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Abstract : Finite Element Method (FEM) is based on the concept of building complex objects using simple elements
or division in small parts of complex objects easily manipulable. This paper presents the modeling equations of fluid
and thermal analysis, namely equations type: hyperbolic, eliptical parabolic. It will be noted that it is important to
know every step of the method as the main stage is the development model for calculating the structure. Other
important steps are the domain meshing and interpolation process of meshing with the effect sharing model
structure in a certain humber of pieces called finite elements. Here, we will present three types of eguations
modeling using Matlab. Finally, we notice that there are several programs that are based on MEF instead with a
user-friendly interface. Even here it is necessary to understand the method steps in order to properly model the
model chosen.

Key words: finite element method, parabolic, elliptical, hyperbolic, wave.

1. INTRODUCTION Basis of this method was first formulated in 1943
by German mathematician Richard Courant of (1888-
In this paper we discuss solving problems using the 1972), which, combining with numerical analysis
finite element method further noted MEF. This metho method Ritz issues variational calculation and
is a general method for solving partial differentia minimization achieved satisfactory solution for
equations approximate that describe physical vibration analysis systems.
phenomena. Since the 70s, the finite element method was used
MEF consists of portions of the study areas andto solve the most complex problems in the field of
recomposing field of study respecting certain elastic structures continue from civil, industriaf
mathematical requirements. construction of dams to ships, these cosmic.
MEF is based on the concept of building complex In this paper we chose to model the equations of
objects using simple elements or division in srpalfts fluid and thermal analysis, with three types of &pns:
of complex objects easily manipulable. The appilcet hyperbolic, elliptical parabolic.

of this simple concept can be found easily in ldal In the first part we'll start with some basics ato
especially in engineering, it can be extended nfaaid, the finite element method analysis. It is importamt
such as: know every step of the method as the main stagleeis
- Structural analysis (determining the state of development model for calculating the structurehedt
tension or deformation of a structure requested); important steps are the domain meshing and

- Thermal analysis (determination of temperature interpolation process of meshing with the effecrsiy
field and the flow of heat from a thermal requested model structure in a certain number of pieces dalle

structure); finite elements.

- Fluid analysis (determination of current or The following three types of equations will be
potential function of speed); modeling with MATLAB.

- Analysis of eectric / magnetic (electric or Finally, you will notice that there are several
magnetic flux determination). programs that are based on MEF instead with a user-

friendly interface.
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Even here it is necessary to understand the methodvhich in terms of physical means that the balanfce o
steps in order to properly model the model chosen. the structure is conditioned by the finite element
equilibrium. The assembly is necessary in the commo
node elements, function or unknown functions have
the same value.

2. FINITE
OVERVIEW

ELEMENT METHOD (FEM)

In general, physical phenomena are described in STEP 4. Implementation of boundary conditions
terms of differential equations mathematically, by and solving the system of equations of the strectur
whose integration, boundary conditions data give an The system of equations obtained from
exact solution of the problem. This has the implementing appropriate boundary conditions
disadvantage that it is analytically applicableyotd concrete problem is solved by one of the processes
relatively simple problems. The problems arising in obsinuite, for instance by eliminating or by digesting
practice are often complex in composition to the Gauss Choleski yield function values in knots. Ehes
physical and geometric parts, loading conditions, are called and unknown primary or first order.
boundary conditions, etc., so the integration of
differential equations is difficult or even impdsisi.

STEP 5. Perform additional calculations to

The finite element method is used as a startingdetermine the unknown side.

point, a full model of the studied phenomenon. It

applies a series of separate small parts of aruomis

structure obtained by the mesh, known as the finitecase when heat conduction problems,

element connected to each other at points calletskn

Tipuri de Elemente Finite
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Figure 1 Types of finite elements

2.1. Steps To Solving A Problem Using The Finite 3.

Element Method

STEP 1. Dividing range finite element analysis.

In some problems, after finding the primary
unknowns, the analysis concludes. This is usudiéy t
the primary
unknowns are the nodal temperatures. On other rmatte
however, only the unknown primary knowledge is not
sufficient, the analysis must proceed with deteatiom
unknowns secondary or second order. These arerhighe
order derivatives of the primary unknowns. Thug, fo
example, mechanical problems of elasticity, thenpry
unknowns are the nodal displacements. With thdjp he
at this stage, determine secondary unknowns tleat ar
specific strains and tensions. And if problems icoret
with thermal analysis can determine which side
unknowns are the intensities of heat flows (thermal
gradients).

NUMERICAL METHODS

Of efficient numerical methods in finite element
analysis method specified in the following Ritz and

In this step choose the type or types of finite Galerkin method, exemplified by programs made in

elements suitable for the task, then divide fiefement

structure. This is called meshing and can be dgne b

computer.

STEP 2. Establishment of finite element
equations (basic equations).

Material behavior or the environment in the
contents of a finite element is described by equati
finite element equations called elementary. These f

a system of equations of the item.

STEP 3. Assembling basic equations in structure
system equations

The behavior of the entire structure is molded by
assembling the system of equations of the finite

elements in the system of equations of the stractur

MATLAB.
3.1. Ritz Method

In 1908, W.Ritz proposed a simple and effective
method for solving boundary value problems with a
variational formulation. We know that solving a
differential equation in a certain field and safis§
certain boundary conditions is equivalent to fimdthe
minimum of a certain corresponding function expeelss
by a one-dimensional or an integral multiple full.

For example, the minimization of the functional

b
[P (e ger)
X,y,dxy X

a

€y
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It is to determine an approximate solution to the

T =T _
problem variational form fQ vi (Au— f)dQ + aa Vi Budo =0. (5)

n Here v; and U; are appropriately chosen test
Yn(x) = Xk=1 Cr i (%), 2) functions such ag; = 7; = ;.

Such solutions were considered approximate

functions satisfying the boundary conditions imgbse B.G.Galerkin mathematician (1878-1945).
occur.

Specific to the finite elements method is that An effective realization of the finite element
minimizing the sub domain is studied, called finite Method is obtained from the above scheme.
elements, linked in points called nodes. As a tebal
minimization of the functional all the finite elems
and the assembly was divided py_ the area ovelafrr@r V ={UeH'(0,1) \ u(0) = 0}
of the effects obtained by the finite element sl a ) ) o
system of algebraic equation whose solution is Segmental linear functions builtin.

Choosing®; functions and subspace V of V's

determined by the function values at the nodesiesiud Whether division
In order to minimize the finite elements domain
functionalities analyzed unknown function or func, O=xy<x; < <x,=1,

continue throughout the area are approximated st a
of functions conventional finite element contentyon Q that divides the itemej = (xj_l,x]-) lengths and
continue.

In the case of homogeneous conditions y (0) = 0,

y (1) = 0,9 (x) coordinate positions (x) may be, for

eitherh = max h;, where h is the norm division. It
requires that the U's V be continuous on [0,1],heac
elementej linear and

example, as
Pr(0) = (1 — x)x* u© =o.
o U€eV functions can be described by their valugs
r . nodes. We
@i (x) = sin(kmx)
3.2. Galerkin method Ux) =a;P,(x) + - a,®,(x), (6)
Galerkin method is based on the weighted formula Where
residue. For the presentation method we use tiis, ti 1, X = X;
synthetic notations
y 0, X =X # Xj
Au =f, in Q X—Xj-1 , ,
o) =1 w r Xen) g
Bulyga =0 (3) Xjp1—X
o | o xe(x,%51)
where A is a linear differential operator, and Bthe j+1
border operator. \0, xee,k+j,j+1

To determine the approximate solution of the
equation, the unknown u is approximated by a

combination of functions test So the basic functlonSDj have a value of 1

corresponding nodej,xwith 0 on the other nodes and
Ux) = Xiz1a;P;(x) (4)  are segmental linear on each interyal @bviously,

whose coefficients aj deducted from system
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U(Xj)=§ for each ond=1, -, N . Regarding calculating [F], using quadrature

S|mple formulas (eg trapezoid formula) is obtairfied
Basically, the classical Galerkin finite element =1  n-1

type can be formulated as follows:

[ — X;
FmdUel\/ ) F, = (f, ®,) = ff(x) i1
fo U= fHvpdx=0,Vv, €V. (8) xi1 hu

i+1
ing, = ®; Xig1 — X
As U(x) has the form (6), choosing, = ®; for n j F(x) i+1 dx
i=1, .., n, to obtain system 4 hiq
Z;‘l=1 fol(blj(x)q)i(X)ajdx = ~ flT fl 2l+1
1 .
Jy FP;(x)dx, i =1,...,n 9) .
1y
or writing matrix =(f,®,) = f f(x) Xt X = n2
Tl
[KI[AI=[F] (10) Xn-1

where, if we choose a uniform gritt = h = %, [F] ie

Kij elements of the matrix [K] can be easily calcufate
the system (10) become

(in the general case it is calculated by assembtlieg
values of each element).

Obtained coefficients

|
! F =h
Kij = (P';, @;) LF]
J‘xi 1 x—xi_ld
= — 0 — x
woa 0 1 0 0
Xi+1 —1 , —
+f T T =0, /—1 0 1 0 .. \/ \
e R 110 -10 1 .. as | _
Kpn = (@', ®@,) 2 2 F :
1 x—xn_ld 1 0 0 .. -1 0 1 :/
). h, 2 00 .. 0 -1 1/

h,  h, 77

n-1 fl
In addition, fori =1, ..., n-1 have fa
Ki—1p = ("1, Py) nl /3
Yo—1 x— x4 -1 :
)R TR YT In1
X ' fn/z
Kiy1,i = (@141, D)) Galerkin's method is general. It can be
Yier 1 xq — X 1 successfully applied to equations of different g/pe
Zf : dx = -. elliptical, hyperbolic, parabolic, even if they anet
2 Miv1 hiva 2

related to variational problems, which is an adaget
over the method of Ritz. However, for applications
related to variational problems, it is a close
interdependence with Ritz's method, and in mangsas
\ is equivalent to the latter, meaning that both leathe
) same approximate solution.

Matrix [K] has finally form
0 1 0 0 .. O
/ -1 0 1 0 .. O
1 —
[K] == : 05 .--1 0 1 0

0 0
0 0

10
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4, MATHEMATICAL MODELING IN
MATLAB BY FINITE ELEMENT ANALYSIS il

It made an application that allows the user |
choose the modeling results in Matlab using fi |
element method for each of the three types of éoug

e = =

- S— B . =N

Metoda elementului finit

Ecuatia undelor (hiperbolica) |88

Figure 3 c) Vave equation

Figure 2 Interface for three types of equations
Matlab 4.2. Elliptical Equation
4.1. Hyperbolic Equation For this equation to make an application to the N
in 2D.

The first model chosen is the hyperbolic equat The equation is selected elliptical sh

modeling especially where waves. The applica

allows the achievement of a movie showing

movement of the waves. -Au= 32(X -X*+y- y2)3 pe Q (6 Q) =0
with Dirichlet boundary condition

File Ed  View Jmet  Todh  Polvp Wisdow  Help =

NDade| kR D80L-208 =@

=

" | \\ s |
/& \\ N

Figure 3 a) Vdve equatic

/ /// Vi
In these images is seen as wave height and sg \KK@/: o

begin to declindurther

Figure 4 Hiptic equatior

In the Figure 4as a result of modeling, it is not

| that the finite elements wel chosen triangle type and
o the surface is uniform.
I

Figure 3 b) Véve equatio

11
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4.3. Parabolic Equation

For parabolic equation wehose a design th
enables the modeling of the heat transfer bodyutjim
the isotropic temperaturdependent heat transi

T(xy

Figure 4 a)Heat transfer equati

The finite elements were all type triangle andhe
following images is observed dle heat transfer froi
the body varies, the highest temperature beingenré¢d
and the blue color area beldfig. 4a and Fig. 4l.

Tix.p )

Figure 4 b)Heat transfer equatir

Here, the user is able to see a movie to b
understand how temperature variasd beginning t
increase (as shown in Fig.)4as the body is subjected
certain tests.

12

File Edit View Insert Tools Desktop Window Help ~

DESdS b ARRVDEA- S 0E | =D

Figure 4 c)Heat transfer equatir

5. CALCULATED
FINITE ELEMENT

BY COMPUTER-AIDED

Using a computer and appropriate software
indispensable for theapplication MEF as simple
structure. Even the principle of the method resuita
large amount of numerical calculations that can b
achieved only on new computers with speciali
software. Accordingly, FEM analysis of Analytic
acquires a fenceutomation, which can be a trap by I
of control over the operations they carry out F
program. For the analysis of complicated spi
structures can become difficult due to automa
preprocessing model, check its accuracy, and dc
errors in themand render amendments to the ini
model.

At present there are numerous programs in ge
specialized types of problems. Some of these iec
ANSYS, MIKE, FLUENT, COMSOL, NASTRAN
MOSAIC, GffTS, etc. They allow through all the sta
referred toin Chapter 1 and others such as geom
model construction, introduction of informationateld tc
material, mesh geometric model, the applicatiorddc
and limit conditions, solving itself and p-processing
calculations. Strong development of grajal user
interfaces of computers today allows a particul
effective treatment, suggestive and rapid calcuk
results in the form of graphical representationbadies
compared deformed bodythe body unaltered, travel |
model, representing the pior of the pattern, et
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5.1. Prerequisites A User M.E.F.

A user is forced to solving a particular proble
The program applied calculation method does notes
the problem but a model of it, which generally ceimes
user. The resultsan be confirmed or not, depending
how the model was chosen calculation.

Modeling is a task of simplifying the structure
including various portions of the structure in
category: bars, plates, massive bodies, by consgl
and bearing loads.

Correct modeling is a matter of experier
inspiration and not least the knowledge of the tagécal
basis of the method.

Once established computing model needs t
prepared to solve the problem input. Each finiearednt
program has certain peaiiities that must be learne
but there is a basic method that, once mastertuys
any program finite element approach.

THE STAGESOF ANALYSISBY FEM

Large corporate programs are three impot
stages of solving a problem using MEF

Table 1 — FEMsolving phase

Input . Output
data . Processing (Postprocessin
(Preprocessing
Nodal
coordinates;
Types of
bearing; Tensions
Jams (boundary e Movements
conditions); By .| Temperature
Loading —. = | Current
(mechanical, e function:
thermal, etc.); Electric /
Material magnetic flu;
properties;
The shape, typd
and size of F.E.

Preprocessingstep is preparation of input de
needed to resolve a problem and save them in dilta

Processingis effective in solving the proble
numerically model. Data already preparedn
preprocessor) are taken from the data file and the
type of problem.

Postprocessings the "viewing'stageof the results
in tabular or graphical form. This phase allc
evaluating and commenting on the res

Factorsthat influence mesh
A number of elements which are meshi
condition:

13

- Type Finite Element. They are chosen depen
on the type and scope of analysis, required acguist
unknown size variation etc.

- Parabolic elements are preferabl linear, because
the same number of no( element discretization
parabolic solution is more accurate than the lii

elements.

- If there are several types of finite elements,
the border between them should be mainstree

- The size and number of finite eleme
influencing convergenceaolution. Note that a larg
number of elements approaching the solution €
result, but an excessive increase may lead
"collapse" due to its error by car to a large vatuaf
calculations.

- Positioning nodes, which generally is uniforn
structue. Discontinuity in geometry or in loadi
require the choice of intermediate nodes. Moving
area with fine mesh one with coarse mesh shoul
done gradually, not sudder

- The degree of uniformity of the mesh. Awc
using items with elongated (v sharp triangles,
rectangles with aspect ratio higher than 3). Padsdgrit
would be like meshing with triangles contain o
equilateral triangles, rectangles contain only megh
square and type the space with elements still BR
especially elemeatstill contain cubic

CONCLUSIONS

This paper deals with the method MEF fr
mathematical point of view can be treated as aqss
for obtaining a numerical solutions approximate
solving a system of difference equations definedlyp
on a finte domain (D) with boundary conditio
(boundary) data.

It was noted that the work (D) is decomposed
finite number of simple subdomains (Finite Elemg
connected to each other on the borders of separatia
finite number of points called nodesin general
geometry of the domain (D) is approximated by s
subdomains meeting.

Unknown function (temperature, displacemt
etc.) is approximated by locally every finite elam
interpolation functions defined in relationtheir values
in hubs locted along finite elements. These functi
have been termed as the basic funct

Meeting interpolation functions for the ent
domain (D) is a set of function approximation ahdit
nodal values are generalized coordinates. Testibns
are introdged into the system of differential equatic
and nodal values are determined by methods emp
in calculating the variational (Ritz method, Galajk

All steps were taken to resolve the three type
equations: elliptic, parabolic and hyperbolic ve he
finally obtained a 2D / 3D modeling of this equat
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It was noted that there are a multitude of program
that work with finite element method, but not retng
full calculation of each user; they have a morerfdly
graphical interface that allow only the introductiof
basic data such as the type of equation, the nuwber
finite elements to be meshed area etc.
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PROBABILISTIC METHODS OF DECISION MAKING IN SHIPPING ACTIVITIES
Dimitar Dimitrakiev

Naval Academy, Faculty of Navigation, 73 Vasil DrewmStreet, 9026, Varna, Bulgaria
e-mail: dimitar.dimitrakiev@gmail.com

Abstract: When studying a large number of phenomena and processes, researchers strive to create simple patterns.
From the wide variety of factors separate the main and the rest are considered secondary and ignored. Very often, in
practice, in making management decisions in the presence of many options is the task to recalculate the probability
of each hypothesis, once it has been observed event. Such circumstances can be decided by the theorem to verify the
hypotheses (Bayesian formula) obtained as a consequence of the theorem for multiplication formula for the total
probability. Bayesian formula can calculate conditional probabilities of each hypothesis, then most likely of them is
taken as the basis for future action. To obtain the practical utility of the theorem to check the hypothesis, we
examined two cases of decision arising in shipping activity.

Key words: decision making, Bayesian formula, probability event, the conditional probability of hypotheses,
diagnostic indicators, technical diagnostic, analysis of the situation.

1 INTRODUCTION It is evident that security management is enhanced
by the appropriate choice of routé-(avoid dangerous
When studying a large number of phenomena andencounters) and improving maneuverability at the
processes, researchers strive to create simplerp&itt  complex "navigator - ship".
From the wide variety of factors separate the naaid Sometimes it is necessary to determine the
the rest are considered secondary and ignored. Therobability of occurrence of some event A, whicin e
result, however, can not be freed from the infleeot realized with one of the events H,, ..., H,, forming a
neglected factors, which manifests itself in thesence complete group of incompatible events,,H,, ..., H,
of errors, interference, noise or simply deviatidrean are called hypotheses, and the probability\dé given
previously alleged condition, called random. Thereno by the formula for the total probability:
accurately be predicted score, the more factorg s
considered. Nevertheless, taking into accountaatdis P(A)=P(AH,)+P(A H,)+...+P(A H,)=
is practically impossible, which means that it is  =yn p(y,)+ Y™, P(A/H,) 3)
impossible to obtain absolutely deterministic resul
Sometimes there are several options to fruition a Very often, in practice, in making management
complex event, look for the impgct of each optibor decisions in the presence of many optioHs,{,, ...,
example, complex event C (collision of two vesselsy  p ) there is the task to recalculate the probabiiftgach
be fulfilled in the event jointly amendment O (dan@us  hypothesist;, once it has been observed event A. Such
meeting of ships) and evend (default maneuver circumstances can be resolved by theorem of varfyi
divergence). We want to determine the influenceaifh  the hypotheses (Bayes formula) obtained as a reult

of the two events on the security of navigation. the theorem of multiplication, and the formula tie
The probability of the event C (collision of two total probability as follows: [2];
ships) is:
P (C)=P (OM) =P (O). P M) 1) P(AH;) = P (A). PH;/A) = P (H;). (A/H;) (4)
The probability of the opposite event to C (no Rejecting the left side of this equation we get the
conflict C) is: equation:
=1-[1-PO)[L-P M) = (HIR) - (P(H.1).P(A/H 1))/
=P (0) + P (M) - P 0). P (M) @) Q- =D"n=[P (H.i).P (A/H_i) ]) ®)

15
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Here,P(H), i=1-n are the probabilities of the There are two cases (hypothesis):
hypotheses to the experiment amR(H/A) is the H, - The current state of the assessment is good;
probability of the ' hypothesis after the experiment. H, - The condition is not good and can be

Bayesian formula can calculate conditional considered as a rejection.
probabilities of each hypothesis, then the mostlyilof

them is taken as the basis for future actions. The bearing condition is assessed indirectly by two
diagnostic method measuring two diagnostic indicato

2. PROBABILISTIC METHODS OF S: - Noise level in the vicinity of the bearings;

DECISION MAKING S, - Quantity of metal impurities in samples of

crankcase oil.
To obtain the practical utility of the theorem for
checking the hypotheses will consider two cases for From preliminary data it is known that at the time
adopting decisions, arising in shipping activity. of assessment the probability the subject to lgmod
In the first case it comes to solving a problem in condition ¢, ) is P(H, ) = 0.6, and not in goodH,) is
technical diagnostics of the main ship internal P(H,) = 0.4

combustion engine. Reference is an indirect assgsm Two diagnostic ways are based on indirect
of the crankshaft bearings condition through thalysis measurements and with no absolute assurance. From
of the measurement results of two available diaimos preliminary experiments it was found that the doéity
signs (Fig 1, Fig 2a, Fig 2b). [3, 4] of the first method i, = 0.6 (¢, = 0.4)and the second
P, =0.7 g, =0.3)

Adopting the best solution in various combinations
rrrrrrrrr iy of diagnostic conclusions in both methods is reslir

computer
sistem

The following cases are possible:

First case: Prepared message (event A): diagnostic
conclusions of the two methods are that the statbeo
object is good. Conditional probabilities of hypetes
P(H,) andP(H,) after the occurrence of the event A are
recalculated by using formula (5).

el As a result:
Figure 1 Control and diagnosis of internal comimust
engine P@H,)=0.6;P (AH,) =P (AH,).P, =0.6. 0.7
=0.42

v i.e. both sensors give correct conclusions in
L hypothesid, .
H
Then:
ri I—’I }‘ _ P (Hq).P (A/H1) _
D P HIA) = o m amns Py - 084 (6)

| and
s |
o

P (H,) = 0.4, P (A/H,) =P (H,).q, = 0.12

in caseH, both sensors give false conclusions.

Exactly this value is substituted as a general yebd
in the second member of the denominator of the
expression (6). As for th@ (A/H,), according to the
above, below expression is calculated:

Figure 2a Machine condition monitoring

Bearing condition
Machine vibration
Rotational speed

_ P (Hz). P(A/H3) _ .
P (Hz/ 4) = P(Hy). P(A/H)+P (Hy). P(A/H) 0.16;
i.e. P(H/A) > P (H,l A) 7)

Then, upon receipt of the message, marked as an
event A, the hypothesis of the good condition cé th
bearings is assumed to conditional probability,atge
than the output, i. e. 0.84 > 0.6.

Figure 2b Machine condition monitoring

16
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Second case: Obtained message (an event A) that

Fourth case: Obtained message whereby acoustic

the diagnostic findings and the two methods indicat method brings about rejection, while the analydishe

poor condition of the object, i. e. a failure oceudr
According to initial conditions:P(H;) = 0.6; P(A/

H,) = (P (H;) .q;) = 0.4 . 0.3 = 0.12 - this means that
the correct hypothesis and both sensors give wrong

conclusions.
Then:
P ) = rrtmywinrars =08 @
since:

P(H,)=0.4, a P(4/ H,P(H,).P, = 0.6 . 0.7 = 0.42

i.e. the object is damaged and sensors provide ver

accurate readings.

Then:

P(Hz/A): P(HZ)-P(A/HZ)

P(Hy).P(A/H1)+P(H2).P(A/Hz)

=07 (9)

In this case, upon receipt of a message A, with

conditional probability, greater than output, i.®7 >

0.4, the hypothesis of a failure in the bearings is

accepted.

Third case: a received messagéas the following

oil shows good condition. The known procedure is
carried out again:

P(H,) = 0.6; P(A/H,) = P(H,).P, = 0.4.0.7 =
0.28

i. e. in correct hypothesiH;, the first method is
wrong, and the second gives the correct result.

In this situation:

PHOP(A/HD)
P(HY) P(A/HY)+P(H)P(A/H)

P(Hy/A)= (12)
since:
0.18
i.e. the object is damaged, the first method hass t
and the second - false indication.

P (H,/A) is checked by using:

P(H,).P(A/H7) -0.3
P(H{)P(A/Hy)+P(H2).P(A/Hp)

P(H,/A) = (13)

There is a reason to accept tHe hypothesis of a
good condition. But here again to express morendefi
opinion, several consecutive measurements haveeto b

nature: the method based on acoustic measurementgerformed.

carries information to good condition, and the gtad

metal impurities in the oil shows poor condition.

According to the accepted initial conditions witlaur:
P(Hl = 0,6; P(A/Hl):P(Hl). q2:0.6 . 0.3:0.18

which means that the first method gives true, drel t
second - false conclusion.

Then:

_ P(H4).P(A/H1) _
PIRAA) = S samp i iy - 049 (10)
since:

P(H,) = 0.4,a P(4/H,) = P(H,). P, =0.4.0.7 =
0.28
i. e. the object is damaged, the first method shialse
and the second shows true.

And

P(H,)P () =212 2051 (11)

P(H1)-P(HA1)+P(HZ).P(I%) T o2z

P(H,/4)=

There is a reason to accept the hypothesis of
rejection. To make more definite conclusion it is

necessary to conduct several measurements. Ifesib

P (H,/A) increases, the hypothesis of a rejection is

confirmed.

17

To avoid hasty or inaccurate conclusions,
conditional probabilities of the hypothesis in athrguts
are calculated. The credibility of the two diaghosgtays
are preserve#; =0.6;q, =0.4; P, =0.7;q, = 0.3, and
is assumed that the probability of the hypothesis f
good condition is biggelP (H,) = 0.9, andP (H,) = 0.1
Again four cases are considered. In order not wdtesi
the exhibition, the final results are pointed gthaj as it
was clearly shown how to perform all the calculasio
given entries from (5) and (6).

First case: Both methods give inEormation to good
condition. 10)

P(H,/A) =0.969 > 0.9; PH,/A) =0.031< 0.1 (14)

It is accepted the hypothesis of good condition
which is conditional probabilit{?(H,/A). Moreover, it is
greater than the other 0.969 > 0.031, and hasé&rerk
even further after the experiment, designated agtient

A, i.e. 0.969> 0.9.

Second case: The two methods indicate failure of
the bearings.

P(H,/A) =0.72 < 0.9; P fi,/A) = 0.28> 0.1 (15)

Although the both diagnostic methods indicate a
state of bearings disrepair, there is still no oeaso
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accept this hypothesis, since the probability oé th The process of management of the ship in case of
hypothesis of the absence of fault is biggéH,/A) = maneuvering is normal navigation operation, which
0.72 > PH,/A) = 0.28 However, the fact that the occurs as a result of accidental event - the dofli®f
probability of the first hypothesis fell after measment two or more ships. This operation should be peréatm
(0.72 < 0.9) causes to be careful and to make @ fin safely and rationally, in accordance with the émgst
decision after conducting several consecutive navigational-, hydro-, legal- and other restriciofhe
measurements. The reason for the decision is dtieeto  entire process of control is divided into severaps,
assumption that the refusal of new or recently each of which is characterized by the use of specif
refurbished products are unlikely. methods and technical aids. Determining factor for
successful implementation of the next stage idithely
Third case: The method is a basis for acoustic attained high-quality results of the previous stdg®m
measurement and brings information about good, buta formal point of view, the operation is dividedarthe
analysis of oil - for poor condition. following stages: choosing the route of sailing, u
_ ) _ detection of another ship,;Odetermine the elements of
P(H,/A) = 0.852 < 0.9; PlI;/A) = 0.148> 0.1 (16) approach g analysis of the situation;Athe formation
There is a reason to accept the hypothesis ofof the next trajectory & performing the maneuver gV
rejection absence, as it is more possiblB(H,/A) = control deviations of the program trajectory, Kand
0.852 > P(H,/A) = 0.148. However, the fact that completion of the operationQ
probability fells after the experiment, i.@(H,/A) =
0.852 < PH,;) = 0.9, causes to be careful and to conduct .
several measurements before taking the final detisi | Po ‘PL A=t

[Lo O1L..(%L—HF H [M5KY) | /_\
Fourth case: The method is based on acoustic /

measurements and provides information for refuesad ‘ | Auco TLJ # |
oil analysis for the absence of rejection. Ug0: [P Ephat” FeMs(KVHKe 12130 |

[SteAy
P(H,/A) = 0.93 > 0.9; PH,/A) = 0.07 < 0.1. (17)

‘ M5{K)
;—\

Figure 3 Logic and formal record of the stages of

the operation "ship maneuvering”
The hypothesis of the absence of rejection is P P g

accepted, as it is more possible, but the factR{&{/A) The choice of the navigation routg is the initial

= 0.93 > P{H,) = 0.9 allows to be more confident that  giage in which, among other tasks must assess the

decision is correct. o , _ probability of collisions in suspected areas oflisgj
In all four cases decisions are received, whicateel |,k for and process additional information, etc.

the observations to the conclusion of a lack aécpn.

This example is described to point out that the esam The first stage during the sailing is detectiorthu
diagnostic procedure carried out in different pesi®f  gnqther vessel OIf in conditions of good visibility and
time for_work lead to d_|ff_erent diagnostic conchuss. well organized watch keeping the probability of
As mentioned above, this is due to the fact that th detection could be considered equal to one, then in

rejections of new (or recently renovated) produats conditions of
more unlikely.

Further it can be stated that the determinatiothef poor visibility, the distance of detection depemusthe
whole complex of reliability indicators only by uagj the hydro-meteorological conditions, radar's operating
mathematical apparatus of random events is implessib (gchnical data, the types of counterclaims shipg, t
In determining the very first reliable indicatorvéage proficiency of the observer and others.
reliable operation) averaging operation of datahwit

different probabilities is used: At the next stage Fthe elements of approach and
X s the parameters needed to analyze the situation are
tep = £€=11iz_ol: Pt (18)  defined. They include: the closest point of apphoac

(CPA), time of CPA and ships velocity vectors. In
This fact shows that the problem goes beyond theconditions of poor visibility, the navigator spenstsme

field of random events and is headed to the apsmatu  time to obtain and to process the information, &mel
random variables. results can have significant errors, creating uadey

The adoption of hypotheses in one stage of solving©f the situation.
the problem of ships maneuvering is considered as a

second example. More specifically, here it is coasd Stage A provides probabilistic-logical analysis of
only one task of the general algorithm for prevegti the situation, taking into account existing intdimaal
collisions, namely determined of head-on situation. and local rules of sailing, navigation and other

restrictions. The various external conditions, ffisient

18
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clarity of IRPCS recommendations, in which primaril - S, - masthead lights or side lights of possible
qualitative evaluations (seamanship) are used, theerrors in these distances is about 8%* (* Thimada
existence of non- deterministic constraints andhsig only for illustration [1])
require usage of statistical estimations of thegéamus
situation. An event A is observed, which consists of the
following message: "radar information indicatest ttee
When establishing the safety for further movement approaching subject is a cutter, and the visuakrobn
continues achieving the main purpose of the trip—{+ and analysis indicates that the object is a fishiegsel
Ms). In the presence of a potential danger a decision with a displacement of less than 200 DVT".
adopted for the time and type of the collision dim
maneuver [M (K, V); M5 (V)]. Which of these two hypotheses to accept?
The hypothesis which after the appearance of the
At stage K further programmatic trajectory is event A is the more possible should be accepted.

formed_ considerin_g_ the na}vigational restrictions, - HypothesisH, : the approaching object is a cutter
hydraulic characteristics and sizes of the hull &me

ability of the management system of the ship tatere P(H,) =0.3 , . . -

the necessary accelerations. The more complex the - HypothesisH,: the object is a fishing vessel
situation is and less time for analysis, the gremsteéhe  P(Hz)=0.7

probability of wrong decisions acceptance, adopiad Credibility of control methods is:

the basis of primarily a priori experience. S,: P, =0,98;q, = 0,02: P(AH,) =

=P,.0,= 0.98 . 0.08 = 0.0784
S,: P, =0,92;q, = 0,08:P (AlH,) =
= q.P,=0.02.0.92 = 0.0184.

At the fifth stage A the solution adopted for
maneuvering is implemented with the help of therseu
and speed controls of the ship. The evaluationhef t
successful implementation of this step is formedthsy
basis of the optimal control theory. The deviatadrthe The posterior probability of the first hypothesftea
actual trajectory of the program is controlled ig &hd the event A is:
either an adjustment of managing impacts is peréorm P(H. /A) = P(H1).P(A/Hy)

E, if necessary, or the operation is considered to be (H )_P(Hl).P(A/Hl)+P(H2).P(A/H2)
successfully implemented;Q P(H,/A) = 0.345.

At various stages of the operation "maneuvering of
the ship" various technical means are involved, esoin
which are united in a common complex, and a part —
outside it.

=0.645 (19)

The first hypothesié#l; is accepted: the approaching
object is a cutter.

Identification of the approaching ship is important To avoid hasty and misleading conclusions the part
terms of the decision making speed in accordante wi of the initial conditions will be changed. It issasne that

the international regulations for preventing caflis at ~ the sailing is carried out in an area where the
sea. It is assumed that the observers ship sailhé probabilities of hypotheses before the experienee a

area in which meetings with vessels managing besjine ~ changing:

control or other activities i.e. vessels sailingcioastal P#H)=0.1PH,) =09 (20)
areas are possible, where the probability of sudden  pgsterior probability of the hypothesis after the

meeting s real_. _S_e_ullng IS p_er_forme_d at _n|_ght N2 avent A, which is the same message as in the previo
relatively poor visibility. In preliminary investagions it

was found that in this region of sailing probalilif case.
moving fast boats (hypotheslt$) is P(H;) = 0.3, and
the other type of vessels (e.g. fishing vessel2a0 P (H,/A) = 0.322
DVT) is P(H,) = 0.7. P (H,/A) = 0.678
Monitoring is carried out in two ways: St - The second hypothesis H, is accepted: the

Type detection using the signal from the radar with
possible error of 2% when the distance to the aligec
about 4-8 nautical miles;

approaching object is a fishing vessel

This example showghe decisive influenc®ef the
real situatiorin the area ofavigation

19
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3. CONCLUSION

[3] A. Nedev, D. Dimitrakiev, D. AntonovStochastic
system for optimal management of shipping actsyitie
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systems for diagnostics and navigation complexes954-8991-78-0.

providing information to the ship systems of statla
optimal control of shipping activities describeddetails
in reference [3].
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STATISTICAL MODEL OF A LNG TERMINAL — WAYS OF IMPRO VING THE LNG
TERMINAL EFFICIENCY
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Abstract: The best way of improving the efficiency is to create a basic statistical model which can be used in the
future for optimizing the work of a new terminal in the near future. The proposed model represents LNG terminal as
gueuing system. The model created is basic one but can be used as good foundation for creating a more sophisticated
model once the main characteristics of the a new LNG terminal are known.

Key words: LNG terminal, statistical model, LNG supply chain, Queuing Theory, efficiency indexes.

1. INTRODUCTION In this respect there is a growing necessity to
evaluate the efficiency of a shipping terminal iffetent
The The sea trade is essential for the developmentonditions of work. It is known that it depends on
of the world economy due to the simple fact thahso  different random factors like time of arrival ofetlships,
countries for example have oil but don't have graind transit time of the ships, availability of pilotadatugs (if
the other way around. This imbalance makes the twonecessary) etc. That is why it is hard to evaluhte
countries to trade. The best and cheapest wayattetr efficiency.
large quantities of cargo is with ships, becausether The following research proposes a statistical model
transportation means can reach the productivitglle¥ for evaluating some of the parameters like mearingpi
the ships. Not only from economical but also from a time in the system, the expected probability of $hgs
environmental point of view the ships are one &f th to be served during different intensity of arriviagd
cleanest ways to transport cargo having in mind theservicing time. The model will be able to simuldte
economies of scale. arriving and the servicing of the ships with diffat
Baird (2007) explains some of the advantages of theinitial data which will enable the model to be &sse as
sea, and therefore maritime transport, when comdpare possible to the real work process.

with land-based modes. “The sea is free, or vilyual The goal of the proposed model is to reflect the
free, it already exists, and does not require argyoi work of newly build LNG terminal.

maintenance (though this does not mean that thissea This will be achieved by solving the following
natural highway!). Seas tend to comprise very lange problems:

spacious areas, which are for the most part urtefidzy » Analyzing the distribution of the arriving ships;
traffic congestion, unlike roadways and railway®a$S e Analyzing the time in the system and the
transport capacity may be increased, substantaly structural organization of the work in the LNG témnai;
speedily, through the addition of more ships, ogéa » Developing a model algorithm representing the
ships, or faster ships, whereas to expand roadway owork of the LNG terminal;

railway capacity requires very expensive adjustsent Queuing Theory will be used to present the LNG

infrastructure, new legislation, etc. These virtaheuld, terminal as a Queuing System from a certain typat T
all things being equal, give sea transport at |saste is why we will refer to the ships as customers #mel
degree of economic advantage (over land-based modescombination of berth and lines and tanks capacity a
but it also means that sea transport is a fundaitgnt servers.

different mode conceptually from land-based modes”

[1].
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2. ARRIVAL OF SHIPS

Following Hillier (2008) example we will assume
that the form of the probability distribution of
interarrival times is an exponential distributicj:[

D(x) = 1—e ™.

“The characteristics of the exponential distribatio
are a high likelihood of small interarrival timesgll
under the mean and also a small chance of a vegg la
interarrival time, much larger than the mean. Alktis
characteristics of interarrival times observed liactice.
Several ships might arrive quickly. Then there rhaya
long pause until the next arrival.

This variability in interarrival time makes it
impossible to predict just when in the future aal$vwill
occur. When the variability is as large as for the
exponential distribution, this is referred to asvihg

“The symbol used for the mean of the service
distribution is:

1/u = Expected service time

The interpretation of u itself is:

M = expected number of service completions per
unit time for a single continuously busy server'[2]

For example the expected time for a cargo operation
is

1/u = 8 hours per ship,
K = 3 ships per day.

“From a queuing theory point of view the LNG
terminal can be regarded as a Queuing System (Q§) w
multiple servers ( n > 1 ) — multiple-server system
because there is more than one pilot and tug. The

random arrivals. Having random arrivals means thatchannels are using multiple pilots, multiple tugghw

arrival times are completely unpredictable in tease
that the chance of an arrival in the next minuteagk is
just the same (no more or less) as for any otheut®i It

different speed which means that the channel is not
always available when a ship arrives in other wahds
channel is not-fully-accessible system. In mostv@@n

does not matter how long it has been since the las® customer (ship) arrives and there is an availséteer

arrival occurred. The only distribution that fitewing
random arrivals is the exponential distribution.

“The fact that the probability of an arrival in the
next minute is completely uninfluenced by when lest
arrival occurred is called lack-of-memory propeor
the Markovian property). It implies that the probiap
distribution of the remaining time from now unthet
next arrival occurs always is the same, regardtdss
whether the last arrival occurred just now or ggltime
ago” (Hillier, 2008).

“Having made this analysis we can conclude that
the mean arrival rate and thell/ the expected
interarrival time are sufficient parameters for a@ésng
the arrival of the customers (ships) [3]".

For example:
A = (1000 ships)/(1 yean 3 ships per day;

1/ = 8 hours between ships on the average.

In the LNG terminals the order of arriving ships
is generally known, but assuming that the ships/arr
randomly we assume the worst case scenario.

3. TIME IN THE SYSTEM

According to Hillier (2008) in the queuing systems
the times in the system is a sum of the times spetite
gueue and the time for service. “In the queuingesys
the most popular choice for the probability disttibn

of service times is also the exponential distritmiti
(Hillier, 2008).
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(pilot with line) it is accepted immediately forrsee. If

all servers are busy at the moment then the shissh

the system as waiting customer for unknown timeg--W
waiting time in the queue. Depending on the onviddae

of the Wq the QS are separated in three main groups
differing significantly regarding the organizatiaf the
service, the mathematical formulation and the &fficy

of the service” [3].

“In the QS with unlimited Wq ( Wq =0 ) the
customer arrived when all the servers are busysstay
the queue waiting until a server is available and t
service it. Such systems are called systems withitie
queue.

The QS with Wg = 0 when a customer leaves
after seeing that all the servers are busy andgéhdce
process does not matter are called systems witte fin
queue [2]".

4. LIMITED QUEUING SYSTEMS
“The QS that are somewhere between these two
systems are mixed type of system or so called “ldhi
systems”. There are two types of limited systeinsted
by the Wq — waiting time in the queue and limitgctie
W — waiting time in the system.

* In the first type of limited systems the customer
stays in the queue for Wqg (0 < Wops. If in this period
of time no server becomes available the custonzereke
the system unattended. With this constrain only the
waiting time in the queue is limited. A startedvées is
finished even if the total time in the system extsethe
time allowed in the queue W > Wq.
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* The second type of limited systems is when the determining “the queue discipline” which means rthie
customer is limited by the time spend in the syssemd with which customers are assigned to the recently
leaves the system after certain time W regardietsei available customer. Most common are the following
service is finished or not [3]". versions:

The waiting time in the queue Wq can be defined as e Most common is the rule of “First Comes —
the time between the Estimated Time of Arrival (BTA First Served”. This might be the case when the iraim
until the boarding of the First Pilot and the seevtime is operated from the shipper or the receiver ofdéugo
Ws can be defined as the time between the boaafing and the company treats all ships are with the same
the First Pilot until the disembarkation of the L&dot. priority in order to minimize demurrage costs.

The ideal situation is when it is known the exauttet at * The rule “Last Comes — First Served” might
which the berth will be available so that the shgn happen when the last ship is in a hurry and canmit
adjust (increase/decrease) its speed. That way the.e. vessel hire or demurrage is a lot more highan the
waiting time in the queue will be brought to zermlahe ships in the queue and they are willing to wait enor
ship will be served as soon as it arrives. (Hillier, 2008)".

In the group of Limited Systems are also included e “Third rule is when the customer is chosen
the QS that restrict the length of the queue. les¢h  randomly. In this case the order by which the custies
systems the customer stays in the queue only i thas arrive is not taken into consideration and thet firs
the number of customers does not exceed particularavailable customer is chosen [3]". Such order can b
number (sometimes random). In the channel case thisobserved when the ship is not ready to be senad, f
might happen when the channel is closed or overexample the relieving crew has not arrived, thegecar
congested and the allowed time in the system Wheill plan is being processed or there is a breakdowthen

exceeded. ship. Then the first available ship is served soone
Looking at the QS from a customer service point of » “Fourth rule is when the customers are served
view the following cases are possible: depending on their priority [3]”. There are manggsens

e The available servers are taken by the order ofwhy a ship might be given different priorities. The
their availability. The most recently available \saris terminal does not have enough storage space. Hselve
not put to work if there is another server was lade is operated by the terminal Owner and they walrtiatoe
earlier. Such order of work assignment is usectoexe the vessel, which has arrived late, to be servest ifn
an equal work loading of the servers, when no ilays order to be ready for next business i.e. not tosrhe
without working. laycan. In another case the Owner/Operator migbecp

* A classification of the servers is made on the up the vessel deliberately if the demurrage ofvbssel
basis of the customers and when the customer arfee  is higher than the daily hire, this does not mdwaat the
right server is assigned to him. This is the ca$erw  vessel will be served first.
different size ships arrive with a different

maneuverability and speed characteristics. Slowgrss 6. QUEUING SYSTEMS WITH PRIORITY

with bad maneuvering characteristics need more time

and tugs than smaller ones. The server in the ehasa “The QS with priority can be divided into two
combination of pilot and tug availability. Depengion types:

the terminal characteristics there might be avéslab e In the first type when a customer with a high

berth but no free tank capacity. Or there might be priority arrives he waits until the customer witbwi
available tank capacity but not enough berthsHership priority is being served and it is assigned to finst
to moor then all the free space will be utilizeduork on available server. Such systems are called systems

the currently moored ships — first case. without interruption of the service or systems with
« The available servers are assigned to therelative priority.

customers in a random way. This will be the caserwh * In the second type of systems when a customer

there is only one ship for cargo operations andtithe arrives, then the server stops serving the custaevitara

that will be needed to be served will not affect thext low priority and begins serving the customer wiighh

ship (next ships arrives on the next day) thenptlage priority. The unattended customer either leaves the
and the number of lines connected will be the optm  system or waits on the queue. In the second case th

number required for the efficient cargo handling. service begins from the point it was interruptedcls
systems are called systems with absolute prioBify [
5. THE QUEUE DISCIPLINE In shipping such system for example might be the

one where ships without regasification system ait w
“When in the system there is a queue the customershigh priority in order not to lose cargo. Then, wteich
are assigned to the servers in the order of theirship arrives the cargo operation of a vessel wih r
availability. That is why it is necessary to exaenimow liquefaction system has to be stopped and resunheah w
the customers are chosen. This can be achieved byhe vessel leaves. Although, the option for LNGriear
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of leaving the port halfway served is not impossiiblis
highly undesirable because it might lead to lo:
customers.

In the LNG terminal the priority definition is bas¢
on different considerations. The priority scale foe
LNG terminal can be created from considerati
outside of the system like the size of the ship, fihice
of the cargo (more expensive cargo higher ijty), the
amount of money the terminal is prepared to pay
service.

The other case is when the priorities are base
the indexes related to the terminal. For exampdgést
priority might be the minimum time spend in thetsys
(W = min), minimum service time (W Wq = min).

The current model will be with one priority bas
on speed +the fast cargo handling of the ves

7. CHARACTERISTICS OF THE LNG
TERMINAL SHOWN AS A QUEUING SYSTEM

From the analysis above are determined
following charactestics for the LNG terminal shown |
a Queuing System (QS).

1. The servers are more than one, due to the
that a terminal has more than one berth and mae
one cargo line.

2. The servers are not fully accessible, the siz
the ships is limitedrbm the draft and sometimes all 1
cargo lines and berths are bt

3. Service cannot be denied to ships that arriv
the terminal, likewise they cannot wait forever lie
serviced.

4. The total time in the system W should inclt
the time needed fahe ship to be serviced plus the ti
in the queue Wq.

5. The time spend in the queue can
approximately determined by the number of custor
waiting in the queue and the time require for sBng
them.

Schedule of a queuing system of a LNG term
based on the assumptions made above is shown oi
1:

LNG Termimal

Not-Fully-A ccessible
Svstem

A

Il
i

n

Fully-Accessible
Svystern

‘ =Wyg=w

Hyg=w

h

‘ Finite quene

Infinite quene

Figure 1 Schedule of a queuing system of a LNG terminal
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8. EFFICIENCY INDEXES
The chosen indexes for the efficiency of the wdr
the proposed model are: m —the number of delayed custom
The probability for a delay of a customer (st n — the numbeof all arrived customer
P =m/n

The indexes are restricted to only two due to

The average waiting time of the custom fact that in practice it is enough to know whatqeetage

(ships) of all ships will be delayed and how long will thelay
will be.

= L=
p= A :
T=0, Ty =0.
Tae=0, T2=0, @
* T2e=0,1-1;
D=0; m=0
Ki=-InF /A ‘ @

Tea=T +35 Tea= T+ Z32 ‘ ‘ D=D+T2pa-T ‘ | D=D+T2y-T |

T2y = T TZw= Tra

v
4‘ I=1+1 I<n
Fi=m/ln

Figure 2 The model algorithi
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9. THE MODEL ALGORITHM
The realization of the statistical model and the
calculation of the work efficiency indexes of a LNG
terminal with two servers are done by the algorithm
shown in Fig. 2.

The algorithm works as follows:

In Bloc 1 is put the indicial data:

n —amount of ships;

K - the expected time for a cargo operation;

A - the mean arrival rate

k — the number of serviced ship froin

In Bloc 2 are determined the initial values of the
following variables:

T — arriving time of the ships;

Tkl and Tk2 — time for service;

| — number of the current cycle;

T2k1 and T2k2 — duration of the service;

m — number of the delayed ships;

D — time of the delayed ships.

In Bloc 3 is determined the interval in which the
ships arrive. This is achieved by generating a sand
number the realization of which is achieved witke th
shown formula.

In Bloc 4 determines the moments of the ships
arriving.

Operator 5 checks if the first server is available.

If yes the next step is Bloc 8 in which the service
time is determined with the given intensity p.

If not the following step is in Operator 6, where a
check is performed if the second server is avalabl

If yes next step is Bloc 9 analogical to Bloc 8.

If not next step is Bloc 7, where the number of the
delayed ships “m” is determined.

Operator 10 checks which of the two servers is
available.

If yes the next bloc is Bloc 13.

If not the next bloc is Bloc 14.

The working principal of blocs 13 and 14 is
analogical to blocs 11 and 12.

Operator 16 checks if all ships are served.

If yes the cycle continues through Bloc 15 unsl it
completion.

26

If not in Bloc 17 are calculated the average delay
time of the ships — TOi, and the probability of elayed
ship — Pi.

Operator 19 checks if k has reached the number of
server ships frori.

If yes in Bloc 18 the next value @i is adopted
until every value is served.

If not next step is Bloc 20 in which the values of

Toi and Pi are shown.

10. CONCLUSIONS

The proposed model can help in a research and
analysis of the work of future LNG terminal. Thesuds
from the research and the analysis will enable marsa

to create parameters and recommendations which will
help optimize the work of the new terminal.

The model will be used as foundation for more
complex and precise model once the main featukes li
draught, quayside length, number of storage taakes;
known and can be implemented in it. Then it will be
possible to test the model and even create a visdal
simulation of the terminal. Additional work will bebone
when the operator of the terminal is known. Thes hi
requirement over the different priorities will bedwn
and the model can be adjusted, either by adding
additional ones or by changing the current one.ather
part of the model which will be developed in theufe
is the servers. Knowing the exact number of storage
tanks and berth length it will be possible to ceeah
optimum solution for the berth storage tank allaorat
problem.
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Abstract: The paper presents a computer simulation of an emergency situation generated from an oil spill, inside
Odessa harbor, using the software POTENTIAL INCIDENT SIMULATOR EVALUATION AND CONTROL
SYSTEM (Pisces 1), whoit is especially designed for assessing the consequences of oil pollution on sea water.

Key words: Odessa, oil, pollution, spill.

1 INTRODUCTION 2. DATA ENTRY

To simulate the emergency situation generated from A ship who is at anchor, at a distance of 7 km from
a possible oil spill we have used the POTENTIAL shoreline, has a fuel leak. Until shipboard persbnn

INCIDENT SIMULATOR CONTROL AND order to rectify the malfunction, of its tanks deaking
EVALUATION SYSTEM (Pisces Il), which is  about 475 tons (548 nof heavy fuel.
installed at Constanta Maritime University in the This oil spill generate an emergency situation and
Environmental Engineering Department [2]. its severity depends on the time to remedy thet faud
PISCES is an incident response simulator designedthus the amount of oil spilled
for preparing and conducting command centre exescis Since we catt know the hydrometeorogical
and area drills. The application is developed topsut conditions we approximate their values as follows:
exercises focusing on oil spill response. - weather:
The mathematical model used by the simulator is - water temperature: ‘€
the dispersion oil-water model, taking account all - air temperature: @
external conditions [2]. - sea state: 1 m
The model takes into account the main - water density: 1 026 kgfn
physicochemical processes occurring in the oilkslic - cloudiness: 5
which include evaporation, dispersion, emulsifioati - current surface:
and viscosity variation. - speed: 1 m/s
Simulation is carried out with regard to the - direction: 283
following environment factors: coastline, field of - wind:
currents, weather, sea state, ice conditions and - speed: 15 m/s
environmentally sensitive areas. In addition, med# - direction: 225:
response resource application including booming and Wind speed is intentionally inserted more than
recovery have been developed [1], [3], [4]. likely, similarly speed surface marine currents is

The simulator is designed to handle real situations considerably higher than the maximum existing ia th
such as oil pollution of the sea and permits tawbthe Black Sea. In this way a high hazard phenomenant pri
best realistic result comparing with other simwaati  more than likely, resulting in a scenario with tireatest
software. impact.
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The physical characteristics of spilled oil: - coastline;
- name: BENT HORN; - field of currents;
- group: II; - weather;
- density: 819 kg/rh - sea state;
- surface tension: 53.5 dyn/cm; - ice conditions;
- viscosity: 29.3 cSt; - environmentally sensitive areas.
- maximum water content: 70 %;
- emulsifying constant: 0 %; The simulation results are presented below:
- pour point: -18C; a) At one hour after the start of pollution:
- flash point: -9C. - amount spilled: 548 ™
- amount floating: 505
3. RESULTS - amount evaporated: 7.9°m
- amount dispersed: 36°’m
The model takes into account the main - amount stranded: 0%n
physicochemical processes occurring in the oilkslic - amount sunk: 0
which include evaporation, dispersion, emulsifioati - amount floating mixture: 1 258%n
and viscosity variation. - maximum oil film thickness: 19.7 mm;
Simulation is carried out with regard to the - slick area: 193 874
following environment factors: - viscosity: 263 cP. (Figure 1).
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Figure 1 Evolution of oil spill (after®1hour)
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b) At six hours after the start of pollution: - amount stranded: 2.4°m
- amount spilled: 548 ' - amount sunk: 0
- amount floating: 485 - amount floating mixture: 1 574%n
- amount evaporated: 19.2m - maximum oil film thickness: 205 mm;
- amount dispersed: 42.9m - slick area: 258 997

- viscosity: 649 cP. (Figure 2).
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Figure 2 Evolution of oil spill (after"2 hour)

4, CONCLUSIONS the shoreline to be as small, and in the same tone
avoid an ecological disaster inside Odessa harbor.
Simulation results confirm that the shoreline Unless timely intervention is not organized, the

pollution is imminent, but it can not reach the ho harbor it will be polluted with 485 #rof floating spilled
earlier than one and a half hours after the aspified in oil, the maximum oil film thickness will be aboud2
the Black Sea water, so that, the entity, who is mm and the spilled area will be about 258 997 Time
responsible in Ukraina, for environment protectemd costs of an intervention for cleaning the shorelméhis
oil waist, is alarmed for this event and it is fedcto use  situation will be considerably higher, and the =ffaill
any methods to prevent pollution with spilled pkdron be commensurate.
products, of the Black Sea shoreline. Major impact produced on the environment from
In this case the entity, who is responsible in the accidental spillage of petroleum products on th#fase
matter, have a short time for prepare and moveéhén t of water has led to the need for better monitoraig
direction of oil spill location to isolate the dpdlrea and  pollution and reducing the time to intervention the
instal the booms and the skimers for collecting ¢ile  organization and conduct remediation operations.
products in the sea water, so the impact of thi api Therefore, modeling of the pollution is becomingeay
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Abstract: In this paper it is presented a computer simulation for a possible prediction of an oil dick near Burgas
harbor. The simulation it is carried out using POTENTIAL INCIDENT SIMULATOR EVALUATION AND
CONTROL SYSTEM (Pisces Il) which is a software, especially designed for assessing the consequences of oil
pollution on sea water. PISCES is an incident response simulator designed for preparing and conducting command
centre exercises and area drills. The application is developed to support exercises focusing on oil spill response. The
model takes into account the main physicochemical processes occurring in the oil dlick, which include evaporation,
dispersion, emulsification and viscosity variation. Simulation is carried out with regard to the following environment
factors: coastline, field of currents, weather, sea state, ice conditions and environmentally sensitive areas. In
addition, models of response resource application including booming and recovery have been developed [1], [3], [4].

Key words: oil spill, pollution, simulation.

1. INTRODUCTION - speed: 0.5 m/s;
- direction: 225,
The simulation is performed with POTENTIAL - wind:
INCIDENT SIMULATOR CONTROL AND - speed: 10 m/s,
EVALUATION SYSTEM (Pisces 1), which is a - direction: 225
computational model used by specialists to asdess t Wind speed is intentionally inserted more than
consequences of water pollution with oil [5]. likely, similarly speed surface marine currents is

The mathematical model used by the simulator is considerably higher than the maximum existing ia th
the dispersion oil-water model, taking account all Black Sea. In this way a high hazard phenomenant pri

external conditions [2]. more than likely, resulting in a scenario with treatest
impact.
2. DATA ENTRY The physical characteristics of spilled oil:
- name: KUWEIT;
It is assumed that at some point a point source of - group: llI;
500 tones of petroleum product (573%)nis spilled - density: 873 kg/fh
suddenly on the Black Sea water at an approximate - surface tension: 13.4 dyn/cm;
distance of 17 km from shore. - viscosity: 25.2 cSt;
Since we caft know the hydrometeorogical - maximum water content: 90%;
conditions we approximate their values as follows: - emulsifying constant: 0 %;
- weather: - pour point: -2CC;
- water temperature:@; - flash point: 25C.
- air temperature: G;
- sea state: 0.2 m; 3. RESULTS
- water density: 1026 kgfin
- cloudiness: 5. The pollution development scenario obtained from
- current surface: the PISCIS Simulator, is presented below:
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a) An hour after the start of pollution:
- amount spilled: 573
- amount floating: 563 fn
- amount evaporated: 4.2°m
- amount dispersed: 5.4°’m
- amount floating mixture: 1 255%n
- maximum oil film thickness: 24.8 mm;
- slick area: 95 753 in
- viscosity: 166 cP. (Figure 1).
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Figure 1 Evolution of oil spill one hour
after pollution

b) At two hours after the start of pollution:
- amount spilled: 573 fn
- amount floating: 558 fn
- amount evaporated: 9.2°m
- amount dispersed: 6°m
- amount floating mixture: 2 398%n
- maximum oil film thickness: 42.1 mm;
- slick area: 127 105
- viscosity: 972 cP. (Figure 2).
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Figure 2 Evolution of oil spill two hours
after pollution

c) At three hours after the start of pollution:
- amount spilled: 573 ¥n
- amount floating: 552 fn
- amount evaporated: 14.4m
- amount dispersed: 6.2°m
- amount floating mixture: 3 673%m
- maximum oil film thickness: 50.1 mm;
- slick area: 178 278
- viscosity: 2 658 cP. (Figure 3).
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Figure 3 Evolution of oil spill three hours

after pollution

d) At four hours after the start of pollution:
- amount spilled: 573 fn
- amount floating: 547 i
- amount evaporated: 19.6m
- amount dispersed: 6.2°m
- amount floating mixture: 4 591%m
- maximum oil film thickness: 124 mm;
- slick area: 115 099 n
- viscosity: 4 379 cP. (Figure 4).

Figure 4 Evolution of oil spill four hours

after pollution

e) At five hours after the start of pollution:
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- amount spilled: 573

- amount floating: 542 fn

- amount evaporated: 24.m

- amount dispersed: 6.3’m

- amount floating mixture: 5 057%m

- maximum oil film thickness: 244 mm;
- slick area: 235 177

- viscosity: 5 583 cP (Figure 5).

Figure 5 Evolution of oil spill five hours
after pollution

f) At six hours after the start of pollution:
- amount spilled: 573 n
- amount floating: 537
- amount evaporated: 28°m
- amount dispersed: 6.3°m
- amount floating mixture: 5 228%n
- maximum oil film thickness: 693 mm;
- slick area: 22 724
- viscosity: 6 377 cP. (Figure 5).
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Figure 6 Evolution of oil spill six hours
after pollution
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4, CONCLUSIONS

Simulation results confirm that the shoreline
pollution is imminent, but it can not reach the r€ho
earlier than five hours after the oil is spilledtire Black
Sea water, so that, the entity, who is responsible
Bulgaria, for environment protection and oil waigt,
alarmed for this event and it is forced to use eyhods
to prevent pollution with spilled petroleum prodsjcof
the Black Sea shoreline.

In this case the entity, who is responsible in the
matter, has enough time for prepare and move in the
direction of oil spill location to isolate the dpdrea and
instal the booms and the skimers for collecting dfile
products in the sea water, so the impact of thk spi
the shoreline to be as small, and in the same tone
avoid an ecological disaster inside Burgas harbor.

Unless timely intervention is not organized, the
harbor it will be polluted with 537 rof floating spilled
oil, the maximum oil film thickness will be abouB®%
mm and the spilled area will be about 22 724 The
costs of an intervention for cleaning the shorelméhis
situation will be considerably higher, and the Hffaill
be commensurate.

Major impact produced on the environment from
accidental spillage of petroleum products on thdase
of water has led to the need for better monitoraig
pollution and reducing the time to intervention the
organization and conduct remediation operations.
Therefore, modeling of the pollution is becomingeay
important and useful operation required for all
institutions involved in remediation operations. [6
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ANALYSISOF THE OPERATING SOFTWARE USED
FOR WEATHER ASSESSMENT ON BOARD OF THE SHIP
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Abstract: Nowadays, many computer agencies offers to the companies operating in the maritime field as ship
owners, ship operators and charterers, various services related to the processing of meteorological information.
However the use of competent meteorological advisory company did not relieves the master and navigating officers
from responsibility concerning the safety of the ship, lives of crew members and condition of the cargo. This paper
discusses the companies, software and internet sites, which presents a great amount of meteorological information to
the ship business. The obtained meteorological information can be used on board of the ship for: voyage planning by
masters; planning the duration of the voyage and calculation of the fuel coast by ship owners; raising a claim by
charterers concerning the insufficient speed of the vessel as agreed in charter party, or for any other calculation and
predictions relating shipping. Some of these services are free of charge while the others required regular payment.
On board of the modern vessel, using new satellite technologies, it is a matter of minutes to obtain the required
meteorological information.

Key words. meteorological information, ship routing, weather forecast.

1. INTRODUCTION timetable. The main goal is not to avoid all thevexde
weather conditions, but to find the best balancd an
Communications between the ship and routing minimize passage time and fuel consumption, without
agency concerning ship’s performance in current the risk of damage to the ship's hull or injuriesctew
weather condition are very important for obtainig members during the voyage due to weather conditions
best route and the possibility of the ship to peaci the Initial notice of the ship’s route must be subrdtte
developing weather situation. Ship condition, tgf¢he to the master before leaving the port with detaitsthe
cargo and maximum available speed are theprojected movements of the storms, initial propasfal
characteristics about which the routing companykho the intended route and the reasons for the
be fully aware at all times. recommendation as well as the expected weather
conditions on this route or any alternative roufelsis
2. METEOROLOGICAL SERVICESPROVIDED allows the master to plan the route better anffér® the

BY SHIP ROUTING COMPANIES opportunity to coordinate with the routing company
) ) some particular concerns that the master might lrave
There are two main types of operational relation to the nature and condition of the cargo o
meteorological services provided by the routing phoard. The ship's movement is monitored closelgraft
companies: sailing and meteorological information updates seat
- Optimum Ship Routing (Weather Routing) and to the master as well as routing advices if necgssa
- Vessel Performance Analysis (Performance Weather Routing of merchant ships began in 1950.
Monitoring) Modern ideas about the routing of the ships dates f

“Weather Routing” of the ship represents the “best the Second World War, when the US Navy have
route” for a vessel, based on existing weatherctsts,  established “Marine Meteorological and Oceanogmphi
the technical characteristics of the ship, oceameots Centre” at the military base in Norfolk in 1958.
and the specia_ll requiremen_ts_ of the loaded cargo. F “Optimum Track Ship Routing”(OTSR) started the
most routes, this means a minimum passage duration  personalized services for safety and savings for al
avoiding a serious risk to the ship, crew and ca@ber  vessels used by the military for long overseastrip
important aspects about the route may include passe “Optimum Ship Routing” saves the ship operators
Comfort, fuel economy and Compllance with a precise money by reducing the time for passage and therefor
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reduces fuel consumption [2]. This service minirsiee decreases. “Bon voyage” allows to simulate the geya
risk of damage to the cargo or to the ship, andigieof by comparing different routes and to optimize the
injury to crew or passengers, by avoiding the worst voyage considering the restrictions caused by vegath
weather conditions. Ships which are regularly ughig conditions. For optimal use of these services it is
service receive a deduction of insurance contrimsti  essential that before the vessels departure theeraasf
based on the improved reports for used routes. the ships and shipping companies have made all

“Vessel Performance Analysis“ allows the ship necessary arrangements that the ship to be equipitied
operator, owner or charterer to receive daily agialpf charts covering navigation area and any deviations
the performance of the ship in connection with $pzed relation to weather conditions. During the voyage,
and fuel consumption, based on the specificatidrihen master receives messages by e-mail with
charter-party time agreed and the actual time usedrecommendations, whether change of the intendeié rou
considering the currents encountered during theagey is required (Fig. 1). The service “Ship Routing’hclae
Although the service “Ship Routing” is not provided ordered additionally upon request [3].

signaling messages can be generated by the shiprown The program “Bon voyage”of AWT is installed on
operator or charterer, when there are discrepandgibs board of more than 45 merchant ships of the company
the initially announced data in the contract areldbtual "Hapag-Lloyd". The two companies work together for
data reported during the voyage, so charterer erabpr improvement of the program "Bon Voyage" in order to

and/or owner can deal with problems affecting meet all requirements of the ships' crews and twige
performance of the ship before arrival to the paofit  a full range of directional services to the maiimgustry
destination. At the end of the trip, the routirgmpany worldwide. The improvement feedback from masters is
prepares a more detailed analysis of the actualused additionally with highly qualified staff of
performance of the ship. This report includes s@ver meteorologists, computer scientists, marine rebeasc
factors like: charter-party terms, actual vesselesband  and former ship captains for defining optimal slgp
fuel consumption considering vessel is in ballasino routes. Nowadays this program is used annuallynfore
laden condition and the actual wind, sea, swell andthan 50,000 ship voyages. “Bon voyage” program also
currents during the entire voyage. In addition, the allows receiving recommendations for a route in
performance of the ship in “good weather” as spettif  graphical format.

in the contract is usually considered separatelyis T

report can be used by the charterers to termirfsge t " prmrmT=— 030 -
contract, or can provide the ship’s owner/operatith - 2E
evidence for the settlement of any disputes in an
unjustified claim by the charterer for the vessalsw
speed [1].

Base:2010/1015 0000

3. ANALYSIS OF THE POSIBILITIES FOR
OBTAINING OF WEATHER INFORMATION ON
BOARD

3.1. Programs used by ship owners or charterers, which
requires payment on single voyage, monthly or yearly
basis.

“Ship Routing” helps the masters to choose the
most favorable and economical route considering the
weather conditions. The American company “Applied

Weather Technologies” (AWT), founded in 1996, ion Figure 1 Program “Bon voyage"
of the leading providers of this service. AWT has
developed the program “Bon voyage”, which allows th In October 1, 2014 AWT signed an agreement with

user to receive meteorological information for stdd electronic navigation company NAVTOR. The two
geographic area on board of the ship by e-mails Thi companies integrate the services, they offeredchvhi
information contains following data: wind, sea, lead to the best route planning. They createddftevare
temperature, atmospheric pressure, tropical stormscalled “NavStation” (Fig. 2). Optimization Routing
currents, ice information and other important Service of AWT is available as a module in the
meteorological parameters. “NavStation” program and this module gives route
The weather forecasts are received for a four dayinformation and analysis of meteorological inforioat
period, but it should be borne in mind that theuaacy for optimal planning. AWT transmits updated
of the forecasts after the third day significantly information in highly compressed formats minimizing
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communication costs. This gives to navigators the According to the recommendations of SOLAS the
possibility continuously to update the sailing emjt  forecast data is in graphical format. The data Hzeen
increasing accuracy of the planned voyage and et th updated every six hours and includes:

same time minimizing quantity of the fuel used and - atmospheric pressure;
harmful emissions. - direction and speed of the wind;

Along the agreement between AWT and NAVTOR, - wave height and swell;
the computerized system “Navmaster ECDIS” is able t - latest information about tropical cyclones (irtte
combine with MeteoGroup's SPOS weather routing and graphical format).
service for optimization of the process for voyage - information about the ocean currents.
planning (Fig. 3), [4]. The navigation company Readn - ice information (in text and graphical format).
Anschitz based in Kiel, Germany also offers intégna - analysis of sea surface temperature.
of weather and electronic charts in Synapsis ECB]S By ordering the service "Ship’s routing" the vessél

On Globe Wireless communication system is also receive instructions which could be displayed oardo
allowed to send the request from the ship to obitaiee using specialized software to get visual presesriatf
days forecasts. the proposed route.

Figure 4 Program ,ChartCo MetManager*

The advantage of program is automation of
process for obtaining detailed and complete pictfre
weather situation, as well as 5 days and 16 dagsést
for all geographical regions, without need of addil
action by the ship's crew. After receiving a nevetast,
the user can update a computer-based routing atlyice
performing a comparison of various routes and after
analyzing the information to choose the most fablera
route. Planning on board includes:

- determination of courses, wind and sea limits as
well as prohibited areas for sailing.

- computer calculation of recommended courses.

- routes comparison.

- recording of meteorological data for the route.

- storm and ice information every six hours.

- simulation of the voyage.

- optimization (Earliest arrival time).

Figure 3 Program ,Navmaster

From 1998 the ChartCo Company also provides - Optimization of fuel (Fixed time of arrival).
meteorological data by E-mail, internet and radind - forecast for the port and precipitation data.
the service is called ,ChartCo MetManager® (Fig, 4) The program “BRIDGE” (Fig. 5) can be used to
5]. choose a route when sailing in deteriorating weathe
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conditions. It is a part of the program “Optimumigsh
Routing service” of the company Weather news, which

- current state and forecast for ocean currents;
- optimal route taking into account distance, speed

is based in Japan and has 38 offices worldwide. The time and currents;

“BRIDGE” program is used by more than 3,500 ships
worldwide. It displays weather conditions for the
intended route and provides accurate representafion

the expected weather conditions during the voyage.

For a short voyages and if good weather conditayes
expected the vessel may only receive weather feteca
without service “Weather routing”. The user mustda
a link via Inmarsat in order to receive the reldvan
meteorological information 24 hours a day. The
program gives information about wind, sea, currents
temperature, atmospheric pressure and other paresnet
for the selected geographical region. The forecargs
made for a 10 days period. Another feature of the
program is possibility for calculation of effect tie
weather on the ship’s speed [7].
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Figure 5 Program ,BRIDGE"

Weather Routing Inc. (WRI) is a private
meteorological consulting company, which offers
marine weather forecasts and the “Weather routing
services worldwide and locally for areas like
Caribbean,
company has great experience in providing its sesvi
for large ships and small yachts, combining thedhit
technologies with historical data of marine fordésas

WRI can offer to customers accurate and detailed
forecasts. The company continuously monitors and
analyzes the weather and ocean currents to chbese t
optimum route in terms of speed and safety of the
“Weather

vessels. The detailed forecast and the
routing” services provided by the company WRI
includes:
- preliminary report which is used by the ship’s
masters for preparation for the voyage;
- detailed 5 days forecast for pressure, wind, sea.
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Mediterranean and many others. The

- continuous monitoring for the occurrence of toabi
cyclones. Tropical areas are under constant slamed.
Low tropical pressures are registered 2-3 dayseear!
which gives enough time to make changes in prelnyin
selected route.

- continuous monitoring for deterioration of the
weather;

- access to the website “Dolphin” with a set ofailed
analysis and weather charts for wind, sea, vigibili
ocean currents etc. Website “Dolphin” and Dolphin
voyage planner (DVP) allows access to a wide waoét
forecasting tools. Dolphin voyage planner servisesu
data with high resolution to maintain the ship my me
on the optimal route for the entire voyage.

Figure 6 Report from Weather Routing Inc.

warnings for occurrence of tsunami waves,
earthquakes are immediately transmitted to theelgss

» for undertaking immediate actions if necessary.rtAle

messages for the possibility of development of asuin
waves can be sent to the vessels operators onsteque
The company Aerospace and Marine International
was founded in 1991 at San Jose, California, US#ke S
offers the service ,Voyage Reconstruction” (Fig. IT)s
used in case of actions related to damage of tlgpaa
if the ship owners are to raising a claim or toifyethe
validity of the claim which has already been raisEde
»voyage Reconstruction” can restore the ship rard
thus making an objective and reliable analysis ef h
passage and this data can be used for preparind) GEn
Voyage Report”. The report includes a detailed ysisl
of the vessel's performance taking in consideration
currents and weather conditions during the entirgage
to determine the speed, loss of time and fuel
consumption. The report includes additional analyi:
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- daily fuel consumption (rates of consumption and
actual consumption) by daily reports at 0000 and at
1200 UTC;

- wind, sea and swell;

- ship speed during the different parts of theagsy

- average voyage speed, distance between porthand
time for voyage completion;

-detailed chart of the track for every single ship;

- further information upon request.

"End of Voyage Reports" can also be prepared
according to the personal requirements of customers

In order to increase the safety of shipping andngpv
of fuel (even in good weather) US company GAC
Solutions and the Swedish Meteorological and
Hydrographic Institute (SMHI) have jointly develape
software for meteorological assessment. This pragsa
used by owners/operators of all types of vessels
including tankers, bulk carriers, Ro/Ro, refrigevaf car
carrier, container ships and other specializedsshigy
advantages of the program include:

« fuel economy (the program allows to save up %10
of fuel);

e time saving (a significant improvement in the
accuracy of predicted arrival time);

« reducing the damage caused by the weather;

24 hour assistance to shipping operators by plone

e-mail;

« qualified meteorological assistance to the masier

choosing the best route;

« thorough evaluation of the performance of theérent
fleet of vessels, regardless of the different natitmal
equipment on board, without requiring new investtaen
for unification.

e updated worldwide data for maritime accidents
through the program Fleetweb.

Web-based application Fleetweb helps to monitor and
control the entire fleet and taking business densiin a
timely manner, based on reliable information and
analysis in "Ongoing Voyage Analysis". Application
Fleetweb (Fig. 8) provides real-time informationr fo
every ship in the fleet and weather information.eTh
system also allows monitoring and forecasting. dama
obtained from the on-board observations leads to
increase of the accuracy of the forecast.

SMHI Onboard Routing (SOR) is software service for
onboard planning which requires computer and e-rtalil
allows the masters to receive high quality weather
forecast and to optimize vessel route, as welbasatry
out an analysis of the current or next voyage. In
combination with routing advice from qualified maei
meteorologists from SMHI it helps the master to enak
the right decision at the right time. There is agibility
on a single system on board in combination witlstng
ECDIS to carry out the planning of the trip notoim
terms of weather, but also considering navigational
restrictions in the sailing area.

Figure 7 “Voyage reconstruction” of Aerospace and
Marine
International

Figure 8 Web-based application Fleetweb

Application VisPer (Visualize Performance data) is
used for optimization of the performance of these¢by
ship owners and/or operators. It allows combinihg t
data measured on board of the ship and meteoralogic
and oceanographic data with GAC-SMHI Weather
Solutions and to create precise and easier anglyzin
graphics. VisPer allows users to view and filtez vast
amount of data obtained from the analysis of theselks
efficiency. It also helps detecting relations bedwe
different factors which affects the ship performanthe
application allows to create custom reports andlisgn
own data in Excel or PDF format.

Post Voyage Analysis (PVA) combines the
recorded data with the reported information frone th
master to provide a reliable estimation of the
| performance of the vessel for every single trip [10
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3.2 Internet sites and GRIB files that provides weather
information

Site "PassageWeather.com"
forecasts for wind,
Weather charts for the selected region with threar h

steps can be seen online or to be downloaded to a

personal computer in Zip format [11].

Surface Pressure (mb)

GFS 000 Hour Analysis Thu 27 Nov 2014 00 UTC
-

© www. PossogeWeather.com

L5 wao o 1000 1010 1080 1030 -

Previous || Ammate || mMext || Thu 27 Nov - 0000 uTc[+)

Download all Pressure forecast images (.zip fie) |

Figure 9 Weather information from the site
.PassageWeather.com”
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Figure 10 Weather information from GRIB-files

GRIB-files are computer generated files for weather
forecasts from NCEP / NOAA, which are sent withaut
detailed examination. They can be received by d-arai
downloaded from sites like ZyGRIB, Predict Wind
Offshore app. and others. The operator must stiect
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boundaries of the desired geographical area, durat
the forecast and what kind of meteorological infation
is needed when sending the request. The size of the

allows seven daysreceived file depends on the size of the chosea ditee
sea and atmospheric pressurefiles are usually received in one of the following

formats: gzip * .gz; bzip2 * .bz2.

GRIB files (Fig. 10) are displayed for the required
area as weather charts or diagrams. The charts have
displayed information about the weather element$ su
as:

- atmospheric pressure at mean sea level;

- wind at 10 m above sea level;

- wind gusts;

- air temperature at a height of 2 meters abovdeses

- minimum and maximum temperature at 2 meters above
sea level;

- relative humidity at 2 m above sea level,

- precipitation;

- clouds;

- dew point at 2 meters above sea level,

- 0°C isotherm altitude;

- snow(probability of snowfall and snow cover hejgh

- CAPE - convective available potential energy &

- convective inhibition;

- sea state.

Table 1. Agencies that offer data from GRIB files

NOAA M eteoblue FNMOC
every 6, 12
every 6 every 12 u 24 hours
Updates hours hours: depend on
the selected
region.
Worldwide
coverage:
up to 7 days
up to 8 days up to 3 days by 6 ho‘ﬂrs
Forecast| by 3 hours by 1 hour steps;
steps steps; Local
coverage:
up to 3 days
by 6 hours
steps;
Switzerland
and
surroundings:
Coverage Worldwide 44N 003E | Worldwide
50N 003E
50N 014E
44N 003E
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The operator can open these files with various The operator can receive weather forecasts with
programs like GRIB Viewer, or programs for electton MaxSea after purchasing the software ,Max sea
charts like Open CPN, MaxSea, Deckman, Evolution, TimeZero" (Fig. 13).

Nobletec, MapTech, PC Plotter, Expedition and ather
There is no guarantee that the data is accessitderate

or correct. Users must be fully aware about thaémh
working with these files. Agencies that offers détam
GRIB files and their actual coverage are shown on
Table 1.

The website PredictWind Offshore app allows
downloading GRIB files on the computer machine and
opening these files with above said programs (EiD.
[12].

The software for electronic charts ,OpenCPN*
offers integrated weather programs like:

- Climatology plugin - can be used for preliminary
voyage planning;

- Weather routing plugin (Fig. 12) - for viewing
already downloaded GRIB files. Climate program used
on passenger ships (most valuable for use in avighs
prevailing winds). Both programs can be used tageth
as C?WLZEZT?ZZ’( plugin — for opening of image files Figure 12 Weather routing “plugin of the Program
directly or decode audio faxes in image. With agaen -OpenCPN
calibration, the resulting image is presented oDEC o A m———

i

fﬂl ” ] f - 7 - Jﬂm
' A E"' AR AR

Figure 13 Program ,Max sea TimeZero*

Figure 11 Weather information from the site Saildocs is an email-based system for downloading
LPredictwWind Offshore app* and browsing documents. Saildocs can deliver weathe
reports on request, or provide subscription fooauatic
This program can convert images in different delivery. In addition Saildocs offers GRIB filesofn
projections (mercator, polar, conical). Any image de NOAA / NCEP and other sources upon request.
transformed into a raster map. It can receive méiron
via SSB and Internet [13].
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4. CONCLUSIONS Problem with Time Window, American Journal of
Operations Research Vol. 2 No. 3 (2012)

While assuming limits set by ship’s speed [2] Chen H., V. Cardone, P. Laceyse of Operation
performance curve the routing company and the maste Support Information Technologyto Increase Ship Safety
of the vessel may determine whether the diversiomf  and efficiency, SNAME Transacfions, Vol. 106, 1998, pp.
the steering course is necessary or vessel caeguiamn 105-127
current course. It is vital for the master of thépsto do  [3] http://www.awtworldwide.net/products/bon-voyage

everything in his power to organize and collecfisigt system.asp N
amount of meteorological information on board foute  [4]http://www.meteogroup.com/de/gb/sectors/marinie/s
planning. pping/spos-ecdis.html

Forecasts for ten days and more can be used fof5]http://www.chartco.com/passagemanager/metmanager
monitoring the development and movement of the [6] http://www.raytheon-anschuetz.com/products-
storms, spread of ice, changes in the currentstided solutions/integrated-navigation/advanced-functityal
and the impact to the weather of the different [7]http://weathernews.com/TFMS/topics/nservices@00
meteorological phenomena like El Nino and La Nina.  20090716.html
is very important to know that the accuracy of the [8] http://www.wriwx.com/yacht/home.php
forecast after seventh day highly decreases while[9] http://www.amiwx.com/softwareapplications.html
forecasts up to three days can be used as rekablee [10] http://gac.com/gacen/service.aspx?id=57237

for weather prediction. [11] http://passageweather.com//
[12] http://news.predictwind.com/website-full-re gy
5. REFERENCES [13] http://opencpn.org/ocpn/release4.0
[14]http://www.maxsea.com/products/software/timezer
[1] Al-Hamad K., M. Al-lbrahim, E. Al-Enezy,A navigator

Genetic Algorithm for Ship Routing and Scheduling [15] http://www.saildocs.com/info
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ENERGY QUALITY INDICATORS IN SHIP POWER SYSTEMS
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Abstract: The paper presents the structure and agien of a developed mobile monitoring system fanadysis,
control, registration and management of the energuality indicators in the ship electrical power ggss. The
system was successfully tested in the Ship’s Eledrives Laboratory of the Technical University &farna.

Keywords:asset management operatisystem,planned maintenance system, data acquisition deyship electrical
power systemtheory of Akagi, p-g theory, total harmonic distortion.

1. INTRODUCTION connection with the operation plannidgMOS systems
require periodic inspection by mobile network asahg

of some quality indicators of electric power irpital
units of SPS using analysers by approved manufastur
applying traditional methods of analysis (voltage
deviation, frequency deviation, harmonic compogitid
currents and voltages, load mode — active, indactiv
etc.). The system developed uses both traditional
methods of analysis and Instantaneous Power Tlafory
Akagi, the latter being basic mathematical tootamtrol

of active filters, compensators, etc. The systemwsh
here makes it possible to evaluate the energy
consumption patterns as well as make direct cortipara
analysis of technical and economic efficiency of
introducing active filters, passive filters or coemgating
systems in SPS.

The task associated with analysis of energy
consumption pattern, nature of loading, and quality
indicators of electrical power in Ship Power System
(SPS) requires constant improvement both in equipme
and theoretical models and software applicatioredus
The technical system developed is versatile anch ape
further development based on multifunctional DAQ
devices of National Instruments and software piatfof
Lab View. Where measurement, calculation and
database generation are required for both elettaica
non-electrical quantities (e.g. temperature, numbker
turn-ons, cycles, revolutions, etc.), almost all tbe
specialized systems for analysis of electricity
consumption turn to be insufficiently suitable. The

system suggested below completely solves this probl ,
by making the real time analysis of three-phase 2: APPLICATION OF AKAGI'S METHOD

consumers more complete and easier. In the versiont © DETERMINE THE INSTANTANEOUS

shown in this paper, it is used to analyse the POWERS IN SPS

consumption of high-scale three-phase power

consumers, without the need of decommissionings Thi There are several power theories based on use of
makes it particularly suitable in examinations, ipeic instantaneous power [1,3]. In most cases, under the
inspection, post-repair check-ups, etc. of Ship &ow method of instantaneous power we understand tlogythe
Systems. Planned Maintenance Systems (PMS) in SP®f Akagi-Naboe. Advantage of the theory is the
as regulated in International Safety ManagementeCod simplicity of calculations based only on arithmetic
(ISM), chapter 5, section 10 require the use of ilmob operations. The theory makes it possible to defire
systems for analysis of some quality indicators. A modes in each electric power system achieving
number of shipowning companies have introduced PMSdetermination of the quantities within 1/6 to 1 leyof
systems, one of the most popular being the AMOS. Inthe fundamental frequency. The essence of the p-q
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theory is the transformation of a stationary systeith . Instantaneous real power (p)
a-b-c coordinates intou-p-O coordinate system. It
corresponds to the algebraic transformation, knasn — : w4
P g p=u, [Ia+u/3[|/3_ p+p; (4)

the Clarke transformation wherein the$ coordinates
are orthogonal to each other, and the coordinate Owherein:
corresponds to the components of zero sequence. Thed- mean value of the instantaneous real power. It

components of the zero sequence differ from thecorresponds to the energy per time unity that is

components of the zero sequence calculated by theransferred from the power source to the load, in a

method of symmetrical components (transformation of pzlanced system of a-b-c coordinates. it is, indéeel

Fortescue) by a faCtOI‘ equal T/G In |tS application in On'y useful (desired) power Component_

ship power systems, due to the_m|ssmg neutral weiod . 5 alternating value of the instantaneous poweis It

the zero sequence value will be zero. Respective . . )

components could be excluded from the theory. teor the energy per time unity that_|s exchanged betvtla_en

to achieve better layout and comparability to other POWEr source and the load in the a-b-c co-ordinates
Since this power does not involve any energy temsf

measuring systems intended for industrial sites,f th o load. it ‘b enkat
mathematical tool should not be changed as thi®tsa f;?m € power source 1o oad, It must be compesa

gualitative improvement of the theory and in usinthe .

respective components of zero sequence will have ze ~ *  Instantaneous Imaginary Power (q)

values, which does not change the essence ofutiest -

Voltages and currents presented dr-0 coordinate q=u,,-u, 0, =q+q; (5)
system are defined by expressions [1,2]:

J - mean value of instantaneous imaginary power;
) . a - alternating value of instantaneous imaginary @ow
U, u, o la
u, |=T0Ou, i, | =T i, 1 3 SYSTEM STRUCTURE
Ug | U, iﬂ ie | System is built as portable, including PC with
integrated multifunction DAQ card, clamp (A to mV)
converters and specialized input section consistifig
(1742 1/J2 1/42 NI6210 USB converter and additionally developecduinp
2 2) module. The system setup is shown in Figure 1.
T= 3 o 1 -1/2 -1/2
0 312 -43/2 Ato
L % \ mV VtomV
In p-q theory, power components are calculated from J\U’ e

voltages and currents imo-p-0 coordinates each i
component being devided in mean and alternating Dev?ce

values.

Real-time

Pam, Analysis
' T————

. Zero-sequence instantaneous power ¢p

Py = U, [y = Py + By (3

where in:
P, - mean value of zero-sequence instantaneous power

It corresponds to the energy per time unity that is
transferred from the power source to the load chlrse

the zero-sequence of voltage and current. Write to Read from ‘

- ) ) database database Analysis

p,- alternating value of the instantaneous zero- from database
records

sequence power. It corresponds to the energy per ti
unity that is exchanged between the power sourck an
the load caused by the zero-sequence of voltage and
current.

Figure 1 Block scheme of the system for analysis
of the power consumption regimes
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The input module allows direct measurement of card itself is also able to calibrate to referedeeices.

voltage signals or measurement by galvanic isalatio

Circuit of the additionally developed input modute
illustrated in Figure 2A view of the input module is

shown in Figure 3.

Li

L

L2

Lz

L3

Ly

Figure 2 Extension module for direct connectiof (L
L2', L3 ") or coupling with galvanic separation (12,

standard computer configuration, USB DAQ Device and

CHI+

o CHS-

%EH?{HJN T
DAQ6210
UsB

L3) of DAQ to a low voltage network

The illustrated version is built on the basis of

LabView Software. Thus achieving a high functiotyali

at relatively low cost. Of course, such a system loa

built with a laptop and PCMCIA or USB DAQ Device.
The configuration allows both simultaneous realetim

analysis and generation of a database for further
analysis. In this case, instantaneous values othtee
phase voltages and currents are used as inputitiggnt

Depending on the selected components it is possible

to simultaneously monitor more than 16 input anaéog
qguantities. Thus monitoring of electrical and non-
electrical parameters is achieved (e.g., monitoririg

temperature, revolutions, pressure, etc.). The faat

Clamp type converters are used to read the valugso

currents allows coupling the system without thedniees
stopping the researched object. By using differange
converters it is possible to investigate a widegeaof

users’ facilities with load from 0 to 1500 A. These
converters are standardized and certified and extiu

by a number of leading companies (Voltcraft, Vellam
Fluke, etc.). In this case the model used is byeviedn,

range 0+ 300 A and accuracy class of 1.5. The DAQ

45

The versatility of this system allows a number pfiens
for processing the results. The versatility of thystem
allows a number of options for processing the tssul

Figure 3 View of the input module for connectidn o
clamp transducers to a network (L1, L2, L3).

A view of the developed mobile system at work in
the laboratory is shown in Figure 4.

Figure 4 View of the developed mobile system atkwv
in the laboratory.

The resulting database can be processed using a
number of software products (compatible wixcel,
Mathcad, etc.), but LabView offers the ability to
measure, calculate and generate reports in real for
this purpose a flowchart is made, allowing the toea
of specified algorithms and use of virtual tools.this
case a methodology of calculations has been pethieg
carrying out the calculation procedures stage bgests
shown inFigure 5.

. Stage 1 — calculating the THD for currents and
voltages using fast Fourier analysis;
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. Stage 2 — calculating the effective values of
currents and voltages determining the initial ppasad

phase shift angles.

Figure 5 Structure of the stages of the calcutatio

The front panel of software application displays
vector diagrams of currents and voltages, whichasy

«  Stage 3 —calculating the apparent (S), active (P),to use from maintenance engineers in real timeugeig

reactive (Q) power and power factor (PF) for eadchse

as effective values.

The front panel displays all relevant parameters in

. Stage 4 - calculating the p-q theory of instanta- the operating mode for a three-phase consukwreach

neous power.

[wo| no|[so]| vo|lte] | ne]

phase voltages and currents are plotted in grdiohio
as analog quantities (conventional view known from
multichannel oscilloscopes), but also as effectigkies
(conventional layout known from pointer instruments

input signal . .
R convenient for practical use of the system). Thantfr
panel allows the use of correction factors (e.g.
| THD Ia; THD Ua, THD It ; THD Ub , THD Ic ; THD Uc Stase 1 . . .
g introduction of transformation factors of currentda
I ‘m.w,%.%,ﬂ R Stage 2 voltage measuring transformers when attaching the
g system to those allowing reporting of the actuabiegs;
R R introduction of nominal voltage to read the voltage
Stage 3 deviation, etc.). The effective values of calculated
PG Theory of Akagl guantities are also displayed - frequency, phasgean
Results from dephasing angles, THD, active, full, reactive pofger
Pt a® Akagi Theory each phase, three-phase power (active, full, regcti
— power factor (by phase and as three-phase quantity)
[pm | [out| [sm ][ ~ | [xm] ;Tad‘ltt“’ﬂal complex view of vectors of positive and reverse
esults

sequence of currents and voltages, etc.
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Figure 6 Screen (front panel) of the developed software application for vector visualization

The visualization of phase voltages and currents asfrom application of developed system are shown in
instantaneous values is shown in Figure 7. TheFigure 9 and Figure 10.
instantaneous values of,l 1B, | 0 , Ua, IB, UO from To perform the various calculations are used sub-
Clarke Transform and their deviation are represkénte modules developed by the software platform LabView.
with Lissajous Graphs (Figure 8).Some typical rssul Sub-module for determining the voltage selectiod an
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calculating the transformation of Clarke is shown i
Figure 11.

Page1 Paged ‘ Page 2 ‘ Page 4 ‘ Page 5 | Page & ‘ Page 7 ‘ Page 8 | Page ‘ Page 10 ‘
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Figure 7 Screen (front panel) of the developdthswme application for visualization of the instanéous values of the
currents and voltages
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Figure 8 Screen (front panel) of the developetirsok application for visualization of the p-q the the presence
of asymmetry and non-sinusoidality
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Figure 9 Screen (front panel) of the developetixsok application for visualization of the p-q theo the absence of
higher harmonics and presence of symmetry of theents and voltage unbalance

Pagel | Paged | Page2 Page+ ‘ Page5 | Paget | Page7 | Paged | Paged | Page 10 |

FFT ¥ 11,12, L3 FFTILLLZ, L3 2
Woltage_L (FFT - (RMs)) RN 3 Woltage_4 (FFT - (Rvs)) RN
voltage_2 (FFT - (ris)) [ X voltage 5 (FFT - (RMs)) [
valkage_3 (FFT - (Rrs)) R 3 woltage_6 (FFT - (Rms)) [N

Amplitude

I '
600 400 500 600 700 GO0 900 1000
Frequency [Hz]

]
200 300 400 500 600 700
Frequency [Hz]

THDU L1 THOU Lz THOU LS THDIL1 2 THDILZ 2 THDIL3 2
0,042700  |0,04095  |0,03982¢ 0119340 |0,05752¢  |0,036600
7
“}Page 4

Figure 10 Screen (front panel) of the developdthsoe application for visualization of the harmesicomposition of
the voltages (left) and currents (right)

48



ISSN 1844-6116

http://www.cmu-edu jeate

Journal of Marine Technology and Environment

N C

[ Basic Sim Network.i Block Diagram *
Flb Edt Wew Project Operate Tooks Window Help

©]01] 5] o[ st

P

DAG Asstart

Select Signals

penorn(moetra)|
 Selector Input

Signals

Waveform Graph

Yiokage coef,

b

VokagalL, 12, L3[V]

Ampltude and
Lex

Measrements?
Signals.

RMS

»

Phéng 2 PhAngv22

iz

Phang¥3 PhAngVa2

:..-.-‘ o }@

B

o

otage L1 Yokans L1 2iigkage L 4]

Pt Helger (v

|

"
[Plt Hefer (v
1+
3
i
THUY THUE THUL )
— W= |

Figure 11 Sub-module for determining the voltaglection and calculating the transformation of &dar

] Basic Sim Network.vi Block Diagram *

=X

Fle Edt View Projsct Operate Tools Window Help

@EEED: [ et appleationfnt [+ |5 H‘n;v‘@

[zt

1 \I@\I@
A

3 Do) 7

b

b )
Buid XY Graph

)
3

% Input
¥ Input
XV Graph

Figure 12 Sub-module for calculating the p-q tyeafrAkagi

49



ISSN 1844-6116 http://www.cmu-edu jente

plonrnal of Marinc Technoloy
= . 5

[B]Basic Sim Metwork.vi Block Diagram * =101 x|

Fie Edt Vew Pojct Cperdte Took Windon Hep
[ 6] @[] [ fg5)] el @ s [ 1apt olcationort [+ |G [ ] 6+ ol ] semrch 4 H?\
— T g =

____.I___.__L

FFTIVLLLZ, 13

V
ectral i
M ts.
fonals Curtent i Curret L1 2 Curent 1
p Tl [
Phase

Fﬂﬁ@ ] g

Curent L1, 12, L [4]

+—E

S

[Phangll phangifp

&=
Phang2ph ang12 2

=
Plt Helper (vector) ]

,,,,, ST | ]

1 =
|- pha

%;—ﬁ =1
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quality operating through control algorithms based
4, CONCLUSIONS the p-q theory. Most of today's active filters fehip
power systems developed by leading manufacturers
work with Akagi’s theory. This type of system can
provide preliminary assessment with high confidence
level of the need and returns from investing in
improvements of the electric power quality as activ
filters, passive filters and compensating systems.

The mobile system developed for testing modes of
operation and power quality indicators in ship powe
systems and individual consumers has application to
research works and engineering practi€@ombining
advantages of various measuring instruments (plertab
network analyzers, multi-channel oscilloscopes,
voltmeters, ammeters, instruments measuring power,
spectral composition, phase shift, etc.) wused5. REFERENCES
simultaneously, the system makes possible the
measuring, processing, calculations, recording and[1] H. Akagi, Y. Kanazawa, A. Nabae&eneralized
reporting of various energy indicators and eleqtioever theory of the instantaneous reactive power in three
quality indicators. The capabilities of the proposed phase circuits,”"Proc. of the Int. Power Electron. Conf.,
system to be further developed, to change parameter(JIEE IPEC) Tokyo/Japan, 1983, pp. 1375-1386.
examined according to the specificity of the tésmnis, [2] J. Alfonso, M. Freitas, J. Martins, pitheory Power
etc., makes it particularly suitable for reseanériodic Components  Calculations ISIE'2003 - IEEE
inspection, post-repair inspection and solving Bmec International Symposium on Industrial ElectroniBso
problems in ship power systems. In this form it is de Janeiro, Brasil, 9-11 Junho de 2003, ISBN: 03780
suitable for use as an alternative of the networdysers 7912-8
with its user-defined criteria for expert analysis. [3] E. Watanabe, R. Stephan, M. Aredisw Concepts
particular, it can be used in a planned operatiothe of Instantaneous Active and Reactive Powers in
presence of AMOS systems and also in need ofElectrical Systems with Generic Load€EE Trans.
preliminary assessment of effectiveness of the Power Delivery, vol. 8, no. 2, 1993, pp. 697-703.
implementation of improvements in the electric powe
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ELABORATION OF THE AUTOMATIC VOLTAGE REGULATORSOF THE SHIP
SYNCHRONOUS GENERATORS

Todor Lazarov
Nikola Vaptsarov Naval Academy, Varna, Bulgarianai: todor_lazarov@yahoo.com

Abstract: In order to raise the effectiveness ofetlenergy system an electronic voltage regulatorhwt high speed
operation can be installed. An original AVR schenwehich uses, which uses proportional-integral-difential
control and pulse-width modulation scheme to corittbe output voltage of the compound system, isger@ed. The
scheme of the electronic regulator is enclosed.

Key words: ship’s synchronous generator, automatialtage regulator, compound excitation system, podonal-
integral-differential regulator, width impulse modation.

1. INTRODUCTION rise must not exceed 20%. In both cases the voltage
regulation must restore the voltage within +3% loé t
There are high requirements towards excitation rated voltage within 1,5 s. For emergency generséts
systems of the ship synchronous generators compared not in parallel operation, the limits can be incexh to
the industrial ones. The reason is in the limited/@r of +4% and 5 s.
the ship synchronous generators which are

commensurable with their load. They need to have 2. MARINE COMPOUND SYSTEM
increased exploitation reliability, hose-proof
characteristic, high accuracy and fast operation. For voltage regulation of generator control AVR

Moreover, the generators with automatic systems ofemploying conventional, fixed parameter compensator
excitation have to produce electricity in the nebde is able to provide good steady state voltage réigula
quantity and relevant quality. It requires voltaged and fast dynamic response to disturbances.
frequency maintenance in the given parameters.
Marine compound system is a typical example of a
According to the requirements of the ship compound type of automatic voltage regulator ofshi
registers the power system has to have the foligwin synchronous generator.

characteristics. In steady state the Automatidagd Synchronous generator: type: SSG 5/2 P22, rated
regulators (AVR) must be able to keep the voltage parameters: 5 kVA; f =50 Hz; U = 390/235 V;

within +2,5% of the rated voltage under all stedad 1=7,4/45A; n=3000rpm; UF =90 V; If =38
conditions. Ra=1,5; Rf=18,2; Xa=28,5mH; Xf=518 mH;

The limit can be increased to *3,5% for xd' =0,17 p.u.; xd” =0,12 p.u.
emergency generator sets. When specifying the

requirements for voltage regulation in load changes It consists of:

definition of sudden load is used. The sudden Izad e summing transformer with magnetic by-pass;
defined to be more than 60% of the full load curran e operation block of voltage regulator;

power factor of 0,4 lagging or less. e initial excitation generator

When switching on the sudden load the
instantaneous voltage drop must not exceed 15%eof t
rated voltage. When the load is switched off thikage
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Figure 1 Marine compound system

The summing transformer has three basic and threeinduction is a result of the geometric summing loé t
additional coils. The basic coils are the two priyneoils voltages of the primary voltage and the current coi
- voltage ul and current u ¢, and secondary &ilTine When there is no electricity in the control coieth
voltage coil is separated by the current one dmd t applied voltage to the excitation coil of the geter
secondary one by a magnetic by-pass. The air pagees  becomes bigger than needed. Reaching the normal
between the by-pass and the main bodies of theexcitation voltage is achieved by applying control
transformer is regulated by non-magnetic pads ahsu  current from the voltage regulator.
way that the needed coefficient of mutual inductisn
achieved. The secondary coil U2 supplies the diamita The voltage regulator has two main parts: a
coil of the generator through rectifier bridge. measurement unit and an amplifier. The measurement
unit measures the generator’s voltage and comgares
The additional coils of the transformer have a with the set level. The difference between the two
supplementary function. They are the supplying, ¢bi voltages is amplified and is applied to the contal of
resonant coil and the control coil. The first cmilpplies the summing transformer.
the voltage regulator. A condenser type battery is The voltage applied to the control coil of the
switched in to the resonant coil in order to edse t summing transformer by the regulator has impulsmfo
generator’s excitation. The excitation of the gatens The pulse height is constant but its width chardjesto
with smaller dimensions the excitation is ensurgdab  the generator's voltage. When the generator’s gelta
generator for initial excitation instead of resonarcuit. goes up the pulse width becomes bigger the cuognt
The control coil is switched in at the exit of the the control coil increases. The induced voltagethef
voltage regulator. It magnetizes the magnetic sysné secondary coil of the transformer decreases. Thdtris
the summing transformer to an extent dependinghen t the refund of the generator’s voltage. When the
exit signal of the regulator.The effective magnetic generator’s voltage goes down, the reverse prde&ss
induction makes voltage in the secondary coil. The place.
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The disadvantage of this type operation of the the generator’'s voltage is maintained in a statelhwis
generator’s voltage is that the control coil iseaféd at least
first, it distributes the magnetic field and finalthe + 2% accurate as it ensures the static character at
excitation coil is affected. The result is a sloentrol of the reactive loading within the above-mentioned 2%.
the generator’s voltage.
In order to improve this process an additional
automatic regulator is introduced which affects the
excitation coil directly.
Automatic voltage regulator measures the voltage of
the generator and the change of the reactive duamgh

DMDT . . : :t-"%ﬂi [%‘_ .
. % %._
=3
PS o F—a—— B i
FoE A
T PR - _ |
PID [;] = P .PWM
: kg =
L A T
e (i an B
e T s = c
= == . gL
PM E%"‘i ’—:; == ::—.a— 1 = =
= = K - B
Figure 2 Electronic scheme of automatic voltaggitator
regulates the voltage of excitation in a such a vy
The voltage
regulator influences the voltage as it lowers the On this scheme the following indications are

generator’s current through the resistors conneirtatl shown:

The regulator works on the base of the width-impuls DMDT - Device for measurement and droop tune;
principle as it regulates the width of the impulses PID — proportional-integral-differential controller
towards the excitation coil and thus regulatesatimeunt PS — power supply;

of the rotor current. The amount of the basic $itzda SS — synchronization scheme;

voltage, which is compared to the generator’s galtas PM — power module;

changed by the means of the potentiometer of thePWM — pulse-width modulation scheme;
supplying plate. K — comparator.
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Figure 3 Modernized marine compound system

Device for measurement and droop tune (DMDT). PID controller is supported by the pulse-width
The generator's voltage Ug enters the automatic modulation scheme.
regulator, and at the other end, a voltage which is The electrical protection module U/f transfers
proportional to the pilot voltage Uref is applied. impulses which lock the power module at lower

frequency of rotation of the generator up to 30 whzich

The difference between the generator’'s voltage Ugresults in the lower voltage supply to the exaitatcoil.
and the pilot voltage Uref is sent to the PID colfer. Comparator. It is an electronic scheme with

Power supply. The power supply ensures the supplyanalogue input and impulse output, i.e. the PID
of all modules of the automatic voltage regulafbine controller sends impulses with certain length and
three-phase voltage of the generator is transforioyed amplitude based on the input voltage to it. Thepout
transformer and is stabilized. impulse indicates whether the input voltage Ubigger

Synchronization scheme. Synchronization schemethan the pilot voltage Uref or not. This impulseeogies
(SS) is a functional generator which sends impulses the thyristors of the power module.
the means of the comparator which operates theepuls Power module. It supplies the excitation coil with
width modulation scheme. rectified voltage.

PID controller. This module forms the law of PID The modernized scheme of the marine
controlling according to which the voltage regutato compound system is presented in fig. 3. It shows tte
functions and is presented by the formula: old voltage regulator affects the amplitude of the

rectified voltage and the new voltage regulatorncjes
the control current to the excitation coil usinglged
U=k, [UJmeS+£[ijdt+Td GM 1) width modulation. It will raise the accuracy of the
T dt regulated voltage to 1% .
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METHOD OF CHOOSING A BETTER ROUTE IN SHIPPING

Tomasz Neumann

'Gdynia Maritime University, Faculty of NavigatioAl. Jana Pawta Il 3, 81-345, Gdynia, Poland,
e-mail address: t.neumann@wn.am.gdynia.pl

Abstract: This paper presents a different view on the evidetheory and Dijkstra's algorithm. In this papémr t
algorithm will be used in the further analysis tid@ional paths between nodes can be found in thetime sector. In
many cases, the best solution for a single criteisonot sufficient. It would be search for moréeefive solutions of

the starting point to use for subsequent analysidezision of the captain of the vessel. With irstdxe thinking
mechanisms it is possible to create a decision atpgystem based on known Dijkstra's algorithm. deeang
mechanism is based on the theory of evidence. fitkevals were used, where interval means a setabinumbers with
the property that any number that lies betweenrtwmbers in the set is also included in the set.

Key words. Dempster-Shafer theory, Dijkstra Algorithm, shipt@ planning, intervals.

1. INTRODUCTION

Best Path Selection Algorithm is a one of most
difficult algorithms in transport systems. The itahal
way is to base the estimate of estimated time o¥adr

2. THE OPTIMISATION PROBLEM
OBSERVATORY STATIONSDISTRIBUTION

OF

Optimisation is determining the finest solution,
therefore finding the extremum of given function in

on ships. However, the new technology of satellite terms of specified criterion (e.g., cost, time,taice,

position reporting combined with electronic mapaié
users to land to check weather or update the master
estimated time of arrival at regular intervals, not
interfering with the crew of the ship at all hours.

The paper presents an efficient algorithm for
determining the estimated time of arrival in pdw ship
is at sea. The algorithm is implemented in a denisi
support system in planning the operation of shipg, of

efficiency).

The optimisation of observatory stations
distribution is achieved by such location of stasidhat
makes the tracking surface of the monitored areaese
to the overall surface of study area. Obtainingadityuin
two aforementioned surfaces marks an ideal stat®of
occurrence of shaded area. The usage of a giverfsor
observatory stations affects the type and sizehatisd

which is installed and used by several owners. By areas resulting from environmental impact. In cage

calculating the distance of the route between iiiye &nd
the port of destination, estimated time of arrivgah be
estimated by dividing the distance by the speelihgai
Calculating the distance between the ship and theqgh
destination may be considered to determine thetestor

conventional radar stations tracking surface depemnd

e blind spots caused by port infrastructure,
topography of the area;

e range and bearing discrimination.
Arrangement of shore stations seeks to maximize

path between two points in the presence of polyona the tracking surface while minimising the number of

obstacles, where one point corresponds to the vasde
the other end to the port of destination. Sectaefining
polygons are obstacles coast. Estimated time ofadrr
accuracy can be improved by defining special ndtwor
structures in areas with limited speed, or areingitor
the pilots.

Paper is a continuation of research on the selectio
of a good transit route in the marine environméfure
about this approach was published in [1].

57

newly built radar stations. Object-caused bind spoay

be eliminated by installing higher number of obs¢ovy
stations in various locations in a manner enabihegr
range to cover the entire tracking surface. Thisl goay

be achieved by using a number of additional obserya
stations. However, one of the regarded optimisation
criteria are economic conditions, additionally: the
characteristics of the terrain where stations arebé
built, technical possibilities of connecting statsoto the
network. The presented approach has been implethente
in the computer application allowing for analysing
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maritime areas, proposing a distribution of obsmea covering objective some existing facility demandaym

stations, as well as for comparative assessment obe left unmet (uncovered) [3].

existing area monitoring schemes [2]. Location problems are generally solved on one of

three basic spaces: continuous spaces (spatiatietk
3. FACILITY LOCATION AND LOCATION spaces, and network spaces. The first of these tteals
SCIENCE with location problems on a continuous space (ie,on
two, or three dimensions) where any location witthie

Facility location problems investigate where to realm is a feasible location for a new facility.eT$econd

physically locate a set of facilities (resourcesitisns, looks at problems where locations must be chosam fr

etc.) so as to minimize the cost of satisfying saekeof a pre-defined set while the third looks at location

demands (customers) subject to some set of comstrai  problems that are confined to the arcs and nodemnof

Location decisions are integral to a particulartesyss underlying network [2].

ability to satisfy its demands in an efficient mannin

addition, because these decisions can have lastingt. THE DEMPSTER-SHAFER BELIEF

impacts, facility location decisions will also atfethe THEORY

system’s flexibility to meet these demands as they

evolve over time. Dempster-Shafer theory of evidence differs from
Facility location models are used in a wide variety the Bayesian probability theory as it allows assign

of applications. These include, but are not limited beliefs not only to atomic elements but to sets of

locating warehouses within a supply chain to migeni elements as well. The base of the Dempster’'s belief

the average time to market, locating hazardous nahte distribution is the frame of discernmenf)( - an

sites to minimize exposure to the public, locating exhaustive set of mutually exclusive alternativés.

railroad stations to minimize the variability oflidery belief distribution function (also called mass ftion or

schedules, locating automatic teller machines tet be belief potential) m(A) represents the influenceagiiece

serve the bank’s customers, locating a coastatiseard of evidence on subsets @@ and has the following

rescue station to minimize the maximum response tim constraints:

to maritime accidents, and locating a observatory

stations to cover monitored area. These six prabitath m(@)=0; (1)
under the realm of facility location research, yety all

have different objective functions. Indeed, fagilit z m(A) =1 2
location models can differ in their objective fuinct, the Far

distance metric applied, the number and size of the

facilities to locate, and several other decisiodidas. m(A) defines the amount of belief assigned to thisset

Depending on the specific application, inclusiondan A When m(A) > 0, A is referred to as a focal elendf
consideration of these various indices in the @bl each focal element A contains only a single elemifet
formulation will lead to very different location mels mass function is reduced to be a probability distion.
[2]. _ _ o ~ Mass also can be assigned to the whole se&?.dThis
There exists two predominant objective functions in represents the uncertainty of the piece of eviderrit
location science: minisum and minimax. These ase al which of the elements if2 is true. In our case each mass
known as the median and centre problems, resp8ctive function is defined on a set of variables D = {x1, xn}
The diametrics of these objective functions als@stex called the domain of m [4].
(maxisum and maximin), although they are somewhat Each variable is Boolean and represents an
less studied. Other objective functions are alsmlistl assertion in the knowledge base. For a single bieriae
within the location science community, esp_eC|aIIy can get degree of support Sup(x) = m({true}) andrde
recently._The most notab_le qf these are the setromy of plausibility PI(x) = m({true}) + m({true; false).
and maximal covering objective functions. The forme  plausibility specifies how likely it is that theatment is
these two objectives attempts to locate the minimumfalse. Based on plausibility it is possible to sefeom a
number of new facilities such that a prescribedadise set of statements the one to be removed.
constraint to existing facilities is not violatedn Given two mass functions m1 and m2, Dempster-

contrast, the latter strives to locate a given neimtf  Shafer theory also provides a combination rule for
facilities to best meet the (weighted) demandshe& t combining them, which is defined as follows:

existing facilities subject to a maximum distance

between new and existing facility. It should beeabthat z m (A m(8

for the set covering formulation, because all oé th (€)= AnE=c . (3)
demands must be met (covered) regardless, theveelat 1- Z m (A m(§

weight of the demands generated by the existing AnB=g

facilities are inconsequential, whereas in the mmaxki
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Combination rules specify how two mass functions, \ m( A (5)
say ml and m2, are fused into one combined belief M = = =
measure m12 = m1 x m2 (we here let the binary dopera 1 max{ n(m),l-zB,tAﬂ- h
x denote any rule for mass function combinationiniyl - B20 I

combination rules have been suggested (several are - m( A (6)
presented in [16]), and below we briefly discuss dhes m(A) = '
we use in our study. 1-min BZA

To combine multiple mass functions, the m( )t zsm UGy n@ A

combination rule is applied repeatedly. Most

combination rules are associative, i.e., (ml x MB)3 = In the previous paragraphs the theoretical basis
ml x (m2 x m3), meaning that the order in which snas ysed in the development of a method to determiee th
functions are combined does not affect the final |ocation of the offshore observation stations.He hext
outcome. For non-associative rules, however, thatat section, Demsper - Shafer will be presented inaatjral

have this algebraic property, the order mattermdde  example. Schematically in Figure 2 shows a sea area
unless a specific order of the classifier outputs be  hounded by the three zones of the mainland. At each
justified, the result of using this type of rules i observation station placed a sea area between them.
ambiguous. Presented a problem with the detection capabilitfebe

marine facility at P.
5. THEINTERVAL NUMBER SYSTEM

Recall that the closed interval denoted by [a,sb] i
the set of real numbers given by

[ab]={xOR: as x }) 4)

Although various other types of intervals (open,
half-open) appear throughout mathematics, our work
will center primarily on closed intervals. The term
interval will mean closed interval. [5]

We will adopt the convention of denoting intervals
and their endpoints by capital letters. The leftl aight
endpoints of an interval X will be denoted by X axd @
respectively. Thusx = [l,i] :

Al
<
T ‘ Figure 2 The detection of the object point P bgé¢h
X Xy v observation stations
) T ”””””””””””” 6. STATIONSSYSTEM IN SEA AREA
x v X v For each characteristic point coverage area is
T checked by each of the monitoring stations analyzed
) included in the maritime area. If the value of the
T ””””” j probability of detection of the marine object agigen
v M X v point is 0 the_ current drive calculations are perfed
Figure 1 An examp;Ie of th; relationship between for_ the_ first time. It is here assu_r_ned that theseeln
intervals object is able to detect the probability of detattof the

object. The probability of non-detection of the extijis
the object of a set of probability of detection thi
'object. In the next iteration cycle, if a charaistiie point
will be under the control of another observatioatish,
the probability of non-detection of the object t#ained
by multiplying the probability of non-detection thfe

The intervals can be entered to the rule Dempster
see eq. (3). After the calculations main factors as
follows:
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previous value and the value corresponding to Hiéya schedule of ships on a day to day, it is importarknow

to detect the new station. The detailed algorittan i when the ship reached the port of destination anbet
presented in Figure 3. available for new loads. Estimated time of arricah
also be important in the planning of port operation
Give a reliable estimated time of arrival for ships
entering the port, planning port operations, suEhvark
assignments, loading/unloading equipment and hasbou
for ships can be more efficiently done [7].

For a given source vertex (node) in the graph, the
algorithm finds the path with lowest cost (ie tt@dest
path) between that vertex and every other vertegam
also be used for finding the shortest cost patimfome
oottt o vertex to a destination vertex by stopping the aflym
is determined by the shortest path to the destimat
node. For example, if the vertices of the grapheasgnt
I i U N the city and are the costs of running paths edgfantes
between pairs of cities connected directly to thedy
I Dijkstra’'s algorithm can be used to find the shortest
| route between one city and all other cities. A®sult,
" o v | the shortest path algorithm is widely used routing
RS ‘ protocols in a network, in particular the 13S and Open

| - Shortest Path First [8].

OblPrawdWykrycia[AreaPoint] =
o . .

OblPrawdNieWykrycia[AreaPoint] =
o . .

oo

The proposed scheme is shown in figure 5.
Provides an overview of the optimal path, the reah@d
all further edges.

First edge of optimal path

Figure 3 Calculation of probability of detection
algorithm in Section Area v

Dempster theory can be used to designate the Remove edge from array of edges Dl
ability to detect marine units in selected areadrigure
4 presented an example of seashore radar systeen. Th
main task is to detect vessels in the sea area [6]. Y

Find new shortest path

Mext edge of
optimal path?

Remove duplicate paths

,“ : it

Figur4 Example of seashore radar system Figure5 Diagram of searching new paths

When the rapid and accurate calculation of the Because the input parameters are not precisely
estimated time of arrival at the port of destinataf the defined intervals are proposed (see chapter 5ut$nio
ship at sea, is of great importance in many arédbeo  the model record ship characteristics, movemenbrtep
ocean shipping industry. For example, the route anddata and numerical weather prediction data: theainod
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will integrate consumption curves, speed reduction 8. REFERENCES
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COMPUTATIONAL FLUID DYNAMIC ANALYSISOF MARITIME CONTAINER
TERMINALS

Laurentiu Oancea’, Dumitru Dinu?

12Constanta Maritime University, Faculty of MechahiEagineering, 104 Mircea cel Batran Street, 900663
Constanta, Romaniaancealaur@yahoo.com

Abstract: The existing movement for the reduction of environmental impact and improvement of efficiency of
processes, lead to a need for optimizing the transport and logistic chains. Here it is presented a possible approach for
using Constructal Theory in order to develop an alternative for shape optimization and access to the storage area in
a container terminal for reaching sustainability. The approach consist on the utilization of the Constructal Theory
for generating optimized geometrical shapes of the container storage area. The analysis shall be made based on the
analogy between transport systems and fluid dynamics, which can be transferred for advanced analysisin a FEM
application. The results will show the possibility presented by this kind of application for the overall optimization of
transport systems and reduction of transport times, thus decreasing the impact on the terminal and reducing GHG
emissions.

Key words container terminal, Constructal Theory, Finite Element Method, fluid dynamics, optimization, transport.

1. INTRODUCTION could calculate time, routes, consumption and other
specific parameters. Most of the algorithms for
Transport systems are an essential part of anyoptimizing transport systems were developed for IT
economy. The existing global situation finds a high applications, which came with advantages and
distributed production process, as emerging easterndisadvantages.
Asian countries attracted a large amount of cotdréoy The continuous need for improvement of container
products and services. In this case, the trangystems  terminals gave rise to numerous attempts to corceiv
needed to cope with the increased demand. new approaches for geometric, process or economic
One of the most important branches of the transport optimization of activities.
is the intermodal transport which is based on the The current paper aims the analysis of a new
transport of container units. The invention of the concept for developing the geometrical shape of a
container had a great impact on transport systam#)e container terminal, in order to obtain the optimal
direct manipulation of cargo in transfer hubs was distribution of container flows within the terminatith
decreased or eliminated altogether. Also the custom minimal transport times and minimal energy use. The
procedures were simplified for intermediate tramspo approach is based on the findings of the Constructa
hubs, as the containers needed to be checked at th&heory (CT) in the field of transport systems.
beginning and the end of the transport route.
At this point, container terminals became an 2. CONTAINER TRANSPORT IN EUROPE
essential part of the transport system, as thegiateen AND THE BLACK SEA
one side to handle the ever increasing number of
transport units (containers) and on the other side, Intermodal transport is defined as “the movement
provide improved value added services for customers  of goods in one and the same loading unit or road
The increased traffic figures for containers lecato  vehicle, using successively two or more modes of
need to optimize the existing container terminalso transport without handling the goods themselves in
develop new terminals based on more efficient adissig changing modes” (ECMT/UN Definition)
However, the designs were based mostly on urban Intermodal transport had a high impact on the
planning experience, with low mathematical support. transport figures and prices, as companies reathzit
Such a design is the grid shape, which has protgen i was cheaper to produce goods in the eastern Asian
efficiency. For the optimization of movement within countries and to ship them via containers to asbegb
given domain, there were introduced algorithms Whic
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factories, in order to achieve lower costs and a For this reason, the geometrical optimization of
competitive position on the global market. CSCT was chosen for further analysis.

A 20 years statistic developed by the United
Nations Conference on Trade and Development -3. CONSTRUCTAL THEORY IN

UNCTAD, shows a mean yearly growth of container TRANSPORT

traffic of 8.2%. Even considering the 2009 drop in

container transport due to the economic crisis, the From the existing approaches on the subject matter,
figures for 2011 were showing a 12.9% increase the Constructal Theory (CT) was identified as being

compared with 2009. [10] suitable candidate in the development of optimal
transport systems, as it is able to develop thie Ishape
™ and structure of the system.

The Constructal Law was first enounced by Prof.
Bejan in 1997 and it states that: “For a finitees&/stem
to persist in time (to live), it must evolve in sua way
- that it provides easier access to the imposed migrtbat
flow through it". [1]
. According to the law, the need of a system to self-
- optimize in the presence of local and global casts
ol & D a e e aShRal will generate the shape and structure of the sysbym
optimal distribution of its imperfections, the syt
"m0 o v v o o 2 2 s 0 2 remaining imperfect. The Constructal Theory adnfits
Figure 1 Global traffic for containers, bulk aritl o imperfections are a part of nature and is not der@ing

products [9 them, but is integrating them in the developingesys
Although the Constructal Theory began as a method
For the European region, the trend was similar. of determining optimal configurations for thermkivis,
However, the share of the container transport &gus later research proved that the theory can be applian
unbalanced between western and eastern Europe. increasing range on engineering fields, includihg t
transport systems [4].

In the case of transport, the approach is to censid
- a surface that is assembled as a sum of elementary
surfaces that are being dictated by the area aitingi
objects (buildings other constructions, parkings Iébr
different types of cars and in our case, transpaoits).
The theory considers a first construct that conesrisf a
longitudinal channel that splits a surface in two
symmetrical shapes. The area (Figure 1) is fixed
(A;=H.L,), but the ratio between length and width
(H{/L,) varies and is subject to optimization. This is
helpful in the case of container terminals, whehme t
surface that needs to be optimized, is fixed and to
expand would imply greater costs.

)

Share in total container throughput
. w » B o

Figure 2: European container trafhc [6]

oo oo SPen Lt 2 he Moy &1 “For he smalest element, i s not imporant o
ports and Mediterranean ports. Black Sea Containercalculat_e travel time for all_the points |ns_|de drea, but
traffic still has the lowest trénsport figures, eve o consider a point P that is the most disadvarntatyel

its travel time to a point M, the entry/exit toffnothe
considering that Constanta Port was declared by the Surface.
European Union as the eastern gate for import and The travel time shall be:
export of goods.

The unique geographical position of Constanta port
and the existing connectivity with all transport aes, t :i+ 1)
makes it a suitable candidate for analysis. 1y '

For the intermodal transport, Constanta port has !
four container terminals: Constanta South Container
Terminal (CSCT), APM Terminal, SOCEP and UMEX.
Of the existing terminals, CSCT is the most impatita _ 1
with a 97.44% share of container traffic in 2013. [ 17 cosa,

where

—\ﬁtanal, )
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andoa; is the angle betweeng\and the perpendicular to
Vi

S

v '/ /ﬁ

| o |
[ |
Figure 3 — The basic surface

Equation (1) is valid when is valid when

tana, <2L,/H,
The next step is to eliminate, from the equation

(1) and we shall get the equations for the optistepe
and minimum travel time:

12
Yl
HW{ fifﬁj , 3)
191
I
I—1 opt f1V1
12
t, = Zf_lAl . (5)
1,min VOV1

The minimal time can be optimized by varying the
anglea,, obtaining:

Y/
— -1 0
Qo =SiN (_V

j , flmin = Cosa],opt ) (6)
1

Having the A area optimized, there can be
developed the next order, as it is shown in Figure

/ ZZ/
~ oz =

Figure 4 Second level construct

65

The next area Ashall be developed with the help
of an “n” numbers of A In this case,A, L n,A . The

approximation is a consequence of the amgthat was
introduced for minimum travel time and it can beiced
in Figure 4 as the space left unoccupied hyekments.
This is an important aspect of the Constructal Theas
the imperfections of the system are considerecaasob
any natural developed system.

As other theories and practices are aiming
eliminate the existing imperfections or disreganeén
from the calculations, the Constructal Theory hasdhe
imperfections by integrating them along the syst&m
the smallest scale.

The A shape shall be determined by the following

to

formulas:
Y2
V,
H 2,0pt = ( ?2\/1] ' (7)
2V2
H V,
L2 opt f2V2
A )
t2,min = ! (9)
V1V2
f, = 1 —itanaz. (10)
cosa, 2V,
The angle factor is minim when
Aot = sin‘l(Vl/Z\/z), provided that

tana, <2L,/H,.

The number of A elements that are necessary to
cover the entire Asurface shall be calculated with the
following formula:

Vv,
a7 )

For A, i > 2, the formulas are determining a pattern
for higher order constructs:

n, D2flf2%(l— (11)

0

(12)
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. oV, For the purpose of the current CFD analysis, the
Qi o =SIN " =%, (13) parameters which shall be taken into consideradian
Y the source, sink and pipe.

2 5. DESIGN DEVELOPMENT

f. A
ti,min =2 : ' (14) . . . .
V.V, Within a container terminal, the most important
aspect is related to the size and geometrical sbhtiee

By applying the formulas above, the shape that is container storage area. The §hape defines the narmi
emerging will not be a fractal, as the shape ofneve @nd the flows through the terminal. _
construct shall be determined by the differenceranel ~ Based on the finding of the constructal theoryie t
speeds. As the speed factor increases for highefield of transport systems, there will be developed
constructs, the secondary streets are approacharg m theoretical shape for the container terminal. ]natbal,
the storage area of CSCT will be transposed in GR®
analyzed. The two systems will be superimposed and

and more the perpendicular on the main streets.
there will be identified possibilities for optimitzan.

o o o o & 2 o 2
<D ) ) X < <2 L) L)
) % % SR 5% 5 5 %
R ! % W S e X o, oy S o XD » 0
B B B N B L e o
R I s N s S i N s N e s S W s N
g el g gl o e gl gl 2y T g o s
SR SO OGN SIS, ST SRR IS SR SR H q
B A A e e Y e N i T Y e S
e e e e et evelopment of the theoretical design
R N T A e AT g AV e D e IV TN .
SR SISOTT SIS SO SOSor AR SOSr T SR T ST
B e e e A A A e S e SR
T N g g g g g g
SR RSN SO SNSRI SRS SRR Sos i S i

R s e e e e e W s e e e s e i w e we e
R e e e R R A R R iy
e strnwgetunivis coniviie s miag e saviagiec cnningles s g i
R e D D s D A e A e A .

S R B IR S

P S i e e e According to the constructal theory, the
ot iR oyt IR S i vl S e i) IR e
e R e S R e development of the geometrical shape needs toitdaée

T SN e NI Sy M T e g
STy SR ST SR o T AR
I SR SR XL P Ty o gy . . .

SN ORI SO ONR AN SENT SN A consideration the local and global constraints loé t
S N N o e A B L R T A A A AT . . . . .
ey B S i S Sy by S Sy ey S Sy Ty S Sy Fey RS Sy Ty NS ST k h d W U
N SN SN, SN, S, S SN SO system. Taking into account the aspects identifigdin

N R A A AT S A S T A I A
%W%W%Wﬂ%ﬁmﬁmﬁwﬁﬁ I, the constraints are the standar imBesio
SN, SNl SO SN SN DRI, SERIT, S |
N A R A R R N N S 1 SRR ’
S W Wy R W 1y S S W Ty R S v 1 S S ey S vy S Sy ey
B L SN e N G SR L i f tai the terminal - t d d
SR A S S A S of containers, e terminal equipment need an
S st &5 S EEF & & S mi H H H ili
& & & & & Imitations, access routes dimensions, auxi largeas
& s s % m
’ ’

Figure 5 Leaf shaped system (higher level contsyuc  route under RTG crane (Rubber Tyred Gantry).
Considering these aspects, the elementary area was
4, HYDRAULIC ANALOGY developed by taking into consideration the standard
dimension of a FEU (Forty-foot equivalent unit) 15t.2
It has to be mentioned from the beginning that in X 2.44 m, arranged symmetrically on two rows of six
the present paper, there is no attempt to creatici containers. In order to allow the RTG cranes tddtee
similitude between the transport and hydraulic exyst containers, there was introduced a gap of 0.5 mgatle
The main problem is the way flows are developeddfl ~ width of containers and 0.6 m on the length.
flows are composed of large numbers of atoms orAdditionally there was the need to add the rollragh of
molecules whereas transport flows are based onthe RTG crane, as it can be seen in Figure 6.[[13]]

&
&
&
QX

relatively small macro units.
In order to be able to analyze the transport system

based on fluid mechanics, there were developed
similarities at a basic level. This kind of anatysbmes

in handy when made with CFD software, as the result

are given also in a visual manner, which can offer - w | =

better view and understanding of eventual bottlksadc fmu B8 fmb

the transport systems, possibilities to optimizenthor = [ m— e —— E B

identify unused space. e L R
The analogy can be easily developed by 'E = E

considering the similarities between the two kirafs
systems. In this way, the following properties dae
considered as analogues (transport-fluid):

- Start point — source

= 11 & =
- Destination — sink = r

- Transport route — pipeline ) )
Figure 6 Basic area;A

- Parking lot — storage tank
- TEU/time — flow For the basic surface, it is considered:
- Drag — viscosity

66



ISSN 1844-6116 http://www.cmu-edu jente
35‘%‘5}!.‘“"31 of Marine f‘ﬁ‘“n‘olugs a

Journal of Marine Technology and Environment Y2@t5, Vol.2 ==

[;=1-6+dl-5+zr-2+zc (15) or:
where: A, =n,A; +3,5-135+(0,5+0,5) - 135
| -FEU width +2.25.7 = (25)
dl — distance between FEU on width =10-651,264 +3,5-135+
zr — width of RTG rolling path +135 = 7476,3 m?
zc — width of truck access path
For the access time to the surface:
From (5.1), results:
_ (2242 1/2 _
I, =17,14 + 2,4+ 3,5+ 2,4 = 2544 m. (16) tamin = (Wz ) - (26)
(14835,96972)1/2 — 17463 s
For A, width: 0.4865 - ’
=122:-2+12=256m
Thus:
Al = ll . h’l = 651,264 mz (18)

. . . Figure 7: A surface without the optimization angle
For higher designs there were considered the g A P 9l

traveling speeds on the symmetry axess 9,278 m/s (1
km/h), v = 0,35 m/s (1.26 km/h),\= 1,39 m/s (5 km/h)
0i vy =5,55 m/s (20 km/h).

For A; it is considered

a, = sin™! (21: ) =17,23° (19)
2
and
Figure 8: A surface with the optimization angie
1 v
o= o™ itan a; = 0,9922 (20) For the next construct gk
Area A, will be constituted oh areas A s = sin! (zv ) =719° 27)
3
1
v v2 fz = — 2 tana,; = 0,9921 (28)
anZ'fl'fz—z 1__12 ~ cosaz  2v3
Vo 4172 (21) ,
=2:1-09922-5-0,98415 = 9,76 - U3 U2\ o
ny3=2-f, 'f3—(1 W) =
3
In order to obtain a symmetric surface, the valiie o 1,392 (29)
n, is rounded to 10. Moreover there was introduced a 2-0,9922-0,9921 - 15,8571 ~ 7 coo2
distance of 0.5 m between, Aareas, needed for the ~ 3022 '

movement of RTGs and the access road which is
considered to have 3.5m wide with four lanes (two The dimension of the storage area shall be:

ways). l;=15-h, =830,7m (30)

For A

l,=5-h, =256-5+7=135m 22) hs =21 =270m (31)

As =15 - hy = 830,7 - 270 = 224289 m? (32)

hp =21, +35+05-2=5538m (23) Minimum time for surface access shall be:

Ay =1, hy = 135-55,38 = 7476,3 m? (24)
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Flgure 10 Asurface W|th the optlmlzatlo angl&

5.2 Modeling of the CSCT storage area

The configuration of the terminal is the g
pattern. It has 14 identicalbsections (191x17m) anc
longer subsections (338x17m). [13]

Fire 11 CSCTstorag ar

] ]
] ]
] ]
] ] ]

]

Figure 12 CADrepresentation of the storage ¢

Traffic flow is regulated through the terminal &
can be seen from Figure 13.

Flgure 13 Traffic regulatlons within the storage a

The configuration is different from the one w
one flow per sense constructal approach, in theestimai
the flows from the terminal are sometimes inteiisgc

In order to be analyzed as a hydraulic sm, the
storage area was transferred into a CAD de

68

! Flgl_Jre 14 CAD representann of a subsec!
6. CFD ANALYSISOF MODELS

As it was stated in the beginning of the paper,
objective is to analyze the real atheoretical models
separately and to superimpose them in order tokc
optimization possibilities.

The analysis shall be made with the help of Ar
Fluent, one of the most popular and professi
applications for CFD. [12]

6.1 Analysis of theoretical design

From the designs developed in chapter 5.1, {
were extracted the access routes and transferréae
form of a pipe network into Ansy

Figure 15 Mesh of the CT gri

Figure 16 Mesh of the Clarborescent shape

Figure 15 andrigure 16are showing the optimal
geometry for a terminal, given the parameters rs¢hé
beginning. However, one constraint that resultexni
the real terminal is the development area. In otde
make the comparison, thieeoretical model was cropp
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to only 3 secondary branches in order to fit in gheen 6.2 Analysis of CSCT model
area and to be similar to the real storage area.

Another constraints that arises from the real In the case of the real container terminal, the
terminal is the necessity for a grid shape. Thapmment analysis was developed in a similar way, with water
of the terminal is designed to work in a linear mam working fluid, with an inlet speed of 5.55 m/s (@&@/h).
The introduction of the optimization angle is The symmetrical shape of the analyzed section gives
increasing the traveling speed within the termifal possibility to conduct only one analysis on thergety.
transport vehicles on the main routes, but it iases the
maneuvering time for other types of transport (e.g.
RTGSs). In this case, the analysis shall be conductdy
on the grid pattern.

The working fluid for all cases was set to water as
real fluid (not ideal) and the speed of the fluidsaset to
5.55 m/s (20 km/h). The analysis was done for tow f
possibilities: M to P and P to M (see Figure 3).

2
=l
H Fab :
5.956-03

Figure 18 Velocity vectors for CSCT model (m/s)

For the CSCT case, the maximum speed of the flow
within the analyzed system is of 8.51 m/s. An iase
from 5.55 m/s of the inlet flow, but not as muchths
theoretical design. The same as the theoreticalelapd
the analysis type was set to laminar. In this casgas
observed the same deviation from the laminar model.

7. CONCLUSIONS

The constructal theory offers a new and interesting
view on the way transport systems are developirsgdba
on the reduction of energy consumed. Movement
patterns were developed by early civilizations dage
the individual needs. As communities became larger,
urban systems were starting to be based on the ofeed
groups of people. This developing pattern was th&c
principle behind the development of transport exlat
research by Prof. Bejan. [2], [3]

The theory is based on the reduction of energy
i : consumption and optimization of access for

e thermodynamic systems. By considering the natural
optimization of systems, Prof. Bejan was able tbipto
mathematical formulas what nature is doing at amgry

moment: it is optimizing flows in order to improve
For an initial speed of 5.55 m/s, the attained dpee overall efficiency of systems.

for M—P is 10.1 m/s. For the second case, the speed of  |n the case of transport systems, the constructal
14.7 m/s is higher, but this is partly due to the theory’s solution comes close to the grid pattefrictv
convergence of fluid from the six small pipes i@ was developed based on human experience and
main pipe. The analysis model was set to lamiraw,fl  observations. In the case of a domain which needssa
but the results showed a deviation from laminar, only to and from one point (point M), the optimizet

especially for the M analysis. The disturbance is anglea creates a leaf shaped pattern which in many
created when the flows are intersecting.

Figure 17: P>M velocity vectors (m/s)
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cases is better than the grid shape. In the casgisiing

The shift to left-hand traffic is possible, but not

urban systems, the optimization angle can be anrecommended. The right-hand driving is native to

impediment, by diminishing the access within thenea
area.

In the case of container terminals, if we consider
only the case where containers are transportedelestw
the ship and the storage areaangle is optimizing the
transport speed and time. But, as it was shownrégfo

Romania and the drivers could become confusedénsid
the terminal. Plus any mistake of a visiting drieeuld
lead to incidents or accidents.

A less intrusive and cheaper approach can be the
change in the one-way direction of travel in thé-su
sections. The change will enable a better traféevf as

yard equipment is developed for grid shaped storagethe vehicles will only give way to only one traffitom

area.

The case of CSCT was chosen due to
geographical location and connection to major pans
routes. Since the inauguration of the terminal QO&
the capacity of the terminal increased to 1.2 omlli
TEUlyear. Future investments were aiming to ineeas
the capacity to 5 million TEU/yeahut the economic
crisis put a stop on the large expansion. [5]

For the existing situation of the terminal, large
investment in infrastructure are not possible. ©héhe
objectives of the current paper was to find optation
possibilities for the container terminal. [8]

The comparison between the theoretical and realg,

geometries revealed two main optimization possiedi
one for the shape and one for the flows.

the left side. Combined with the existing wide asce

its routes, the drivers can decide in good time evahdy

need to stop to give way.

CSCT has in normal operations 55 ITVs (Internal
Transport Vehicle) and ECHs (Empty Container
Handlers) within the terminal. [11] The yearly caipa
of the terminal is measured by the number of hahdle
containers. In this context, the improvement ohsgzort
figures by only one percent will result in an ireese of
transport figures with 12000 TEUl/year, just by
implementing a simple traffic scheme.
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BLUE ENERGY IN THE SEASAND OCEANS
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Abstract: The seas and oceans have the potential to become important sources of clean energy. Marine renewable
energy, which includes both offshore wind and ocean energy, presents an opportunity to generate economic growth
and jobs, enhance the security of the energy supply and boost competitiveness through technological innovation,
contributing to the decarbonisation goals.

In the context of a decrease of the primary resources, the blue energy generated by the oceans and seas captured the
interests of many countries. We see today many studies, researches, projects that crossed the borders of the countries,
developed by collaborative mixed teams. The results are promising, the success is guaranteed.

The present paper is a desk research on the ocean energy in Europe and not only in this region, showing the best
practicesin thisarea of activity and their implementation.

The conclusions are very clear and sustained by the figures; the blue energy gained its own place in the mix energy
of many countries. Thisinexhaustible resource seemsto gain more and more interests year by year.

Key words: blue energy, currents energy, ocean energy, renewable resource, tidal energy, wave energy.

1. INTRODUCTION increase in the share of the renewable sources and
natural gas.
Energy Strategy is "a complex activity that invave It is estimated that about a quarter of the primary
the initiation, conduct and correlation of the fodl, energy resources needs at the global level, will kst

economic, technical and environmental actions oeeor covered by coal. Along with increasing energy
to ensure the national energy security, diverdificaof consumption and coal consumption will increase.aDat
internal and external supply sources, to improved an from the World Energy Council (WEC) show an
diversify forms of energy production, the increase increase of nearly 50% of global coal mining in 200
production efficiency and energy consumption, compared to 1980.
improving pollutant impact of energy production and The increase of the prices for the fossil energy an
consumption "[2]. dependence on imports makes it extremely necessary
Integrated Energy Strategy consists of a "set of the production and exploitation of renewable endagy
interrelated measures that directs the energy isectoe heat, electricity and fuel.
most efficient, equitable and environmentally cotiiga Developing the renewable energy is a central
use of resources."[1]. objective of the European Commission's energy patic
Globally, it is estimated that total energy demand  Europe and of the most important countries in tloeldv
2030 will be about 50% higher than in 2003, and oil There are several reasons for this. Renewable gihag
demand will be about 46% higher. The secure knollvn 0 an important role to play in reducing carbon diexid
reserves can sustain the current levels of consampt emissions (Cg) - a major objective. The increase of the
only until 2040, and those of gas until 2070, whhe share of renewable energy in the energy balancgbri
world reserves of coal provides for more than 26ary durability. It also helps to improve energy segutity
even to an increase in the level of operation.det@ns reducing dependence on growth of imported energy
indicate an economic growth, which would imply a sources. Renewable energy sources are expectee to b

higher consumption of energy resources. competitive economically with conventional energy
In terms of the structure of primary energy sources inthe medium and long term.
consumption worldwide, evolution and prognosis tod t Among renewable energy, the ocean energy

reference made by the International Energy Agencyoccupies a low place, but the potential of thisreeus
(IEA) highlights for the period 2010-2020 a quicker
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very high. According to a recent study, the marine »

energy has a double potential compared to thdteof t
entire nuclear energy produced in the present mbaikn
over the world, and it is more reliable than winada
solar energies. It is estimated that it will takdeast 5-

10 years for the technology to get out of the
demonstration phase and decrease costs so thatemari
energy can compete economically with that from othe

energy sources.

European Association for Ocean Energy (EU-OEA)

has released another study, according to whicl2050,

marine energy could provide 15% of Europe's energy*®

needs. [3]

2. OCEAN ENERGY

As oceans cover over 70% of Earth’s surface, ocean

energy (including wave power, tidal current powed a

ocean thermal energy conversion) represents a vast

source of energy, estimated at between 2,000 €@D4,

TWh per year, enough energy to continuously light

between 2 and 4 billion 11W low-energy light bulbs.

Ocean energy can be harvested in many forms.

Wave energy depends on wave height, speed, |esugth,
the density of the water. Tidal stream energy segated
from the flow of water in narrow channels wheredalt
range technologies (or ‘tidal barrages’) exploie th
difference in surface height in a dammed estuatyayr

Ocean energy can also be generated from temperature

differences between surface and sub-surface wdtde w
salinity gradient power relies on the differencesatinity

where ocean energy can contribute to energy self-
sufficiency and replace expensive diesel-generated
electricity.

The ocean energy sector can become an important
part of the blue economy, fuelling economic growth
in coastal regions, as well as inland.

Ocean energy has the potential to create new, high-
quality jobs in project development, component
manufacturing and operations.

Scaling up the deployment of ocean energy could
contribute to the decarbonisation goals. Developing
all sources of low-carbon energy in a cost-effectiv
manner is very important in order to reduce the
greenhouse gas emission.

Ocean energy electricity output is different tottha
derived from other renewable energy sources. This
means that ocean energy could help to balance out
the output of other renewable energy sources such
as wind energy and solar energy to ensure a steady
aggregate supply of renewable energy to the grid.

Ocean energy devices tend to be entirely or pbytial
submerged and therefore have a low visual impact.
As the scope for expansion of land-based renewable
energy generation becomes constrained, the marine
space offers a potential solution to public accea
issues related to visual impact, which may hinder
renewable energy developments on land.

between salt and fresh water [3]. 2.1

follows:

Tidal energy

The ocean energy has some particular aspects, as

Tidal energy has been used since about the 11th
The ocean energy resource available globally Century, when small dams were built along ocean
exceeds the present and projected future energyestuaries and small streams. The tidal water bethiege
needs. In the EU, the highest potential for the dams was used to turn water wheels to mill grains.
development of ocean energy is on the Atlantic Tidal current energy takes the kinetic energy aidd in
seaboard, but is also present in the Mediterranearcurrents and converts it into electricity.

and the Baltic basins and in the Outermost Regions. Tides occur regularly in certain coastal areathn t
For the North America, and particularly for U.Siet  world, with amplitudes that can sometimes reach1B4
tidal power occurs only in Maine and Alaska; ocean m, causing slow oscillations of level of marine evat
thermal energy conversion is limited to tropical For an efficient utilization of energy from tidesgrtain
regions, such as Hawaii, and to a portion of the natural conditions are required. First, the ampggtuwf
Atlantic coast; the wave energy has a more generalthe tide to be at least 8 m, and, secondly, trexetlis a
application, with potential along the California natural pond (typically an estuary) to communioait
coast. The western coastline has the highest waveghe ocean by an extremely narrow opening. These
potential in the U.S.; in California, the greatest natural conditions only occur in 20 areas of therldvo
potential is along the northern coast. Exploitihig (for example: the Atlantic coasts of France, Great
indigenous resource would help to mitigate EU Britain, USA, Canada, in northern Australia, easter
dependence on fossil fuels for electricity generati ~ China).

and enhance energy security. This may be

particularly important for island nations and ragip
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- North America — “Annapolis Royal Generating
Station”, put into operation in 1984, in the Bay
of Fundy; installed power: 20 MW.
2.2 Marine currents
D Mare Marine currents are carriers of particularly high
ﬂ kinetic energy. Thus, it was calculated that anaoce
current with a width of about 100 m, 10 m depth and
speed of 1m / s, for one year could provide a linet
energy of about 2000 kwh. [8]

o= pames 2.3 Waves
The waves are a form of energy storage transmitted
ﬁ by wind energy calculable and worthy of considerati
Calculations have shown that waves with height af,1
length 40 m and period of 5 s, have a power of realda
KW on al m wide front.
Wave energy research worldwide has experienced
) . great magnitude in the last years. Today, captm a
Some of the plants in the world that use the tidal -onyert wave energy is widely applied in many buoys

Figure 1 Operation of a power plant using tide pow

(5]

energy are: _ _ ) and signaling installations. But realization of ege

- Central Lake Sihwa, South Korea; the largestii@ t  power plants based on waves requires longer efforts

world, completed in 2011; 254 MW currently being carried out a sustained activityriany
countries.

Numerous research institutes in hydraulic and
energy in the US, France, Britain and Japan hatlesiin
activities program, production of the installatiois
order to the wave energy.

And some projects are under study aiming sea
energy recovery by using the temperature difference
between the different layers of the World Oceanewat
Frequently, in the warm sea waters there are large
temperature differences between the surface layeds
the depth, differences that would allow the operatf
power plants based on the use of two different
temperature heat sources.

Currently, there are hundreds of signaling buoys
using wave energy, manufactured by China and Japan,
and strives to achieve high power plants. Thesatpla
are based on different principles. Analyzing the
- Rance Tidal Power Station in the eStuary Rance —Operation of these p|ants’ it can be seen thatalk a
installed power of 240 MW power; tidal amplitudes common feature, namely training through turbine
reaching over 13 m; generators. It should be noted that the axialtaiines
may have higher returns because of their intubation

Types capture wave energy installations currently
investigated can be grouped as follows:

- Plants capture wave energy for the shore (shakeli
and near the shore (nearshore)

e Installations with oscillating column - OWC
(oscillating water column). Consisting essentiafyan
enclosure in which waves that penetrate form an
oscillating column. This column acts a volume of ai
passing through an air turbine valve;

« Installations TAPCHAN. They consist of a pool whe
the waves coming through a specially designed alann
cause the water to accumulate at a higher sea [Ekel
Figure 3 Rance Tidal Power Station [7] obtained difference level allows powering the togs;

Figure 2 Central Lake Sihwa, South Korea [6]
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 Plants swinging hinged panel. In a specially glesi project could power nearly 175,000 homes through a
space, a panel varies due to waves propagateetwork of 269 turbines on the seabed off the Ness
horizontally and operates a hydraulic pump. The pum Quoys Caithness, north-east Scotland. Scotland has
feeds a hydraulic turbine. access to one of the richest marine energy resstnce

- Plants capture wave energy for large areas (@fé&h the world. According to the report, it is expectidt by

* Danish plant with pump and float. It is an inktébn 2020 can be installed capacity of 1,300 MW in Ssbtt
where a float operates a pump that it is anchooetthe waters, adding 100 MW each year.

seabed, acting hydraulic turbines; The first deliveries to the national electricityidycould

» Swedish plant HOSEPUMP. It is based on a cylinder take place in 2016. [10]

made of elastomers, driven by a float, allowing the In Portugal there is a new type of power plant that
expulsion of water from the interior, feeding of a uses wave, ranked as the largest wave power plant
hydraulic pump and the drive power of a turbine; functional, Agucadoura Waves Farm, near Pévoa de
 McCABE PUMP WAVE installation. It is consistind o~ Varzim, 5 km from shore. It cost about $ 13 milligthe
some pontoons that move toward a central pontoonmajority to achieve electrical cables underwatarng
acting hydraulic pump which supplies more hydraulic has an output of 2.25 MW of energy.

turbines; Although it may seem expensive at first glances thi
» PELAMIS installation. It consists of several largize solution competes in efficiency / cost, both sglanels
tubes, connected to one another by hinges which,and wind turbines. And being the first implememati
because of the angular inclinations caused by wagots the wave energy will increasingly be better exglditAn
some liquid pump. In turn, the pumps operate the advantage of this power plant is that the wavewigeo
turbines connected with the electric generatorsvggo  energy continually.

plant from Portugal) [9]. Generators that turn wave power into electricity

In Europe, according to the EU report, the ocean were produced by Pelamis Wave Power Limited Sdottis
energy resource available globally exceeds theeptes Company, and have an individual capacity of 750 kW.
and projected future energy needs. In the EU, itecst Each has a diameter of 3.5 meters, and a lengi#@f
potential for the development of ocean energy ishen  meters.

Atlantic seaboard, but is also present in the Portuguese planning a second phase of the project,
Mediterranean and the Baltic basins and in the when they will increase the number of generatintp 3
Outermost Regions. Exploiting this indigenous reseu  28. And then it will produce 21 megawatts of power,
would help to mitigate EU dependence on fossilddet enough for about 15,000 homes. [11], [12]

electricity generation and enhance energy securitys
may be particularly important for island nationsdan
regions, where ocean energy can contribute to gnerg
self-sufficiency and replace expensive diesel-geeer
electricity.

With technological improvements and additional
public support for early stage development, theance
energy sector may be able to develop to a simdates
as offshore wind over time. Ocean energy curresthn
infant industry, within which wave and tidal stream
technologies are relatively more developed thareroth
technologies. There are currently 10MW of installed
wave and tidal stream capacity in the EU, which is
almost a three-fold increase from 3.5MW four yesgs.
Located in the UK, Spain, Sweden and Denmark, these
projects are mostly pre-commercial, demonstratimg t

reliability and survivability of tested devices. ¢k Figure 4 Agucadoura Waves Farm [12]
growth is already predicted, however, with some 2GW _ _
of projects in the pipeline (predominantly in theé<,U Among the projects that are using wave energy,

France and lIreland). If all of these projects are there is also the largest hydropower turbine inwbeld,
implemented, they could supply electricity to ménan ~ SeaGen turbine in Strangford Lough, Ireland.

1.5 million households. [4] Related wind turbines, but powered by the
As a practical example, in Europe, Scotland runs movement of water and no wind, hydro turbines
the largest wave energy project in the world. transform the currents from the depths of the osdato

Scotland began in January 2015 construction of theelectricity. SeaGen of 1.2 megawatts, which cossisa
largest tidal energy project in the world; the istreent ~ pair of turbines, each with 20 meters in diametsr,
will be developed off the coast of Scotland. MeyGen currently the only commercial-scale hydropower ineb
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in the world. Propeller blades have the abilityratate 3. ACTION PLAN FOR OCEAN ENERGY IN
180 degrees depending on the direction of movement EUROPE

currents and may be removed from the water for

maintenance, the common nature of their work being In Europe, the commission to the European
underwater. Parliament established an Action plan for Ocearr@gne

[4]

For pre-commercial ocean energy technologies,
however, a stable and low risk framework of supp®rt
crucial as it ensures the bankability of projectd éhus
allows for the growth of installed capacity. The
European Commission issued guidance on best peactic
for renewable energy support schemes. The guidance
therefore allows for projects of first commerciaak
deployment and thereby recognises the need for a
targeted support framework for technologies such as
ocean energy.

There were sets out a two-step action plan that wil
assist this promising industrial sector in devetgpits
potential.

Figure 5 The largest hydropower turbine in theldor First phase of action (2014 — 2016)
SeaGen turbine in Strangford Lough, Ireland [12] Ocean Energy Forum
An Ocean Energy Forum will be set up, bringing
A succesful non-European project that has beentogether stakeholders in a series of workshopsderao

already implemented is CETO 5 in Australia. develop a shared understanding of the problemarat h

An Australian company has developed a system thatand to collectively devise workable solutions. itl\we
produces electricity using ocean movements, spadlifi instrumental in building capacity and critical mass
the power of the waves. well as fostering cooperation through the involvaimef

CETO 5 system was already connected to the mainsa wide range of stakeholders. The forum will also
of Australia. CETO 5 is composed of three largeysuo explore the synergies with other marine industries,
completely immersed into water and water pumps.Whe particularly offshore wind, in matters relating gapply
ocean waves hitting the buoys, the pumps are a@etlva chains, grid connection, operations and maintenance
that push water under pressure into electric tedimt logistics and spatial planning.
the same time, is fed to a desalination systemtrAlien
authorities are already planning system implema@nmntat Ocean Energy Strategic Roadmap
CETO 6, which will provide four times more energy Based on the outcomes of the Ocean Energy Forum,
than CETO 5. a Strategic Roadmap will be developed setting tdrc
targets for the industrial development of the see®
well as a timeframe for their achievement. Thisdroap
will be elaborated jointly by industry, Member &sit
interested regional authorities, NGOs and othexvaait
stakeholders through a structured and participative
process, as outlined above. The roadmap will bring
together findings from all areas relevant to the
development of theindustry and provide an agreed
blueprint for action in order to help the oceanrgpe
sector move towards industrialisation.

e T

Second phase of action (2017-2020)
European Industrial Initiative

An European Industrial Initiative could be
Figure 6 CETO 5[13] developed based on the outcomes of the Ocean Energy
Forum. In order to establish a viable European sirifl
Initiative, however, the industrial stakeholderssinfirst
have a clear strategy for the development of tlose
and they must be well organised in order to be &ble
deliver on its objectives.
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Sector-specific guidelines for the implementatioh o
relevant legislation

Based on the experience gathered in
administrative issues and finance workstream amd th
environment workstream, guidelines could be dewsdop
to streamline and facilitate the implementation tioé
Habitats and Birds Directives and Article 13 of the
Renewable Energy Directive as well as to assish wit
maritime spatial planning processes. The aim ofdhe
guidelines will be to reduce uncertainty througte th
provision of clearer and more specific guidance tfa
licensing of relevant projects and thus ease thedwu
faced by public authorities and project developers.

4. CONCLUSIONS

the manufacturers and utilities.

commercial interest in the sector is increasing, as
evidenced by the growing involvement of large
If we translate this
information in figures, we will see that in the Eldwer
mix, in 2014, the Ocean Energy is about 0.03%
compared to 0% in 2000, a modest share, indeedqrbut
important presence from the point of view of théster
potential.

For Europe, there are estimations that by 2050, the
marine energy could provide 15% of Europe's energy
needs.

As oceans cover over 70% of Earth’s surface, ocean
energy (including wave power, tidal current powad a
ocean thermal energy conversion) represents a vast
source of energy, estimated at between 2,000 &@D4,
TWh per year, enough energy to continuously light

All the forecasts estimate that the energy demandbetween 2 and 4 billion 11W low-energy light bulbs.

will increase in the next years. The primary resesr
prove their limitations in time: until 2040 for tlecure
known oil reserves, gas until 2070, the world resgrof
coal for more than 200 years, at the current lewéls

5.

(1]
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Abstract: The energy sector of a country is stronger when multiple ways of producing energy exist, so when there are
multiple systems of energy and islessresistant when thereis only one way of applied producing energy.

The solution for the future stability of everyday life is from the energetic point of view, the existence of several
energy systemsin parallel.

In this system, the renewable energy sources (RES) play an increasingly important place, contributing to a
sustainable and efficient development, compatible with a cleaner environment. Among these energy sources, the
marine RES, which include both offshore wind and ocean energy, become from one year to another, important
resources generating economic growth and jobs enhance the security of its energy supply and boost competitiveness
through technological innovation.

Between the both marine RES sectors, it is distinguished the importance of the offshore energy that increases year
by year. The figures that will be presented in the paper arerelevant in this sense.

The paper contains a desk analysis of the offshore energy area, showing figures, images, dates and conclusions on
these new technologies and their effects on short and long terms. Also, a SWOT analysisisincluded, representing a
necessary assessment of the strong and weak points, trying to adjust the strengths to the opportunities and reduction
at aminimum level of the threats, eliminated the weak points.

The projects based on this type of energy source, its positive results outline a promising perspective for the investors
and authorities. The benefits are conclusive in this area: this inexhaustible and free resource generates energy with
zero emissions, provides permanent and temporary jobs, services and economic growth, a balanced proportion
between supply and demand of energy.

Key words. marine RES, ocean energy, offshore energy, offshore wind farm, wind turbine.

1. INTRODUCTION initiation, conduct and correlation of the politica
economic, technical and environmental actions uhepr
The concept of sustainable development means allto ensure the national energy security, diverdificaof
forms and methods of socio-economic developmerit tha internal and external supply sources, to improve an
focuses primarily on ensuring a balance betweeralkoc diversify forms of energy production, the increase
economic and ecological elements of natural cagitél production efficiency and energy consumption,
The best known definition of this concept is cemtai improving pollutant impact of energy production and
one given by the World Commission on Environment consumption "[1].
and Development (WCED) report "Our Common The energy sector of a country is stronger when
Future", also known as the Brundtland Report: multiple ways of producing energy exist, so wheer¢h
"Sustainable development is development that aimns t are multiple systems of energy and is less redisthen
satisfy the needs of the present without compramisi there is only one way of applied producing eneifye
the ability of future generations to meet their own solution for the future stability of everyday life from
needs." the energetic point of view, the existence of salver
Unanimously, it is recognized that economic energy systems in parallel.
development cannot be stopped, but that strategied In the latest period, it is noticed that the coiastr
to be changed so as to match the ecological limitsthat are net importers of energy direct their e¢ffao the
offered by the environment and the planet's ressurc renewable energy and improving energy efficiency.
Closely related to the notion of sustainable However, in many countries, it is reconsidered the
development is that one of the energy strategyrdggne nuclear option, following the events at Fukushima -
Strategy is "a complex activity that involves the Japanin 2011. [3]
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At the European level, Member States have very by 2020 (often referred to as "20 20 20 2020")ucieg

different energy mixes. The mix varies considerably
from country to country and evolve with time duethe
geographical conditions of the respective countisesh

as the availability of and access to the natursdueces,
national policy options, such as the decision oéthier

or not nuclear energy, change of the financial nitives,
progress in terms of technology, the requiremeots f
decarbonisation and developing internal marketvds
agreed, commonly, three main objectives to be a&ehlie

FIGURE 7: EU POWER MIX 2000 (MW)

CO2 emissions by 20% compared to 1990, increasing t
20% the proportion of the renewable resources tal to
EU energy mix and increase the energy efficiency by
20%. These objectives are also basic elements eof th
Europe 2020 strategy for smart, sustainable and
favourable inclusion.

FIGURE 8: EU POWER MIX 2014 (MW)

Geothermal, 591.6 0.1%
PV, 125 0.02%

Peat, 1,667.3 0.3%

Waste, 2,123 0.4%—‘

Biomass, 4,576.2 0.8%

Wind, 12,887 2.4%
Fuel 0il, 64,705.7 11.3%

Coal
132 580.1
243%

Figure 1 EU

2. OFFSHORE WIND POWER

CSP, 2,314 0.2%
Waste, 4,253.6 0.5%

Biomass, 12,2824 1.3%
Fuel 0il, 43,765 4.8%
PV, 88,000 9.7%

Peat, 1,807.6 0.2%
Geothermal, 810 0.1%
Ocean, 262.9 0.03%

W

power mix [5]

In Europe and not only in this region, the works ar
very advanced in this direction of the offshore davin

The seas and oceans have the potential to becomérms.

important sources of clean energy. Marine renewable

The reports launched in 2015 by EWEA (European

energy, which includes both offshore wind and oceanWind Energy Association) offers a comprehensivegena

energy, presents the EU with an opportunity to geee
economic growth and jobs, enhance the securitytsof i

energy supply and boost competitiveness through

technological innovation.

While land-based wind energy will remain
dominant in the immediate future, installationsset
will become increasingly important. Compared to
onshore wind, offshore wind is more complex andlgos
to install and maintain but also has a number of ke
advantages. Winds are typically stronger and miatgles
at sea than on land, resulting in significantly Hag
production per unit installed. At sea, wind turlinean
be bigger than on land because of the logistical
difficulties of transporting very large turbine cpanents
from the place of manufacturing by road to instaia
sites on land. Wind farms at sea also have lesnpat
to cause concern among neighbouring citizens anelr ot
stakeholders unless they interfere with competing
maritime activities or impact negatively on impaitta
marine environmental interests. In fact, wind farais

sea may be advantageous to protect marine ecos/stem

and may generate synergies with other emerging afses
the sea such as offshore aquaculture, which caefiben
from the substructures of wind farms.

78

of the offshore wind market in 2014 and overall in
Europe.

Below, there are figures and data taken out fraen th
aforementioned reports.

Onshore and offshore annual markets [5]

Offshore wind installations in 2014 were 5.3% less
than in 2013, with 1,483.3 MW of new capacity grid
connected. Offshore wind power installations repnes
12.6% of the annual EU wind energy market, dowmfro

14% in 2013.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

ANNUAL ONSHORE AND OFFSHORE INSTALLATIONS (NW)

Figure 2 Annual onshore and offshore installations
(MW) [5]
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Year 2014 in figures Of the total 1,483.3 MW connected in European
« 408 new offshore wind turbines in nine wind waters, 50.7% were in the Atlantic Ocean, and 49.3%
farms and one demonstration project were fully were located in the North Sea.

grid connected between 1 January and 31 Siemens continues to be the top offshore wind
December 2014. The new capacity totals turbine supplier in terms of annual installationgith
1,483.3 MW - 5.34% less than in 2013; 1,278 MW of new capacity connected Siemens accounts

« 536 turbines were erected during 2014, an for 86.2% of the market. Vestas (141 MW, 9.5%),are
average of 5.9 MW per day. 373 of these (45 MW, 3%) and Senvion (12.3 MW, 0.8%) are the
turbines are awaiting grid connection; other turbine manufacturers who had turbines grid

«  Work is on-going on 12 projects. connected in full-scale wind farms during 2014.

- 2,488 turbines are now installed and grid Samsung connected its demonstration turbine tgide
connected, making a cumulative total of 8,045.3 in Fife, UK (7 MW, 0.5%).

MW in 74 wind farms in 11 European Similarly, in terms of units connected, Siemens
countries; remains at the top with 340 3.6 MW turbines anceréin

Once completed, the 12 offshore projects currently MW offshore wind turbines (85.5% of connected wind

under construction will increase installed capatifya  turbines) connected in European waters during 2014.
further 2.9 GW, bringing the cumulative capacity in Siemens is followed by Vestas which connected 47 3

Europe to 10.9 GW. MW turbines (11.5%), Areva (nine turbines of 5 MW,
During 2014, work was carried out on 17 offshore 2.2%) and Senvion (two turbines of 6.15 MW, 0.5%).
wind farms in Europe, thus: Samsung, connected one demonstration turbine of 7
MW.

The average capacity rating of the 408 offshore
wind turbines connected to the grid in 2014 was 3.7
MW, smaller than in 2013. The popularity of Sieniens
3.6 MW turbine (340 wind turbines connected in 2014
keeps the average turbine size near the 4 MW mark,
despite the emergence and installation of largézdra
turbines.

Cumulative market figures

A total of 2,488 wind turbines are now installedlan
e . : : connected to the electricity grid in 74 offshorendi
T — = 5 T farms in eleven countries across Europe. Totahilest
W omneted o e o 269 e capacity at the end of 2014 reached 8,045.3 MW,

producing 29.6 TWh in a normal wind year, enough to
Figure 3 Share of annual offshore wind Capacity cover 1% of the EU'’s total electricity Consumption.
installations per country (MW) [4]

Country Belgium Germany UK

G 11: CUMULATIVE AND ANNUAL OFFSHORE WIND INSTALLATIONS (MW
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Figure 4 Cumulative and annual offshore wind ilat&ins (MW) [4]
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The UK has the largest amount of installed offshore
wind capacity in Europe (4,494.4 MW) - 55.9% of all
installations. Denmark follows with 1,271 MW (15.8%
With 1,048.9 MW (13% of total European installagpn
Germany is third, followed by Belgium (712 MW:

wind turbines located on an area of 500 square
kilometers.

Wind turbines will power 1.8 million homes - about
2.5% of the total electricity demand in the UK. [6]

The use at a maximum level of the available energy

8.8%), the Netherlands (247 MW: 3.1%), Sweden (212in the UK creates jobs and businesses in the cguntr

MW: 2.6%), Finland (26 MW: 0.3%), Ireland (25 MW),
Spain (5 MW), Norway (2 MW) and Portugal (2 MW).
The 8,045.3 MW of offshore wind capacity are mainly
installed in the North Sea (5,094.2 MW: 63.3%).08,8
MW or 22.5% are installed in the Atlantic Ocean and
1,142.5 MW (14.2%) in the Baltic Sea.

Predictions for 2015 and 2016[4]

The market outlook for 2015 remains stable in
terms of capacity to be brought online. There ae\e
projects under construction - representing 2.9 GW -
the pipeline for the next 12 to 18 months. Fivehefse
projects had some wind turbines connected to tlkigr
2014; once completed they will result in a furtiet8
GW of capacity taking the cumulative offshore wind
capacity to a minimum of 9.2 GW in Europe. However,
predictions of reaching 10 GW by 2015 are well with
industry expectations.

2015 will see Germany overtake the UK in annual
grid connected capacity. The largest wind farmdbéeo
fully completed will be RWE’s Gwynt y Mor (576 MW)
followed by Global Tech 1 (400 MW), both expected i
Q1.

2016 however will see a slump in the market,
featuring a low level of wind turbines being corteet
The UK is unlikely to fully commission any hundred-
MW scale offshore wind farms, though the 50 MW
Kentish Flats Extension may be started and
commissioned. Outside of the UK, only Germany and
the Netherlands are expected to bring capacitynerih
2016 with DONG Energy’'s Gode Wind 1 and 2 and
ENECO’s Westermeerwind.

Further in the future, EWEA has identified 26.4

GW of consented offshore wind farms in Europe and

future plans for offshore wind farms totalling mdhan
98 GW.

Wind farm size

while providing the best deal for consumers and
reducing dependence on foreign imports. [7]

Related to the off-shore wind power, a further
promising concept is offshore floating wind pow&he
deepening offshore coastal areas on the Atlantbest
make offshore turbines with fixed foundations too
expensive. A floating platform that is anchoredthe
seabed could be a more cost-effective solutiorhdse
waters. There are currently two offshore wind flogt
demonstration projects in operation, in Portugatl an
Norway. [2]

The world's first floating wind turbine on a large
scale, Hywind, supported at a depth of 220 metars w
assembled in Amgy Fjord near Stavanger, Norway, in
2009, before the implementation of the North Sea.

The "Hywind" was developed by the companies
Siemens and StatoilHydro and it is tested in oriber
provide a detailed analzsis of this concept.

Hywind turbine was designed for placement at
depths of 120-700 m, which could open up many
opportunities in offshore wind turbine technolodye
turbine has a length of 107 meters, is anchorel stéel
hoses and center of gravity is below the waterasexf

(8]

In 2012, the average size of connected offshore Figure 5 Hywind offshore floating turbine via FlickC

wind projects was 286 MW while in 2013 it was 485
MW. In 2014, it was 368 MW. This is the result bkt
completion in 2013 of the record breaking Londomar
(630 MW).

Related to this project, London Array expansion,

According to a new report by the European Wind
Energy Association, the total electricity consuroptin
the European Union could have - in fact, it may be
exceeded by more than four times — by the floating

postponed in 2014 was relaunched in 2015, thus, thepffshore wind farms in the deep waters of the Seeh\

British will have the largest offshore wind farm ihe
world. It is to be built off the coast of Yorkshjreshere
they will be installed no less than 400 wind tudsin

The report also calls on the EU to set new renesvabl
energy targets for 2030.
The report argues that floating wind turbines - &nd

When completed, the project Dogger Bank Creyke Beckor other wind turbines specially adapted for deepevs

will be two times higher than the current largeféstmore
wind farm in the UK, which includes two plots of 0
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energy infrastructure in the future. According tmet
European Wind Energy Association (EWEA), regardless
of the development costs, the floating turbinegcause

of their very low use of steel - are competitiveténms

of cost with the conventional turbines, which are
installed in waters deeper than 50 meters.

The report states that if the appropriate polieies
implemented now in order to impel the developmennt a
implementation of the next-generation floating tndes,
the offshore wind EU total capacity could reach T8¢
by 2030.

The offshore wind sources are in a solid growth.
But solid figures cannot counter that wind indusisy
experiencing instability policies and regulations,
economic crisis and austerity. If European govemse
guarantee the stability of the policy and will solthe
problem of connecting to the network, the offshaied
industry will have an important contribution to the
energy needs. [9]

3. SWOT ANALYSIS

The SWOT analysis on the marine RES represents a
necessary assessment of the strong and weak points,
trying to adjust the strengths to the opportunitesl
reduction at a minimum level of the threats, eliatéd

the weak points.

The present SWOT analysis includes the four
points, covering the marine RES: the offshore nearin
energy.

From the Strengths category, there can be listed:
favored the increase of the interest in exploiting
the offshore wind energy.

The offshore wind provides energy with zero
emissions that not pollute in accordance with
the objectives of reducing the pollution
worldwide.

The offshore wind energy is inexhaustible and
free resources, the wind has unlimited potential
compared with primary limited energy
resources. The marine energy is a vast,
indigenous, clean and renewable source.

The energy generated by offshore wind could
be transferred into mechanical and electrical
energy.

The energy produced by offshore wind could be
used complementary with the solar energy.

The offshore wind speed is higher than onshore
wind speed, leading to a higher production of
energy.

The offshore projects are bigger than onshore
projects.

In the case of the onshore turbines, part of the
marine RES, there was noticed that the blades,
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in their rotational motion associated with the
noise can cause a state of stress in the
residential areas. In offshore turbines, the long
distance from the shore, including here from the
populations, excludes this inconvenience. Thus,
the wind farms at sea cause less concern among
neighbouring citizens

Larger experience in the wind energy sustains
the expansion of the offshore wind energy.

The development of the offshore wind energy in
a specific region will provide significant
contributions to the local economy and
community. The positive impact will be
resulted from the capital invested associated to
the project implemented thus providing
permanent and temporary jobs, services and
economic growth.

The use of offshore wind energy contributes to
a more balanced proportion between supply and
demand of energy and gives a greater level of
independence from the limited primary
resources. It contributes to the energy security
of countries/regions and decreases the
dependence on imports of energy from other
regions.

The continuous need to the efficiency increase
of the technologies used in the offshore wind
energy exploitation leads to the development of

the research activity, distinguishing a
permanent opening to the renewal and
improvement.

The RES sector expansion in recent years hasin the Weaknesses area, there can be included:

There is a low infrastructure that leads to higher
cost for integration of the energy generated by
the offshore wind into the existing energy

network. The energy produced at sea is difficult
to distribute on land. It is therefore necessary to
extend the interconnection capacity.

At the offshore wind turbines that are not

connected to the National Energy System, it is
necessary to store the energy in batteries,
resulting higher costs to maintain the plants and
installations.

The offshore energy is not constant over time,
depending directly on the wind speed; thus this
marine source of energy is characterized by
unpredictability of wind speed.

There are higher expenses for construction and
maintenance of the offshore wind plants, which

in the absence of a solid and appropriate
government support transform this type of

energy source: marine RES, in an undesirable
area for potential investors.
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Larger expenses are reflected in higher rates ofsociety with limited primary resources where the

these sources of energy compared to otherintention is to limit the environmental pollutiothe

energy resources. solution is to find and use the alternative enesgyrces.
Within these renewable energy sources, the marE® R

In the Opportunities sector, the following are @ined: occupy a significant place, due to the charactesisif
Working-out of the land for the onshore wind these resources. In this context, it is appropreate
turbines relevant to mention the benefits faced by maritimied
Working-out of the primary resources energy; based on them, there are outlined diresfion

The existence of the government programs of &ction to be taken in order to promote, develop thpe

financial support in developing this renewable of energy. _ _
energy source represents prerequisites for Among the benefits compared to the production of

investors to reduce the risks of these investmentonshore wind energy, it can be mentioned:

projects. » production units at sea are larger than on land;
Complementary investment guided to the * winds are stronger and more stable at sea than
commercial space area on land;

The development of offshore wind turbines + wind farms at sea cause less concern among
with larger blades and more effective _neighbouring citizens. N

New technologies which attempts to climb This type of wind farm can be beneficial for the
obstacles appeared after the current operationProtection of certain marine ecosystems and caa als
(floating offshore turbines). allow other new uses of the sea to be developed,

The existence of programs and ongoing especially offshore aquaculture, which can berfeditn
concerns in Europe and worldwide on pollution the substructures of wind farms.

and strategic objectives of reducing pollution This energy is also a vast, indigenous, clean and
and integration of RES (and implicitly marine "énewable source. ,
RES) in the energy mix creates opportunities Other sources of energy production should also be

for RES development (implicitly marine RES) deveIo_ped on a large scale, such as tidal, waeemtd
or marine current energy.

In the Threats. there are included: The development of maritime wind energy is a

relevant alternative because it contributes to the
implementation of clean energies.

The figures are promising: in the European Union,
the offshore wind power installations representuacb
12% - 14% of the annual EU wind energy market i th
last 2 years.

Higher costs for the offshore wind turbines
compared to onshore ones; hence the higher
investments and high interest in the onshore
area, a real obstacle for the development of the
offshore wind turbines. The offshore turbines
will not be preferred until the land for the
onshore ones is not worked out.

There are risks arising from the novelty of the S.
procedure and lack of experience in some
specific fields working with some new
technologies that have not long.

'(I;Ee mt_ernatlonal fm:_;mmgl Erol_alemfs [2] Communication from the Commission to the
anging consumption behavior of consumers European Parliament, the Council, the European

Legislative instability and lack of adequate g£cqnomic and Social Committee and the Committee of

measures for fmanqgl support. _ _ the regions 2014 Blue Energy

Involvement of politics at a high level in this 3] gpergy Strategy of Romania during 2007-2020

area of_ activity and legislative changes arising [4] The European offshore wind industry - key tien

from this trend and statistics 2014 — January 2015

Competition that it faces from the onshore wind (5] \wind in power 2014 European statistics — Febyua
energy sector (and other RES sectors) and theog1g

oil and gas industry for financing, equipment [g] www.dailymail.co.uk

REFERENCES

[1] Puiu, O.,Energia — prioritate de interes planetar,
Bucureti, Editura Independea Economig, 1996, p.
141

and expertise [7] http://www.solar-magazin.ro
[8] http://www.naturenergy.ro
CONCLUSIONS [9] www.businessgreen.com

[10] http://ro.wikipedia.org

Undoubtedly, the RES sector gained an important
place in the energy mix of many countries in thst la
years. The trend is natural in a growing economya i
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PHOTOVOLTAIC CELLS-PROJECT OF USING THEM ON CARGO SHIPS
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Abstract: The main focus of thisarticle isthe development and use of clean renewable energy sources on ships.

The main goal is the diversity of energy sources and the reduce of environmental pollution, hoping that this will
ensure future energy security of supply. | propose to install the solar panels on a port-container. The reason of this
article is to try to reduce ship pollution and the quantity of fuel used, that mince, to reduce the price of
transportation and to save money. As a result of my research | discovered that is more convenient to use the
Rawlemon photovoltaic sphere that normal solar panels. Photovoltaic sphere is generating energy by day and night,
in all types of weather. It has a yield with 70% higher than normal photovoltaic panel attached to a fixed mount, it
can generate upto 3.4 kWh/day.

Environmental impact of photovoltaic field is limited to space used and to the visual impact because there are nil
polluting emissions, thermal or acoustic. Photovoltaic sphere is revolutionizing photovoltaics panels, it captures the
Sun rays on the opposite side of the sphere acting as a lens which focuses them on a large area directly to the solar
panel. Action on energy efficiency is one of the fastest and most effective ways to support improving the
performance of companies with respect the protection of environment. Energy is one of the most controllable
costs, because any energy savings are accounted directly into profits.

Key words: Conversion; Energy; Environment; Generator; Pollution; Ship; Solar.

1. INTRODUCTION By the definition content we can clearly see that t
greatest responsibility for environmental pollutigate
The environment can be defined as a combinationman, pollution is the mainly consequence of itsialoc
of elements and natural and artificial fen omemamfr  and economic activity.

Earth, which provides the favourable conditions tloe Environmental pollution has emerged with the man,

development of life and human activity. but it has developed and diversified with humarietgts
The environment is the set of conditions and evolution, reaching today one of the most important

elements of the Earth: water, air, soil and subsall concerns of specialists from various fields of sceand

layers of the atmosphere, all organic and inorganic Governments, of the entire population of Earth.

materials, as well as living beings, natural system Industry burn fossil fuels, releasing greenhouse

interact, including items listed above, includingtarial gases into the atmosphere which warm the Earth.

and spiritual values. Air pollution is caused by industry, transport,

energy systems, agriculture, and every one of us.
2. ENVIRONMENTAL POLLUTION Mankind continues to seek other energy sources to

replace those present. Oil and fossil fuels willloger
The most common forms of pollution are: water be find in a few decades, and the people of Eagtidn
pollution, soil pollution, air pollution (atmosphey. energy that is cheap but not polluting: renewablergy
Pollution is changing the natural components While depletion of fossil fuel reserves, combined
through the presence of foreign components, calledwith rising the higher price of oil and strong iease of
pollutants as a result of human activity, and aamdy environmental pollution, resulting from the usefadsil
their nature, by the concentration which they arenti fuels, led to shift in energy policy. The main feds the
and by the time they act, the harmful effects oalthe development and use of clean renewable energy esurc
which causes discomfort or prevent the use of The main goal is the diversify of energy sourced tie
environmental components essential to life. reduce of environmental pollution, hoping that thid
ensure future energy security of supply, for theakirad.
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3. RENEWABLE ENERGY

Renewable energy is energy that comes from naturale
resources such as sunlight, wind, rain, tides and
geothermal heat.

Using renewable energy sources in the maritime
industry would reduce environmental pollution anllyw
not, at least, reduce of fossil fuel costs for ieast

In this article | propose the use of green enesgggra
alternative source of energy for container shipsets

Solar energy can help us to slow down or stop
global warming, which threatens the survival of lamm
society and the survival of countless species.

Solar energy is the transmitted electromagnetiaggne
generated by Sun thru Nuclear Fusion. It underpihs
life on Earth and is about 420 trillion kWh. Thismiaunt

of energy, generated by the Sun, is several thausan
times greater than the total amount of energy bseall
people.

Advantages and disadvantages of solar energy:
Advantages:

. It is an inexhaustible source of energy
Itis free as a primary energy form

intensity of solar power systems. This number
depends on the location of the system.

Regarding solar hours, this means that in a
decent location, the photovoltaic system will get
about 6 hours of sun per day (250 W for 24 hours or
6 hours of sun).

The image below represents the general map of

potential solar radiation on the globe. One housuf
equals 1 kWh per square meter per day.

P o
B

W ¢
¥ el

General map of selar potencal radiation inFurope. (42004 - 32010

Figure 1 General map
of solar potential radiation in Europe

Table 1. The generation potential of electricahsol
energy using the thermodynamic conversion

It is relatively evenly distributed throughout the
globe

Itis a clean energy
It is a safe energy source (sun rises and sets

every day all over the world, knowing exactly at
what time will be the sunrise every day of the year
Provides Energy Security (can not put tax on Sun).

. Provides energy independence (after you have
installed solar panels you have an independent

source of electricity that is only yours).
Disadvantages:

. Diffuse character

Low Density

Discontinuous character:
seasonal cycles of variation

shows daily and

The needs of using batteries to store electricity
produced by the solar panels to use it later.

Features The amount of
energy TWh / year

Global solar radiation on 8
surface of Earth 240 x10
The area of desert occuf )
7% of the total area of th 17.0 x10®
Earth
Available direct radiatig .
fraction (about 70 % ) 11.2x10
The annual average efficie
of solar energy conversi 11.2 x10*
into electricity (about 15 %)
Semiarid and arid of locatig
for solar plants in spa 2
haktat and access to facilit 16.8 x10
(1 % of the Desert)
Overall electricity productic :
in 2000 15.0 x10

4, THE SOLAR ENERGY POTENTIAL

The greatest theoretical potential of renewable

energy is solar energy - about 89,000 TW. Direct 5

The areas most favourable in terms of solar energy

conversion, are at the equator and the desert.

ENERGY CONVERSION

normal radiation is the most important component of ~

solar energy in terms of energy conversion. This is
affected by both climatic conditions and the distan
travelled by sunlight through the atmosphere.

morning and evening and zero at night, a daily
average of 250_% is often used to estimate the

Given that direct sunlight is less intense in the 51

In order to use solar energy, we need its conversio

in other forms of energy, such as:

Photothermic conversion

Photothermic  conversion  (thermo-conversion)

involves transferring the energy from sunlight tater,
steam, hot air, other media (liquid, solid or gas3oThe
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They are now used to supply with electricity

heat thus obtained can be used directly or convémnte common household items, but also to generate ptower
electricity by power plants or thermionic effect.clan a whole house, locating them on the roofs of hauses
also be used by thermochemical transformationsay m It is based on the direct production of electricity

be stored in various solid or liquid medium. through silicon cells. When the sun shines and when
Photochemical conversion has a great importance inclimatic conditions are favorable, the sun providewer
industrial applications, space heating, preparifdat of 1 kw/mz2. Photovoltaic panels allow direct corsien

water consumption, drying materials, water digtiiia, into electricity of 10-15 % of this power.

etc. Energy production of such a panel varies with
Photovoltaic solar panels generate electricity increase or decrease of the solar intensity: 100 KW

4h/day- 6h/day. sgqm / year in Northern Europe and in the Meditexaan

Solar panels generate electricity and simultangous| area is twice as bigger. A photovoltaic roof of Sréter
store energy, in batteries for use during nightetim has a 3kW power and produce 2-6 MWh / year. If the

without connection to the national electricity grid 10,000km? existing roof in France would be used as a
) . solar generator, the output production would bed@,0
5.2 Photomechanical Conversion TWh per year, more than double of the final eletyi

. o _ consumption in France in early 2000 (450 TWh). The
Photo mechanics Energy Conversion is important in main barriers to widespread use of photovoltaicarsol
space energetics, where conversion based on lighknergy (and heat) represents, on one hand thehleail
pressure gives energy for the engine type "soldf, sa power output, which constrains the electricity at for
used in spacecraft flights. Photo mechanics coiers  ayutonomous operations or the use of complementary

refers at equipping the spacecraft which are desigh  energy solutions and secondly economic competjtivel
for long journeys, interplanetary, with so-calledalil

Solar", which, due to the interaction between phsto

and large reflective surfaces, conducted after ship 6. SOLARCELL
reached the cosmic void, it occurs the spacecraft
propulsion by the ceded momentum of photons at
interaction.

The photovoltaic effect is based on three
simultaneous physical phenomena:

. Absorption of light by materials;

. The transfer of energy from photons to electrical
charges;

. Collection tasks.

Silicon solar cells are composed of non-crystalline
(amorphous) or crystalline.

Solar cells from other materials such as GaAs or
CulnSe2 are still in the development phase. Silicon
atoms not ordered, which allows the productionhif t
silicon sheets. Amorphous silicon is used in moslule
with a power of 30 W. The disadvantage is the lasidy
of 5-7 %. Therefore, it is necessary doubling thdexe
of solar modules monocrystalline or polycrystalline

5.3 Photochemical Conversion

Photochemical Conversion is divided into two
categories: one involves the use of direct sunt ligh
excite molecules of a body and the other indireset oy
plants (photosynthesis) or processing the prodoéts
animal dejection. Photochemical conversion is used
obtaining fuel cells by the above processes.

54 Photoel ectric conversion

Direct photoelectric conversion is performed using
the properties of semiconductor materials used in
manufacturing solar cells. Solar energy can be used
industrial, agricultural and household in the area. £ MATERIALSAND SOLAR CELL TYPES

Solar energy uses photovoltaic panels that capture
energy from the sun to generate electricity. loime of
the sources with the fastest growing energy andrsol
panels are becoming more efficient, easier to frarts
and to install.

Photovoltaic panels convert light directly into
electricity at the atomic level. Some materials endtve
property of absorbing light photons and to release
electrons. This effect is called the photoelectffect.
When these electrons are trapped results an electri
current which can be used as electricity.

Many solar cells made of various materials have
been developed in recent years. The material used t
manufacture most solar cells, based on semiconduisto
silicon. Cells are classified as crystalline ontfiim.

Crystalline cells are "cut slices" from ingots or
"casting" crystal silicon and thin-film cells comavery
thin layers of cheap material (glass, stainlesslste
plastic).

If at first were used for solar cell production veas
from other processes based on semiconductors, igday
rely on materials manufactured specifically for sthi
purpose.

85



ISSN 1844-6116

Journal of Marine technology and Environment Y25, Vol.2 ‘s

Silicon is almost ideal for producing semiconductor
material. It's cheap, it can be produce from a lsing
crystal at a high degree of purity and can be cuoirtate
in semiconductor type "n" and "p". By simply oxiuabat
can be created thin insulating layers.

However forbidden zone breadth of silicon are less
suitable for direct use of the photoelectric effesolar
cells based on crystalline silicon requires a lagér
thickness of 100um or at more for absorbing the
sunlight effectively.

In cells with thin film of direct semiconductor af
type such as GaAs or silicon with strong crystallin
structure which is disturbed, are enough 10 pm.

possible of the solar radiation.

Figure 3 Photovoltaic sphere [1]

The company Rawlemon came on the solar market
with an innovative idea of collecting solar eneigythe
form of a sphere capable of capturing as much as

The most effective methods of harnessing the solar
energy are those that involve focusing the suniliigtiat a
point and the solution of the Spanish from Rawleri®on
based precisely on this concept. They created arsph
that incorporates a small solar panel. The suy's aae

captured by the opposite side of the sphere, whith as

Figure 2 Types of cells a lens which is focuses them on a large area tirext

the solar panel. In addition, the scope is mourmecd

8. SOLAR AND LUNAR ENERGY base similar of holding an Earth globe which alldivs

GENERATOR (Photovoltaic sphere wich is tracking panel constantly, its orientation to benefit as mfrom
the Sun) sunlight. Basically, in this way, the surface ofeth

photovoltaic panel is only 1 % of that of a photitaiz

The German architect André Broessel, set in panel which is situated in a seated plan.

Barcelona, made a prototype of a solar concentrator
functional and efficient. 9. THE RAWLEMON CONCEPT

Made of a glass, the sphere is filled with water.
The device can capture and focus both solar energy o)

which is direct but also the energy reflected byomo Diffused light

The ensemble, which is currently in the phase of @0 o

. . . . - : . @ 0L
licensing is the third prototype done, its effeetiess Son Jooneer| Qg ﬂ

compared to other systems is, according to the
calculations of A. Broessel, increased by 35 %.

Broessel through his company Rawlemon proposes
an alternative device at the classic mode of camur

e

Z C
Tracking system 4 Collstor b oy

L
£

solar energy . Who knows, maybe we will soon have a  rigre 4 The Rawlemon concept or photovoltaic spher

integrating sphere in each wall of the house.

By the combination of spherical geometry with a
double-axis tracking systems, spherical solar systt
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Rawlemon can reach an excendent up to 70 % compared

to a conventional photovoltaic panel, when botlhefm
are arranged vertically. This enables solar capdguri

Fixed on a solar tracking system - with a single
axis of rotation: East-West, gives: Energy produped
day / Summer 700 Wh / Day, Maximum power 125 W,

energy systems of Rawlemon to be integrated anyavher voltage 12 V, maximum power voltage is 17,5 V,

and anytime. At the same time it is reduced théaser
of photovoltaic cells at only 1 9%, which gives a
revolutionary perspective of producing electricay a
low cost. Rawlemon is the first company that fosuse
concentration diffused light. From the economicnpaif
view, this is a unigque opportunity to produce solar
energy where conventional systems failed.

maximum power current is 7.14 A, 21.7 V voltage, off
short circuit current 8 A, Number cell / panel 36
156 x 156 mm cell size, weight 12.1 kg / 3.2 mm,
Warranty 26 years, panel size 1500 x 680 x 35 ning s
40% higher yield;

. Fixate tracking system on a solar - two rotary axes
east-west and north-south, gives: Energy produasd p

Rawlemon intends to put on market several modelsday / Summer 750 Wh / Day, Maximum power 125 W,

of spheres, named Beta. Ey, with different dianseter
The smallest of them is Beta. Ey S with a diamefer
only 10 cm and with the battery capacity of 27.5.\M¢h
was designed to be used as a charger for smartptimne
a USB 2.0 cable.

Another model, is Beta.Ray 1.0 which will generate
up to 1.1 kWh per day, storing the energy in adogtt
with a capacity of 1.8 Wh.

The most powerful model, will be Beta. Ray 1.8
which will have a diameter of 180 cm and will bdeatn

voltage 12 V, maximum power voltage 17.5 V, a
maximum power current of 7.14 A, 21.7 V voltage, off
short circuit current 8 A, Number cell / panel 36
156 x 156 mm cell size, weight 12.1 kg / 3.2 mm
Warranty 26 years, size 1500 x 680 panel x 35 ning s
higher yield by 45%;

Generator of solar-energy and lunar sphere
Rawlemon photovoltaic gives: Energy produced pgr da
/ all-weather 3400 Wh / day = 3.4 kWh / day, 180& m
diameter sphere, so a 70% higher yield than phdi&ico

generate up to 3.4 kWh per day and which a storingpanel attached to a fixed mount.

energy capacity in a battery of 5.4 kWh. Unlike the
miniature model Beta. Ray 1.0 and Beta. 1.8 Rag, th
lens will be incorporated in the polymer filled twit

water. Of course, that means they can simultangousl

generate also heat. The solution seems to be exyem
clever, but the prices of the spheres are stillaamay
from a home user. Beta. Ray 1.0 costs is $ 6,000, a
Beta. Ray 1.8 costs is $ 12,000.

11. SOLAR ENERGY STORAGE

Solar energy from the Earth crust is a source of
energy dependent of the rotation of the Earth and
atmospheric conditions . The energy demand is bkria
over time and depends on the number of consumers
connected at a certain moment of time. As a

The company goals are to provide an alternative_ to consequently, if we want some consumers to be &gpl
the current technology marketing energy production with energy derived from sunlight, is necessary to

from solar radiation and to launch a revolutionsygtem
of architecture for buildings, to produce -electsici
independently.

The reason for creating the system of producing

spherical solar electricity has gone from the ideat
"we can squeeze more energy from the Sun "
Spanish from Rawlemon.

10. COMPARISONS BETWEEN DIFFERENT
TYPES OF CAPTURE AND FOCUS SYSTEMS IN
PV

. Fix on a fixed mount (fixed on roof or ground)

said.

provide adequate storage elements (accumulation) fo
energy.

The features which must fulfill a solar energy
storage unit:
the storage unit must be able to receive enerdy wit
maximum speed without excessive thermodynamic
forces (e.g. differences of temperature, pressure,
potential, etc.);
. storage unit must deliver energy with maximum
speed (depending on the purpose plant) withoutgusin
excessive thermodynamic forces;
. storage unit must have low loss (a low self-

gives: Energy produced per day / Summer 500 Wh /gjscharge characteristic);

Day, Maximum power 125 W, voltage 12 V, 17.5 V

. energy storage unit must be capable of supporting a

voltage at the maximum power, maximum power c:urrent|arge number of charge-discharge cycles without

7.14 A, 21.7 V voltage off, short circuit current/g

Number cell / panel 36 PCS, 156 x 156 mm cell size,

weight 12.1 kg / 3.2 mm, 26 years warranty, Pair s
1500 x 680 x 35 mm;

87

substantial reduction in its capacity;

The drive should be relatively cheap.

The autonomous electrical energy storage systems
is ensured by batteries, and the type used arealadd
batteries.
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They are of two types: 12.2 Planet Solar
1. batteries with liquid electrolyte;
2. batteries containing stabilized. Planet Solar is the largest catamaran in the world
powered by 512n7of solar panels.

12. SOLAR ENERGY - APPLICATIONS AND
USES

121 Using solar energy on ships

Auriga Leader is a car carrier vessel (RO -RO )
under Japanese operator NYK with a gross tonnage of
60,000 tons , which can carry up to 6,200 carhak
been upgraded with solar cell modules hoping taced
0, emissions and fuel consumption.

During the tests it was shown that solar energy
carried by the solar modules was enough to saveris3

of fuel .According to tests carried out proved thaly Figure 5.2 Solar Boat [3]
change of weather has a significant influence om th
amount of energy generated by the solar modules. To make it easier, but also resistant its strucisire

made of carbon. It is equipped with 6 blocks dfilim-
ion battery that gives autonomy of navigation irrkda
about 72 hours.

Planet Solar is fitted with a 60 kW electric motor,
its average consumption is only 20 kW. This bodt(é
% ecologic, with O emissions 60-.

With a draft of 1.5 m, a height of 6.3 m building,
the length between perpendiculars fore / aft ofrB&nd
a maximum width of 23 m , weighing 89 tons, Planet
Solar has a top speed of 14 Nd, the average behd. 5
In the craft can fit up to 60 people.

The boat was built in 14 months in Germany in
Kiel , worth 12 million euro.

Photovoltaic spheres will be located on aft part of

. o containerships Pelican on level 84.
Figure 5.1 RO-RO ship with solar energy systems At the stern of the ship we have available surface:
as an alternative source [2] S=L x| = 32 x 30 = 96Cm"

) ) A photovoltaic sphere covers an area of &8
The researchers decided to use batteries to storgsijven that between spheres will be a space for
energy produced by solar panels and use it when isconnection and maintenance thereafter, we congfiger
cloudy or night. the area required for the establishment of a spise2e2

Auriga Leader is equipped with a hybrid power w2 The maximum number of spheres that we can locate
system. On board are brand batteries nickel hydroge on the ship stern is:

Gigacell massive, developed by Kawasaki Heavy N = total surface: surface of a sphere =960:2.2 =

Industries. The batteries are discharge /chargerdipg 436 m-,

on the power needed by the ship and the elecpmakr Ensemble of the spheres will generate a power of:

generated by the solar cells. P= 436 x 3,4 Kwh per day = 1482 Kwh per day
If it turns out that it is a success, Kawasaki and = 1482/24=62 kW

NYK Line hopes to commercialize this type of vedsel With this energy we can power part of secondary

reducing the emissions and fuel use in cargo sthigts consumers like:

burn an average of 120 gallons of fuel per mile. «  The lights of the castle

Auriga Leader ship's diesel generator running with Consumers service (sockets)
a low sulfur content. The ship has a treatmentesydor . The lights in engine room
ballast water to prevent introduction invasive $ggdn

o . The lights on the main deck
the ports that they visit.

. Fire Detection System
. Fire extinguishing system with water and foam in
engine room
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. Smoke detection system in the cargo

»  The time for using the solar panels is expected to

. Emergency generator Console from engine room be 25 years, in which case their performance shoaotd

and the bridge console

. The control panel for charging / discharging
batteries

fall below 80% of baseline.
>  Photovoltaic sphere is revolutionizing
photovoltaics panels, she captures the Sun raythen

Schematic, for connecting photovoltaic spheres atopposite side of the sphere acting as a lens whimses

the cargo ship we must follow the following steps:

I Curtent Converter (fromce t02.6) . I

| Tunum;m::o\'u |
I Distibution paael I Castle ights I 20 Kw
Service Consumers ( sockets ) | sokw
- ‘Engine Room Lights I
i L ight the Main Deck 30 Kw
‘Fire Detection System 10 Kw
| B
| tokw
Control pane! for loading / discharging batteries 10 Kw
Figure 5.3 Scheme of connecting
photovoltaic spheres on a Ship
13. CONCLUSIONS

»  Environmental impact of photovoltaic field is
limited to space used and to the visual impact sza
there are nil polluting emissions, thermal or atiou©f
course, energy balance and environmental contest mu
be taken into account,
emissions resulting from production of PV modules.
High energy values are obtained when the photaeolta
field is connected to the network and installecaieas
with many sunny days per year.

» s it relevant to the community to be informed

about the performance of PV systems, information is

vital in this area; any delay in promoting recent
discoveries may slow down the implementation o&usol
energy on a global scale.
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energy consumption and

them on a large area directly to the solar panee T
sphere is mounted on a base similar of holding amhE
globe which allows the panel to orientate consyaatid

to benefit as much from sunlight. Photovoltaic Sphe
can generate heat and electricity simultaneously.

»  Action on energy efficiency is one of the fastest
and most effective ways to support improving the
performance of companies with respect the proteaiio
environment. Energy is one of the most controllable
costs, because any energy savings are accountsdlylir
into profits.

The uptake of renewables energies has been
improved in the recent years, benefiting from direc
support of the government. While it is risky to raak
predictions, | believe that renewable energy wiline in
foreground and will play an important role in thend
of tomorrow, beginning with the decade that we are
passing it.

7. REFERENCES

[1] IRENA (INTERNATIONAL RENEWABLE
ENERGY AGENCY), Renewable energy technologies:
cost analysis seriess Solar Photovoltaics, Volume 1:
Power Sector, lunie, 2012

[2] NITA IRINA, Tehnologii de conversie a energiilor
neconvenyionale, Editura “Ovidius” University Press,
Constara, 2008.

[3]http://www.rawlemon.com/
[4]https://gcaptain.com/solar-powered-cargo-ship-
auriga-leader/#.VgxHt5¢32z4
[5]http://www.planetsolar.org/boat



ISSN 1844-6116

Journal of Marine technology and Environment Y2@15, Vol.2

90






PUBLISHED SINCE 2008
| SSN:1844-6116
ON LINE SINCE: 2008
PUBLISHED BY: Editura Nautica/ Constanta Maritime University





