritime transport. When the 
numerous technical defects are accompanied by extraordinary 
heavy weather conditions and sea state affecting maritime 
transport, it can be concluded that the tanker Erika accident 
was almost inevitable. The accident caused such an ecological 
disaster that France had never seen before. It was only due to an 
appropriate response to the spill and the efforts made, despite the 
fact that the weather conditions and characteristics of oil made 
the attempts at removal of the oil almost impossible, that the 
consequences of the accident were not even more extensive. The 
characteristics of oil made its collection the only option. Several 
collectors were used: Transrec, due to its capacity to collect high-
viscosity oil; however, the viscosity of the oil spill was too great 
for the system, which also proved to be impractical because of 
the permanent loss of pressure in the pipes. Foilex was chosen 
for its lower capacity, but even it was incapable of collecting oil 
of such high-viscosity. Sweeping arms were tested when all other 
collectors failed, but weather conditions precluded the use of this 
device. The lack of trained staff was yet another disadvantage. 
In the of response to the spill, the Erika case introduced certain 
innovations, e.g. it was the first time that professional alpinists 
were engaged in the operations of oil clean-up from shores 
and participation of botanists - gave advice on vegetation and 
monitors the treatment of contaminated plants. The specifics of 
this accident, are voluntary assistance arriving from all parts of 
Europe (namely, thousands of volunteers joined the operations 
of oil clean-up from shores) as well as first time organisation of 
oil pumping operation that neutralised the cargo trapped inside 
the wreck. The circumstances of the accident (as well as the later 
accident of the tanker Prestige) forced the International Maritime 
Organisation to issue a number of measures that gradually 
excluded from navigation tankers without double shell plating. 

These packages of safety measures were symbolically called Erika 
I, II and III, as a reminder of disastrous consequences of the spill 
that could have been avoided if more care had been taken of the 
safety of sea transport, and less of economic cost effectiveness 
provided by ships such as Erika -  older tankers with single shell 
plating. Further preventive methods can focus on developing a 
better Contingency Plan and educating people to respond to the 
spill more efficiently.
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The text of the International Convention on the Removal of 
Wrecks was finally adopted at the International Conference held 
from 14 to 18 May, 2007 in the United Nations Office at Nairobi 
in Kenya (UNON). The Convention shall enter into force twelve 
months after having been signed and approved by ten States. 
The new Convention will provide a legal frame for the States 
Parties in removing existing and future wrecks located beyond 
the territorial sea (within their sovereign rights). First of all it is 
the exclusive economic zone which we discuss in the paper, or if 
a state has not established the Zone, it is the territory just beyond 
the territorial seas which extends not more than 200 NM from the 
starting lines for determining the size of territorial seas. Although 
the number of maritime accidents has been reduced recently, it 
has been estimated that there are more than 1 300 abandoned 
wrecks around the world today that pose potential hazards to 
safe navigation, utilization of the living resources, as well as to 
the marine environment. In accordance with the United Nations 
Convention on the Law of the Sea, the Republic of Croatia 
established Protected Ecological and Fishing Zone comprising 
sovereign rights characteristic for exclusive economic zones such 
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as sovereign right of researching, utilization and conservation of 
the living resources beyond the outer borders of the territorial 
sea, as well as their management, and the jurisdiction with 
regard to the scientific research of the sea and protection and  
preservation of the marine environment. The Adriatic Sea falls 
into the category of closed or semi-closed seas by the definition 
of the United Nation Convention on the Law of the Sea, and 
therefore if compared with larger seas, the consequences of 
pollution would be much greater due to its small size.

That is why the adoption of the Convention on the Removal 
of Wrecks is of great importance to Croatia. The provisions of the 
Convention oblige the master and the operator of a ship to notify 
the endangered state party immediately about the accident 
which may cause a shipwreck, and the state must inform the 
mariners and other coastal states about the hazard posed by 
wrecks. The most important fact is that the Convention requires 
compulsory security for vessels of 300BT. The vessels of 300 BT 
are obliged to have the certificate of insurance, or some other 
financial security as a cover for owner’s liability for the damage 
caused by the removal of the wreck.

KEY WORDS
 ~ Removal of wrecks
 ~ International convention on the removal of wrecks
 ~ Safety of navigation
 ~ Marine environment protection
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1. INTRODUCTION

The consequences of the pollution within the confines 
of one state are rarely limited to that state only. The problems 
regarding the environment cannot be solved by one country 
alone. Such protection requires an international approach as well 
as the application of international treaties. It is in this regard that 
a new international convention on wreck removal was adopted 
in Nairobi, Kenya on 15th April 2007.(1) It shall enter into force 
twelve months following the ratification by ten States.(2) This new 
international convention on wrecks will provide the legal basis 
for States, Parties to the Convention, to remove shipwrecks that 
adversely affect the safety of lives and property at sea as well as 
the marine environment.

The Convention should fill a gap in the existing international 
maritime legal framework by providing the first set of uniform 
international rules with the object of ensuring the prompt and 
effective removal of wrecks located beyond the territorial sea. 
The new convention also includes the facultative clause which 
allows the State Parties to apply some provisions of the new 
Convention to their sovereign area including the territorial sea. 
Principally, due to its scope of application, this Convention is of 
special interest to the Republic of Croatia as it has proclaimed a 
protected ecological and fishing zone which spreads from the 
outer boarder of the territorial sea in the direction of the offing 
to the line of delimitation of continental shelf established by the 
treaty between SFRJ (Socialist Federative Republic of Yugoslavia) 
and the Italian Republic regarding delimitation of continental 
shelf, 1968. That zone includes some elements of the exclusive 
economic zone (Nairobi International Convention on the 
Removal of Wrecks, 2007).

Although the incidence of marine casualties has decreased 
dramatically in recent years, mainly thanks to the work of IMO and 
the unrelenting efforts of Governments and industry to enhance 
safety in shipping operations, the number of abandoned wrecks 
is estimated at almost thirteen hundred worldwide. That number 
might even be greater, and as a result, the problems that the 
coastal States and shipping in general face have become more 
acute, which poses a pressing issue.

These problems are three-fold. First, depending on 
its location, a wreck may constitute a hazard to navigation, 
potentially endangering other vessels and their crews; second, 

1 The text of the Convention is available at the following Web address: http://
www.official-documents.gov.uk/document/cm82/8243/8243.pdf, visited on 
14th Jan 2013. The Croatian translation can be found in “Comparative Maritime 
Law”, year 47 (2008), No 162, pp 152. – 185.

2 The Convention on the Removal of Wrecks has not entered into force to this 
day. So far, it has been approved only by five states (Bulgaria, India, Iran, 
Nigeria, Palau), source www.imo.org [accesed 15 October 2012.].

and of equal concern, depending on its nature, the cargo has 
the potential for a wreck to cause substantial damage to the 
marine and coastal environment; and third, in an age where 
goods and services are becoming increasingly expensive, there 
is also an issue of the costs involved in the marking and removal 
of hazardous wrecks. The convention attempts to resolve all of 
these and other, related, issues (Nairobi International Convention 
on the Removal of Wrecks, 2007).

2. CONVENTION DETAILS

The new Convention provides a sound legal basis for 
coastal States to remove, or have removed, from their coastlines 
where they have the sovereign rights or some other exclusive 
rights, wrecks that pose a hazard to the safety of navigation, or 
to the marine and coastal environments, or both. It will make 
shipowners financially liable and require them to take out 
insurance or provide other financial security for covering the 
costs of wreck removal. It will also provide the States with a right 
of direct action against insurers.

The articles in the Convention cover:
• reporting and locating ships and wrecks - covering 

the reporting of casualties to the nearest coastal State; 
warnings to mariners and coastal States about the wreck; 
and action by the coastal State to locate the ship or wreck;

• criteria for determining the hazard posed by wrecks, 
including depth of water above the wreck, proximity of 
shipping routes, traffic density and frequency, type of 
traffic and vulnerability of port facilities. Environmental 
criteria such as damage likely to result from the release of 
cargo, or oil into the marine environment are also included; 

• measures to facilitate the removal of wrecks, including 
rights and obligations to remove hazardous ships and 
wrecks - which sets out when the shipowner is responsible 
for removing the wreck and when a State may intervene;

• liability of the owner for the costs of locating, marking and 
removing ships and wrecks - the registered shipowner 
is required to maintain compulsory insurance, or other 
financial security, to cover liability under the convention;

• and settlement of disputes.(3)

3 http://www.imo.org/about/conventions/listofconventions/pages/nairobi-
international-convention-on-the-removal-of-wrecks.aspx page visited on 14 
January 2013.
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3. CONVENTION APPLICATION SCOPE

3.1. Exclusive economic zone as an institute of the 
International Law of the Sea

Except as otherwise provided in this Convention, this 
Convention shall apply to wrecks in the Convention area. (Article 3)

Exclusive economic zones are established by the United 
Nations Convention on the Law of the Sea, 1982.

According to the international law it is not the part of the 
State zone, and the coastal state cannot validly put any of its 
parts under its sovereignty, although the state has the rights, 
some sovereign rights are mainly economic rights (so called 
resources rights), and there are some which exceed the nature 
of resources rights such as protection and preservation of the 
marine environment, right of hot pursuit etc. On the other hand, 
the exclusive economic zone is not as the open sea accessible to 
all coastal or non-coastal states. The rights of the open sea are 
reduced and also limited in these zones and are practiced in a 
way that the rights of other states are taken into account as well 
as the right which a coastal state has in that zone.

The exclusive economic zone is therefore the zone sui 
generis in which the rights and duties of coastal state, as well 
as the rights and duties of other states are determined by 
customary international law. So far, 122 states in the world have 
proclaimed the exclusive economic zone 200 miles wide (starting 
from the baseline from which the breadth of the territorial sea is 
measured so the zone is actually 188 miles wide), and 14 states 
have proclaimed fishing zones (7 states have proclaimed their 
territorial sea wider than 12 miles, mostly 200 miles) (Barić – 
Punda and Rudolf, 2007).

3.2. Exclusive economic zone of the Republic of Croatia 
- Protected ecological and fishing zone (ZERP)

The Law of the Sea of the Republic of Croatia includes 
provisions on economic zone in Articles 32-34. The exclusive 
economic zone of the Republic of Croatia includes marine space 
from the outer limit of the territorial sea in direction of offing 
to its outer limit allowed by the international law. According to 
the United Nations Conference on the Law of the Sea, exclusive 
economic zone cannot spread out further than 200 miles 
measured from the baseline for measurement of the breadth 
of the territorial sea. The exclusive economic zone has to be 
proclaimed. The Republic of Croatia proclaimed the protected 
ecological and fishing zone (ZERP) which includes only some of 
the elements of the exclusive economic zones.

According to The Law of the Sea, the Republic of Croatia 
in its exclusive economic zone has the sovereign rights for the 
reasons of the following: a) research and utilization, preservation 
and management of living and other natural resources; b) 

production of energy by use of the sea, sea currents and winds. 
Entitled institutions of the Republic of Croatia have the right and 
duty to take all required measures for the purpose of realisation 
of the rights for research, utilization, protection, preservation 
and management of living resources in its exclusive economic 
zone, including the survey, inspection, impounding of foreign 
vessels and legal actions. In case of impounding, or detaining of 
a foreign vessel and pronounced penalty, the vessel flag state is 
immediately informed through diplomatic channels.

During navigation through Croatian exclusive economic 
zone, a navigating craft is obliged to comply with international 
regulations and standards as well as Croatian regulations on 
fighting sea pollution from ships and pollution caused by sinking 
or submarine activities. During overflight of the Republic of 
Croatia, airplanes are obliged to comply with international 
regulations and Croatian regulations on fight against sea 
pollution from air or by air.

Referring to the provisions on exclusive economic zone in 
Maritime code and the United Nations Convention on the Law 
of the Sea, 1982, the Croatian Parliament at its session on 3rd 
October 2003, reached a Decision on extension of jurisdiction 
of The Republic of Croatia to the Adriatic Sea. In this Decision 
the concern was expressed over great endangered condition of 
living resources in the Adriatic Sea. The Decision also stresses the 
fact that the Adriatic Sea belongs to the group of closed or semi-
closed seas by the definition in the United Nations Convention 
on the Law of the Sea, 1982 (UNCLOS). Therefore, and due to its 
small dimensions the consequences of the marine environment 
pollution would be much greater than in other seas. It must be 
evident that an accident, as the one of the tanker Prestige, would 
cause the total devastation of living resources in the Adriatic Sea 
which would result in great social and economic consequences in 
the coastal area of entire Adriatic, and also to national economy 
of the Republic of Croatia as a whole, particularly to Croatian 
tourism (Grabovac and Petrinović, 2006).

Hoping that expansion of national jurisdiction in the 
Mediterranean would form the conditions for sustainable 
fishing, and contribute to effective combat against illegal fishing, 
confirming sovereign rights and jurisdiction which belongs to 
the Republic of Croatia, and which is already exercised over its 
entire continental shelf in compliance with the international 
law, the Croatian Parliament proclaimed the subject matter of 
exclusive economic zone. It refers to sovereign rights of research, 
utilization and preservation of living resources of waters outside 
the outer limits of the territorial sea, and the management, as 
well as jurisdiction regarding scientific research of the sea and 
protection and preservation of the marine environment by which 
the protected ecological and fishing zone of the Republic of 
Croatia was proclaimed on 3rd October 2003.

The application of the legal system of the Zone as 
determined by the Decision on expansion of the jurisdiction 
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of the Republic of Croatia on the Adriatic Sea, started twelve 
months following its establishment i.e. on 3rd October 2004. 
However, on that day the application of the legal system of the 
protected ecological and fishing zone of the Republic of Croatia 
was prolonged for the countries members of the European Union 
until the conclusion of partnership in fishing between Croatia 
and European Union is reached.

The decision of 2003 claims the approved rule of the 
international law that the declared protected ecological and 
fishing zone of the Republic of Croatia, with Croatian sovereign 
rights and jurisdiction, remains marine space in which all states are 
free to navigate, over fly and lay submarine cables and pipelines 
as guaranteed by the international law and other internationally 
allowed utilization of the sea. The limits of the ecological and 
fishing zone have been established. The zone encompasses 
marine space from the outer limits of the territorial sea in the 
direction of offing to its outer limits allowed by the general 
international law. Outer limits of the protected ecological and 
fishing zone shall be established by the international contracts 
on delimitation between states whose coasts lay opposite or 
laterally to Croatian coast. Until these delimitation contracts are 
concluded, the outer limit of the Zone shall temporarily follow the 
line of delimitation of continental shelf determined by the treaty 
between the former Yugoslavia (SFRJ) and the Italian Republic 
on delimitation in 1968, and in lateral delimitation it shall follow 
the line which continues and follows the temporary line of the 
territorial sea delimitation as determined by the Protocol on 
temporary regime of south border between the Republic of 
Croatia and Serbia and Montenegro in 2001 (Grabovac and 
Petrinović, 2006).

The application of the protected ecological and fishing 
zone does not include all the elements of the exclusive economic 
zone as in the Convention on the Law of the Sea and Maritime 
law of the Republic of Croatia. In that zone the sovereign rights 
are not realised as the rights to produce the energy using the 
sea, sea currents and winds as well as the rights to construction 
and application of construction regulations and use of artificial 
islands, installations and plants on the sea, sea bottom and 
submarine area.

3.3. The application of the Convention to the territorial 
sea of a costal state

Apart from the application to a costal state’s exclusive 
economic zone, the International Convention on the Removal of 
Wrecks also includes the facultative clause (Article 3) which allows 
the State Parties to apply some provisions of the Convention to 
their sovereign area including the territorial sea. A State Party 
may extend the application of this Convention to wrecks located 
within its territory, including the territorial sea. In that case, that 
Party shall notify the Secretary-General accordingly, at the time 

of expressing its consent to be bound by this Convention, or at 
any time thereafter. 

The UK government, one of the three states that started the 
issue of international regulation of wreck removal, proposed the 
application of the provisions of The International Convention on 
the Removal of Wrecks. The UK proposed the selective application 
of the provisions in the Convention to their territorial sea as they 
wanted to maintain existing wreck removal laws applicable in the 
UK, but also they supported the application of the Convention 
provisions to compulsory insurance provisions for the vessels 
that have become wrecks in their own territorial sea (Griggs, 
2012).

It is very important that the facultative clause which allows 
the State Parties to apply some provisions of the new Convention 
to their territorial sea is included in the Convention as the majority 
of hazardous wrecks which endanger the safe navigation and the 
marine environment are situated in that area.

3.4. Exclusions

The Convention shall not apply to measures taken under 
the International Convention relating to Intervention on the High 
Seas in Cases of Oil Pollution Casualties, 1969, as amended, or the 
Protocol relating to Intervention on the High Seas in Cases of 
Pollution by Substances other than Oil, 1973, as amended.

The convention shall not apply to any warship or other 
ship owned or operated by a State and used, for the time being, 
only on Government non-commercial service, unless that State 
decides otherwise.

Where a State Party decides to apply Convention to its 
warships or other ships as described above, it shall notify the 
Secretary-General, thereof, specifying the terms and conditions 
of such application.

The Convention allows the State Party to extend the 
application of the Convention to its internal waters and territorial 
sea.(4) In that case, subject to the national law of the Affected 
State, the registered owner may contract with any salvor or other 
person to remove the wreck determined to constitute a hazard 
on behalf of the owner. Before such removal commences, the 
Affected State may lay down conditions for such removal only 
to the extent necessary to ensure that the removal proceeds in 
a manner that is consistent with considerations of safety and 
protection of the marine environment.

4  In that case, Article 2, paragraph 4, Articles 9, paragraphs 1, 5, 7, 8, 9, and 10, 
as well as Article 15 of the Convention will not be applied in the territory of the 
State Party (the internal waters and territorial sea). 
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4. THE SUBJECT OF THE CONVENTION ON THE 
REMOVAL OF WRECKS

4.1. Definition for the purposes of this Convention

Convention area means the exclusive economic zone of a 
State Party, established in accordance with international law or, if 
a State Party has not established such a zone, an area beyond and 
adjacent to the territorial sea of that State determined by that 
State in accordance with international law and extending not 
more than 200 nautical miles from the baselines from which the 
breadth of its territorial sea is measured.

Ship means a seagoing vessel of any type whatsoever 
and includes hydrofoil boats, air-cushion vehicles, submersibles, 
floating craft and Wreck Removal Convention Act 2011 (c. 8) 
Schedule — Wreck Removal Convention 11 floating platforms, 
except when such platforms are on location engaged in the 
exploration, exploitation or production of seabed mineral 
resources.

Maritime casualty means a collision of ships, stranding or 
other incident of navigation, or other occurrence on board a ship 
or external to it, resulting in material damage or imminent threat 
of material damage to a ship or its cargo.

One of the most important questions asked during the 
draft of the Convention on the Removal of Wrecks was about the 
definition of the term ”wreck”. The question was a subject of many 
discussions during the long preparation of the draft. According 
to the convention “wreck” includes a sunken or stranded ship; or 
any part of a sunken or stranded ship, including any object that 
is or has been on board such a ship; or any object that is lost at 
sea from a ship and that is stranded, sunken or adrift at sea. In 
order for the Convention to include the wrecks which are afloat 
or parts of wrecks adrift, the definition is extended and it includes 
“a ship that is about, or may reasonably be expected, to sink or to 
strand”. However in the continuation of the same clause there is a 
condition that such vessel expected to sink shall not be considered 
a “wreck” if effective measures to assist the ship are being taken. 
The term “effective” allows the State party to intervene if it is not 
satisfied with salvage services in achieving fast and safe wreck 
removal. In defining the ”wreck” the term “ship” is used, however  
in the Convention this term means a sailing vessel of any type 
(except warships and non-commercial state vessels), floating 
craft and platforms if not engaged in exploration, exploitation or 
production of seabed mineral resources.

The Convention then defines the ”hazard” that the wreck 
represents. Also this term was the subject of many debates while 
preparing the draft of the Convention. It resulted in the definition 
that the convention shall be applied only to wrecks which 
pose danger to navigation or to the marine environment (may 
reasonably be expected to result in major harmful consequences 
to the marine environment). In Article 6 there is a list of criteria 

which should be taken into account by the affected state when 
determining whether a wreck poses a hazard to navigation 
or to the marine environment. It includes the type, size and 
construction of the wreck; depth of the water in the area; tidal 
range and currents in the area; particularly sensitive sea areas,  
proximity of shipping routes or established traffic lanes; nature 
and quantity of the wreck’s cargo, the amount and types of oil 
(such as bunker oil and lubricating oil) on board the wreck and, in 
particular, the damage likely to result should the cargo or oil be 
released into the marine environment; prevailing meteorological 
and hydrographical conditions etc. Only when the Affected 
State determines that the wreck poses a hazard to the safety 
of navigation and the marine environment it can take further 
measures in accordance with the Convention.

Related interests means the interests of a coastal State 
directly affected or threatened by a wreck, such as: maritime 
coastal, port and estuarine activities, including fisheries activities, 
constituting an essential means of livelihood of the persons 
concerned; tourist attractions and other economic interests of 
the area concerned; the health of the coastal population and 
the wellbeing of the area concerned, including conservation 
of marine living resources and of wildlife; and offshore and 
underwater infrastructure.

Removal means any form of prevention, mitigation or 
elimination of the hazard created by a wreck. “Remove”, “removed” 
and “removing” shall be construed accordingly.

Registered owner means the person or persons registered 
as the owner of the ship or, in the absence of registration, the 
person or persons owning the ship at the time of the maritime 
casualty. However, in the case of a ship owned by a State and 
operated by a company which in that State is registered as the 
operator of the ship, “registered owner” shall mean such company.

Operator of the ship means the owner of the ship or 
any other organization or person such as the manager, or the 
bareboat charterer, who has assumed the responsibility for 
operation of the ship from the owner of the ship and who, on 
assuming such responsibility, has agreed to take over all duties 
and responsibilities established under the International Safety 
Management Code, as amended.

Affected State means the State in whose Convention area 
the wreck is located. Wreck Removal Convention Act 2011 (c. 8) 
Schedule — Wreck Removal Convention 12.

4.2. Objectives and general principles of the 
Convention

A State Party may take measures in accordance with the 
Convention in relation to the removal of a wreck which poses a 
hazard in the Convention area. Measures taken by the Affected 
State shall be proportionate to the hazard. Such measures shall 
not go beyond what is reasonably necessary to remove a wreck 
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Table 1.
Wreck procedures: measures taken vs. subject obligated 
to take actions.

which poses a hazard and shall cease as soon as the wreck has 
been removed; they shall not unnecessarily interfere with the 
rights and interests of other States including the State of the ship’s 
registry, and of any persons, physical or corporate, concerned.

5. PARTICULAR MEASURES FOR REMOVAL OF WRECKS

5.1. Locating and marking of wrecks

According to the Convention Article 5, the master and the 
operator of a ship are required to report to the Affected State 
without delay about the condition of the ship (location, the type 
of damage, nature and quantity of cargo etc.) once it has become 
a wreck according to Convention definition. Upon becoming 
aware of a wreck, the Affected state is obliged to use all the 
means to urgently warn mariners and other states concerned 
of the nature and location of the wreck. The Affected State shall 
mark the wreck in accordance with internationally approved 
wreck system.

5.2. Measures for removal of wrecks

After the Affected State has determined that the wreck 
poses a hazard, after it has marked and located the wreck, it is 
obliged to report to the country of a ship’s flag (the state of the 
ship’s registry) as well as the registered owner that the vessel is 
considered a dangerous wreck; and proceed to consult the State of 
the ship’s registry and other states which might be affected about 
the measures to be taken in relation to the wreck removal. Article 
9 gives the list of measures which need to be taken in removal 
of dangerous wrecks. In this Article it is clearly determined that 
the owner of the vessel (wreck) is the person obliged to remove 
the wreck. The owner can do it with the assistance of salvors. The 
affected State has significant authorities in relation to removal 
operations. It is allowed to set the conditions for removal but only 
to the extent necessary to ensure that the removal proceeds in 
accordance with requirements for safe navigation and the marine 
environment protection. Apart from that the Affected State can 
set a reasonable deadline and conditions to the owner in relation 
to removal operations. If the registered owner does not remove 
the wreck within the deadline set, the Affected State may remove 
the wreck at the owner’s expense. The affected State has further 
rights. If the coastal state estimates that that it is necessary to take 
actions urgently because of requirements of safety to navigation 
and the marine environment protection, it can immediately take 
actions for the removal at the owner’s expense. State Parties to 
the Convention are obliged, in accordance with this provision, to 
ensure by their national regulations that owners, operators and 
masters of vessels flying their flag to act in compliance with the 
Convention requirements and to urgently report to the Affected 
State about the wreck.

6. REMOVAL OF WRECKS

6.1. Liability of the owner

The registered owner is liable for the costs of locating, 
marking and removing the wreck unless the registered owner 
proves that the maritime casualty that caused the wreck: resulted 
from an act of war, hostilities, civil war, insurrection, or a natural 
phenomenon of an exceptional, inevitable and irresistible 
character; (was wholly caused by an act or omission done with 
intent to cause damage by a third party; or (c) was wholly caused 
by the negligence or other wrongful act of any Government or 
other authority responsible for the maintenance of lights or other 
navigational aids in the exercise of that function.

Nothing in this Convention shall affect the right of the 
registered owner to limit liability under any applicable national 
or international regime, such as the Convention on Limitation of 
Liability for Maritime Claims, 1976, as amended. No claim for the 
costs may be made against the registered owner otherwise than 
in accordance with the provision of the Convention.

7. COMPULSORY INSURANCE OR OTHER FINANCIAL 
SECURITY

The registered owner of a ship of 300 gross tonnage and 
above, flying the flag of a State Party is required to maintain 
insurance or other financial security, such as a guarantee of a 
bank or similar institution, to cover liability under this Convention 
in an amount equal to the limits of liability under the applicable 
national or international limitation regime, but in all cases not 
exceeding an amount calculated in accordance with article 6(1)

Measures taken in 
wreck procedures

Subjects obliged
to take actions

Reporting wrecks
The master and the

operator of a ship

Warning mariners and 
the States concerned

Affected State

Determination of hazard Affected State

Locating wrecks Affected State

Marking of wrecks Affected State

Removal of wrecks Registered owner
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(b) of the Convention on Limitation of Liability for Maritime 
Claims, 1976, as amended.

A certificate attesting that insurance or other financial 
security is in force in accordance with the provisions of this 
Convention shall be issued to each ship of 300 gross tonnage 
and above by the appropriate authority of the State of the 
ship’s registry after determining that the requirements of the 
Convention have been complied with. With respect to a ship 
registered in a State Party, such certificate shall be issued or 
certified by the appropriate authority of the State of the ship’s 
registry; with respect to a ship not registered in a State Party it 
may be issued or certified by the appropriate authority of any 
State Party. This compulsory insurance certificate shall be in the 
form of the model set out in the annex to this Convention.

A state party may authorize either an institution or an 
organization recognized by it to issue the certificates. Such 
institution or organization shall inform that State of the issue of 
each certificate. In all cases, the State party shall fully guarantee 
the completeness and accuracy of the certificate so issued and 
shall undertake to ensure the necessary arrangements to satisfy 
this obligation.

The Convention provides that any claim based on 
provisions of this Convention can be made directly to the 
insurer i.e. guarantee provider. This allows the Affected State 
and other persons who have suffered the damage to realise their 
compensation claim in a timely and less complicated manner.

8. CONCLUSIONS

The latest international convention in the field of maritime 
law adopted in Nairobi in May 2007 titled the International 
Convention on the Removal of Wrecks is an addition to 
the existing maritime law and international system of safe 
navigation and protection of the marine environment. Certain 
provisions show that it is an addition and continuation of other 
international conventions such as: the International Convention 
on Civil Liability for Oil Pollution Damage, 1992, the International 
Convention on Liability and Compensation for Damage in 
Connection with the Carriage of Hazardous and Noxious 
Substances by Sea, 1996, the Convention on Third Party Liability 
in the Field of Nuclear Energy, 1960,  the Vienna Convention on 
Civil Liability for Nuclear Damage, 1963, as amended; or national 
law governing or prohibiting limitation of liability for nuclear 
damage; the International Convention on Civil Liability for Bunker 
Oil Pollution Damage, 2001, as amended.

However, the latest Convention does not lie only on the 
existing maritime law regulations. In its preamble it evokes the 
most important international maritime law contract, the United 
Nation Convention on the Law of the Sea, 1982. The application 
scope of the International Convention on the Removal of 
Wrecks is the exclusive economic zone of the Affected State, an 

institute defined by the United Nations Convention on the Law 
of the Sea. Further it is provided that the disputes arisen from the 
provisions of the Convention shall be resolved by the application 
of provisions relating to the settlement of disputes set out in Part 
XV of the United nations Convention on the Law of the Sea, 1982, 
whether or not the States Party to the dispute are also States 
Parties to the UN Convention on the Law of the Sea, 1982.

Regardless of the fact that the Convention is in a dependent 
relation with other international contracts of maritime law 
and The Law of the Sea in the conclusion we must say that the 
international community needed an international contract 
in its fight against the marine environment pollution, and in 
achieving the best standards in the safety of navigation. The 
International Convention on the Removal of Wrecks should have 
been adopted much earlier. It will certainly fill the gaps left by 
other international contracts in disputes of costal states, but 
also the whole international community, with dangerous and 
harmful wrecks of which there was said to be over 1 300 in the 
world today and probably many more. The number includes only 
the wrecks that pose hazard for the safety of navigation and the 
marine environment. According to historical and archaeological 
data, only on the seabed in the Croatian part of the Adriatic there 
are over 15,000 of wrecks of various sizes and purposes. For a 
small number of these wrecks there is exact information about 
locations and most of them do not pose a hazard to navigation 
or the marine environment. But being aware of the future wrecks 
(the last actual danger to the Adriatic was in February 2008 by 
the Turkish vessel the Und Adryatic) we welcome the adoption 
of this Convention hoping that the required number of ten (10) 
States shall ratify The International Convention on the Removal of 
Wrecks in a very near future in order to secure sufficient funds for 
the battle with dangerous wrecks.
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The paper deals with the concept of the so-called ‘’political 
correctness’’, primarily with regard to how it affects the language, 
particularly that of the non-native speakers of English, who may 
sometimes not be sufficiently aware of the sensitivity of the issue 
in the target language, frequently not  nearly as pronounced in 
their own society and cultural setting.

Not surprisingly, ‘’political correctness’’ has over the years 
caused a lot of heated argument and has divided people, not 
only linguists, into its ardent supporters and detractors. While 
the former defend it on the grounds that it can effectively 
combat intolerance, prejudice and injustice, the latter object to 
it as merely an instrument of political control and manipulation 
and an impediment to the freedom of speech. They  base their 
argument on the fact that things are sometimes taken too far, 
many expressions already accepted or suggested as  ‘’politically 
correct’’ sounding exaggerated, unnatural, and ridiculous. 
Furthermore, they argue that political correctness frequently 
obscures the meaning and is directed against clarity, thereby 
deteriorating the language. 

The authors therefore deem it necessary to highlight and 
explore the arguments of both sides, trying to propose the best 
ways of dealing with the issue, making all those concerned fully 
aware of the problem and its implications, at the same time 
striving to establish and maintain a balance.

KEY WORDS
 ~ Politically correct speech
 ~ Euphemism
 ~ Periphrasis
 ~ Clarity
 ~ Freedom of speech

1. INTRODUCTION

This paper deals with the issue of political correctness that 
the authors have been studying and researching for some time 
now, their observation having been published in the journal 
Strani jezici in 2010. Since the topic was elaborately presented 
in the above mentioned paper, it is our goal here to try to shed 
more light upon this extremely important and delicate matter by 
presenting its other aspects and implications.

Political correctness is undoubtedly very important for EFL 
teachers as their task is to produce competent and proficient users 
of English, able to successfully communicate and understand the 
cultural settings and background of the target language. The 
subject is also supposed to raise the teachers’ and, consequently, 
the students’ awareness of certain social issues such as diversity, 
flexibility, tolerance, democracy, etc., none of which can be 
overemphasised in a humanistic approach to education (Plančić 
and Zanchi, 2010).

However, there have been a number of shifts and changes 
in the feelings and attitudes, with some doubts and, occasionally, 
negative criticism gaining ground. Consequently, the authors 
hereby wish to draw attention to these trends, and to focus on 
some of the issues that have so far been insufficiently researched 
and frequently neglected.

The language traditionally used to refer to various minority 
or identity groups obviously represents a sensitive area, in English 
and other languages as well. The concept of gender,  to mention 
only one aspect of the so-called ‘politically correct speech’, does not 
seem to be creating  as many problems in Croatian as it apparently 
does in English. Due to the nature of the Croatian language, 
gender is clearly morphologically indicated. Consequently, it may 
be difficult for the Croatian learners of English to understand why 
it should represent such a disputable issue in English, particularly 
in view of the fact that there exist morphologically marked 
forms for most of the nouns referring to both genders: (glumac – 
glumica; pjevač – pjevačica; učitelj – učiteljica, etc.). Some of these 
have been recently coined in order to fill the void, e.g. sudac – 
sutkinja; psiholog – psihologinja; arheolog – arheologinja.
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physical disabilities., etc.
As far as gender is concerned, it might be important to 

mention some of the most remarkable changes that have taken 
place over the past decades, i.e. noun compounds ending in –
man and other gender marked expressions, being changed either 
to ‘person’ or other more neutral nouns: chairman vs. chairperson, 
fireman vs. firefighter, tradesman vs. skilled person, old master vs. 
classic artist, etc.

Similarly, some terms denoting occupations and professions 
traditionally considered to be the domain of men, and now 
increasingly performed by women as well, have assumed explicitly 
female suffixes, such as –ess, -ette, -trix e.g. manageress vs. manager, 
poetess vs. poet, authoress vs. author, usherette vs. usher,  Likewise, in 
the acting profession, notably, an interesting phenomenon may be 
observed, namely, many women seem to prefer to call themselves 
‘actors’, although there is a female equivalent, ‘actress’, and it doesn’t 
seem to have any negative or offensive connotations. As far as 
nouns morphologically indicating gender are concerned, as in 
the following pairs:  husband and wife, brother and sister, son and 
daughter, these tend to be increasingly abandoned in favour of 
what is thought to be neutral and inclusive: spouse, sibling, offspring, 
though the last has been felt, especially by critics, to be somewhat 
far-fetched and exaggerated (Plančić and Zanchi, 2010).  And what 
is one supposed to say to the recently advocated use of ‘’parent 1’’ 
and ‘’parent 2’’ instead of the standard and, indeed, natural terms 
‘’father’’ and ‘’mother’’? The authors are well aware of the fact that 
the issue is also social and political, therefore by far exceeding the 
domain of linguistics. Nevertheless, they feel that language, being 
extremely important in its own right, should by no means be left to 
the dictates and tyranny of politicians. This, however, has not proved 
to convince ardent feminists who do not seem to be happy with the 
natural order of things. Indeed, any hint at the hideous “masculinity” 
or ‘”femininity’”, even in the cases where they are more than natural, 
sensible, and justified, seems to be taken as an affront, as a direct 
and deliberate insult to the highly praised and commendable 
‘’equality of genders’’. The authors, however, seem to be inclined to 
think that such attitudes, especially if taken to the extreme, are, to 
say the very least, unreasonable, if not downright ludicrous.

When it comes to titles of address preceding surnames, such as 
Mr, Mrs, and Miss, they were largely considered unfair, putting women 
in an inferior position. While Mr, used as a title of address for men, 
in no way reveals their marital status, this is not the case with Mrs 
or  Miss, which is why both are being increasingly replaced with the 
newly coined Ms (pronounced /miz/) since it is  inclusive and neutral, 
thereby making it fully analogous with Mr. (Plančić and Zanchi, 2010). 
What most native speakers of Croatian fail to understand is why the 
title Miss, used of young unmarried women, should be offensive 
to anyone in any way, but it seems to be beside the point since it 
apparently makes sense in English. The general trend tends to be, 
and has been for a number of years, in favour of Ms.

As far as racial, ethnic, religious, and minority-related issues 

Similar principles seem to be true of other concepts, 
such as ethnicity, race, and terms referring to other minority or 
marginalised groups of population, i.e. they apply to them as 
well, thereby additionally obscuring the problem as far as native 
speakers of Croatian are concerned. One of the reasons may lie in 
the fact that the ‘politically correct’ terms keep changing all the 
time and are not easy to keep up with.

2. THE BACKGROUND

The origins of political correctness were dealt with and 
described in our previous paper on that subject. As most linguists 
believe, the reality and language are closely connected, i.e. how 
we perceive the world inevitably reflects on our language and vice 
versa, or, as George Orwell puts it, our thoughts are shaped and 
determined by language, while language seems to have a strong 
impact on forming our thoughts (Orwell, 1946). In other words, 
language strongly influences and determines our view of the world, 
as well as our beliefs and attitudes. It is hard indeed to imagine any 
language separated and detached from reality, including its political, 
economic, cultural, and other social considerations. Consequently, 
the need to include language into social or political reforms becomes 
imperative. However, one should always bear in mind that language 
must by no means be forcibly changed or violated for any political 
purposes, no matter how important they may seem.

As important and commendable as it is to fight against 
prejudice, bias, intolerance, and bigotry based on age, ability, 
physical appearance, sexual orientation, etc., one should be 
particularly cautious not to push things too far, as some more 
zealous champions of the cause seem to have done, constantly 
coining new terms and phrases, mostly euphemisms, which are 
by many felt to be awkward and dissociated from the common 
sense, and striking one as condescending, offensive, or simply 
ridiculous. It is due to these that the principles, beliefs, and 
commendable intentions of the pioneers of the movement are, 
unfortunately, frequently being compromised, thereby making 
the whole idea pointless and even counterproductive.

Furthermore, there have been a number of authors who have 
found the so-called politically correct speech, frequently due to its 
attempt to be generally and universally accepted, oblique, indirect, 
unclear, even insulting in its incessant quest of new synonyms, 
almost invariably euphemisms, which cannot fail to strike one as 
inflated, pretentious, condescending, patronising, and insincere, 
rendering them all the more offensive and insulting.

3. SOME IMPORTANT AREAS AFFECTED BY POLITICAL 
CORRECTNESS

The authors have already tried to draw attention to the 
most sensitive areas, the most prominent ones being gender-
biased language, ethnicity, race, sexual orientation, mental and 
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and references are concerned, the same tendencies seem to be at 
work, i.e. an almost endless succession of terms: ‘Negro’, ‘Oriental’, 
‘Latino’, ‘American Indian’, ‘African-American’, ‘African-Caribbean’, 
‘Native American’, ‘Asian’, ‘Italian-American’, ‘Caucasian’, ‘Native 
Hawaiian’, etc.

In the above examples one cannot help noticing a striking 
recurrence of periphrasis and other oblique ways of denoting a 
particular notion, all being contradictory to the underlying rule of 
clarity and simplicity of language, and almost invariably resulting 
in vagueness and sometimes in sheer nonsense. Or, as the old 
saying goes, ’calling a spade a spade’’ is ultimately much better 
than calling it, in pseudo-legal jargon, “an excavation device”.  In 
constant search of new euphemisms when the old ones have 
worn out and become stale, this is naturally unavoidable, thereby 
becoming the primary target of all kinds of opponents and 
detractors who have called such language, which is not entirely 
ungrounded, insincere, pompous, condescending, meaningless, 
and ridiculous. It should therefore not come as a surprise that 
this opinion should be shared, on more than one occasion, by 
members of the very groups concerned.

It is along these lines that it might be advisable to mention 
the term deracialisation, as one of the most important segments 
of the politically correct speech. The majority of the originally 
neutral terms have over time become devalued, sometimes even 
assuming negative connotations, not to mention becoming 
stale and hackneyed, e.g. ‘Negro’, ‘coloured’, black’, ‘Afro-American’, 
‘African-American’. And the list seems to go on and on.

The issue of mental health has always been an exceptionally 
delicate one since people afflicted by mental disease were, and 
often still are, regarded as a liability, even by the closest family. 
Consequently, when it comes to psychiatric patients, one should 
take particular care to always refer to these people in a thoughtful 
and tactful manner. It is for these very reasons that once approved 
syntagms such as  ‘lunatic asylum’, ‘asylum’, ‘mental institution’ or 
simply ‘institution, or, more humorous, ‘looney bin’, ‘happy farm’, 
‘funny farm’, etc., are to be avoided and replaced with more 
adequate terms such as ‘psychiatric hospitals’ or ‘psychiatric clinics’.

As far as other minority groups are concerned, people 
with various disabilities, as well as people with different sexual 
orientations, seem to have aroused most heated arguments. 
The former are best referred to as ‘visually impaired, persons with 
hearing impairment, disabled, mentally challenged, ‘differently 
abled’, ‘people with special needs’, rather than the habitual 
expressions such as ‘handicap’, ‘handicapped’, ‘invalid’ and 
‘invalidity’,  ‘blind’, ‘deaf’’, etc. However, some of them appear to 
be rather indirect and periphrastic and are therefore frequently 
perceived as imprecise and unclear (‘visually impaired’ for ‘blind’, 
‘hard of hearing’ or ‘persons with hearing impairment’ for ‘deaf’, 
or ‘persons with special needs’ for people afflicted by physical or 
mental deficiencies, etc.), apart from sounding pretentious and 
condescending. This is why the zealous efforts of the proponents 

of political correctness strike many as being, to put it mildly,  
unnecessary and uncalled for, even exaggerated and blown out 
of proportion, particularly by the population to which the terms 
are supposed to refer.

As far as other minority groups are concerned, the latter 
group, namely, homosexuals, transsexuals, etc. seem to have 
attracted the greatest amount of attention, which may to a certain 
extent be accounted for by the fact that they have indeed been 
most exposed to ridicule, contempt, and prejudice. This can be 
corroborated by an amazingly long list of derogatory terms used 
to refer to them (‘queen’, ‘queer’, ‘fairy’, ‘poofter’, ‘faggot’, ‘dyke’, ‘butch’, 
‘gay’). Although the above words are abusive for the most part, the 
acceptability of some of them seems to have been varying, rising 
or abating, depending on the current social and political situations 
and trend, as well as the degree of acceptance by the groups 
themselves. The word to have gained ground and stuck, despite 
the fact that it was once one of the many words intended to be 
derisive, is the word ‘gay’. Not only has it become the acceptable 
colloquial and informal equivalent of the formal ‘homosexual’, but 
it is currently the term favoured by the group themselves and 
has been in use for quite some time (Plančić and Zanchi, 2010). 
It might be interesting to note that the adjective ‘gay’ is no longer 
used in its former meaning (“A poet could not but be gay / In such 
a jocund company” – William Wordsworth): it has been completely 
obliterated and ousted by the newly acquired one, especially in the 
predicative use. Curiously enough, it has never been converted or 
back-formed into other parts of speech (noun or verb), as was the 
case with the participial adjective ‘coloured’ which was also used as 
a noun, assuming the inflectional plural suffix – s.

As far as age is concerned, most people seem to be 
particularly sensitive, as they have customarily been the target 
of ridicule, prejudice, and unfair treatment. Prejudice against this 
group, known as ‘ageism’, has been formed by analogy after the 
older term ‘sexism’. Old people thus came to be called ‘elderly’, and 
‘older’ , or, as has been jokingly suggested,  ‘chronologically gifted’ 
or ‘chronologically challenged’’, also replacing the term ‘old age’ 
with the the ‘politically correct’ ‘youth deficiency’. However, the 
above group is nowadays invariably referred to as ‘people of the 
third age’ or ‘senior citizens’.

4. CRITICAL OBJECTIONS

The so-called ‘’political correctness’ has, over the past few 
decades, apart from  attracting a great deal of interest and 
attention, gained a great deal of critics and opponents. It may be 
also said that the term, along with its numerous implications, has 
assumed a number of negative connotations.

Among the very first critics of the so-called ‘’politically 
correct speech’’ was the English author George Orwell who, as 
early as the 1940-ies and 1950-ies, seemed to have anticipated 
most of the future trends and developments, predicting an 
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overall deterioration of the language as it increasingly came to 
be used to suit various political and other non-linguistic  (and 
non-cultural) needs, at the expense of standard norms of clarity 
of thought and speech, often going as far as manipulating and, 
frequently deliberately obfuscating the thought and the clarity of 
expression with a view to deceiving and manipulating people. In 
his world-famous essay entitled Politics and the English Language 
(1946) Orwell anticipated and announced the political and 
demagogical (ab)use of the language that was to take place in 
the following decades, pertaining notably to totalitarian states 
and doctrines, his native England, unfortunately, being no 
exception. His statement about language, political language  as 
being a means of, not expressing one’s thoughts, but frequently 
concealing the fact that one has no thoughts, has become famous 
and often quoted, even outside the English speaking world.

One of the basic and most valid linguistically based arguments 
in favour of this view is that language is freely and naturally 
determined and formed by its users and that the changes cannot 
and shouldn’t be decreed or prescribed. Favouring some words and 
expressions at the expense of other, perfectly good and valid ones, 
as well as replacing them with frequently vague, awkward, and, 
in view of many, ugly periphrases, especially doing so for reasons 
that have nothing to do with linguistics, can be, and indeed is, by 
many perceived as violating the freedom of thought and speech, 
a tyranny as a result of which language is noticeably deteriorating. 
As early as 1946, criticising political speech as a blatant abuse of 
language, George Orwell wrote: “.. the English language is in a bad 
way, ...” (Orwell, 1946). If this statement was true at that time, how 
much more has the situation worsened in the meantime?

At this point it might be good to mention certain newly 
coined expressions resulting from an overzealous wish to meet 
the requirements of ‘’political correctness’’, or, as some would 
prefer, of pushing things too far. The following are humorous and 
clearly meant to make people laugh. Nevertheless, they may serve 
to illustrate a situation in which standard (and clear!) English words 
are occasionally mockingly replaced with vague periphrasis and 
ridiculous euphemisms in an attempt to conform to the demands 
of ‘’newspeak’’, thus creating a great source of ideas for satire and 
ridicule, as exemplified by the following syntagms:

dead  – metabolically different
alive  – temporarily metabolically able
psychopath  – socially misaligned
bald – follicularly challenged
short – vertically constrained
stupid – intellectually challenged 
paper bag – processed tree carcass
old age – youth deficiency

5. CONCLUSION

The use of politically correct language, which started in 

English and spread to many other languages, was caused by an 
ever increasing social and political  consciousness that all people 
should be treated with consideration and respect,  regardless of 
gender, ethnicity, religion, age, sexual preferences etc. Politically 
correct language reflects all the changes in modern society that 
have taken place with the growth of awareness of the rights of 
various minority and underprivileged groups.  However, there 
are many opponents of this language reform who think that the 
things may have gone too far. Some of them claim that political 
correctness endangers the freedom of speech and thought.

Such an important issue can by no means be ignored, 
therefore the authors deem it necessary for all the ESL students 
and speakers to familiarise themselves with these changes in 
order to help them towards a better understanding of  the culture 
in which they might work, visit or do business one day. This seems 
to be particularly true of seafarers, whose jobs are inevitably 
associated with the use of the English language, indeed requiring 
a good command of it. Furthermore, when it comes to teaching 
lexis, the topic offers a wide range of very useful vocabulary. It 
is also an exceptionally rewarding topic for discussion as most 
students are ready to participate and contribute. And, finally, it 
is a great delight for teachers as they mostly relish the prospect 
of teaching language and expanding the students’ vocabulary, 
at the same time promoting justice, non-discrimination, and 
equality (Plančić and Zanchi, 2010).

At the same time, the authors feel that particular care should 
be taken to avoid extreme solutions, the majority of which have 
for a long time now been considered pretentious and inflated, 
a laughing stock, thereby undermining all, basically good and 
honourable intentions aimed at adapting the language use in 
such a way that it should not offend or exclude any member of 
society.
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CONTRIBUTION

1. INTRODUCTION

IMO Secretary-General Koji Sekimizu has launched this 
year’s World Maritime Day theme, “Sustainable development: 
IMO’s contribution beyond Rio+20”, calling on Governments 
and the shipping industry to join together and provide a 
positive contribution towards formulating sustainable maritime 
development goals. Also, the Secretary-General expressed his 
vision that halving lives lost at sea and eradicating pirate attacks, 
as well as ensuring the release of all hostages can, and should, be 
legitimate targets, for the Organization and for shipping in the 
years to come.

Since the last issue of ToMS, the Maritime Environment 
Protection Committee (MEPC) met at the Organization’s London 
Headquarters for its 64th session from 1 to 5 October 2012, and 
the Maritime Safety Committee (MSC) held its 91st session from 
26 to 30 November 2012. Their selected decisions and outcome 
of discussions have been presented in this review of the current 
work of IMO bodies.

2. 64th SESSION OF THE MARINE ENVIRONMENT 
PROTECTION COMMITTEE (MEPC 64)

Work on energy-efficiency measures for ships
Following adoption of the new chapter 4 of MARPOL Annex 

VI, in July 2011, the MEPC continued its work on further developing 
technical and operational measures relating to energy-efficiency 
measures for ships, based on a work plan agreed at the previous 
session. The MEPC adopted amendments to the 2012 Guidelines 
on the method of calculation of the attained EEDI for new 
ships (resolution MEPC.212(63)) and approved an amendment 
to the 2012 Guidelines on survey and certification of the EEDI 
(resolution MEPC.214(63)). The MEPC also approved a number of 

The paper presents current work of selected IMO bodies in 
the period preceding the publication of this issue of ToMs. The 
outcome of IMO bodies responsible for safety and environment 
protection has been covered, aiming at informing seafarers and 
shipping industry at large on the decisions taken, as well as on 
the IMO instruments and/or their amendments that have entered 
into force.

KEY WORDS
 ~ IMO
 ~ Safety
 ~ Environment protection
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related guidance and interpretations.

Update on GHG emissions estimate endorsed
The MEPC, endorsed, in principle, the outline for an update 

of the greenhouse gas (GHG) emissions estimate, which is 
considered necessary as the current estimate, contained in the 
Second IMO GHG Study (2009), does not take account of the 
economic downturn experienced globally since 2008.

Ballast water management systems approved
The MEPC granted basic approval to five, and final approval 

to three, ballast water management systems that make use of 
Active Substances. The MEPC noted that there are now 28 type-
approved ballast water management systems available.

The MEPC also addressed a number of issues relating to 
implementation of the BWM Convention and urged those States, 
which have not yet done so, to ratify the Convention to achieve 
its entry into force at the earliest opportunity.

Recycling of ships - guidelines adopted 
The MEPC adopted the 2012 Guidelines for the survey 

and certification of ships under the Hong Kong Convention and 
the 2012 Guidelines for the inspection of ships under the Hong 
Kong Convention. These two sets of guidelines, together with the 
four sets of other guidelines previously adopted, complete the 
development of all guidelines referred to in the text of the Hong 
Kong Convention, which was adopted in May 2009. 

Amendments to the IBC Code adopted
The MEPC adopted amendments to chapters 17, 18 and 19 

of the International Code for the Construction and Equipment of 
Ships carrying Dangerous Chemicals in Bulk (IBC Code), which 
had been concurrently approved by the MSC.
• Mandatory audit scheme: draft III Code and MARPOL 

amendments approved

In line with the time frame and schedule of activities for the 
institutionalization of the Audit Scheme (resolution A.1018(26)), 
the MEPC approved the draft IMO Instruments Implementation 
Code (III Code), which sets the standard for the IMO audit 
scheme, and approved draft amendments to MARPOL to make 
the III Code and auditing mandatory under that treaty. The aim 
is to adopt the MARPOL amendments in 2014, once the III Code 
has been formally adopted by the IMO Assembly, in 2013, which 
is coordinated with the adoption of amendments to the relevant 
IMO instruments under the purview of MSC, for their entry into 
force by 1 January 2016.

Code for Recognized Organizations (ROs) approved
The MEPC approved the draft Code for Recognized 

Organizations (ROs) and related draft amendments to MARPOL 

(Annexes I and II) to make it mandatory, for adoption, at a future 
session. The Code will provide a consolidated text containing 
criteria against which ROs (which may be authorized by flag 
States to carry out surveys and issue certificates on their behalf ) 
are assessed and authorized/recognized, and give guidance for 
subsequent monitoring of ROs by Administrations. 

3. 91st SESSION OF THE MARITIME SAFETY COMMITTEE 
(MSC 91)

Passenger ship safety 
MSC 91 agreed that rules to require passenger safety drills 

to take place prior to, or immediately upon, departure, instead 
of “within 24 hours”, as stated in current SOLAS regulation III/19, 
should be made mandatory, in the wake of the Costa Concordia 
incident and approved a draft amendment, which will now be 
circulated with a view to adoption, at the next session, MSC 92, 
in June 2013.

New mandatory requirements to reduce noise on board 
ships

The MSC adopted a new mandatory requirement for 
new ships to be constructed to reduce on-board noise and to 
protect personnel from noise (new SOLAS regulation II-1/3-12), 
in accordance with the revised Code on noise levels on board 
ships. The Code supersedes the previous non-mandatory Code, 
adopted in 1981 by resolution A.468(XII) and will come into effect 
when the new regulation enters into force, on 1 July 2014.

IMO audit scheme: draft III Code and amendments 
approved

Further to the concurrent decision of MEPC 64 (see above), 
MSC 91 approved the draft III Code and draft amendments to the 
following treaties to make the III Code and auditing mandatory: 
SOLAS 1974 and 1988 Load Lines Protocol, for adoption by MSC 
93; COLREG 1972, LL 1966 and TONNAGE 1969 Conventions, 
for subsequent adoption by the Assembly at its twenty-eighth 
session (following the procedures for adoption of amendments 
for these conventions). Similar draft amendments to STCW 1978 
and the STCW Code are under development, with a view to their 
approval at the next session of the MSC. The aim is to adopt the 
treaty amendments in 2014, once the III Code has been formally 
adopted by the IMO Assembly, in 2013, which is coordinated 
with the adoption of amendments to MARPOL by MEPC, for their 
entry into force by 1 January 2016.

RO Code approved
Further to the concurrent decision of MEPC 64 (see above), 

MSC approved the draft RO Code and related draft amendments 
to SOLAS 1974 and the 1988 Load Lines Protocol, to make it 
mandatory, for adoption, at a future session. 
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Piracy and armed robbery against ships statistics 
reviewed

The MSC reviewed the latest statistics on piracy and armed 
robbery against ships and noted the encouraging downward 
trend in piracy attacks in the western Indian Ocean. However, 
there were still many innocent seafarers held hostage in Somalia, 
some for more than two years. The increase in the number of 
incidents of piracy and armed robbery against ships in the Gulf of 
Guinea and the increasing level of violence of those attacks was 
also a major concern. 

Other amendments adopted
The MSC adopted amendments to 1988 Load Lines 

Protocol, annex 1, regulations 27, 27(11) and 27(13), related to 
regulations for determining load lines; as well as amendments to 
1978 SOLAS Protocol and 1988 SOLAS Protocol, related to forms 
of ships certificates. Other adopted SOLAS amendments, which 
are expected to enter into force on 1 July 2014, include:
• amendments to SOLAS regulation III/17-1 to require ships 

to have plans and procedures to recover persons from the 
water, as well as related Guidelines and the MSC resolution 
on Implementation of SOLAS regulation III/17-1 to ships to 
which SOLAS chapter III does not apply; 

• amendments to SOLAS regulation II-2/10 and II-2/15 and II-
2/20 on fire fighting;

• amendments to update the International Code for Fire 
Safety Systems (FSS Code), as amended, including revised 
specifications for breathing apparatus and revised chapter 
14 on fixed deck foam systems; and

• amendments to chapters 17, 18 and 19 of the IBC Code, 
which have been concurrently adopted by MEPC, for their 
entry into force on 1 June 2014.

Other amendments, guidelines and circulars approved
The MSC approved, for adoption at MSC 92, SOLAS 

regulation III/19 and amendments to the International Safety 
Management (ISM) Code. 

The MSC approved a number of other guidelines and 
circulars, including:
• revised Guidelines on the Medical Examination of Seafarers 

(STCW.7/Circ.19);

• STCW.7 circular providing Guidance on Electronic Chart 
Display and Information System (ECDIS) Training; and

• guidance to STCW parties, including revised circulars on 
Procedures regarding the consideration of information 
communicated in accordance with article IV and regulation 
I/7 of the STCW Convention (MSC.1/Circ.796/Rev.2; 
Guidance on the preparation, reporting and review of 
independent evaluations and steps taken to implement 
mandatory amendments required by regulations I/7 and 
I/8 of the STCW Convention (MSC.1/Circ.997/Rev.1); and 
Guidance on arrangements between parties to allow for 
recognition of certificates under regulation I/10 of the 
STCW Convention (MSC.1/Circ.950/Rev.1).

4. AMENDMENTS TO IMO INSTRUMENTS THAT HAVE 
ENTERED INTO FORCE ON 1 JANUARY 2013

• SOLAS amendments on lifeboat safety aimed at 
preventing accidents during lifeboat launching, adding 
a new paragraph 5 to SOLAS regulation III/1, to require 
lifeboat on-load release mechanisms not complying with 
new International Life-Saving Appliances (LSA) Code 
requirements to be replaced, in accordance with the 
established deadlines.

• MARPOL Annex VI Emissions - a new chapter 4 Regulations 
on energy efficiency for ships, to make mandatory the 
Energy Efficiency Design Index (EEDI), for new ships, and 
the Ship Energy Efficiency Management Plan (SEEMP) for 
all ships. The EEDI is a non-prescriptive, performance-based 
mechanism that leaves the choice of technologies to use in 
a specific ship design to the industry. The SEEMP establishes 
a mechanism for operators to improve the energy efficiency 
of ships. 

• Amendments to MARPOL designating the United States 
Caribbean Sea as a new emission control area (ECA); and 
designating the Baltic Sea as a Special Area with respect to 
pollution by sewage from ships; and

• The revised MARPOL Annex V related to the control 
of garbage, which has been developed following a 
comprehensive review to bring the Annex up to date.
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or

Mental illness among seafarers is of growing concern and 
it’s believed that mental health problems may contribute to 
many other physical health conditions that seafarers experience. 
Due to the nature of their work, seafarers are often separated 
from their families and support networks for long periods of time 
and may feel very lonely. The fast turnaround times of modern 
ships often result in limited time for shore leave. Recent research 
by international maritime organizations has shown that seafarers 
may be more likely than their shore counterparts to experience 
mental health problems.

Different cultures are often found aboard ships and 
differing cultural expressions and stigma associated with mental 
illness can make it difficult to recognize and to treat effectively. 
Seafarers who are severely depressed, thinking of suicide or self 
harm may not tell their fellow crew members because mental if left untreated. If it isn’t properly treated, depression is highly 

felt sad, down or 
miserable most of the 

time

lost interest or pleasure 
in most of their usual 

activities.

Behaviour

likely to recur.

Some events or situations have been linked with depression:
• family conflict
• isolation or loneliness
• unemployment
• having a serious medical illness
• drug and alcohol use
• changes in the brain
• having a family member with depression.

illness is not discussed openly in their cultures. It is hoped this 
booklet will give Masters information needed to identify crew 
members at risk and help depressed seafarers on their ships.

Depression is more than just a low mood – it’s a serious 
illness. People with depression find it hard to function every day. 
Depression has serious effects on physical and mental health.

A person may be depressed, if for more than two weeks 
they have:
and experienced a number of these symptoms:

In most cases, depression will go on for weeks or months 

It’s important to remember that each person is different 
and it is often a combination of factors that puts a person at risk 
of depression. Depression is very common. Around one million 
Australian adults and 160,000 young people live with depression 
each year. On average, one in five females and one in eight males 
will experience depression in their lifetime.

Depression is often not recognized or treated. Different 
types of depression require different types of treatments. This 
may include physical exercise for preventing and treating mild 
depression, through to psychology

Stopping going out
Not getting things done at work
Withdrawing from close family and friends
Relying on alcohol and sedatives
No longer doing things they enjoyed
Unable to concentrate

Thoughts

“I’m a failure.”
“It’s my fault.”
“Nothing good ever happens to me.”
“I’m worthless.”
“Life’s not worth living.”

Feelings

Overwhelmed
Guilty
Irritable
Frustrated
No confidence
Unhappy
Indecisive
Disappointed
Miserable
Sad

Physical

Tired all the time
Sick and run down
Headaches and muscle pains
Churning gut
Sleep problems
Loss or change of appetite
Significant weight loss or gain

News

THE MENTAL HEALTH OF SEAFARERS
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WORLD’S FIRST HYBRID CAR CARRIER EMERALD ACE COMPLETED

TOKYO-Mitsui O.S.K. Lines, Ltd. announced the completion 
of the hybrid car carrier Emerald Ace, designed to generate zero 
emissions while berthed, at the Mitsubishi Heavy Industries, Ltd. 
Kobe shipyard.

The Emerald Ace was built as world’s first newly built hybrid 
car carrier, and is equipped with a hybrid electric power supply 
system that combines a 160 kW solar generation system(*) - 
jointly developed by MHI, Energy Company of Panasonic Group 
(President: Masato Ito), and MOL - with lithium-ion batteries 
that can store some 2.2 MWh of electricity. Conventional power 
generation systems use diesel-powered generators to supply 
onboard electricity while berthed. On the Emerald Ace, electricity 
is generated by the solar power generation system while the 
vessel is under way and stored in the lithium-ion batteries. The 
diesel-powered generator is completely shut down when the 
ship is in berth, and the batteries provide all the electricity it 
needs, resulting in zero emissions at the pier.

The vessel’s hybrid system represents a significant 
step forward in realizing ISHIN-I, the concept for the next-
generation car carrier that MOL announced in September 2009. 
MOL continues to take a proactive stance in technological 

development with the aim of reducing the environmental 
burden of its vessels and operations.

Hybrid car carrier Emerald Ace The words “Solar Hybrid” on 
the aft of the hull designate the ship as a  hybrid that makes use 
of renewable energy.

The development of the Emerald Ace was subsidized by 
the Ministry of Land, Infrastructure, Transport and Tourism as a 
project to help reduce CO2 emissions from ocean-going vessels, 
and received support from Nippon Kaiji Kyokai as a cooperative 
development project to reduce greenhouse gases produced by 
ocean shipping operations.
Source: Mitsui O.S.K. Lines, Ltd.,; Press Release

Figure 2. Conceptual Diagram of the System.

Figure 1. Car Carrier Emerald Ace.
Source: http://www.mol.co.jp/menu-e.html

Solar power
panel

Lithium- ion 
batteries

Zero emissions in berth
(Shut down diesel powered genarator)

Solar power panel charges 
lithium-ion batteries

<Under way>

Solar power and lithium- ion 
batteries batteries supply 

electricity onboard 
<In berth>

CONCEPT OF THE NEXT-GENERATION VESSEL - CAR CARRIER ISHIN-1

MOL has advanced technologies that it has developed 
and utilized to the fullest, and formed the concept for its next-
generation vessel, which will be technically practical in the 
near future. The first announcement was the next-generation, 
environment-friendly car carrier. MOL named the first concept 
vessel, a car carrier, “ISHIN-I (Ishin one),” with the key words 
“Senpaku ISHIN, “that reflect our approach.

The site offers a detailed look at “ISHIN-I” and the history of 

MOL’s technological innovation.    “ISHIN — History holds the key 
to the future”
(1) While in port, and during loading and unloading: Achieve 

zero CO2 emissions  Further develops the use of renewable 
energy for conventional car carriers. Realizes zero emission 
goal by adopting large-capacity solar-power panels and 
rechargeable batteries.

(2) Under way: Reduce CO2 emissions by 50 % (*1)

Digitale Bibliothek Braunschweig

http://www.digibib.tu-bs.de/?docid=00051308



TRANSACTIONS ON MARITIME SCIENCE 65

Adopts multiple new technologies to greatly reduce the 
vessel’s burden on the environment.

The ship achieves a 41% reduction, in comparison (per unit) 
to conventional vessels (PCTC with a capacity of 6,400 standard 
passenger cars). When needs for larger vessels arise in the future, 
CO2 emissions can be reduced by 50% on that assumption.

Wider use of the solar panels partly adopted on the car 
carriers Euphony Ace and Swift Ace, on all areas of the upper deck 
on both vessels.

Achieve zero emissions while in port and during loading 
and unloading by installing large-capacity rechargeable batteries 
(lithium ion) and combining them with an electric propulsion 
system.

Optimization of propulsion efficiency

(1) Contra-rotating propeller drive system
Combine a diesel engine with an electric propulsion 

system, and place a pair of propellers facing each other at the 
stern. The propellers share the burden of powering the ship and 
spin in opposite directions, allowing the rear propeller to absorb 
the rotation energy of the front propeller. As a result, the system 
greatly increases efficiency.
(2) Advanced Propeller Boss Cap Fins (PBCF)

 This MOL-developed energy-saving device has been 
adopted on more than 1,700 vessels all over the world. The most 
advanced model will be installed on the ISHIN-I vessels.

Advanced wind resistance reducing design

The design was developed by MOL, and the hull shape has 
been further refined, reducing wind pressure from the bow and 
sides. The shape of the stern also smoothes the flow of the wind.

Reduction of friction drag

Next-generation vessels will use ultra-low friction ship 
bottom paint. By trapping water on the coated surface, this paint 
eliminates friction drag caused by minute patterned indentations 
formed on conventionally painted surfaces.

Optimum voyage support system

This system relies on the latest marine weather information 
while monitoring voyage conditions, and searches for the 
shortest, most fuel-efficient routes while taking into account the 
differences in various types and hull forms of ships.

Optimization of engine system

Fuel supply to the engine is electronically controlled, and 

the vessel operates with the optimum fuel supply. Thermal 
energy conventionally lost with exhaust gas will be efficiently 
recovered for reuse.

Optimization of hull design
Improve the hull form, in pursuit of further improvements 

in fuel efficiency.

Larger hull compatible with new Panama Canal

When needs for larger vessels arise, adoption of twin-
shaft propellers will allow greater improvement in propulsion 
performance and fuel efficiency.

This will reduce CO2 emissions per unit transported by up to 
by 50%, compared to current vessels.

MOL ordered a new cape-size bulker that will adopt 
element technologies of the next-generation ISHIN-III vessel 
program to achieve high fuel efficiency. Universal Shipbuilding 
Corporation (president: Shinjiro Mishima) will construct the new 
ship, slated for completion in late 2014.

MOL has repeatedly studied various technologies to realize 
the concept for the ISHIN-III series of next-generation vessels 
(large-scale iron ore carriers) announced in April 2010.

The new building vessel will adopt the following element 
technologies which are at the core of the ISHIN-III concept. New 
technologies will boost fuel efficiency of the new ship by more 
than 20% compared to conventional cape-size vessels, with a 
corresponding reduction in CO2 emissions. Advanced features 
include:

A steam turbine that generates electric power using 
exhaust heat from the engine.

A hybrid power generation system to convert rotational 
force from the supercharger into electric power.

In addition, the electric power gained through the steam 
turbine and hybrid systems will assist vessel propulsion.

MOL continues to take a proactive stance in technological 
development with the aim of reducing the environmental 
burden of its ships.

Specifications

Lenght: 300.0 m

Bearth: 50.0 m

Depth: 25.0 m

Draft: 18.4 m

Capacity: About 209,000 tons

Gross tonnage: About 107,000 tons

Source: Mitsui O.S.K. Lines, Ltd.,; Press Release
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ENERGY-SAVING PROPELLER BOSS CAP FINS SYSTEM REACHES MAJOR MILESTONE – ORDERS RECEIVED FOR 2,000 
VESSELS

Research and development on 
the Energy-Saving Propeller Boss Cap 
Fins System- PBCF started in 1986, 
and sales began the following year. 
Since then an increasing number of 
ship-owners, mainly in Japan, began 
to adopt the system. By 2006, the 19th 
year since the start of sales, the PBCF 
had been ordered for 1,000 vessels. 

Since then, it has gained worldwide recognition by vessel owners 
and operators, and the number of ships adopting it has doubled 
in just five years, reaching the 2,000 vessel milestone this year. 

 At the Second International Symposium on Marine 
Propulsion in Hamburg, Germany, in June 2011, BMT Defence 
Services Ltd. of  U.K. presented a paper reporting on a before and 
after speed test using an Aframax tanker operated by a major 
firm, showing nearly 4 % energy saving effect. This independent 
study once again brought the PBCF to the attention of the 
shipping industry and the public.

The MOL Group is promoting its next-generation vessel 
concept called Sempaku ISHIN, and the PBCF is one of its 
key technologies. Mandatory energy efficiency measures for 
international shipping were adopted at the International Maritime 
Organization (IMO) IMO environment meeting on July 15, 2011, 
and regulations on greenhouse gas emissions by the ocean 
shipping will make the PBCF even more valuable in the future. 
The MOL Group continues its research and development on 
various green technologies and promotes global environmental 
protection by helping reduce CO2 emissions from vessels.

PBCF (circled in yellow) is being installed.
Its business covers a wide range of fields, including: sales 

of fuel and lubricants, various ship machinery, ship stores, ship 
parts, and telecommunication equipment; sales of land-based 
air conditioning equipment and industrial machinery and 
equipment; real estate agency and sales; and maintenance of the 
National Oil Storage Barges. Its environmental products include 
heat shield paint and energy-saving lighting fixtures in addition 
to PBCF. The company also markets safety-related products 
include scaffolding for inspection of bulk carrier cargo holds and 
maintenance operations.

Features of PBCF
• 3-5 % reduction in fuel consumption and a corresponding 

reduction in CO2 emissions
• A reduction in propeller torque
• Reduced vibration in the stern less underwater noise
• Reduced rudder erosion

Installation is simple and straightforward, requiring only 
the removal of the propeller boss caps and replacement with the 
PBCF. No hull modification is needed. The PBCF is an integral part 
of the propeller, with no other moving parts. The PBCF system is 
custom made, with design optimized for the shape of the vessel’s 
propellers. Lead time is three to four months from order to delivery. 

It is maintenance free after installation, requiring only 
inspection and polishing when the vessel is in dry-dock, and 
performance does not decline over time.

Source: Mitsui O.S.K. Lines, Ltd.,; Press Release

Figure 3. PBCF

THE RESEARCH VESSEL SIKULIAq

The Research Vessel Sikuliaq will replace the more than 40-
year old R/V Alpha Helix that is now retired and was owned by 
the National Science Foundation. The need for a more capable 
ship to operate in the coastal and open ocean waters of the 
Alaska region was first recognized by marine scientists in the 
U.S. in 1973. In 2001, Congress appropriated $1M for a design 
study. Sufficient ice strengthening will allow the Sikuliaq to work 
safely in moderate seasonal ice, operating over a longer period 
than formerly possible in the North Pacific Ocean, Gulf of Alaska, 
and the Bering, Chukchi, and Beaufort Seas. The design is based 
on science mission requirements developed by the University-
National Oceanographic Laboratory System community.

Climate change (reflected by Arctic sea ice decreasing by 
approximately 9% per decade) and increased human use of the 
region will influence ocean circulation and ecosystem dynamics, 

Figure 4. The Research Vessel Sikuliaq
Source: http://www.sfos.uaf.edu/sikuliaq/about/
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impacting biological productivity, marine mammals and fish 
stocks. 

This technologically advanced platform will allow up to 26 
scientists and students, per cruise, to conduct multi-disciplinary 
studies on these complex issues, and facilitate broadband real-
time virtual participation of classroom students in expeditions, 
including remotely operated underwater vehicles.

Arctic Ocean influences on oceanic and atmospheric 
circulation: Decadal variations in sea ice cover have profound 
effects on climate, global warming and global ocean circulation.

High productivity of Alaskan continental shelves: Effects 
of these processes on ecosystems and fisheries are not well 
understood.

Marine geological studies: Arctic oceanic sediments can 
reveal the history of paleoclimates. Better understanding of sub-
sea volcanic activity and natural seismicity can predict potentially 
devastating tsunamis and other hazards.

Increasing anthropogenic contaminants: Great potential 
for adverse environmental effects.

Native subsistence users: Diversity and abundance of 
marine biota, including fish stocks, marine mammals and bird 
populations, will be critical to their traditional way of life.

 ~ Modern suite of science winches suitable for 10,000m of cable 
including: deep-sea traction winch; CTD winch; and hydro winch.

 ~ Flexible over-side handling equipment, including articulated 
stern A-frame.

 ~ Full suite of modern deck cranes on Aft deck.
 ~ Covered and heated equipment staging and deployment area 
(Baltic Room) featuring hydro-boom (Load Handling System). 

 ~ Accommodation for three ISO standard 20 foot science vans.
 ~ Two multi-beam sonars (Kongsberg midwater EM302 and 
shallow water EM710), which are protected by ice-capable 
acoustic windows.

 ~ Acoustic Doppler current profilers, 75 kHz and 150 kHz. The 
Sikuliaq will be delivered with a transducer well that can 
accommodate a 38 kHz ADCP.

 ~ Jumbo piston coring capability.
 ~ Undulating towed vehicle (Triaxus) deployment capability.
 ~ MOCNESS multiple net towing system.
 ~ Precision vessel motion sensors.
 ~ Ethernet based, fiber-optic Local Area Science Network (LAN).
 ~ Modern vessel control system. 

Planning efforts for an Alpha Helix replacement have been 
on-going for many years. The current design effort began in 2001 
under the auspices of the University of Alaska Fairbanks and 
Woods Hole Oceanographic Institution Design Committee.

Source: http://www.sfos.uaf.edu/sikuliaq/about

THE WORLD’S LARGEST CONTAINERSHIP

On 5 November 2012, the CMA CGM Group took delivery 
of the biggest vessel in its fleet and currently the world’s largest 
(capacity) containership: the CMA CGM MARCO POLO carrying 
up to 16,020 TEU-s.

First of a series of three vessels named after great explorers, 
the CMA CGM MARCO POLO is deployed on the Group’s FAL 1 
service (French Asia Line) linking Asia to North Europe. With some 
of the fastest transit times on the market between Asia and the 
English market and optimal coverage of Central and South China, 
FAL 1 provides a quality service to the Group’s customers. FAL 1 
calls at the following ports: Ningbo ê Shanghai ê Xiamen ê Hong 
Kong ê Chiwan ê Yantian ê Port Kelang ê Tangier ê Southampton 
ê Hamburg ê Bremerhaven ê Rotterdam ê Zeebrugge ê Le Havre ê 
Malta ê Khor al Fakkan ê Jebel Ali ê Ningbo.

In line with the sustainable development policy of the 
Group, CMA CGM MARCO POLO is equipped with all the latest 
environmental technologies:

An electronically controlled engine allowing a significantly 
reduced consumption of fuel(-3 % on average) and of lub oil (-25 %). 

 A twisted leading edge rudder improving the 
hydrodynamics of the vessel (optimization of the water flow), 
and significantly reducing energy expenditures as well as CO2 
emissions.

A Pre-Swirl Stator® allowing the straightening up of the 
water flow upstream from the propeller in order to improve its 
productivity. Combined with the twisted leading edge rudder, 
this innovation optimizes the hydrodynamics of the vessel and 
makes it possible to reduce by 2 to 4 % the consumption of 
energy and the atmospheric emissions.

An “Exhaust Gas Bypass” system, which improves the 
energetic efficiency of the vessel, reducing the fuel consumption 
by 1.5 % at low speeds.

An optimized hull design allowing to sensibly improve the 
propulsion of the vessel into the water. A ballast water treatment 

Figure 5. CMA CGM Marco Polo
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Ship’s Characteristics

Delivery Date 5.11.2012
Service FAL 
Deployment ASIA-EUROPE 
Previous Name DSME 
Flag UNITED KINGDOM 
Built 2012
Nominal TEU-s 16020
TEUs 14TH 12100
Reefer Point 1200 x 40' on deck 
S. DWT 187626
S. Draft 16
L.O.A 394.4 
Beam 53.6 
Suez GT 176714
Suez NT 159080
Speed 24.1
Builder SME, South Korea 
Propelling Engine WARTSILA 14 RT Flex 96 C 
Classification BV CleanShip, Green Passport 
Call sign 2FYD5 
Bowthruster 3600
Imo Number 9454436
Managing Owners CMA CGM HEAD OFFICE 
Operator CMA CGM

system,, in order to preserve the biodiversity of the oceans by not 
rejecting chemicals into seawater.A vessel 400m in length and 
able to carry up to 16,020 containers is a business in itself. On 
board, 27 crew members (including 2 officer cadets) keep this 
giant of the seas up and running. The Captain of the CMA CGM 
MARCO POLO, Velibor Krpan, 44, talked to us about his career and 
what it’s like navigating this vessel.

“I started at the age  of 22 as a cadet on Croatia Lines’ vessels, 
a company based in Rijeka. In 1999, I worked for a German owner 
and then joined the CMA CGM Group in 2002 on the 350 TEU 

CMA CGM ORAN. At the time I never dreamt that one day I would 
become Captain of the world’s largest containership!

There’s really not much difference with the previous vessel 
I commanded, the CMA CGM CORTE REAL (13,800 TEU-s), despite 
the extra 31 metres in length. Longer and wider than any other 
vessel in the fleet, it does however require much closer attention 
during berthing and unberthing procedures. Regards navigation, 
fundamentally it is no different but you have to adapt quickly to 
the new technologies on board.”

First Impressions on
Navigation of Captain
Velibor Krpan

A vessel 400 m in length 
and able to carry up to 16,020 
containers is a business in itself. On 
board, 27 crew members (including 
2 officer cadets) keep this giant 
of the seas up and running. The 
Captain of the CMA CGM MARCO 
POLO, Velibor Krpan, 44, talked to 
us about his career and what it’s 
like navigating this vessel.

“I started at the age of 22 as a cadet on Croatia Lines’ vessels, 
a company based in Rijeka. In 1999, I worked for a German owner 
and then joined the CMA CGM Group in 2002 on the 350 TEU 
CMA CGM ORAN. At the time I never dreamt that one day I would 
become Captain of the world’s largest containership!

There’s really not much difference with the previous vessel 
I commanded, the CMA CGM CORTE REAL (13,800 TEU-s), despite 
the extra 31 meters in length. Longer and wider than any other 
vessel in the fleet, it does however require much closer attention 
during berthing and unberthing procedures. Regards navigation, 
fundamentally it is no different but you have to adapt quickly to 
the new technologies on board.”
Source: CMA CGM, Reprint with permission of CMA CGM

Figure 6. Captain Velibor 
Krpan.

LEGAL ASPECTS OF ARCTIC SHIPPING

Arctic navigation routes include the ‘Northwest Passage’ 
between the Atlantic and Pacific oceans along the northern 
coast of North America and the ‘Northern Sea Route’ (NSR) 
which includes all passages along the North coast of the Russian 
Federation (see Figure 7). As a result of the continued melting 
of Arctic sea ice a new ‘Central Arctic Ocean Route’ may soon 
become an option alone or in combination with elements of the 
Northwest Passage or the NSR. At present most Arctic shipping 
is ‘intra-Arctic’, comprising summer operations in the Canadian 
Arctic and around Greenland and year round operations along 

Figure 7.
The location of the North 
West Passage and NSR − 
Arctic Marine Shipping 
Assessment (AMSA) 2009, 
Report (available at
www.pame.is), at p.17.

Digitale Bibliothek Braunschweig

http://www.digibib.tu-bs.de/?docid=00051308



TRANSACTIONS ON MARITIME SCIENCE 69

parts of the NSR. There have been only a handful of trans-Arctic 
voyages in summer along the Northwest Passage and the NSR 
since 2000 mostly for science and tourism.

Nevertheless, as noted in the European Commission’s 2008 
Arctic Communication1, the melting sea ice is progressively 
opening opportunities for navigation through Arctic  layers which 
could considerably shorten trips from Europe to the Pacific with 
ensuing environmental and economic benefits. The successful 
navigation of the NSR by two German owned cargo vessels, the 
MV Beluga Fraternity and the MV Beluga Foresight in September 
2009 has generated considerable interest in the use of this route 
for commercial shipping, not least because further passages are 
already planned for summer 2010. Other potential drivers for 
increased Arctic shipping activity include the development of 
hydrocarbon extraction activities in Arctic waters and growth in 
Arctic cruise ship tourism.

International Law
International law is the body of law that regulates the 

rights and duties of States and other actors, such as international 
organizations, recognized by international law. The law of the sea 
is the branch of international law that is concerned with all uses 
and resources of the sea. The sources of the law of the sea include 
customary international law as well as a range of conventions, 
treaties and agreements, the most important of which is the 1982 
United Nations Convention on the Law of the Sea (LOS Convention).

All Arctic States are parties to the LOS Convention except for 
the United States, which nevertheless takes the view that, except 
for its Part XI, the LOS Convention is already part of customary 
international law. The European Union (EU) is also party to the LOS 

Figure 8. Arctic’s sustainability development. Convention. This is important in view of the fact that Denmark, 
Finland and Sweden are Member States of the EU and Iceland 
and Norway are parties to the Agreement creating the European 
Economic Area (EEA). The membership of Denmark, however, 
does not extend to Greenland which chose in the mid 1980s to 
withdraw from the then EEC and hence is not part of the EC/EU.

Part of the balance aimed for by the LOS Convention is 
achieved through the division of the seas and oceans into maritime 
zones. The starting point for the measurement of the seaward 
extent of all the coastal State’s maritime zones is the ‘baseline’. The 
LOS Convention provides that a ‘normal’ baseline is the low-water 
line along the coast. In some circumstances, however, for instance 
where the coast ‘is deeply indented and cut into, or if there is a 
fringe of islands along the coast in its immediate vicinity’ and 
across the mouths of rivers and bays, the LOS Convention allows 
coastal States to determine ‘straight baselines’. Controversially, 
Canada has drawn straight baselines around its Arctic islands or 
Arctic archipelago − as illustrated in Figure 2 below. 

The international legal validity of enclosing the Canadian 
Arctic Archipelago with straight baselines remains contentious. 
The United States and EU Member States lodged formal protests 
against the baselines regarding them as inconsistent with 
international law. Whether Canada can justify the status of 
internal waters for the enclosed waters by the argument that 
they are historic waters, is in doubt.

Internal waters are waters landward of the baseline of the 
territorial sea (described in the next paragraph) and can include 
bays, estuaries and ports. A coastal State has full sovereignty over 
its internal waters and can, in most circumstances, restrict entry 
into them. This is where the significance of Canada’s straight 
baselines arises. If Canada’s arguments are correct, then large 
parts of the Northwest Passage would lie within Canada’s internal 

Figure 9. Straight baselines claimed by Canada −
J.A. Roach and R.W. Smith, United States Responses to
Excessive Maritime Claims (The Hague/Boston/London,
Martinus Nijhoff Publishers : 1996 (2nd ed.)), p.119.

CANADIAN ARCTIC STRAIGHT BASELINES

Arctic Ocean

Greenland

C A N A D A
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waters. As ports lie wholly within a coastal State’s territory, 
customary international law and the LOS Convention also 
recognize a port State’s wide discretion in exercising jurisdiction 
over its ports. Pursuant to the LOS Convention, archipelagic 
States may draw straight baselines around their respective island 
groups thereby enclosing archipelagic waters. This notion does 
not extend to islands situated off a mainland. Therefore neither 
Canada nor Norway qualify as archipelagic States. The practice by 
these two States is consistent with this view.

Every coastal State has the right to a territorial sea up to 
a limit of 12 nautical miles (NM) from the baseline. A coastal 
State has sovereignty over its territorial sea, together with 
broad prescriptive and enforcement jurisdiction, subject to 
the right of ‘innocent passage’ by foreign vessels. Special rules 
apply to straits used for international navigation whereby the 
prescriptive and enforcement jurisdiction of coastal States are 
considerably curtailed. In terms of the Arctic, Canada and the 
Russian Federation take the view that this regime does not apply 
to the Northwest Passage and the NSR respectively due to a lack 
of actual usage. The United States takes the opposite view, one 
likely to be supported by other States with large fleets. 

Beyond the territorial sea a coastal State may claim a 
contiguous zone that can extend to 24 NM from the baseline for 
customs, fiscal, immigration and sanitary enforcement purposes 
and an exclusive economic zone (EEZ) that can extend up to 200 
nm from the baseline. Within its EEZ a coastal State has sovereign 
rights for the purposes of exploring, exploiting, conserving and 
managing living and non-living natural resources (e.g. fish and 
hydrocarbons) and other activities for the economic exploitation 
and exploration of the zone (such as the production of energy 
from the water, currents and winds) as well as jurisdiction with 
regard to artificial islands, installations and structures, marine 
scientific research and the protection and preservation of the 
marine environment.

A coastal State has a continental shelf comprising the soil 

Figure 10. Maritime zones under the LOS Convention.
Source:http://ec.europa.eu/maritimeaffairs

and sub-soil of the submarine areas that extends beyond its 
territorial sea to the outer end of the continental shelf or up to 
200 NM from the baseline if the continental shelf does not extend 
that far. In other words, some States may be entitled to an outer 
continental shelf that extends beyond 200 nm. A coastal State 
has sovereign rights for the purpose of exploring its continental 
shelf and exploiting its natural resources (such as the harvesting 
of sedentary fish species, drilling, tunnelling etc.). No State may 
claim sovereignty over the high seas, the international commons 
beyond the EEZ, and consequently no State can exercise 
jurisdiction in a coastal State capacity there. All States enjoy the 
freedom of the high seas. Beneath the high seas and seaward 
of the coastal States’ continental shelves, the seabed and ocean 
floor is categorized as the Area in the LOS Convention. 

In terms of substantive standards, the international regime 
for the regulation of maritime shipping contains a wide number 
of categories, including:
• discharge and emission standards, including standards 

relating to ballast water exchange;
• construction, design, equipment and manning (CDEM) 

standards, including fuel content
• specifications and ballast water treatment requirements;
• navigation standards, in the form of ships’ routing measures, 

ship reporting systems (SRS-s)
• and vessel traffic services (VTS-s);
• contingency planning and preparedness standards; and
• liability, compensation and insurance standards.

For the purpose of the Study, separate attention was 
devoted to the following categories of standards:
• cruise tourism;
• security issues;
• bunkering and transport of non-living resources; and
• the protection and preservation of the marine environment

Shipping Guideline
A rationale for Norway’s 2006 High North Strategy was the 

growing recognition of the importance of the area to Norway as a 
whole. The ‘High North’ includes the Northern part of Norway and 
the adjoining maritime areas northwards up to the Greenland 
Sea in the west including the island Jan Mayen and to the 
Barents Sea in the east including the Svalbard Archipelago. The 
High North Strategy also includes a reference to the integrated 
management plan adopted for the Barents Sea and the sea areas 
off the Lofoten Islands.

The Arctic has long been a specific item of Russian state 
policy. In terms of shipping the regulatory focus is on the NSR. 
Although opened to foreign shipping in 1991, volumes of cargo 
transported along the NSR have actually decreased fivefold since 
the 1980s.

Its name notwithstanding, the NSR is not a single linear 
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‘route’: due to the highly variable and difficult ice conditions the 
optimal course of vessels navigating the NSR will vary. Rather it 
constitutes the entire corridor that is the sea area to the north 
of the Russian Federation irrespective of the distance from the 
coastline including Russia’s EEZ, territorial sea and internal waters.

Specifically with respect to the Arctic marine area, 
however, there are a range of disagreements on issues within the 
international law of the sea as well. For the purpose of this Study, 
a distinction can be made between those that relate expressly or 
directly to merchant shipping and those that do not. The latter 
issues include the following:
(a) the dispute between Canada and Denmark on title to 

territory over Hans Island;
(b) unresolved maritime boundaries between States;
(c) absence of final and binding outer limits of the continental 

shelf beyond 200 nm involving the Commission on the 
Limits of the Continental Shelf (CLCS); and

(d  disagreement on the spatial scope of application of the 

Treaty of Spitsbergen.
It is submitted that the first two issues may have implications 

for (the regulation of ) merchant shipping but the latter two do 
not. Disagreements that relate expressly or directly to merchant 
shipping include the following:
(a) the consistency with international law of the straight 

baselines drawn by Canada around its Arctic archipelago 
and, as a corollary, the legal status of the landward waters 
and the navigational rights for foreign vessels therein, 
especially those that form part of the Northwest Passage;

(b) the legal status of certain marine areas within the NSR;
(c) the spatial scope of application of Article 234 of the LOS 

Convention; and
(d) the relationship between the LOS Convention’s Article 234 

and its regime of transit
passage for straits used for international navigation.

The disagreements listed in the previous paragraph 
converge in the Northwest Passage as well as the NSR. As regards 
the Northwest Passage, the United States and several EU Member 
States have protested the straight baselines and the United States 
also takes the view that the Northwest Passage − or at least part 
of its routes − is subject to the regime of transit passage and that 
this regime trumps Article 234. Apart from the issues of straight 
baselines, the United States has a similar view with respect to 
the NSR. If the Canadian and Russian views were to be upheld, 
they would be entitled to the in principle absolute coastal State 
authority States in internal waters or the extensive coastal State 
authority in territorial sea in addition to the fare aching powers of 
coastal States pursuant to Article 234.

Based on the analysis of the national laws and regulations 
on merchant shipping of Canada, Denmark (Greenland), Iceland, 
Norway, the Russian Federation and the United States carried 
out in this Study, it can be concluded that only Canada and the 
Russian Federation have enacted laws and regulations that are 
significantly more stringent than GAIRAS. Assuming that not the 
regime of transit passage but Article 234 would be applicable, 
the laws and regulations of Canada and the Russian Federation 
do not seem to overstep the limits imposed by Article 234. 
Both States formally recognise the various navigational rights 
of foreign vessels through their maritime zones. Moreover, 
the analysis did not indicate that the substantive standards or 
requirements are unreasonable or discriminate unjustifiably 
between national and foreign vessels. The Canadian enactment 
that has most relevance for this Study is the AWPPA, the Act 
that ‘inspired’ Article 234 of the LOS Convention. With its scope 
recently extended to apply throughout Canada’s EEZ, the AWPPA 
and its implementing regulations specify a number of standards 
that are stricter than GAIRAS, including construction, design, 
equipment and navigation standards, including mandatory 
navigation and ice breaker service fees.

While the analysis of relevant laws and regulations of 
Denmark (Greenland), Iceland, Norway and the United States has 
led to the conclusion that none of these States need to invoke 
Article 234 of the LOS Convention for justification, the question 
should also be raised if they would be entitled to rely on Article 
234 in the first place. The phrase ‘for most of the year’ would 
not give such an entitlement to Iceland at all but for Denmark 
(Greenland) it would be very broad. For Norway an entitlement 
would be limited to certain marine areas off Svalbard and for the 
United States to certain marine areas of the maritime zones off 
Alaska north of the Bering Strait.

In terms of considering options for consultation and reform, 
the main rationale for multilateral regulation of Arctic marine 
shipping is that it would provide a minimum level of regulation 
and a level playing-field between the participants. The more 
universal the participation in such multilateral regulation, the 
fewer free riders with competitive advantages there will be. At 
the outset it is appropriate to address a number of more general 
considerations. These include:
(a) whether options for reform should be legally binding or 

not; 
(b) whether there is a suitable existing international body 

where the selected option can be developed and adopted 
and if not, whether is there a need and sufficient support 
for establishing a new international body; and

(c) whether participation should be limited to Arctic coastal 
States and the related question as to which vessels should 
be subject to such regulation.
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THE NEW MARPOL ANNEX V GARBAGE REGULATIONS

New regulations addressing garbage management go 
into effect on January 1, 2013 pursuant to action taken by the 
Marine Environment Protection Committee (MEPC) at its sixty-
second session in July 2011 after a comprehensive review of 
MARPOL Annex V. The new regulations impose stricter garbage 
management procedures and documentation requirements 
for all vessels and fixed and floating platforms which will have 
major implications for industry, as discussed below. The revised 
MARPOL Annex V, contained in MEPC.201(62), is available on the 
IMO’s website for the Marine Environment Protection Committee 
(MEPC), 55th session.

The most significant change in the new regulations is its 
general approach to garbage management. Under the current 
regulations, discharge of garbage into the sea was generally 
allowed unless specifically prohibited or limited. This concept 
is reversed in the new regulations, which impose a general 
prohibition on the discharge of all garbage unless the discharge is 
expressly provided for under the regulations. To aid in identifying 
the categories of garbage which may be discharged, the new 
regulations include a host of new definitions, such as for “animal 
carcasses,” “cargo residues,” “cooking oil,” “domestic wastes,” 
“fishing gear,” “food wastes,” “incinerator ashes,” and “operational 
wastes.” The new regulations allow the limited discharge of only 
four of these categories: food waste, cargo residues and certain 
operational wastes not harmful to the marine environment, and 
carcasses of animals carried as cargo. Combined with the general 
prohibition on the discharge of garbage outside these limited 
categories, the new regulations greatly reduce the amount of 
garbage that vessels will be able to dispose of at sea. Below is 
a simplified overview of the new discharge provisions that is 
posted on the IMO website.

Any garbage permitted to be disposed of at sea must be 
discharged while the vessel is “en route.” Per the definitions, 
“en route” means that “the ship is underway at sea on a course 
or courses, including deviation from the shortest direct route, 
which as far as practicable for navigational purposes, will cause 
any discharge to be spread over as great an area of the sea as is 
reasonable and practicable.” 

Stricter regulations will pose a number of operational 
challenges. The increase in the quantity of garbage required to be 
retained onboard and disposed of ashore is likely to create a host 
of logistical problems for vessels and port authorities with regard 
to storage, equipment, and sanitation. Indeed, many existing 
ships will not be able to handle the amount of garbage requiring 
incineration and many port authorities will not be able to handle 
the large amounts of dunnage without substantial investment 
and planning. Vessels will incur higher port garbage service 
charges which will have to be taken into account in chartering 
agreements. In addition, greater limitations on the discharge of 

cargo residue and wash water will affect if, how, and where the 
cleaning of holds and external surfaces may be conducted. For 
example, any cleaning agents used to wash exterior surfaces may 
be discharged only outside special areas and the vessel must 
have evidence from the producer of the product that it meets 
certain criteria for not being harmful to the marine environment. 

The new regulations also expand documentation 
requirements for vessels and offshore platforms. Garbage 
management plans must be revised to reflect the new 
regulations. The IMO published guidelines for the drafting of 
new garbage management plans, MEPC.220(63), available here, 
which outlines items that should be covered by the plans. The 
requirement to have a garbage management plan is expanded 
to include all vessels of 100 gross tons or greater, whereas under 
the current regulations garbage management plans are required 
for vessels 400 gross tons or greater. Fixed and floating platforms 
must also have a garbage management plan under the new 
regulations. In addition, the Garbage Record Book on all vessels 
must be replaced. The new version of the Garbage Record Book 
includes revised categories and requires entries to be itemized 
by category, if possible. Fixed and floating platforms must also 
maintain a Garbage Record Book under the new regulations. 
Finally, the requirement to post placards is extended to offshore 
platforms. Placards currently in place on all vessels must be 
replaced as well.

The IMO published “2012 Guidelines for the 
Implementation of MARPOL Annex V” to aid governments, ports 
and terminal operators, ship owners and operators, vessels’ 
crews, and equipment manufacturers in complying with the new 
regulations. The guidelines outline a number of recommended 
waste minimization and handling techniques, including that 
vessels minimize taking on material that could become garbage. 
A number of tactics are suggested in the guidelines, such as 
ordering supplies that come in bulk packaging as much as 
possible, avoiding the use of disposable dinnerware and towels, 
and utilizing reusable cargo coverings, dunnage, and packing 
materials. The guidelines also suggest multiple garbage sorting 
practices, emphasizing the need for careful planning of garbage 
handling under the new regulations as more garbage will need to 
be stored onboard until it can be properly disposed of ashore. An 
analysis as to the advantages, disadvantages, and effectiveness of 
grinders, compactors, incinerators, and other garbage handling 
equipment is provided to aid in garbage management decisions. 
As the new regulations will increase the quantities of garbage 
offloaded to shore based reception facilities, the guidelines 
further provide suggestions for garbage management decisions 
for port reception facilities and encourages consideration of 
alternative reception facility methods, such as the use of barges 
or self-propelled vessels as floating plants for garbage collection. 
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Revised sample placards targeting crew, offshore platforms, 
and passengers are located at the end of the guidelines. The 
guidelines, MEPC.219(63), are available here.

Vessels operating in the United States have experienced 
increasingly heightened enforcement of, and penalties under, 
oil pollution prevention requirements under MARPOL Annex 
I and, more recently, air pollution prevention requirements 
under MARPOL Annex VI. It is unclear, however, at this time 
when the Coast Guard will publish enforcement guidance on 
what to expect when the revised MARPOL Annex V goes into 

effect shortly. In conclusion, owners and operators of vessels, 
offshore platforms, and port authorities have precious little time 
remaining to prepare for these new requirements not only from 
a logistics and equipment standpoint but also from a training 
standpoint. 

“Trash Talk: Are You Prepared for the New MARPOL Annex 
V Garbage Regulations?” by Jonathan K. Waldron and Dana S. 
Merkel first appeared in Maritime Reporter, November 2012. For 
more information, visit www.maritimereporter.com.
Reprinted with permission from Maritime Reporter.

PLATFORM TO MONITOR THE MARITIME BORDERS OF THE EU FOR VIOLATIONS OF MIGRANTS’ RIGHTS

The European Union wants robotic eyes on incoming 
immigrants. As part of a $410 million proposal to improve 
border security, the European Commission, the executive body 
of the Union, is considering a deployment of drones above 
the Mediterranean Sea to keep an eye on illegal immigrants. 
Alongside increased satellite activity, “sensors mounted on any 
platforms, including manned and unmanned aerial vehicles” 
would keep a close watch on unauthorized immigration activity 
in the Mediterranean Sea, according to the European agency in 
charge of the EU’s borders.

The proposal is called the EUROSUR project (.pdf ), and it’s 
yet to be debated in the European Parliament and the Council. But 
eurocrats are hoping to put it into place by next year. “EUROSUR 
will help detect and fight criminal networks’ activities and be a 
crucial tool for saving migrants who put their lives at risk trying to 
reach EU shores,” said Cecilia Malmström, the EU’s commissioner 
for home affairs.

But while EUROSUR is said to be a tool to save migrants’ 
lives, Europe’s discomfort with immigration raises the prospect of 
immigrant communities coming under a drone panopticon.

The Mediterranean is a major transit point for 
undocumented immigration. Just this year, 170 immigrants died 
trying to reach southern European shores. Earlier this month, an 
inflatable boat sunk miles off the Italian coast, killing 54 Eritreans 
who were fleeing their country.

There are few details about EUROSUR so far; it’s unclear, 
for instance, what kinds of satellites or drones will be used. But 
the plan is to use sats, spy planes and drones to aid authorities in 
spotting illegal immigrant crossings across the Med; diminish the 
number of immigrants that die trying to get to Europe; and fight 
cross-border crime. Having drones fly over the Mediterranean 
will allow authorities to spot preparatory activities such as the 
gathering of vehicles or boats on African beaches. There’s no plan 
to put eyes in the sky over immigrant communities in European 
cities. Figure 11. Refugees at Sea. Source: Wikimedia Commons.

According to opponents, these new measures will only lead 
to abuse. The ability to spy on African beaches has the potential 
of criminalizing immigrants before they even leave their border. 
To critics, EUROSUR is a product of European intolerance, fueled 
by groups that advocate returning immigrants to their countries 
of origin before they ever reach European shores, so they don’t 
become the European Union’s responsibility. The European 
Commission denies that EUROSUR could be abused. “The 
situational pictures will as a general rule not involve personal 
data but rather the exchange of information on incidents and 
depersonalized objects, such as the detection and tracking of 
vessels,” states the Commission’s proposal. Due to the proposal’s 
lack of details, it’s still unclear whether the authorities will store 
the data they collect or purge it after a certain amount of time.

Digitale Bibliothek Braunschweig

http://www.digibib.tu-bs.de/?docid=00051308



74

IMO AWARDS FOR EXCEPTIONAL BRAVERY AT SEA 2012

Canadian and Chilean rescuers have been presented 
with the International Maritime Organization (IMO) Award for 
Exceptional Bravery at Sea 2012, during a special ceremony held 
on 26 November 2012 at IMO Headquarters in London.

Sergeant Janick Gilbert (posthumously), Master Corporal 
Max Lahaye-Lemay and Master Corporal Marco Journeyman, 
crew members of the Royal Canadian Air Force’s 424 (Transport 
and Rescue) Squadron, were nominated by the Government 
of Canada, in recognition of the exceptional bravery which 
was displayed by them, in saving the lives of two Inuit hunters 
stranded in an open boat in icy waters near Igloolik, Nunavut.

Able Seaman César Flores, a rescue swimmer in the 
aerial detachment of the Chilean Navy, was nominated by the 

Figure 12.
Awards for Exceptional Bravery 
at Sea. Source: IMO.

REVISED PILOT TRANSFER ARRANGEMENTS REqUIREMENTS

Revised requirements covering some safety aspects of 
pilot transfer arrangements have been introduced through 
changes to SOLAS Regulation V/23 and apply to “equipment and 
arrangements for pilot transfer which are installed on or after 1 
July 2012”. Although the revised requirements affect primarily 
new ships, i.e. ships constructed on or after 1 July 2012, or for 
which the building contract is placed on or after 1 July 2012, 
some of the requirements also apply to existing ships constructed 
before 1 July 2012.

The revised requirements for pilot transfer arrangements 
can be summarized as follows:

Pilot ladders position and construction. The securing strong 
points, shackles and securing ropes should be at least as strong as 
the side ropes. The steps of the pilot ladders should comply with 
specific requirements set out in IMO Resolution A.1045. No pilot 
ladder should have more than two replacement steps which are 
secured in position by a method different from that used in the 
original construction of the ladder. Pilot ladders with more than five 
steps should have spreader steps not less than 1.8 m. Permanent 
marking should be provided at regular intervals in order to facilitate 
the rigging of the ladder to the required height etc.

Pilot ladders ropes. Ropes r should consist of two uncovered 
ropes not less than 18 mm in diameter on each side and should 
be continuous, with no joints and have a breaking strength of at 
least 24 kN per side rope. Side ropes should be made of manila or 
other equivalent material etc.

Arrangements for accommodation ladders used in 
conjunction with pilot ladders. The length of the accommodation 
ladder should be sufficient to ensure that its angle of slope does 
not exceed 45°. The lower platform of the accommodation ladder 

Government of Chile, in recognition of the exceptional bravery 
which he displayed in rescuing seven survivors from the motor 
launch Rosita V, in Locos islet, Moraleda Channel, in extremely 
dangerous weather, and at considerable risk to his own life.

should be in a horizontal position and secured to the ship’s side 
when in use. The lower platform should be a minimum of 5 m 
above sea level. Intermediate platforms, if fitted, should be self-
levelling. The ladder and platform should be equipped on both 
sides with stanchions and rigid handrails (hand ropes if used 
should be tight and properly secured) etc.

Use of mechanical pilot hoists is prohibited by SOLAS 
regulation V/23.

Access to deck: Means should be provided to ensure safe, 
convenient and unobstructed passage for any person embarking 
on, or disembarking from, the ship between the head of the pilot 
ladder, or of any accommodation ladder, and the ship’s deck. 
IMO Resolution A.1045(27) sets further specific requirements for 
access to deck.

Approach of the pilot boat: Installation of pilot ladders 
winch reel. The point of access to or egress from the ship may 
be by a ship’s side opening, an accommodation ladder when a 
combination arrangement is provided, or a single section of pilot 
ladder. The access position and adjacent area should be clear of 
obstructions, including the pilot ladder winch reel, for distances as 

Figure 13. Pilot boat. Source: Wikimedia.
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described within IMO Resolution A.1045(27). Specific positioning 
of pilot ladder winch reels. The pilot ladder winch reel should not 
be relied upon to support the pilot ladder when the pilot ladder 
is in useand it should be secured to a strong point, independent 
of the pilot ladder winch reel.

The term “installed on or after 1 July 2012” refers to the 
delivery date for the system to the ship, or if this is not available, 

FILIPINO SEAFARERS TO GET DOUBLE WAGE WHEN IN HRA

Last month POEA issued a Governing Board Resolution 
regarding Filipino seafarers working on vessels transiting high-
risk areas. According to mentioned resolution the computation of 
double wage and compensation benefits for seafarers traversing 
established high risk zones/areas covers overtime and leave 
pay. he payment and the computation of double wage benefits 
was provided by POEA’s 2009 Memorandum Circular No.14. 
According to mentioned circular the entitlement to double wage, 
compensation and benefits commences as soon as the vessel 
enters the declared high-risk zone. The compensation and benefits 
provided are  limited to the duration of the vessel’s transit through 
the high-risk zone. Regarding the computation of the daily rate 
of the basic pay, guaranteed or fixed overtime and leave pay, the 
monthly figures are divided by 30 days. The resulting amount 

(quotient) is the daily rate. This will then be multiplied by two (2) 
to arrive at the doubled daily rate οf the compensation due the 
seafarer. In the case of seafarers whose overtime pay is based on 
an hourly rate, the computation of the daily rate shall be based 
on a regular working hours of eight (8) hours in every 24 hours,  
midnight to midnight, Monday to Sunday, in accordance with 
Section 10B of the Standard Terms and Conditions Governing the 
Employment of Filipino Seafarers onboard ocean going vessels.

In addition to the aforementioned circular POEA’s 2011 
Governing Board Resolution No.9 states that seafarers transiting 
High Risk Areas are entitle to compensation amounting to 100% 
of the basic wage and a doubled compensation payable in case of 
death and disability. This applies for each day of the vessel’s “stay” 
within HRA.

SEAROBOTICS DELIVERS AUTONOMOUS HULL CLEANING SYSTEM

SeaRobotics Corporation has delivered the first HullBUG 
(Hull Bio-inspired Underwater Grooming) System to the Center 
for Corrosion and Biofouling Control at the Florida Institute 
of Technology in Melbourne. This is in support of their newly 
commissioned Large-Scale Seawater Facility for HullBUG 
Development funded by the U.S. Navy Office of Naval Research 

(ONR).
The HullBUG System is an autonomous underwater vehicle 

designed to crawl on ship hulls or other underwater structures 
and “proactively groom” the surface. Developed by SeaRobotics 
and funded by ONR, this highly automated proactive grooming 
(or light cleaning) process will revolutionize hull maintenance, 
allowing ship hulls to remain in a clean state at all times. The 
benefits of improved hull condition are dramatic—the estimated 
5% improvement in fuel efficiency achieved through proactive 
grooming translates into a savings of $15 billion per year for the 
shipping industry worldwide as well as reduction in the 1 billion 
tons of greenhouse gases emitted by the fleet.

“The financial benefits to the commercial shipping industry 
of HullBUG-enabled proactive grooming are enormous. Equally 
impressive are the associated environmental benefits derived 
from the operations with improved hull efficiency,” stated Don 
Darling, President of SeaRobotics.

HullBUG is a small autonomous vehicle weighing 30 to 
40 kg that attaches to the hull and performs a gentle cleaning 
function, or grooming. Numerous embedded computers 
perform navigation and sensing tasks to allow the grooming of 
the majority of the ship hull. Its ability to be attached to ferrous, 

Figure 14. HullBUG System Delivered for U.S. Navy Testing.

the date it was actually delivered to the ship. This does not apply 
to equipment and arrangements installed on or after 1 July 2012, 
which represent replacement of equipment and arrangements 
provided on board existing ships before 1 July 2012.

Finally, IMPA has developed the following poster regarding 
Pilot Transfer Arrangements in accordance with the relevant IMO 
regulation.
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Advanced Simulation Helps to 
Solve Ballast Water Management 
Problems
Tobias Zorn, Jan Kaufmann, FutureShip & Milovan Peric

Ballast water management poses problems in design and 
operation of ships. Computational fluid dynamics (CFD) offers 
solutions with design, type approval and trouble-shooting.  

Computational fluid dynamics (CFD) denotes collectively 
techniques for solving equations describing the physics of fluid 
flow. CFD is by now widely known and accepted in the maritime 
industry, but mostly associated with flows around the hull and 
propellers, for example in the context of designing more fuel-
efficient ships. However, CFD is in many ways far more versatile 
than classical model testing. 

The same software can be applied to a variety of flows, 
including also internal flow problems. 

A key advantage of CFD is the insight into flow details. As 
flow quantities are computed (and stored) at many discrete 
locations in space (computational cells) and for many time steps, 
it is easy in post-processing to look at arbitrary cross-sections and 
zoom in and out at will. 

Ballast water management systems have moved into the 
spotlight for ship operators with recent IMO regulations which 
drive the transition towards ballast water management to curb 
the spread of invasive species. But apart from the particularities of 
the new regulations, ballast water handling may pose challenges 
for ship operators where the advantages of CFD simulations 
come into play. The following case studies illustrate problems and 
solutions taken from industry experience. 

Case study 1: Type approval based on CFD
The ballast water of ships carries plants and animals which 

frequently settle in foreign sea regions, representing a danger for 
the indigenous aquatic environment, potentially causing great 
ecological, health-related and economic damage. The growing ship 
traffic has increased this threat considerably. The IMO “International 
Convention for the Control and Management of Ships’ Ballast 
Water and Sediments” requires a ballast water management plan. 
Starting from the year 2016, all ships will have to base their ballast 
water management on ballast water treatment. 

If this treatment is based on chemical approaches, rapid and 
effective mixing of the chemical component with the ballast water 
is vital to achieve a homogeneous concentration of the biocide. 
For type approval of new systems, simulations can be a valuable 
tool. In one case, FutureShip simulated the mixing of chlorine and 
ballast water in pipes during the ballasting operation. The CFD 
simulations were used to determine the required pipe length of 
the mixing zone to ensure homogeneous mixing. Simulations 
showed that the mixing in the initial design was inefficient. Very 
simple and cost effective modifications of the inlet geometry 
served to increase the turbulence level significantly with a resulting 
much shorter pipe length for complete mixing. Figure 1 shows 
compute streamlines and chlorine concentration in the mixing 
pipe resulting from one such simulation. The authorities accepted 
the simulations as engineering proof for type approval. 

Figure 1.
CFD simulates mixing of two 
fluids in a pipe for type approval.

non-ferrous, and fiberglass hulls and to deploy various sensors 
makes the HullBUG the best choice to overcome the numerous 
challenges involved in inspection and grooming. Opportunities 
in commercial shipping, oil and gas, nuclear, and conventional 
power generation markets are under discussion.

SeaRobotics specializes in small, smart vehicles that are 
remotely or autonomously operated. Its clients include major 
military and commercial organizations, both U.S. and foreign. 
SeaRobotics’ marine survey software interfaces with most 

data acquisition hardware, software, and sensing systems to 
produce multi-spectral, DGPS-stamped data for survey, research, 
or surveillance efforts. Applications for SeaRobotics vehicles 
range from hull grooming and inspection to bathymetric and 
hydrographic surveys to coastal, harbor, and riverine surveillance. 
Many SeaRobotics vehicles are small, modular, and man-portable, 
allowing for rapid deployment in remote areas.

Source:  www.searobotics.com
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Figure 2. Snapshot of de-ballasting simulation reveal uneven 
water levels due to insufficient size of cut-outs (pump intake 
section is almost depleted).

2600 t of cargo could not be loaded, resulting in 125,000€ damage 
claims and the vessel being blacklisted at the terminal.

A detailed analysis is often the first step in trouble-shooting. 
Once the problem has become transparent, the solution is 
straight-forward. In this case, the first step was thus to simulate 
the de-ballasting process, setting up a three-dimensional model of 
the ballast water tanks and mimicking the pump by a prescribed 
flow rate at the outlet of suction pipe. The out flux was set to the 
maximum pump capacity. The simulation of the two-phase flow 
revealed that the water level in neighboring fields was much 
higher than in the field with the ballast pump intake during de-
ballasting. Figure 4 shows the uneven water levels in various tanks 
sections. The size of the water-flow openings in the longitudinal 
frames was too small for de-ballasting rate of the pumps. The 
simulation provides information about the time-dependent flow 
rate through each opening and predicts the time at which air 
begins to be sucked by the pump. The animation of free surface 
motion and velocity distribution in various cross-sections gives 
engineers a direct insight into the physics of the flow and allows 
an easy assessment of the problem, aiding the design of necessary 
geometrical modifications. Based on the analysis of simulation 
data, more and larger water-flow openings for the frames in the 
vicinity of the pump were suggested to synchronize fluxes through 
openings with the pump intake flux. Size and location of the water-
flow openings could then be determined such that the inflow 
toward the pump was above the pump rate, thus avoiding the risk 
of the pump taking air.

Conclusion
CFD simulations have proven to be a versatile and powerful 

tool to support design and operation of ballast water management 
systems. The combination of advanced computational software 
and expert users yields detailed insight and reliable answers. 
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CFD method
The simulation employed CD-adapco’s CFD software STAR-

CCM+. This software is capable to simulate turbulent flow with 
resulting eddy formation and turbulent mixing, as well as multiple 
fluids with resolved liquid-gas interfaces. It is thus able to capture 
all important physics for the analysis of ballast water flows as 

Figure 3. Sediments accumulate 
in ballast water tanks in areas 
with flow stagnation.

Figure 4. CFD simulation of 
velocity distribution in ballast 
water tank close to bottom wall.

Case study 2: Ballast water sediments 
Sediments tend to collect in ballast water tanks. They reduce 

the deadweight (payload), restrict water flow thus delaying de-
ballasting, and increase draft resulting in higher fuel consumption. 
For a Capesize bulk carrier, the ship owner wanted to reduce 
sediment accumulation and tasked FutureShip with detailed 
analyses and suggestions for re-design in order to minimize 
sediment settling in the ballast tanks. 

In this case, the actual sediments were not modeled. 
Instead, engineering insight facilitates the simulation. Sediments 
settle in regions of low water speed, as found typically in areas of 
recirculation and flow stagnation; these are commonly referred to 
as dead-water regions. Figure 2 shows sediments in a real ballast 
water tank. The two-phase (water and air) simulations of flow in 
ballast tanks first identified dead-water areas corresponding to 
observed sediment accumulation in the original design. Figure 
3 shows computed velocity distribution near bottom wall. Then 
various design alternatives for the ballast water tanks explored 
variations of stiffener spacing and cut-outs. The simulations 
identified the alternative design with least sediment settling (i.e. 
smallest dead-water regions) for future bulk carrier orders.  

Case study 3: Ballast water de-ballasting
 A busy coal terminal in Latin America had given strict time 

limits to de-ballast a bulk carrier at quay. The ballast pump was 
taking in air during de-ballasting, forcing the crew to stop de-
ballasting intermittently. As a consequence, the vessel could not 
be de-ballasted in the time given by the terminal. The vessel had to 
leave with 3000 t of ballast water still in the tanks. As a consequence, 
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presented here. The solution method is based on conservation 
equations in integral form with appropriate initial and boundary 
conditions. 

The solution domain is subdivided into a finite number of 
control volumes which can be of an arbitrary polyhedral shape 
and are typically locally refined in regions of rapid variation of flow 
variables. The time interval of interest is also subdivided into time 
steps of appropriate size. The governing equations contain surface 
and volume integrals, as well as time and space derivatives. These are 
approximated for each control volume and time level using suitable 
finite approximations, leading to an algebraic equation system 
which can be solved efficiently on a multi-processor computer.

The flow is assumed to be governed by the Reynolds-
averaged Navier-Stokes equations. Turbulence effects can be 
accounted for by a variety of models, from the simplest eddy-
viscosity type models (k-[] or k-[] models are typically used) up 
to the Reynolds-stress models. Thus, the continuity equation, 

momentum equation, and between two and seven equations for 
turbulence properties are solved. Large-eddy simulations, which 
model only the small-scale turbulence and resolve large-scale 
eddies, are also possible.

Multi-phase, multi-component systems (water-air or water-
chlorine in the applications shown here) can also be simulated. The 
spatial distribution of the phases (liquid and gas) is obtained by 
solving an additional transport equation for the volume fraction 
of each additional phase. To accurately simulate the convective 
transport of immiscible fluids, the discretization must be nearly 
free of numerical diffusion. 

For this purpose, a special high-resolution interface-
capturing (HRIC) scheme is used, providing a sharp resolution of 
free surfaces and allowing simulation of flow with trapped gas 
bubbles in liquid or liquid blobs in gas.

Reprinted with permission from Maritime Reporter.

Seafarers’ Evening- 61st Anniversary
Jadran Marinković (Head of Radio Show)

Figure 1. Editor Jadran Marinković.

Pomorska večer (engl. Seafarers’ Evening), a programme 
about sea and the people related to the sea, especially intended 
for seafarers and their families, is one of the oldest programmes of 
the Croatian Radio. For the first time, entitled as A PROGRAMME 
FOR SEAFARERS, it was transmitted on July, 8th 1952, so this year 
has been the 61st  anniversary of its continuous transmission 
every Monday. It used to last for an hour, then two hours, and 
currently it is transmitted from 20.15 hours till midnight‡and 
from 5 “maritime” radio stations of the Croatian radio: Pula, 
Dubrovnik, Rijeka, Zadar and Split.

In the period of Morse symbols, without satellite navigation, 
mobile phone or Internet

the programme was a link to the distant seas and oceans 
via medium and short waves of the Croatian Radio. Greetings and 
messages, news from the homeland, proceeding of the vessels 
used to be a kind of challenge to the listeners, not only at sea, but 
also on the continent and Croatian emigrants.

The programme that has been with us for more than 60 
years sticks to the rule “with the taste of the sea, with the taste 
of the salt” – regarding not only the stories and coverages, but 
also our distinctive music. There is a small number of even larger 
maritime countries with this type of a specialized programme 
dealing with all important topics from the field of maritime 
affairs, fishing, shipbuilding, port operations, safety of navigation. 
In numerous coverages, meetings, notes, severe comments and 
public warnings the programme editors have always strived to 
take the side of the seafarers, fisherfolk and dockers wishing for 
the things to get better and gain more success as the sea and 
vessels have always been a source of living.

Seafarers’ Evening, which has already become a cult, every 
Monday wishes to convince both the general public, but especially 
those involved in politics that Croatia should be a MARITIME and 
not only a COASTAL country, some 20,000 seafarers the majority of 
whom unfortunately man foreign vessels not being the only reason.
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IMSC 2014: Upcoming Conference 
on Maritime Science

Topics of interest
 ~ Marine Engineering,
 ~ Navigation,
 ~ Safety Systems
 ~ Marine Ecology,
 ~ Hydrography,
 ~ Marine Automation and Electronics,
 ~ Transportation and Modes of Transport,
 ~ Marine Information Systems,
 ~ Maritime Law,
 ~ Management of Marine Systems,
 ~ Maritime Health,
 ~ Marine Finance,
 ~ Up-To-Date Technologies,
 ~ Safety and Security,
 ~ Ecology and Sea,
 ~ Intelligent Transport Systems,
 ~ Human Resources in Transport,
 ~ Education in Transport.

Conference Proceedings
Authors are invited to submit abstracts on e-mail imsc@pfst.hr.
Abstracts should be text only up to 250 words long, and should 

be written in English and Croatian language. Immediatly after 
abstract, please provide at least 4 keywords. Single author 
may participate in up to two papers, irrespectively of number 
of co-authors per paper. The abstracts should be sent until 1st 
December 2012. The authors will be informed about acceptance 
no later than 18th December 2012. All accepted abstracts will be 
published in the Book of Abstracts.

Official Language of the Conference
Papers should be submitted in English. Presentation slides should 
be given in English, and oral presentation can be made in either 
English or Croatian.

Contact
University of Split
Faculty of Maritime Studies
INTERNATIONAL MARITIME SCIENCE CONFERENCE
Zrinsko-Frankopanska 38, 21000 Split, Croatia 
Tel: +385 (0)21 380-762; 
Fax: +385 (0)21 380-759
E-mail: imsc@pfst.hr
www.pfst.hr/imsc

20146th
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Neka spidu
Lina Blažević

ART

Let Them Slumber
trans. by Mirna Čudić

Zaplovmo noćas
u dovne done

probudmo uspomene
na naše pokojne

Uplovmo tiho
u njihovu valu

na parste, pomalo
jer ih je u životu

puno teškega tukalo:
zoron se dizot
daleko hodit

sa deset parsti
kopat, sodit, polivat

rizot, brat, nosit
a onda istiga dona

sa istima rukima
daleko veslat, lovit, solit

i još puno tega cinit
za fameju prihronit.

Kad bi priumorni legli
bokun se odmorit

nisu smili odma zaspat
tukalo je pensat
kako sutra pasat

u kuću se umirolo,
ženilo, rojalo
a ni se imalo
uvik je falilo

ni pozojmit nji se ni mililo
atroke ukrast

sve se moglo dogodit somo se u poštenje
ni smilo dotaknit

Let us sail tonight
towards the long gone days
let us reawaken the memory

of our deceased
Let us enter silently,
furtively, on tiptoe,

into their bay
for their life was full of hard toil:
getting up at the crack of dawn

going far away
working the land with their ten fingers

digging, sowing, watering
cutting, picking, carrying

and then,  on the same day
with those same hands,

rowing far away to catch fish, to salt
and to perform a host of other duties

in order to win bread for their families.

And when they would lie down to rest, exhausted,
they couldn’t fall asleep immediately: 

they had to ponder
how to survive the next day

at home people died
got married, gave birth to children

and there was always scarcity of money
they refused /to borrow

let alone steel
anything could happen 

only honesty was not to be ever doubted 
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Bilo je i lipih
ali malo

na bondu od grubih
puno je prinpizalo

Kad su ucinili 
ca su mogli

kad su sve ca su imali nami doli
onda su zauvik zaspoli.

Neka spidu
neka nji more i bori
kantaju pismu fole

pismu jubavi
i za njima boli

neka nji u pismi recu
da je nami puno boje

da non se
toliko tega dogodilo

ca se njima somo snilo
nos ne pece ogonj iz komina
ni nos puno okolo bronzina

ne spimo svi na jednu koćetu
ne cuvomo

kako oci u glovu
jedinu jaketu

Kantojte nji more i bori
kako je nami boje

provjite nji sve
recte nji sve

somo ništo nikako ne
to nji sakrijte

neka ne znaju
neka u miru pocivaju

nemojte nji reć
da smo se uzoholili

da smo se svak
svojima vrotima zatvorili

iznutra zaklopili
da smo se u kruhu opili

da bismo jedon drugega
u žmul vode popili
da non je uvik malo

da je jubavi pomankalo

There were also beautiful days,
but very few:

they were always far outnumbered
by the ugly ones.

When they accomplished 
whatever they could

when they gave us everything they had
they fell asleep forever.

Let them slumber
let the sea and the pine trees

sing for them  a hymn of gratitude
a hymn of love

let them mourn for them
let them assure them 

that we are far better off
that to us happened 

what they could only dream of
we are no longer warmed by the domestic fire
we are not longer so numerous around the pot

we do not all sleep on a single bed
nor do we have to guard as our own lives

the only coat.

Sing to them, oh sea and pine trees
how better off we are
tell them everything

except one thing:
conceal it from them

by no means let them know,
so that they could rest in peace

do not tell them
that we have become proud

that we have put up barriers between each other
that we hide behind our doors locked from the inside

that we inebriate ourselves and wallow in bread
that we would not hesitate to annihilate each other if we only 

could 
that we always yearn for more

that we lack love.

Digitale Bibliothek Braunschweig

http://www.digibib.tu-bs.de/?docid=00051308



82

Nojdražju more
mili bori

ovo sakrit
nemojte zaboravit

a mi von dojemo ric
da ćemo se popravit
da ćemo se podobrit

i da ćemo
onu plemenitu dušu

ca su non oni ostavili. . . 
otvorit

Dearest sea,
beloved pine trees,

do not forget
to conceal this from them

and we solemnly promise you  
to reform ourselves
to become better
and to open up
the noble soul

they left us in inheritance...
they bequeathed to us

RJEČNIK
(manje poznatih dijalektalnih riječi i izraza)

tukat
fameja
bokun
pensat

pasat
rojat
falit

atroke
bonda

prinpizat
kantat
komin

bronzin
koćeta
jaketa

provjat
zaklopit

žmul

morati; tuko non – moramo
obitelj
komad; malo
misliti, brinuti
proći, proživjeti
rađati
nedostajati, manjkati
pogotovo, osobito
strana
pretegnuti, prevagnuti
pjevati
ognjište
lonac
postelja
kaput, jakna
pričati, pripovijedati
zaključati
čaša
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Guidelines for Authors: 
Scope of Transactions on 
Maritime Science

The Journal is published in English as an open access 
journal, and as a classic paper journal (limited edition).

ToMS aims at presenting the best maritime research 
primarily, but not exclusively, from Southeast Europe, particularly 
the Mediterranean area. Papers will be double-blind reviewed 
by 3 reviewers. With the intention of providing an international 
perspective at least one of the reviewers will be from abroad. 
ToMS also promotes scientific collaboration with students and 
has a section entitled Students’ ToMS. These articles also undergo 
strict peer reviews. Furthermore, the Journal publishes short 
reviews on significant papers, books and workshops in the fields 
of maritime science.

Our interest lies in general fields of maritime science 
(transport, engineering, maritime law, maritime economy) and 
the psychosocial and legal aspects of long-term work aboard.

1. GUIDELINES FOR AUTHORS: MANUSCRIPT 
PREPARATION AND SUBMISSION

1.1. Organization of the manuscript

First (title) page
The first page should carry:

(a) the paper title;
(b) full names (first name, middle – name initials, if applicable),
 and last names of all authors;
(c) names of the department(s) and institution(s) to which the
 work should be attributed. If authors belong to several
 different institutions, superscript digits should be used
 to relate the authors’ names to respective institutions.
 Identical number(s) in superscripts should follow the

 authors names and precede the institution names;
(d) the name, mailing address and e-mail of the corresponding
 authors;
(e) source(s) of research support in the form of financial
 support, grants, equipment or all of these.

Last page
The last page should carry:

(a) ethical approval, if required;
(b) authors’ declarations on their contributions to the
 work described in the manuscript, their potential
 competing interests, and any other disclosures. Authors
 should disclose any commercial affiliations as well
 as consultancies, stock or equity interests, which could be
 considered a conflict of interest. The details of such
 disclosures will be kept confidential but ToMS urges the
 authors to make general statements in the
 Acknowledgement section of the manuscript.
(c) a list of abbreviations used in the paper (if necessary);

Other pages
Each manuscript should follow this sequence:

- title page;
- abstract;
- text (Introduction, Methods, Results,
 Conclusions/Discussion);
- acknowledgments;
- references;
- tables (each table complete with title and footnotes on
 a separate page);
- figures and figure legends, and the last page.
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1.2. Text organization and style

1.2.1. Abstract
The second page should contain the Abstract. ToMS 

requires that the authors prepare a structured abstract of not 
more than 250 words. The abstract should include (at least) four 
sections: Aims, Methods, Results, and Conclusion, not necessarily 
separated.

Aim. State explicitly and specifically the purpose of the 
study.

Methods. Concisely and systematically list the basic 
procedures, selection of study participants or laboratory/
experimental/simulation setup, methods of observation (if 
applicable) and analysis.

Results. List your primary results without any introduction. 
Only essential statistical significances should be added in 
brackets. Draw no conclusions as yet: they belong in to the next 
section.

Conclusion. List your conclusions in a short, clear and simple 
manner. State only those conclusions that stem directly from the 
results shown in the paper. Rather than summarizing the data, 
conclude from them.

1.2.2. Main text
Do not use any styles or automatic formatting. All 

superscripts or subscripts, symbols and math relations should be 
written in MathType or Equation editor.

Introduction
The author should briefly introduce the problem, 

particularly emphasizing the level of knowledge about the 
problem at the beginning of the investigation. Continue logically, 
and end with a short description of the aim of the study, the 
hypothesis and specific protocol objectives. Finish the section 
stating in one sentence the main result of the study.

Results
Key rules for writing the Results section are:

(a) the text should be understandable without referring to the
 respective tables and figures, and vice versa;
(b) however, the text should not simply repeat the data
 contained in the tables and figures; and
(c) the text and data in tables and figures should be related to
 the statements in the text by means of reference marks.

Thus, it is best to describe the main findings in the text, and 
refer the reader to the tables and figures, implying that details are 
shown there. The formulations such as “It is shown in Table 1 that 
the outcome of Group A was better than that of Group B” should 
be replaced by “The outcome of Group A was better than that of 
Group B (Table 1).”

The need for brevity should not clash with the requirement 
that all results should be clearly presented.

Discussion/Conclusions
The discussion section should include interpretation of 

study findings in the context of other studies reported in the 
literature.

This section has three main functions:
(a) assessment of the results for their validity with respect
 to the hypothesis, relevance of methods, and significance
 of differences observed;
(b) comparison with the other findings presented in the
 relevant literature; and
(c) assessment of the outcome’s significance for further
 research.

Do not recapitulate your results, discuss them!

1.2.3. Tables
Information on significance and other statistical data should 

preferably be given in the tables and figures. Tables should not 
contain only statistical test results. Statistical significances should 
be shown along with the data in the text, as well as in tables and 
figures.

Tables should bear Arabic numerals. Each table should be 
put on a separate page. Each table should be self-explanatory, 
with an adequate title (clearly suggesting the contents), and 
logical presentation of data. The title should preferably include 
the main results shown in the table. Use tables in order to present 
the exact values of the data that cannot be summarized in a few 
sentences in the text.

Avoid repetitive words in the columns: these should be 
abbreviated, and their explanations given in the footnotes. 
Present data either in a table or a figure.

Each column heading for numerical data given should 
include the unit of measurement applied to all the data under 
the heading.

Choose suitable SI units. 
Place explanatory matter in footnotes, not in the heading. 

Explain in footnotes all nonstandard abbreviations that are used 
in each table.

1.2.4. Figures
Figures should be numbered in sequence with Arabic 

numerals. Legends to figures should be listed on a separate page, 
in consecutive order. The legend of a figure should contain the 
following information:

(a) the word “Figure”, followed by its respective number;
(b) figure title containing major finding (e.g. Manuscripts
 which follow Guidelines for Authors had higher acceptance
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 rate, and not Relationship with manuscripts style and their
 acceptance rate).

Use simple symbols, like closed and open circles, triangles 
and squares. Different types of connecting lines can be used. The 
meanings of symbols and lines should be defined in the legend. 
Each axis should be labelled with a description of the variable it 
represents.

Only the first letter of the first word should be capitalized. 
The labelling should be parallel with the respective axis. All units 
should be expressed in SI units and parenthesized. Make liberal 
use of scale markings.

Graphs, charts, titles, and legends in accepted manuscripts 
will be edited according to ToMS style and standards prior to 
publication.

Preferred format for graphs or charts is xls. Graphs and 
charts saved as image (raster) files such as JPG, TIF, or GIF and 
imported or copied/pasted into Word or Power Point are not 
acceptable.

The resolution for photographic images should be at least 
300 dpi, and minimum image width should be 6 cm. Please 
submit files in RGB format. For published manuscripts, image files 
will be posted online in their original RGB format, maintaining 
the full colour of your original files. Note that we will still need 
to convert all RGB files to CMYK for printing on paper and colour 
shifts may occur in conversion. You will not receive a CMYK proof. 
You can view an approximation of print results by converting to 
CMYK in  Adobe® Photoshop® or Adobe® Illustrator®.

1.2.5. Authorship statement
All contributing authors must fill out and sign these 

statements and submit them to the Editorial Office. Accepted 
manuscripts will not be published until signed statements from 
all authors have been received.

1.2.6. Acknowledgments
Technical help, critical reviews of the manuscript and 

financial or other sponsorship may be acknowledged. Do not 
acknowledge paid services, e.g. professional translations into 
English.

1.2.7. References
References cited in the manuscript are listed in a separate 

section immediately following the text. The authors should verify 
all references. 

Examples of citation in text:
It is well known fact (Strang and Nquyen, 1997; Antoniou, 

2006) that FT is not an appropriate tool for analyzing non-
stationary signals since it loses information about time domain. 
First group of authors (Vetterli and Gall, 1989) proposed 
Multiresolution Signal Analysis (MRA) technique or pyramidal 

algorithm. Second group (Crochiere et al., 1975; Crochiere and 
Sambur, 1977) proposed subband coding algorithm.

Legal acts are cited as in exmaple: The Constitution of the 
Republic of Croatia (Constitution of the Republic of Croatia, 2010) 
is the main legal source for this subject matter, as well as any 
other subject matter relating to the Croatian legal system.

References from the Web are cited in the text as (Author(s) 
last name, year of origin if known (year of accessed in other 
cases). If the author is unknown, such as in case of company web 
page, instead of author’s name, title of the web page is used.

Examples for reference section:

Journals

Pennec, E. and Mallat, S., (2005), Sparse Geometric Image Representations with 
Bandelets, IEEE Transactions on Image Processing, 14(4), pp. 423 – 438.,
http://dx.doi.org/10.1109/TIP.2005.843753

Web links

Donoho, D., Duncan, M. R., Huo, X. and Levi, O., (1999), Wavelab, available at: http://
www.stat.stanford.edu /_wavelab/ [accessed 12 August 2011.]

Unknown, Wavelab, available at: http://www.stat.stanford.edu /_wavelab/, 
[accessed 12 August 2011.]

ToMS home page, available at http://www.toms.com.hr, [accessed 12 July 2012.].

Books

Mallat, S., (2009), A Wavelet Tour of Signal Processing, 3rd Edition, New York : 
Academic Press.

Conference proceedings

Kingsbury, N.G. and Magarey, J.F.A. (1997), Wavelet Transforms in Image Processing 
Proc. First European Conference on Signal Analysis and Prediction, Prague, Czech 
Republic, June 24 – 27, Birkhäuser, pp. 23 – 24., available at: http://www.sigproc.eng.
cam.ac.uk/~ngk/publications/ngk97b.zip, [accessed 12 August 2011.].

Regulations, standards or legal acts:

Constitution of the Republic of Croatia, (2010), Narodne novine, 2010(76), pp. (if 
known).

1.2.8. Language
Authors may use standard British or American spelling, but 

they must be consistent. The Editors retain the customary right 
to style and, if necessary, shorten texts accepted for publication. 
This does not mean that we prefer short articles – actually, we 
do not limit their size - but rather a resection of the obviously 
redundant material.

The past tense is recommended in the Results Section. 
Avoid using Latin terms; if necessary, they should be added in 
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parentheses after the English terms. Real names rather than 
“levels” or “values” should refer to parameters with concrete units 
(e.g. concentration).

1.2.9. Abbreviations
Only standard abbreviations and symbols may be used 

without definition and may be used in the title or the page-
heading title.

Non-standard abbreviations should not be used in the 
title or page-heading title. They must be explained in the text 
in the following way: the term should be written in full when it 
appears in the text for the first time, followed by the abbreviation 
in parentheses; from then on, only rel abbreviation is used in the 
text. This applies separately to the Abstract and the rest of the 
text.

1.3. Submission of manuscripts
All manuscripts should be submitted to:

Editorial office
Transactions on Maritime Science,
Faculty of Maritime Studies,
Zrinsko-frankopanska 38,
21000 Split, Croatia
www.toms.com.hr | office@toms.com.hr

2. ETHICAL POLICIES OF ToMS

Plagiarism is arguably the most complicated ethical issue. 
Our policies define plagiarism as “taking material from another’s 
work and submitting it as one’s own.” ToMS holds authors — 
not the Publisher or its editors and reviewers — responsible for 
ensuring that all the ideas and findings included in a manuscript 
are attributed to the proper source. We also refer to our role as 
steward of what constitutes ethical conduct. Ethical misconduct 
is the reason for our commitment to continue to strive to educate 
all the parties in the publishing process how to handle this matter.

As a member of Crossref, ToMS has a powerful weapon – 
iThenticate system, which is not perfect.

“Even if there were reliable and sensitive plagiarism-
detection software, many issues would remain to be addressed. 
For example, how much copying is legitimate? Clearly, the reuse 
of large amounts of others’ text constitutes plagiarism. But what 
should one think about copying short passages from the author’s 
own earlier work, such as commonly occurs in the Methods 
section? In the Nature article it is suggested that some journals 
set a quantitative limit whereby the amount of text that can be 
reused is limited to about 30 percent. This may be utilitarian, but it 
seems curious and arbitrary that 25 percent of copied text might 
be deemed acceptable whereas 30 percent might not. Indeed, 
two authors who copied the same number of words could find 

themselves on opposite sides of that border if one author simply 
was more verbose and thus diluted their plagiarized content 
below the threshold! No, this is not a simple issue at all.“ [cited 
from: http://www.aspb.org/newsletter/ethicalstandards.cfm]

2.1. Expectations for publishing in ToMS

Faculty of Maritime Studies expects authors submitting to 
and publishing in its journals to adhere to ethical standards to 
ensure that the work they submit to or publish in the journal is free 
of scientific misconduct. Authors must:
• Take credit only for work that they have produced. 
• Properly cite the work of others as well as their own related 

work. 
• Submit only original work to the journal. 
• Determine whether the disclosure of content requires the 

prior consent of other parties and, if so, obtain that consent 
prior to submission. 

• Maintain access to original research results; primary data 
should remain in the laboratory and should be preserved 
for a minimum of five years or for as long as there may be 
reasonable need to refer to them.

All authors of articles submitted for publication assume full 
responsibility, within the limits of their professional competence, 
for the accuracy of their paper.  Instances of possible scientific 
misconduct related to papers submitted to or published in the 
ToMS will be addressed by following the procedure outlined below. 

2.2. Procedure for addressing allegations of scientific 
misconduct or other ethical violations

Scientific misconduct in publishing includes but is not 
limited to:
• Fraud: fabricating a report of research or suppressing or 

altering data; 
• Duplicate publication; 
• Plagiarism and
• Self-plagiarism.

2.2.1. Procedure for handling allegations of misconduct

• All allegations of scientific misconduct or ethical violation 
will be referred to the editor for research integrity or to the 
editor-in-chief. All allegations should be made in writing. 

• Editor for research integrity will report the case in the 
meeting of the Editorial board and recommend the actions 
in 30 days. 

• Except redraw of the paper, punishment could be inclusion 
in the black list of the journal and prohibition of further 
publishing in ToMS.
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