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ASSESSMENT OF CONTRIBUTION OF MARITIME EDU CATION
INSTITUTIONS IN LATV IAN SEAFARERS POOL

Roberts Gail gti s
Latvian Maritime Administratior5 Tr i j Ud Ripaal¥-1®18,Latvia t ,
E-mail: roberts.gailitis@lja.lv

Abstract

Latvia has bec opyeoundry far etlaefs &y lacking dwn shippwners. Only about 4% of
merchant fl eet seafarers are employed under Latvian
Latvian economy as the employment of seafarers contributes to Latvian economy pyroogbt from

abroad and spent here. Maritime education institutions plays important role at inflow processes of
seafarersé pool, which are involved in training of
officers is growing in industry. Asssment of the contribution made by maritime education institution is

done by comparing statistical information about the graduates from different institutions to have clear

view on future of Latvian seaf ar enditiods. Thisamgpwaclkt e and t
provides objective and sound basis for conclusions about the contribution made by different maritime
education institutions. Therefore the aim of this article is to show the methods and results of contribution

analysis made by &men Registry of Latvian Maritime Administration.

Keywords:s hort age of seafarers, maritime education, sealf
Introduction

Shortage of shipbdés officers is one of the main t
International Maritme Qrani zati on (| MO) | aunched campaign AGo t

entrants to the shipping industry. The worldwide supply of seafarers invizds 8stimated to be 624,000
officers and 747,000 ratings while the current estimate of worldwide defoarsgafarers (in 2010) is
637,000 officers and 747,000 ratings [2]. According to BIMCO (Baltic and International Maritime
Council) the supply data is based on the number of seafarers holding STCW certificates. BIMCO states
that while demand for ratings imsore or less balanced in the same time there are still some shortages for
officers. IMO places emphasis that the global pool of competent and efficient seafarers is prerequisite to
meet future demand which will give possibility to present seafaring tagerugenerations as a viable

career choice. While the term fishortageo is widely
between demand and supply figures is calculated by comparing results of two different approaches. The
demand figuresare al cul ated mainly by modelling the worl dés

range, vintage and registry in order to calculate the number of officers and ratings that are required for
safe operation of these vessels. The supply figures are estimdtéssed on information provided by
different sources such as questionnaires, data from administrations, education institutions and others [3].
Organizations apply various methods therefore it is common to see different figures provided from
different souces. In reality, the amount of details recorded varies therefore the precise figures are difficult
to achieve. The main reasons are the globalised nature of the shipping industry and its flexibility,
including temporary employment which has become inangsicommon [4]. Task Force on maritime
employment and competitiveness of European Commission states that it is clear that detailed data on
maritime employment is scarce, sometimes-dated and often not reliable [5]. In their report about
employment of B) seafarers they tried to collect available information from various sources to have
picture on the EU seafarers.

The shortage of seafarers for EU maritime sectors has additional scope as the seafarers and
especially merchant seadrolema only forf shigpieg seabor butlalsoyfor otleec 0 g n i
maritime sectors (marine services, shipbuilding, port services etc.) where they experience and skills are
viewed as sustainable input factor for the development of those industries. This view deesiijip
K.Mi troussi anal ysi s about chall enges and opportuni
detailed information about maritime education syste
plays important role for maritime policy dsions at various levels.



1. The aim of research and methodological approach

Importance of maritime education system depends on its capacity to supply maritime industry with
people meeting industry needs. Maritime education is economically viablef auifficient demand (or
critical mass) exists due to large fixed costs, but onqadece it can service a large number and wide
range of actors [7]. Not only seafarers can be educated in maritime training institutions but also port
personnel and othershose employment and therefore educational background is linked with ships,

shipping etec. The demand for seafarersdé mariti me eodc
related to demand for seafarers of particular country as the educatiom sydtecal and in line with
countriesd education system. As the maritime educat
same time it is important to determine factors which are linked with maritime education system and
influences graduates imte seaf arersd pool . Science Direct and S

searching of articles related to this issue, however, the articles which combine detailed information about
seafarersd empl oyment and their deTdeidatahase® coatdin bac kgr
articles which discuss the shortage of seafarers and factors influencing the supply and demand of
seafarers | abour. For exampl e: ACrew study of seafa
mar ket f or s bbydBihaou and NilkWinehestdr [8lediscusses the context of the complexity

of the global labour market for seafarer. The authors of the article propose the crew study of seafarers

(CSS) as a mean to access, analyse and compare information on activesseaiddevide. However,

crew |lists which serve as main source for input dat
background. Ot her articles such as AEmpl oyment of
opportuni ti edlenge$ tbal carebe peenota have a hegative effect on the employment of EU

seafarers and examine forces that can be regarded as opportunities for the seafaring profession in the EU.
However, those forces are described in general focussing on qualitsitigaantitative aspects. In article

AA method for estimating wor |l d mar i ti me empl oy men:
establishes a method to estimate maritime labour worldwide. Even this article tackles the issues of the

pool of seafarers it doedrt di scuss the contribution of mariti me
system to supply labour required on ships. Looking at the articles related to the maritime education it
wasndt possible to find arti claysediwduanitaivetadpectsforol e of |
context of supply side of maritime labour. It can be assumed that even if such researches exist they are

not easily accessible and specific search methods should be applied to find them.

Looking at the methods utilisedn ipreviously mentioned researches it can be seen that
methodological approaches and data sources used in those researches are not suitable for analysing two
different blocks such as pool of active seafarers and education system even if the links betnvesisth
and have major importance. In most cases the primary data source is provided by different kinds of
surveys, therefore the researches which use published results of surveys or researches are based on
secondary data sources. For example, surveyltect necessary data is used in cluster analysis of the
maritime sector in Norway [7] or in determination of lapaksed jobs for exeafarers in UK [10]. Other
way to get access to primary source is to use questionnaires. This approach is linked iwittampart

qgualitative aspects and for exampl e was used i n 1
Federation) questionnaire survey of seafarers with aim to get information about all aspects of seafarers
working lives [11]. T kraveing diracp Inks doatwekne reariticheo eddcationa | | o w
system and seafarersd pool . Therefore mi cr o dat a

accessibility of data. For example, this approach was used for iofitlow analysis of labour in

Danish maritine cluster [12]. The database containing information about employment of particular
persons is prerequisite to get such a micro data. However, access to such a registers often is limited as
usually they contain sensitive information about persons includddtabase.

Seamen Registry of Latvian Maritime Administratdi
seafarers with entries about the seafarers their education, qualification, seagoing services and other data
required for certification according requirems of STCW Convention. Although the main purpose of
database is to serve for certification of seafarers it gives possibility (by analysing content of it) to look on

the historical development of seafarers6 education
The nain aim of this research is the determination of the contribution parameters and their values of
mar i time education system in Latvia. This aim is a

education and employment. The micro data analysis comérgriation about all seafarers included in
database and is a combination of entries about employment with @30 entries about education.
Combining of the data sets individual persons were separated and grou@Qsf fdople where extracted



as bas. The persons included in base have entries about maritime education gained in particular time
period. Data about their employment was added for analysis of their work on board after graduation.

The research consists of four steps:

1. identification of sizeand composition of active seafarerso6 p
groups for entrants and seafarers who leave the pool by analysing average age structure of
seafarers in the pool;

2. determination of overall contribution of Latvian maritime training aatlication institutions
looking to supplied qualifications and numbers of new seafarers;

3. comparison between the total numbers of graduated persons with graduates who worked on
board the ships after graduation;

4. determination of time period graduates worked acti ve seafarersé pool to
for shore jobs after graduation. Additionally the career growth on board is determined and
compared between graduates from different institutions taking into account the level of
particular programme.

The limitation of this research lies in fact that it is difficult to validate the outcome of those analysis
again other data source as there is |limited possibi
in Latvia. The outcome probably can baligated again the results of extensive and expensive survey
therefore it is not credible that it will be done in foreseen future. Also the data about employment cannot
be considered as 100% exact as part of Latvian seafarers are employed directlyghyctorgianies and
the data of this employment is entered in database when person comes to seamen registry for certification
reasons. However due to the number of persons included in sample it can be assumed that values are close
to average values and theyed they are fully usable.

2. Basic concept of seafarersdéd pool

Figure 1 shows simple seafarers6 resourte model
seafarers are considered as the main three blocks of model. Maritime education system provides the
entrants for active pool and main parameters of maritime education system are qualification gained in
educational process and number of graduates. Most of the persons join the pool at 28e/@érs as
most persons graduate from maritime educatiotitini®ns within this age range.

20 - 30 years 60 - 65 years

Retirement

I

| I

Martirpe | Wc?rk on board I
education | (active seafarers) l w

| |

I

Work in maritime & other
industries
(ex seafarers)

Figure.1. Mo d e | of seafarersé resources (author)

The assumption of entering age is also supported by the average age structure of merchant seafarers
(Figure 2). The relative number is increastiligage group 25 29 years when it reaches highest value.
Also retirement age can be derived from age structure of seafarers and considered #4ageaBf as
there is drop by 4% comparing with age grougs85years. Only 2% of seafarers are represkin age
group over 65 years.
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Figure 2. Age structure of merchant fleet seafarers
Source: aut horés calculations based on data obtained from

Active pool consists of seafarers whiare employed on board and hold valid STCW certificate.
The pool of active seafarers is linked with pool ofseafarers as seafarers can leave work on board for
several years ( when they are considered aseefarers in data) and then go back to warkships
(become active again). Persons can be consideredseatacers who have gained maritime qualification
and are in age group from 2@9 years but presently they are not actively employed on board ships and
dondét hold valid uflowtim acteve ool fo maridinie er. othér imdustries ashore is
continuous and linked with external factors such as employment possibilities ashore, economic
development (pull factors) or internal factors such as demand for qualification represepézddmg or
employment conditions on board (push factors). As main factors (which influence the attraction of
seafarers and also the outflow to other industries inflow) are often mentioned: opportunities of
employment ashore, education and the closinglgdween salaries on board and ashore, the growth in
availability and ease in procurement of cheap lower crews frorcésiv countries. These factors are
directly related to cost/benefit ratio and therefore can influence growth or decline of number refrseafa
in particular country [13]. The employment possibilities forseafarers depend on the size of maritime
cluster in the particular country. Traditional employment pathways after work at sea-$enfaxers
differs from country to country as it can een in research about career paths in maritime industries [14].

The main problem in modelling the supply side of seafarers lies in fact that present size of active
seafarersdé pool is influenced by t he trisswmbhehas of gr ad
different impact on different groups of seafarers at different period of time

3. Active pool of Latvian seafarers

Tablel. Size and structure of seafarersé pool (
Total number of seafarers 12,970
1) Merchanfleet seafarers: 11,960
1.1) Deck department 5650
Officers 2500
Ratings 3150
1.2) Engine department: 4890
Officers 3040
Ratings 1850
1.3) Catering department (cooks, stewards) 1400
2) Inland fleet seafarers & personnel of fishing vess 1010

Sou ce: aut horoés calculations based on data obtained from .

Composition of the pool of active Latvian seafarers is given in Table 1. 92% of seafarers are
merchant fleet seafarers. 47% of them are classifietkels department seafarers, 41% are classified as
engine department seafarers, but 12% are classifiec
seafarers in Latvia is calculated every year with the reference date 1st January. The base for the numbe



of seafarers is taken by the number of valid documents of competence or qualifications such as
certificates of competency or certificates of qualification. The validity period of endorsement or
qualification document is five years, therefore it is assuthat if the endorsement is not revalidated

seafarer leave the pool. The data about employment cannot provide complete picture of the active number

of Latvian seafarers as approximately 10% of seafarers are employed directly or through foreign crewing
conpanies, which are not obliged to provide data about employment to Latvian Seamen Registry. Also

part of seafarers doesnét sail regul arl vy, therefore
and they are used as secondary indicator. Thevddist certificates are taken as indicator in calculations

showing the qualification as person can have two or more valid certificates on hand at the same time.

4. Analysis of graduates from Latvian maritime education institutions and their
qualifications

The available data in time period from 1992012 is analysed (see fig.3.) to obtain data about
graduates and maritime education institutions. As the maritime education system in this time period had
experienced changes in structure the maritime edurcetiitutions are grouped in three main groups:

1. Latvian Maritime Academy (LMA) including branches such as college and maritime school;

2. Liepaja Maritime College (LMC) including maritime school;

3. maritime educational and training centres (MET) who mainlgvigles further vocational

educational programmes for deck and engine ratings.

As graduates are considered persons who obtained education during considered time period which
allowed them to pretend on particular qualification such as deck or engine ,afféodr or engine rating
etc.

Number of graduates (1995 -2012)
1400
1200
1000
800
600

400

Number of persons

200

0

Lmow o~ 0 @ — o~

S - =

LT = T = T o o
=—Tast education ==Totalnumber of graduates

Figure 3. Number of graduates from Latvian maritime education institutions
Source: authorés calculations based on data obtained from

There were 1D00 entries about the persons and their graduation in datab8samwfn Registry of
Latvian Maritime administration for the time period 1998012. The considerable increase from 1899
2004 with peak values in 2002 iffure 3) is linked with high numberfaatings obtaining their education.
Each year part of graduates rejoins maritime education system to obtain other qualification or to continue
their studies at different level. For example 47% of graduates from LMA maritime school during 1995
2008 contined their studies. Therefore to assess real inflow from maritime education system the term
ilast educationodo is used in this article. Last educ
maritime education with particular qualification. Fomexple, if person graduated deck rating programme
in 2002 and graduated deck officer programme in 2005 as last education for this particular person is
counted deck officer programme in 2005. As it can
educat ono i n particular is | ower t h-2008. Frarm2b0920120f t ot al
those values are almost equal which means that persons who continue their studies are not graduated yet.
On average 75% (standard deviation 7%) of total grefugained their last education in particular year
during 1995 2008 considering the total number of graduates. Part of the graduates, who do not continue



their maritime education, takes decision to work on board (join the pool of active seafareraweto
pool without working on board as it can be seen in Figure 4.

Total number of
graduates 100%
: 2 75% 100% 80%
Martime Final s Work on board
education w YES Joining pool? YES»>| (active seafarers)
f 25%
No
Work in maritime &
NO———— | other industries
ashore
Figure4. The model of graduatesd decision process |
I'lTlTustrative concept of the model of graduatesod ¢

takers. Detailed assessment of education programmes and institutions is given in Table 2.

Table2. Contribution to outflow from maritime educational institutions (192808)

. . Total number 6 Sha}re of
Final educational programme LMA* LMC* MET particular
persons (100%) programme
Deck officer 43% 57% 0% 1990 28%
Engine officer 29% 71% 0% 1840 25%
El. Engineer 15% 85% 0% 140 2%
Deck officer <500 GT 88% 6% 6% 280 4%
Engine officer < 750 kW 51% 14% 35% 70 1%
Deck rating 0% 38% 62% 1730 24%
Engine rating 0% 32% 68% 1010 14%
Deck/engine rating 0% 1% 99% 170 2%
Total 23% 49% 27% 7 230 100%
*including branches and programmes which are not active anymore
Source: authorés calcul ati ons b alsteiagh Maritimeddntinstratobt ai ned fr onm

53% of all graduates graduated from deck or engine officers programmes. Most of those graduate
come from Liepaja Maritime College (LMC). Approximately 35% of deck and engine ratings also
graduated from LMC however thoseogrammes are not carried out in LMC anymore. Therefore those
data reflect historical contribution of maritime educational institution which contributed to composition of
active seafarersoé pool . Not al |l g r a dduoa board afterr om t hos
graduation therefore the relative number of graduates who worked after completion the last educational
programme is showed in Table 3.

Al most 80% percent of those graduates joined ac
comparing veous educational programmes and different maritime educational institutions. For example,
the value for this parameter is higher if compare deck and engine officers graduating from LMC with
LMA, but lower comparing graduates from LMC deck or engine rapimigrammes with graduates
graduating from further vocational institutions.

Figures given in Table 4 reflect the share of act
completion their last education programme (deck or engine officer) andlbeetste. If compare time
periods it can be seen that main differences comparing educational institutions can be found in years 2005
- 2008. The lowest value of this parameter is determined for graduates of LMA comparing with other
institutions in this itme period. The data shows that relatively more graduates from Liepaja Maritime
Coll ege are still active comparing with graduates f|



Table3. Share of graduates who worked on boareraftaduation (19952008)

Final programme LMA LMC MET All institutions
Deck officer 79% 87% 84%
Engine officer 82% 86% 85%
El. Engineer 90% 57% 62%
Deck officer < 500 GT 55% 50% 56% 55%
Engine officer < 750 kW 44% 20% 64% 48%
Deck rating 62% 82% 74%
Engine rating 49% 81% 71%
Deck/engine rating 100% 79% 79%
Total 76% 7% 81% 78%
Source: authorodés calculations based on data obtained
Table4. Share of active gradtes taking into account graduation period
. LMA LMC
Deck officersd programmes
20052008 80% 75% 83% - 89% 80%
20002004 64% 62% 63% 64% 64% 66%
19951999 56% 46% 59% 51% 60% -
Engine officersé programmes
20052008 77% 68% 80% - 78% 77%
20002004 66% 56% 58% 57% 82% 71%
19951999 55% 38% 55% 33% 64% -
Source: authoro6s calculations based on data obtained

To obtin information about the dropout fromtize pool to shore industry {§ure 5) the year after

graduation is considered in combinations with number of persons leaving the pool in particular year after

graduation from the last educational programme. Onlgsgres who have worked on board after

graduation are included in particular analysis. Cumulative percentage shows that more ratings are leaving

the pool than officers.

Percentage of left seafarers

Source:

100%

% 1 2 3 4 5 6 7 8 9

10 11 12 13 14 15

Years after graduation
— Engine ratings Deck officers

= Deck ratings — Engine officers

Figure 5. Cumulative percentage of leaving seafarers fronvegiool

aut horés calculations based on dat a
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Therefore it

can

be

concl

uded

t hat

rat.i

ngs are

industry comparing with officer&Cumulative percentage comparing deck ratings with engine ratings are

higher for deck ratings while the cumulative percentage for officers are almost equal comparing deck and

engine officers. On average 50% of ratings leave the active pool within 8,5wdor officers this
parameter can be considered as 11,5 years.
Table 5 shows the relative number of graduates leaving the work on board. Maritime educational
institution and the education programme are separatedsraiialysis. Again it can be sedmat for
graduates from Latvian Maritime Academy this parameter is higher comparing with graduates from its
branches or Liepaja Maritime College. Comparing officers with ratings it can be seen that approximately
1/3 of ratings will leave the pool withinyears while for officers this amount is less than 1/5 of graduates
who worked on board after graduation. In following years this difference between officers and ratings

diminishes.

Table5. Relative number of graduates leaving\aeseafarers pool (years after graduation)

Deck officers Engine officers
O-5years | 6-10years | 11-15years| O-5years| 6-10 years| 11-15 years
Average 18% 25% 29% 17% 25% 28%
LMA 23% 23% 29% 28% 21% 22%
LMA College 19% 23% 33% 21% 27% 34%
LMA Mariti me school 19% 27% 23% 24% 23% 34%
LMC 10% 20% 28% 8% 19% 26%
LMC Maritime School 18% 30% - 17% 34% -
Deck ratings Engine ratings
O-5years | 6-10years | 11-15years | O-5years| 6-10 years| 11-15 years
Average 34% 25% 32% 30% 24% 25%
LMC 28% 24% 28% 27% 22% 32%
MET 38% 25% 25% 32% 26% 9%
Source: authoro6s calculations based on data obtained

As it can be seen from previous analysis the graduates from Liepaja Maritime College stays longer
in activepool therefore the career growth of graduates from different institutions is assessed. It could be
assumed that considerable differences are linked with the quality of education. The resuitseo
analyses are showed imfle 6. It can be seen that theannot be distinguished considerable differences
related to final educational programme and the average career growth. The results are fluctuating but not
considerable. From these results hypothesis can be derived that career growth is influencedpaibre b
factors (demand for persons with particular qualification) than by push factors (brand of maritime
educational programme and institution).

Table6. Average career growth of graduates (years)

3rd off- 2nd off- Chief off- 4th Eng 3rd Eng 2nd Eng-
2nd off Chief off Captain 3rd Eng 2nd Eng | Chief Eng
LMA 2,4 3,3 4,2 2,3 3,2 4,3
LMA College 2,3 3,3 53 2,1 3,0 4,0
LMA Maritime school 2,3 3,3 4.4 2,1 3,3 4,7
LMC 2,7 3,5 49 2,1 3,3 4,6
LMC Maritime school 2,3 3,8 4,2 1,9 3,8 4,4
Average 2,4 3,4 4,6 2,1 3,4 4,5
Source: authordéds calcul ations based on data obtained

11

mor e

from

from



Conclusions

It can be assumed that global shortage of officers will remain one of the topics fomaaitiety
at least for few next years. Supply side of demand/supply equation should be considered by taking into
account not only the number of graduates from educational institutions but also the level of maritime
educational programme, number of persoostinuing their education, number of persons leaving pool

and dropout rate from active seafarersdé pool and i
concluded that educational institution and received education has impact on probabifigrsloat will
join the active seafarersd pool and how |l ong they w

graduates completing higher level maritime educational programmes are attracted to shore industry in
larger extent than others and tbem it is easier to find employment ashore. However this can be linked

to differences in individuals and differences in their motivation to study in one or another maritime
education institution as those parameters cannot be analysed by using the auffordatatabase.
Historical analysis of graduates provides information about factors which are influenced by received
maritime education and therefore those parameters can be applied in modelling future supply of Latvian
seafarers even the structure of itiae educational system is different. Those analyses also show that
such parameter as career growth on board cannot be directly assigned for received maritime education
and are influenced more by demand side than by supply side. In future additionandbfsis is
prerequisite to consider influence of external factors such as unemployment, average salary ashore in
Latvia and other factors to provide data for complete supply model of Latvian seafarers.
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Abstract
Ships around the world are operated at all weather conditions. Therefore HVAC systems for ships are
very significant and these systems have to work in limit conditions ef olitnate temperature and
moisture. To this end, ship heat load should be known. Therefore necessary heat load is calculated for

various air conditions and ship speeds. I'n this pap
are studied. Moisturevelocity and energy equations are derived. Firstly Simulink model is created for

one |l ocation by Matlab Simulink. For the entire sh
locations with each other and outer climate are also considered. Allocans d si mul ati on with

and the outer climate are integrated and the HVAC system model of the ship is created. Desirable
temperature and moisture conditions for locations are derived by adding a PID controller to the model.
Keywords: HVAC, PID catrol, Simulink

Nomenclature

HVAC Heating Ventilating and Air Conditioning
PID Proportional, Integral, Derivative
Cm Heat capacity of steel sheet material

Specific heat of dry air

Specific heat of water

Specific heat of water vapor

Flow rate air mixture

Gas constant of dry air

Gas constant of water vapor
Temperature of fresh air

Absolute temperature of mixed air
Enthalpy of water vapor saturation temperature
Specific humidity of the mixed air
Absolute specific humidity of fresh air

Absolute specific humidity of mixed air

;xélmélxé <Qx|m—|('Ug;Ur—h<(ijmO

Enthalpy of mixed air
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Introduction

Due to the difficulty of working conditions on the shipr, @dnditioning and ventilation systems are
more important instead of other systems. The external air conditions are likely to be changeable according
to the motion of the ship. This situation increases the importance of the control systems in air
conditioring applications. The heating or cooling loads change depending on the changes in external
weather conditions on the ship and the ship speed. In this study, after derivation of the mathematical
model, the simulation with PID controller is aimed to be miaderder to determine the air conditioning
system that achieves the desired thermal conditions depending on the change of the air conditions.
Reaching to the saturation of the temperature and humidity response of the system, distortion effects and
dynamic responses are modeled and controlled for each room individually. Therefore, the system
performance of the ship is observed in an integrated way.

In the last two decades, numerous studies have been made related with the modeling and controlling
of the HVAC systems. The simulations with -@ff control method using the transfer function of the
system for the control of the air conditioning room temperature has been carried out by Cherchas [1].
Zhang has modeled a transfer function of an environment of lidlesWwah the acceptation of the
linearity of the system, the simulation results belonged to the heating and ventilation system has been
achieved by Zhang [2].

House has carried out a discrete time optimal control method for the control of the temparature i
any airconditioning system and energy saving has been obtained from this method according to the other
control method; on/off control [3]. Dexter has designed aamjlfistment controller for aizonditioning
system applications [4].

Kamimura has contfled the temperature of the room, which has specific transfer function, with
PID controller by using CAT software, which determines the most suitable PID coefficients for-any air
conditioning system [5]. William has suggested to control the damper of maidir at the air
conditioning system using PID controller due to the using microprocessor based electronic controller is
better for the energy efficiency for the control of the buildings [6]. Atkinson and Martino have used a PID
controller which he has dgned with analog circuit elements, for the control of the humidity, pressure
and temperature and air purity in a factory [7].

Krakow has controlled the velocity of the compressor and cooling fan by means of PID controller.
Then the temperature and huntydof a room have been controlled and after that he has made a study to
determine the PID coefficients analytically [8, 9]. Kaya has presented a model utilizing from the
analytical techniques to solve the control problems of the air conditioning of th@#ecosystems such as
workplaces and buildings [10].

In this study, PID controller which is used commonly with successful results in the literature has
been used. On the other hand, mathematical models and Simulink blocks gathered in the study are
common ad they make the assessment of the system performance possible with using any controller.

Multi -zone airconditioning systems

The most prominent air conditioning system used in ships is-zaiié configuration. Central air
conditioning source distributebe air to all localities in mukzone systems. Each region has its own
dampers and desired air conditions ar e obtained
thermostats. Air, returning from ducts of each zone, combines agwltees the centraliraconditioning
system in a single channel. The principle of the system is shown in Figure Izbhstisystems
compensate the advantages of dual duct systems with a lower cost.
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Figure 1.Multi-zone airconditioning systempl1]

Mathematical Model

Basic expressions like humidity balance, energy balance and velocity balance equations are used for
the establishment of the mathematical model.

Humidity balance

The sum of humidity of entering air and water vapor given to the system is equal to tloé sum
humidity of exiting air and difference of humidity in the chamber. Mathematically speaking, equation of
humidity is represented as follow [12]:

‘:'j_‘;" = S gGTWin +K, [TW -ACW 0,622) e
K=t g, o, WF0S78 @
0,622P TW W

Energy balance

It is considered that difference between the energy input to the control volume and energy output
from the control volume represents energy gain or loss. The change of energy is defined as subtraction of
air enthalpy leaving the control volume and heatpss from the control volume walls from the sum of
heat given by the heater to control volume, enthalpy of the air given to the control volume and water
vapor enthalpy given for moisturizing. If the temperature is mathematically obtained from balance of
erergy, then we get the following expression [12]:
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Velocity balance

While deriving the mathematical model for the control volume, following assumption is considered:
"Pressure inside the control volume is constant andlaq the atmospheric pressure”. The difference of
the dried air amount that is entering and leaving the control volume is equal to the mass difference caused
by the temperature and humidity change in the control volume which results with density waAatio
velocity in the control volume is achieved by isolating the velocity from this equation [12].

v=—t Ty &L 2(\7vdT ?dW) 4)
AT W, A(TW dt  df

Typical heat transfer of the dlambers

For our system is a ship, the wall internal section between localitesépted as formed by metal
plate at the innermost, isolation material on it and mica coating at the outmost. According to these
specifications, while temporal heat loss equation is obtained, it is assumed that heat isolation material is
not capable of heabsorption.
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Figure 2.Heat transfer of the chamber sections: (a) inner chamber, (b) outer chamber, ceiling and floor

Heat transfer occurs by convection and conduction from the locality to the outer environment. While
the mathematical expression of this heat transfer is formed, it is assumed that only steel plate has the
capacitive effect and this effect is in the middle of the material. And regarding this assumption, heat
transfer equations of the compartments are obthas follows:

o "

d_Q(zid_T + T- T Q C Ri2

d R, d RGR ~ GR (5)
. B ag+ Rd3

4Q,_1dT  T-T 5 ¢ R

dt Rs; dt R,GR ° GR ®)
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The control mechanism of the mathematical model that is used in Simulink is chosen as PID
effective control mechanism.

PID (Proportional, integral, derivative) effective ontrol

A proportionalintegratderivative (PID) controllers widely used inndustrial control systemthat
involve three constant parameteThese parameters are ffreportiona) integralandderivativevalues.
A PID controller calculates the error value as the difference between the desired input value and the
actual output. The controller minimizes the error according to process control inputs

In PID controller, P represents the proportion to the present error at the instant t, | represents the
proportion to the integral of the past error up to the instant t while D is representing the proportion to the

derivative of the future error at thestiant t [13]. In PID effective control system, transfer functigm
is as given in Eq. 7.

o t
u() = K, gg() +- et . 520
g i

dt
(7)
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Figure 3.Schematic structure of PID effective control system [14]
Establishment of smulink model

Due to the fact that ships are consisted of different localities, each locality is modelled individually
in Matlab-Simulink model. After, these models are integrated together in order to create a total solution
for the ship aiconditioning system. Bmuse of same method is used in all localities, a Simulink model
for only one locality (Cabin No. 1) is given in Figure 4 as an example.

Simulink models are created for all cabins. The model for three cabins and one corridor is given in
Figure 5 for the Iustration of the model. Simulations are carried out via these models.
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Results anddiscussion

The temperature and humidity datimefore the aikconditioning of all places in the ship are used as
input for the simulation 15 °Gand 29,5% humidity, respectively. The result graphs of tha-
conditioning to get the 25C temperature and5 % humidity are shown below.

302 T T T T T T

Controlled
- Uncontrolled

Temperature (K)
3
&
T
o)
N\
1

rd
e

T
U
!

290 j/ -
28 | ! 1 1 | 1 I
(]

1 2 3 4 5 6 7 8
Time (s)

Figure 6. Temperature change in cabin due to time

It is indicated from the temperature and humidity graphs that the desired reference values are
reached rapidly without extra exceeding and steady state error.
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Figure 7.Humidity change in cabin due to time

Changingthe external air temperature effects over the total heat load is observed. At first, an
increase in the external air temperature decreases the total heat load at the heating side, after the specific
temperature increases at the cooling side.
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Conclusiors

The air conditioning simulation of 4 closed places of a bulk carrier. A mathematical model, included
the energy given to the system, humidity and the balance of the mixture of fresh air from the external
place with circulated air is established. Some eftthat gain and loss are neglected.

It is accepted that the heat transfer from the ceiling, floor and side walls of the control volume is
occurred via conduction and convection. The system equations of heat loss are formed; capacitive
propertieof the wals are also taken into account. By using these equations, Models are created with
Matlab-Simulink for each district. The created models are integrated with each other in Simulink
by taking the heat transfers thfe districtswith each other andith the exernal environment into
accounft or t he si mul at icanditioronfysystdmi[15]t he shi pdés air

PID controller obtained by the trial and error method is used in order to bring the indoor humidity
and temperature values to the desired comfort conditearssjres the continuity of conditions to increase
the energy efficiency [15].

The temperature and humidity datum before thecaiditioning of all placesni the ship are
accepted as 18 and 29,96 humidity at the external conditions. The desired®@%nd 45 % humidity
are gained with the simulation. It is observed from the tempertinesand humiditstime graphs that
the desired humidity and temperature parameters are reached without exceeding and steady state error.

For future work, human factors amdgechanical factors which affect the system disturbance can be
takeninto accounfor a new and improved model and solution.
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Abstract

To achieve less pollutant emissions according to MARPOL Annex VI regulations, various methods inside
and outside of the cylinder can be used to reduce these pollutant emissions. In thislstadyically
controlled steam injection system coupled with EGR was applied into direct injection diesel engine to
investigate C@ NOx emissions and specific fuel consumption, effective power.aflsatificial neural
network (ANN) structure using bla propagation (BP) learning algorithm has been developed to predict
CO, and NOx emissions and performance parameters. Moreover, network outputs and experimental
results of BP has been compared in order to show ANN performance. These results showed that
enissions and performance parameter could be estimated with a very high accuracy by the help of
designed Neural Network structures.

Keywords: diesel engine, steam, EGR, ANN

Introduction

To improve performance and exhaust emissions of marine diesel engigiise manufacturers
contemplate innovative techniques so as to increasingly strict emission regulations and the extremely
competitive market. In this context, it is important to note that estimation and prediction of performance
and exhaust emissions pfarine diesel engine have great importance. Owing to solve the science and
engineering problems, Artificial Neural Networks (ANN) are widely useddels as a predictive model
for a performance and exhaust emissions of marine diesel engine.

So as to prdadt these emissions and performance parameters, leiedsnvestigated the effects of
the fuel composition parameters on Particulate emissions and data were fitted along with torque and
engine speed using neural networks [1]. Obodeh and Ajuwa studiezhpfabilities of ANN model as a
predictive tool for multicylinder diesel engine NOx emissions [2]. Kokkilietkal developed to ANN
structure to predict exhaust emissions and exhaust temperature of direct injection diesel engine running
with emulsifiedfuel [3]. Duranet al. estimated the diesel particulate matter composition of diesel engine
wi t h transesterified wast e oil s bl ends usi ng ANN
performance and exhaust emissions of a diesel engine with respgettmn pressure, engine speed and
throttle position [5]. Celik and Arcaklioglu investigated a mechanism to determine the constant specific
fuel consumption (SFC) curves of a diesel engine using ANN [6]. Kaaral. studied to predict the
engine brake pmer, torque and exhaust emissions of a spark ignition engine using Neural Network [7].
Canakci et al. carried out the engine performance and exhaust emissions of diesel engine running with the
biodiesel blends produced from waste frying palm oil for @ifeerent neural networks to define how the
i nputs affect the outputs [8]. Ojuz et al . studi ed
torque, power and specific fuel consumption in relation to input variables as engine speed and biofuel
blerds with ANN [9]. Ghobadian et al. investigated the ANN modeling of a diesel engine with waste
cooking biodiesel fuel to estimate the power, torque, SFC and exhaust emissions [10].ePatlak
predicted the SFC and exhaust temperature of a diesel ersjiteANN [11]. Sayiret al. studied with
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ANN modeling of gasoline engine to predict SFC, brake thermal efficiency, exhaust gas temperature and
emissions [12]. Karonigt al. studied the expressions correlating the exhaust emissions from a diesel
engine wih some of the properties of fuels using ANN approach [13].

Based on previous literature review, it is obvious that the use of ANN approach is a powerful
modeling tool to identify relationships from input and output data. However, there is no investigatio
predict exhaust emissions (NOx, gQand performance parameters (effective power, specific fuel
consumption) of steafimjected diesel engine with exhaust gases recirculation (EGR) using ANN
approach. Therefore, an ANN structure with BP was developaatedict emissions and performance
parameters. So as to detect network performances, output parameters were compared with a experimental
results.

Materials and methods

Experimental details

The experiments were carried out with a single cylinder, ntuaapirated and foustroke Diesel
engine with a bowl in combustion chamber. The engine specification and experimengalasetshown
in Table 1 and Figure 1, respectively.

Table 1.Engine specification

Engine Type Super Star
Bore [mm] 108
Stroke [nm] 100
Cylinder Number 1

Stroke Volume [drf 0,92
Power, 1500 rpm, [kW] 13
Injection pressure [bar] 175
Injection timing [Crank Angle] 35
Compression ratio 17
Maximum speed [rpm] 2500
Cooling Water
Injection Direct Injection
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Figure 1.Experimental Setup
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In order to measure brake torque, the engine is coupled with a hydraulic type dynamometer of 50
kW absorbing capacity wusing an ASo type Il oad cell
experiments, load cell is calibrated sensigvdi,15].

In this study, MRU Spectra 1600 L type and Bilsa Mod gas analyzers were used so as to measure
exhaust gases. Before experiments, emission devices were calibrated.

99% purity Linde Gas brand CO2 gas was used for EGR application due to the mmasardo
compound in exhaust gases and to calibrate EGR ratio.

Method of Needhanet al [16] was used in order to determine the amount of CO2 gas. EGR
percentage is [15];

CO

EGR(%): COZ(intakéE)manifold)- 2(surroundings&10(
2(exhaust_manifold) 1)

Where CO2(surroundings) is the reference CO2equeagje in surroundings. In this study, this value
was neglected owing to being 0.03% in the literature [17]. EGR ratios were determined with a volume
ratio of CO2 value. In the experiments, 10%, 20% and 30% EGR and steam ratios were carried out [15].

Neural network structure

ANN has been prompted right from its inception by the recognition that the human brain computes
in an entirely different fashion from the conventional digital computer [18]. ANN has been utilized
successfully in various fields of emgiering, mathematics, economics, medicine, meteorology, neurology
and psychology [18]. The engineering application of ANN is increasinggaiay [19,20].

Backpropagation (BP) learning method which has appeared as the standard algorithm of ANN for
the taining of multilayer perceptrons, against which other learning algorithms are often benchmarked
[3,21]. Also, BP algorithm is an extension of the Least Mean Square (LMS) algorithm which can be used
to train multilayer networks. The BP algorithm uses thairc rule in order to compute the derivatives of
the squared error concerning the weights and biases in the hidden lag2}. [@n the other hand, the
major problems of BP algorithm have been thag training times The Levenbergiarquardt BP
(LMBP) algorithm is the fastest algorithm that we have tested for training multilayer networks of
moderate size, despite of requiring a matrix inversion at each iterati@@][3The data effuse from the
input layer to the hidden layer(s) in the LMBP algorithm. rEladter it reaches the final output layer and
in the output layer the error signals effuse to the hidden layers and the input lag8is [3,

In this context, to predicNOx and CQ emission and performance parameters (effective power,
specific fuel consuption) BP structure which are usually used for parameter estimation were designed in
this study. Their performance was compared using performance parameters (Mean Absolute Percentage
Error and Root Mean Square Error). These networks have 3 inputs (epgat steam and EGR ratio)
and 4 outputs (NOx, Cemissions aneéffective power, specific fuel consumptjoiherefore, as can be
shown in Figure 2, the input layer consists of 3 neurons whilst the output layer has 4 neurons in BP. In the
hidden layer, 10neuron were used. Purelin function in output layer and tanjant sigmoid function in
hidden layer were used [24].

Results and dscussion

In this study, designed ANN (BP) structure was used so as to predict N@en@is§3ions and SFC,
effective power forSteam Injected Diesel Engine witBR. Experimental results were used for learning
phase of ANN. Engine speed, Steam and EGR ratios as inputs of structure, N@xmi€sons and SFC,
effective power as outputs of structure were used.

BP structure having single hidden layer was developed. In the hidden layer, 10 neuron were used.
Purelin function in output layer and tanjant sigmoid function in hidden layer were used [24].

The experimental and predicted/simulated results of NOx in ppm, CO2 in %, Speadic
Consumption (SFC) in g/kWh and effective power in kW are given for BP in FigGreA3 can be seen
from Figure 36, the experimental and predicted/simulated values are very close. It is obvious that
prediction of emissions and performance parameie&team Injected Diesel Engine with EGR can be
accurately modeled using ANNBP.
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So as to illustrate, NN structures performamnot Mean squared error (RMSE) and Mean Absolute
Percentage Error (MAPE) were used. They are formulated as follows:

=l @)

RMSE = vIi5E ®3)

where, n is the number of samples amdandy, are the values of thg, samples inx andy,
respectively.

Dlvy

where f; is the predicted valug, is the actual valuey is the number of pattern.

|'I"|

MAP

4)

In this context, in order to compare network performance of BP, Mean Absolute Percentage Error
(MAPE) and RMSE (Root Mean Squared Error) were used. Analysis results areishtbeTable 2.
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Table 2.MAPE & RMSE for Output Values of Network

NOx CO, SFC Effective Power
(87.2751.9 ppm) (10.1-18.9 %) (265.2352.8 g/kWh) (7,1-13,2 kW)
RMSE 6.26 0.26 1.57 0.07
MAPE 0.0214 0.0120 0.0047 0.0040

In conclusion, with using oANNs excellently predicts the four output parameters for the entire
range of the experiments. The performance and exhaust emissions of the internal combustion engines can
easily be determined by performing only a limited number of tests instead of dietgperimental
study [12].

Conclusiors

An artificial neural network (ANN) was developed and trained with the data of this research work of
steam injected diesel engine with Exhaust Gas Recirculation (EGR). The results illustrated that the
training algeithm of BackPropagation was sufficient enough in estimating effective power, specific fuel
consumption, NOx and GCemissions for different engine speeds and different steam and EGR ratios.
Analysis of the experimental data by the ANN revealed that tisese well agreement between the
predicted data resulted from the ANN and experimental ones. Thus, the ANN proved to be a desirable
prediction method in the evaluation of the tested diesel engine parameterin[d@jler to compare
network performance dP, MAPE values were found in the range0c®0430.0214 and RMSE in the
range of 0.0%6.26.

Since other mathematical and numerical algorithms might fail owing to the complexity and
multivariate nature of the problem, there is also a priority in usinficat neural network. In general,

ANN provided accuracy and simplicity in the analysis of the diesel engine performance under test [10]. In
conclusion, the performance and emissions of internal combustion engines can be easily determined by
performing oty a limited number of tests instead of a detailed experimental study, therefore saving both
engineering effort and funds [12].
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Abstract

The article analyses the problems efearning and econmism in regard to the psychic health and

devel opment of f ut u'heeresearhadbjact imaritbné professiodaé deelogmpnt.

The object has been researched at the scientific levelledirning, economism and leadershiphe

research gokhis identification of the problems of maritime professional development from the ideological

and psychosocial point of view oflearning, economism and leadership. Tasks are as follows:
characterization of dearning as a problem at the level of develgmi of psychic health of the

personality, revelation of protestant Calvinistic - ideology as the eventual factor of maritime
economi sm, and description of the valuable possibil
The research methodology based on the STCW convention, the paradigm of universal upbringing,

idealism, humanism, existentialism and existential phenomenology. The universal upbringing of the future
seafarers is substantiated anthropologically and should be the main valuabttiatiref the maritime
education of Il eadership in regard to the seafarersbd
Keywords: e-learning economisms e a f ar e r 6 syghie health,Headershipy |,

Introduction

Modern maritime professional training is based on technologies gedially on elearning. The
use of technologies must be naturally associated with psychic health of the personality. The scientists
maintain that oveconfidence in technologfocused professional training can raise problems in
professional development andla mage t he persondés health and abiliti
socialization [20. The education policy is seen as problematic, because of its prioritieafréng. The
EU higher education conventions require the development of personalityyityeatid critical thinking
in particular. This goal is almost unrealistic in case the priority is not a natural and positive relationship
with oneself and the teacher, but rather witteehnology. This relationship, including distance learning
and webbasd learning, must be harmonized.

Another dimension of this problem is maritime economism as an evdnfiatical result of the
protestant- Calvinistic - ideology. Economism depersonalizes a human. However, the seafarer is a
personality and a value ofdal life. The STCW convention requires training in leadership and teamwork
[23]. The future seafarer must become a leader after the maritime training and development of the
maritime studentds | eadership. But tetnis ef the soc”lyi nat i on
responsible maritime business is very difficult.

It is important to organize a universal upbringing of students at the higher maritime school, at the
levels of conventional requirement of social responsibility [16], and the percegftidangers of the
economistic education in psychosociaference totheir longterm professional development. The
European history knows a threat of misanthropic personalities at individual andcstiaral levels.
However, threats of the economisti@ihing of maritime students, and their universal upbringing are
almost not discussed in sciend®]f

The human is all considered as a personality, i.e. physic and spiritual entity from the integrated point
of view. The universal upbringing of the futlsee af ar er 6 s personality, physic a
faculty is important at the level of psychic health and professional leadership.

The grade of the exploration

Technologyfocused professional training andearning were examineth regard tope r sonal i t yés
dignity, health and the problems of professional developme#t [, 14, 18, 20, 21, 22, 24]

The EU higher education policy was analyzed at the level of upbringing of the personalityerhis
creativity and critical thinking [612, 17]

The sociological data of economism as an eventual historical result of the protestant ideology was
analyzed [3, 4, 5, 7, 15, 25].
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It is appropriate to systemize the scientific data 4éagning as a problem at the level of the
personal ity 8 rotpsant @éoiogy ashtleeaeVentual factor of maritime economism and a
valuable possibility as a direction of the future s
of work at sea.

Goal and tasks of the research

The research goal is iddiitation of the problems of the maritime professional development in
ideological and psychosocial reference 4e&ning, economism and leadership.
Tasks are as follows:
1. Characterization of-kearning as a problem at the level of development of thepe nal i t y 6 s
psychic health.
2. Revelation of the protestanCalvinistic- ideology as an eventual factor of maritime economism.
3. Description of the valuable possibillyf t he devel opment of future seaf
The research object imaritime professional developmenfihe object has been researched at
scientific levels ok-learning, economism and leadership

The research methodology
The methodology of the research is based on the STCW convention, the paradigm of universal

upbringing, ideaBm, humanism, existentialism and existential phenomenology.
Methodological attitudes are as follows:

i The STCW convention is the basis for the devel og
i The paradigm of universal upbringing highlights the development of full pafethe
personality.

T ldealism accentuates the spiritual nature of the human. Ideology is universal principle of human.
Everyone makes decisions in regard to the own ideology. Enrichment of the personality is based
on the transcendental ideal at axiologleael of the maritime selfoncept.

T Humanism highlights the spirituality that is an inherent basis for the development of personal
spiritual culture.

T Existentialism refers to the human fear on land and at sea. Existential psychology is a cause for
hope. This psychology denies an attachment to life pleasures and promotes the personality
liberation and purification of hisher existence. The development of the maritime-caticept
expands the horizon and helps people overcome the tragedy of existemoggithg emotional
state and find unique comfort.

i The existential phenomenology highlights the -eelfication of valuable attitudes through the
existential experience, artistic creativity, imagination, insight and reflection of values. Education
through eyperience is very important in relation to the marine phenomenon.

The methodological type of the research is theoretically descriptive.

Methods of the research

The research methods, such as retrospective, comparative, extrapolative, heuristic analysis and
metaanalysis of scientific literature, interpretation, systemization and synthesis were used.

E-l earning as a problem at the | evel of developr

The problem of dearning is analyzed from the point of view of theponal it yés psycho:
development, hisher psychic health, creativity, responsibility and critical thinking.

The secular technocratic approach was a factor that led the trend of economism. Educational
outcomes are quickly achieved, often by applyimg industrial criteria and the lowest cost. The laws of
educational psychology are ignored. We can see indicators of the primitive objectification and
exploitation of the personality at the level of behaviorism. The education system with the laws of
educaibnal psychology is not a priority of business. The professional maritimesatept is too much
limited at the New Times. Psyclamotional stress and occupational disease are prevailing.

The scientific research angractical experienceof neurobiologist, psychiatristsand educators
highlight the technologicallystandardizedand computerizededucation that causesipoverishmentof
imagination, reduction of creativity and originality, and deterioration of vision, concentration,
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observation, critical thinkg and ability to distinguish cots, and competencies of socializat{@0, 21].
When people accept superficial communication, their communication with a living man will be worse.

Direct relationship with the personality of the professional educatotesrétze psychosocial climate
for deep analytic thinking. This relationship influences the professionat@etept and selfreation of
the student at the level of formal education. Losign and deep analytical thinking consistently
determines the cognie selfdevelopment of the personality from the psychologically didactic point of
view. The images cause a rapid and skemh effect without influencing the mentioned self
development.

So, many employees of the USA major companigpple, eBay, Googlé;ahoo, HewletPackard-
send their children to the Silicon Valley school, where computers are prohibited [18]. Great attention is
given to the natural and authentic secigdtural life of children and the academic youth.

Education policy requires the stte nt s & r e | atechnologied This relationship neust be
harmonized with the development of their psychic health. The atmevdioned factors (concentration,
imagination, creativity, etc.) are extremely important for learning.

The scientists not¢hat teenagers and adolescents become passive, impatient and are frequently
unable to tell a threminute story about the picture shown and develop their imagination hygiene, physic
and psychic healtfil4, 21, 22]. The development patience is very imptant for work at sea under
extreme conditions. When-learning technologies are used too often, personal relationship with the
lecturer is weakened. However, only this relationship determines the development of the personality.

Sometimes students prefeliscussions without using-technologies. However, this is more
important forsociohumanitarian subjects of the maritime studies. Technological subjects are in a closer

relationship with the monitor. The c cmegaentoba mar ks
human relationship at soeclmimanitarian subjects expresses a positive contrast to technological subjects

and the studentds technological everyday I|ife, in r
management of the maritme b der 6 s attention (it is usual, when |

various types of additional information are distracting their attention).

Most people are visuals. Naturally, the mentioned positive contrast must be related with clear and
aestheticmodels or illustrations of the studied ideas in the textbooks, handouts, flipcharts, etc. at the
didactic level. The development of the reflective writing competence is very appropriate from the point of
view of maritime selconcept, seltreationand séaar er s wor k real i ty.

Reflective writing is creativity, which helps to realize the management of attention, liberation and
management of emotions, structuring of ideas;@@#fntation, imagination of the practical sense of life,
finding of solace, deepenng and maturing of the personalitybs re
planning of duties and recreation at the existential and pstyerapeutic levels. Professor Juozas
Girnius (19151994), the most famous Lithuanian existentialist, recommenmldds students to write
one line of the text daily. Writing stabilizes a human psychologically. It is important, because the
seafarers experience difficulties under extreme conditions of work and specific relationships.

We can note a problematic relatibis between two fundamental ideas of the Bologna process in
the mentioned context in psycleducational reference to:

T E-learning by applying new technologies;

i Development of critical and creative thinking [8].

Technology is characterized by a template andtandard. However, scientifically grounded
education seeks to develop critical thinking, focusing on thestenmdard, individual, innovative and
responsible thinking. The Bologna process requires respect to different needs of the students.

It is naturalthat scientists value the Bolognha process differently. They note problematic issues,
which are al most eliminated from the process of stu
the sense of learning, the abilities of saifentation in norstandard situations at work, etc. [6, 17, 12].

Most valuable scientific works analyze the situationHdmo informaticusin the culture, the
studentsd protests, techniqgue as a depersonalized
technologis that relates to the power and responsibility of a human [2, 9, 10, 24].

Therefore, dearning must be purposefully and carefully harmonized with the natural needs of the
personality and hisher health at the level of psyclocial development.
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Protestant ideology as an eventual factor of maritime economism

One of the factors of economism is protestant ideology, which originated in theetifury. The
problem of the protestant ideology and maritime economism is analyzed in reganatestant socio
cultural context, school education, influence of pietism to rocking lullabies, protestant economism,
Calvinistic moral control, the importance of the universal upbringing of future seafarers, mentality of
Calvinistic moralism, rigorous psychology, protedt@redestination, excessive diligence, minimalism,
atheistic moralismsecular technocratism, education and cultureeafarers in Eastern Europe

A great progress in the modernization process

protestat countries located in the north of the Old Continent. Protestantism has enriched the Christian
heritage in Europe. On the one hand, it is very important for ecumenism. On the other hand, protestant,
especially ultrgorotestant approach has narrowed thman nature and purpose.

The spread of Protestantism has determined bankruptcies of schools. The deserted monasteries
closed colleges and universities. Schools were neglected. Individualistic needs overshadowed social needs

from the point of view of scho@ducation [15].

Decoration of the churches interiors and school education were impoverished in the protestant part
of Europe. Ideological transformation of theolaggrrowed the approach to tpersonality and hisher
education. The protestant pietishtbe 18" century promoted religious songs, but eliminated rocking
lullabies, which were characterized by maritime topics. Rocking lullaby develops the maritime spirit of a
child. It promotes the natural maritime vocation from the integrated and hodégeiiat of view.

The traditions of puritan upbringing in Protestantism have influenced professional training. The
protestant asceticism marked the ethics and spirit of capitalism [25]. The theological doctrine of the origin
of capitalism and labor was deleped. This doctrine highlights the relationship of large saving and
economism. Technology is emphasized. Vocational education, which is characterized by creative
freedom, cultural, educational and sep&ychological value of the personality, is overledk

The social isolation phenomenon occurred in the protestant countries. Social responsibility was
reduced to individualistic happiness, modesty and large saving. Indifferentism, religious individualism
and suicidal tendencies began to manifest themsEljes

Calvinism pioneer John Calvinthe church reformer after Martin Lutheimposed a strict moral
control over public life [5]. Calvinism of the Netherlands was characterized by the disciplinary -action

of

windows without curtains. The people had thg hi t to see, for exampl e, t hat

faithful, waiting for her husband and properly behaving at home, or that lifestyle of the families is correct
and modest. When there appeared more pieces of furniture at home, the taxes were rasetestaets
showed hospitality. They were afraid of being richer than others and of negative gossip [11].

The protestant ment al i solation determined t
universal (holistic) training. However, this idea and flee expression of the personality in Hier life
are very important, because the EU conventions in relation to higher education require educating
professional creativity, especially creativity of the seafarers, working under extreme conditions. The
scientists have found that natandard situations are most frequent working at sea [26].

Maritime businessmen in the protestant countries of N@ftist Europe are characterized by
psychological compensation manifesting arrogance, rigorism and desire cto dadeers, especially
Eastern Europeans how to work and how to train a seafarer. The Dutch Calvinist tradition evolved the
mentality fAwe know bettero that stimulates the
humani tyo [ 4] .lybelievediratsa humlareioniotgugtified laylworks but by faith. However,
the fear of condemnation promoted to work in all forces. A protestant life was characterized by the
industrial mentality.

On the one handindustrial mentalitywas associated with scess and entrepreneurship. The
Netherlands, Switzerland, England, Scotland and the USA (Harvard, Princeton, Yale universities)
blossomed in New Times [13]. On the other hand, the Calvinistic N@gst Europe was characterized
by very persistent and inased pace of work in reference to the Nordic character. However, another
extreme is poverty, which is often related to laziness, for example in some southern regions of Catholic
Italy.

Erosion of professional vocation and of love for work raised an egacésdency of salvation. It
narrowed the professional vocation and satisfaction at creative work. Minimalism of the joy of life
transformed a noble work to nearly a slavish duty. This duty is related to a higher stress, excessive
fatigue, lack of recreain and concern about predestination. The Calvinists reduced the concept of rest to
lounging. So, they invested the profit into production [3].
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Later the atheistic moralism started to spread in theosestant Western civilization as well as in
generalEuropean civilization. We have identified a negative approach of North West European seafarers
and maritime businessmen to seafarers of Eastern Europe. It may indicate a latent dissatisfaction, because
the seafarers of Eastern Europe are characterizéethgr education. Intellectually cultural climate was
created on boards 20 and more years ago. The Eastern Europeans had a positive attitude to professional
sense of higher education and the value rary,aa seafar
concert hall, musical instruments, etc. on board.
The seafarersdé recreation usually included and in
music, painting and photography in regard to their psyarophylactics. This is a psyctedlucaional
counterweight to the pornographic trend, at the level of imagination hygiene. Such high level of the
personal and communication culture of seafarers was not achieved in the fleets of the Northwest
European protestant countries. The STCW convenéquires social responsibility on board [16], but the
trends of xenophobia and discrimination at the levels of sex, ethnicity, politics and religion dominate on
their ships so far. The extremes of the Calvinistic Reformation influenced a decline of theofalu
seafarerds personality in the-cohcept. mati on of the prof
I n conclusi on, the future seafarersd6 training shc
they must become leaders.

Valuable possibility of the developmentof ut ur e seafarersd | eadership
Autonomy, independent thinking, planning, decisioaking, strong and responsible operation are

most i mportant features of seafarer s o-managentedr shi p. S

self-regulation, sekcortrol and sefc onf i denc e. These features help to s

the crew, adequately communicate with different members of the crew, create a team from the group of
different members, make a positive influence and educate them. A teldercare of own and another
persondés dignity.

Education of the wide maritime salbncept, regular professional improvement and flexible
relationship with other people from the point of view of professional challenges is very important for
leadership. Tese professional challenges may be strategic or may relate to the challenging maritime
policy, and comparatively minoiE-learning and the reality of protestant maritime economism as a
historical result of ideological development in Europe form the proli&émaluable direction of the
leadership development of future seafarers in the context of this article.

Higher psycheemotional stress dominates in the working conditions of the seafarers. It is
appropriate to educate t bpectfordaws df themeelucatidnal dsgchalogyd | ead e
and teach how to avoid primitive objectification of the personality at the level of behaviorism. The
personality must unfold freely. A man is alive not by bread alone. Swodforal education of maritime
studettis helps to harmonize physical and spiritual elements.

Technologically standardized and comptiiesed training is very importartiowever, it has limits
in regard to psychosocial education. The leader must have interpersonal ancutturili competences
and be able to properly communicate with oneself and others. People are living beings, but not robots.
Psychosocial education helps to develop imagination, creativity, observation and critical thinking. Every
human has aspiration for se#alization in eference to naturally and authentically secidtural life.

The future maritime leaders must learn to speak maritime English and develop rhetoric skills,
imagination hygiene, physical and psychic health. Techneabteged education can and should be
harmorized with the development of communicational competencies. The future seafarers need-eachers
leaders, especially older seafarers, whose leadership is characterized by authority in a positive sense from
the point of view of the maritime students.

The sefarers experience difficulties at the extreme work and relationships on board. It is very
appropriate to develop the reflective writing competence in regard to the leadersiegusaifion. The
traditional blog writing as a natural silent seipressiorunder the conditions of loneliness is an effective
measure of selfnanagement. It was mentioned earlier, that reflective writing is a creativity that helps to
realize management of attention, liberation and management of emotions, structuring of idleas, sel
orientation, imagination of the practical sense of life, finding of solace, deepening and maturing of the
personalityés relationship with oneself, and hopef ul
at the cognitive level and can psychatadly stabilize the personality.

The future maritime leader must develop relevant competencies of creativity istamatard
situations, manage the psyebmotional stress and bravely take responsible actions. So, it is appropriate
to develop critical thiking of maritime students alongside witHearning and its standard. Critical
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thinking is innovative, responsible and integrated. The studies of adequate and positive philosophy of the
personality and psychological mechanisms of leadership are important.

Maritime students note that learning with a simulator does not develop responsibility, because
finothing happens by mistaked. The future seafarers
only then trust devices, which are always far overdueheatlevel of professional practice [1]. The
modern and classical paradigms are applied at the level of the sense of learning in regard to the integrated
upbringing of students. The modern paradigm highlightaening and a simulator training. The claasic
paradigm expresses valuable and experiential education. The students can develop universal and
integrated (personal, valuable, psychosocial and spg@é&ssional) competencies and achieve results of
higher maritime studies.

The maritime sector enhaa& economic growth at the global level. It may be the most important
condition for the development of civilization. However, not ships, but people carry cargo. Their
characteristics, quality of performance and personal attitude (towards themselves,anthexsrk)
determine development and welfare of the whole maritime sector. The tendencies in economism (when
saving becomes more important than the conditions
social guaranties) damage the whole mariticenemic system.

The seafarer is a personality who has/Htier own life history and experiences, develops hier
career and dreams of the future. The training of tF
motto- assoon as possible andanuch as possibles anthropologically impossible. It is very important
the ideology of development of the future seafarer, sea captain and crew leader, which is characterized by
democratic orientation. It is the leader who can manage emotions at thiéveobtevel, be patient and
able to motivate and ensure discipline.

I't is not possible to universally develop the sea
the protestant economism. The personality becomes spiritually autonomic on cotiwitithe education
system helps himhher to cultivate personal confidence and trust in the maritime system, the employers
and social guarantees. Education provides acceptable results only if the educational and maritime systems
trust in the educators drithe seafarers, and when a sehscious person performs well unattended. Too
strict control reduces creativity of the personality, -selfifidence, trust in the maritime system and
development of leadershipo@trol and supervision must be combined vtitist. It is very important that
the seafarers and maritime students have trust in the maritime sector and the maritime academies. So, they
can estimate their personal value, take responsibility and become leaders.

A narrow approach to the personality ait&l development creates the slavish system and poses

various risks to the maritime sector. The challenges are numerous. An increasing number of the non
Europeans, including Muslims, are working at the maritime sector. It may be very difficult to manage
them. They may be completely uncontrollable at sea under extreme conditions. The maritime policies and
the STCW convention require development of the seaf
schools must be able to critically evaluate the sitnaitiothe maritime labor market and global trends.
The maritime students can become free, creative and industrious personalities without extremes. So, they
must be able to combine work and rest, and take care of their physical and psychic health, leadership
culture, professional vocation and its development, positive sense of their freely chosen personal and
sociacultural life.

The development of leadership stimulates respect and tolerance for others. It is an important subject
of the sociehumanitarian andmulti-cultural education of seafarers. The development of maritime
leadership in general is art. It is appropriate to help the students understand that the leader is not a super
individual and indifferent or socially insistent in the crew. He is supptsdthve trust in others and
never violates the privacy of others, meddling in o

Modern maritime economism is characterized by a rapid handling of cargoes, decrease in the
number of crewmembers and opportunities for seafaregotashore. The presence on board mostly
determines all their professional life. Seafarers have to do a hard work. They are experiencing a
frequently unlimited regime of work and recreation, long work time, noise, vibration, change of weather
conditions, islation from their family and friends, psycistress and psychological terror [19].

So, investment into the anthropologically grounded conditions of the psychosocially and universally
professional development of the future seafarers helps to ensure deeshép development and is
appropriate as a preventive measure of higher conflicts, deliberate mutilation and suicide at sea.
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Conclusions

1. Elearning as a problem at the level of the development of the psychic health of the personality
expresses excage confidence in technology. The psychic and social development may becomeltvorse.
is appropriate to harmonizelearning with the natural needs of the personality and s health. The
priority of the technological education is problematic in refiee to the health. Global technological
trends are important for the maritime higher education. However, the development of psychosocial
relationships of the student with oneself and others is important, too. Only the direct pezistiosiship
determires the development of personality.is appropriate to adequately apply didactic measures in
regard to the seafarero6s personality coherence.

2. Calvinism ideology as an eventual factor of maritime economism expresses an excessive austerity
and a primitiveapproach to a human as a dependent and permanently controlled-pbkystadogical
system at the New Times. The maritime leadership requires thattaefsar er sd tr ai ning be
universal upbringing from the anthropological point of view. Econommas the ideology of quantity and
a quick result is useful only for a short period of time. However, quality and anthropological,
psychological and didactic laws are of the greatest importance in training of seafarers in accordance with
requirements of pepnal characteristics in a loigrm perspective.

3. The valuable possibility of the leadership development of the future seafarers consists of the
opposition to the narrow approach to the higher maritime education in regard to economism. We need
universalupbringing for the development of leadership abilities. The universal upbringing of maritime
students is grounded anthropologically. It is appropriate to realize the universal maritime upbringing at
the higher professional maritime education and othen®or of t he future seafarersbd
level of leadershiabilities. It should be the main valuable direction of the maritime development of
|l eadership from the psychosoci al point of view of s

The theoretical results can lapplied to the professional development of the future seafarers,
maintaining a coherence of the technological and simginanitarian upbringing, at the level of the
universal and at the same time differentiated higher maritime education.
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Abstract

Nowadays development of a seaport is an important factor of economical development for all maritime
countries. The purpose of every port is to be the first and to attract more and more flowsoofReatg

of the Baltic Sea have appropriate geographical location and compete with each other. Statistical and
factorial analysis of flows of liquid cargo in the ports of Klaipeda and Ventspils supports an opinion that
the flows of liquid cargo in the partare shaped by geographic location, political and economic situation

of the countries, relationship with neighbouring countries, belonging to the trade unions, port
specification, port development and marketing policy.

Keywords: liquid cargo flows, port dvelopment

Introduction

The research describes the requirements for the development of the ports, which are associated with
port infrastructurei port terminals and marine transport, rail transport, road transport and their
interactions [1]. So, at prese Lithuania and Latvia aims to create attractive technological, technical,
organisational and legal conditions [3]. Constantly changing flows of liquid cargo in the ports of
Klaipeda and Ventspils, increasing shipping, growing ships tonnage obliggusi tok longterm port
development plans. The object of research is the volume of handling of liquid cargo in the Klaipeda and
Ventspils port terminals. The purpose of the research is to compare the volume of liquid cargo in the ports
of Klaipeda and Vespils.

The objectives of the research are:

1. To describe specification of the ports of Klaipeda and Ventspils;

2. To compare liquid cargo turnover in the ports of Klaipeda and Ventspils;

3. To make predictions for liquid cargo turnover in 2013.

The methds of the research: analysis of scientific literature, statistical analysis, factorial analysis,
comparative analysis, correlation, regression.

The analysis of liquid cargo in the ports of Klaipeda and Ventspils on theoretical and statistical
basis statethat the port of Klaipeda has been leading in recent years although all existing parameters
(area, capacity of liquid cargo tanks, quay length) of the port of Ventspils are better.This article reveals an
opinion that the flows of liquid cargo in the pate shaped by geographic location, political and
economic situation of the country, its relationship with neighboring countries, belonging to the trade
unions, port specification, port development and marketing policy [18].

Similarities and differences ofKlaipeda and Ventspils port specification

The ports of Klaipeda and Ventspils are the transit ports and belong to the IX East West tatrridor
passes through Belarus, Russia and Ukraine, traffic of cargo flows is carried by rail, road and port. Transit
cargo transportation through ports is especially difficult. Cargo is transported through several countries
and territories, by various means of transport. Cargo transportation depends on many factors: macro
econnomic, geographical, political, and legal. [Bprts are not isolated from the environment; they are
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affected by competing ports [2]. Nevertheless, transit cargo in the ports of Klaipeda and Ventspils
increase cargo volume and improve economies of the countries [16].

Comparing the ports of Ventspiend Klaipeda, the following factors were taken into account:
geographical location of ports, destination, and the area of liquid cargo storage capacity, quay length and
depth, liquid cargo handling companies, the railway distances. The ports of Klaipk§am=tspils are
ice free deepwater seaports on the Eastern Baltic Sea coast. This is the premise of competition between
the two ports in flows of liquid cargo. Comparing the Klaipeda and Ventspils ports, it is suggested, that
the Klaipeda port area is 80frger than the Ventspils port area. Having a larger area the port of Venspils
could handle more cargo than the Klaipeda port (Taple

Table 1. Similarities and differences of Klaipeda and Ventspils port specification [10, 19]

No. Specification Klaipeda State Port | Ventspils Free Port
1. | Purpose Trarsit

2. Geographical location Icefree deepwater seaports

3. | Area(ha) 498 2,451

4. Liquid cargo tank capacity (in 482,500 1,500,000

5. | Liquid cargo terminal quay length (m) 2,908 3116

6. | Quay depti{m) 145 175

7. | Liquid cargo handling companies 9 9

8. Railway distance toMinsk (km) 450 600

Liquid cargo tanks capacity, terminal quay length and depth are indicators of handling equipment,
transport infrastructure and quality [12]. There is a big difference between ea@filiquid cargo tanks in
the Klaipeda and Ventspils ports, e.g. in the port of Venspils there are tanks more than 3 times larger than
in the port of Klaipeda [9]. The length of liquid cargo handling quays in both porta are approximately
similar: in the \énspils port - 3,116 m, in Klaipeda 2,908 m. The depth of liquid cargo berth in the
Klaipeda port is up to 14.5 metres, and the depth of berth in the Ventspils port is from 11.5 to 17.5
metres. The depth of quay in the Klaipeda port is less than Mehtspils port but in order to increase
the depth of the existing quay of the port the additional investment would be the only solution since depth
of individual quay is not possible, and in order to deepen the harbour waterfront, it must be reconstructed.
Stevedoring companies plays a key role in handling process as they carry out cargo handling operations
and attract port shipping lines, so stevedoring companies in the port are the main port elements [4]. The
ports of Klaipeda and Ventspils have the sameber of companies9, which carry out handling of
liquid cargo. The handling technology of these companies is different, equipment and cargo traffic differs.
The form of cargehandling equipment employed is basically determinated by the nature ofttia¢ ac
cargo, the type of packing used and the environment in which it operates such as modern -computer
controlled warehouse [2].

In summary, parameters of the port of Ventspils, significant liquid cargo handling, are more
favourable than those parametersafgo handling of the port of Klaipeda. However, the analysis of the
total turnover (Figurd) shows, that the turnover of the port of Venspils from 20082, is declining in
comparison with the port of Klaipeda.
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Figure 1.Klaipeda port (with Butingéerminal) and Ventspils port cargo turnover 28 2 [10, 19]
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All shipments having the same origin and destination points and moving on the same mode are not
necessarily in transit for the same length of time due to the effects of weather, trafficioongesnber
of stopoffs, and diffences in time to considate shipments. Transit time variability is a measure of the
uncertainty in carrier performance [8]. The Klaipeda port has more than 80% of the cargo flows from or
to Belarus, due to the distanceweén Klaipeda and Minsk: cargo transportation by rail 450 km (Table
1). From Ventspils to Minsk the length of railway line is 600 km, the distance is 1.3 times longer.
Moreover, transporting cargo from KSS to the territory of Belarus, more favourablayaibte is
established. Thus, the cargo from KSS to the territory of Belarus is much faster and cheaper in
transportation, and it attracts the cargo flows from this country, comparing to the Ventspils port on this
route.

The creation of favourable conditis is achieved by endeavouring to make the port area itself as
accessible as possible (maintaining the draught of channel, etc.) and by minimising the length of a ship
stay in the port ( communication technology, etc.) but also by controlling externadrinihg factors as
much as possible [6]. Intermodalism changes the nature of port investment. Ports are used to invest for the
benefit of the entire country [7]. So, the ports of Klaipeda and Venspils make development plans, for
example, the Klaipeda pohias been implementing the project of building LNG terminal (22014)
which will help port to attract more flows of cargo [10]. Based on the capacity of the terminal the
elements of the terminal should be chosen: quay length and depth at the bertha] ssyaipment, etc.

[15].

So, the similarities of the ports of Klaipeda and Ventspils which make influence on liquid cargo
handling, are geographical location, purpose and liquid cargo handling companies, the differences are
status, liquid cargo quay déptarea of the liquid cargo tank capacity and rail distance to Minsk.

Statistical analysis of liquid cargo volume in port of Klaipeda and Ventspils

The statistical analysis of flows of liquid cargo in the ports of Klaipeda and Ventspils was compared
betwea indicators of descriptive statistics (average minimum, average maximum, and median), base and
the chain statistical indicators. These parameters describe trends in the growth of liquid cargo flow. The
assessment rates set target from 2003 to 2012 p&é&se year was selected in 2003, because this year
the flow of liquid cargo was similar (Figure 2), and since 2004 the cargo flow has begun to change.
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Figure2.Comparison of liquid cargo flows [10, 19]

The flow of liquid cargo in the Klaipeda port dugithe period of 2002007: decreased in 2007
compared with 2003 turnover decreased by 27%, but in Ventspitseased by 8% (Figure 2). The total
handling of liquid cargo in the port of Ventspils is 23% higher than the volume of handling of liquid
carg in the Klaipeda port. The situation has changed since 2008: results of liquid cargo handling in the
period from 2008 to 2012 in the Klaipeda port have been growing rdpidreased by 32% compared
with 2007 and just in 2012 liquid cargo flows slightlecreased. In the period of global economic crisis,
economy of Lithuania and Latvia had the emergence in 2008. The liquid cargo in the Ventspils port
decreased significantly (30%) in 202810 (from 17,864.8 to 14,062.8 thousand tons). However, visible
growth trend of liquid cargo flows in the Ventspils port during 2@012: from 14,982.8 to 16,690.3
thousand tons, but the cargo flows in the Klaipeda port remains higher (Figure 2).
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Tendencies of cargo flows volume analyzed by chain statistical indic@teeschain of absolute and
relative change shows fluctuation of handled liquid cargo volume (Table 2). Data in Table 2: base year
2003, liquid cargo volume, empirical data, collected from port statistics reports [11, 17]; relative change
(increase or deease, with minus) in load percent of the change in.

Table 2. Base rates of liquid cargo flows in port of Klaipeda and Ventspils [10, 19]

Liquid cargo volume, thousand t Relative change (increase, decrease), %

Year Klaipeda Ventspils Klaipeda Ventspils

State Seaport Free Port State Seaport Free Port
2003 18,7483 184893 base base
2004 14,8010 17,7143 -21% -4%
2005 133414 18/484.6 -29% 0%
2006 14,0466 17,9894 -25% -3%
2007 136133 20,0189 -27% 8%
2008 20,0237 17,8648 7% -3%
2009 18,9031 17,3693 1% -6%
2010 18,826.6 14,0627 0% -24%
2011 19,9814 14,9828 7% -19%
2012 18,746.3 16,690.3 0% -10%

According to comparative analysis every year with base year (Figure 2, Table 2):

# in 2004 the rate of the absolute growth in botihgaas negative, but the decline was the largest in
the Klaipeda port 21% while turnover of the Ventspils port decreased only to 4%;

# in 2005 Klaipeda port experienced the largest decrease in all 9 ¥8&s while Ventspils
experienced suchasmallde ease i n turnover, which didndét affect

# in 2006 handling capacity of the Klaipeda port continued to decline and the rate of reduction was
25% and handling in the Ventspils port also had slight decrez&g;(

# in 2007 handling in the Klipeda port decreased 7%, cargo handling in the Ventspils port
increased by 8%;

# starting from 2008, cargo trends of the Klaipeda port and the Ventspils port have changed to the
contraryi cargo handling in the port of Klaipeda began to increasalsapnd in the port of Ventspils
bagan to decrease;

# during the period from 2008 to 2012 handling handling in the Klaipeda port reached the largest
absolute increase to 7% and in the port of Ventspils it has achieved the lowest absolute-2¢¥ease

The Ventspils port statistical indicators were higher in 200d7, and in the Klaipeda pdrtin the
year 2008011.The reason for decreasing of liquid cargo volume in the Ventspils port was due to the oll
supply pipeline suspension. The official reasontérmination of oil supply was Russian cargo transport
policy and oil diversion to the port of Primorsk. Considering the fact that the price of oil on the market
was extremely high and Russia's lack of oil export capacity, it could be concluded ttragithsituation
was made artificially, in order to influence the Latvian oil transit company privatization.

Dynamics of changes of liquid cargo volume in the Klaipeda and Ventspils ports is characterized by
descriptive statistics indicatorsaverage mirmum, average maximum and median (Figure 3).
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Figure 3.Descriptive statistics indicators of liquid cargo volume 20062
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According to dynamics of changes indicators, Klaipeda port liquid cargo flow rates over the 10
years varied from 13,341.4 th@ml tons to 20,023.7 thousand tons, increase 50%, yearly averaged
16,920.6 thousand tons, at the same time median (average cargo increasing rate in period of 5 years) was
no more than 18,747.3. At the same period rates of liquid cargo in the Ventspilsapged from
14,062.7 to 20,018.9 thousand tons, the average was 17,441.8 and theiniet]ie89.6 thousand tons.
Descriptive statistics indicators of liquid cargo volume improve that in the Klaipeda port liquid cargo
flows increase faster than in VentspiAt the beginning of the period the flow of liquid cargo in the
Klaipeda port was lower, but at the end of the period the cargo flow was slightly higher than in Ventspils.

Also, changing indicators for analysis of liquid cargo handling were collectdulg B). Explanation
of data: changing indicatoiis indicators that show the intensity of the change from period to period,;
empirical data is collected from ports reports [10, 19]; absolute ig#iie difference between the two
levels of dynamic queue amtéscribes the extent to which this row exceeds the level which was adopted
for the base; increase (with miniuslecrease) in load percent of the change in.

Table 3. Changing indicators of liquid cargo volume in ports of Klaipeda and Ventspils [10, 19]

Empirical data, thousand t Absolute gain, thousand t Increase, ) decrease, %
Year Klaipeda Ventspils Klaipeda Ventspils Klaipeda Ventspils
State Seaport Free Port State Seaport Free Port State Seaport Free Port
2003 18,7483 18,4893 basic basic basic basic
2004 14,8010 17,7143 -3,947.3 -775 -21% -4%
2005 133414 18,484.6 -1,459.6 770.3 -10% 4%
2006 14,0466 17,9894 705.2 -495.2 5% -3%
2007 136133 20,0189 -433.3 2,029.5 -3% 11%
2008 20,0237 17,864.8 6,410.4 -2,154.1 A47% -11%
2009 18903.1 17,3693 -1,120.6 -495.5 -6% -3%
2010 18,8266 14,0627 -76.5 -3,306.6 0% -19%
2011 19,9814 14,9828 1,154.8 920,1 6% 7%
2012 18,746.3 16,690.3 -1,235.1 1,707.5 -6% 11%

Comparison between Klaipeda and Ventspils changing indicators (Table 8nexble situation: in
the Klaipeda port the biggest liquid cargo growth was in 2008 and amounted to 6,410.4 thousand tons,
where the increase was by 47%. The least Klaipeda port liquid cargo growth was inR3ZB0A3
thousand tons, the decrease was ZIB&. largest VFP liquid cargo increase was in 2007 and amounted to
2,029.5 thousand tons, the increase was 11%. The least Ventspils liquid cargo growth was in 2010, and
the absolute increase wa8,306.6 thousand tons, the decrease was 19%. Compared ahginch
indicators maximum and minimum of the Klaipeda and Ventspils ports, it can be concluded that the
largest increase of liquid cargo in Klaipeda was one year later than in Ventspils, but the increase was
significantly greater in Klaipeda pdrt6,4104 thousand tons, and Ventsgilgust 2,029.5 thousand tons,
load differential is 4,380.9 thousand tons. Klaipeda port handled liquid cargo more intensively compared
to Ventspils, and compared to changing indicators decrease in both ports, in Klaipedacpease
3,947.3 thousand tons, in Ventspil8,306.6 thousand tons. The difference is not significantly lmigly
640.7 thousand tons.

Statistical analysis of fluctuation of changes indicators, dynamics of liquid cargo volume changes
and cargo turnovechain, proves that in the Klaipeda port volume of cargo has increasing trend,
increasing effectively than in Ventspils port.

Correlation models of liquid cargo volume and macroeonomical parameters for
Lithuania and Latvia

The correlation analysis of fies of liquid cargo in the Klaipeda and Ventspils ports was compared
between economical indicators of Lithuania and Latvia import and export, gross domestic product (GDP)
and inflation rates. These parameters have the largest effect on liquid cargo ha@dhmgation is
statistical evidence of the indicators interface and its strength depends on the factor between minus 1 to 1
(Table 4).

According to the correlation analysis (Table 4), it can be concluded that economy of Latvia and
Lithuania depends on iporti GPD strongly relates on impditfactor r = 0.94 (Latvia, No. 4), r = 0.96
(Lithuania, No. 9). Liquid cargo flows in Latvia correlate with inflation, factor r = 0.48 (No. 5) stronger
than in Lithuania (r = 47, No. 10). This dependence can be dedcab follows: when cargo flows
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increase, inflation decreases, because cargo flows make positive economic effect. Macro index of the
countries directly affects port handling capacity and opportunities to expand their business. Correlation
between import, xport and liquid cargo flows describes the flow direction. In Latvia model dependence
of liquid cargo flows on export (r = 0.3, No. 2) is bigger than on import

(r = -0.48, No. 3). Correlation characterises transit or export status of liquid cargo ia.L@tvite
different situation demonstrates Lithuanian model: strong correlation between liquid cargo flow and
import (r = 0.76, No8), and between GPD (r = 0.66, No. 9) possibly characterises liquid cargo as an
import and shows flow direction to the countr

Table 4. Correlation model for Latvia and Lithuania [13, 14]

No. | Correlation parameters |  Liquidcargo | Export | Import | GDP [ Inflation
Latvia
Liquid cargo handling, thousand t 1 - - - -
Export, min. EUR 0.3 1 - - -
Import, min. EUR -0.46 -0.24 1 - -
GDP,% -0.2 -0.07 0.94 1
Inflation, % 0.48 0.05 0.04 0.32 1
Lithuania
Liquid cargo handling, thousand t 1 - - - -
Export, min. EUR -0.5 1 - - -
Import, min. EUR 0.76 -0.05 1 - -
GDP,% 0.66 -0.07 0.96 1
Inflation, % 0.47 -0.4 0.32 0.39 1

Comparing handling of liquid cargo in the Klaipeda and Ventspils port, two data time series of
liquid cargo flows in ports were made, which helped to determine the changes in the loading in the ports
during the same periods of time. According to analgtidata time series (Figure 4) it was found, that at
Klaipeda port cargo traffic 2063007 dropped sharply and in 2008 began to rise, and Ventspils cargo
traffic 20032006 ranged evenly, and since 2007 decreased rapidly and fell all time.

Changes of théiquid cargo flows (decrease and increase) are determined by economical factors as
nominal GDP, export, import and inflation.
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Figure 4Trend analysis of liquid cargo flows in ports of Klaipeda and Ventspils-2008 [4 5]

After evaluation of changesnd factors of cargo handling in the port that affect the handling, the
regression equation can be created in order to predict results of each port as well as factors affecting
interface.

Klaipeda port trend defined by (1) the trend equation.

yK|a|peda: 51303t + 14,281 (1)
Ventspils port trend defined by (2) the trend equation.
y\/entsp\hsz '37234t + 19,414 (2)
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Obviously, (2) trend model confirms declining trend in Ventspils port. So, according to these models
predictions to 2013 liquid cargo turnoweere calculated.

In industrial practice, the results of forecasts are generally expressed in deterministic form, either by
a value chart, or by graphical representation [20]. According to Klaipeda port forecast data (Table 6) it
can be concluded, that 2013, when liquid cargo and import increases to 7.2% and liquid cargo and
export increases to 6.5%, liquid cargo and inflation increases just to 2.4% and liquid cargo and GDP
increases to 3.4%. Following the Venspils port data prognosis, it may be $idered, that in 2013,
when liquid cargo and import increases to 7.6% and liquid cargo with export increases to 7%, liquid cargo
and inflation increases just to 2% and liquid cargo and GDP increases approximatelly to 3.8%.

Table 6. Forecast for liquid cargs in ports of Klaipeda and Ventspils 2013 [10, 19]

Port Parameters Cargo quantity Increase in comparison with 2012
Liquid cargo and GDP 17,012.5 3.4%
Klaipeda Liquid cargo and export 17,927.6 6.5%
State Port | Liquid cargo and import 17,748.7 7.2%
Liquid cargo and inflation 16,692.6 2.4%
Liquid cargo and GDP 17,559.7 3.8%
Ventspils Liquid cargo and export 15,767.6 7%
Free Port Liquid cargoand import 16,970.7 7.6%
Liquid cargo and inflation 16,402.7 2%

The assumption was made thaith ports will be approximately equal. However, Klaipeda port
cargo forecasts is slightly better than the Ventsp
success of handling, projected in 2013.

Conclusions

1. While comparing the ports dentspils and Klaipeda the following specifications were taken into
account: geographical location of ports, area, liquid cargo storage capacity, quay length and depth,
number of liquid cargo handling companies, railway distances to Belarus. Analygsisaificaitions of
the port of Ventspils (area, capacity of liquid cargo tanks, quay length) proves that the port of Ventspils is
more suitable for liquid cargo handling. Nevertheless, the port of Klaipeda has been leading in recent
years, due to geopolitit and transport infrastructural reasons: (1) Lithuanian foreign policy towards
developing relationships with Belarus, (2) Lithuania has more developed rail network, (3) in Lithuania
the former economic crisis has had less impact on the port in total.

2. According to statistical analysis (absolute, relative changes, dynamic queue, averages) were set
the port of Ventspils statistical indicators were higher in 20087 and the port of Klaipedain 2008
2012. Inthe year 2008 it was determinated thatgloiiquid cargo in the port of Klaipeda increased up
to 47% (in comparison with 2007) and decreased to 11% in the port of Verfitspilseason for
decreasing of the volume of liquid cargo in the port of Ventspils was due to the oil supply pipeline
susp@sion, related to the Russian cargo transport policy and diversion of flow of oil to the port of
Primorsk Statistical analysis of fluctuation of changes indicators, dynamics of changes of liquid cargo
volume and cargo turnover chain proves that voluheargo has an increasing trend in the port of
Klaipeda and it increases more effective than in the port of Ventspils.

3. Comparing forecastof flow of liquid cargoedn the ports of Klaipeda and Ventspils it was set,
that forecast of the port of Klaipads slightly better than of the port of Venspils and that the port of
Klaipeda will have bigger success in cargo handling projected in 2013. This forecast was predicted with
correlation which showed that in the ports of Klaipeda and Venspils the biggestise would be in
liquid cargo and import (KSS 7,2%, VFP 7,6%) and in liquid cargo and export (KSS 6,5%, VFP 7%).
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Abstract

Influenceof volume concentration of gas, surface tension of liquid and equilibrium radius of bubble to
pressure value as well as density of bubble mixture were researched under barotropic equation of state.
Influence of liquid compressibility to equation of bublidyid state in thermodynamic equilibrium was
analyzed.

Keywords: barotropic equation, volume concentration, surface tension, liquid, bubble, pressure, density

Introduction

As physical environment, water creates certain specific difficulties for spgeatisound and light.

Even in the most transparent oceanic water of green and blue color it is possible to see an object at a
distance of just several tens meters. Application of radiolocation is limited due to resistance of water to
penetration of electroagnetic waves.

As yet sound is the only reliable means for information transfer under water although there are
problems here too. For example, submarine crew makes decisions and acts with much less information
volume than aircraft crew.

Sound speed in ater is about 1500 meters a second. It is much lower than speed of electromagnetic
waves spreading that is why information from big distances arrives with a great delay. Besides, sound
wave in water in comparison with wave in air spreads subject to hegsymes and characterized by
small shifts.

There are a lot of small bubbles in water column and, particularly, near sea surface. Generally, they
occur owing to choppiness and other reasons. In spite of small volume, their influence to sound spreading
is enormous. If, for example, a bubble with diameter 1 millimeter is the share of 1 cubic meter of water in
average this decreases spreading speed 4.5 times for a depth of about 10 meters. The reason of this is a
significant condensability of bubbles in comigan with water which distorts acoustic characteristic of
environment.

Bubbles have an effect of dispersing centers for energy. This creates great interferences for getting
exact information under water by means of sound.

Just at first sight water in oae seems homogenous environment. In fact, its temperature, salinity,
and density are not identical everywhere. Therefore, sound speed changes as well. Temperature
conditions in the first hundred of meters above sea level impact spreading of sound waceslyesp
strongly. This layer is the most dependent on season, time of day, cloudiness, wind speed and other
meteorological factors. Temperature leaps here could be so sharp that whole areas of sea become almost
impenetrable for sound signals.

Sound wavesvith comparatively small energy consumptions to their excitation are able to spread in
water environment to distances of several kilometers and in favorable condigeast to tens, hundreds
and even thousands of kilometers. Besides, as a speed ofsgpeading in water is approximately 200
thousand times lower than speed of radio waves spreading a length of sound wave will be 200 thousand
times less than radio wave length with the same frequency. Consequently, overall dimensions of
hydroacoustic antera will be quite acceptable for location on vessel. Therefore, hydroacoustic means
will have exceptional role for submarine observation in near future if, of course, humanity does not reveal
any unknown kind of energy capable for transfer in water to nligtances.

In connection with the mentioned the results obtained while solving of the problem on influence of
vibratory effect to speed of spreading and attenuation in bubble environments are extremely important
while tool control of terms of vessel traffcontrol. Equation of bubbly liquid state has to be deduced for
solving of these problems.
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Description of research

If volume content of bubbles in a unit of mixture volurae, ~1%, stable bubble structure of
environment will form. Typial peculiarity of such liquid with general pressures when real density of

dispersed phaség much more less than real density of carrying pha§eis high average density:
r=ayri+a,r;°ar!=[1-a,)r (a+a,=1 @
closely approximated to density of carrying phase duer§:>< <r1°,a2 < 4, subject to high (in
comparison with pure liquid without bubbles) compressibility [4,6].

Gas compressibility is much higher than liquid condensability. Therefurtyre compressibility is
defined by gas compressibility in bubbles and liquid compressibility could be neglected that is liquid
would be considered incompressible:
ri=ryy @)

Let us assume also that mass of gas dissolved in water lmouldglected in comparison with liquid
mass. Thepsubjectto (1) we will get:
r=Q@-a,)rs, 3)
Let us deduce barotropic equation of bubble mixture state p(/‘) which is in thermodynamic
equilibrium. Thelattermeans
Vi=V,, T, =T,, p,=p,=p

Here, V,, [, T| (i=1,2) i speed, pressure and temperature pfiase. Indexes 1 and 2 mean

parameters retmg liquid and gas, relatively.
Let us consider that bubbles have equal radius and spread evenly for volume [4,§hdsso
environment of bubble structure differs from other {@ltase environments by the fact that thermal

capacity of carrying phasé , C; exceeds significantly thermal capacity of dispersed phage, due to
predominant mass content of carrying phase in unit volume [4,6]:
riG > 256, (C1~02’r1/r2 > 2-)

In this regard, liquid is a themstat and has permanent temperature that is

T, =T, =T,
Then, from Clapeyroitendeleev equation for gas in bubbles
p=r2RT,
follows
P_1> p
PG S (4)
pO f20 pO

Here, p, and /’?0 is pressure and density of gas in initial state. Volume content of buBblds
connected with numbef of bubbles with radiuseR in unit volume of gasgiquid mixture byformulas

4
a, =§pR3n (5)

As processesf crushing adhesiorand formation of new particlesare absentin gasliquid mixture,
numerical concentrationof dispersedparticlesin onevelocity dispersedmixture is proportional to
mixture densitythatis

n_r 5
N, 7. (6)
From ratios (5) and (6) it follows that
° ~3
aRQ r
a,= aZO%B — (M
¢+ 7o
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Let us assume that gas is insoluble. Bubbles dynamics subject to solubility of gas in liquid was
considered in [2, 3, 5,7]. Gas solubility will notagtically influence equation of gdigiuid mixture state.

This is explained by the fact that due log < <I‘10,c’l2 < 4 mass concentration of dissolved gas is

significantly less than mass concentration of liquid.
Let us consider equation of consematbf individual insoluble bubble mass:

d 44
&R r8=00r —2 = _&R ° ®)
dt(;3 - r20 (; R =
If we take into account equations (4) and (8) correlation (7) could be transformed as
I Po
a,=a 9
2 20 /,O p ( )
If we substitute (9) in (3), we will get staequation [1,6]:
r 1 a
TR P _ % o
r o P 0
0 ytay, - 0 T'alo

Dependence of dimensionless values of pressure and water mixture density with gas bubbles is stated
in Fig. 1. Curves 4 correspond to bubble mixtures with volume content of g#s 8 %; 7% and 1 %.

As it is shown from figure, while increase of pressypé Po >1 density of bubble mixture increases
and on the contrary while .
Behavior of the cun&in Fig. 1 shows also that increase of volume content of gas results in growth
of mixture compressibility in whole. The higher gas content , the lower values of pressure

p/ Py >1 are required for compression of mixtur . And on the contrary, increase of gas

content results in more pressure values required for mixture exhaustion

Figure 1.Dependence of pressure on bubblyevalensity.

Let us deduce equation of bubble liquid state in thermodynamically equilibrium approximation
subject to compressibility of carrying phase and surface tension. Let us replace expression (2) to acoustic

equation of liquid state:
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