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APPLICATION OF PROTECTIVE TIN COATINGS ON COPPER AN D ALUMINUM
LOW VOLTAGE BUSBARS OF ELECTRICAL DISTRIBUTION BOAR DS OF SHIPS

Bohos Aprahamian

Technical University of Varna, Faculty of Electdiéngineering, 1 Studentska Street, 9010, Varnig®ia,
e-mail address: bohos@abv.bg

Abstract: In this study an opportunity for investigation and application of protective monolayers of TiN obtained in
reactive arc method in N, atmosphere is examined. The coatings are deposited on copper and aluminium low voltage
busbars of electrical distribution boards. The aim is to reduce the contact-potential difference between the bushars,
made of different metals, i.e. copper and aluminium and, thereby, to reduce the power losses. The article also
presents the results of studies of corrosion resistance, in particular the resistance to salt sea mist of the coated
busbars. The possibility of using these busbars at sea has been experimentally proven.

Key words): monolayer coatings, TiN, adhesion, microstructure, corrosion, salt mist.

1. INTRODUCTION Corrosion damage may be complete or local,
uniform or non-uniform. The rate of corrosion ineth

The busbars in electrical distribution boards may b equipment is measured in grams of damaged metd! for
connected to each other and to electrical appatayus h on 1 ni metal surface. If its value does not exceed 0,1
bolted, clamped, or welded connections. Often,tgoin g/n¥, the metal is considered to be corrosion-resistant
between high-current bus sections have surfacésatha  the value reaches and exceeds 32gimthe metal is
silver-plated to reduce the contact resistance paovder somewhat resistant. Metals that lose more thanii0my
losses. In this study we propose an alternativéhef  an area of 1 fare considered not resistant to corrosion
expensive galvanic silver deposition [1]. [5].

The deposition of protective coatings of different Tests should be conducted according to standard
structural materials leads not only to surface IEC 60068-2-11 [6] and its national equivalents.eTh
modification for improving the operational charatgtc standard is used to test the relative resistance to
of the material, but in some cases to formation of corrosion of protective coatings, when exposed sala
fundamentally new composite materials sometimes eve mist (spray) climate at an elevated temperaturest Te
nano in size. Such coatings satisfy practicallyet of specimens are placed in an enclosed chamber and
requirements for technological and long life span exposed to a continuous indirect spray of neup#l §.5
advances. to 7.2) salt water solution, which falls-out on tioe

The hard, wear-resistant monolayers with specimens at a rate of 1.0 to 2.0 ml/80 cm?/haura i
nanoscaled grains of TiN deposited on surface @en th chamber temperature of +35°C. This climate is
material reduce the electrical resistance, wear andmaintained under constant steady state conditibhs.
friction, increase the hardness and not at lealsare test duration is variable.
the resistance to high temperature oxidation. Tdope The purpose of this paper is to present the adoptio
of application range of Physical Vapour Deposited of the technology and the application of monolayer
(PVD) coatings of TiN on different substrates ist no coatings of titanium nitride with electric arc ewagtor
examined and tested in details especially for non-on low voltage busbars of electrical distributiobabds

conventional purposes [2], [3]. of ships.
The processes in the atmosphere or in a gaseous
medium at ambient temperature, and sometimes at2. HELD EXPERIMENTS
elevated temperature when the formation of even the
thinnest layers of electrolyte (greater thanpif) onto On copper and aluminium bus bars with dimensions

the surface of metal is possible, refer to the 60x6 mm were deposited monolayered coatings of TiN
electrochemical corrosion. Electrochemical corrnsi® by arc method.
the most common form of corrosion of ships at sea.
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The experiments were held in a vacuum system fiacili
type TITAN 1-4 at the University of Rousse "A.
Kanchev”. The facility provides vacuum to
approximately 2.18 Pa. General view of the arc
evaporation engine, which were performed the
experiments is shown in Figure 1.

Figure 1 General view of the engine, used for the
deposition of TiN coatings on low voltage busbars

The scheme of the working chamber is shown in
Figure 2. The engine for coating is composed of
magnetron source of vapour 1, arc evaporator Adsta
which have different configurations depending oe th
experiment. Samples 3 are hung on the stand.

|
SRR |

77T
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N
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Figure 2 Scheme of the working chamber of therngi
for coating. 1 - magnetron source of vapour, Z- ar
evaporator, 3 - experimental samples, 4 - stand

Table 1. The PVD process parameters

Tvpe Durati | Temp | Thick
)(;Ff) on of | eratur ness
P | the e of of the
the. [Pa] UM [A] | deposi | deposi| coatin
coati - ;
ng tion, t|9n, g,
[min] [c] [pm]
TiN 5053 -150 | 120 30 ~100 ~1

For reaction gas nitrogen ;Nwas used and its
guantity was adjusted by the pressure indicatethén
table.

The topography and the microstructure of the
coatings were examined by an optical microscope and
captured by digital camera Zuzi Scope at magnificat
of x2000. The X-ray qualitative analysis of the tiogs
was made using X-ray diffractometer URD-6 with Fe-
Ko radiation. The working parameters during the
exposure were gentle, due to the specifics of the
deposition regime and the small thickness of theing.

In order to study the microstructure and abrasieamw
resistance, a Ball - wear test method was carngdvih
apparatus CSEM - Calotest - Switzerland. The deratc
tests were performed on the top surface of the Eamp
with a Revetest Macro Scratch Tester - Switzerhaitd
normal force range of 1 N to 100 N equipped with a
Rockwell C diamond indenter of 200m radius. The
system is equipped with optical microscope with
possibility to obtain photography. The coefficieot
friction was measured under constant (10 N) and
progressive loading for each two sets of coatedptesn
and bare substrates. Two or more scratches on each
sample were made and verified the obtained results.

The small thickness of the coatings does not allow
their microstructure and the coating thickness ® b
determined in details. The cross-section imagesvsho
that on the aluminium busbar due to the lower melti
temperature and density of the substrate, a pathef
coating is re-sputtered and therefore it seemsnéhin
than 1pm. Because of small thickness of both films, the
transitional contact resistance of the busbars ldhoot
be affected by the higher resistivity of the thiiNT
compound on the surface.

2

Figure 3 Different types of connections betwees bu
bars: 1- unilaterally offset overlap, 2- strap cection

[4]
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Different types of connections between bus bars,
made of copper and aluminium — Figure 3, will be

investigated to prove the minor change of the ftiamsl
contact resistance. The both presented connectioms

appropriate for use in connections subjected toy ver coatings on different substrates

severe vibrations on ships. For bolting bus thebbars
standard galvanized or cadmium plated steel balisbe
used, as well bolts with TiN monolayer coatings [4]

3. METHODS AND APPARATUS FOR
CONDUCTING THE CORROSION TESTS

The tests were conducted in the Laboratory for

material analysis and
measuring facilities of the “Acad. A. Balevski” Litste
of Metal Science of the Bulgarian Academy of Scenc

In general, the coatings are unaltered. They only
have different degrees of darkening with no apparen
corrosion of the coating. As far as the behaviduthe
is concerned, no
significant differences are noted. Differences he t
degree of darkening do not give sufficient inforimat
which substrate and its corresponding thicknesmast
appropriate.

4. CONCLUSIONS

Successfully are applied monolayer TiN coatings on

testing and calibration of copper and aluminium busbars for low voltage. The

resulting coatings have a high roughness and velgti
low thickness, which is apparent from the microstuce

Testing of test pieces was made in an aerosol chamb analysis. The wear after the applied Calotest figrint

Aerozol-Korrosionsprufkammera Type 1000 —
Switzerland - Figure 4, in accordance with stand&8

for the both busbars and depend on the used stéstra
All tested samples were resistant to salt mist tfer

EN ISO 7384:1996 and BS EN ISO 9227:2007, in a duration of 100 hours and fulfil the requirements o

medium of neutral salt mist - 5% NaCl, temperaflire
35.0°C, pH of the collected solution in the rangenf
6,5 to 7,2 at 25°C for the duration of 100 hours.

Standard EN 1SO 10289:2006 - Methods for corrosion
testing of metallic and other inorganic coatings on
metallic substrates - Rating of test specimens and

Test specimens are placed at an angle of 15° to 30‘manufactured articles subjected to corrosion t6S©
to the vertical and they not shield one anothemfro
environmental influences in this arrangement.

The difference with the standard test is that astamt
elevated temperature of T = 35.0°C must be maiethin
in the chamber.

Figure 4 General view of aerosol chamber Aerozol-
Korrosionsprufkammera, Type 1000

10289:1999). This conclusion is consistent with tirgh
corrosion resistance of coatings of the Ti/TiN type
known in the reference literature.

The study demonstrated that the developed low
voltage busbars with TiN monolayer coatings ardyful
applicable to ships at sea.
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ELABORATION AND TESTING OF LABORATORY STAND FOR INVESTIGATION OF
AN ARC FAULT DETECTION DEVICE

Bohos Aprahamian

Technical University of Varna, Faculty of Electdiéngineering, 1 Studentska Street, 9010, Varnig®ia,
e-mail address: bohos@abv.bg

Abstract: The arcing faults may have a severe impact on the ship or on the crew. The paper presents the elaboration
and testing of a laboratory stand for investigation of an arc fault detection device in the Technical University of
Varna, Bulgaria. The presented laboratory stand will train future electrical engineers to work with this new
protection device.

Key words: arc fault detection device, residual current breaker with additional overcurrent protection (RCBO),
protective electrical apparatus

1. INTRODUCTION fire provides protection against serial and pakalteing
faults. It is achieved by the arc fault detectiamtun
Arcing faults are the main cause of damage in combination with a MCB or a Residual current breake
electrical installations, even in ships. They resal with additional overcurrent protection (RCBO). The
particular from insulation faults or from unstuabntacts combination with the MCB is used together with RCBO
in the electrical installation itself and in theuggment As a result, all poles of the fused circuit arecdimected
connected to it. Caused by unstuck contacts otatisu from the network in the event of a fault. Its imatgd
faults, the arcing faults don’t have necessarilsiosss overvoltage protection release, which switchessafély
consequences, but it can ignite a fire and thuslav at a voltage of more than 275 V between phase and
severe impact on the ship or on the crew. neutral conductor, completes the range of protectib
Most of the electricity distribution panels and the the AFDDs. Thanks to the combination of the AFDDs
cable network on the ships are usually protected bywith an MCB or an RCBO, people and equipment are
means of miniature circuit breakers (MCB) and reald reliably protected against possible damage frome fir
current circuit breakers (RCCB). Therefore the darg caused by overload, short circuits or arcing fa{®s
current of an electric arc does not actuate ttrerrinpters [3], [4].
of the automatic breakers. The electric arc isanehort
circuit connection but is an active load releasingig 2. DESCRIPTION OF THE LABORATORY
amount of heat. The electric arcs are caused bypsive STAND
damages decreasing the distance between the electri
rims and damages of the mounting and in the insuat Figure 1 shows the basic design of the 5SM6 AFD
caused by the vibrations. These devices are najroes unit. For detection the both active conductors lihe
to detect arcing faults and do not provide adequateconductor L and the neutral conductor N are passed
protection from them. This is where the arc fault through the unit and switched. The line conductas L
detection devices (AFDD) come into their own, algsi  passed through two separate sensors: a currermrgens
the previous safety gap. The AFDDs are recommendeddetecting the line frequency signals and a highueacy
for new installations as well as for existing andeo sensor for detecting the high frequency signals.
equipments. There is a high risk of hazardous grcin Analogue electronic device prepares the signals for
faults particularly in older electrical installatis. processing in the microcontroller. The high frequen
The residual current protective devices already in signal of the current is scanned in the range f&@rto
use ensure protection against fire and protectiocase 24 MHz. It is referred as Received Signal Strength
of direct and against indirect contact. Miniatuiecuit Indication (RSSI) and represents the power of ticeah
breakers offer protection against short circuitsd an a defined frequency and bandwidth. When the
overload. The advanced preventative protectionnsgiai microcontroller records the criteria for an arcfaglt as

11
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fulfilled, a tripping signal is created and diretteia a The mounted protective device is tripped along witish
shunt trip to the switching mechanism. In the cafsthe contacts and the network is disconnected from alogyf
5SM6 AFD unit, a mechanical coupling link is opecht  part [1].

to work the mechanism of the mounted MCB or RCBO.

Current itchi i
HF sensor Switching mechanism

Sensor
N ~ N
Load

Mains
O L
Y

= HF e o
. Tripping signal
§ noise D Current signal PpIng =19

Current with
gain & rectified

Noise power indicator 1V ~25dB
AFDD ’

Figure 1 Basic design of Siemens 5SM6 AFD unit [1]

In Europe only Siemens supplies AFD units. The Our laboratory stand contains the Siemens 5SM6
Siemens 5SM6 AFD unit is designed for mounting with  AFD unit with mounted 5SU1 RCBO with rated current
RCBO, each with rated currents up to 16 A. The 16 A and rated voltage 230 V, 50 Hz.
advantage of such solution is the realized complete The laboratory study aims to be recreated arcing
protection against overloads, short circuits, nesid through regulation (increase) in current shunt Rsh,
currents and fire. Figure 2 shows the Siemens 5SM6connected to the phase conductor at the entry ®f th
AFD unit, mounted with Siemens 5SU1 RCBO. protection device and the other end is connectetthéo

output neutral conductor. The electric scheme & th

S elaborated laboratory stand is shown in Figure 3.

o: ¢ )

//;d' L & ?::—3 J

J' --:
- 1 )]
ap [ s I._N\ j
. | "
L}
: ‘ 1
"""Eh Q. 6"1 > Figure 3 Electric scheme of the elaborated lalooyat
e > stand

Figure 2 General view of 55M6 AFD unit with moushte

5SU1 RCBO [1] The load consists of a rheostat with active

resistance R up to 1Q, coil with inductance £10 mH
and capacitors with capacity 2yb. The image - Figure
4 shows the used in the staging components, megsuri
instruments and the load.

12
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Figure 4 General view of the elaborated laborastayd with the measuring instruments and the load

3. EXPERIMENTS

An experiments were conducted with the
participation of the Siemens 5SM6 AFD unit with
mounted 5SU1 RCBO in a circuit with R, R-L and R-C
character of the load.

The objective is to determine the efficiency of the
protective apparatus and to characterize the specif
features of the developing process. With oscillpscare
recorded the timing diagrams of the supply voltag®,
R-L and R-C character of the load and voltage 25 V.
similar to the previous charts are recorded, butaat
voltage 35 V. Also are recorded cases of formatibn

o w =3, ZEBm=S

e

Ak

G Sms
B = S8ml)

impulse current during the extinguishing processhef
electric arc in different character of the load.

Three types of experiments were performed with the
laboratory stand.

. Experiment with active load R, with increasing
the input voltage.

At the time of interruption of the circuit a peak o
the voltage is observed due of the occurrence aran
In smaller resistance values, this peak is notieeab
better. At 25 V input voltage, there is also a entrpeak
at the time of circuit interruption — Figure 5.

Trig? o ™ Save

Save
Al

k

Ink Saver
oy
Destination
SO Mormal

Save

File
Itilities
EDGE LAC LFR MR
=01

<2Hz

Figure 5 Oscillograms of the input voltage (yeljamd current (blue) curves with active R load

13
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. Experiment with active-capacitive load R-C In this experiment, in all characteristics an
with increasing the input voltage wherein the expressed voltage peak is observed at the timé&afitc
capacitance C = 10F interruption.

A current peak is observed only at 25 V input
voltage — Figure 6.

e r =3 208ms M Save
o -
Save
Al

]

Ink Saver
2N

W DEStlnatlnn
oD TSR T -
SO Mormal
Save
Fil=
Utilities

& Sm=s EDGE  HEAC LFRE ME
B == SEmL) <2H=z (01

Figure 6 Oscillograms of the input voltage (yeljamd current (blue) curves with active-capaciiR+«€ load

. Experiment with active-inductive load R-L, In active-inductive load clearly demonstrated
with increasing the input voltage, wherein the ictdnce voltage peaks are observed at the time of circuit
L =10 mH. interruption only at higher values of the inputtagle —
Figure 7.
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Figure 7 Oscillograms of the input voltage (yeljamd current (blue) curves with active-inductivé. bad
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4. CONCLUSIONS
The AFDD serves a dual purpose — not only will it
shut off electricity in the event of an arc faldut it will
also trip when a short circuit or an overload osciihe
AFD unit provides protection for the branch circuit
wiring and limited protection for power cords. Witis
fast response and the manner of recognizing of ginger
arcs, this protection is becoming a necessity fopss
Also, it is proven its effectiveness in preventiirgs in
ships, caused by occurred short circuit connections
The realized experiments demonstrate
operability of the protective apparatus. The
extinguishing of the arc is in interval of time nhuc
smaller than the half-cycle of the supply voltaghich
achieves limiting of the arc current. The rapidrent
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breaking rise characteristic pulses occurring a®zer
voltage surge.

The developed laboratory stand will train future
electrical engineers to work with this new proteati
device.
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ADOPTING OF SENSORSWITH AMORPHOUSRESISTIVE LAYERSIN ELECTRICAL

MEASURING OF SPEED

OF FLUIDSIN SHIPS

Bohos Aprahamian

Technical University of Varna, Faculty of Electdiéngineering, 1 Studentska Street, 9010, Varnig®ia,
e-mail address: bohos@abv.bg

Abstract: New resistive elements, formed upon electro insulated plate of vacuum thick ceramics by magnetron
sputtering or screenprinting of amorphous resistive layers are studied. The elements possess a relay-type strong
negative temperature dependence of resistivity. The new elements are adopted as sensors in standard bridge circuits
for measuring of speed of fluids. Prototypes of sensors with various compositions of amorphous metal layers are
analyzed and compared. The new elements show better sensitivity compared to a standard sensors.

Key words: amorphousresistive layer, anemometer, sensor, speed of fluids, Winston bridge circuit.

1 INTRODUCTION

The procedure of measuring the fluid flow velocity
by hot-wire anemometers is based on the fact that a
electrically heated thin metal wire being placea ifiuid
flow, its temperature decreases and hence itstaesis
changes with the flow velocity increasing.

Relations between current intensity |, resistance o
the wire Rs, temperature T, initial temperature ahd
fluid velocity v are well known [1] and are des@thby
the equation:

I2Rs = (T = H)(c + b\v),
where in:

b — constant value, depending of the physical ptagse

of the wire;

¢ — constant for the intensity of the current aldhg
wire at temperature difference of 1°C and zero flow
velocity (v=0).

Thus, with Rs = const. we have | = f(v), while with
| = const. — Rs =f(v), i.e. there exists two medé hot-
wire anemometer operation; with constant resistamck
with constant current intensity. The principal pafthe
anemometer circuit is a Winston bridge with constan
current supply. A thin metal wire, mostly silver or
sometimes platinum, nickel or tungsten, with a citen
of 0,05 — 0,15 mm and length of 30 — 100 mm is
connected to the bridge.

17

2. ELABORATION OF THE NEW
RESISTIVE ELEMENTS

Having analyzed the existing types of hot-wire
anemometers, we came to a conclusion that it isilples
to improve their sensitivity by replacing the silugire
sensor with a flat sensor consisting of a ceranhtep
with an amorphous metal layer, reminiscent of atpd
circuit board.

In the process of developing of the sensor
prototypes aluminium oxide ceramics produced by
Rosenthal and Rubalit (Germany) were used.

All specimens were prepared on square ceramic
substrates with a side of 2 inches (50,8 mm) a@idin
thick. Having analyzed more than 10 possible praoes!
for forming a conducting layer upon a ceramic sutist
we preferred the following two of them: magnetron
sputtering [2] and screenprinting [2] of the rdsist
layer, both procedures being applied in integrated
circuits production.

In forming the sensor prototypes by magnetron
sputtering — Figure 1, Russian stainless steel of
12X18H9T grade (German grade X10CrNiTil8-9),
containing C — 0,12%, Cr — 18% and Ni — 9% is used
well as amorphous alloys of the same steel. Two
compositions of the amorphous alloy with mass aante
of Titanium of 13,9% and 15,5% respectively were
tested. Coating was performed in a vacuum-pumping
plant of B-90 type of Hochvakuum — Germany, witk th
following process parameters: substrates cleaning
voltage — 2 kV DC, cleaning time — 10 min., opargti
voltage — 390 V DC, operating gas — Argon, opegatin
pressure — 0,267 Pa.
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Figure 2 General view (photo) of a prototype ofssen
for hot-wire anemometer with screenprinted resgstiv
layer

Figure 1 General view (photo) of a prototype with
magnetron sputtered resistive layer, wherein: érarmic
substrate, 2 — resistive layer, 3 — contact terhsitas

In experimentation of the procedures the mentioned
arameters were changed many times and their gffect
upon the quality of the layer were watched atteiv

In forming the sensor prototypes by screenprinting
— Figure 2, special amorphous pastes were used fo
resistive layer material, including pastes produtsd
Heraeus — Germany and DuPont — USA. Commercial
DuPont Model 8010 printer was used, the main
parameters of the technological process beinglkswvi&
speed of the printing panel — 35 mm/sec, thickoéske
emulsion layer of the screen — juin, average baking
temperature — 850 °C, time of maintaining of th&ibhg
temperature — 10 min, paste viscosity — 105 Pa.sec.

3. EXPERIMENTAL RESEARCH

Changes in resistivity of the sensor placed vdljica
in an air flow caused by the flow velocity were gzad.
Two types of sensors were tested:

- A silver wire (90% Ag) with a diameter of 0,1 mm
and a length of 60 mm;

- A sensor on ceramic plate with magnetron
sputtered amorphous layer of 12X18H9T grade steel
with 13,9% Titanium and a thickness ofi6.

The changes of the resistivity of these sensors
caused by the increase of the flowing fluid velpaite
shown in Figure 3. The sensor with amorphous siract
has about three times higher sensitivity compaoethé
silver wire sensor.

RIRo 2 7
18 el — it
—y
|
N /'f
14 /
1.2
1 4\ —
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[
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0
0 1 2 3 4 b B 7 8 9
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Figure 3 Relative change of the resistivity of types of sensors, caused by the increasing velotitye fluid flow: 1- a sensor on
ceramic plate with an amorphous metal layer ohfgas steel 12X18H9T grade with 13,9% Titaniuma 8ensor with a silver wire
(90% Ag) with a diameter of 0,1 mm and a lengtlB@imm, R — initial resistivity
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The sensors corrosion resistance is very high.dein and the potentiometer RP1. The voltage of the lridg
subjected to standard (in Bulgaria) corrosion tesise diagonal is feeding across the resistors R4 andh@5
tests, the sensors retain parameters and qualitheof both lead-ins of the booster DAL. The bridge ispdiepl

layer practically unchanged. from the exit of the booster and the signal iséased by
the transistors VT1 and VT2. When changing the dpee
4, APPLICATION AND CONCLUSIONS of the fluid, the resistance of the sensor RH ckarigo.

That leads to variance of the potential passetdagmbn-
The new sensors are adopted as sensors in standaidverting lead-in of the booster DAL across thastes
bridge circuits [3] for measuring of speed of flsig R4. The sensor’s heating changes with the changjeeof
Figure 4. booster’s exit voltage. The bridge is in equiliniubut
As seen from the figure the sensor RH takes part inthe exit voltage of the transistor VT2 changes tal
a Winston bridge circuit, with the resistors R1,, R3 voltage variations are measured by the voltmeter V.

R4

VT2

] RP3
RP1 RE2 |:{

Figure 4 The bridge circuit, used in the prototgpéhe hot-wire anemometer. DAL — integrated dirthooster), VT1,
VT2 — transistors, RP1, RP2, RP3 — potentiomeRts,..,R7 — resistors, RH — sensor with amorphoduistres layer,
V — voltmeter

The new sensors are multi-purpose devices and arg2] Aprahamian B.Printed thick film heating elements

suitable for use in ships. for use in ships, Journal of Marine Technology and
Environment, Constanta Maritime University, Romania
5. REFERENCES vol. 1, 2014, p. 17 - 24

[3] Ryder J. D., Electronic Fundamentals and
[1] Madijirski V., Mechanics of Fluids, Technika, Sofia,  Applications, Prentice-Hall Inc., Englewood Cliffs, New
1989 Jersey, 1976
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MANAGERIAL ANALYSIS OF ENERGY EFFICIENCY STANDARDS’
IMPLEMENTATION ON BOARD TO OPERATING SHIPS

Drd. Doru Cosofret', Dr. Florin Marius Nicolae?, Dr. Catalin Popa®

'PhD student, Military Technical Academy, Buchardsrucosofret@yahoo.com
2«“Mircea cel Batrin” Naval Academy “Fulgerului Street, Constanta, Romania, florin.réaeg@®anmb.ro
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Abstract: Since 2013, together with the Resolution MEPC.203 (62)/2011 MO enforcement, the vesselsin service top
and operational management must adopt the necessary measures to increase energy efficiency on board the shipsin
order to comply with the standards imposed. In this order, subscribed to a wide study in this mater, the present
paperwork is focused punctually on the holistic analysis of the optimum energy efficiency measures that can be
implemented at managerial level, on board the commercial vesselsin service, operating more than 20 years.

Through the proposed measures, the overtaken analysis provides the prerequisites for an efficient tool in shipping
business management, providing a useful working framework, grounded in theory and practice, for adopting the
optimum decisions to assure the energy efficiency on board the operating ships, targeting the ratio between lowest
costs and best economic performance.

Key words. energy efficiency, ship management, sustainable development.

1. INTRODUCTION conventional fuel categories with a lower carbon
emission footprint (e.g. LNG, biofuels, solar engrg
In order to acquire the shipping industry Thus, the modern ships as improved in energy

requirements of reducing the greenhouse gas emsssio efficiency standards should first adopt the ademuat
the International Maritime Organization (IMO) has technical solutions even since the design phase,
introduced in 2011, efficiency standards for energy considering different innovative solutions, as mari
efficiency for the commercial vessels, both atdlesign propelling systems with low fuel consumption orngsi
stage and building phases and further, for ships inalternative clean fuels, or improved hull desiglusons
operation (resolution MEPC.203 (62), [8, 9]. Among for reducing the drag effect and so on. But thd rea
other things, energy efficiency standards are magted challenge is not for the modern ships, alreadysa but
through the Energy Efficiency Design Index (EEDI) for the older ships, that didn't comply in the begng
based, depending on the type and vessel displatemenwith none of the actual requirements. Considerimg t
[8,9] real structure of the world fleet the challenge for
The scientific work in this area of knowledge changing and higher costs will be burden by those
asserts that the EEDI is directly proportionallte tnass  vessels in service, sometimes older than 20 yealied
of CO2 emissions in the exhaust gas energy systems for the implementation of these measures, due to
ships [14, 15]. Consequently, increasing the energyobsolete technical on board endowment, that has®h
efficiency mainly depends on the fuel consumption, designed for this purpose in the beginning. As the
related to the ships’ economic performance andhen t procedure is stating, the energy efficiency poficénd
concentration of carbon in the fuel, as relatedthe how will be implemented on board the vessel, shald
sustainable development principles. Following the clearly mentioned, in detail, in the Ship Energy
technological track of this issue, the energy edficy Efficiency Management Plan (SEEMP), developed and
should measure which particular alternatives muest b implemented, in particular, for each type of vesgk|9]
implemented on board the operating ships, being Fortunately, the age trend in the world fleet
specifically focused on technical solutions or apenal structure is a positive one, the modern ships oapda as
technologies designed either to diminish competiyiy percentage share, the classical conventional sties,
the fuel consumption or to find alternatives to world fleet growing younger in spite of sluggish
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economic recovering worldwide. Thus, more than 67%

of the ships nowadays are younger than 10 yeatspfou
which, 42% being brand new vessels, built in
compliance with the international standards,
significantly improved in energy efficiency polisienot
only in steaming techniques but also in operatiod a
ship manoeuvre efficiency.
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Figure 1 World fleet structure after vessels typed
age
(Source: Clarkson Institute, Danish Ship Finance,
Shipping Market Review, Nov. 2015, pp. 21)

Ship management’s decisions to adopt the energy
efficiency measures will be determined mainly belfu
cost/ voyage earnings ratio. The main costs that

and influence the decision to implement measures tease

energy efficiency on board are: the bunker costgne
efficiency measures, market freight evolutions, &mel
financial restrictive measures imposed by naticanad
international authorities regarding compliance with
classification within emission reduction COZ2. [18]

2. ENERGY EFFICIENCY ACCOUNTING

When we speak about onboard solutions, the acting
typology and technical instruments dimensioning
adopted in order both to reduce the energy effagieand
to reduce CO2 emissions, as a matter of exteresiliti
accounting, depend on propelling system type, the
equipment parameters on the vyield reduction of CO2
emissions and not least, on the cost of implemgntin
these measures on board the commercial vessels. IMO
by Resolution MEPC.213 (63) has drawn specific
recommendations on operational measures that can be
taken on board to reduce emissions of carbon déoxid
the decision to implement them depending on the
operational management of the vessel [8, 9]. In the

The order book is on ascending trend, the new nictyre below has been depicted the potential usdge

shipbuilding units increasing with almost 4% yearly
covering 17% of the fleet structure in the end 612
[20]. That means already the new policies of IMO
energy efficiency is on the track, becoming more
important to study and to seek for new “green” tecal
solutions from the design and building stages rdeoto
promote cleaner ships’ propelling system. Regaridlieg
operational measures to support the energy effigien
the challenge is to develop new operational cajeacih
port area but also on board the commercial shiased

on optimum resource allocation or on new technical
alternative energy resources

insertion, as punctual
employed not only for the propelling systems buoal
for: loading/unloading equipment, port structurdlays,
operation lines etc.

Following theeconomic track, as of the sustainable
development standing point,
concept is attached to the contemporary vessdisiegft
commercial operational strategies and is targeth

shipping companies’ management decisions in this

the energy efficiency

different measures claimed to reduce CO2 emissions,
according to ICCT (International Council on Clean
Transportation)[7]

Operational Ausxiliary power Aerodynamics

Weather routing 1-4% Efficient pumps, fans 0-1% Air lubrication 5-15%
Autopilot upgrade 1-3% High efficiency lighting 0-1% Wind engine 3-12%
Speed reduction 10-30% Solar panel 0-3% Kite 2-10%

Thrust efficiency Engine efficiency Hydrodynamics

Propeller polishing 3-8% Waste heat recovery 6-8% Hull cleaning 1-10%
Propeller upgrade 1-3% Engine controls 0-1% Hull coating 1-5%
Prop/rudder retrofit 2-6% Engine common rail 0-1% Water flow optimization 1-4%

Engine speed de-rating 10-30%

Figure 2 The synthetically frame of increasingrgge
efficiency solutions on board the ships in operatio
(source: International Council on Clean Transpantgt

Sometimes, as studies have shown, the operational

respect. The managerial staff has a wide range ofneasures are more accessible to be adopted instead

technical and operational solutions for increagingrgy
efficiency together with the voyage performance
increment, in order to optimize first the consuraptand
secondly the harmful effects of gas exhausting pced

by fossil fuels steaming. On social level, the clative
effects of shipping companies will be further alite
contribute to the sustainable development desidgerat
guarding for a cleaner area of the internationabsene
and port areas.
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direct technological insertion, for the case of ragiag
ships, due to the lower costs of the subsequent
implementation on board of these specific tools [i]
this respect, Lloyds’ Register recommends as more
suitable the operational managerial tools, for iwprg
energy efficiency and for reducing the CO2 emissias
following:

- vessel speed reduction down warding to the
steaming efficiency threshold,;
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- transport route optimization by adjusting thentof the becoming obsolete in terms of costs. But if thisdency
ship loading, by choosing routes with the shortest will last then will negatively contribute to a sh@
distances and avoiding areas with improper weatherneglecting attitude against the energy efficiency

conditions, that may affect engine efficiency prtpg principles, the low costs for classical fuels beoam
systems; quite an incentive toward an irrational behaviour
- the decreasing of electricity consumption on dpdue regarding the perennial resource scarcity, as ealistic

to strictly ship operation necessities. [13] bet for a massive renewal in shipping power supglyi

technology on a short and medium term.
These simple operational measures provide the
greatest yield in terms of CO2 reduction conducting

1,800

g

toward more extensive and deeper strategies assthe g o6 ___7_/_“,_?., gy m;

of alternative fuels or insertion of more efficient L 'L . 1 re
technologies, clean and productive, onboard of % e : e = w L
commercial vessels. In technical terms, besides the & La i
economic leverage of losing money in the dead Ifiteig g - m;
lowering the speed of the ship is very effectivadarms o o

of reducing fuel consumption and, further, the CO2 o T e e S m——

emissions, but this may involve to operate the pisipn Figure 3 The bunker prices evolution in 2005-2015
systems outside of the designed technical parasjeter (Source: Clarkson Institute, Danish Ship Finance,
which will determine the distortion of proper optimg Shipping Market Review, Nov. 2015, pp. 20)
temperature and pressure within combustion stegming

with consequent cost hiking effects coming from The contribution of maritime shipping to the air

additional maintenance operations and from the pollution shows that, in making decision process
increasing particulate emissions .[13]. Practicadly, of regarding the type of fuel that can be implemerded
future trend, the most used technical measure deresi  poard, should always be considered the restrictions
nowadays is the replacement of existing marinesfuel enforced by the IMO on emissions of other pollutant
steamed in classical propelling systems, with crﬁem_h (SOx, NOx, etc.) in exhausting gas composition,
sources, such as LNG and biofuels, with a sust&@nab resyiting from systems and equipment functioning on
potential for reducing CO2 emissions, almost by 50% pgoard [15, 16]. Currently, most of the world fleet
compared with the projected CO2 emissions desirableyegsels with an average age higher than 10 yeknssst

for 2050. [6] as fuels HFO and MGO/MDO. So the tendency of
judging just the price, but neglecting the negative

3. ENERGY EFFICIENCY AND THE polluting effects can be a wrong attitude agairst t

BUNKER COSTS MANAGEMENT international  efforts of putting the sustainable

) development in place of market economic rationales.
The analysis performed by the authors has started

from the observation that, in most situations, tmnk There is a cautious attitude of worldwide authesiti

costs represent 60% of voyage costs and almost 30%t the moment to issue forecasts or predictionarcigg
from total costs of a shipping company (includirgéh  the trend of bunker cost in the coming years, duthé

the operational costs, voyage costs, periodical jatest massive decrease in oil prices just duroupte of
maintenance costs, capital costs and cargo handlingngonths. The oil prices fall by over 50% compared to
costs), consisting as variables mainly in fuel and 2010 and more than 70% compared with the late years
lubricants consumption values [11, 19]. Therefdl®  maximum. As recent studies have shown, in the near
bunker price is an important decision factor in the fytyre the oil price will return to the 2010 aveeaand is
holistic approach of the energy efficiency of ships forecasted it to grow more than double in 2050
operation. From this perspective could be consiiere compared to 2005 level [12]. This forecast is based
that, in decision making process about the typeuoker | reserve scarcity, based on oil reserves pregres
that will be useq the management should ltake intodecreasing in the coming decades, and on the isysit
account the price trend over the remainder of of this resource, as much of the oil comes frontabie
decommissioning the ship. But, as it can be sedhén  politically areas. Several political and economieres
latest statistics (Figure no. 3) the bunker priggs to be  recorded in the past years shown that are ableotiupe
volatile and only in 2015 have decrease sharphhwit g nigh volatility of the oil market [5]. Therefortn avoid
43%, due to the dip of fuel prices on international this kind a miss judgements in analysis, the stmiyhe
markets on the historical minimum of the latestyg&rs. implementation of measures to reduce CO2 emissions
Once such a significant variance has been recdroed from ships in operation, should consider as refezen

is no much influence left against voyage efficiescas  yalue for fuel costs a ten years moving average,
coming from fuel prices, the slow steaming concept

23



ISSN 1844-6116

http://www.cmu-ed

Journal of Marine technology and Environment

u jente

=

ouuwmal ol
e

e

Y2816, Vol.1 == -

accordingly with the completion service duratiom fo
vessel.

A forecast that includes the price of various fuels
has been conducted by the Centre for Maritime $tudi
(CMS) at the University of Turku in Finland within
“2025 LAIV” project (Figure no. 4), [2]. This forest
includes both conventional fuel cost developmehtd t
are currently used on board the ships but also for
alternative fuels that have the potential to bedusethe
near future in the maritime transport. In Figure 4aan
be seen that in 2025 is predicted to record thes$pw

decades imposes on the one hand, the growth of
transport capacities and, on the other hand, the
increasing the speed enhancement for the vessels in
service. From another point of view, the globalremic
crisis of 2008 negatively affected the price pa@t fon

of goods transported, as can be seen in the example
below, provided for a Panamax bulk carrier (Figoce

5). Moreover, the earnings have decreased sharply
almost of the half of the values recorded befoeedtisis

and is still stalling due to the slaking recovenythe
world economy and trade. The worries are more

operating costs based on ethanol and biodiesel LPGsignificant due to the fact that the fuel costs anethe

(LNG) utilization onboard the commercial vessels,
implementing alternative propelling power systenms o

optimized procurement costs. But nowadays, the
implementation of LPG ships (LNG) infrastructure

involves an estimated cost of 1600 USD/kKW, not pein

recommended yet to choose this type of fuel, nanev

earlier than 20 years considering the economic
standpoint [6].

Fuel price forecast

* o
o MGO (low S}

NG
PG

b ket

Figure 4 Market prices trend for naval fuel altgives
in 2010-2040
(source: Center for Maritime Studies, LAIV project)

The research previously conducted by the authors,
regarding the biodiesel and ethanol usage showshisa
forecast may undergo substantial changes in fafaur
non-polluting fuels, not considering the investmeumdts,
but the lowest raw materials costs. From this peotpe
it is expected a decrease in the purchase pritieeafaw
material by using seaweed (project Maersk and tBe U
Navy for testing biofuel-based oils, algae) [16]dan
lower production costs as a result of the new
technologies usage (eg. hydrogenise pyrolysis)]. [18
The biodiesel can be used in combination with ngarin
fuels classics because of owner chemical and phlysic
related with them. We recommend using a mixture 20%
biodiesel in marine fuels MDO / MGO and 100%
replacement fuel to marine HFO biodiesel [1]

4, MARKET FREIGHT RATES AND
ENERGY POLICIES

The trend of increasing volume of goods
transported by sea worldwide as recorded in thé las

24

historical lowest prices in the last decade, bitemmugh
to reverse the trend.

The energy policies cannot be limited to the slow
steaming strategies, because the delays are now mor
expensive than the savings brought in the business.
Following the principles stated in the economics of
maritime transportation the recent studies havewnsho
that the speed reduction nowadays brings lowemgavi
than the loss recorded as delaying in excessivenanan
the voyage contracts [19]. The slow steaming as
reducing the speed on half is bringing demurragg an
other penalties that will not be further covered thg
economies recorded in bunkers [3]. On half of theesl
the distance will be covered in double time spanthe
route, with an economy of not more than
10000USD/day, since the demurrage will be at least
16000USD/day. So the leverage threshold has been
touched in respect of fuel savings and slow stegmin
incentive.
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Figure 5 Freight market evolutions in period 060
2016
(Source: Clarkson Institute, Danish Ship Finance,
Shipping Market Review, Nov. 2015, pp. 20)

In this framework, the ship owners and the
freighters seek for managerial solutions to redthee
costs and to make the business more efficient and
resilient to the freight market shocks. Due tolthts in
fuel costs limits as presented, the implementatiomew
technical solutions in order to increase the energy
efficiency onboard the operating ships becomes afne
the most relevant solutions to minimize costs aod t
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maximize revenues from shipping activities. Spegkin here the next classical element as treated intdrature
about the cargo shipping, the operational speeakctih [19]:

would increase the time period elapsing for undiexgo VCimn= FCum+ P+ Dim+ TP+ CDim,

the maritime voyage. This time increment will fugth

negatively affect the freight rates, decreasing the where,VC represents voyage cosEC is the fuel costs
operating incomes for ship owners. Also, reducing t for main engines and auxiliarieRD port and light dues,
speed of the fleet could cause charterers’ shifiiweard TP tugs and pilotage, ar@D is canal dues.

other modes of transportation, such as land andirair Therefore, just if the manager is considering the
order to maintain the time restriction and the gebility above simple formula some particular visible measur
to be transported within the delivery time [3, 1%he related to the energy efficiency optimization, othlean
only way to value the speed reduction as a properfuels costs arbitrage, will be easy deducted. Fisst
managerial tool is to practice a time trade offeleping important to choose the right trip legs for bunkepply

a good communication between the parties involved i and for operation, diminishing by proper analysise
freight transport logistics network (port authadj port ~ port and light dues. Thus, to get the energy eficy
operators, ship service providers etc.) in order totarget it should be chosen the cheapest port msteaf
compensate the transportation delays with a fasterpier dues, but also properly equipped for a faster

operation and lower congestion in the port ared [16 operation and short noticing time in operation
procedures, mostly using the wharf endowment and on

5. VOYAGE COSTS AND THE ENERGY shore power supply. Secondly, the logistics network

POLICIES should provide the proper hauls in ratio with tiéps

payloads, thus supporting the threshold turnover tan

Once the time for voyage speed reduced and theoffer a proper image, in advance, regarding thedume
time for operation boosted the decision factorsukho operation. The harbour services, starting with igava
seek for other managerial instruments to tradetldf ~ and pilotage, custom clearing and finishing witte th
extra time recorded, optimizing the voyage departure corresponsive formalities should be ivgdo
consequently. Assuring the seaworthiness of theeles using the EDI systems or other forms of networking
by adjusting the trim of the ship loading in thaarmer  cooperation in order to reduce the stalling tinperal in
the drag will be minimized, planning the voyage by the harbour basin. The manager should act dynalgical
reducing stationary periods of the ship waitingthe studying the port congestion variables and usirair th
ports’ area to onset the loading/unloading openatiare cancelling rights in order to onset the most rédigtort
just some of the measures that can determine arfor charging/discharging. Less energy will be uddte
additional optimization of the shipping activitig®]. harbour stalling time and operation time will belueed.

The research conducted in this area had asseged thThe ship agencies should also take care aboutai@oge
fact that the waiting time in harbour basin of a the operation time, asking for stronger relatioasmeen
commercial vessel is due to several factors asvirig: those actors implied in management of information
65% of delays are due to port congestion or terigina systems and providing both headhaul and backhigsl tr
clinkering, 20.6% of the wasted time is due to the [3]
terminal limits or restrictions in loading/unloadin On the other hand, the proper choice decision
capacities or equipments and almost 4.7% of dedags  regarding the navigational routes, reducing distanc
coming from different port services for ships non- between two ports and avoiding areas with unfavuara
conformities as for pilotage or towage [11]. Moregv  sailing conditions, can influence efficiency of the
surpassing the time enhancement desiderata agdreat propulsion machinery, constituting another course o
above, another managerial tool for energy effigjenc action subject to the objective of optimizing traos.
should consist in optimizing the voyage planning, Complying with a reliable MRO policy (maintenance
considering in the adopted operational strategigust and repairing operations) is important also to fEewa
the speed, but also taking into account the cdstisf of better technical framework for the voyage execution
route itself, starting from the destination portilities Furthermore, considering the energy diagram drawn
and amenities as mooring procedures and operatingoelow other measures can be drawn by managers, in
capacity of goods. Voyage planning means shorfly: a order to reduce the voyage costs, accounting the
the operation points and voyage legs analysis barthe waterborne trip variables. As shown in literature ship
most efficient route in terms of natural hurdlesratio energy is wasted not just for a useful effect, &ab for
with ship design variables. the environmental variables or for technical reason

In practice, in maritime transportation the most subsidiary loops (Figure no. 6).
important managerial tool regarding the budgetary
headlines is to look after variable costs, as thestm
relevant element in planning the voyage, considerin
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Cooling

27% loss to reflect both economic and technical issues waalin

this analysis, collecting data from all variablaesdlved

Exeust. in a voyage contract exep_ution, that furthc_—zr impabe
bropeler e major costs of the maritime  transportation, such as

about 10% Hul friction freight market evolution, fuel steaming policy, aoe

uplo 10% loss

Pt Fonwmo costs management or loading/unloading operations
POWER THRusr ESSU"";TF‘DES% management in harbour area.

The study conclusions assert tlech managerial
Figure 6 Ship energy losses diagram for a Pandmbkx policy to reduce CO2 emissions has its advantagds a
carrier, on 14 knots design speed disadvantages and their implementation onboard the
(Source: Stopford et al, 2009, pp. 233) ships depends on several factors, among which ts m
important are: type and capacity of the ship, ships
More than 27% of the oil bunker is wasted for technological age, the forecast evolution of theigint
engine cooling that means navigation in coolerseasn  market and the bunker prices and also the spedieof
sailing route will bring important saving in energy Portoperation processes. The research carriedasube
consumption. Also, an alternative energetic systam extended toall types of vesselsserving the seaborne
be implemented in order to provide engine cooling trade, referring to the decision making chain ofijes
service on board, as based on solar panel or elseln conclusion, the next ideas were drawn as esgenti
Exhausting is taking a share of 30% of total lossess recommendations for the managerial factors in ptann
important to look for alternative in using burntsga in ~ and implementing energy efficiency policies:

I decision making process, the present paperworklgoug

30 TONS
BUNKER
OILDAY
100%

other propelling components, to help cooling, oe th - increasing energy efficiency on board the ships
propelling power by heating transfer pumps or €lde involves a holistic approach on managerial level,
hull friction is bringing an additional loss of 10% involving the entire chain of planning, coordinatiand

consumption. The ship should be prepared for theexecution of the maritime voyage, including ship
optimum sailing conditions, based on a rigorous management, operation management or subjects
technical condition and following the recommended connection on a common logistic network;
maintenance operations at the time, accordinglyheo - the public content of energy efficiency becomes
technical requirement, especially in the mattersbip relevant to the sustainable development strategies
fouling and hull polishing to assure the best pHome global level, impacting the international shippifugure
forwarding and the lower ship drag effect. Hendw t evolutions, in terms of new restrictions, limitats or
hull maintenance is very important for energy édfcy recommendations in respect of energy efficient
since the fuel consumption of two maritime carriers allocation and environment protection;
operating at the same speed could differ by 20-30%- future innovative results will consider relialthee clean
depending on age, machinery and hull condition.[19] technologies usage in a wide spectrum and the
international shipping should seek for such teahgichl

All these measures can be implemented only insertion in all future developments, no matter the
through responsible manner of action on board andpresent costs are.
onshore. The management should consider both the A common approach for international negotiations
profit  principles together with the technical has been opened; a common view in operationalipslic
requirements. The training sessions provided omhoar should be adapted accordingly. If the maritime
along with the other managerial energy efficiency transportation systems as a whole and seamlessaiib
policies, are important constituents of the Shiergy spoke” logistic system will act toward energy e#itcy
Efficiency Management Plan (SEEMP), contributing to desiderata, then a reasonable demand will still be
assure the sustainable principles insertion througthe preserved on a sustainable basis in the futurethier
whole process of merchant ship operation. type of transportation route, proving as compeditin

the new era of a “clean and green” economy.
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A CFD STUDY ON THE EFFECT OF INJECTION PARAMETERSON THE
FORMATION OF NOX EMISSIONSIN DIESEL ENGINES

'Dawwa M ahran, *Bocanete Paul

1-2Constanta Maritime University, Romania

Abstract: The objective of this study is to predict the effects of two main injection parameters on the formation of
NOx emissions. The first parameter is the injection timing, the effects of injection timing on the formation of NOx
emission will be illustrated and explained at four different injection timings. The second parameters is the cone
angle, the effect of changing the cone angle on the formation of NOx emissions will be illustrated and discussed at
different three cone angles as well. Computational fluid dynamics (CFD) and ANSYS ICE program were used for
simulating the injection process, combustion, and the formation of NO. The Volume-average mole fraction of NO,
the Mass-Average mass fraction of NO and the NO density will be discussed at all cases of injection parameters..

Key words. Diesel engines, injection timing, cone angle, NO, NOx, CFD.

1. INTRODUCTION reduced and the NOx emissions as well. Hence, them
previous discussion we can say that the use odrlet
The Injection timing plays an important role in injection” strategy can be a good way for redudihg
terms of engine power and the formation of emission NOx emissions in diesel engine [6]. Cone angle is
gases especially NOx emissions. The temperature andonsidered an important factor which affects the
the pressure of cylinder gases at the start ofcfigje combustion process and the formation of emissions
affect the atomization and evaporation of injealéebel, inside the combustion chamber of diesel enginestdue
which will affect the combustion process, and the its effect on the formation of diesel-air mixture.
formation of NOx emission gases [3,6].
In case of early injection, the temperature and the 2. THE SIMULATION OF INJECTION
pressure of cylinder gases will be smaller than the PROCESS
temperature and pressure if the injection proctsgss
closer to top dead centre. Hence, smaller temperatu The simulation was carried out on direct injection
and pressure will lead to increase the delay period naturally aspirated diesel engine. The engine hsre
increasing the delay period allows to evaporateemor 107mm, stroke 118 mm, compression ratio 17.5. The
diesel fuel before the ignition occurs, which wiluse in number of injector holes are 4, and the diameter of
increasing the rate of heat release during thé fingse injector hole is 0.024 mm. The engine operatiorimeg
of combustion. Increasing the rate of heat relels&g is 1440 rpm, 150 N.m.
the first phase of combustion will lead to highe®X Figures 1 and 2 show the temperature and the ¥gloci
formation rate [6,7,8]. On the other hand if thgz@tion magnitude of the diesel spray at 356 CAD respelgtive
process starts at high temperature and pressunegéds It is obvious the diesel spray breakup and the
close to top dead centre, the ignition delay pewdd impingement of diesel spray on the walls of cylinde
chamber.
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Figure 1 The temperature of particle traces atGAB [K]
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Figure 2 Velocity magnitude of particle trace8%6 CAD [m/s]

3. THE RESULTSOF SIMULATION

Figure 3 shows the cylinder pressure at four
different injection timing, the first case the icj®n
timing occurs at 341 CAD, the other cases are 4t 34
347, and 350 CAD. It is obvious that earlier inject

timing leads to higher cylinder pressure due to the

increase of evaporated diesel during the delayogdeit

can be noticed that the peak of cylinder gases

temperature occurs closer to top dead centre fdieea

injection timing.
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Figure 4 shows the volume-average mole fraction of
NO for different injection timing, it is obvious hothe
volume-average mole fraction of NO increases rgyadl
10-15 degrees after the ignition occurs, then tiwwes
of NO mole fraction start to decrease. It can btced
that the rate of increase of the average moleifnacif
NO is higher at earlier injection timing due to thigher
rate of heat release during this period of combustrhe
NO emissions have reduced by 16.69% by retardiag th
injection timing 3 degrees. On the other hand ditar
the injection timing by 6 degrees will lead to reduhe
NO emissions by 37.63%, and the reduction of NO
emissions will reach 54.31% by retarding the ingact
timing 9 degrees.

0.0014
0.0012

0.001
0.0008
0.0006
0.0004
0.0002

0
330

Volume-Average mole fraction of NO

350 370 390 430

Crank Angle [°CA]

410 450 490

—inj341 =—inj344 inj347 =—inj350
Figure 4 Volume-Average mole fraction of NO as a
function of crank angle

Figure 5 illustrates how the mass fraction of NO
emissions increase rapidly till reaching the pealue
after about 15 degrees from auto-ignition, thenvilee
remain constant till the end of expansion strokee Tate
of increasing of mass fraction of NO emissionsiggar
at earlier injection timing than retarded injectitming.
The reduction in the mass fraction of NO emissi@ns

The same analysis will be carried out on figure 6
which represents the density of NO emissions. It is
obvious that the density value increases rapidlyndu
the first 15 degrees after the auto-ignition. Tleakp of
NO density occurs after the top dead centre by 10
degrees for injection timing 341, and 344CAD. Affigtia
the top dead centre by approximately 15 degrees for
injection timing 347, and 350 CAD.

After the NO density reaches its peak, it starts to
drop down gradually because of the increasing ef th
cylinder volume during the expansion process. it ba
noticed that the difference between the NO dersskie
different injection timing gets smaller with furthe
increase in cylinder volume.
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Figure 6 Mass-Average NO density as a function of
crank angle [kg/m3]

Figure 7 shows how volume-average mole fraction
of NO varies at three different cone angles, bsious
that increasing the cone angle leads to increaske mo
fraction of NO. Whereas the mole fraction of NO
increases 9.76% by increasing the cone angle 3degr
and 23.69% by increasing the cone angle 6 degttes.
can be noticed that changing the cone angle leads t

18.33%, 48.34%, and 58.56% at 3, 6, and 9 retardings|ight change in the rate of increase of NO maietfon.

degrees.
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Figure 5 Mass-Average mass fraction of NO as a
function of crank angle

31

The peak of NO mole fraction occurs at 10 degrées a
to the top dead centre, then the curves startdp down
gradually till 430CAD where the rate of reductionNO
mole fraction becomes too small.
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Figure 8 shows the difference in mass-average mass. CONCLUSIONS
fraction of NO when changing the cone angle, it ban
seen that the curves increase rapidly at the ginsse of At the end of this simulation study we can conclude

combustion till reaching the peak value near to tthe that the simulation process was carried out subdéss
dead centre, then the curves become straighhéllend at different injection timings and different spragne
of expansion stroke. Mass fraction of NO incredsgs angles, the results of simulation were in a good
increasing the cone angle, while increasing theecon agreement with the available data in the literature
angle 3 degrees leads to increase NO mass fractiomegarding the effects of injection timing on thenfiation
10.10% and increasing the cone angle 6 degrees tead of NOx emissions. The results show a significant

increase NO mass fraction 24.58 %. reduction in NO emissions when the injection timing
was retarded, and higher retarding periods leadss®
00014 NO formation which means less NOx emissions.
00012 Regarding the effects of cone angle on finenation of
% oo NOx emissions, the study showed that increasing the
S cone angle leads to increase the formed NO which
e f means increasing the formed NOx emissions.
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THE PREDICTION OF NOX EMISSIONS FROM DIESEL ENGINESBASED ON TWO-
ZONE THERMODYNAMIC MODEL
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Abstract: In this study a two-zone thermodynamic model is used for the prediction of NOx emissions from marine
diesel engines, the calculation of two-zone model will be based on one-zone thermodynamic model and on the use of
Zeldovich mechanism. The calculated NOx emissions validated by comparing them with measured values at
different engine operating regimes. The effect of cylinder wall temperature, air temperature coefficient, and residual
gases coefficient on the mode sensitivity will beillustrated and explained as well.

Keywords: NOx, NO, diesel engines, Two-Zone, thermodynamic models.

1. INTRODUCTION

Diesel engine emissions are a complex mixture of
substances, these substances are found in a gas form or
in a solid form. They are formed inside the combustion
chamber as a result of combustion process of diesel fuel.
The main gaseous substances include water vapour,
oxygen, nitrogen, carbon dioxide, carbon monoxide,
oxides of nitrogen, oxides of sulphur, and gaseous
hydrocarbons compounds [2,9].

Due to the increased concerns about the
environmental issues, the impact of emissions on the
quality of air in populated areas, and the other
environmental phenomenon like acid rains, hurricanes,
and typhoons many legidlation have been issued in order
to reduce the level of diesel engine emissions, and these
legislations and regulations are getting stricter by the
time. Hence, diesel engines companies and researchers
started to devel op methods to predict the amount of the

pollutants that emitted from diesel engines. One of these
methods is two-zone thermodynamic model for the
prediction of NOx emissions.

2. TWO-ZONE THERMODYNAMIC M ODEL

Two-zone thermodynamic model is used for its
satisfied and accurate results in calculating NOXx
emissions when it compared with one-Zone
thermodynamic model. The combustion chamber is
divided into two separate zones, the first zone is burned
gases zone and the second zone is unburned gases zone.
The two-zone thermodynamic NO model is based on the
calculations of one-zone thermodynamic model and on
the Zeldovich mechanism as mentioned before. Figure 1
illustrates the two-zone thermodynamic model, more
data about this model [7,8,9].

Figure 1 Two-Zone thermodynamic model
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3. THERMAL NO EQUATIONS

There are many equations which developed to
calculate the initial NO formation rate, one of the earliest
equations which used for this purpose is Heywood
(1988) [2,7,8].

d[NO] _ 610 _ (-69090\ 1 1%0n 1. (1
i ) A RRC

The other eguations which can be used are Baulch
et d (1991) and CRT-MECH 3.0 (2000) equations. The
difference between these equations is the speed constant.
For Baulch et a speed constant is written as[7,8]:

k., =1.800° exp[—m] @)
For CRI-MECH 3.0 speed constant is given as.
k1’r =0.54400"T% exp[—@} . (3)

4. RESULTSDISCUSSION

The calculations were performed on HINO W04D
high speed marine diesel engines, the experimental data
is available with the author. The model was used for
calculating the results of NO at three different operation
regimes.

As it can be seen in figure 2 the rate of NO
formation increases very rapidly at the beginning of
combustion, this period represents premixed phase, then
about 21 degree after the start of combustion the rate of
NO formation freezes, and it can be said that no
additional NO forms due to the drop of in-cylinder gases
temperature. Figure 2 illustrates the results of three NO
formation models, Heywood, Baulch, and CRI-MECH.
It can be noticed that the Heywood model is the less
accurate model by error reaching 69.1%, The error
decreases by the use of Baulch et a, but still large
because it reaches 29.3%, the last model is CRI-MECH
the error by using this model does not exceed 1.6%.
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Figure 2 Calculated VS measured NO concentration in
ppm at 1600rpm and 150 N.m

1400

T T
Heywood (1988)
Baulch et al (1991)
CRI-MECH 3.0 {2000)
*  Experiment

1200 H

1000

NO [ppm]

0 50 100 150 200 250 300 350 400 450
Crank angle in [deg]

Figure 3 Calculated VS measured NO concentration in
ppm at 1800 rpm and 150 N.m
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It can be seen from figure 3 that the error of
Heywood, Baulch, CRI-MECH is 63%, 24.9%, 2.6%
respectively. From figure 4 it can be released the error of
Heywood, Baulch, and CHI-MECH methods is 101%,
53%, and 7.6% respectively. Hence, from the previous
three figures we can say that CRI-MECH method is the
most accurate method, and the results which obtained by
using this method is so satisfied in terms of accuracy.

5. TWO-ZONE THERMODYNAMIC MODEL
SENSITIVITY

5.1 The effect of cylinder wall temperature

The relationship between the cylinder wall
temperature and the predicted NO will be explained as

wall temperature by 10 K will increase the predicted NO
by 0.2% to 0.32% and vice versa.

5.2 The effect of air temperature coefficient

Cylinder charge is heated up due to difference in
temperature between cylinder charge and cylinder wall,
from the literature the increase in charge temperature due

to wall temperature given between10-15° C [6]. In this

model the base value was taken as 10° C, anyhow the
effect of this parameter on the amount of predicted NO
will be discussed and illustrated.

Table 2 Variation of the cylinder charge temperature
coefficient and NO prediction

follows. Cylinder charge NO
temperature Predicted NO hanaed
Table 1 Variation of wall temperature and NO prediction coefficient chang
Wall temperature | Predicted NO | NO changed % 10" Cinitial 925 -
440 K 922 -0.32 11°C 953 3.02%
450 K initial 925 - . )
460 K 928 +0.32 12 C 97 5.08%
470K 930 +0.54 13°C 1007 8.86%
480 K 932 +0.75 N
490 K 935 +1.08 14°C 1036 12%
500 K 938 +1.29 15" C 1065 15.13%

:
Operation regime 1

14l Operation regime 2
; Operation regime 3

NGO Change [%)]

440 450 460 470 480 490 500
Wall temperature [%]

Figure 5 Variation of cylinder wall temperature and NO
prediction

Figure 5 shows the effect of wall temperature on
NO prediction at different engine operating regimes,
where operation regime 1 when the engine works at
1600 rpm and 150 N.m, engine operation regime 2 when
the engine works at 1800 rpm and 200 N.m, engine
regime 3 when the engine works at 1800 rpm and 150
N.m. It can be released that the NO prediction changes
0.2% to 0.32 % for every 10 degrees K in wal
temperature. Or in other words increasing the assumed

Figure 6 shows the change in NO prediction at
different engine operation regimes. It can be concluded
that the NO prediction is increased by 3% by increasing
the cylinder charge one Celsius degree.

T I
s Operation regime 1| !
Operation regime 2 | ! '
Operation regime 3 [ 1=~ ~=""""=F =

NO changed [%]

o i i i i j i i
10 105 1 115 12 125 13 135 14 145 15
The increase in charge temperature parameter{C]

Figure 6 Variation of the coefficient of cylinder charge
temperature and NO prediction

5.3 The effect of residual gases coefficient

The residual gases coefficient range is between
0.04-0.06 [6]. The effect of changing the value of
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residual gasses coefficient on NO prediction isillustrated
inFigure 7

Table 3 Variation of the residual gases coefficient and

NO prediction
Residual gasses Predicted NO
coefficient NO changed
R,. =0.046 867 -6.27
R,. =0.047 881 -4.75
R,. =0.048 896 -3.13
R, =0.049 910 -1.62
R,. =0.050initial | 925 -
R,c =0.051 940 1.62
R, =0.052 955 3.24
R, =0.053 970 4.86
R, =0.04 986 6.59

It can be released that for each 10% increase in
residual gases coefficient, the NO prediction increasesin
average 2% and vice versa.

6. CONCLUSIONS

Two-zone thermodynamic model was used
successfully for the prediction of thermal NOx emissions
from marine diesel engines. The results of modelling the
NOx emissions are satisfied in comparison with the
experimental results by using CRI-MECH (2000)
equation. The results of using the other two methods
Heywood (1988) and Baulch et a (1991) are not
satisfied and the speed constant of equations should be
modified. The sensitivity of the model wasillustrated by
changing the value of three main parameters which were
implemented for performing the calculations.
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Abstract: During the ship’s voyage the mariners af@ing many hazards like strong winds, rough séegbergs, etc.
That is why the accuracy of meteorological infornia received on board is vital. Although the WMO aéming for
automation of the processes for collection and temission of meteorological information the watchksng officers
role in manual input of meteorological informations still very important. Meteorological data obtaéd from
satellites, shore stations, aircrafts, research amrchant vessels performing the voyages in différareas of the
Worlds Ocean, and systems of floating, drifting amdoored buoys are used for weather forecasting. iatde
database for every region requires constant measueats of meteorological parameters for a long petiof time.
Real time wave and wind measurements are imporfantforecasting and sending of warning messageshe ships,
creation of numerical models and proper work of treompanies, providing ship’s routing services. Thiaper
discusses the systems used for collecting, storageé processing of meteorological data, the autonthigeather
systems used for observation of meteorological pagters on board of the ships and the systems used f
transferring of all these data.

Key words: meteorological data, weather system, sneament.

1. INTRODUCTION parameters from ships weather stations and moored
buoys.
The data obtained from on-board meteorological | , e iormaten |
systems includes three types of information: :
navigational, meteorological and oceanographic.{fig | |
Navigational information from ships contains S | s arecton and E sainty |

geographical coordinates, ship’s speed and coutsiée
meteorological buoys send only geographical
coordinates. The new data is added to the database.
data is stored and after several hours, it is séat
satellite system to shore stations for further ysia)
verification and distribution through communication
system (dial - dial-up and / or Ethernet) to thgioeal

Air temperature

Sea water
temperature

1 T

Atmospheric pressure |

Precipitation

databases.
The systems of moored buoys provide data for basic  Figyre 1 Essential information from ships weather
parameters, such as sea surface temperature, air stations
temperature, wind's direction and speed, atmospheri
pressure, air hUmldlty and preCIpltatlon [4] Ferththis 2 SYSTEM SUSED FOR TRANSFERING OF

data are used for prediction of air masses moverment METEOROLOGICAL DATA
different layers above the sea surface. The inftoma

obta_li_ned fror_n floating sensors and drifting buoys Global Ocean Surface Underway Data (GOSUD)
additionally increase the accuracy of measured g,q Shipboard Automated Meteorological and
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Oceanographic System (SAMOS) are working together
to  provide high-quality = oceanographic  and
meteorological observations from ships. GOSUD g.(Fi
2) collects and evaluates meteorological
temperature and salinity of the World's Ocean neagi

from different types of ships. SAMOS improves the

Under the guidance of IMO there have been used 12
telecommunication satellite systems for transmissib
meteorological information. The meteorological data

data for from most of the research vessels has been semgdin

time”. This allows quick detection of the problerims
measuring instruments and reduces the loss of

access to measured and validated meteorological datinformation.

collected on spot by automated equipment mounted on

merchant and research vessels [1].

Data transfer in SAMOS system (Fig. 3) is carried
out in near-real time by e-mail (not GTS) protocbhe
data transfer in GTS format is very limited for acte
decision-making, when performing SAMOS data
analyzes. The shipping center for collection of
meteorological information has developed a series o
web-based forms for automated ship to shore trawdfe
meteorological data. The authentication assessment
the collected data is carried out by specialistsl an
computer programs [10].

N’fltl_olla_l L GTS — — 5| Monitoring
Participation (Meds-Canada Function
(Standard QC) aleo iétéo France) et
b A
1 = -
: (Jlolﬂl <« - = | Science
! Server <«+—> | Cenfres
oS (Coriglis/Ufremer)
; 1
Veluntary X
Observing Ships| Platforms 1
—>
RV at Sea v 2
Research Vessels| UG
World Data
Centres
(US-NODC) .
= = = - (Near-Real time Clients

————— (Delayed mode)

Figure 2 GOSUD data flow

Ship Profile

Database

Data Quality Feedback while at Sea

mgf s data file to be transferred
to World Data Center Ar hves

Figure 3 SAMOS data flow

The information received from ships is sent to the
nearest meteorological center,

telecommunications system (GTS) or through

usually by the Globa

In order to achieve lower price of data transfer
instead of well-known Inmarsat-C communication
system World Meteorological Organization is using
alternative communication systems for transmissibn
meteorological information received from buoys and
Voluntary Observing Ships (VOS).

Therefore Argos satellite system has been used
from 1987 for collection, processing and transmissf
meteorological data. Argos is the main communicatio
system used by moored and drifting buoys and sensor
and Automatic Weather Stations (AWS). All ships and
buoys have their own identification number. They
regularly transmit reports in format FM-13 on freqgay
401.650 MHz + 30 kHz at intervals from 90 to 200
seconds, depending on the data sikkeir location is
determined by measurements based on the Doppler
Effect. The data obtained by the ships are verifigdhe
software on board and thereafter are sent encryjoted
the satellite systems, where the information ixpssed
and quality controlled by the GTS subsystem. Furthe
the information is transmitted to land processingters
and to Meteo France for GTS transmission.

The users of the system receive data directly én th
office or on site, depending on their personal choi
(Internet, e-mail, fax or CD-ROM). Once the
information is received, it can be used for weather
forecasting or research purposes [9].

The system can operate in “one-way”
communication and “two-way” communication modes.
Solar batteries mounted on buoys and ships carsée u
for power supply of the transmission antennas, leea
they transmit short messages at duration of 1 skaod
they use satellites at an altitude of 850 km.

After unification of CNES and NOAA the Argos
system added two new major partners: Japan,
represented by National Space Development Agency
NASDA and Europe, represented by EUMETSAT. Next
step is signing of a partnership agreement with the
Brazilian National Institute for Space ResearchRR.
Four Argos-2 satellites and four Argos-3 satelliere
launched in 2012. One Argos-3 satellite was adukiiy
launched in 2014. The satellite system Argos-4 is
currently under development.

Argos-2 satellites support fast data transfer and
increased memory for data storage. Users may éttabl

Inmarsat-C using special access code - SAC 41. Fronconnection with Argos system server by Internet and

2012 the universal format FM96 BUFR has been used i
Met Offices for the presentation of weather dattdad
of so-called ship format FM-13.

38

they can choose desired information to be receiVady
send commands to their platforms through web iaterf
and satellite link Argos-2 system can receive three times
more messages simultaneously than previous series
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satellites. The Argos system is using repetitivessages

in order to reduce the random errors when receidatg Binary compressed messages with special access

from satellites. codes can be used for data exchange, in ordedtcee
Argos-3 satellites have data transfer speed of 4800the costs of the messages. E-SURFMAR system has

bits per second, which is 10 times faster thanone* Inmarsat-C developed program for compression of

way” transmission. This speed helps for easy manually entered data in alphanumeric format. An

harmonization of the transmitted data from moored uncompressed message has five blocks of 32 chezacte

buoys and ARGO buoys [11]. Argos-3 “two-way” and the price of one message is 0.8-1.0 euro, clutgje

communication systems used in last few years reduce the terrestrial coast station used. Each compressed

significantly the time for message transmissions. message consists from two blocks of 32 characteds a
The major advantages of the Argos system are lowthe price of one message is 0.32 euro.

price of the transmitters and low power consumption

However, transmission costs are relatively high 3. SYSTEMS USED FOR COLLECTING,

(approximately € 0.33 per message) and significant STORAGE AND PROCESSING OF

transmission delays can be expected according éo th METEOROLOGICAL DATA

location of the satellite, due to the fact that gystem

uses polar orbiting_ sa’gellites. The systems collecting information  for
The communication systems Globalstar, Meteosat meteorological parameters can be generally divided
and Iridium can also be used for data transmissam. - systems, which use data for monitoring of

Table 1 is shown the comparison of the communinatio climate and oceanographic changes from one network
systems used for data transfer to shore. The Gitzbal only;
system does not provide global coverage. The sy@em - combined systems, containing a large database
used by ships having on board automated acousticrom measurements obtained by drifting sensors,ratbo
systems E-ASAP [6]. buoys, research vessels, commercial vessels aimhatg
The Iridium communications system works in dual- coastal meteorological stations.
channel mode. It is used for transmission of infation Some of the most important systems for collecting
from onboard automated weather systems BAROS andand processing of meteorological information argoAr
BATOS and moored and floating buoys ARGO as a floating sensors system and EUMETNET’s combined
substitute for Argos and Meteosat systemsTBp system E-SURFMAR. The systems like OceanSITES,
system supports text and voice messages and fest dadatabase of the buoys (DBCP) and observations from
transfer. The cost of a "Short Burst Data" message ships (SOT, GO-SHIP) are used for evaluation of
about 0.08 euros. Another advantage of the system iweather conditions and climate change in the océans
that there are no delays in the transmission osagss.  addition to Argo system, which is coordinated by @®
Only 3 minutes are required to send a messagethasd The Argo system receives real-time observation ttata
allows observing the currents surface by makingnés  temperature and salinity of sea water from floating
of the times when there is no information receitredn sensors. The system is operated by two Global Data
drifting sensors [8]. Assembly Centers (GDAC), located in France and
United States, 11 National Data Assembly Centers
Table 1. Comparison of communication systems used f (DAC) and several Argo Regional Centers (ARC).

transfer of data to shore GDAC centers are collecting data processed by DAC
Tanitert | Op.cos | Toaleost centers. They sync_hromze information and distebiut
ysen | S FUTAL |y ot | oot perrgat| SO | Rena to the consumers in standard NetCDF format both on
W e FTP and WWW. DAC centers receive data from sagellit
it |l Rl e I I o operators. They decode this data and make real-time
st | ot | o0 | ociunss | el 00| omcul |"ei0mosd check for their accuracy. After correction the
Ry || ‘ AE Casged | e information has been sent to both internationalteren
o By T T P and_ to GTS. Argo Regmnal centers possess a wide
Hinossaion variety of meteorological and oceanographic infaiama
. ) Under evaluation (Figure 4) [7].
Ghbaltar Bia 06| 020€| 022 Regond . . .
"_ ! Hetro The information from floating sensors has been
brastC | Do | Bray | 1000€|  05€|  077¢| Qwsguba | NowBits e _used by_ qualified speC|a_I|st for further analyzé’ﬁe
information can be received by users with 24 hours
idm | SBO | Gy | 1006 009€| O09€ Gobdl | PemedlrBaks delay.
AsCla . :
Meoat | OCP Tt ENE O OO Reged | Gemanhbs S

MenredVOS | | AWS sjstems
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the equatorial regions and borderline areas, at agel
carrying out detailed biochemical measurements.

The Global Ocean Ship-Based Hydrographic
Investigations Program (GO-SHIP) was established as
part of GOOS and serves in a number of scientific
researches related to the study of the oceans. The
program stores data from hydrographic observatams
shore and at open sea, which are used for predicfio
changes, concerning global heating, fresh watehora
oxygen, nutrients and others.

Figure 4 Scheme of the ARGO system

floats (Fig. 5), 55% of which are provided by USFhe

network provides 140 000 measurements of temperatur The drifting buoys network consists of 1

salinity and velocity per year. The sensors areq@eon 250 puoys. They sent constantly information about
average spacing of three degrees from each oter. T cyrrents, sea surface temperature (SST) and surface
floats perform cycles every ten days at a deptdQdfo pressure through GTS communication system. The
meters, and the lifetime of each sensor is _aboBt 4- major part of the total number of 1401 buoys indtad
years. All data from Argo floats are publically dable Surface Velocity Program (SVP) drifting buoys. Abou
in near real time after automated controls forfieation 50 % of them can measure surface pressure andaonly
the reliability of data by qualified personnel @ACS small part of the buoys can measure wind and salini
in Brest (France) and Monterey (California, USA§]1 Figure 6 shows the network status in July 2015thin
period from 2011 to 2012 many of the buoys wentajut
operation before reaching the maximum lifetime of
450 days. The main reasons for this were: - hate
defects;

- some of the modems were not energy efficient and
this has led to significant reduce of their openaai life;

- increase in power consumption of electronic eopgpt
of the buoys.

Nowadays about 80% of the drifting buoys are
provided by Global Drifter Program of NOAA. The tres
of the buoys are provided by European countriesnlgna
under the program of EUMETNET. The development of
the system is aimed in increasing the number of

Figure5 Argo network in June 2015 atmospheric pressure measuring sensors and inogeasi
the measurements in the Pacific Ocean region.
All Argo floats, which have bio-optical sensors for The moored buoys network has been built for 20

measuring the oxygen, pH, nitrates, coloration f# t years. About 90% of the buoys are using GTS foa dat
ocean, and back scatter, are used in development ofransfer. Most of them are measuring meteorological
different methods for evaluation from many programs parameters and only some networks have the albdity

At the end of June 2015 there were 262 floats for measure oceanographic parameters. The moored buoys
measuring the oxygen concentration. The developmentyetwork is used for long-term and short-term fosticg

trends are aimed in equipping the areas where manyf the climate changes in the oceans.
sensors soon will be out of operation, better cagerof
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Figure 7 Moored buoys network in April 2015

There are approximatel00 mooredsystems in
operation, with networks operated different countries

from North America, South America Western

Europe andNorth Indian Ocean(Fig.7) [15]. More
than 50% othe buoysare provided by USA. The system

consist of tsunami buoys, Tropical Atmosphere Ocean
(TAO) array and national moored buoys networks. The

Data Buoy Cooperation Panel (DBCP) maintain link
with OceanSITES. The network for monitoring of the
tropical area TAO array contains data from The Taalp
Atmosphere  Ocean/Triangle Tran®©cean Buoy
Network - TAO/TRITON, The Prediction and Research
Moored Array in the Tropical Atlantic — PIRATA and
The Research Moored Array for
African - Asian- Australian Monsoon Analysis and
Prediction - RAMA.

°
0 A "”oo.

® Real-Time Data (148) ® Delayed-Mode Data (136) © Planned (7) @ Discontinued (10)

Figure 8 OceanSites network in September 2014

in OceanSITES database

information
available.

is publically

Figure 9 Distribution of VOS and VOSCIim ships in
January 2015

The Voluntary Observing Ship (VOS) program is
part of Ship Observations Team (SOT). The program i
coordinated by the joint WMO and the International
Oceanographic Commission of UNESCO I0C
(WMO/IOC) Technical Commission for Oceanography
and Marine Meteorology (JCOMM) [14]. In July 2015
VOS ships were more than 3100. They send
meteorological data to the national meteorological
centers mainly through satellite communication esysst
(Inmarsat, Iridium, Argos). The VOS observations
provide information for pressure, humidity, tempara,
and visually observed parameters such as visiptijfye
of clouds and swell. The weather parameters are
monitored manually or automatically.

Additional sensors for wind’s direction and speed
and sea temperature can be included. All data is
collected in electronic logs by watchkeeping officand
transmitted in real time every three hours through
Inmarsat-C to meteorological centers for prepanatid
numerical models for weather prediction. Meteoralab
information together with ship’s coordinates at time
of the measurement is saved on-line in the databgse
E-SURFMAR system.

The software on-board has possibility for averaging
the results at one minute. In most models, metegical
sensors are mounted on a single mast and theydmclu
sensors for measurement of the wind’'s direction and
speed, electromagnetic compass, atmospheric pegssur

OceanSITES is a global research system whichair temperature and relative humidity. A combined

performs long-term deep-water measurements of wario
oceanographic parameters (Fig. 8). The progranmsfsu
to build and maintain a network, which performs idev
range of scientific research (physical, biochemaatl

atmospheric) for monitoring of the changes in

ecosystems and ocean forecasting. Deep Observingan be mounted for

sensor which measures the temperature, condugtivity
oxygen content, pH, and is used for oceanographic
measurements. Platinum thermometer can be mounted
additionally outside the hull in the water for seaface

temperature (SST) measurement. Solid optical sensor
measuring the amount of

Network (DON) which is aimed to make deep-ocean chlorophyll, dissolved organic material (DOM) and

measurement of the temperature and salinity
functioning since 2011. Another similar system MOIN
(Minimalist OceanSITES Interdisciplinary Network)
provides information about the marine ecosystemk. A

41

is turbidity of the water.

VOS ships can be of various types and sizes and
they can be engaged in linear or tramp voyages in
different regions of the World Ocean. The system loa
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implemented on vyachts, passenger ships, tankersand September 1990. The aim of VSOP-NA was to
container ships, bulk carriers, specialized redearc establish the effects on the quality of VOS data of
vessels and in ports. One of the advantages wsieg u  different ship instrumentation and observing pesi In
a yacht as a component is the ability to perform future studies, the observed real-time data model,
measurements in not very common ocean regions. Thaneteorological data and additional data from VOBCIi
system aims to hire more vessels performing a wideships will be collected together to display a costgl
range of  meteorological and  oceanographic picture of how, where and when the measurements wer
measurements suitable for climate research andt#ize made. The data from the project VOSCIlim are used fo
studies. The number of vessels that have been dpgra studies and climate change research by calculafitime
in VOSCIlim class is gradually increasing, and im th movement of air masses over the sea. These dataecan
middle of 2015 their number was 500, or over 1/3hef used for calibration of data obtained from sallit
VOS-ships. The number of reports received by observations. This will lead to the developmentrufre
VOS-ships over past two decades is 2 million accurate marine meteorological forecasts and will
observations per year. The system consist of dhips provide more comprehensive weather informatiorea r
30 member states of the WMO and most of thetime. Data from VOSCIlim ships are collected in the
observations comes from fleets maintained by thé&,US national centers of NOAA, where the information is
Netherlands, Great Britain, Germany, Canada andprocessed and stored [3].
France. The distribution of VOS and VOSCIim shigs i SOOP program of JCOMM is also part of SOT. It
shown on Fig. 9. collects and stores oceanographic data, where the
VOS-ships network must contain not less than 25% samples are taken from different ships, like redeand
VOSCIlim ships. In January 2015, VOSCIlim ships were cruise vessels using bathythermographs (XBT). This
28%. The number of sea surface temperaturenetwork can also use measurements made by:
measurements provided by VOS-ships have increased i eXpendable Conductivity Temperature Depth (XCTD),
2012, due to additional manual input of data after Acoustic  Doppler  Current  Profiler  (ADCP),
measurement. The total number of VOS observationsthermosalinograph (TSG) and Continuous Plankton
and the number of SST observations increased up tdRecorder (CPR). The measurements are made aaregul
2012 (Fig. 10), which is based on delayed-mode dataintervals. This network is using ships that redylar
collection. The number of received near-real-time operate on specific routes. These measurements
atmospheric data increases in 2014 compared to,2012complement the data obtained from Argo network and
while the percent of SST observations remained thesatellite measurements. Heaving in mind the adgasta

same over the years. of Argo floating sensors network, XBT network now
focuses on:
et oreetene ot ot o - evaluation of seasonal currents and directions
for changes of the open sea currents;

- assessment of the currents leading to

100,000 temperature changes and transfer of biomass froen on
oo water basin to another;

' - observing the seasonal changes and preparing
e the long-term assessments for the change of SST;
fonoee - the creation and verification of numerical
models.
They are deployed on ships around 20 000 XBT per
year, while measurements from only 17 000 corredpon

. ‘ to XBT network (Fig. 11). The remaining 3000 K8

are deployed on research ships. The network islelvi

: trib —— ; into 40 sectors and the data is sent to the degabhagal
Figure 10 The distribution of VOS ships (includi8§T In .
measurements) from delayed-mode data collection for time through GTS. The data is stored for further

800,000

Total Number

th iod 2010 — 2014 processing and analysi_s in the National Ocea_nograph
© perio Data center and Coriolis Centre, after automatittrod
; : : ; for reliability of measurements. 60 vessale
The Voluntary Observing Ship Climate project S
(VOSClim) was created to provide high quality maintaining the XBT network and 70 vessats

participating in data transfer. Annual analysighef data

t logical and hic dat ilableah : X
meteorolagica’ and oceanographic ca'a avara from XBT network is prepared by Atlantic

time and database to support the climate change
researches. VOSCIlim project followed the successfulﬂcﬁ%‘Aog\raRgKAﬁng tMEteoroIogmal ![_abora}o:y (t'?OML)
VOS Special Observing Project North Atlantic atabase was not complete because

(VSOP-NA) that was conducted on behalf of the World SOMe XBT stations send their data only to AOML, lenhi
Climate Research Project (WCRP) between May 1988
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the others only to JCOMMOPS. That is why after Apri The data from visual observations like cloud
2015, AOML sends all received data to JCOMMOPS.  coverage, height and type of clouds, sea surfaate st
(swell, ice) can be entered manually. 90% of thtad
has been receiver from the users via GTS, with
maximum 50 minutes delay after the measurements.
The accurate data for the measured wind’s direction
and speed at sea are important because the wayfet hei
is related to wind’s speed. The main problem iethuce
the errors and deviations in measured and reported
parameters of the wind from research ships, VOBsshi
and weather buoys. The main reasons for the
inhomogeneity between the measured data obtaioed fr
different sources are shown on Figure 12.

3 P
= Active -
i— Inactive ® "4 S

“»
'?'.,‘-\‘r v ;
ks 73‘:..-_ i)

— Different observing methods

Figurell XBT network: currently occupied linesdye
and unoccupied lines (black) | ——

measurement height ‘

International Comprehensive Ocean—Atmosphere gy : :
Data Set (ICOADS) is a database that stores data betweente meseg p— O RN |
obtained over a long period of time for the sedasar o=
wind. These data are subsequently used for anabysis | The fct o env

condition

the climate change. The buoys have limited spatal J | | ofeencs nspecicaons o

t—the anemometers, calibration and.

temporal coverage. However, the measurements of T loaton

wind’s direction and speed from moored buoys contai FETIERT

less random error than measurements made on ships. [ fom the rlative wind

The buoys are sending information every hour, ey t

are considered more reliable in the development of g el

numerical models and means for remote data callecti

of meteorological parameters. Figure12 Reasons for the inhomogeneity between the
The E-SURFMAR meteorological data system was measured data obtained from different sources

developed by the European program EUMETNET. The

system receives data from drifting buoys and VOgssh 4 AUTOMATED WEATHER SYSTEMS

from 31 meteorological centers from 19 European ysep FOR METEOROLOGICAL OBSERVATION
countries. The reports cover the special areashéh t N BOARD OF THE SHIPS.

North Atlantic (north of 35°N) and the Mediterranea

Sea. The average number of drifting buoys usediiy J In the last decade there has been a constant gecrea
2012 was 75. In addition to them the system reseive i, the use of Automated Weather Stations (AWS) on
data from about 45 drifting buoys and sensors dpgra  poard of the ships. AWS significantly differ concierg

in the aforementioned areas from NOAA, Meteo-France thejr construction and measurement capabilitiese Th
LOCEAN and Marlin [12]. The systems of four moored most common AWS have the same equipment like
buoys are used for calibration of the data obtafm@th  moored buoys: barometer and satellite communication
satellites. In 2013, about 370 VOS-ships sent aeed module.

about 270 manually and 1600 automatically entered The system is adapted for use on board of the ships
observations per day. The buoys, which are used 10 connection with GPS device which allows automati
collect meteorological information, are equippedhwi  caiculation  of position, course and speed, and
computer module for sending of automatic messages t getermination of the direction and speed of thee tru
satellite systems, internal memory and a solar powe yind. Furthermore, AWS measures the air temperature

Differences from nominal
observing time

supply panel. relative humidity and atmospheric pressure. Some of
By the end of year 2013, 28 E-SURFMAR AWS  heqe systems have an autonomous power supplye whil
were in operation: 10 BaTos (measuring S others require connection to ships power supplyis Th

parameters) and 18 BaRos (measuring 2 parameterskystem can be connected to navigational devicess-VO

The total number of AWS used in July 2015 was aboutegsels are using several different types of AWS:
400. Automatic weather system can measure severagaTOS and MINOS, developed by Meteo-France, the
parameters automatically: pressure, air temperature canadian system AVOS, developed by Axys
humidity, sea water temperature, wind’s directiord a Technologies and the AUTOMET system, developed by
speed. Christian Michels.
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BATOS and MINOS are the most commonly used NN
automated weather systems. Meteo-France has BATOS A
system installed on 45 VOS-ships. MINOS system is
using barometer Vaisala PTB 210, GPS module and
antenna for transmission of messages via Argogsyst
The operation of the Canadian system AVOS is simila
to BATOS, but the difference is that all sensors ar
located on a single mast. AUTOMET system is similar
to the system MINOS and she is measuring only prassure senser | \ o R
temperature and barometric pressure. @ i

The electronic logbooks TurbowWin, SEAS and T —

OBSJMA are used for manual input of the measured
data. These logbooks have integrated system for
accuracy control of the monitored data. The softwar
creates automatically encrypted messages in rehuire
format, which can be sent directly or transferredan
external storage device for sending via Inmarsat. : : ;
TurboWin software was developed by the Royal continuous observation. They  use _satelllte
Netherlands Meteorological Institute (KNMI). It issed communication system to se_nd met_eorolog!cal data
worldwide. SEAS software is developed by NOAA.dlt i encrypteq In a certain format in real_ time. Thisame
used by US VOS-ships. OBSIMA software is developedthat the information can be used directly for weath

: - prediction.
Ez jr;(re);naep;aenvlgest_esc;]rigfg[]g]:al Agency (IMA). It is dise Vaisala’s MILOS 520 weather stations is used

mostly on German and Irish research vessel. It has
sensors for: wind’s speed and direction (anemometer
4.1 Automated onboard system BATOS WAA151) and the wind’'s vane WAV151 is installed on
the mast or ultrasonic wind sensor WS425S can tadso
sed, humidity and air temperature (HMP45D), pressu
DPA501), and sea water temperature (DTS12W). In
addition in the system can be added sensors for
measurement in real time of precipitations, solar

Figurel3 Scheme of ship automated system BATOS I
4.2 Automated onboard system MILOS

Automated weather stations MILOS makes

BATOS system collects data from digital weather
sensors for pressure, air temperature, sea surfac
temperature, wind‘'s direction and speed. It allows
manual data input from visual observations (vigiil
sea state, type and height of clouds, ice, etche T

satellite communications has been used by BATOS forrad|at|on and o_pt|cal sensors for clouds and igbi
sending data to shore services. The data obtained from these sensors can also be

In 2004, the first version of BATOS was installed included to the messages. Scheme of ship automated

on board of thirty French VOS-ships. The system SySt%";gILOS.'S shovxlln on F|g.é4. d
verifies the accuracy and consistency of the measur > receiver or inmarsat- 'an ' gyrocompass can
data. After that she creates and sends messagesrat be used in calculation of true wind’s direction amted.

one, three or six hours. The second version oyiseem The informati_on abom:td t.heNl\ng’swgiadmgt ,Z\cl)vrg
receives information directly from the differentnsers. gyrocompass 15 converted in ormat.

The automatic weather station BATOS Il includes &€ using computer processing system and database f

ultrasonic anemometer, temperature and humidityStoralge in _meteorologlcal FM-13 format and in
Sensors, pressure sensor, sea surface temperanse,s oce_zanographlc_ IMMT-2 data format. The _software
gyrocompass, NMEA output (Figure13) [13]. _\/alsala_Yourllnk PC is use_d for manual input of

Pressure, humidity, air sea surface temperature,'nformat'on' The generated binary messages aredstor

wind’s speed and direction are measured every aondr every 1 to 3. hours on the system's hard Qrwe for
automatically  transmitted by GTS. NMEA fransmission via Inmarsat-C to land coastal statibare
meteorological data are collected together with itis processed and send by GTS.

navigational data every 5-10 minutes and uploaded

onshore using the ISMAR software Daphne. The

integration of oceanographic and meteorological

measurements is possible if adding a thermosaliterme

to the system and sending data messages in TRACKOB

format at every one, three or six hours.
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" frequency of the manually measured data dependseon
Kﬂl/,“ e operator, while AWS provide continuous and periodic
measurement of the parameters. AWS and systems of
drifting buoys and sensors provide meteorologicad a

oceanographic information at regular intervals.

= Improved real-time wave measurements from VOS-
Brid ships will be of great benefit in wave analysis,
ridg 4@% verification of data, weather forecasting and prafan

Bridge Conscie

of numerical models.

Despite the progress in technologies for monitoring
and forecasting, the data obtained on spot by ships
measurements is the base for accurate assessmiet of
meteorological situation in the navigating area.

Figurel4 Scheme of ship automated system MILOS

An algorithm for mathematical calculations of the
minimum and maximum deviation values for each
parameter is built in MILOS system in order to
uarantee the quality of the measured data. Therays ) . ; !
glso calculatei th)t/e relationship between var}ilouss'gMOZ% Data Quality Report, Florida State University

USA, 2014;
parameters. Manually entered values are checked for ! ’ . . .
proper input. Each AWS has built-in testing system [2] Eumetnet, BAROS installation on E-ASAP ship,

: : EUCOS, 2008;
which runs continuously to check the hardware and ’ ’ . . .
report if a problem orymalfunction occurdleteosat [3] Fletcher ‘]." Meteorological observations frofips,
GOES, GTS and Argos networks can also be used forSeaways April 2008, p.7-_10, WMO, 2008;
communication by these stations. [4] Hotaek P., A. B Sherstiukov, A. N F_edorov JoV
Polyakov and J E Walsh, An observation-based
5 CONCLUSIONS assessment of the influences of air temperaturesaog

depth on soil temperature in Russia, Environmental

The ability to collect high-quality meteorological Research Letters 9/2014;

k 5] JCOMM Team, WMO-No. 47: International list of
data at sea has become very important. Although 'Fh oluntary Observing Ships, WMO., 2013;

satellites can be used for -collection of basic Co
: 6] Navstar, GPS Space Segment/Navigation User
meteorological data, measurements on spot made b nterfaces 1S-GPS-200. Rev. F. Interface Control

ships and weather buoys are essential for preparafi
Document, March 2012;
correct and complete weather forecast for the spen [7] NOAA, ARGO a part of the integrated global

The alternative communication systems offer lower . . ;
y observation strategy ,16 Meeting of the International

communication costs than Inmarsat-C. This is irmgoart .
when using AWS which sends an average of 1 600'2‘8%%_&69””9 Team, 18-20 March 2015, Brest, France

messages per day. The development of cost—effective[8] NOAA, Program Plan for Building a Sustained

telecommunication systems like Iridium and Argos32, : .
A v - Ocean Observing System for Climate, NOAA, 2008;
and 4, allows ‘two-way" transmission of messages an [9] Rannow S., M. Neubert, Managing Protected Areas

erforming a direct control of the systems, instemts ; .
gnd sensgrs In 2013. 60% of the gi/rifting sensaew N Central and Eastern Europe Under Climate Change,
y ! Springer Open, Germany, 2014;

fitted with Iridium antennas and 40% of them wated .
with Argos antennas. The new systems of moored uoy [10] Ts_endbazar, N. E., S. de Bruin and M. Herold,
Assessing global land cover reference datasets for

and driftin sensors are usin Iridium as a ’, .
9 9 different user communities. [ISPRS Journal of

communication system. _
Moored buoys are generally located in areas with Photogrammetry and Remote Sensing, 103 934,

limited navigation, where the availability to obtai 2015; . ) .
meteorological and oceanographic information is of [11]Tsujimoto, M.; Tanizawa, K., Development of a

great importance. Some of the buoys can send messag Weather Adaptive Navigation System Considering Ship
through mobile networks. Performance In Actual Seas, 25th International

Great amount of marine meteorological data is still €onference on  Offshore Mechanics and ArFtic
being collected mainly from analog devices and are Engineering, Proceedings of OMAE, Germany, 2006;

entered manually in ship's format. The reliabiéityd
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METHODOLOGY FOR MANAGEMENT AND IMPROVEMENT OF ENERGY EFFICIENCY OF
SHIPS

Elena K atelieva

Nikola Vaptsarov Naval Academy, Varna, Bulgarianai: katelievaelena@gmail.com

Abstract: Ship owners and the management team of shipping companies have a crucial role in the optimization
process. They have to establish and implement a specific energy policy focused on the use of innovative solutions for
energy saving, emission control and performance optimization. The purpose of this paper is to present a
methodology for energy management and energy efficiency improvement of ships. It is necessary to assist shipping
companies in the selection of appropriate measures to achieve balance between economic, technological and
environmental challenges.

Key words: energy efficiency, ships, energy management.

1. INTRODUCTION In the existing methods for analysis and
improvement of energy efficiency some issues are
The proposed methodology for management andinsufficiently developed.
improvement of energy efficiencyEE) comprises

systematic analysis and study of the energy consamp The main areas for improvement of the
of ships (by implementing energy audit, energy methodological provision are as follows:

calculators, energy balance, "Sankey" diagrams), ets - Development of instructions for conducting

well as identifying opportunities for applicationf o energy audit of the ship - methods for study and
innovative optimization measures. measurements;

The process of energy efficiency management of - Development of a methodology for analysis of
ships refers to rational use of resources for aehient the results of the energy audit of ship and the
of effective shipping. It is necessary for shipping most effective method for EE improvement;
companies to improve the efficiency of data and
methodological provision in order to achieve power This methodology follows the principles of the
management and energy efficiency optimization & th system approach, taking into account the interactio
ship. between economy and technology.

The process of managing tE& of ships consists of
stages and procedures that will ensure: 2. MAIN STAGESOF THE METHODOLOGY

e development of wunified database for

examination of ship systems; The proposed methodological approach for study

e study of various opportunities for energy and optimization of energy efficiency of ships detsof

efficiency improvement; three main stages and a final stage.

e development of a plan for the implementation Diagram represents the proposed algorithm (Figure

of the selected optimization methods; 1)
rational energy efficiency management problems
solving.
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=

Conclusions and
recommendations

Figure 1
FIRST STAGE - Organization, analysis, importance for the development and validation
planning of working program for the study;
+ amendment of the technical - economic
At this stage must implement a comprehensive indicators.
analysis of system performance. First stage is a
preparatory (organizational) and aims to creatertzavie The effective energy management requires

conditions for performing the activites of EE improvement of the organizational structure.
improvement. It requires support from the company Important role in this process is performing anrgge
management for selection of a team to carry outaneh audit. This process represents an energy audiersyki

and development of working program. assess the effectiveness of the energy resources,
This stage of the procedure consists of the development and implementation of measures to
following sequence: increase energy efficiency. ldentify activitiesugmment
and systems with the highest energy consumptiogl, (fu
e establishment of a research team; electricity) in operation. Determine the activitiesnd

determining the team leader responsible for orgagjz  measures for reducing energy consumption and
planning and monitoring the implementation of the conducting economic analysis of these options.
various stages of the study;

» obtain baseline data - collect information on This process includes the following phases:
the effectiveness of the system, applied
technologies and economic resources; A. Determining the state of the company -
» determining the basic parameter sand energy efficiency analysis and assessment of
consumption - study the current state, which opportunities for development.
enables the assessment of the efficiency of Conducting economic analysis of the effectiveness
energy consumption; of the companies, assessment of positions and
» identify opportunitiesfor energy efficiency opportunities as well as the status of their slipshe

improvement of the system and evaluate their ~ fleet. Coordinated actions and cooperation between
stakeholders in the transport business will provide
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increased efficiency. Establishing cooperation leetw
stakeholders - companies developing marine teclygplo
ship owners, operators, charterers, cargo ownenss,p
traffic management, repair workshops and more.

B. Evaluation of the system

Shipowners are required to submit information on
current practices and the energy used on boardies
as guidance on possible areas for optimizatiomefgy
efficiency. This is an extremely important step foe
development of an effective management plan. Ctmnsis
indication of the specific measures for each vessel

time, technical
productivity.

parameters of the equipment and

The methodology for conducting an energy audit
comprises several phases [3].

1/ First phase - preliminary audit - it includes
evaluation of the necessity for energy savings. A
database - records, activities, equipment, interviwith
the crew. Application of modern systems for moritgr
and control of ship performance - IAMCS (Integrated
Alarm, Monitoring and Control System). They enable

well as those for the company. This step comprisesfemote data collection on the quantities of geeeraind

organizing and conducting energy audit and evaloati
of the system.
It consists of the following steps:

STEP 1. DATA COLLECTION - INFORMATION

consumed energy.

2/ Second phase - evaluation of energy
consumption and losses. Implement identification of
activities that ensure immediate energy savings gmd
not require additional investments. Identificatiohthe
areas with highest consumption and set priorities f

Gathering data for all sub-systems and the links future work. Determining the opportunities to obtée

between them. Determination of installed power,etyp

and amount of energy consumtion and the main
Identifying the most energy-intensive €nergy subsystems, development of a strategy for EE

consumers.

subsystems and areas with the highest energy losses
To determine the appropriate opportunities for

energy efficiency improvement, the most - effective

greatest savings and fastest payback.
3/Third phase - comprehensive inspection of

improvement.

The energy audit comprises analysis of the

approach is to carry out comprehensive audits bf al following data:

elements of the system.

Data sour cesinclude:

- Fuel consumption, energy losses and expenses — fo
main, auxiliary engines and auxiliary boilers.
- Power, current, voltage - study of the load & #hip's

1/ Interviews with the management and technical power system, determination of the power losses.

team;
2/ Technical documentation of the equipment;
3/ load profiles of ship power plant;
calculators;

MIP

- Temperature, pressure, flow, time - study thdesys
and equipment operation.

STEP 3. PROCESSING AND ANALYSIS

4/ Data on the amount of goods transported andOF THE INFORMATION RECEIVED —

fees;

determination  of  appropriate measures  and

5/Regular documentation of diagnostics, repairs andrecommendations for EE optimization of ships.

energy-saving activities;

6/Design documentation, management,
technological and operational activities for impement
of the EE of the ship. Plan for optimization of ene
efficiency (SEEMP).

STEP 2. DATA COLLECTION BY
MEASURING APPLIANCES

Operational data is needed to supplement the

information obtained from the documents and

verification of obtained information.

Studies could be conducted with fixed or portable

devices, software and tools for power measuringnépk
into account fuel consumption and load profile.

The information obtained is processed and
systematized, checked for accuracy and completetess
necessary, carry out further inspection of the aeint.

Conducting measuring of the energy flows, operation

49

At this step is processed information obtained from
the technical documentation and measurement
equipment sets. Carry out assessment opporturidres
energy savings. At this stage are specified theatives
and tasks of complex technical and economic armlysi
Carry out complex analysis and assessment of the:

- current state of the system;

- factors affecting EE;

- energy saving opportunities.

This stage comprises selection of the most
promising options and assessment of their effectss.
For this purpose need to developed a model of the
system with all subsystems and components.

The next step is development of a plan for
implementation of the most appropriate method f&r E
improvement.
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C. St up a strategy, setting goals and energy audit on board the ship, and for the
developing a plan implementation of energy efficient practices and
At this stage, the chosen method become a systenineasures. The company's management, captain afd chi
of measures to achieve the objectives. This stelpdes ~ €ngineer carry out control for the implementation,
development of an optimal program for EE improvemmen monitoring and recording of the implemented measure
of the ship. The owners of shipping companies are
encouraged to take action to improve energy efitje ~ SECOND STAGE - training and implementation
They must develop an energy strategy and SEEMP for

ships in its fleet. This stage includes three basic steps:

The Resolution MEPC.1 /Circ.683 of IMO contains Step 1. Planning - set targets, estimation of the
guidelines for the development of a SEEMP. resources - detail the sequence of the project.

SEEMP include [1]: planning; application; Step 2. Organizing, crew training and

monitoring; self-evaluation and improvement. It implementation of measuresfor energy optimization -

provides instructions for improvement of EE of sitiip structure development and establishing links betwee

systems and operational processes. SEEMP identifiefroject participants - to coordinate actions, sét o

methods of carrying out the analysis of the system,procedures and state contractors. To stimulate

specific objectives and measures for the compamy an implementation of the plan for the project.

for each vessel in its fleet. Step 3. Implementation and reporting -
The plan defines the responsible persons andIncludes implementation of optimization measures,

establishes a system for application of chosen meas  reporting, control and regulation of processes (w t

SEEMP specifying quantitative assessment andPproject. Performs analysis and evaluation of thet cd

monitoring tools for the optimization. resources and deadlines for implementation of all
During this phase, an overall assessment is made ofnéasures.

the resources needed for the implementation ottsale

activities and the results of their application. THIRD STAGE - Assessment and Optimization

Classification of the measures is carried out atiogr

to: achieved EE; sequence and timing of application This stage comprises monitoring and analysis.

required investments. Each individual measure shbal ~ For verification of the appropriate measures for EE

considered in a systematic aspect for achievemeaho improvement, it is necessary to make a quantitative

overall improvement in energy efficiency. assessment of all measures. Monitoring and anabfsis
system performance before and after the application

D. Selection of measures and technologies for optimization measures assists to assess the gHfaeis
optimization and provides guidance for further activities.

This stage comprises analysis of the process and
assess the effectiveness of implemented organizdtio This stage include the following activities:
and technical opportunities, and selection of dingg ~ * Use of modern systems for monitoring indicators
for effective energy use. SEEMP contain all measure |AMCS (Integrated Alarm, Monitoring and Control
and opportunities for the application of innovative System) (continuous reporting and analysis of the
technologies and practices for EE improvement, serm parameters of the engine);

investments, monitoring, recordings and responsible® Examination of all subsystems and analysis ofgne
personnel. efficiency - energy calculators and software tools.

« Economic analysis of measures for energy effyen
Measures and activities for energy efficiency Optimization
optimisation consists: activities for achieving Ifue - Calculation of energy savings (fuel, kwh)
efficiency; optimized operation of the ship; optsmiion - Calculation of the savings ($, €)
of the structure and propulsion machinery and ° Data recording and result analysis.

equipment; optimized handling and energy saving Performs analysis, assessment and generalization of
methods. data obtained on all the measures implemented.

E. Determining the terms and selection of responsible ~ THE FINAL STAGE of the optimization cycle
persons represents a summary of the results, conclusioms an

The owners of shipping companies must provide recommendations. It includes control of the fuléint of
appropriate conditions for application of SEEMP. the project, evaluation of inputs and time to innpdat,

Management team must develop a plan to implement indicating the effectiveness of each measure.dtidees
the tools and processes for self-evaluation and

improvement.
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METHODSAND INSTRUMENTS FOR ENERGY EFFICIENCY ASSESSMENT AND
IMPROVEMENT OF SHIP SYSTEMS

Elena K atelieva

Nikola Vaptsarov Naval Academy, Varna, Bulgarianai: katelievaelena@gmail.com

Abstract: The purpose of this paper is to present instruments for complex assessment and energy efficiency
improvement of ship systems. This article presents energy efficiency analysis through the study of energy flowsin the
system and tools developed by IMO for monitoring of greenhouse gas emissions from ships. The combination
proposed, of various energy-saving technologies and measures can provide achievement of fuel efficiency and
reduction of greenhouse gas emissions.

Key words. energy efficiency, ship, optimization, waste heat recovery.

1 INTRODUCTION 2. FUEL CONSUMPTION AND COSTS

The ship is a complex energy system therefors, it i The article presents an analysis of EE of a coetain
necessary to implement an integrated approach toship. This type of ships have four main types ddtsc
increase overall system efficiency. capital, fuel, for crew and fees. The largest slarfeel
The ship's energy system is one of the most impbrta costs.
systems, which provides proper and safe operation. The incoming energy flow (fuel) of the ship is
includes two very important subsystems - Ship divided into three parts (Figure 1.) - energy coned by

Propulsion System and Ship Power System. The giteate the main engine (ME), auxiliary engines (AE) andldyo

amount of consumed fuel is for electricity genenatand (B). Using data from the literature assume thatdags

for ship propulsion. These are the main areasribed to of sailing for the year - 292, and the days spenthe

implement optimization measures to increase theberthin port- 73.[44]

efficiency of the system. In presented example for the assessment of energy
The power system provides the required electricity efficiency, a container ship is considered - ,Jagdax"

for all other systems on the ship. It representeraplex 2,200 TEU (2,262 TEU) class BV.

system, consists three main subsystems: 1) energy

sources, 2) transmission and distribution of enexggt Table 1
3) consumers.
For evaluation of energy efficiency (EE) of thegshi Rated power (MCR) 30560 PS (22477 kW) 91
it is necessary to undertake a study of distributmd RPM
sizes of the energy flows in the system. Shall alsply length 185,50 m
Sankey diagrams for graphical representation and| width 30,20 m
analysis of these flows. Determine the areas with t depth 16,60 m
greatest losses and identifying the most apprapriat | capacity (d=11,016m) 30554 t

optimization measures for each subsystem indivigual speed (design draft MCO) 22,10 Knots
Assessment of EE apply tools developed by IMO for “g5eeq (design draft SERV.] 21,90 Knots

|fno:'1itoring of green?om:sg gas emissions from shijgs @ piccq generator 1470 KW, 720 RPM
uel consumption ca C_u ations. S Emergency diesel generator 120 kW, 1800 RPM
Through an integrated approach - optimizing 20xiliary boiler —aloRx 3000 kaih
individual subsystems as part of the whole systeuidc H y . gk kg/h
achieve overall improvement of energy efficiencyEE | SXnaust gas economizer 7 kgfer2500 kg
fuel consumption 97,6 T/Day

of the system.
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MAIN ENGINE (ME) FOC = FOC,c + FOC, =72,94+ 19, 92,0 day]
For this example, daily consumption of fuel (FOQ) o _ _ i :
ME is: Fuel consumed per year in thismodeis:

FOC, /s = 292x 92,04= 26875, 8]

FOCME — _installed

P xLF xSFCxh [t]

g/t The cost of fuel per year in sailing mode is (cost of
fuel = $ 600):
Pistaled= 22477,53 KW - the rated power of ME; C, = FOCx292x $600= $16125 4C'

SFGue = 169 g/kWh - specific fuel consumption of ME;
LF — load factor of ME, when sailing (assumed 806 o
net power);

h = 24 - transit hours for day;

g/t = 1000000 - grams per metric ton;

Full fuel consumption per day for staysin port:
FOC = FOC, s + FOC, = 2,61+ 5,57= 8,1 day]

Fuel consumed per year in thismodeis:

22477,5% 0,8 169 24

FOC. = d ' 272,94 t/da FOC =73x8,18= 597,1

Ve 1000000 1 ’}_ year/® Bl :
AUXILIARY ENGINE (AE) Cost of fuel in thismodefor a year:
Daily fuel consumption of AE - for two main modes: Cg = FCx73x $600= $358 28
- Sailing with working refrigeration equipment '
(WlTH REEF) o _ Full amount of fuel consumed per year:
In this mode, it is necessary to use three diese

|
generators. FOC,, =26875,68 597,14 27472,&?.

Daily consumption of fuel from AE:

Full fuel costsper year:
FOC,, = e XSCxh 3982« 206 24 1t loky] C=C,+C, =16125408 $358284 $16 4836

g/t 1000000
- Stayinport The sequence of actions for power management and
In this mode, it is necessary to operate only one EE optimisation of the elements of the energy syste
diesel generator 1470kW. LF of the auxiliary engifer includes three main stages: determining effectigene
stays in port was 37% and power consumption is: 3 (analysis of energy flows); determination of theemgy
544kW. losses and improvement of EE.
Daily fuel consumption for this mode is: ANALYSIS OF ENERGY FLOW -Main engine
FOC,,, = P X SFCxh _ 544x 200¢ 24_ 2,61t /day] Efficiency (fuel efficiency) of ME determines fuel
g/t 1000000 ) amount converted into output powds:P
AUXILIARY BOILER (B) _ R _ 179816 _
. . , . Ngmn == = ————=0,499
Daily fuel consumption of the boiler at port is: Q, 36043,36
P, xSFCxh
FOC, =—8——— [t/day| To calculate the thermal efficiency of the main
g/t . diesel engine is necessary to determine the amofunt
heat flow (fuel power) emitted during combustiortlie
Ps is the power of the boiler at port. engine:

Fuel consumption calculated by the fuel used per ko Q; =m,; xCV.=0,844x 42705,4 36043,R%/
232 [kg/h]: '
FOCg = 0,232 x 24 = 5,57 [t /day].
® X [t/day] mf - amount of fuel burned per second [kg /s];
Full fuel consumption of ME and AE for sailing mode

with working refriger ation equipment: C.V. (calorific value) - the thermal energy released

during combustion of 1kg of fuel [kJ / kg].
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Figure 1 Energy flow (fuel) of the ship

IMO developed instruments for monitoring
greenhouse gas emissions and EE of the ships[§#2],

1/ Energy Efficiency Design Index (EEDI) - stimudat
optimization of energy efficiency in new ships atie
reduction of CO2 emissions emitted per tonne dffie
transported per kilometre, [g/tnm]. It represemis total
amount of emissions from combustion of fuel comgdare
to useful transport work [89]:

CO,emission| geo, |

EEDI =
transport work [tnm]

2/ Energy Efficiency Operational Indicator (EEOI)t-

Container ship70% DWT = 30554.70% = 21388t
CFue = CFae = 3,1144 (t-CO2/t-Fuel) for HFO
Specific fuel consumption:

SFC =169 g / kWh; SFC =200 g / kwWh

Ship speed: Vref = 21,90 kn

P =0,75xMCR,. = 0,75 22477,53 16858 AW

P =(0,025xMCR ¢ ) + 250= 811, 94N

The resulting index has a value lower than the
reference for new ships built after 01.01.2013g.2)
But to fit the design of the ship EEDI requiremeatter
2015. It is necessary to take actions for optinuzat
application of innovative technologies and operslo
measures.

measures the energy efficiency of each voyage using

actual values for the fuel consumed, the amouctgodo
and sailed distance [92]:

Fuel><CO2 Convertion factc
Cargo quantityxDistance

EEOI=

Calculation of the EEDI

MCRwe = 22477,53 kW
Capacity:

55

((PME [CFDME [g:FME )+ (PAE [CFAE [g:FAZ) )_

EEDI = =
Cammw DMH
—_((168581% 31144 1p8 81104 3444)P00
- 2138% 21,90 =2024q0) tmi_

In phase 0 (from 01.01.2013 to 31.12.2014)
for over 20,000 DWT, x =0

EEDIgrequirea= (1-0/100)x 23,48 =
=23,48[gCQ/t.nm].



ISSN 1844-6116 http://wwemu- edu eu/jmte

Journal of Marine technology and Environment Y2316, Vol.1

@ BIMCO 4
Energy Efficiency Design Index | —
o
s
|
.F\\
] AN
S

Figure 2

The resulting index has a value lower than the m, = 149000 kg/h - exhaust gas flow (80% engine
reference for new ships built after 01.01.2013mufe d)

2) But to fit the design of the ship EEDI requirerse ) )
after 2015 it is necessary to take actions formijatition Heat obtained from the exhaust gases:
- application of innovative technologies and opers!

149000
measures. x1,009x( 490 - 326) = 7099
Qug = 3600 ( ) WV_
3. ENERGY-SAVING TECHNOLOGIESAND
MEASURES Improved system efficiency by utilizing the energy

) ) ~ of the exhaust gas is determined by the formula:
The incoming flow of energy (fuel) of the ship is

divided into three parts - the energy consumedHey t P, +
main engine (ME), auxiliary engines (AE) and boiler Nt = Quss :17981’6|r 7099’4:(),7
(B)- Q 36043,36

The losses of thermal energy from the exhaust gases
and cooling systems represent a significant pathef  Cp =1,009 kJ/kg’K (www. dieselnet.com) - specific heat
energy flow through the main capacity of the exhaust gases;
diesel engine, usually about 20-30%. Part of thergy T, - the temperature of the exhaust gases (turbocharge
can be recovered to ensure savings and reduction in= 320 0C;
emissions, which will increase the efficiency ofeth T, - inlet temperature of the gas turbine 490 0C

system. This combined generation of heat and mechanical
energy from the main diesel engine provides savamgs
Energy flows of the engine have the following value increase the overall efficiency of the system.
Recovery system of exhaust gases from the engine
Table 2. (WHR) can be applied. To receive electricity by
recovering the energy of exhaust gases installwieb
Energy flow % for exhaust gases, power and steam turbine and
Fuel (inlet energy flow) 100 generator. This provides reduction of the amount of
Shaft power 49,90 incoming and outgoing air emissions and increage th
Exhaust gas 19.70 temperature of the exhaust gas after turbochargdr a

bypass. It should increase the steam produced &y th

Air cooler 18,18 exhaust gas boiler.

Lubricating oil 3,53 Power turbine used to generate additional eledtrica
Jacket water 7,52 power can replace the energy production from the AE
Heat radiation 1,17 There are complex systems for energy recovery of

the waste gases (WHR) with shaft motor / generétatr,
they are more expensive.

Electrical energy obtained from the thermo-electric
out) system (TES) allows increasing the temperaturehef t
waste gases in order to use their energy for heat
generation of steam. (Table 3):

The exhaust thermal energy is:

Qg =My.C,.(Ti,
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Table 3
Ship type Container ship 2,200 TEU
Main engine type 8570MC
Specified MCR of ME 22477 kW
Main engine load 85%
Main engine power output 19105,5 kW
EGT electric power production (EGT = Exh. gas toe)i 600 kW (3,1% of ME output)
ST, electric power production (3 Steam turbine 1200 kW (6,3% of M E output)
Single steam pressure)
ST, electric power production (Dual steam pressure) 1400 kW (7,3% of M E output)
TES= EGT+ST, 1800 kW (9,4% of M E output)
Annual fuel savings of TES 1 230 990 $/year
TES= EGT+Sh 2000 kW (10,4% of M E output)
Annual fuel savings of TES 1 361 946,5 $/year
Payback time (Fuel price : 600 $/t) 5years

The highest power losses in the boiler are heat
To determine the amount of savings, must calculatelosses from the surface of the boiler because of the
fuel costs FC (Fuel Cost) at engine load 85% incomplete combustion of fuel. They can be reduced by
(Pve = 22477kW), specific fuel consumption 0,00017 t/ decreasing air excess and flue gas temperature.
kWh for operational period 280 days, 24 hours / dag

fuel cost $ 600. ANALYSIS OF ENERGY FLOW -Aukxiliary engine
It is appropriate diesel generators to operate in
FC=280x 24x 0,0001¥ 224% 0,85 660 130956 parallel with load 80% of rated power in order to achie

lower fuel consumption and higher efficiency
Systems for energy recovery provide a reduction in A comparison is presented and calculation of

fuel consumption and cost savings: savings obtained in the optimal load of the engine.

TES,;= 0,094x 13 095 639, 7 = 1 230 990 $/year For example - voyage of six months, 24 hours a

TES,= 0,104x 13 095 639, 7 = 1 361 946,5 $/year day, consumed power 983k\at, 50% load, the fuel
consumption is:

ANALYSIS OF ENERGY FLOW -Auxiliary boiler FOC =180x 24x 22k 983 938t!

The auxiliary boiler on the ship provides thermal
energy and steam for households and heating fid. T -at load 75%, fuel consumption has value:

useful heat from the boiler is: FOC =180 24x 21% 983 921t

Qou =2301,65 kw,
This energy added to the energy of the exhaust Fuel saved for voyage is 17t.

gases, which represent 7.64% of the total energy (FOC =180x 24x 4x 983 1t7)
produced by the fuel is: & 209 kw. '

. - . At fuel cost $ 600 the value of estimated savings
Full boiler efficiency with recovery of waste engrg (for 6 months) is: 17t x $ 600 = $ 10,200
is: ' '

+
Qos *Qy _ 2510,65 5 g g,
Q 2732,8

Nyt 0=
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- Reduction in greenhouse gas emissions

E - Providing the necessary steam at a port - energy
= 33 i : s E obtained at a lower price
T o —eie 5 - short payback time (1-1 ¥ years)
2 3
£ g e LI £t )
8‘ o — - 5 The thermal energy of the exhaust gases is:
N it ELi=l TBJ _
212" 10 20 3 a9 S0 o0 73 B0 S0 100 |_|='_ Qus,g - mgcp(Tln _TOU'() =
Al 712525622.1,014( 500- 40p= 352KV
Figure 3 .
« AE waste heat recovery system (WHR) Distribution of energy flows for optimized system

The main advantages of the installation of With recovery of waste heat energy (Figure 4).
economizers for flue gases from the auxiliary eagiare

the following:
(e e
Main - | Electrical
Auxiliary SG switch CONSUMers
engine board
0 1 ;
- = — | OEEER
Euel Main | Propulsion
engine
Feat
Boiler _ | consumers
Losses
Figure 4 Distribution of energy flows for optireid system
ANALYSIS OF ENERGY FLOW -Consumers PAE =147KKW

Propulsion system
The largest share of the consumed fuel energyris fo _ - _
ship propulsion. The vessel, which has been stuidied SFC is the specific fuel consumption of the endBEC

powered by two-stroke, eight-cylinder, low-speedsegi = 169 g / kWh; SF& = 200 g/kWh); h - hours (280
engine and propeller with fixed pitch (FPP). days x 24 hours);
The power is proportional to the cube of speed: R3, vl - nominal (design) speeo? - reduced speed;
therefore, the same ratio is for fuel consumption. - at 100% speed - fuel consumption FOC
To determine the amount of savings at the optimized'S:
speed, calculate fuel consumption: FOC, =(16857,7% 0,000160 1470 0,0002 280 x¢4 )1
3
FOCz(PMEXSFCME+PAEXSFCAE)Xh>{UZ] FOC1—21127,68 _
Y, At fuel price $ 600, the fuel costs per year is:

3
v
Installed power of ME is: FOC =(Rye X SFCye + P X SFC, )% hx$x(—2J
= = i 1
R =MCR, XLF =22477x 0,75 16857,7 FOC = $12 676 60

(MCRyz = 22477kWLF = 75% - load factor) - at 80% of the nominal speed - fuel consumption

FOGC is:
The power of AE is: Gis
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FOC, =(16857, 7% 0,000189 14¥0 0,0p82 280x{24 )’ ACO, =C. xAFOC =3,1144¢ 10310,28 3211GQ0,
FOC. =10817. 4 ACGO, is the amount of carbon emissions reductions;
2 =
Fuel
Fuel cost at areduced speed per year: savings:
$ 6,490 423,3. AFOC = FOC, - FOC, =21127,68- 10817,4 10310,¢

Power is cut in half:
P,/ Py = (v, v1)°= (0,8 = 0,512

Respectively fuel consumption is reduced.
Savings amount to $ 6 186 184,7 per year.
The amount of harmful emissions - reduced:

(Conversion rate of COemissions: €= 3,1144 (-
CGOy/t-Fuel) for HFO).

€0 The energy saved by using VSD for E/R VENT FAN (MWh)

500

g &

Energy. MWh
g

5

= Energy consumed at sea from E/R VENT FAN (4 fans)
Energy consumed at sea from E/R VENT FAN with WSD

= Energy coensumed at port from E/R. VENT FAN (1 fan)
Energy consumed at port from E/R VENT FAN with VSDr

Figure 5 Energy savings when use variable spagdsdior speed regulation of the fans in enginarroo

Consumer s of electrical energy (Power consumption without the use of variable dpee
The main part of the electrical energy is drives:E =98, 9x 5400 = 534 MWh)

consumed by refrigeration equipment, drive systefns

pumps, fans and compressors. These consumerseare tl8. CONCLUSIONS

most common on ship, they provide normal operation

and proper working conditions for the systems, and Presented instruments for assessment and energy

therefore the biggest savings obtained at their efficiency improvement of ship systems can assist i

optimization. energy management and savings.

In the vessel, which has been studied - containerSpecified methods for energy efficiency analysisuigh
ship (2,200 TEU) fans in the engine room (E/R VENT the study of energy flows and various energy-saving
FAN - 4 pcs.) at 80% of the time working with 70% o technologies could be applied for achievement @f fu
the nominal speed (power 22 kW, efficiency 89%,=Pk efficiency and reduction of greenhouse gas emission
98,9 kW at 5400 hours).

When use variable speed drives (VSD - efficiency = 4. REFERENCES

98%) for speed regulation, the energy obtained is:
[1]. BIMCO, EEDI Calculator,
E, = 98,9x (0,7) x 5400x 1/0,98x 0,8= 150MWh. https://lwww.bimco.org/Products/EEDI
) ) [2]. IMO MEPC.1/ Circ.683, Guidance for the

For the other 20% of the running time, energy at development of a ship energy efficiency management
full load is calculated: plan (SEEMP), London, UK, 17 August 2009,
E, = 98,9x(1,0)° x 5400x 1/0,98x 0,2 =109 MWh. http://www.imo.org
[3]. KATELIEVA E., Sudy and optimization of energy
efficiency of ships, Ph.D. Dissertation, 2015
[4]. MAN Diesel & Turbo, Thermo Efficiency System
The energy saved by using variable speed drives: (TES) — for Reduction of Fuel Consumption and,CO

Es= E —Eysq= 275 MWh Emission.

The power consumption is:
Evsa= BE1 +E; = 259 MWh.
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MANAGEMENT OF INVESTMENT RISK OF ECONOMIC OPERATORSIN THE
BLACK SEA REGION

Assoc. Prof. Dr. Galina Kurteva

Black Sea Institute Association, 5 Ferdinandovae{r8000 Burgas, Bulgaria
University of National and World Economy, Studefitavn, 1700 Sofia, Bulgaria
Bourgas Free University, 62 San Stefano Stre@Q) &urgas, Bulgaria
e-mail address: galiap@abv.bg

Abstract: The economic interest in the Black Sea region is determined by-its dynamic development, complex reality,
opposing outside interests and relations of the Black Sea countriesto the rest of the world. One aspect of thisinterest
is related to the investment process. Successful implementation of investment decisions requires consideration of
various factors determining the degree of risk for the investor. In this context, the current report presents some
strategies to manage an investment risk.

Key words. Black Sea region; investments; investment risk; strategy.

1. INTRODUCTION energy need of Europe, is a prerequisite for thasfer
of Caspian oil and gas to European markets andmagi

Investment risk in the Black Sea region arises from economic development. This creates competition for
the peculiarities of the functioning of the econoimyhe control of pipelines, sea lanes and transport sjuds
region. Traditionally Black Sea region includes &re, well as strengthens the quest for political andneaaic
Bulgaria, Romania and Moldova in the west, Ukraine influence in the region. What is the place and role
and Russia to the north, Georgia, Armenia and Bulgaria in the Black Sea region? Bulgaria is at édr
Azerbaijan in the east and Turkey to the southhdlgh the Balkans, located on tiack Sea and Danube river,
Armenia, Azerbaijan, Moldova and Greece are not but in the context of new geopolitical and geo-exuit
littoral states, history, proximity and close tiesake realities it is a part of Eurasia. This aspect shawt be
them natural regional actors. After the admissidn o overlooked because in a geopolitical plan it gisesous
Bulgaria and Romania to the EU, the Black Sea regio chances of Bulgaria to become an energy center of
no longer wasaccepted as European periphery but as Europe through which pass the transport corridamf
integrator of the axis Caspian - Black Sea - Europe the Caspian region. This will allow Bulgaria toriunto
Moreover, active participation of Bulgaria and Ramaa  economic, political and strategic mediator betwéss
in the implementation and development of the objest different partners of the European Uniowariously
of the European Commission towards the Black Seainterested in its presence in the Black Sea regiot
region contributes to its transformation into a &hean Eurasia. In the Black Sea area, there are significa

area of development. opportunities and challenges for business in keyose
such as energy, transport, environment, transpomtat
2. ECONOMIC PREREQUISITES and security. Investment decisions, however, are

inherently risky, so the emphasis in the preseponteis
Economic interest in the Black Sea region is ON strategies for risk management for companies -
determined by its dynamic development, complex investors in the Black Sea region. _
reality, opposing outside interests and relatiohghe Investments are wery important part of theapital
Black Sea countries to the rest of the world. Latge flows and one of the main channels of the impact of
market, oil, gas, transport and trade routes cheniae flnan_C|aI _global_lzanon on the economy. Any m_veetm
their importance regionally and globally. The sigit requires investing of a certam amount of cashrdento
location of the Black Sea region - between the [€C€IVE revenues and capital for the company. The

hydrocarbon resources of the Caspian basin and thdncome is not an end in itselbut it is necessary the
magnitude of this income to be substantially higthean
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the magnitude of the costs incurred. Regarding the3.

ASSESSM ENT OF INVESTMENT

income from investments and the investment costs itPROJECTS. STRATEGIES TO MANAGE

should be bare in mind that tleests are made in real
present time until the benefits are linked to thefe. It
is this feature of the income which determines the
relationship between earnings and risk. By presionpt
the future carries uncertainty and insecurity, which
means that itarrier a particular risk. In this sense, the
implementation of a specific investment project is
always accompanied by risk uncertainty and insgcuri
of income connected to tlevested funds.
Generally,participants in the implementation of an
investment project are interested in avoiding ajgmto
failure as well as avoiding occurrence of operating
losses. Each investor himself determines the lefvesk
which can afford to take, which means that the ll@¥e
risk is a subjective value. The assessment of timest
risk is fundamentally important in two cases:

e When you have to make a choice of an
investment project on the analysis of alternatine e
then we talk aboutssessment of the overalsk of
investments;

« When you need to take the specific factors that revenues. All

will affect individual projects - then wealk about risk
assessment of the project.

The assessmenf the overall risk is a major part of
the investment planning and a restrictive condition
making a decision whether or not an investmentdo b

made In practice, the assessment is made on the basis oProfitability, however,

estimatation of various indicators correspondinghe

attitude of the investors to risk in general. Taekl of an
absolute indicator of risk leads to the need ofwation

of various alternatives for input of cash, eachvbich is

characterized by a lesser or greater extent torithe

Ceteris paribus investor chooses a project whoseatlv
risk is relatively smaller than those of the altdives for
investment.

In assessment of the risk of the project, the
presumption is that in the process of realizatibrihe
investment decision making process is influencedhley
external environment, sometimes random and
uncontrollable nature. This is a prerequisite fiffedent
versions of the future outputs (results) of theestment
project. In the futire the investor may assumeeddht
combinations of these factors. For each combinatiag
be allowed different variations of a numerical \elof
the useful result of the investment. As a formal
expression of the useful result can be used differe
indicators. Traditionally in regard to the finaricia
investment, a key indicator of their effectivenésghe
profitability of the investment. In investments iral
assets can be used indicators such as net predaatof
the investment, ratio of profitability, payback el of
the investment, etc. Important in the selection of
indicators for assessment the risk is the selectibn
those indicators that are used as a basis for ipigrithe
investment.

62

INVESTMENT RISK.

The first step in the evaluation of investment
projects is to be determine the extent of lospeetvely
risk (permissible, critical, catastrophic) for easfithem.

For this purpose is calculated the loss ratio wiécthe
ratio between the maximum possible amount of losses
and own funds in the light of all proceeds from the
investment project [4, p.162]. To be consideredaas
acceptable, is the risk which do not leadtore loss and
damage than benefits. Usually this is within 30%4hef
own funds. In cases when the possible losses exbeed
amount of the expected profit, but it is possilebe
covered by the expected revenues, we talk atrotical

risk. Where the amount of the losses exceed the amount
of the alleged proceeds and reaches the value
corresponding to the value of the assets of thepeom

we talk aboutcatastrophic risk. Usually catastrophic is
the risk where the possible losses are 70% ofdheme

of their financial resources in the reporting of al
projects, which are in the area of
intolerable for the company, drop.

The next step in the evaluation of investment
projects related to the determination of the exgubct
profitability, taking into account different futustates of
the environment in which the company operates.
is the most universal and
practicable assessment of each type of investment
indicator. It is obvious that the most preferred we a
project that has the greatest expected profitgbilit
cases of different conditions of the factors frohe t
external environment. It should be noted that ie th
process of realization of the investment project
modification of some of the factors determining state
of the external environment may occur. This mayl lea
an alteration in the expected profitability of the
investment project. Such factors can be the market
situation, the interest rate level, the taxatidn, e

As a numerical measures of assessment
investment risk can be used the statistical indisasuch
as:

of

 Standard deviation (dispersion), measuring the
deviation of returns from its expected value. Tésslthe
deflection in different states of external factothe
lower the degree of risk of the project. It shadl toted
that the use of standard deviation as a measurglof
assumes a normal distribution of returns. In otherds
the values of the profitability of the investmembject
with a combination of different factors from thetemal
environment must be symmetrical to the expectadmet
Otherwise, the use of this indicator is impractical
because it would give a false result.

* In calculation of the standard deviation all the
deviations are taken into account despite the thet
profitability is greater or less than the what xpected.
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In risky situations, it is possible to take intacaant only [-Acceptance of risk
the income values that are lower than expected. a&sna The company management has assessed and
measure of risk can be used indicator semi-digperti considered possible potential losses from an invest
This indicator can be successfully used when the project at the expense of own resources. In thie dais
profitability is located asymmetrically compared ttee not consciously attempting to reduce the levelisk.r
expected value. For example, the costs for the project are not cedu

« It is known that the level of risk and profitabyjl consciously because it accepts that in case ofrmmue
in most cases are in direct proportion, i.e prbféga  of adverse events costs will be covered by the meo
enhancement is possible with a corresponding iserea from the project itself or from other sources.Hosld be
in the risk of the project and vice versa. But the noted that the acceptance of risk does not mean the
measurement of risk is conditional and relativaigalSo absence of negative effects of the project. Passibl
it may be that some projects have the same risk asnethods to reduce losses resulting from the

measured in one of the two specified indicatorsthis implementation of the risk situation are relatedthe
case, for risk assessment is used the coefficiént o establishment of specific insurance and reservdsun
variation, which is calculated aketratio of standard the company with its own funds. Their purpose is to

deviation to the expected value of the income from the cover the negative effects of unfavorable develaproé
investment project. The lower the value of the events due to external environment.
coefficient of variation, the smaller the level gk of One of the specific forms of acceptance of risk is
the investment project. provoking/induction of risk. This means that soroenfs
All of the three indicators used to experts, the of investment to increase the level of risk maydldéa

likelihood to show different combinations of factor additional profit. Therefore, the management of the
from the external environment. Given the complexity = company consciously seeks opportunities to incréase
the environment in the Black Sea region these atdis level of risk. Such situation is possible in vestur
can be extremely useful in making an investment financing or investing in subprime securities.
decision. [0 Exclusion of the Risk

On the basis of the assessment of investment risks In this case the management of the company
are identified the appropriate actions and meastoes generates a set of special measures to prevent the
reduce the vulnerability of the company and overom negative consequences of the investment projeaty Th
the adverse consequences. These measures areddividean be applied when the effects have already oedurr
into internal and external. Internal measures ipomate during their manifestation or when they have alyead
the creation of insurance and reserve funds, akagel occurred. For example, technological problems it
development of events designed to avoid the pdisgibi  introduction of new technology cannot be excludetie
of incurring these risks. External neutralizatioaasures  pre-conditions are created for timely servicing of
are mostly related to insurance of various types of production equipment, providing a continuous supyly
project risks or the use of guarantees from thadies. raw materials and others. In most cases, theseumesas

The application of different measures depends onare administrative and organizational decisionsiirety
the willingness of the leadership of the company to certain costs for their realization. When thesetxase
assume a certain degree of risk when making anvery high, it can be used other methods to redbee t

investment decision. risk. This is possible when the causes of risk are
Popular strategies for risk management accordingobjective, i.e they cannot be avoided.

to the general theory of risk are: [26, p.186]: [ Risk Transfer
[ Ignore Risk In this case the responsibility is passed to third

In this case, it is assumed the absence of anyparties. To implement this method it can be ugpetisl
specific actions aimed at reducing the negativectdfof procedures (hedge) or services of special institafghe
risk. Management of the company may deliberately financial market (insurance).

ignore the risk, such as suggesting that the effetthe [) Risk Reduction
project are insignificant or less significant. Oducse In this case, the management of the company
sometimes ignoring the risk is possible due to ignoe. realizes specific events in the time of the risloider to
[0 Avoid Risk reduce negative consequences. One of the main detho
In this case, the management unit consciouslyto reduce the risk is diversification. The basieads to
decides not to put the company on a certain kindséf distribute the risk among more assets or to inwvestore

In other words, risk aversion implies an inevitatalgure than one asset. Most commonly ths method is used in
of the implementation of certain projects that ladk forming of the investment portfolio of the compairity.
confidence in the effectiveness. However, this @ n can include not only securities but also other rfaial
typical for the investment decision and may notdden instruments, as well as investments in real asdsts.
as inherently such as the management behavior. modern conditions it is good for the business tivestfor
being maximum diversified business in order to cite
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the total investment risk Diversification increases the a) to make risky investment holdings in
reliability of the business sustainability of thengpany accordance with the current legislation in the ¢oun

and as a result allows to activate investment gtif b) to develop a program for risk investment
the company. Various options of diversification are activities;

available: c) determine the extent and magnitude of

- Diversification of activities - based on the investment risk;
increasing number of technologies, expanding tingeaa d) to develop a specific program for risky
of products manufactured or the spectrum of itslpots decisions and to organize their implementation;

/ services, as well as orientation towards diffesmtial e) to conduct insurance activity related to risky
groups of users, etc .; operations.

- Diversification of the market - action on several Assuming that these functions form the tactics of
stock markets when a failure of one may be offgethie risk manager, still remains the question what is th
success of another; possible strategy of this management entity.

- Diversification in the purchase of raw materials The strategy of the financial risk manager can be
suggests interaction with other suppliers and thusseen as a sort of art for risk management in ciomditof
independence from unreliable suppliers is achieved. uncertainty and unpredictability of the situationast

Businesses can reduce the risk level also throughwhich is aimed at forecasting and foremost to lith#
the involvement of other entities or individuals as parameters of investment risk.

partners. For this purpose joint stock companies, Risk strategy should be built on the following

financial-industrial groups, associations and athare principles and procedures [5]:

created. In many cases is possible distributioriotdl a) maximum revenues and benefits;

risk into stages of realization when they realinagr b) determination of the maximum likely outcome;

term projects or implement strategic issues. c) determination of the minimum volatility
Another popular method of reducing risk is the (likelihood) of the outcome;

management of assets and liabilities. d) the optimum ratio between income and risk.

The aim is to be found such a ratio between assets  The essence of the rule of the maximum income is
and liabilities of the company which allow avoidanaf based on the fact that by all possible variatiohasky
the reduction of net asset value. investments it is necessary to choose the optiah th
Methods used for making an impact on the risk gives the most efficient result in minimal or actdye
should be modified in any alteration of the contantl risk for the investor.
specifics of the risk situation which causes a gleaim
the company. In this manner of speaking, the usngf 4. CONCLUSIONS
method of risk management implies constant momigpri
of its impact on the business results and in cdse o Development of a strategy for investing in the
alteration of the external or internal conditions Black Sea region shall comply with the economic
adjustment of the used method. development prospects in the country and with tkle r
Organization management of investment risk assessment of each investment opportunity. The
involves determining a specific entity of risk estimates of the level of risk have no singulaugabut
management - financial risk manager - managertmrot reflect on the need of decision-making process
specialized entity in the company. Whatever is this considering specific conditions.
entity, it must fulfill the following functions [5.168-
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Abstract: The main focus of this article is the degepment and use of clean renewable energy sourcasnd energy,
on ships. The main goal is the diversity of energgurces and the reduce of environmental pollutidmpping that
this will ensure future energy security of suppllypropose to install wind turbines, kite which gerstes electricity
and kite used for propulsion on a port-containerh& main reason of this article is to try to shownaodality for
reducing ship pollution and the quantity of fuel esl, that mince, to reduce the price of transportatiand a method
of saving money. As a result of my research | digeped that is more convenient to use vertical axedvturbines
like French model Statoeolien GSE 4 comparing wighnormal wind turbine with orizonthal axe, to uséé mixed
propulsion motor-kite then only a diesel motor, aadckite with generates electricity than a simplenditurbine.

Wind energy is a very good solution to global engqgroblems. It is considered the cheapest sourcemérgy. The
kites which generate electricity are revolutionizjrwind turbines.

Key words:Pollution; Ship; Wind turbine; Energy; Kite

1. INTRODUCTION

The article below it fits into a larger system of
research on air pollution, more accurately, at mes$hto
reduce pollutant emissions from marine engines.

In the conditions that the price of oil continuesrise,
the atmosphere is degraded due to exhaust emisaiohs
overall pollution of our planet every day, uncontenal
solutions for energy began to attract interest fpmarties
involved in maritime transportation.

Unconventional propulsion systems such as wind or
electricity, have come to the forefront after agdgime of
being ignored.

2. USING WIND ENERGY ON CONTAINER
SHIPS

| decided to place three vertical axis wind turkine
from the company Gual Industry on the monkey isjand
on the container ship Pelican.
| have chosen the vertical axis wind turbine frome t
company GSE 4 Gual Industrie- Statoeolie because in
comparison with the other models:

» resist atwinds of 220km /h and more,

remaining compact

> itis aesthetic;

» no stability problems;
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can be installed directly on a flat surface;
it is silent;

low rotation speed up to 85 km/h, the turbine
provides an increased safety level, against
emergency stops;

all the structure generates a few vibrations due
to the resonance phenomenon, but which are
amortized by using suspensions.

Safety systems of the turbine:

>

>

speed limitatiordevicefor windsexceedindl50
km/h;

disc brakes integrated on the generator- with the
role of shutting down the turbine in the event of
failure or abnormal vibration;

the stator constitutes a safety device for limiting
the access to the rotor movement for people and
foreign articles.

It has a 4-point anchoring system that eliminates t

turbine movement, at very strong winds.

Annual test - turbine is limited only by its loaati,

not by its high.

Minimum requirements for maintenance:

>

bearings have lifetime warranty;

» simplified verification bearings;
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> gearbox requires draining every four years
and changed at 10 years;

» electric power generator should be checked onceP=3 x 10 kW= 30 kW
a year, with the entire turbine.

Tablel 1: Technical characteristics of StatoeolBSE 4
wind turbine

Height and diameter

4m/1,5 m

Runs from a power of the
wind of

2 m/s (7 km/h)

It operates at a maximum 60 m/s

wind speed of (216 km/h)
Power generated at 15 m/s | 1,3 kW

(54 km/h):

Power generated at 25 m/s | 4,4 kW

(90 km/h):

Power generated at 40 m/s | 10 kW

(140 km/h):

Speed rotation 0-120 rpm

Generator with

Synchronous Permanent
magnet

Weight 800 kg
Mentenance Yearly
Warranty 3 years

Power generated in KW

12,00

1000 +

800

6,00

400 |

2,00

0,00

2 € 4 “‘liid speed in m/s
Figure 1 The power generated by the turbine dbwuar

speeds

20 25 30 35 a0

Rotor

Stator

Figure 2 Statoeolien GSE 4 wind turbine

The three wind turbines Statoeolien GSE 4 located
on M/V Pelican will generate maximum:

3. USE OF KITES FOR PROPULSION AND
POWER GENERATING ON CONTAINER SHIPS

The German company Beluga equipped in 2008 the
containership M/V Beluga with a kite of 16C from the
company Sky Sails

According to research it proved that this innovatio
has reduced the amount of fuel used by 15- 20 %, or
approximately $ 1,000 per day economy. The ship had
the kite high between 5 minutes and 8 hours a Tt

reduced significantly th€€O, emanations.

Figure 3 M/V Beluga powered by a kite from SkylSai

It is estimated that if it will be increased theesiof
the kite by 320 i) the amount of fuel used will be
around 30%, which would reduce both operating costs

and CO, emanations.

The kite is connected to the ship with a cable Whic
has the length between 100 m - 500 m, and is
automatically controlled by a computer.

Sky Sails estimates that if the system will be
implemented worldwide, there will be a reduction in

CO, emissions of approximately 0.6 %.
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Figure 4 M/V Beluga powered by a kite from SkylSai

On M/V Pelican we will install the necessary
platform for Ampyx Power Kite with its related
generator at the aft of the ship, on level 84.

The kite is connected to the generator with a cab#b0
m length.

When the plane moves it pulls the cable.
The plane goes up and down automatically creating
tension in the cable and forming a figure of eighhe
process is repeating over and over again.

On the ship we will install a model of kite with a
wingspan of 30 meters which will generate approxéma
2 MW = 2000 kW. The ship has width of 30 m.

Ampyx Power kite has characteristics:

> High durability;

> Low cost;

> Reduced environmental impact;
> Automation.

On the M/V Pelican we had installed some devices
that use wind energy:

> A kite generator of electricity from Ampyx
Power — that will generate up to 2000 kW;
> A kite used for propelling the ship, placed at

the bow, from the company Sails- Sky, that will
help reducing the fuel consumption by 15 % -30
% when the ship is in ocean crossing.
P= 30 Kw+ 2000 Kw=2030 Kw.
With this energy we can power the secondary
consumers from M/V Pelican:

> The lights of the accommodation;
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Consumers Service (outlets);

Lights from engine room;

The lights on the main deck;

Fire detection system;

Fire extinguishing system with water and
foam in the engine room;

Smoke detection system in cargo holds;

Emergency Generator Console from engine
room and the bridge;

The control panel for charging/discharging
batteries.

YV VYV VVVVY

Schematic for connecting the three wind turbines
and the power generator kite to the ship, we mulkivi
the following steps:

Ampyx
Power Kite
2000 kW

Wind turbine
10kW

Fire extinguishing system with water and foam from Engine Room 10 kW

Smoke detection system in cargo holds 10 kW

Emergency generator for Engine Room Console and Bridge Console

Cantrol panel for charging/discharging batteries 10 kW

Figure 5 Scheme for the connection the wind tuadin
and the power generator kite to the ship

Wind turbine |
Statoeolien GSE 4

Generator
P ~

/'r" . Kite used for ship propulsion

b
! Control system

Launch and Recovery Kite System

|

Towing cable
Winch -~

Figure 6 M/V Pelican equipped with wind turbines,
power generator kite and Sky Sails kite used for
propelling the ship
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4, CONCLUSIONS

Wind energy is a very good solution to global
energy problems. It is considered the cheapesteauir
energy. The costs to produce it are zero.

Other advantages of wind energy:

> zero emission of pollutants and greenhouse
gases, because they do not burn fuel;

> No waste is produced. Wind power;
production does not involve any kind of waste;

> Reduced costs per unit of energy produced.

Using kite electricity generator is the newest radth

that revolutionizing wind turbines.

Advantages for kite electricity generator comparing
with a normal wind turbine system are:
Durability;
Reduced Costs;
Reduced environmental impact;
Automation;
Easy - level of implementation
Improved operational performance

YVVVYVYVY
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Because of price of fuel which is steadily growing,
the world is attempting to reduce pollution, and by
default also pollution caused by naval engines.

It was proved that we can use for ship propulsion
also unconventional energy, so we can say that in a
future ship propulsion will be replaced by mixed
propulsion motor-kite.
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